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INTRODUCTION 

The attached document represents a comprehensive submittal to the United States 

Environmental Protection Agency (“EPA”) for the construction of a Confined Disposal Facility 

(“CDF”) at South Terminal in New Bedford.  The Commonwealth, through the Massachusetts 

Department of Environmental Protection (the Department) requested that EPA include an 

expansion of the State Enhanced Remedy of the New Bedford Harbor (“SER”) to allow the 

construction of three CDFs in a forthcoming Explanation of Significant Differences (“ESD”) that 

EPA is planning to issue for the New Bedford Harbor Superfund Site1. In response to the 

Department’s initial request, EPA verbally notified the Department that EPA considers the 

proposed South Terminal CDF to be covered by the initial Record of Decision2 and that it could 

be included in the SER without need for inclusion in the ESD. However, EPA has noted that the 

proposed project must still meet all substantive requirements and evaluations that would 

normally be conducted for this proposal as part of the regulatory review and permitting process.3 

The EPA has provided guidance regarding the information required to conduct this review.  The 

overall purpose of the attached report, which was initially submitted in August of 20105, and has 

been revised multiple times via additional submissions to USEPA between August 2010 and 

March 2011 (with USEPA’s most recent comments on the project submitted to the 

Commonwealth in June of 2011), is provided in this revised and restated format to provide EPA 

with the information that it has requested to complete its review.   

1 Letter dated January 20, 2010 to Mr. Curtis Spalding, Regional Administrator, EPA Region 1, from Mr. Gary
 
Moran, Deputy Commissioner, MADEP.

2 Record of Decision, EPA Region 1, September, 1998 

3 Letter dated February 11, 2010, from Mr. Curtis Spalding, Regional Administrator, EPA Region 1, to Mr. Gary
 
Moran, Deputy Commissioner, MADEP.

5 Report dated August 25, 2010, titled “State Enhanced Remedy in New Bedford, South Terminal”, MADEP. 
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SUMMARY OF UPDATES 

A number of updates have been made to the document since it was first submitted to USEPA on 
August 25, 2010. Because the project is presented as a singular submittal, with no comparison to 
earlier submittals, the following is a list of changes that have been adopted within the document: 

1.	 Combining of Documents Issued to Date – The submission represents a combination of 
submittals that have been issued to USEPA since August 25, 2010.  More specifically, 
the document is a combination of the following documents: 

a.	 August 25, 2010 Submittal to USEPA 
b.	 September 21, 2010 Avian Assessment 
c.	 September 24, 2010 Response to USEPA Comments on the August 25, 2010 

Submittal to USEPA 
d.	 November 16, 2010 Responses to Additional USEPA Questions (Originally 

Submitted Via E-Mail to USEPA) 
e.	 March 11, 2011 Conceptual Mitigation Plan 

Where possible, the original structure of the August 25, 2010 document has been kept 
intact. The most recent and updated information (provided in the subsequent submittals) 
has superseded the older information from the original August 25, 2011 document, where 
applicable.   

2.	 Appendices and Figures Are Listed Below the Table of Contents – Due to the large 
quantity of Appendices, these have been tabulated and listed in a convenient location for 
your reference. 

3.	 Fill for the CDF – It is currently anticipated that fill from navigational dredging will be 
utilized for fill within the CDF. Section  2.5 (Linkages of South Terminal CDF to the 
State Enhancement) has been updated to reflect this reality.  

4.	 Temporary Bridge Removed, Easement Corridor Added – The bridge previously 
shown on drawings connecting the southern portion of the South Terminal CDF to the 
northern portion of the South Terminal CDF has been removed and replaced with an 
easement that runs from Blackmer Street to Gifford Street.  Although not directly 
impacting delineated Paleosol areas (as described below), a proposed easement has 
replaced the need for a bridge, to address anticipated concerns from the Tribal 
Representatives concerning the historical and culturally sensitive areas.  Removal of the 
bridge will also eliminate impacts from bridge pilings and potential shading impacts.  The 
easement (mentioned as a potential future addition in the August 25, 2010 submission) 
will allow wind blades to be transported to the south without the impacts associated with 
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the temporary bridge construction and removal.  This information is outlined within 
Section 4.1.1. 

5.	 Change in Dredge Footprint – Additional information regarding the requirements of 
suitable channel widths, orientations, and navigational requirements has been gathered 
since the original dredge footprint was submitted in August 25, 2010.  As a result of this 
new information, the Commonwealth has determined that certain alterations to the dredge 
footprint are needed to ensure that the future facility can adequately accommodate future 
vessels at the facility.  The following changes have been made: 

a.	 Channel width has been increased to 175 feet from 150 feet to allow for drift 
associated with wind, current, wave action and navigational error as vessels 
navigate to the facility. 

b.	 Tug channel has been added to allow for tug assists as vessels enter and exit port.  
c.	 Channel has been re-aligned such that a turning basin in front of New Bedford 

State Pier will allow for direct navigation from the Federal Channel to the South 
Terminal Facility. 

d.	 Depth of the shallow-draft areas has been reduced from -20 MLLW to -14 MLLW. 
e.	 Length of deep-draft area at the quayside has been increased from 500 linear feet 

to 600 linear feet. 
This new information is both applicable to international vessels anticipated for use in 
offshore renewable energy and future shipping at the new facility.  Information regarding 
the changes is included within Section 4.1.2. 

6.	 Addition of CAD Cell - Previous submittals were not clear if a CAD Cell would or 
would not be constructed as part of this project.  Construction of a CAD Cell has been 
added to the project. At present, the Commonwealth anticipates that contaminated 
material from the Dredge Footprint will be placed within the CAD Cell for disposal, 
rather than reused within the CDF.  Information regarding the CAD Cell is included in 
Section 4.1.3 and Section 5.10. 

7.	 Maintenance Dredging of the Federal Navigation Project – Maintenance dredging of 
the Federal Navigation Project may be required as part of this project, as the planned 
dredging by USACE may not be completed prior to the start of this project.  The 
maintenance dredging is discussed within Section 4.1.2 and Section 5.2. 

8.	 Re-Alignment of the Gifford Street Boat Ramp Channel – Construction of the facility 
will require re-alignment of the Gifford Street Boat Channel to maintain recreational 
boating access for the City of New Bedford. This is discussed within Section 4.1.4. 

9.	 Mooring Mitigation – Maintenance dredging of a portion of the Gifford Street Mooring 
Basin is proposed to compensate for moorings that will be lost due to construction of the 
South Terminal CDF Channel and Boat Basin.  This is discussed within Section 4.1.5. 

10. Additional Information Supporting Future Shipping Usage of South Terminal – 
Additional information has been added to the document to support future use of the 
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facility as a cargo terminal.  It is currently anticipated that (other than for the first 
offshore renewable energy use of the facility) that offshore renewable energy use, CAD 
Cell sand storage, and shipping can take place simultaneously at the facility in the future.  
Information on future shipping usage of South Terminal is included within Section 4.2. 

11. Additional LEDPA Information – Additional information is submitted within Section 
4.3, such that the South Terminal CDF is presented as both the only practicable location 
that meets the Project Purpose and the only practicable design that meets the Project 
Purpose. 

12. Additional Characterization Data – Data collected since December 2010 has been 
incorporated into the document in a new section entitled “CHARACTERIZATION OF 
PROPOSED PROJECT AREA”, inserted as Section 5.0.  This section contains the 
following: 

a. Results of sediment sampling conducted to date. 
b. Results of USACE sediment sampling in the Federal Channel. 
c. Results of water column sampling conducted to date. 
d. Results of an upland geophysical investigation. 
e. Results of upland sampling and assessment. 
f. Results of background air sampling. 
g. Results of hydraulic conductivity sampling. 

13. Archeological Investigations Conducted to Date – Five archeological investigation 
reports previously submitted to USEPA under separate cover are attached within Section 
5.0 of the new report. These reports outline upland, intertidal and subtidal archeological 
investigations, as well as more detailed investigations into a shipwreck target.  These 
investigations resulted in the delineation of two Paleosol areas and a shipwreck.  SHPO 
and MBUAR have concurred with the Commonwealth’s conclusion that the shipwreck 
does not meet the Criteria of Eligibility for listing in the National Register of Historic 
Places (36 CFR Part 60), and that the site lacks integrity, and that no further investigation 
is warranted. The discovery of the Paleosol has prompted the Commonwealth to confer 
with Tribal Representatives and to re-design the southern wall of the footprint and to 
eliminate the bridge from the previous submittal, to avoid potential impact to the area. 

14. Communication with Representatives of the Wampanoag Tribes – Also attached 
within Section 5.0 of the report is a summary of contact with representatives of the 
Wampanoag Tribes completed to date. 

15. Reduction in Filling – An additional evaluation of opportunities to avoid or minimize 
impacts has resulted in a net reduction of 0.67 acres of filling (from 4.73 acres to 4.06 
acres) of shallow subtidal areas associated with the South Terminal CDF project.  

16. Changes in Impacts to Resource Areas – Do to the changes in the filled area footprint, 
the dredge footprint, and the confirmation that a CAD Cell will be constructed, the 
following is an updated list of the resource areas that will be impacted via construction of 
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the project (the increase or decrease in these numbers from the August 25, 2010 submittal 
is in parentheses). 

•	 Permanent Impacts 

Permanent direct impacts to existing resource areas are as follows: 
a.	 Filling of 1.43 acres of intertidal area (no change), 
b.	 Filling of 4.06 acres of shallow, near-shore sub-tidal area (decrease of 0.67 

acres);   
c.	 Filling of 0.18 acres of salt marsh (no change),  
d.	 Dredging of 3.68 acres of near-shore, subtidal area from -1 to -6 MLLW to 

between -30 and -32 MLLW (Quayside Areas – no change). 
e.	 4.43 acres of near-shore, subtidal area will be dredged to -14 MLLW 

(Quayside Areas – no change in area, but elevation increased from -20 
MLLW to -14 MLLW). 

f.	 Dredging of 4.03 acres of near-shore, subtidal area from -5 to -14 MLLW -14 
MLLW (Tug Channel – increase of 3.14 acres). 

g.	 Dredging of 8.76 acres of near-shore, subtidal area from -4 to -6 MLLW to -
45 MLLW, but which will be subsequently filled and capped (CAD Cell – 
increase of 8.76 acres). 

•	 Temporary Impacts 

Temporary direct impacts to existing resource areas are as follows: 
a.	 Dredging of 8.01 acres of near-shore, subtidal area from -4 to -6 MLLW to 

between -6 and -7 MLLW (Gifford Street Channel Re-Alignment and Mooring 
Mitigation Areas – increase of 8.01 acres).  

b.	 Dredging of 7.01 acres of subtidal area from -20 to -25 MLLW to -30 MLLW 
(South Terminal Channel – increase of 0.72 acres).   

c.	 Dredging of 19.6 acres of subtidal area from -26 to -30 MLLW to -30 MLLW 
(Maintenance Dredging of Federal Navigation Project – increase of 19.6 acres).  

Summary of Changes 

•	 Removal of bridge (elimination of impacts from pilings and potential shading 

impacts).
 

•	 Decrease of filled area by 0.67 acres. 
•	 Increase of elevation of 4.43 acres of dredging from -20 MLLW to -14 MLLW. 
•	 Increase in 3.14 acres of dredging to -14 MLLW. 
•	 Increase of 0.72 acres of dredging from -20 to -25 MLLW to -30 MLLW. 
•	 CAD Cell Construction, Filling, and Capping - Permitted under DMMP process. 
•	 Maintenance Dredging of Federal Navigational Project – Scheduled to be completed 

in near future by USACE.  
•	 Increase in 8.01 acres of maintenance dredging from -4 to -6 MLLW to -6 to -7 

MLLW, for mooring mitigation and Gifford Street Channel Re-Alignment.   
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17. Updates to Conceptual Mitigation Plan -	 The previous mitigation section has been 
superseded with the Conceptual Mitigation Plan submitted on March 11, 2011, and the 
comments submitted by USEPA on June 22, 2011 have been addressed within the 
Mitigation Section (Section 7.2 and Section 7.3) of the new document. 

18. Increase in Size of Mitigation Areas – The mitigation proposed for the Winter Flounder 
Mitigation Area has been increased in size from 13.73 acres to 17.73 acres (increase of 4 
acres).  The intertidal and subtidal capping outside of the Hurricane Barrier have also 
been increased in size from 3 acres to 3.47 acres (intertidal area – increase of 0.47 acres) 
and from 7 acres to 10.91 acres (subtidal area – increase of 3.91 acres), respectively.  
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EXECUTIVE SUMMARY 


The Confined Disposal Facility (“CDF”) project at the South Terminal in New Bedford 

has been promulgated in order to develop a multi-purpose marine terminal, a primary purpose of 

which will be to provide critical infrastructure to serve offshore renewable energy facilities and 

accommodate international shipping at the new facility.  The proposed facility will also be 

capable of supporting other industries within New Bedford, and will beneficially re-use sand 

from navigational dredging or the construction of confined aquatic disposal facilities to the 

extent approved by US EPA. 

An assessment of the potential locations for supporting offshore renewable energy 

facilities and international shipping has resulted in the conclusion that South Terminal in New 

Bedford, Massachusetts is the only location that is practicable due to a number of constraints, 

including: horizontal clearance, jack-up barge access, overhead clearance, total wharf and yard 

upland area, berthing space, site control/availability, and proximity.  Due to the lack of other 

practicable alternatives, and the avoidance and minimization of impacts to resource areas to the 

maximum extent practicable, the South Terminal CDF is the Least Environmentally Damaging 

Practicable Alternative that will meet the primary Project Purpose.   

The following assessments have been completed to quantify the resource area impacts 

that are anticipated from completion of the South Terminal CDF project:  a shellfish survey, an 

essential fish habitat assessment, a functions and values assessment, a neighborhood analysis, an 

analysis of NOx generation from construction activities, a delineation of wetlands onsite, an 

avian wildlife assessment, an analysis of secondary impacts from construction and operation of 

the facility, an analysis of the presence of similar habitats within New Bedford Harbor, and an 

assessment of potential mitigation options.   
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Historically, much of the land that will be incorporated into the proposed Facility is 

former heavy industrial property, the site of an extensive former mill complex.  The Potomska 

Mills, which once stretched from the current intertidal to beyond the western proposed site 

boundary, was present on the site from the late 1800’s until about 1936 (when it was 

demolished), and encompassed an area of approximately 19 acres, more than half of which was 

within the footprint of the proposed South Terminal CDF Facility. 

Impacts to soil have been detected in the upland portion of the proposed South Terminal 

CDF Facility. There are three primary areas on the Site that require remediation to (a) remove 

source areas of contamination as required by the Massachusetts Contingency Plan, 310 CMR 

40.0000 (“MCP”) administered by the Department, (b) remove constituent concentrations in soil 

that may pose an unacceptable risk, and (c) address TSCA-requirements for PCB-remediation 

waste. Additional details regarding upland sampling and analysis and proposed remediation are 

included in Section 5.5. 

The resource areas anticipated to be impacted by completion of this project are as 

follows: 1.43 acres of intertidal area, 4.06 acres of shallow, near-shore sub-tidal area, and 0.18 

acres of salt marsh will be filled by construction of the CDF.  7.71 acres of shallow, near-shore, 

sub-tidal area will be dredged from -1 to -13 MLLW to -14 MLLW.  3.68 acres of shallow, near-

shore, sub-tidal area will be dredged from -1 to -6 MLLW to -30 to -32 MLLW.  7.01 acres of 

deeper sub-tidal area will be dredged from -20 to -25 MLLW to -30 MLLW.    

To mitigate for impacts to the existing Gifford Street Mooring Basin and Channel, 8.01 

acres of shallow, near-shore, sub-tidal area will be dredged from -5 MLLW to between -6 and -7 

MLLW.  Additionally, an 8.67 acre CAD Cell will be constructed in the area north of Pope’s 

Island for disposal of contaminated sediment.  Finally, approximately 19.15 acres of 
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maintenance dredging within the Federal Navigation Project will be dredged from between -26 

MLLW to -29 MLLW to -30 MLLW.  The impacts anticipated from the South Terminal CDF 

represent a small portion of the existing larger resource areas nearby that provide similar 

functions and values. 

Impacts to resources have been avoided and minimized to the maximum extent 

practicable.  To mitigate for the unavoidable impacts, the following mitigation is proposed: 

Creation of 17.73 acres of Winter Flounder spawning habitat,  creation/enhancement of 3.47 

acres of inter-tidal area and enhancement of 10.91 acres of near-shore, shallow, sub-tidal areas 

located in the outer harbor, immediately southwest of the Hurricane Barrier, 

creation/enhancement of up to approximately 1.9 acres of a combination of successional marsh 

areas (mudflat, low marsh, high marsh, and transitional area),  completion of a Tern Monitoring 

program to provide additional information on the utilization of New Bedford Harbor by terns, 

and a combination of transplanting and/or seeding of shellfish (however, no shellfish will be 

transplanted from Fish Closure Area 1 to areas outside of Fish Closure Area 1).   
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State Enhanced Remedy in New Bedford, South Terminal 

The Commonwealth of Massachusetts submits the following materials in support of its 

request that the US Environmental Protection Agency (EPA) approve a CDF at the location 

known as the South Terminal as a component of the State Enhanced Remedy (SER) in New 

Bedford harbor1. (see Figure 1, Site Locus). The goal of the proposed action is to develop a 

multi-purpose marine terminal to provide critical infrastructure to serve offshore renewable 

energy facilities and accommodate international vessels at the new facility.  Additional, 

secondary goals include beneficially re-using sand from navigational dredging for construction 

of the proposed multi-purpose marine terminal and, if approved by the EPA, facilitating the 

beneficial re-use of sand from the construction of future Confined Aquatic Disposal Cells within 

New Bedford Harbor. 

Organization 

The materials are organized to be consistent with EPA guidance, as follows: 

1. Introduction 

2. Project Purpose 

3. Criteria for determining a suitable location for a  the multi-purpose terminal 

4. Discussion of the Scope of the South Terminal Project and a Discussion of why South 

Terminal is the least environmentally damaging practicable alternative that meets the 

Project Purpose 

5. Information Characterizing the Existing Site Conditions is Presented 

1 The EPA may consider these materials as a scope of work within the meaning of the Memorandum of 
Understanding between EPA and DEP dated January, 2005.  
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6. Discussion of the Impacts Associated with the Proposed Project 

7. Avoidance and minimization measures are discussed and a Conceptual Mitigation Plan is 

proposed for unavoidable impacts. 
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1. INTRODUCTION 

The Commonwealth, through the Massachusetts Department of Environmental Protection 

(the Department), requested that the Environmental Protection Agency (“EPA”) include an 

expansion of the State Enhanced Remedy (“SER”) of the New Bedford Harbor to allow the 

construction of three confined disposal facilities (CDFs) in a forthcoming Explanation of 

Significant Differences (“ESD”) that EPA is planning to issue for the New Bedford Harbor 

Superfund Site2. In response to the Department’s initial request, EPA verbally notified the 

Department that EPA considers the proposed South Terminal CDF to be covered by the initial 

Record of Decision3 and that it could be included in the SER without need for inclusion in the 

ESD. However, EPA has noted that the proposed project must still meet all substantive 

requirements and evaluations that would normally be conducted for this proposal as part of the 

regulatory review and permitting process.4 The EPA has provided guidance regarding the 

information required to conduct this review.  The overall purpose of this report, which was 

initially submitted in August of 20105, and has been revised multiple times via additional 

submissions to USEPA between August 2010 and March 2011 (with USEPA’s most recent 

comments on the project submitted to the Commonwealth in June of 2011), is provided in a 

revised format which includes the most recent information regarding the project, to provide EPA 

with the information that it has requested to complete its review.  The report shows that the 

South Terminal is the least environmentally damaging practicable alternative.  The report also 

2 Letter dated January 20, 2010 to Mr. Curtis Spalding, Regional Administrator, EPA Region 1, from Mr. Gary
 
Moran, Deputy Commissioner, MADEP.

3 Record of Decision, EPA Region 1, September, 1998 

4 Letter dated February 11, 2010, from Mr. Curtis Spalding, Regional Administrator, EPA Region 1, to Mr. Gary
 
Moran, Deputy Commissioner, MADEP.

5 Report dated August 25, 2010, titled “State Enhanced Remedy in New Bedford, South Terminal”, MADEP. 
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provides detail on the other anticipated uses of the terminal. Other sections of the report show 

that the impacts of the project have been identified, and have been mitigated.  
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2.	 PROJECT PURPOSE 

2.1. Project Purpose 

The purpose of the project is to develop a multi-purpose marine terminal, as a component of the 

approved State Enhanced Remedy for New Bedford Harbor, a primary purpose of which will be 

to provide critical infrastructure to serve offshore renewable energy facilities and accommodate 

international shipping at the new facility. The Project is also capable of beneficially re-using 

sand from navigational dredging or the construction of confined aquatic disposal facilities to the 

extent approved by US EPA. 

The Project Purpose has been defined to meet the primary objective of creating port 

infrastructure with the capacity to support the development, operation and maintenance of 

offshore renewable energy facilities, place the project in the context of the state enhanced 

remedy, and acknowledge the on-going Superfund remediation of the Harbor as context for 

potential future benefits associated with the facility. 

2.2.	 Multi-purpose Terminal Capable of Supporting Offshore Renewable Energy 
Projects 

Plans for the development of major offshore wind energy generation are under 

development in most of the Atlantic coastal states. Projects are expected to be under 

development in Massachusetts and Rhode Island in the near term, and the states have identified 

areas in federal waters off their coasts for further evaluation for development in the mid-term, 

and both states (and many of the Atlantic coastal states) are working closely with the Minerals 
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Management Service to initiate the offshore leasing process.  A key component of developing 

offshore wind energy generation is the shore-side infrastructure necessary to support 

construction, assembly and transshipment of foundation and turbine components. Without a 

well-positioned, marine-industrial terminal to receive store, stage, assemble, and maintain wind 

turbine components and their supporting infrastructure, the development of off-shore wind 

facilities cannot be accomplished. As described in detail below, such facilities have specific 

operational requirements associated primarily with the scale of the turbine and foundation 

components: factors such as proximity to the offshore facilities, horizontal and vertical 

clearances, laydown area, and access to deep water navigation constitute ‘hard criteria’ site 

requirements.  This would also be the case for tidal or wave energy projects should those 

technologies become viable in the long term. 

The City also proposes to use the terminal for other cargoes, which may include 

container, break bulk, and bulk cargo shipping. Additionally, the terminal would facilitate 

implementation of America’s Marine Highway (Short-Sea Shipping) and would also serve as a 

location to temporarily store sand generated during CAD Cell construction, so as to facilitate 

reuse of the material. 

The anticipated future uses (container shipping, break-bulk cargo shipping, bulk cargo 

shipping, short-seas shipping and CAD Cell sand storage) each require approximately the same 

type of facilities: deep water berthing, quae-side loading and unloading area, and upland storage 

and staging area.  Major demands for berthing and upland storage and staging space will be 

temporary, and will fluctuate based upon the size of the shipments anticipated to arrive or leave. 

Break-bulk cargo, containers, trucks, or bulk cargo may require temporary storage prior to 

loading and transport of vessels; however, only a small portion of the site (1-2 acres) would be 
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required for any one method of transportation with any regularity; cargo would primarily require 

the temporary usage of berthing space, which can be sequenced efficiently with other uses at the 

facility. Reserving a portion of the site for both shipping and the storage of CAD Cell sand, 

while utilizing the site periodically to support offshore renewable energy projects will therefore 

not be difficult. 

The intent is to use the terminal for the purpose of offshore renewable energy 

development until late 2012 or early 2013 (the anticipated completion date of the first offshore 

renewable energy construction project) and, subsequent to that date, utilizing the facility for, 

other cargoes (until such time as another alternative energy support project requires the use of 

the site, at which point, use of the site would be shared between alternative energy support and 

other cargoes, including international shipping).  Thus, the terminal would be constructed to the 

specifications required for wind energy development but would be designed so as to 

accommodate a range of future uses described above. 

Additionally, the proposed terminal represents an opportunity to beneficially reuse and/or 

manage material dredged from the harbor as part of the State Enhanced Remedy and ongoing 

EPA Superfund harbor cleanup activities as described below. 

Although the terminal is intended to serve as an international port, a significant objective 

is to provide support for offshore renewable energy development.  Hence, when considering 

whether alternative locations are practicable, we primarily assessed the ability of each location to 

serve this significant objective. 

2.3. Harbor Remediation 

10 




 

 

 

 

 

Polychlorinated Biphenyl (PCB) contaminated oils and byproducts have historically 

made their way into the Harbor through sewer lines and other outfalls, contaminating the 

sediments on the bottom of the Harbor.  By the 1970s, sediment sampling and testing conducted 

by environmental officials revealed that significant concentrations of metals and PCBs existed in 

the Harbor bottom sediments. In September 1998, the United States Environmental Protection 

Agency (EPA) issued a Record of Decision (ROD) that set forth the selected remedial action for 

the Upper and Lower Harbors of the New Bedford Harbor Superfund Site in New Bedford, 

Massachusetts, developed in accordance with the Comprehensive Environmental Response, 

Compensation and Liability Act of 1980 (CERCLA), as amended, 42 U.S.C. Sections 9601 et. 

seq. and the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) as 

amended, 40 C.F.R. Part 300. 

The cleanup standards varied depending upon the location of the contamination: 50 parts 

per million (ppm or mg/kg) was designated for deeper water areas, where direct contact was not 

likely; 10 ppm was designated for mudflat and shallow water areas accessible at low tide; 25 

ppm was designated for beach combing shoreline areas; and 1 ppm was designated for residential 

shoreline areas. This designation effectively split the Harbor into two categories: those areas 

with sediments exceeding the cleanup standards where contaminated sediments would be 

removed by the EPA; and those sediments with PCB concentrations below the cleanup standards 

that would be left in place. 

The use of Confined Aquatic Disposal (CAD) has been considered and approved by EPA 

as an alternative to the current remediation strategy to remove PCB contaminated sediment 

(processing and upland disposal). CAD construction requires appropriate materials management 

of the PCB contaminated top layer of silt (Top of CAD), the layer of uncontaminated sand and 
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gravel removed to create the CAD (clean excavate) and the clean sand to cap the completed 

CAD and restore the benthic habitat.  In order to implement the use of CAD cells, EPA has 

promulgated an Explanation of Significant Differences (ESD) for the ROD; the proposed 

terminal could reuse clean sand generated during EPA CAD Cell construction. 

2.4. Navigational Dredged Material Management 

EPA approved a State Enhancement to the Remedy pursuant to the ROD under which 

navigational channels can be maintained and improved in order to allow the Harbor to continue 

to serve its industrial, commercial and recreational functions.  Three phases of dredging have 

already been completed. At the conclusion of Phase 1 (which was not done under the SER 

process) approximately 75,000 yards of contaminated sediment was dredged from the area to the 

south of the State Pier and the fairways leading there-to.  The material was dewatered and 

stabilized with a lime and cement mixture, and was placed on the CSX Rail Site next to New 

Bedford Harbor. 

Prior to the start of the Phase II Dredge Project, the use of Confined Aquatic Disposal 

(CAD) cells was determined to be the preferred dredged materials management option under the 

State Enhanced Remedy.  The Phase II Dredge Project included the design and construction of a 

transitional Confined Aquatic Disposal (CAD) Cell located within the Borrow Pit as well as the 

design and construction of CAD Cell #1, located adjacent to the Borrow Pit.  The NBHDC 

completed Phase II harbor maintenance dredging in January 2006, removing more than 156,000 

cubic yards (cy) of material from sites in New Bedford and Fairhaven. 

Phase III Dredge Project began in September 2006 and included a new CAD Cell to 

accommodate the dredged material – CAD Cell #2.  The New Bedford Harbor Phase III Dredge 
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Project was completed in four parts:  the removal of the top of CAD Cell #2 (with the placement 

of the material within CAD Cell #1), the dredging of clean sediment from within CAD Cell #2 

(with disposal of some material at the Cape Cod Bay Disposal Site and some material used as a 

pilot cap for the Borrow Pit CAD Cell), the dredging of areas north of the Coggeshall Street 

Bridge (Phase III Navigational Dredge – Part B), and the dredging of areas south of the 

Coggeshall Street Bridge (Phase III Navigational Dredge – Part A). 

Phase IV is under-development, and its scope and timing is being evaluated contingent on 

funding and the availability of CAD capacity. 

In total, it is anticipated that individual components of a comprehensive navigational 

dredging plan will be implemented over the next two decades and generate a total need for 1.8 

million cy of disposal and/or management capacity, which will typically be generated in smaller 

increments of between 75,000 and 150,000 cubic yards. Effective beneficial reuse of clean sand 

from CAD Cells requires an appropriate staging location, as the demand for the material is time-

dependent and typically does not sequence well with CAD Cell construction (for example, beach 

nourishment projects typically cannot be completed when beaches are in use; similarly, de-icing 

of roadways with sand could not take place during the summer).  The South Terminal can 

reasonably be expected to stage up to 40,000 cubic yards of clean sand per acre of facility 

utilized; it is anticipated that between 1-3 acres of the site would be used to temporarily store up 

to 120,000 cubic yards of clean sand per CAD Cell being constructed.  Time periods between 

CAD Cell construction cycles would be utilized to distribute the clean sand to beneficial re-use 

projects. New Bedford Harbor is a vital economic and recreational asset. The Port serves as the 

City's greatest natural resource and most critical asset to stimulate investment, attract new 

industry, create jobs and sustain and grow the local economy. Over 4,400 people are employed 
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by the commercial port. Effective reuse of clean sand from CAD Cell construction will facilitate 

the Navigational Dredging process, which is essential to the near and long term viability of the 

Harbor. 

We recognize that the Harbor Remediation and Navigational Dredged Materials 

Management potential future uses are not dispositive factors in determining whether the 

proposed terminal represents the least environmentally damaging alternative, but also believe 

that the potential future environmental and economic benefits of the terminal to future navigation 

and Superfund dredging are significant and should continue to be acknowledged. 

2.5. Linkages of South Terminal CDF to the State Enhancement 

The area in front of existing South Terminal, and the area around the Gifford Street Boat 

Ramp and (what is known as) the Gifford Street Mooring Area, are part of planned State 

Enhanced Remedy (SER) dredging (see Appendix 1 which includes figures from the New 

Bedford Harbor Plan [2009] indicating the areas in need of dredging and already contemplated 

under the SER process). As set forth in the Record of Decision in 1998 and in the phases of 

navigational dredging following the decision, navigational dredging is recognized as a state 

enhancement to the CERCLA remediation, because this dredging removes and safely disposes of 

PCB’s that would otherwise stay in the harbor.   

The dredging that will occur in this area, and the creation of the CDF, enhances the 

remedy in precisely the same fashion. The dredging that will be needed in order to make the 

South Terminal Extension serviceable wholly overlaps with the area that has already been 

planned to be dredged, and would be dredged with or without the South Terminal CDF, under 

the SER process (a map which shows proposed Phase IV dredge areas, and overlays the portion 
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of dredging proposed within the 2010 New Bedford/Fairhaven Harbor Plan in the vicinity of the 

proposed South Terminal CDF is also included within Appendix 1). SER dredging of a part of 

the channel in front of existing South Terminal, as well as the Gifford Street Boat Ramp channel, 

was recently completed (in October of 2009) under Phase III of the SER Navigational Dredge 

Project in New Bedford Harbor. Additional dredging was originally scheduled (for Phase III) 

both for the Gifford Street Boat Ramp Channel and the Gifford Street Mooring Basin; however, 

a shortfall in funding for the Phase III project forced the NBHDC and the Commonwealth of 

Massachusetts to reduce the Phase III dredge footprint in this area.   

It has always been the intent of the NBHDC and MADEP to finish the planned SER 

dredging of the Gifford Street and South Terminal areas in a future phase of SER dredging 

(ideally all of it in Phase IV, if sufficient funding could be acquired).  The footprint for the 

dredging that would need to be conducted to allow appropriate vessel berthing and access to the 

proposed South Terminal Extension overlaps with the South Terminal and Gifford Street Boat 

Ramp and Mooring Basin dredging that is already and otherwise contemplated for this area. 

Based upon this information, then, the South Terminal CDF is linked to the SER in the 

following potential ways: 

•	 Navigational Dredging – Facilitation of navigational dredging, and resulting removal of 

contaminated sediments from the bottom of the Harbor in locations where USEPA will 

not be completing remediation, is the prime reason for the creation of the State Enhanced 

Remedy.  As noted above, the dredging for the South Terminal CDF overlies 

navigational dredging planned by the New Bedford Harbor Development Commission. 

The dredge footprint for the South Terminal CDF overlies two proposed dredge areas that 
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are included within Phase IV Navigational Dredging for the State Enhanced Remedy, and 

are also highlighted within the 2009 New Bedford/Fairhaven Harbor Plan: 

o	 South Terminal Dredging – The northern portion of the South Terminal CDF 

dredging overlies the basin for the existing South Terminal bulkhead.  The South 

Terminal basin extends the length of the existing South Terminal bulkhead, and 

extends approximately 300 feet to the west of the bulkhead.  Navigational 

dredging for the South Terminal basin is required to maintain the -20 MLLW to 

25 MLLW approved basin depth at this location.  This area is scheduled to be 

dredged in Phase IV regardless of whether the South Terminal CDF is 

constructed. This area is highlighted within the New Bedford/Fairhaven Harbor 

Plan. 

o	 Gifford Street Boat Ramp and Mooring Area Dredging – The southern, and 

some eastern, portions of the South Terminal CDF dredging overlies areas that are 

anticipated to be dredged during Phase IV Navigational Dredging to deepen the 

existing Gifford Street Mooring area.  This area of the harbor has accumulated 

sediments over time and is currently too shallow to be utilized for mooring 

vessels.  This area is highlighted within the New Bedford/Fairhaven Harbor Plan. 

Therefore, part of Phase IV Navigational Dredging was to conduct maintenance 

dredging within the Gifford Street Mooring area.   

•	 Disposal of Contaminated Navigational Dredging Material Within CAD Cells – The 

primary methodology for disposal of contaminated material generated during 

navigational dredging is disposal of that material within CAD Cells located within the 

Dredge Materials Management Plan, a designated area north of Pope’s Island within New 

16 




 

 

 

 

 

 

 

 

 

 

Bedford Harbor. Disposal of contaminated navigational dredging material removed from 

the dredge footprint associated with the extension of South Terminal (as part of the South 

Terminal CDF Project) within CAD Cells is anticipated, as disposing of these materials 

by other means is likely to be costly and problematic from an engineering standpoint. 

•	 Utilization of Clean (Parent) Material From Navigational Dredging – Clean (parent) 

material will be generated during navigational dredging.  This material exists, in places, 

below the contaminated sediments within the footprint of the navigational dredging that 

will be conducted as part of the Phase IV Navigational Dredge Project.  This material will 

be placed within the South Terminal CDF, instead of placing it into a CAD Cell (which is 

not necessary as the material is not contaminated and would be taking space that could 

otherwise be utilized to sequester other contaminated material).  

Navigational dredging will be coordinated with construction of a CAD Cell such that the time 

frame for both activities will align properly.  Where possible, clean material from Navigational 

Dredging or from CAD Cell construction will be beneficially utilized within proposed mitigation 

measures (outlined later within this document) or to cap existing CAD Cells.  We also confirm 

that the CDF will be constructed from clean sand from navigational dredging.   

The Commonwealth submits that this project facilitates navigational dredging, which in turn 

enhances the CERCLA remediation in precisely the ways envisioned by the original ROD. 

Therefore, the EPA may properly approve this project as part of the State Enhanced Remedy. 
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3.	 CRITERIA FOR DETERMINING LOCATIONS WITHIN THE REGION FOR A 

FACILITY THAT MEETS THE PROJECT PURPOSE 

3.1. Initial Screening 
In order to evaluate the practicable locations for this terminal within Massachusetts, an 

independent consulting firm (Tetra-Tech EC, Inc.) was commissioned by the Massachusetts 

Clean Energy Center to perform a study, which was entitled “Port and Infrastructure Analysis for 

Off-Shore Wind Energy Development” (attached as Appendix 2). Ports reviewed by Tetra-Tech 

include Gloucester, Salem, Boston, Quincy, Fall River, and New Bedford.  In addition, ports in 

Maine, New Hampshire, Rhode Island, Connecticut, New York, New Jersey and Pennsylvania 

were more generally characterized for the capacity to support some level of construction and/or 

operations and maintenance services for offshore wind energy facilities. 

Based on specifications developed in consultation with port managers, the marine 

construction industry, and offshore wind energy developers, port facilities were screened for 

their consistency with the following ‘hard criteria’ – i.e., those basic requirements without which 

a facility could not support a renewable energy terminal. Specifications included: 

•	 Sheltered harbor (protected from bad weather by means of a barrier); 

•	 Unobstructed vertical (overhead) clearance; 

•	 Minimum horizontal clearance greater than 40 m (approximately 150 feet); 

•	 Minimum low tide navigational channel depth of 7.3 m (24 feet); 

•	 24/ hour/day and 7 days/week operational availability; 

•	 Exclusive use of the staging facility; 

•	 Minimum berth length of 138 m (approximately 450 feet); 

•	 Minimum berth water depth of 7.3 m (24 feet); 
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• Lay down storage and assembly backland area larger than 4 hectares (10 acres); and 

• Proximity to likely offshore wind farm site. 

Based upon the screening contained within the report, the following locations were selected for 

in more depth analysis of their practicability within this document: 

• Port of Davisville, Quonset, Rhode Island; 

• Fall River State Pier, Fall River, Massachusetts; 

• Dry Dock #4, Boston, Massachusetts; 

• North Terminal, New Bedford, Massachusetts; 

• Pope’s Island, New Bedford, Massachusetts; 

• New Bedford State Pier, New Bedford, Massachusetts 

• South Terminal, New Bedford, Massachusetts. 

3.2. Refinement of the Screening Criteria 

The criteria used within the Tetra Tech study have been further refined, and in some cases 

significantly modified, based upon numerous discussions with off-shore wind-energy 

manufacturers.  On Thursday, April 8, 2010, representatives from the Power Systems Division, 

Wind Power Division, and Power Generation Division of Siemens met with New Bedford 

personnel to discuss the requirements of an offshore renewable energy support facility, based 

upon their experiences installing wind turbines in Europe (see summary memo attached as 

Appendix 3). Since the April 8 meeting, there have been additional discussions with Siemens 

about its specific needs. In a letter dated August 25, 2010, Siemens has further clarified its 

requirements.  The following information can be gleaned from the April 8 meeting, further 

discussion with Siemens, and the August 25, 2010 letter, which is attached as Appendix 4: 
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•	 There are a few types of vessels that would be used to transport wind turbine components 

from the manufacturer to the support facility.  However, the approximate range in sizes 

of an international vessel is between 140 - 150 meters (460 – 490 feet) in length, 30 - 35 

meters (98 - 115 feet) in width and requires 7 – 9 meters (23 – 29.5 feet) of draft. 

•	 The international vessel can only carry components for 6 turbines at one time. 

Therefore, for constructing an offshore wind energy facility for 130 turbines, 22 separate 

shipments from international vessels would need to be received at the support facility. 

The international vessel will require 3-4 days of docking for unloading each trip. 

•	 Offshore renewable energy facility installation ships would consist of jack-up barges that 

would be approximately 91 meters (300 feet) in width and 30 meters (100 feet) in width. 

•	 In order to keep the installation vessels (which, as stated earlier, are associated with 

offshore renewable energy facility) stable during dockside loading, the barges would 

deploy their spuds to “jack-up” the vessel for stability.  This is to prevent the vessel from 

tipping over from uneven loading.  Due to the loads anticipated to be borne by the spuds, 

it is necessary to ensure that the harbor floor at the quae-side is of a stable material.  An 

unstable harbor bottom could cause the spuds to sink unevenly, which could tip the 

vessel and sink it.  Harbor bottoms consisting of a thick layer of silt or clay could also 

cause the spuds to sink too deeply as it is loaded, and prevent the spuds from being 

withdrawn, which will trap the vessel at the facility.  An example of a location where 

jack-up barges would likely be unstable, as well as additional explanations of the 

potential for this type of instability, is discussed in more detail in Section 3.3.2.  

•	 In order to efficiently run construction of the offshore renewable energy facility, multiple 

installation vessels must be utilized.  At a minimum, one installation vessel will be at the 
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construction site, one installation vessel will be loading at quay-side, and one installation 

vessel will be returning from the construction site.  During much of construction, at least 

two installation vessels will be at quay-side either being loaded or arriving from the 

construction site and awaiting loading.  Therefore, it is required that berthing space for 

the international vessel and two installation vessels be available. 

•	 The anticipated loading requirements for the entire facility will be 20 tonnes/square meter 

(4,000 pounds/square foot), due to the use of 600 ton crawler cranes (an example of 

which is a Lieberr 750 Crane) anticipated to be utilized throughout the facility to 

transport, stack, load, and unload renewable energy facility components. 

•	 Due to the anticipated loading requirements, an asphalt or concrete surface would not 

work. The heavy cranes would demolish such a surface in very short order.  Therefore, 

the preferred surface is crushed stone. 

•	 If possible, it is preferred to have a facility closer to 35-40 acres in size (the specific 

request was for 150,000 square meters for an ideal facility); however, 28 acres is the 

minimum amount of space required for the staging, preconstruction, and storage of 

renewable energy components for the construction of a 130 wind turbine offshore 

renewable energy facility. This is illustrated by a diagram prepared by Siemens, which 

shows how Siemens would use a 28.25 acre space situated at a proposed South Terminal 

CDF in New Bedford, Massachusetts. 

•	 The heavy cranes must be able to reach within a meter of the target loading area on the 

installation vessels. 
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•	 Interest was expressed for an area (outside of the 28 acre facility) for parking for up to 

200 people. A 28 acre facility would not be large enough to accommodate parking as 

well as storage, assembly, etc. 

•	 A high priority is to find a location within which vessels can dock and exit the harbor 

without waiting for other vessels. 

•	 Vertical restrictions for the installation vessels are also problematic in the long run.  As 

the industry moves toward full assembly on shore, and the use of ever larger turbines, 

there will be a need for 250 feet or more of vertical clearance.   

Note that the additional information gathered during the various meetings with Siemens has 

been utilized to further refine, and in some cases significantly modify, the criteria utilized to 

determine the practicability of potential locations for an offshore renewable energy support 

facility. For example, the Tetra-Tech study assumed that the minimum offshore renewable 

energy support facility size should be 10 acres; as is shown above, the meeting with Siemens 

personnel has shown that 28 acres is the minimum required size (and a much larger facility is 

preferred). 

We submit that the most credible and probative information comes from Siemens, as it is an 

actual firm that constructs offshore wind facilities and has specifically examined how one 

offshore wind project could be constructed within specific timelines.  The timelines include 

ensuring that the nation’s first offshore wind facility is in operation by January 1, 2014.  That 

date is critical for the facility to receive either the investment tax credit or the production tax 

credit offered by the federal government.  Both of these tax incentives only apply to facilities 

that are operational by that date.  We understand that the construction time period for this facility 

22 




 

 

 

 

 

 

 

 

 

 

(transmission cable and the turbines) is 2 years, and this terminal would not be ready until late 

summer or early fall of next year, so that all of the turbines will need to be installed within 

approximately a one year period to meet the January 1, 2014 deadline.  The Commonwealth 

places a high priority on having a terminal in place to allow this facility to meet this deadline, as 

a large portion of the benefits of the tax incentives flow back to the commonwealth’s ratepayers 

and ameliorate the cost of the electricity generated by the project. 

Based on both the Tetra-Tech study and the updated and modified information from Siemens, we 

set forth below a number of minimum criteria that are necessary for any off-shore wind energy 

support terminal.  Many of these criteria are ubiquitous between locations; for the purposes of 

determining practicability, only the most crucial and differentiating criteria are listed below: 

Horizontal Clearance: In order for the facility to be practicable, nothing can restrict the 

horizontal (lateral) clearance for vessels moving to and from the facility to less than 130 feet. 

We based this horizontal clearance criteria on the range of anticipated widths of international 

vessels (98-115 feet) plus anticipated space requirements on either side of the vessel ranging 

from 10-15 feet.  This width is necessary to accommodate potential drift of vessels from wind 

and currents as they move past the horizontal restriction. 

Jack-Up Barge Access:  As stated earlier, berthing space at the facility needs to accommodate 

both one international vessel and two installation vessels, which consist of jack-up barges.  As 

stated earlier, discussions with offshore wind energy personnel indicated that the jack-up barges 

used for wind turbine construction are approximately 300 feet long and 100 feet wide.  The 
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vessels float like a normal barge, and have three to four spuds that are raised while the vessel is 

in motion.  Recent offshore wind energy construction in Germany has shown that the installation 

vessels have spuds up to 78.85 meters in length (259 feet), which are lowered to the ocean 

bottom when the vessel is loaded or is in operation during construction, at which time, hydraulic 

winches raise the barge itself out of the water onto the spuds (see Appendix 5).  In order for the 

jack-up barges to be able to access the facility, therefore, the ocean bottom in front of the 

bulkhead must be of a uniform, hard consistency.  An example of a location where jack-up 

barges would likely be unstable, as well as additional explanations of the potential for this type 

of instability is discussed in more detail in Section 3.3.2. 

Overhead Clearance:  In the long run, in order for the facility to be practicable for full 

assembly on land and the use of larger turbines, no overhead restrictions lower than 250 feet can 

be present either at the facility, or in the approach to the facility by water.  This includes bridges, 

electric lines or other utilities, or restrictions due to other potential uses surrounding the facility 

(such as airspace restrictions).  The restrictions apply both to the cranes (which, as stated earlier, 

have booms that reach up to 475 feet) as well as the spuds of the installation vessels (which, as 

stated earlier, are as long as 259 feet). 

Total Wharf and Yard Upland Area: The minimum total wharf and yard upland area for the 

facility to be practicable is 28 acres. The 28 acres is needed within one contiguous parcel, or 

multiple adjacent parcels (that are also adjacent to the harbor).  Due to the size of the wind 

energy components (particularly wind blades which are 180 feet in length), it is infeasible to 

transport those pieces to other remote supporting locations via rail or road due to the limitations 
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on turning radius of the vehicles (truck or rail) that would be utilized to transport the wind blades 

for most conventional roads or railways. To fulfill these tasks it is important that landside 

facilities have adequate acreage, warehouse space, onsite equipment, and high load bearing 

capacity, all adjacent to the water. 

Berthing Space: The marine terminal will receive, store, assemble and ship off-shore wind 

energy components. The terminal will receive components via international vessel, the size of 

which is approximately 480 feet in length, 100 feet in width.  The components will be 

constructed via jack-up barge.  Jack-up barges will typically be approximately 300 feet in length 

and 100 feet wide, and will transport pre-assembled wind turbine components to the wind farm 

construction site. At a minimum, the off-shore wind energy facility must be capable of berthing 

the international vessel and at least two jack-up barges (installation vessels).  The two jack-up 

barges could not be placed side by side, with one seaward of the other, because the heavy cranes 

could not load the turbines over the landward barge. Two jack up barges are necessary as there 

will be multiple international vessel berths taking place over the course of construction of an off

shore wind farm construction project.  While the international vessels are being unloaded, the 

construction must move forward.  To ensure that construction proceeds smoothly, berthing must 

be available for two jack-up barge vessels (one being loaded, and one awaiting loading). 

Therefore, for a facility to be considered for off-shore wind energy support, it must have at least 

1,200 linear feet of bulkhead space (480 feet for the international vessel and 600 feet for 2 jack-

up barges, and approximately 60 linear feet between them). 
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Site Control/Site Availability:  In order for the facility to be practicable, it must be free (or 

easily obtainable) to be utilized for an off-shore wind energy support facility within the 

timeframes mentioned above (i.e., not later than late summer 2012).  Thus, we examined whether 

potential locations are: 1). owned by a party that is currently utilizing the area and does not 

wish to sell or relocate, 2). currently leased by another party and breaking that lease is 

impracticable, or 3). already servicing a number of different essential services that would be 

difficult or impossible to replace elsewhere. Additionally, in order for the facility to be 

practicable, other simultaneous uses at the location (if any) must be compatible with off-shore 

wind support equipment.  For example, due to the type of equipment necessary to transport and 

load/off-load wind turbine parts (600 ton crawler cranes), off-shore wind facility support requires 

a surface (crushed stone) that is non-compatible with other marine industrial activities (container 

shipping, roll-on/roll-off shipping, or parking of vehicles require relatively level asphalt or 

concrete surfaces). 

Proximity:  In order for the facility to be practicable, it must be within a reasonable distance to 

the proposed locations for future off-shore wind facilities.  Some of the reasons for this can be 

quantified in raw economic terms, while others add elements of risk, which are more difficult to 

fix definite costs to. Some factors that must be considered are: the cost of transport, the direct 

and potential environmental impacts, potential cost-increasing construction delays, and loss due 

to weather conditions. These factors are accounted for by project developers, who (upon being 

interviewed) have expressed the importance of locating the shore side support facility close to 

the proposed development site, and note that this is an important consideration when determining 

the viability of a particular offshore renewable energy project.  Separate conversations with Cape 
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Wind and Deepwater Wind (two separate companies involved in offshore renewable energy 

development) have indicated that some locations are simply too far away to be a practicable 

location for an off-shore renewable energy support facility.  An example of a location where 

proximity would become a driving factor as to the feasibility of a particular location, as well as 

additional explanations of the potential for this type of instability, is discussed in more detail in 

Section 3.3.2. 

Ability to beneficially re-use sand: In addition to the above factors, which focus on the 

requirements for the terminal to support off-shore wind, an additional project purpose is to 

beneficially re-use sand from navigational dredging and potentially from superfund remediation, 

as well as to temporarily store clean sand from future CAD Cells in order to facilitate its future 

beneficial re-use.  While this screening factor was not a dispositive one, it was considered in the 

evaluation, and this factor weighed against the three alternative sites outside of New Bedford. 

3.3. Locations Outside of the New Bedford Superfund Site 

The following locations are outside of the New Bedford Superfund Site, and therefore cannot 

store or dispose of sand generated from CAD Cell construction; in addition, the sites are 

impracticable for the primary use, as detailed below: 

3.3.1. PORT OF DAVISVILLE, QUONSET BUSINESS PARK, QUONSET, RI 

From the outset, the Commonwealth realizes that Cape Wind has secured a federal permit to 

utilize the Port of Davisville as a staging area for construction.  However, notwithstanding the 
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permit that has been issued, the Commonwealth has reviewed the logistical and operational 

issues involved in utilizing the currently permitted facility to meet the needs of the 

Commonwealth associated with satisfying its Project Purpose.  As a result of its review, the 

Commonwealth notes the following operational and logistical challenges this site presents to 

satisfy the Project Purpose of the Commonwealth.  

Site Control/Site Availability:  Site availability is the primary issue with utilizing the Port of 

Davisville for an off-shore wind energy support facility. As a general matter, the 

Commonwealth, in conjunction with the City of New Bedford, is seeking to own or operate a 

marine terminal to serve a primary purpose of support for the offshore renewable energy.   

More specifically, in order for the facility in question to meet the Project Purpose of the 

Commonwealth, either total site control must be granted, or existing uses must be compatible 

with off-shore wind energy support.  The entire Quonset Business Park is reportedly 3,160 acres; 

however, the vast majority of the area of the Park is located far inland from port facilities.  Port 

facilities at which an off-shore wind energy support facility could be constructed are located at 

the Port of Davisville, a much smaller part of the overall facility. 

The Port of Davisville is already committed to utilizing its facilities to support water-dependent 

industries that are incompatible with off-shore wind energy support.  According to a March 16, 

2009 article within the Providence Business News, Quonset’s Port of Davisville ranks as the fifth 

busiest auto importer in North America.  J. Michael Saul, Economic Development Corporation 

(EDC) Interim Executive Director and Chairman of the Quonset Development Corporation 

Board is quoted within the article as stating that he anticipates “further increases” in the 
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“growing auto import business” at the Port.  Aerial photos as well as photographs of the Port 

facility (see Appendix 6) show that the two main piers (Pier 1 and Pier 2) and a large section of 

upland area are fully utilized for the automobile import operation.  The Piers (and the majority of 

the rest of the Port of Davisville), are filled with automobiles that are periodically staged during 

unloading and loading for international transportation. 

An off-shore wind energy support facility will require the use of enormous 600 ton crawler 

cranes that would destroy asphalt or concrete surfaces as they load, unload, and transport 

extremely heavy wind energy components around the facility.  Pier 1 in particular (the southern 

pier) is a pile supported, concrete slab structure that would be incapable of supporting the 

anticipated loading due to offshore renewable energy support activities. The ideal surface for 

offshore renewable energy support is crushed stone (that can be easily filled as differential 

settlement occurs from the extreme loads from the cranes and components).  An uneven crushed 

stone surface is not compatible with loading, unloading, or staging new automobiles for 

international import.  It is extremely unlikely that the Port of Davisville would cancel its 

commitment to auto importers.  

The area immediately to the south of Pier 1 has approximately 1,000 linear feet of bulkhead and 

approximately 27.5 acres of area.  This area is hereinafter referred to as the “Magnolia Street 

Area”. However, the Magnolia Street Area has as little as zero feet of water depth for most of its 

length, and does not have appropriate load bearing capacity.  Thus, it could only be used as a 

staging area in conjunction with Pier 2, which is not available for the reasons set forth above.  In 

any event, the commonwealth inquired into the current use and ownership of that area, and has 
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confirmed that 14.5 of the 27.5 acres is under agreement and the holder of the option on that 

space is not interested in granting a long term lease to the Commonwealth.  A map noting the 

location of the Magnolia Street Area and the portion of the Magnolia Street Area under 

agreement is attached as Appendix 6. 

In addition to Pier 1 and Pier 2, and Magnolia Street Area, there is unimproved land between the 

Quonset Point Airport and the area immediately to the south of Pier 1; this area is referred to as 

the “Broadway Street Area”, and is also shown on the aerial photos within Appendix 6. The 

Broadway Street Area is approximately 45 acres in size, and is adjacent to the shoreline; 

however, the area has as little as zero feet of water depth for its entire length, and does not have 

appropriate load bearing capacity. Thus, it could only be used as a staging area in conjunction 

with Pier 2, which is not available for the reasons set forth above. The development of the 

Broadway Street Area would also have disproportionate environmental impacts as outlined 

below: 

Disproportionate Environmental Impacts Compared to Other Alternatives:  The 

creation of a terminal at the Broadway Street area was deemed to have significantly higher 

environmental impacts than other alternatives.  The most practicable and likely the least 

environmentally damaging method for improving the Broadway Street area would be to extend 

the existing bulkhead to the south for approximately 1,200 linear feet.  The northern 800 linear 

feet of shoreline at the Broadway Street Area are dominated by an approximately 6 acre salt 

marsh, which would be destroyed should the terminal be built in this location, the location of 

which can be seen on the attached aerial photos. 
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An extension of the bulkhead, to create 1,200 linear feet of berthing space, would fill 

approximately 15.7 acres of intertidal and shallow sub-tidal area, which is approximately three 

times the area that is proposed to be filled associated with an extension of South Terminal.     

In order to create a boat basin to service the new facility, approximately 9 acres of shallow sub-

tidal area would need to be dredged from between -1 and -6 MLLW to between -20 and -30 

MLLW.   

A turning basin would need to be dredged to allow deeper vessels to maneuver into the facility. 

This turning basin would need to be approximately 1.5 times the size of the typical international 

vessel (460 to 490 linear feet long, as stated within the August 25, 2010 submission to USEPA) 

that would service the facility. The estimated size of this turning basin is approximately 9.75 

acres, which would dredge shallow sub-tidal areas to a depth of approximately -30 MLLW.   

A channel would need to be dredged that would reach the existing channel that services Pier 1 

and Pier 2. The estimated distance between the existing channel and the proposed terminal is 

approximately 4,000 linear feet.  Subtracting the size of the boat basin (300 linear feet) and the 

approximately size of the turning basin (approximately 700 feet) results in approximately 3,000 

linear feet of channel that would need to be dredged to -30 MLLW.  It is currently anticipated 

that approximately 14 acres would need to be dredged to create such a channel.  Should the 

facility be shifted to the south to avoid impacts to the salt marsh, the length of the channel would 

need to be extended, and the area impacted by dredging would increase.   
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In order to create the boat basin, turning basin, and channel, approximately 32.75 acres of 

dredging would need to take place, virtually all of which would involve dredging of shallow, 

near-shore, sub-tidal areas to a depth of -30 MLLW.  Although the total acreage of dredging is 

roughly equal to the total acreage of dredging necessary for the South Terminal CDF boat basin 

and channel construction, virtually all of the dredging would involve deepening of near-shore, 

shallow, sub-tidal areas, which is approximately three times the area of near-shore, shallow, sub-

tidal areas that would need to be dredged for the proposed South Terminal extension.  

Overhead Clearance: The center-line of the Quonset Point airport’s main runway is 

located approximately 3,200 linear feet (less than one mile) from the southern boundary of the 

Magnolia Street Area. As stated earlier, in order for the facility to be practicable for full 

assembly on land and the use of larger turbines, no overhead restrictions lower than 250 feet can 

be present either at the facility, or in the approach to the facility by water. As outlined within the 

Dry Dock #4 “Overhead Clearance” section within the August 25, 2010 submittal to USEPA, it 

was clear that the use of Dry Dock #4 (located less than one mile from Logan International 

Airport) for offshore renewable energy support would represent a Determination of Hazard or a 

Determination of Presumed Hazard to air traffic, based upon the FAA’s previous history of 

determinations within Massachusetts.  It is currently unclear if the use of Pier 1, Pier 2, or the 

Magnolia Street Area would pose a severe restriction to air traffic as all three areas have been 

considered to be utilized by offshore renewable energy interests; however, it is extremely likely 

that use of areas within the Broadway Street Area (which would bring the cranes within 2,000 

linear feet of the main runway at Quonset Point) would represent a Determination of Hazard or a 

Determination of Presumed Hazard to air traffic, and clearly would if the site were adjusted to 

32 




 

 

 

 

 
 

 

    

 

the south to avoid impact to the salt marsh (which would bring the cranes within 1,200 linear feet 

or closer of the main runway at Quonset Point).  

Ability to beneficially re-use sand:  Utilization of the Port of Davisville as a staging point for 

reuse of CAD Material is infeasible as the location would be beyond the control of the 

Commonwealth of Massachusetts, would require multiple handling, and would require 

transportation a great distance from the generation point (CAD Cells within New Bedford 

Harbor). 

3.3.2. DRY DOCK #4, BOSTON, MASSACHUSETTS 

Dry Dock #4 (which is located in the Marine Industrial Park in South Boston) has been 

determined to be an impracticable location for an off-shore wind energy facility for a number of 

reasons, enumerated below: 

Total Wharf and Yard Upland Area: The immediate backland at Dry Dock #4 is 

approximately 13 to 14 acres, which does not meet the landside criterion. The parcel is bound 

to the south by Northern Avenue, which is a very active roadway and would severely hinder 

transportation of renewable energy components to an adjacent upland location. Northern 

Avenue is not constructed to accommodate the turning radius required for transportation of large 

wind blades to more remote locations.  Immediately across the street is the Mass Bay Brewing 

Company.  There is no direct land connection to the north or to the west of the property. To the 

east of the property is the Harpoon Brewery.  In order to develop this area into an off-shore wind 

energy facility, specific owners would have to agree to sell their facilities, such that several 
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adjacent areas could be utilized to create the new facility.  In particular, the Harpoon Brewery 

facility would need to sell its land to be able to add land to the facility to generate 28 acres.  The 

Harpoon Brewery has operated out of this location for many years, and is a well known 

landmark in South Boston.  It is logistically infeasible to believe that this property could be 

purchased (and the operators evicted or relocated) in a relatively short period of time such that an 

off-shore wind energy support facility could be constructed here. The process of freeing the land 

would take many years.   

Jack-Up Barge Access: Due to the geologic nature of the sediments within, and underlying, 

Boston Harbor, it is infeasible to utilize jack-up barges in the manner that is necessary to support 

off-shore wind facility construction.  The material underlying Boston Harbor consists of fine-

grained organic material, underlain by Boston Blue Clay. The presence of Boston Blue Clay 

below Boston Harbor as well a large portion of the City of Boston and adjacent towns is well 

documented.  As stated within Remaking Boston: An Environmental History of the City and It’s 

Surroundings, edited by Anthony N. Penna and Conrad Edick Wright, “Boston Blue Clay…was 

deposited about fourteen thousand years ago. The clay settled out from a mixture of seawater 

and glacial meltwater and covers much of the landscape in the Boston region.  Up to seventy-five 

feet thick in the Boston area, it has filled in many low-lying areas.  The clay extends inland to an 

elevation of sixty-five feet, and it can be found as far west as Watertown, which indicates the 

extent of (historic) inundation at its greatest point.  In Boston there is clay throughout the city, in 

the harbor, and at least nine miles offshore.”  As stated earlier, unstable harbor bottoms would 

allow the spuds of the jack-up barges to sink within the substrate.  Potential side-effects of the 

spuds sinking include listing of vessels that are unevenly loaded as well as the potential that the 
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spuds could not be extracted. It is unreasonable to expect that any other methodology could be 

utilized to secure the jack-up barges when the loads are placed upon the barges (anticipated be 

hundreds of tons of material).  The stability necessary for the jack-up barges requires the use of 

the spuds during loading. 

The following reference provides additional information regarding the potential issues associated 

with utilizing jack-up barges on unstable substrates: Design Guides for Offshore Structures, 

Stability and Operation of Jack Ups, P. La Tirant and Ch. Perol, Editions Technip, Paris, France, 

1993. This book focuses on offshore jack-up barge design and planning for oil drilling purposes.  

Oil drilling jack-up barges are significantly larger, have larger, truss-type support spuds, and are 

typically lighter for their size than the jack-up barges anticipated to be utilized to support the 

offshore renewable energy industry. The jack-up barges anticipated to be utilized for installation 

of offshore renewable energy facilities will be smaller, very heavily loaded, and have smaller 

spuds (i.e. more concentrated point loads) than those described within this reference; however, 

the design assumptions for oil-drilling jack-up barges are similar to those anticipated to be 

utilized at the proposed facility.  The reference states that, although the penetration of the spuds 

“never exceeds a few meters in stiff soils, so that the uncertainty in the actual penetration has no 

effect on the choice of the jackup (leg length)”, in softer soils (such as Boston Blue Clay) 

“penetration can be as high as 20, 30, or 40 meters in soft soils, sometimes with a high 

uncertainty to be taken into account in choosing the leg length of the jackup”.  This difference in 

uncertainty can result in significant settlement of jack-up barges, including uneven settlement 

that can result in failure of the barge.  According to the reference, “The causes of accidents of 
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jackups in afloat, in preload, and in operation are many.  Noble Denton classes (Sharples et al., 

1990) jackup accidents into ten categories (listed in order of magnitude):  

• Soils and foundations; 

• Tow (including dry transportation); 

• Blow-out and fire; 

• Collision; 

• Structural design; 

• Action of storms or hurricanes; 

• Fatigue of structural components; 

• Jacking on installation or demobilization; 

• Accidents due to war; 

• Other (miscellaneous or unidentified). 

The first three categories listed (foundations, towing, and blow-outs) by themselves account for 

two-thirds of the accidents observed.”  Other potential accident causes notwithstanding, clearly 

the substrate located below the spuds is crucial for proper functioning of the jack-up barges.  The 

reference goes further, in stating that jack-up barge accidents resulting from uncertain substrates 

result “most often from rapid punch-through of one (or more) spud during pre-loading” and 

“from various causes of foundation soil failure during operation”.  Finally, the reference states 

that “the consequences of accidents or incidents due to the foundations range from minor (or no) 

damage to one leg to the total loss of the jackup.”  Therefore, the presence of Boston Blue Clay 

(a relatively soft and potentially unsteady surface) below the jack-up barges has the potential for 

36 




 

 

 

 

 

 

 

minor to extremely damaging accidents.  Thus, the presence of the Boston Blue Clay results in 

the inability to utilize jack-up barges in Boston Harbor, making it infeasible to site the facility at 

Dry Dock #4 in Boston Harbor. 

Overhead Clearance: The entire Port of Boston is affected by air traffic at Logan Airport. 

While maritime operations are not restricted, according to the Coast Pilot, all vessels with air 

draft greater than approximately 25.9 m (85 feet) must advise air traffic control of their presence 

(U.S. Department of Commerce, National Oceanic and Atmospheric Administration and 

National Ocean Service 2009). 

A long-term Federal Aviation Administration approval and/or permit would be required in order 

to operate the facility at Dry Dock #4.  A review of previous FAA decisions associated with 

Wind Power projects located within 10 miles of Massachusetts Airports, conducted in January of 

2007 is attached as Appendix 7. Wind turbines ultimately constructed at the Deer Island 

Wastewater Treatment Plant (located approximately 2 miles from Logan and approximately 

2,000 to 4,000 feet to the northeast and/or east of two regularly used take-off and landing routes) 

were originally designed to be 394 feet high. A Determination of Presumed Hazard by the FAA 

required redesign of the turbines to a height of 190 feet.  Wind turbines originally designed to be 

installed in Lynn (located approximately 5.7 miles from Logan) were originally designed to be 

397 feet high. A Determination of Presumed Hazard by the FAA required redesign of the 

turbines to a height of 254 feet. 
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Dry Dock #4 is located less than 1 mile from Logan Airport and is located only 2,000 to 3,000 

thousand feet to the northwest of one of the main landing strips for the airport.  Installation 

vessels would be unable to exit and enter Boston Harbor except by directly crossing the airspace 

associated with that same landing strip. As stated earlier, in order for the facility to be 

practicable for full assembly on land and the use of larger turbines, no overhead restrictions 

lower than 250 feet can be present either at the facility, or in the approach to the facility by 

water. It is clear that the use of Dry Dock #4 for offshore renewable energy support would 

represent a Determination of Hazard or a Determination of Presumed Hazard to air traffic, based 

upon the FAA’s previous history of determinations, as outlined above.   

Proximity: The Port of Boston is located a significant distance from the anticipated construction 

locations for Off-Shore Wind facilities, which will make it logistically infeasible to site an off

shore wind support facility.  Boston is located 130 nautical miles from Nantucket Sound (a 

potential location for the Cape Wind Off-Shore Wind development) as opposed to 75 miles for 

Fall River, 70 miles for Quonset and 45 miles for New Bedford.  Boston is located 295 miles 

from the proposed Deepwater Wind construction location off of the coast of Rhode Island, as 

opposed to 45 miles for Fall River, 50 miles for New Bedford, and 35 miles for Quonset.  An 

analysis of the feasibility of utilizing Dry Dock #4 can be found within Appendix 8. The 

conclusions of this analysis were that it is infeasible that Dry Dock #4 can be utilized as an off

shore wind energy support facility due to its proximity to the anticipated future locations of off

shore wind developments. 
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Ability to beneficially re-use sand:  Utilization of Dry Dock #4 as a staging point for reuse of 

CAD Material is infeasible as the location would require multiple handling, and would require 

transportation a great distance from the generation point (CAD Cells within New Bedford 

Harbor). 

3.3.3. FALL RIVER STATE PIER, FALL RIVER, MASSACHUSETTS 

Fall River State Pier has been determined to be an impracticable location for an off-shore wind 

energy facility for a number of reasons, enumerated below: 

Total Wharf and Yard Upland Area: The total wharf and yard upland area at Fall River State 

Pier is approximately 9 acres, which does not meet the landside criterion for creation of an off

shore wind energy support facility. The Braga Bridge (135 foot clearance) is located directly 

above approximately 20% of Fall River State Pier, making a large portion of the area of the pier 

inaccessible to the large cranes required for operation of an offshore renewable energy support 

facility.  Water Street is located directly to the east and southeast of the facility, which is a very 

active roadway and would severely hinder transportation of renewable energy components to an 

adjacent upland location.  Water Street is not constructed to accommodate the turning radius 

required for transportation of large wind blades to more remote locations.  Immediately across 

the street is an active railyard.  Additionally, the properties to the east, southeast, and south are 

currently owned and occupied by other port users (see Site Control/Site Availability section 

below). 
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Overhead Clearance: Vertical clearance is the most significant constraint for the Port of Fall 

River. The Braga Bridge, Mt. Hope Bridge, and Jamestown Verrazzano Bridges each impose a 

height restriction of approximately 41 m (135 feet).  The Braga Bridge is located directly above 

approximately 20% of Fall River State Pier, making a large portion of the area of the pier 

inaccessible to the large cranes required for operation of an offshore renewable energy support 

facility.   

Site Control/Site Availability:  While the Fall River State Pier is currently owned by the 

Commonwealth of Massachusetts, the current operation accommodates multiple different users 

of the pier. These uses include: an off-loading location for break-bulk cargo and container ship 

cargo, a roll-on roll-off terminal, as a storage location for cargo, and as a berthing and terminal 

location for cruise ships.  Relocation of these existing users is extremely infeasible as there is no 

other public location in Fall River for these services to be relocated to. 

These existing users represent a significant public benefit to the City of Fall River and southern 

New England. The Massachusetts Waterways Regulations (Chapter 91) require that any 

displaced water-dependent use be relocated as cited below: 

310 CMR 9.36(4): The project shall not displace any water-dependent use that has 
occurred on the site within five years prior to the date of license application, except upon 
a clear showing by the applicant that said use: 

(a) did not take place on a reasonably continuous basis, for a substantial period of time; 
or 
(b) has been or will be discontinued at the site by the user, for reasons unrelated to the 
proposed project or as a result of voluntary arrangements with the applicant. 

Absent the above showings, the project shall include arrangements determined to be 
reasonable by the Department for the water-dependent use to be continued at its existing 
facility, or at a facility at an alternative location having physical attributes, including 
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proximity to the water, and associated business conditions which equal or surpass those 
of the original facility and as may be identified in a municipal harbor plan, if any. 
Permanent relocation to an off-site facility may occur in order to accommodate a public 
service project for which relocation arrangements are governed by law, or if the 
Department determines that it is not appropriate for the water-dependent use to continue 
on the site. Otherwise, only temporary relocation may occur as necessary for project 
construction. 

If an off-shore wind energy facility is sited at State Pier in Fall River, it would consume all 

available space at State Pier.  A new public terminal would need to be constructed to harbor 

these users would need to be constructed if they were displaced to make way for an off-shore 

wind energy terminal. 

Additionally, in order to increase the existing area at the facility, adjacent properties would need 

to be obtained. The properties in the area of Fall River State Pier are summarized in more detail 

below: 

Fall River State Pier and Adjacent Properties 

Parcel ID Owner Name Site/Use Acreage 

N-13-0020 COMMONWEALTH OF MASSACHUSETTS FALL RIVER STATE PIER 7.18 

N-13-0021 COMMONWEALTH OF MASSACHUSETTS STEAMSHIP DOCK 2.02 

N-16-0011 NASSER REAL ESTATE TRUST WATERFRONT CAFÉ 0.744 

N-15-0002 BORDEN & REMINGTON F R LLC MILL COMPLEX (TEXTILE 
RUBBER AND CHEMICAL 
MANUFACTURING) 

29.22 

N-16-0030 and 
T-03-0019 

NEW YORK CENTRAL LINES, LLC RAIL YARD 2.013 

N-13-0003 COMMONWEALTH OF MASSACHUSETTS PARKLAND 2.06 

N-16-001 AZAR JEANNE ETALI RESTAURANT/BAR 0.396 

N-16-0001 FALL RIVER INC MARINE MUSEUM MARINE MUSEUM OF FALL 
RIVER 

0.438 
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Additional supporting information is included within Appendix 9. In order to develop this area 

into an off-shore wind energy facility, specific owners would have to agree to sell their facilities, 

such that several adjacent areas could be utilized to create the new facility.  In particular, the 

only property that is large enough to cede land to the new facility is the Borden & Remington 

Rubber and Chemical Manufacturing facility located to the south of Fall River State Pier 

(although at least one other property would have to sell its land in order for a connecting 

roadway to be constructed). 

It is logistically infeasible to believe that these properties could be purchased (and the operators 

evicted or relocated) in a relatively short period of time such that an off-shore wind energy 

support facility could be constructed here.  The process of freeing the land would take many 

years. Additionally, it may be impossible to find another location for the existing water-

dependent uses. 

Ability to beneficially re-use sand:  Utilization of the State Pier in Fall River as a staging point 

for reuse of CAD Material is infeasible as the location would require multiple handling, and 

would require transportation a great distance from the generation point (CAD Cells within New 

Bedford Harbor). 

3.4. LOCATIONS WITHIN THE NEW BEDFORD SUPERFUND SITE 

The following locations are within the New Bedford Superfund Site, and therefore can store or 

dispose of sand generated from CAD Cell construction; however, the sites are impracticable for 
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the primary purpose of offshore renewable energy support due to other criteria, as detailed 

below: 

3.4.1.	 UNION WHARF AND FAIRHAVEN SHIPYARD, FAIRHAVEN, 
MASSACHUSETTS 

The New Bedford/Fairhaven Harbor Plan indicates the potential construction of two CDFs on the 

Fairhaven portion of the Harbor. The potential sites are at Union Wharf and Fairhaven Shipyard.  

However, both locations have been determined to be impracticable for an off-shore renewable 

energy support facility for a number of reasons, enumerated below: 

Site Control/Site Availability: 

While Union Wharf is currently owned by the Town of Fairhaven, the Town operates the Wharf 

in a manner that accommodates multiple different uses of the Wharf.  These uses include: 

berthing for large commercial off-shore fishing vessels, near-shore lobster boats, commercial 

boat repair, and fish processing and packing.  The Town of Fairhaven is currently proceeding 

with plans to refurbish and expand Union Wharf; however the expansion is to accommodate the 

existing users of the Wharf, not to support an off-shore renewable energy support facility. 

Below is the current list of property owners at Union Wharf and Fairhaven Shipyard: 

Union Wharf Properties 

Parcel ID Owner Name Address Acreage 

07-009 FAIRHAVEN TOWN OF C/O SEAFOOD SERVICES INC UNION WHARF 1.518 

07-008 ISAKSEN GAIL & MAX T 10 UNION WHARF 0.077 
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0-7009A ISAKSEN GAIL 12 UNION WHARF 0.138 

07-007 UNION WHARF REALTY, LLC 2 UNION WHARF 0.021 

07-PRT9 FAIRHAVEN TOWN OF 2 UNION WHARF 0.214 

07-011 CASEY BOAT REALTY, LLC 7 UNION WHARF 1.7409 

Fairhaven Ship Yards (North) is currently occupies the Center Street Wharf areas.  The parcels 

which form the Wharf are as follows: 

CENTER STREET Wharf Properties 

Parcel ID Owner Name Address Acreage 

09-059 OLD SOUTH WHARF REALTY LLC WATER STREET 0.226 

09-065 OLD SOUTH WHARF REALTY LLC WATER STREET 0.217 

09-066 OLD SOUTH WHARF REALTY LLC WATER STREET 0.095 

07-001 OLD SOUTH WHARF REALTY LLC 24 WATER STREET 4.900 

These existing users of represent a significant public benefit to the Town of Fairhaven and 

southern New England. If an off-shore wind energy facility is sited at Union Wharf and 

Fairhaven Shipyards, it would consume all available space in the area.  In accordance with The 

Massachusetts Waterways Regulations (Chapter 91), any displaced water-dependent use would 

need to be relocated as stipulated within 310 CMR 9.36(4).  It is unlikely that these facilities 

would be able to be relocated within the Port of New Bedford/Fairhaven without the creation of a 

new marine terminal.  A new public terminal would need to be constructed to harbor these users 

if they were displaced to make way for an off-shore wind energy terminal. 
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Total Wharf and Yard Upland Area: As outlined above, the existing total wharf and yard 

upland area at Union Wharf and Fairhaven Shipyard is approximately 9.14 acres.  Although the 

parcels are contiguous, due to the lack of total wharf and yard upland area, a CDF would need to 

be constructed. The CDF would be constructed between the two existing docks at Union Wharf 

and Fairhaven Shipyard. The available area for filling between the two docks is 2.87 acres. 

Expansion of the facility to the east would be impracticable as the proposed facility would be 

bounded by Water Street on that side. After construction of the CDF, the total wharf and yard 

upland area would increase to approximately 12.01 acres, which does not meet the landside 

criteria for the creation of an off-shore renewable energy support facility (28 acres, as stated 

earlier). 

Expansion of the facility to the west would impinge upon the Federal Navigation Project, which 

runs immediately to the west of both Union Wharf and Fairhaven Shipyard.  It is impracticable 

to expand the CDF to the north or south, due to the presence of private, water-dependent 

industries located to the north (Harbor Blue Seafoods) and the south (WJA Properties).  These 

industries currently support commercial fishing in New Bedford Harbor, which is currently 

under significant pressure due to a lack of berthing space.  In accordance with The Massachusetts 

Waterways Regulations (Chapter 91), any displaced water-dependent use would need to be 

relocated as stipulated within 310 CMR 9.36(4).  It is unlikely that these facilities would be able 

to be relocated within the Port of New Bedford/Fairhaven without the creation of a new marine 

terminal.   
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After construction of the CDF, the total wharf and yard upland area would increase to 

approximately 12.01 acres, which does not meet the landside criteria for the creation of an off

shore renewable energy support facility (28 acres, as stated earlier).  Although Union Wharf and 

Fairhaven Shipyard are located within a water-dependent industrial area on Fairhaven Harbor, 

residential neighborhoods are located immediately to the east of the area.  Additionally, local 

roads adjacent to the two sites are not configured to allow for the movement of large renewable 

energy components.  Therefore, due to the lack of wharf space onsite, and the lack of suitable 

upland areas nearby the site (and the unsuitability of adjacent roadways to transport components 

to upland locations, if any), there location is infeasible due to a lack of sufficient total wharf and 

yard upland area. 

Berthing Area: The proposed CDF would have a total berth length of approximately 780 feet, 

far less than the 1,200 linear feet required for an off-shore renewable energy support facility. 

Therefore, the location is infeasible due to a lack of sufficient berthing space. 

Fairhaven Public Acceptance:  From 2008 to 2010, Fairhaven has undertaken a public process in 

evaluating the best location for harbor operations while promulgating the New 

Bedford/Fairhaven Harbor Plan.  During the harbor planning process, although Union Wharf and 

Fairhaven Shipyard were proposed as a potential Confined Disposal Facilities (in support of 

navigational dredging), no public support for a large marine terminal was garnered for either 

facility (unlike at South Terminal).  CDFs in these areas were anticipated to supplement the land 

of existing owners or leasees.  Therefore, Union Wharf and Fairhaven Shipyards are not accepted 
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locations for an off-shore renewable energy facility in the eyes of the public of the Town of 

Fairhaven. 

3.4.2.	 NORTH TERMINAL AND POPE’S ISLAND, NEW BEDFORD, 
MASSACHUSETTS 

North Terminal and Pope’s Island could also be expanded by CDFs in order to support off-shore 

wind developments; however, both locations have been determined to be impracticable locations 

for an off-shore wind energy support facility for a number of reasons, enumerated below: 

Horizontal Clearance: The horizontal clearance along the access pathway along the water to 

both the North Terminal and Pope’s Island facilities is restricted by the Route 6 New Bedford-

Fairhaven Bridge. The Route 6 New Bedford–Fairhaven Bridge is approximately 92 feet wide, 

far short of the minimum 130 feet that is required.  Efforts have been made by the City of New 

Bedford and the Town of Fairhaven over the last decade to reconstruct this bridge in such a 

manner as to increase the horizontal clearance and allow for smoother operation of the bridge 

(the current construction causes significant delays for vessels traveling north of the bridge and 

traffic crossing the bridge); however, the efforts over the last decade have not yet borne fruit (the 

project is still in the conceptual phase and neither permitting, nor design is complete).  As a 

result, it will likely be many years before this project is complete and the horizontal clearance 

issue can be overcome. 

Site Control/Site Availability:  Both North Terminal and Pope’s Island are not currently under 

the control of an entity that can develop an off-shore wind energy support facility, because the 
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existing property is either owned by an outside source or is currently under a long term lease. 

All of the properties that could conceivably allow the creation of an off-shore wind energy 

support facility are currently in use by either a water-dependent or non-water dependent user. 

Pope’s Island:  The following is a list of the current owners of properties located to the north of 

Route 6 in New Bedford: 

Pope's Island Properties North of Route 6 

Parcel ID Owner Name Address Acreage 

60 18 POPES ISLAND HARBOR DEV CORP 243 255 POPES ISLAND 1.485 

60 12 POPES ISLAND HARBOR DEV CORP 173 235 POPES ISLAND 10.57 

60 26 POPES HAVEN MARINA INC 161 POPES ISLAND 0.652 

60 13 NERI REALTY CO LLC 137 143 POPES ISLAND 3.011 

60 19 MITCHELL MARK S "TRUSTEE" 83 POPES ISLAND 1.559 

60 22 PANAGAKOS MICHAEL 53 POPES ISLAND 0.775 

60 20 POPES ISLAND REALTY ASSOCIATION 23 POPES ISLAND 1.98 

In order to develop this area into an off-shore wind energy facility, a number of these owners 

would have to agree to sell their facilities.  Many of the owners of these properties currently are 

in long-term leases with the operators at their facilities.  The operators are business owners of 

water-dependent businesses (in many cases) that include shipyards, marinas, boat repair 

facilities, and marine supply businesses.  In accordance with The Massachusetts Waterways 

Regulations (Chapter 91), any displaced water-dependent use would need to be relocated as 

stipulated within 310 CMR 9.36(4).   It is unlikely that these facilities would be able to be 

relocated within the Port of New Bedford without the creation of a new marine terminal.  It is 
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logistically infeasible to believe that these properties could be purchased (and the operators 

evicted or relocated) in a relatively short period of time such that an off-shore wind energy 

support facility could be constructed here.  The process of freeing the land would take many 

years. 

North Terminal: Although the New Bedford Harbor Development Commission currently owns 

the land associated with a potential North Terminal off-shore wind energy support facility, the 

Commission is currently in long-term lease agreements with all of the operators that currently 

exist in the area.  The following is a list of the current lessees of properties located at North 

Terminal in New Bedford: 

North Terminal Property Tenants 

Parcel ID TENANT PROPERTY ADDRESS Acreage 

72 291 ROBERT C. COOK (NB WELDING) 
272 HERMAN MELVILLE 

BLVD. 
1.033 

72 248 MARINE HYDRAULICS (DAVID CHAMBERS) 
256 HERMAN MELVILLE 

BLVD. 
1.986 

72 292 ROBERT C. COOK 
286 HERMAN MELVILLE 

BLVD. 
0.966 

72 297 MARVIN L. DOLINSKY 
300 HERMAN MELVILLE 

BLVD. 
1.485 

72 299 ACUSHNET RIVER SHIPYARD 
302 HERMAN MELVILLE 

BLVD. 
1.531 

72 293 TISBURY TOWING AND TRANSPORTATION 
352 HERMAN MELVILLE 

BLVD. 
3.479 
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The leases that these tenants have with the Commission are 99 years in length.  A sample copy of 

a lease is attached as Appendix 10. The leases do not offer an option for the Commission to 

unilaterally cancel the agreement, and, therefore, in order to develop this area into an off-shore 

wind energy facility, these operators would have to agree to break their leases with the 

Commission.  The operators are business owners of water-dependent businesses (in many cases) 

that include shipyards, boat repair facilities, and marine bulk transport businesses.  In accordance 

with The Massachusetts Waterways Regulations (Chapter 91), any displaced water-dependent 

use would need to be relocated as stipulated within 310 CMR 9.36(4).  It is unlikely that these 

facilities would be able to be relocated within the Port of New Bedford without the creation of a 

new marine terminal.  It is logistically infeasible to believe that the lease agreements could be 

broken (and the operators evicted) in a relatively short period of time such that an off-shore wind 

energy support facility could be constructed here.  The process of freeing the land would take 

many years. 

Total Wharf and Yard Upland Area: As outlined above, the existing total wharf and yard 

upland area at North Terminal is approximately 10.5 acres, which does not meet the landside 

criterion for creation of an off-shore wind energy support facility. Additionally, the parcels that 

are available are not contiguous. In order to construct the facility at this location, a CDF would 

have to be constructed to connect the facilities together and create an additional 9.5 acres of 

usable land, which would be created by filling intertidal and sub-tidal areas (significantly more 

than the 5.67 acres that needs to be filled to construct the South Terminal CDF). 
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An offshore renewable energy facility could be constructed by utilizing the land on the northern 

portion of Pope’s Island (approximately 20 acres) and constructing a CDF to provide an 

additional 8 acres of usable land. In order to create this extra usable land, at least 8 acres of 

intertidal and near-shore sub-tidal area would need to be filled.   

New Bedford Public Acceptance:  From 2008 to 2010, New Bedford has undertaken a public 

process in evaluating the best location for harbor operations while promulgating its New 

Bedford/Fairhaven Harbor Plan. During the harbor planning process, although both North 

Terminal and Pope’s Island were proposed as potential Confined Disposal Facilities (in support 

of navigational dredging), neither facility was evaluated as a stand-alone marine terminal.  No 

public support for a large marine terminal was garnered for either facility (unlike at South 

Terminal).  CDFs in these areas were anticipated to supplement the land of existing lessees of the 

Commission.  Therefore, North Terminal and Pope’s Island are not accepted locations for an off

shore wind energy facility in the eyes of the public of the City of New Bedford. 

3.4.3. STATE PIER, NEW BEDFORD, MASSACHUSETTS 

State Pier has been determined to be an impracticable location for an off-shore wind energy 

facility for a number of reasons, enumerated below: 

Total Wharf and Yard Upland Area: The immediate backland at State Pier is approximately 7 

to 8 acres, which does not meet the landside criterion.   The land use adjacent (to the north, 

south, and west) of State Pier cannot accommodate an off-shore wind energy support facility. 
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MacArthur Drive is located directly to the west of the facility, which is a very active roadway 

and would severely hinder transportation of renewable energy components to an adjacent upland 

location. MacArthur Drive is not constructed to accommodate the turning radius required for 

transportation of large wind blades to more remote locations.  Immediately across to the north is 

Fisherman’s Wharf, which is currently dedicated to supporting commercial fishing activity. 

Immediately to the south is Steamship Pier, Homer’s Wharf and Leonard’s Wharf, which are 

similarly dedicated to supporting commercial fishing activity.   Similar to the activities on State 

Pier, 10 CMR 9.36(4) would require the relocation of commercial fishing activities should either 

of the facilities to the north or south be utilized.  Commercial fishing berthing is already sorely 

lacking within New Bedford Harbor.  It would be extremely difficult to locate additional 

commercial fishing berthing within New Bedford Harbor without constructing a new Marine 

Terminal at another location, therefore, it is infeasible to expand the site in any way to bring the 

usable area closer to the area required for an off-shore wind energy support facility (28 acres, as 

stated earlier). The site is bounded on the west by Herman Melville Avenue and Route 18; 

monopiles and wind blades would have to move from State Pier to another, more remote location 

along roadways or rail lines that are not designed to accommodate the required turning radius. 

Site Control/Site Availability:  While the New Bedford State Pier is currently owned by the 

Commonwealth of Massachusetts, the commonwealth operates the pier in a manner that 

accommodates multiple different users of the pier.  These uses include: a fast ferry terminal for 

transportation to Martha’s Vineyard, an off-loading location for break-bulk cargo, as a storage 

location for refrigerated cargo, as a berthing and terminal location for cruise ships, as a berthing 

and terminal location for pleasure cruise boats, as a berthing location for ferry service to 
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Cuttyhunk Island, as a staging location for emergency services vessels, and as a seasonal 

berthing location for the Ernestina. 

The facility can support freighter service and store over 135 containers. American Cruise Lines 

operates out of the facility with a minimum of 20 ports of call on an annual basis and up to 89 

passengers per trip. Ferry services also operate out of the State Pier, including passenger and 

cargo service to Cuttyhunk Island and passenger service to Martha’s Vineyard. Ferry service 

brings over 115,000 passengers through the port annually. The Quick Start Ferry facility on the 

State Pier allows intermodal transfers of waterborne freight and freight carried by truck and rail. 

Relocation of these existing users is extremely infeasible as there is no other public location in 

New Bedford for these services to be relocated to. 

These existing users represent a significant public benefit to the City of New Bedford and 

southern New England. If an off-shore wind energy facility is sited at State Pier in New 

Bedford, it would consume all available space at State Pier. In accordance with The 

Massachusetts Waterways Regulations (Chapter 91), any displaced water-dependent use would 

need to be relocated as stipulated within 310 CMR 9.36(4).  It is unlikely that these facilities 

would be able to be relocated within the Port of New Bedford without the creation of a new 

marine terminal.  A new public terminal would need to be constructed to harbor these users 

would need to be constructed if they were displaced to make way for an off-shore wind energy 

terminal. 
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 New Bedford Public Acceptance:  From 2008 to 2010, New Bedford has undertaken a public 

process in evaluating the best location for harbor operations while promulgating its New 

Bedford/Fairhaven Harbor Plan. During the harbor planning process State Pier in New Bedford 

was not evaluated as a stand-alone marine terminal, it was assumed that the facility would 

continue to serve as a multi-use facility.  An excerpt from the New Bedford Harbor Plan, 

outlining the proposed future uses of the New Bedford State Pier is included as Appendix 11. 

No public support for a large marine terminal was garnered for the facility (unlike at South 

Terminal).  Therefore, State Pier in New Bedford is not an accepted location for an off-shore 

wind energy facility in the eyes of the public of the City of New Bedford. 
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4.	 WHY SOUTH TERMINAL CDF IS THE LEAST ENVIRONMENTALLY 

DAMAGING PRACTICABLE ALTERNATIVE THAT MEETS THE PROJECT 

PURPOSE 

4.1. Proposed Project Description 

4.1.1. Filled Facility 
The proposed South Terminal CDF is a filled structure adjacent to the shoreline, bounded 

by sheet piling, capped by crushed stone. Figures 2 and 3 note the anticipated orientation of 

construction for the facility as well as the plots of land anticipated to be incorporated into the 

facility. It is currently anticipated that approximately 150,000 cubic yards of clean sand from 

navigational dredging would be incorporated into the construction of the facility.  Approximately 

1,200 linear feet of berthing space will be available at the facility.  The size of the facility as 

envisioned will be 28.25 acres.    

The main portion of the facility consists of the following properties: 

•	 Map Number 31 Lot Number 263 (private owner); 

•	 Map Number 31 Lot Number 288 (private owner); 

•	 Map Number 25A Lot Number 53 (Commonwealth Owned); 

•	 Map Number 25A Lot Number 49 (Commonwealth Owned); and 

•	 Map Number 25A Lot Number 48 (City of New Bedford Owned)., 
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In order to meet the area requirements for off-shore renewable energy support, the use of 8 acres 

located within separate parcels to the south of the main operating area is required.  This 

additional area will be supplied within four adjacent, ancillary properties, located to the south of 

the facility. The properties are: 

• Map Number 25A, Lot Number 48 (City of New Bedford Owned); 

• Map Number 21, Lot Number 30 (private owner); 

• Map Number 25A, Lot Number 47 (private owner); 

• Map Number 25A, Lot Number 45 (private owner); 

• Map Number 25A, Lot Number 5 (private owner); 

• Map Number 25A, Lot Number 7 (City of New Bedford Owned); and 

• Map Number 21, Lot Number 45 (City of New Bedford Owned).   

The City of New Bedford has already discussed the use of property Map Number 21, Lot 

Number 30 with the private owner, and has a conceptual agreement to utilize the property 

temporarily for this project (a letter of support from the owner Map Number 21, Lot Number 30 

is attached as Appendix 12. The location of these properties is shown on Figure 3. 

The parcels that form the south terminal are numbered Map Number 31 Lot Number 263, 

Map Number 31 Lot Number 288, Map Number 25A Lot Number 53, Map Number 25A Lot 

Number 49, Map Number 25A Lot Number 48, Map Number 25A Lot Number 7, and Map 

Number 21 Lot Number 45.  All of these parcels are either owned by the City or the 

Commonwealth except Map Number 31 Lot Number 263 and Map Number 31 Lot Number 288. 

The Commonwealth is engaged in discussions with the private landowner of Map Number 31 

Lot Number 263 and Map Number 31 Lot Number 288, and anticipates being successful and 

securing the necessary property rights to expeditiously construct the terminal. The 
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Commonwealth is also actively engaged in securing an easement across Map Number 21 Lot 

Number 30, which will be necessary to access Map Number 21 Lot Number 45, as well as an 

easement across parcels Map Number 25A Lot Number 47, Map Number 25A Lot Number 45, 

and Map Number 25A Lot Number 5, which will be utilized as a land-connection between the 

northern and southern parcels. The Commonwealth anticipates being able to secure the easement 

rights for those four properties expeditiously to construct the terminal.  

The southern 8 acres provided by the ancillary properties would be used specifically for 

wind blade lay-down only, a relatively space-intensive use that does not require heavy-loading 

capacity. Therefore, the ancillary properties would not be subject to the intense usage and high 

load-bearing requirements of the remainder of the facility.  As the ancillary properties are all 

outside of federal resource jurisdictional area, no additional resource impacts are anticipated due 

to inclusion of these properties. 

Very little site work will be required in order to utilize the properties.  Some construction 

site work at Map Number 21, Lot Number 45 will be required (and perhaps some minor grading 

work at Map Number 21, Lot Number 30) to prepare the site for wind blade lay-down as the 

property previously contained a mill building that was demolished within the last 2-3 years, and 

currently contains rubble and portions of the building foundation (up to 8 feet in depth) that 

currently present a hazard to the general public, and will need to be either removed, covered 

and/or graded. Grading at this facility is anticipated to utilize a large portion of clean material 

generated from the navigational dredging (up to 34,000 cubic yards).  Please note that no portion 

of this property contains Federal resource areas.    

The total estimated size of the facility, including the ancillary southern properties, is 

currently anticipated to be approximately 28.25 acres. 
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4.1.2. South Terminal CDF Dredge Footprint 
To determine the minimum possible dimensions for the dredge footprint that would be 

both capable of serving offshore renewable energy facilities and capable of supporting a future 

international multi-purpose marine terminal, the following sources of information were 

consulted: 

•	 Information was gathered from Power Systems Division, Wind Power Division, 

and Power Generation Division of Siemens; 

•	 Individuals involved in the shipping industry,  

•	 Individuals with insight into the anticipated size of cargo vessels that are likely to 

utilize the South Terminal CDF in the future, and 

•	 Individuals with specific knowledge regarding vessel transport and mooring 

within New Bedford Harbor. 

Information from Siemens 

As previously described , on Thursday, April 8, 2010, representatives from the Power 

Systems Division, Wind Power Division, and Power Generation Division of Siemens met with 

New Bedford personnel to discuss the requirements of an offshore renewable energy support 

facility, based upon their experiences installing wind turbines in Europe (see summary memo 

attached as Appendix 3). Since the April 8 meeting, there have been additional discussions with 

Siemens concerning specific needs for the facility.  In a letter dated August 25, 2010, Siemens 

has further clarified facility requirements.  The following information can be gleaned from the 
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April 8 meeting, further discussion with Siemens, and the August 25, 2010 letter, which is 

attached as Appendix 4: 

•	 There are a few types of vessels that would be used to transport wind turbine components 

from the manufacturer to the support facility.  However, the approximate range in sizes 

of an international vessel is between 140 - 150 meters (460 – 490 feet) in length, 30 - 35 

meters (98 - 115 feet) in width and requires 7 – 9 meters (23 – 29.5 feet) of draft. 

•	 The international vessel can only carry components for 6 turbines at one time. 

Therefore, for constructing an offshore wind energy facility for 130 turbines, 22 separate 

shipments from international vessels would need to be received at the support facility. 

The international vessel will require 3-4 days of docking for unloading each trip. 

•	 Offshore renewable energy facility installation ships would consist of jack-up barges that 

would be approximately 91 meters (300 feet) in width and 30 meters (100 feet) in width. 

Draft Dredge Footprint 

Utilizing the information regarding vessel sizes received from Siemens, the 

Commonwealth produced a Draft Dredge Footprint in August of 2010 and promulgated the 

footprint for review by other organizations that would likely be involved in operation and use of 

the new facility (see Appendix 13 for a copy of the August 2010 Draft Dredge Footprint). 

Through the fall and winter of 2010, and through the spring of 2011, the Commonwealth of 

Massachusetts conducted research into the feasibility and viability of the use of the draft dredge 

footprint. As part of this exercise, the Commonwealth contacted: 

•	 Individuals involved in the shipping industry,  
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•	 Individuals with insight into the anticipated size of cargo vessels that are likely to utilize 

the South Terminal CDF in the future, and 

•	 Individuals with specific knowledge regarding vessel transport and mooring within New 

Bedford Harbor. 

Information from the Shipping Industry 

The shipping industry representatives (officials from North American Port Infrastructure, LLC, 

HDR ONE COMPANY, and Maritime International Incorporated) reviewed the Draft Dredge 

Footprint and indicated that alterations to the configuration and size of the footprint were 

desirable. Some of the input received included the following: 

•	 The deep-draft section of the proposed terminal (originally 500 feet in length to 

accommodate the international vessels anticipated to service the offshore renewable 

energy industry) would accommodate a more diverse set of vessels if it were extended 

to 600 feet in length or longer. 

•	 The channel leading to the terminal (originally 150 feet in width) would be easier to 

navigate, were it widened. 

•	 The channel leading to the terminal would be easier to navigate if it accommodated tug 

traffic more easily.   

•	 The channel leading to the terminal may be easier to navigate if it were re-oriented.  No 

specific proposal was given regarding the channel’s reorientation, however, it was 

suggested that discussions with the Northeast Marine Pilots Association would be 

helpful in this regard. 
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A summary of the input provided by the shipping industry representatives is attached as 

Appendix 14. 

Marine Pilot’s Input 

According to representatives from the Northeast Marine Pilots Association (the Pilots), 

100% of foreign flag vessels and 100% of United States-flag vessels engaged in international 

trade are required to take a state pilot when entering state waters.  Pilots operate under the 

mandate of the state and on behalf of the public interest.  The pilot is a local representative who 

protects the local waters by helping to ensure that vessels arriving from sea are properly 

equipped and operated safely. The Northeast Marine Pilots Association represents New Bedford 

Harbor. Therefore, representatives of the Pilots have a high degree of expertise associated with 

determining appropriate conditions for vessels, and also are familiar with a wide range of types 

of vessels that may enter the Port of New Bedford (or other northeastern ports) either currently, 

or in the future. 

The Pilots reviewed the Draft Dredge Footprint and indicated that improvements to the 

footprint were desirable. Some of the input received included the following: 

•	 Change in Alignment of the Channel Needed: The Pilots indicated that a direct pathway 

to approach the South Terminal CDF is needed to facilitate access to the new terminal. 

The simplest pathway is typically preferred, in that it reduces the chances for mistakes 

to result in accidental grounding of vessels.  A re-alignment of the orientation of the 

proposed channel to target the turning basin in the vicinity of the New Bedford State 

Pier is the best way to facilitate vessel traffic. 
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•	 Change in Width of the Channel Needed: The Pilots indicated that the channel leading to 

the terminal (originally 150 feet in width) would need to be wider.  The Pilots preferred 

that the channel be as wide as possible.  

•	 Addition of Tug Channel Needed: The Pilots indicated that all (including those associated 

with the offshore renewable energy industry) vessels that are planned to be berthed at 

the South Terminal CDF will require tug assistance to stay within the channel.  Tugs 

need to be oriented perpendicular to the vessel’s direction in order to keep them from 

drifting out of the channel (this way the tugs can pull and push the vessel toward the 

center of the channel as necessary).  The Pilots suggested a 100 foot wide tug channel. 

A summary of the input provided by the Marine Pilots is attached as Appendix 15. 

New Bedford Tug Operator’s Input 

According to representatives from the local tug operator’s industry within the Port of 

New Bedford, 100% of large vessels within New Bedford Harbor require tug assistance when 

entering or leaving the Port.  100% of the large vessels and 100% of the barges that will berth at 

the proposed facility will require tug assistance.  Tug boats help in guiding the vessels within 

channels, turning vessels, pushing vessels up to their berths, and helping vessels away from 

dock. The tug operators typically assist all of the larger vessels that come into the Port of New 

Bedford, but also assist with vessels in other local ports, such as the Port of Providence and the 

Port of Fall River; therefore, the tug operators have a high degree of expertise associated with 

determining appropriate conditions for vessels, and also are familiar with a wide range of types 

of vessels that may enter the Port of New Bedford either currently, or in the future.   
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The tug operators reviewed the Draft Dredge Footprint and indicated that improvements 

to the footprint were desirable. Some of the input received included the following: 

•	 Change in Alignment of the Channel Needed: The tug operators agreed with input 

supplied by the Marine Pilots indicating that a direct pathway to approach the South 

Terminal CDF is needed to facilitate access to the new terminal and that a re-alignment 

of the orientation of the proposed channel to target the turning basin in the vicinity of 

the New Bedford State Pier is the best way to facilitate vessel traffic. 

•	 Change in Width of the Channel Needed: The tug operators agreed with the Marine Pilots 

that the channel leading to the terminal (originally 150 feet in width) would need to be 

wider and that the channel be as wide as possible. 

•	 Addition of Tug Channel Needed: The tug operators also agreed with the Marine Pilots 

that cargo vessels that a tug channel would be needed to allow tug assistance to vessels. 

•	 Tug Channel/Shallow Draft Area: The tug operators stated that they felt that it was very 

likely that one of the local tug companies would be guiding future cargo vessels. 

Therefore, it was unlikely that -20 MLLW would be required for the tug channel or for 

the shallow draft area. The maximum draft of the local tugs was 13 feet; therefore, -14 

MLLW was considered to be an acceptable minimum dredge depth for the tug 

channel/shallow draft area. 

A summary of the input provided by the tug operators is attached as Appendix 16. 

Description of Final South Terminal CDF Dredge Footprint 

The area to the east of the CDF will be dredged from its current depth of between -1 and 

6 MLLW to between -14 and -32 MLLW to accommodate various sizes of vessels (the deep
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draft section of the bulkhead will accommodate vessels approximately 600 feet in length). 

These vessels are both representative of the offshore renewable energy industry (international 

vessel and installation vessel), anticipated future cargo vessels, and tug vessels that will be 

needed to assist larger vessels that will berth at the new South Terminal CDF.  To accommodate 

these vessels, portions of the existing South Terminal Basin would be dredged from its existing 

depth of -20 to -25 MLLW to a depth of -30 MLLW in order to construct a channel connecting 

the new South Terminal CDF boat basin to the federal turning basin north of South Terminal. 

The current dredge footprint anticipates: 

•	 A boat basin that ranges in depth from between -14 MLLW (to accommodate 

installation vessels and tugs) to -32 MLLW (to accommodate international 

vessels and future cargo vessels). 

•	 Maintenance of a turning basin located in front of New Bedford State Pier and 

maintenance of a portion of the existing Federal Turning Basin in order to allow 

access to the South Terminal Channel. 

•	 A 175 foot wide channel dredged to -30 MLLW to allow access to the facility. 

The channel is oriented such that there is a direct line from the proposed turning 

basin (which is located in front of New Bedford State Pier) to the facility.  A 

portion of the channel is located within the Federal Turning Basin associated 

with the Federal Navigation Project. 

Note: This dredging should technically be unnecessary, since it lies within 

the Federal Navigation Project; however, since the Federal Navigation Project 

has not been maintained in many decades, maintenance dredging may be 

necessary to ensure an appropriate water depth for vessels.   (Please note that the 
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US Army Corps of Engineers plans to conduct maintenance dredging of New 

Bedford Harbor in the near future; however, it may not be complete when 

construction of the South Terminal CDF begins). 

•	 A 100 foot wide tug channel adjacent to the vessel channel.  This will allow tugs 

to guide the larger vessels as they approach the terminal, and help them in 

docking procedures. 

A drawing showing the reconfigured dredge footprint is attached as Appendix 17. A 

drawing showing the South Terminal Channel, the extension of the pathway of the vessels to the 

turning point in front of New Bedford State Pier, and a circular area within which vessels would 

turn is also included within Appendix 17. The dotted lines indicate the Federal Channel, and the 

Federal Turning Basins and Anchorages.   

The net environmental impacts associated with the dredge footprint and proposed 

compensatory mitigation are discussed in Section 7.2 of this document. 

4.1.3. CAD Cell Construction 
Construction of a CAD Cell will be necessary in order to sequester surficial sediment 

impacted by PCBs that will be dredged associated with the South Terminal Dredge Footprint. 

The Commonwealth has collected a number of samples of sediment in order to characterize 

dredge material prior to construction of the South Terminal CDF facility.  A summary of the 

results of the analytical samples collected to date is included within Section 5.0 of this 

document.   

Three CAD Cells (the Borrow Pit CAD Cell, CAD Cell #1 and CAD Cell #2) have since 

been constructed to date within New Bedford Harbor, within an area bounded on the south by the 

Route 6 Bridge and on the north by the Route 195 Bridge.  The locations of the three CAD Cells 
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are shown on a Figure within Appendix 18. The location of the CAD Cell anticipated to be 

constructed associated with the South Terminal CDF is currently anticipated to be directly north 

of CAD Cell #2 (see Appendix 18). It is currently envisioned that construction of the future 

CAD Cell would follow the permitting and construction processes of the prior three CAD Cells. 

The CAD Cell would be dredged to approximately -45 MLLW, filled with contaminated 

sediment, and then capped.  The areas to be dredged range in depth from -4 MLLW to -9 

MLLW.  

4.1.4. Mitigation Dredging: Gifford Street Channel 

The construction of the South Terminal CDF will block a portion of the existing channel 

that accesses the Gifford Street Boat Ramp.  In order to eliminate this impact, dredging will be 

conducted to re-align the channel such that it is no longer blocked by the facility.  The target 

dredge depth for the Gifford Street Channel is -7 MLLW, and the areas to be dredged range in 

depth from -4 MLLW to -8 MLLW.  The proposed Gifford Street Channel Mitigation dredging 

is shown within Appendix 19. 

4.1.5. Mitigation Dredging: Gifford Street Mooring Area 

The construction of the South Terminal CDF will displace some of the recreational 

boating moorings that are currently within the area of the proposed dredge footprint. In order to 

mitigate for the loss of this mooring area, the Commonwealth proposes to dredge two areas 

within the Gifford Street Mooring Basin that are currently too shallow for moorings.  Deepening 
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these areas will mitigate for the moorings that will be lost associated with the construction of the 

new South Terminal CDF dredging.  The target dredge depth for the Mooring Mitigation Areas 

is -6 MLLW and the areas to be dredged range in depth from -4 MLLW to -6 MLLW.  The 

proposed Mooring Mitigation dredging is shown within Appendix 20. 

4.2. Anticipated Future Uses of South Terminal CDF 

Use of the South Terminal CDF for off-shore wind energy support terminal is anticipated to start 

as early as November 2012 (immediately subsequent to construction of the terminal).  Operation 

of the facility for off-shore wind energy support for the first major off-shore wind energy project 

is anticipated to last until February of 2014.  We understand that the South Terminal CDF must 

be in place no later than fall 2012, so that the first major offshore wind energy project can be 

operational in time to qualify for sizable federal tax incentives that significantly lower the cost of 

the electricity for Massachusetts ratepayers. 

Although off-shore wind energy support operations will utilize the entire facility until February 

of 2014, subsequent to that date, the facility is anticipated to be utilized in a number of non-off

shore wind energy related means, including: as a terminal for container shipping, a terminal for 

break-bulk cargo shipping, a terminal bulk cargo shipping, and as a location to store sand 

generated via CAD Cell construction, so as to facilitate reuse of the material.  Some transition 

measures will be required at the site to facilitate international and regional shipping; however, 

the measures will be relatively cheap to implement, and will not prevent off-shore wind-energy 

support to continue once another off-shore wind energy project is in the construction phase. 

Although the anticipated surface that will be in place to accommodate off-shore wind energy 
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support (a relatively uneven crushed stone surface) may make use of the facility for shipping 

operations difficult, re-grading of the site with additional gravel would quickly solve this 

problem and would be a relatively low cost upgrade to the facility. 

The use of the facility with respect to non-off-shore wind energy related shipping activities was 

investigated by FXM Associates within a Technical Memorandum entitled, “Port of New 

Bedford South Terminal Business Plan”, dated December 22, 2009, attached as Appendix K of 

the “Port and Infrastructure Analysis for Off-Shore Wind Energy Development” report prepared 

by Tetra-Tech EC, Inc. (attached to this document as Appendix 21). 

Having researched the economic basis for use of the South Terminal CDF facility, FXM 

Associates concludes within its Business Plan that “A new multi-use port facility at South 

Terminal can capture container, break bulk, and bulk cargoes not now handled in New Bedford 

or other Massachusetts ports, and can generate economic development benefits and net operating 

income to the HDC with or without offshore wind energy development projects.” 

International marine cargo through the Port of New Bedford consists mostly of perishable food, 

including seafood and fresh fruit.  Break-bulk frozen seafood from Norway is discharged from 

ships for distribution throughout New England, cranberries are exported, South American fruit is 

imported seasonally, and locally caught fish is frozen in New Bedford plants and 80% 

containerized for export to Europe and the Far East.  International marine cargo through the Port 

of New Bedford is anticipated to grow in the near term by 3% (fish and frozen product) and 5% 

(container services) annually. A study completed by FXM Associates conducted in September 
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2004, entitled “Potential Economic Effects of Dredging New Bedford Harbor” stated that a 

significant impetus for this growth was derived from the success local fish processors have had 

in sourcing fish from other regions around the world, including supplies that arrive by cargo 

vessels. 

Existing break-bulk cargo and refrigerated cargo is currently accommodated at State Pier, 

Maritime Terminal and Bridge Terminal; however, the Route 6 Bridge restriction (limiting 

vessel width to no greater that approximately 90 feet) and the depth restrictions (current 

maximum depth is approximately -23 feet MLLW) at the two terminals prevents vessels of a 

certain size from accessing Marine Terminal and Bridge Terminal, and keeps vessels that can 

access the terminals from being fully loaded at these locations.  Maritime International estimates 

a significant annualized loss of income from less than fully loaded vessel, and that any 

availability at the South Terminal CDF would be quickly utilized to expand its break-bulk 

operations. The increased capacity would allow a significant increase in international cargo 

vessels with break-bulk cargo to utilize the Port. 

South Terminal would also be ideal for shipment of bulk cargo, such as sand, gravel, or other 

bulk material.  Multiple terminals within New Bedford already service bulk cargo.  The R.M. 

Packer facility ships sand, gravel, fuel, modular homes, and “heavy lift” items.  Island Barge 

transports construction materials and scrap to and from Nantucket.  D.W. White recently 

suspended bulk shipment operations from its location at Pope’s Island, from which it transported 

salt, gypsum, cement, and scrap lumber, due to inefficiencies caused by lack of minimum storage 

space as well as lack of an appropriate bulkhead with sufficient draft for loading and unloading 
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of bulk cargoes.  Access to an available South Terminal CDF would allow larger barges, and 

potential increased shipments for these organizations. 

FXM Associates states within its Business Plan that “The handling of cargoes not related to an 

offshore renewable wind energy installation (OREI) – including container, break bulk and bulk 

cargoes projected for South Terminal – is estimated to expand business output in Bristol County 

by $15.7 million annually, providing 130 permanent jobs and $5.9 million in new household 

income each year.  These economic impacts include total direct, indirect, and induced economic 

effects within Bristol County estimated to occur annually following facility construction and do 

not include support of offshore wind energy projects.” 

The Port of New Bedford is also in negotiations to set up South Terminal as a major shipping 

location within America’s Marine Highway (Short-Sea Shipping).  Short-sea shipping operations 

are the diversion of wheeled cargo (truck traffic) from congested highways to the open sea – as 

well as on inland waterways to absorb a significant part of the future projected growth in 

highway freight traffic, reduce air pollution, traffic congestion, and shipping costs. 

The Port of New Bedford has been working directly with the U.S. Department of 

Transportation’s Maritime Administration to implement short-seas shipping (dubbed by USDOT 

“America’s Marine Highway).  Information from the US DOT website on America’s Marine 

Highway, which outlines the program, is attached as Appendix 22. The US DOT information 

outlines the creation of the “M-95 Corridor”, which would send goods by barge up and down the 

east coast.  Information on the “East Coast Marine Highway Initiative” and the “New Jersey 
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Marine Highway Initiative” show the US DOT’s plans to create these marine highways.  The 

Port of New Bedford is highlighted in each of these initiatives.   

A study on short-sea shipping was prepared by Reeve & Associates in March, 2006 (attached as 

Appendix 23), which assessed the viability of implementation of short-sea shipping for the Ports 

of New Bedford and Fall River.  The report stated that the establishment of only two short-sea 

shipping lines (a daily short-haul to New Jersey and a twice weekly long-haul to Jacksonville, 

Florida or Wilmington, North Carolina) would generate an estimated total direct income of $45 

million dollars per year, would also generate indirect income of $72 million dollars per year, 

would generate 300 direct jobs in the short-seas industry, would generate an additional 500 jobs 

that provide goods and services to short-sea employees and companies.  The Reeve & Associates 

report concluded that “New Bedford’s current cargo facilities in terms of berth and yard capacity 

need to be improved to effectively support a short-sea service.”  The South Terminal CDF is 

precisely the type of improvement that will facilitate implementation of short-seas shipping in 

New Bedford.    

The New Bedford Harbor Development Commission is already soliciting vendors for use of the 

facility once the first off-shore wind energy facility is complete (one of the many brochures 

currently being utilized for marketing of the new facility after off-shore wind energy use is 

complete is attached as Appendix 24. The minutes from one meeting with a prospective 

shipping company (Jersey Harborside) are also attached as Appendix 24. Additional meetings 

with other vendors have also produced tangible results.  Several meetings have been held by the 

Port of New Bedford with American Feeder Lines (AFL), a company producing U.S. Flagged 
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vessels that will be utilized to implement short-seas shipping.  AFL has included the Port of 

New Bedford in its proposed shipping route in anticipation of utilizing the South Terminal CDF 

as its shipping connection (see Appendix 24). 

The South Terminal CDF will also serve to store sand generated during CAD Cell construction, 

in order to phase and sequence reuse of the sand at other locations.  Although no space will be 

available for CAD Cell sand staging or storage during construction of the first off-shore wind 

energy facility, space will be set aside within the facility after the anticipated February 2014 

completion date.  A portion of the facility (anticipated to be unused by the various cargo 

operations that are anticipated to populate the site once off-shore wind energy support is 

complete) will be set aside for storage of sand from CAD Cell construction.  The space will be 

utilized for storage of sand from navigational dredging and/or Superfund-related dredging, that 

may be reused in beach nourishment, upland near-shore reuse, CAD Cell capping, or sediment 

capping operations. 

The anticipated future uses (container shipping, break-bulk cargo shipping, bulk cargo shipping, 

short-seas shipping and CAD Cell sand storage) each require approximately the same type of 

facilities: deep water berthing, quae-side loading and unloading area, and upland storage and 

staging area.  Major demands for berthing and upland storage and staging space will be 

temporary, and will fluctuate based upon the size of the shipments anticipated to arrive or leave. 

Break-bulk cargo, containers, trucks, or bulk cargo may require temporary storage prior to 

loading and transport of vessels; however, only a small portion of the site (1-2 acres) would be 
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required for any one method of transportation with any regularity.  Reserving a portion of the site 

for the storage of CAD Cell sand will therefore not be difficult. 

Refrigerated cargo does require refrigerated storage areas; however, refrigerated storage areas 

are available in other areas of the harbor, and cargo would be transported to refrigerated storage 

locations after offloading at the facility.  Break-bulk cargo will need shelter from the elements; 

but will be shipped to a warehouse after unloading at the facility.  Bulk cargo will need space 

onsite for temporary storage prior to loading, but will be staged and delivered to limit its 

footprint at the site.  Truck staging will be required for short-seas shipping; but the trucks will 

only be onsite immediately before and after a short-seas vessel arrives or leaves. 

4.3. Least Environmentally Damaging Practicable Alternative 

4.3.1. Only Practicable Location 
South Terminal in New Bedford has been determined to be the only practicable location for 

siting of an offshore renewable energy support facility.  All other locations have been reviewed 

and have been found to not be practicable for reasons outlined within the previous section(s). 

South Terminal meets each of the evaluation criteria as summarized below: 

•	 The entrance to the Hurricane Barrier of New Bedford Harbor is 150 feet across and is 

authorized to -30 MLLW and therefore presents no Horizontal Clearance restriction. 

Appendix 25 contains a memorandum outlining information obtained from the U.S. 

Coast Guard, Port of New Bedford Security Team Head and the U.S. Army Corps of 

Engineers regarding the size of vessels able to enter the Port of New Bedford through the 

Hurricane Barrier (these documents outline that there are no restrictions on vessels 
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passing through the Hurricane Barrier, other than the innate physical limitations [150 foot 

width and 30-35 foot draft, depending upon the tide level].  

•	 The geologic material located within the subsurface of New Bedford Harbor is sufficient 

to allow Jack-Up Barges to access and stabilize themselves without sinking into the 

substrate. Thirty-two over-water borings conducted during the pre-design investigation 

of the South Terminal CDF have indicated that  the subsurface material (either sand with 

low fines content or glacial till or rock) located at the base of the proposed dredge 

footprint is very competent.  Boring logs for the subsurface investigations  (included 

within Appendix 26) show that the predominant substrate (below organic maintenance 

material that has accumulated over the years) is a combination of very compact sand, silt 

and gravel (glacial till) or compact fine sand with low fines content, or rock, all three of 

which are competent enough to support jack-up barge operations. 

•	 There are no Overhead Clearance issues associated with accessing the South Terminal 

location. Appendix 27 contains a memorandum outlining the results of a conversation 

with New Bedford Airport personnel, indicating that the area within which height 

restrictions are enforced ends south of Pope’s Island, and that the South Terminal area is 

not bounded by such restrictions. 

•	 The proposed terminal to be constructed will consist of approximately 28.25 acres, which 

is sufficient to support off-shore renewable energy construction projects. All of these 

parcels are either owned by the City of New Bedford or the Commonwealth except for 

two parcels, and the Commonwealth anticipates being successful and securing the 

necessary property rights to expeditiously construct the terminal.  An additional four 
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parcels will require easements; however, the Commonwealth anticipates being successful 

and securing the necessary property rights to utilize these parcels.  

•	 The proposed terminal will have approximately 1,200 linear feet of berthing space, which 

is sufficient to support one international vessel and two installation vessels 

simultaneously, as required. 

•	 The majority of the area in which the proposed facility is anticipated to be constructed is 

currently unoccupied and within the control of either the City or the commonwealth, and 

the commonwealth and/or the City of New Bedford has the ability to take ownership of 

the portions of the site that are in private ownership.  New Bedford is located nearby 

proposed offshore renewable energy project construction locations. 

•	 During the harbor planning process (for the 2010 New Bedford/Fairhaven Harbor Plan), 

South Terminal was specifically identified as a location that the community would 

support for a future large marine terminal.   

•	 Finally, South Terminal is very close to the anticipated location of CAD Cell 

construction; therefore, it is able to accept material from future CAD Cells both during 

construction, and for staging in the future to allow reuse of the clean sand material. 

4.3.2. Only Practicable Design 

While the South Terminal CDF is intended to serve multiple purposes, one of its 

proposed future uses (support of offshore wind energy facility construction), requires an extra

ordinary capacity to support heavy loads.  It is this required loading capacity that restricts the 

type of design possible for construction of the facility.  In particular, the only practicable design 

for the terminal is a filled structure.   
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Introduction 

Wind turbine components are extremely heavy pieces of equipment.  The combined 

loading of the turbines and the enormous cranes required to transport these pieces result in 

loadings that are much higher than any conventional marine terminal.  Due to the anticipated 

loads to be endured by the facility, which includes the heavy individual turbine components, 

extremely large cranes necessary to transport the components, and extreme vibration loads that a 

pile-supported structure is poorly designed to resist, the analysis has determined that the only 

reasonable alternative to support these loads is for the facility to be designed as a filled structure. 

The balance of the document outlines the nature of the facility, the distinct differences between 

the proposed facility and other shore-line facilities, and the nature of the loadings that are driving 

the need for a filled structure at the site. 

Typical Loading for Cargo Terminal 

It is important to evaluate the need for a commercial marine terminable that is capable of 

handling very heavy loads in the context of what is typically required for a standard cargo 

terminal.  When comparing the requirements of the South Terminal CDF to the standard cargo 

terminal, it becomes apparent how different the requirements will be for the South Terminal 

CDF, from what is typically required.  For comparison, a typical shore-side cargo port facility is 

designed to accept the maximum loadings from containers (either a twenty-foot long container or 

a forty-foot long container). The maximum weight for a 20-foot cargo container is 24,000 kg (24 

metric tons) and for a 40-foot cargo container is 30,500 kg (30.5 metric tons) – (Appendix 28). 
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To handle the loads from containers (or other types of cargo), shore-side facilities typically are 

constructed to handle 500 to 1,000 pounds per square foot (vs. 12,161 pounds per square foot).   

Attached is information from the Port of Long Beach (one of the primary cargo ports for 

the United States) as Appendix 29. Section 3.3.1 of Appendix 29 indicates that the Live 

Loading for the Port of Long Beach is 1,000 pounds per square foot.  Similarly, information 

obtained from Bourne Consulting Engineering (Appendix 30) shows that recent terminals 

constructed in Eastport, Maine were designed to accommodate 1,000 pounds per square foot, 

which included design to support a 100 (Imperial/U.S.) ton mobile crane (vs. a 600 metric ton 

crane).  Additional information within Appendix 30 indicates cranes at two facilities (one on 

Staten Island in New York City and one in Chelsea, Massachusetts) both utilize 235 

(Imperial/U.S.) ton cranes (vs. a 600 metric ton crane) to facilitate offloading of cargo.  

Wind Turbine Components 

In contrast to typical loadings for cargo terminals, offshore wind installations require the 

staging and manipulation of large, unwieldy, and extremely heavy equipment.  Wind turbines are 

comprised of several base component parts for shipment:  wind blades, nacelles, tower sections, 

electrical components, foundation components and hubs.  Depending upon the type of wind 

installation, the foundation requires a number of potential foundation considerations.  It is the 

size and weight of this equipment that makes an offshore wind staging facility distinctly different 

than other shoreline facilities, such as container terminals. 

The Commonwealth anticipates that the facility will initially be used for staging of the 

installation of Siemens 3.6 MW turbines at an off-shore wind construction facility.  The 
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following is a summary of important information associated with the portions of this wind 

turbine: 

Part Length Width/Diameter Number/Turbine Weight Per Piece 

Wind Blade 191 feet 13.7 feet 3 18 metric tons  

Nacelle 46 feet 13 feet 1 125 metric tons 

Hub 13 feet 11 feet 1 100 metric tons 

Tower Length 107 feet 14 feet 3 100 metric tons 

Monopile 115 feet 18 feet 1 400 metric tons 

A brochure for this type of wind turbine is attached as Appendix 31. Typically, the 

nacelle and hub are joined together, making the total weight of the combined unit approximately 

225 metric tons (although verbal communication with Siemens has indicated that the total weight 

is, in actuality, 240 metric tons).  Tower sections are planned to be set vertically onsite, to save 

space on the barge when transported to the installation location, which results in a concentration 

of the loading into a relatively small area.  

A Siemens 3.6 MW turbine represents a type of turbine that is utilized in many locations 

offshore of European countries. However, as noted in a printout from the website of the 

German Energy Agency (Appendix 32), this turbine represents only one of many types of 

offshore wind turbines, and by no means the largest.  It is very likely that future offshore wind 

installations will involve larger and larger turbines, some of which are noted in Appendix 32. 

For example, the nacelle-hub combination associated with an Enercon E-126 7.5 MW Offshore 

turbine weighs 650 metric tons, over twice the size of the Siemens 3.6 MW turbine.   
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Crane Sizes and Capacities 

To transport these components around the facility, very large cranes will be needed.  One 

type of crane that has been used at offshore wind staging facilities in Europe is the DEMAG CC 

2800-1, a 600 metric ton crane (see Appendix 33), although this is by no means the largest crane 

utilized to move wind turbine parts.  In fact, it is far more likely that a much larger crane will be 

utilized at the South Terminal facility, the size of which will likely range between 1,000 to 1,300 

metric ton cranes.  While analysis of a 1,000 or 1,300 metric ton crane would show a more 

extreme example, the available information for the CC 2800-1 is more straightforward (i.e. in 

English rather than metric units); and the analysis of the CC 2800-1 is conservative and 

consistent with previous information received from Siemens (within which a 600 metric ton 

crane was anticipated to be utilized).

 As shown within Appendix 33, the total weight of the DEMAG CC 2800-1 is 

approximately 794,000 pounds.  According to the documentation, the crane (without any 

loading) distributes a ground pressure of approximately 20 pounds per square inch, or 

approximately 2,880 pounds per square foot.  When lifting a 400 metric ton object (such as the 

monopile foundation unit), the total weight of the unit more than doubles to 1,676,400 pounds, 

with a resulting ground pressure of 42 pounds per square inch or 6,080 pounds per square foot.   

This estimate assumes that the crane is lifting items immediately in front of it, which is 

valid for much of the facility, but not on the waterfront, where the crane will need to load barges 

that will be transporting components to the offshore wind construction site.  When loading 

vessels, the crane will need to reach far from its base to place the materials onto the barge. 

When the heavy weight of the object is distributed very far from the center of gravity of the 

crane, the crane will tip forward slightly, and distribute its load unevenly on the front tracks. 
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When rotating, the loads will also concentrate over one crawler track more than the other. 

Assuming that the front tracks (representing 50% of the total tracks) will bear the majority of the 

weight load, the loading needed to support the crane increases by a factor of two to 12,160 

pounds per square foot.  Additional increases are expected when the weight is shifted to the front 

of just one of these crawlers (for instance, when the load is rotated such that the boom of the 

crane is directly over the front of one of the crawlers).   

Heavy load estimates between 6,000 pounds per square foot and 18,000 pounds per 

square foot are not inconsistent with the loading numbers included in the designs of several 

European ports that have supported offshore wind installations.  Attached as Appendix 34, is 

information for Cuxport, Germany whose heavy load area supports 90 metric tons per square 

meter (18,434 pounds per square foot), Aarlborg, Denmark, whose heavy load area supports 42 

metric tons per square meter (8,602 pounds per square foot), and Hartlepool/Able Seaton Port, 

whose heavy load area supports 75 metric tons per square meter (15,361 pounds per square foot). 

Vibration Impacts 

Although not normally a major consideration when designing a marine terminal, 

vibrational impacts for the South Terminal CDF are anticipated to significantly affect the design 

of the terminal. Multiple heavy cranes moving with very heavy loads on the site induces 

subsurface vibrations that have a significant effect on stability and long-term lifetime of 

subsurface structures installed to support the overall loading.  Vibrational impacts can severely 

impact structures that rely heavily on a fixed number of connection points, such as a pile-

supported structure. The vibrations can work to disrupt these connections and result in early 

failure of the structure.  Other potential impacts include anticipated cracking or spalling of 
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concrete decking from vibrations, which can expose the structure to increased corrosion in the 

long term.  Significant factors of safety need to be included to protect against vibration loadings 

from shaking a structure apart during use.  This impact would be more pronounced on facility 

designs that rely on specific connection points; therefore, a pile-supported structure, if utilized 

would need to be over-designed in order to minimize the potential impact of vibrational energy 

on the long-term stability of the structure.  

Assessment of Pile-Supported Structure As a Practicable Alternative 

Clearly, the loading requirements at an Offshore Wind Energy support facility are 

extremely demanding.  The 600 metric ton crawler crane described earlier is an enormous piece 

of equipment that delivers extremely large point loads onto the underlying structure.  In addition, 

as described earlier, the crane creates vibrational loads that are extremely difficult to predict and 

control. 

Although a full design of a pile-supported structure was not undertaken, the following is 

the basis of some preliminary conceptual design parameters that justify the abandonment of the 

pile-supported option as a practicable alternative: 

•	 To protect the area within which the cranes will work, and to allow for anticipated 

settlement due to the heavy loadings, the offshore wind industry typically 

demands that the surface upon which the work is completed be a crushed-stone 

type surface, since the cranes tend to destroy asphalt or concrete surfaces as they 

work. Therefore, to protect the structure, up to three (3) feet of fill and crushed 

stone would need to be placed on top of the decking to protect it from damage.   
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•	 The heavy loadings combined with the thick layer of fill required to protect the 

decking would result in an enormous load that would need to be borne by a pile-

supported structure. To protect against punching shear from pilings, the pile caps 

would need to be 5 (five) to 7 (seven) feet in thickness, and supporting cross-

member beams 3 (three) to 4 (four) feet in thickness would also be needed.  A 

concrete deck would need to be placed atop the beams, with a minimum thickness 

of up to three (3) feet. 

•	 The total structure would need to be at least 17 feet thick (3 feet of fill plus 7 feet 

of caps, 4 feet of beams, and 3 feet of decking).    

•	 The final elevation of the South Terminal extension is currently anticipated to be 

at an elevation of approximately +12 feet above Mean Lower Low Water.  The 

average existing depth to mudline in the vicinity of the bulkhead alignment is 

approximately -1 MLLW.  Therefore, there is approximately 13 feet of room 

between the existing mudline and the proposed final deck elevation. 

•	 The combined deck thickness and fill needed to support the loadings would result 

in approximately seventeen (17) feet of fill and concrete to be placed on top of 

pilings.  As stated earlier, 17 feet is four feet more than the available depth 

present at the bulkhead alignment (however, the mudline elevations increase as 

you move inland, resulting in less available depth).  It is extremely problematic to 

frame and cast concrete caps and beams below Mean High Water, and even more 

so below Mean Low Water, which would be the case in this situation, resulting in 

an unacceptable risk for error in assembly of a pile-supported structure.   
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•	 The average weight of sand or gravel is approximately 125 pounds per cubic foot. 

The average weight of concrete is approximately 148 pounds per cubic foot.  With 

three feet of fill (125 lbs/cubic foot X 3 feet = 375 pounds per square foot) plus 14 

feet of concrete (148 lbs/cubic foot X 14 feet = 2,072 pounds per square foot) plus 

the anticipated load of crane and component (12,140 pounds per square foot, 

outlined earlier), the total load (375 + 2072 + 12,140) equals 14,587 pounds per 

square foot (or 7.3 Imperial/U.S. tons per square foot).  

•	 Appendix 35 is an excerpt from “Design of Marine Facilities for the Berthing, 

Mooring, and Repair of Vessels” by John W. Gaythwaite (ASCE, 2004).  The 

document lists multiple types of pilings that are typically utilized in marine 

construction are listed, including timber piles, H-piles, concrete filled steel pipe, 

pre-cast concrete, and concrete cylinder.   

o	 The loadings for each range significantly depends upon the diameter 

and/or size of the members.  However, for a concrete cylinder pipe (the 

pile with the highest loading capacity), the maximum load is listed at 240 

Imperial/U.S. tons for a 54” (4.5 foot) diameter pipe (15.9 square feet in 

cross-sectional area).   

o	 At 7.3 Imperial/U.S. tons per square foot of loading of the decking, the 

240 Imperial/U.S. ton column could support 32.4 square feet of decking, 

which is a circle with a diameter of 6.4 feet.   

o	 Thus, a column 4.5 feet in diameter (2.25 foot radius) could support an 

area 6.4 feet in diameter (3.2 foot radius).   
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o	 Therefore, there would only be approximately 2 feet of free area [(3.2 feet 

– 2.25 feet = 0.95 feet) X (2 Columns) = 1.90 feet] between the outer 

edges of columns in each direction, which is a very narrow opening.    

•	 Therefore, the pile-supported option would not only fill the available depth with 

fill and concrete, but any area supported by pilings above the mudline (which, 

from a preliminary analysis, appears unlikely) would be mostly consumed with 

the pilings themselves.  The area would be similar to a “forest” of columns that 

would be the equivalent of a filled structure.  This initial assessment indicated that 

a pile-supported option is not a practicable alternative, as it would have the same 

ultimate effect as a filled structure.   

•	 As stated earlier, the Commonwealth has offered a conservative analysis of the 

structural loads required for the facility.  In so doing, the Commonwealth did not 

consider the following issues:     

o	 The above-noted analysis does not take into account other loads (that 

would typically be addressed during detailed design) such as lateral 

loading from ships, vibrational loadings, additional dead loads not 

considered here or a factor of safety (which would typically range from 

1.5 to 2). 

o	 The above analysis assumes a 600 metric ton crane, when a 1,000 to 1,300 

metric ton crane is more likely to be needed at the facility.  A 1,000 to 

1,300 metric ton crane would have heavier loads, and would therefore 

require a stronger support system than envisioned above.    
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o	 The analysis above assumes that only a 3.6 MW turbine needs to be 

transported. It is anticipated that 5.0 MW to 7.0 MW installations need to 

be supported in the future and it would be short-sighted to design a facility 

that could not also accommodate these types of future uses.  5.0 MW to 

7.0 MW turbines will be heavier, will require larger cranes, and will 

distribute larger loads than those evaluated within this section. 

In light of the foregoing considerations, the Commonwealth strongly questions 

whether a pile-supported structure presents a viable option; and continues to believe 

that a filled structure presents the best means of accommodating the larger loads from 

lateral loading, vibrational loading, 1,000 to 1,300 metric ton cranes and 5.0 to 7.0 

MW turbines.    

4.3.3. Least Environmentally Damaging Practicable Alternative  

South Terminal in New Bedford has been determined to be the only practicable location 

for siting of an offshore renewable energy support facility.  All other locations have been 

reviewed and have been found to not be practicable for reasons outlined within the previous 

section(s). South Terminal meets each of the evaluation criteria.  Additionally, the only 

practicable design of South Terminal in New Bedford has been determined to be a filled 

structure, as a pile-supported structure has been determined to not be a practicable alternative, as 

it would have the same ultimate environmental effect as a filled structure.  The loadings exerted 

by cargo and cranes at the South Terminal CDF will far exceed the typical capacity of cargo 

terminals located within the United States, many of which could reasonably be designed as a 
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pile-supported structure.  The heavy loads will require construction that is specific to this 

particular terminal due to its specific configuration.  The information outlined within this section 

outlines that a  pile-supported option is not a reasonable alternative at South Terminal, based 

upon the loadings anticipated at the facility; therefore, a filled structure at South Terminal in 

New Bedford is the Least Environmentally Damaging Practicable Alternative That Meets the 

Project Purpose. 
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5. CHARACTERIZATION OF PROPOSED PROJECT AREA 

5.1. Sediment Sampling 

Sediment samples were collected via the advancement of vibracores and Russian Peat 

Cores within both the proposed dredge footprint and the proposed facility footprint.  A Russian 

Peat Corer is a hand-operated, mechanical sampling device that utilizes a side-filling mechanism 

to collect uncompressed samples from wetlands and estuaries.  The chambered-type corer 

collects samples which are not compressed or shortened during recovery, unlike samples taken 

with end-filling core samplers. The corer is deployed (in the closed position) to the desired 

depth. The corer is rotated clockwise 180° so that the sharpened edge of the chamber cuts a 

sediment core which is contained by the cover plate. During retrieval, the cover plate's 

counterclockwise rotation extrudes the undisturbed sample.  

The vibracores were advanced to refusal, and the recovered material was sampled at one-

foot intervals for PCBs (PCB Congeners by Modified EPA Method 8270C), Copper, Chromium, 

and Zinc (EPA Method 6020A).  The Russian Peat Corer mechanism was utilized to collect 

samples at one-foot intervals until refusal, except where a vibracore sample was scheduled 

(however, in some cases vibracores and Peat Cores were collected side-by-side to confirm the 

results of each). 

The sampling was lead in the field by an experienced sediment sampler.  This Field 

Operations Lead (FOL) had discretion (within the parameters of this sampling plan) to make 

decisions in the field concerning the sampling program. Sampling was conducted from a research 

vessel equipped with an “A-frame” and appropriate sampling and positioning equipment.  As
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built sample locations were documented using a Global Positioning System (GPS).  Once the 

sampling vessel is in position, the as-built coordinates and water depth were logged.   

Sampling of vibracores was performed as previously stipulated.  Surface samples from 

within the dredge areas or the filled facility footprint were collected and analyzed for PCBs (22 

NOAA Congeners by Modified EPA Method 8270C) at each sample location.  Surface samples 

(samples collected from 0 to 1 foot) from fifteen (15) of the Russian Peat Corer locations (five 

locations within the area to be filled and ten locations from within the dredge footprint) were also  

analyzed for 13 Priority Pollutant Metals (EPA Method 6020A/7471), SVOCs (EPA Method 

8270C), and Total Petroleum Hydrocarbons (EPA Method 8015).  Where the metals analyses 

indicated a concentration above the “20 times rule” TCLP analysis was performed on that metal.  

Sampling equipment was cleaned following standard decontamination procedures prior to 

individual sample collection. Sediment samples were logged and visually characterized prior to 

being transferred to laboratory-supplied pre-cleaned and pre-preserved jars.  Samples were stored 

at 4 degrees Celsius in sample coolers on the vessel prior to shipment to the laboratory.  

Samples for chemical analysis were stored on ice from the time of sample collection until 

they were delivered to the laboratory. Samples were collected and placed in the appropriate 

container for each analytical method and sealed with the lid.  The sealed container was then 

labeled with indelible ink, with the sample location, depth interval and time of collection. 

Sample containers were then wrapped in protective shipping material (such as bubble wrap) and 

be placed in a cooler with ice.  Ice was placed in and around the samples to ensure uniform and 

quick chilling. Chemical ice was not used.   

The locations of the vibracore and Russian Peat Corer samples are indicated on a figure 

contained within Appendix 36. An additional figure within Appendix 36 notes the PCB 
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concentrations for samples analyzed at each location.  A summary of the data is attached as 

tables within Appendix 36. The peat core and vibracore logs are attached within Appendix 36. 

The analytical data for sediment sample results is also attached within Appendix 36. 

A representative portion of over-water sample collection was observed by Tribal 

Representatives. 

5.2. Federal Channel Sampling and Analysis 

Although dredging within the Federal Channel should technically be unnecessary; since 

the Federal Navigation Project has not been maintained in many decades, maintenance dredging 

may be necessary to ensure an appropriate water depth for vessels.  The US Army Corps of 

Engineers plans to conduct maintenance dredging of New Bedford Harbor in the near future and 

has already completed an expansive characterization of the sediments within the Federal 

Channel. A 2007 report produced by USACE, containing the results of USACE sampling within 

the Federal Channel to characterize sediments in preparation for the Federal Navigation Project 

maintenance dredge is attached as Appendix 37. 

5.3. Water Column Sampling 

In order to determine what risk to the environment may be posed by sediments suspended 

in the water column during construction activities, twelve water column samples were collected 

at the site in four locations.  During dredging, pile-driving, and filling activities it is expected 

that there will be a localized increase in the volume of suspended sediment in the water column. 

Water column samples were collected to assess potential contamination in the water column that 

may affect the water quality at the site from these activities.  Water samples were analyzed for 
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turbidity (utilizing a real-time turbidity meter) and PCBs (22 NOAA Congeners by Modified 

EPA Method 8270C), 13 Priority Pollutant Metals (EPA Method 6020A/7471), SVOCs (EPA 

Method 8270C), and Total Petroleum Hydrocarbons (EPA Method 8015) (utilizing an analytical 

laboratory). 

Water samples were collected within proposed dredge area from approximately two (2) 

feet below the water surface, the approximate midpoint of the water column, and approximately 

two (2) feet off the bottom (i.e., two feet above the sediment) to provide a representative sample 

of pre-dredge conditions at the site. A Kemmerer sampler was used to collect the water samples. 

Efforts were made to ensure that there was not contamination from surface sheens or other 

sources while the sample was being collected or the device was being lowered into the water. 

The collection point was recorded and noted using a portable GPS device.  The water was placed 

directly from the sampling device into clean laboratory supplied glassware, sealed and placed in 

a cooler and transported to the laboratory. 

The locations of the water column sample locations are indicated on a figure contained 

within Appendix 36. A summary of the turbidity measurements as well as the analytical data is 

attached as tables within Appendix 36. The analytical data for sediment sample results is also 

attached within Appendix 36. 

5.4. Upland Geophysical Investigation 

A geophysical investigation is a non-intrusive means of quickly gathering subsurface 

information, over a large area, on subsurface anomalies/structures that may contain and or be 

indicative of contamination, including asbestos-covered piping and other building debris 

possibly containing asbestos that may not be located within the former building footprint or other 
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targeted locations for investigation as well as remnants of buried tanks and fill areas containing 

potentially unsuitable materials.   

A geophysical investigation was performed on the upland areas of the South Terminal 

CDF. The geophysical survey was conducted on the entire property using Time Domain 

Electromagnetics (TDEM) followed by Ground Penetrating Radar (GPR). GPR was used in 

conjunction with TDEM data to better characterize electromagnetic anomalies.  The purpose of 

the investigation was to provide information on the character and conditions of the subsurface 

within the boundaries of the proposed project.   

The investigation was intended to aid in determining whether any infrastructure which 

may have serviced the mill remains below the ground surface.  Geophysical methods may reveal 

the presence of underground storage tanks, metallic pipelines, and extent of buried debris, 

foundations, and voids. As previous investigations at the site had identified bulk ACM, which 

could be associated with building demolition debris, it was anticipated that buried debris would 

be the likeliest location for the presence of any additional ACM onsite.  The geophysical survey 

information was used with complementary geotechnical data in characterizing the subsurface site 

conditions. 

A summary report of the Geophysical Investigation is attached as Appendix 38. 

5.5. Upland Sampling and Assessment 

Nineteen (19) test pits and eight (8) soil borings, finished as monitoring wells, were 

completed during an initial investigation at the Site.  A second round of investigation included 

the advancement of thirty-eight (38) test pits.  A third round of investigation included the 

advancement of fifteen (15) test pits.  Laboratory testing results for soil samples collected during 
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this initial phase of work identified varying levels of contamination. Polycyclic Aromatic 

Hydrocarbons (PAHs), PCBs, Total Petroleum Hydrocarbons (TPH), Extractable Petroleum 

Hydrocarbons (EPH; C11-C22 Aromatics carbon fraction) and lead were detected at one or more 

locations at concentrations above their respective Massachusetts Contingency Plan (MCP) 

Reportable Concentrations (RCs) for Soil Category S-2.  

In particular, elevated levels of heavier-end PAHs and TPH were detected in a soil 

sample collected from Test Pit 6 (TP-6), a potential location for what may have been a former 

gas holder at the historic Potomska Mills complex (identified from historic fire insurance maps 

and the results of the geophysics investigations), which used to operate within the upland areas. 

In addition, an elevated concentration of EPH C11-C22 Aromatic carbon fraction was detected in 

a duplicate soil sample from TP-6. The Relative Percent Difference (RPD) between the duplicate 

sample and the soil sample it was split from was very high, reflecting the heterogeneity of the 

sample.   

Elevated levels of PCBs (Aroclor 1254) were also detected in TP-4 and TP-2, and to a 

lesser extent at TP-3, TP-9, TP13 and TP17.  Samples were collected from shallow fill materials 

(upper five feet). Except for TP-13 and TP-17, debris, likely remnants of the former Potomska 

Mills complex, which was historically present on the upland properties, were observed in the test 

pits where elevated constituents were detected. The elevated lead concentration was detected in a 

sample collected from a coal ash layer in TP-5.  

The PCB type detected in soil at the Site during initial field activities was identified by 

the laboratory as Aroclor 1254; however, the laboratory noted on multiple samples that a mixture 

of PCBs was present, and that identification of Aroclor 1254 was often a simplification of the 

results. Additional analyses of samples collected during subsequent investigations indicated the 
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presence of Aroclors 1260 and 1016/1242 (the investigations are discussed in more detail 

below). The elevated PCB concentrations were detected in shallow samples collected in the 

upper five feet of fill materials with the highest levels being detected in fill materials containing 

brick that may be remnants of former Potomska Mill buildings.   

The Site history suggests that the PCBs predate 1978, when TSCA was promulgated. 

PCBs have been detected below existing grade and are associated with areas where building 

debris, likely remnants of the former Potomska Mill buildings, are present. Historical 

information indicates that most of the upland area has been vacant, with no industrial activities, 

since the demolition of the former Mill complex in the 1930’s and 1940’s.  Also, the observed 

distribution (typically below grade) and distribution across the Site is not suggestive of dumping.  

Elevated concentrations of petroleum-related constituents were detected in samples that 

exhibited a creosote-like odor. These samples also exhibited heavier-end PAHs which may be 

indicative of a heavier fuel consistent with the fuels contained in gas holders.  Bulk asbestos was 

not observed in test pits or borings advanced to date.   

Test pits, soil borings and monitoring well locations, are shown on figures attached 

within Appendix 39. The laboratory testing program and testing results for soil and groundwater 

samples are summarized on Tables 1 through 12, also included within Appendix 39. The 

laboratory data was compared to the applicable MCP reporting criteria (MCP Reportable 

Concentrations for Soil Category S-2 and Groundwater Category GW-2), and to the more 

conservative MCP Method 1 Standards (GW-3/S-1 and GW-3).  

FIELD PROGRAM  

Test Pit, Soil Borings and Monitoring Well Installations 
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As previously mentioned, during the initial investigative activities, 19 test pits (TP-1A 

through TP-17) were excavated between April 25, 2011 and April 27, 2011. The initial phase 

also included eight (8) soil borings completed as monitoring wells that were advanced between 

May 2, 2011 and May 13, 2011. Thirteen additional borings were completed for geotechnical 

purposes. Additional investigative activities included the advancement of 38 test pits that were 

excavated between July 18, 2011 and July 25, 2011.  The 38 test pit excavations were advanced 

in the areas of TP-1, TP-2, TP-3, TP-4, TP-6, TP-9, TP-13 and TP-17.  A final round of 15 test 

pits was advanced on August 11, 2011. These test pits were advanced in the area of TP-4, TP-2 

and TP-6. The second and third round of test pits were performed to confirm prior observations 

and to delineate the extent of PCB, PAH and/or TPH/EPH impacts in fill materials in these areas. 

Test pit logs and soil boring/monitoring well logs are included in Appendix 39. 

Test pits were advanced using a Case 590, Komatsu PC90 or a Caterpillar B315 

excavator. Due to the proximity of some of the test pits to wetland resources, hay bales were 

used to reduce erosion and grass seed was spread and covered with hay to promote re-growth of 

grass. Soil borings were advanced using a drill rig mounted on an all-terrain vehicle using drive-

and-wash drilling methods. Two-inch PVC monitoring wells were set to span the water table 

observed during drilling. Monitoring wells were located immediately adjacent to (on the 

downgradient side) of test pits where evidence of potential contamination was observed during 

the test pit program.  Each monitoring well was secured by locking steel casing set in a concrete 

pad. Test pits and soil boring/monitoring well installations were monitored by an Apex engineer. 

Test pits, soil borings and monitoring well locations are shown on a figure contained within 

Appendix 39. 
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During the advancement of TP-1A through TP17, soil samples were collected for field 

screening using DEP’s jar headspace screening method.  The material removed from the test pits, 

side-walls of the test pits, and the bottom of test pits were observed for visual and olfactory 

evidence of contamination, and for possible materials that appear to be ACM. Evidence of ACM 

was not observed at any of the test pit locations across the Site. Soil samples were screened for 

total VOCs using a photo-ionization detector (PID). Samples exhibiting PID readings and/or 

visual and/or olfactory evidence of contamination were collected for laboratory analysis. If 

potential contamination is not observed, a sample was collected from immediately above the 

saturated zone or from fill materials. Each test pit was backfilled with the excavated soils in the 

general sequence the soils were removed.  Each test pit location was recorded at the time of 

excavation using a handheld Global Positioning System (GPS) instrument with coordinates in 

NAD 83 State Plane, Massachusetts Mainland Zone. 

During the advancement of the second and third round of test pits, each series starting 

with a TP-1, TP-2, TP-3, TP-4, TP-6, TP-9, TP-13, TP-17 or TP-13/17 prefix, the test pits were 

extended laterally and/or moved outward away from the original test pits when observations 

indicated similar subsurface conditions to the initial test pits and/or if evidence of contamination 

was observed (i.e., extended in an effort to reach a “clean” edge).  Soil sample collection differed 

from the first round and was designed to delineate, laterally and vertically, the extent of 

contamination in a given area.  At select test pit locations, soil samples were collected from 

similar depths and soils to prior samples that exhibited elevated constituent concentrations. 

Additionally, one near surface sample was collected from above the impacted zone and one 

deeper sample from below the impacted zone to assess the thickness and vertical extent of 
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contamination.  PID field screening, backfilling, and GPS location determinations were 

consistent with methods used during advancement of the initial test pits. 

Soil and Groundwater Sampling and Analyses 

Tables 1 and 2 present a summary of analyses performed, per location, for soil and groundwater 

samples respectively. 

Soil 

During the initial phase of 17 test pits and 8 soil borings, soil samples were collected and 

analyzed for the 13 Priority Pollutant Metals (EPA Method 6020A/7471), PCB Aroclors (EPA 

Method 8082 With Non-Target ECD Peaks Reported), total petroleum hydrocarbons (EPA 

Method 8015), and semi-volatile organic compounds (SVOCs by Method 8270C). If evidence of 

potential petroleum-related contamination was observed, soil samples were submitted for 

extractable petroleum hydrocarbons (Massachusetts Method MAEPH) and/or volatile petroleum 

hydrocarbons (Massachusetts Method MAVPH) including the target compounds, where 

applicable.  If elevated headspace readings are detected then the soil sample was submitted for 

VOCs (EPA Method 8260). If metals analyses indicate concentrations above the “20 times rule”, 

TCLP analyses were performed on the detected constituent exhibiting the elevated concentration. 

During the second and third round of test pits, the analyses were tailored to address 

contaminant impacts observed in a given area. For samples collected in the area of TP-2, TP-3, 

TP-4, and TP6, one sample from each test pit was analyzed for PCBs, SVOCs and EPH.  For the 

nine test pits advanced in the area of TP-13, TP17, and TP-9, samples were collected and 

analyzed for PCBs.  Samples were selected from similar depths and soil/fill types to prior 
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samples that exhibited elevated constituent concentrations.  In addition, one near surface sample 

(“A” designation on samples) was collected from above the impacted zone and one deeper 

sample (“B” designation on samples) from below the impacted zone was collected and analyzed 

for PCBs to assess the thickness and vertical extent of PCB contamination (“M” designation on 

samples indicated the middle sample collected). 

For soil borings, soil samples were collected continuously using a two foot long split 

spoon sampler.  Each sample was logged by an engineer and placed in a clean glass jar. Each 

sample was then field screened using DEP’s jar headspace method.  The soil sample selection 

process was consistent with the approach used for the first phase of test pits. Selected samples 

from soil borings were submitted and analyzed for the 13 Priority Pollutant Metals (EPA Method 

6020A/7471), PCB Aroclors (EPA Method 8082 With Non-Target ECD Peaks Reported), TPH 

(EPA Method 8015), and SVOCs (Method 8270C).  If elevated PID readings and potential 

petroleum-related impacts to soil were observed during drilling, then soil samples were 

submitted for EPH (Massachusetts Method MAEPH) and/or VPH (Massachusetts Method 

MAVPH) including the target compounds, and VOCs (EPA Method 8260).  Note that soil 

samples collected from the geotechnical borings were also PID field screened and observations 

were made with regard to potential environmental contamination. 

Groundwater 

Prior to sampling each monitoring well, the well was developed and allowed to reach 

equilibrium with the surrounding aquifer before sampling. During well development and 

groundwater sampling, personnel monitored groundwater parameters including turbidity, pH, 

conductivity and temperature. Each well was allowed to equilibrate for at least one week prior to 
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sampling.  Prior to sampling, the depth to groundwater was recorded. Monitoring wells were 

sampled using low-flow sampling to minimize turbidity in the samples.   

Following sampling activities, the measuring point elevations (top of the highest point of 

PVC) and the ground surface elevations for each well was surveyed.  Elevations are referenced 

to NAD 83 State Plane, Massachusetts Mainland Zone. 

Depending on the contaminants of concern that were indentified during the initial test 

pits, soil sampling and testing program, monitoring wells were sampled and analyzed for PCB 

Aroclors (EPA Method 8082 With Non-Target ECD Peaks Reported), 13 Priority Pollutant 

Metals (EPA Method 6020A/7471), SVOCs (EPA Method 8270C), and Total Petroleum 

Hydrocarbons (EPA Method 8015). Select groundwater samples, collected at locations adjacent 

to test pits where elevated PID readings were recorded, were also analyzed for VOCs (via EPA 

Method 8260). 

Sampling Quality Control 

Quality Assurance/Quality Control (QA/QC) duplicate samples were collected at the rate 

of up to one duplicate for every ten samples per sample matrix.  Samples were collected and 

labeled in such a manner as to make them easily associated with the primary samples. 

LABORATORY TESTING RESULTS  

Soil Testing Results 

Laboratory testing for soil samples are summarized on Tables 3 through 7. Testing 

results are compared to the MCP Reportable Concentrations (RCs) for soil category S-2, MCP 

risk-based standards for categories S-1/GW-3 (most stringent and included for comparison 
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purposes only), S-3/GW-3 (standards considered applicable for Site after development), and 

MCP Upper Concentration Limits (UCLs). 

PCBs:  One hundred fourteen soil samples, collected from test pits and soil borings, were 

analyzed for PCBs. PCBs were detected in 77 of the 114 samples.  Detected PCB concentrations 

ranged from 0.0059 mg/kg (or ppm) in the sample collected at TP-1 to 989 mg/kg in the middle 

sample collected from TP4-1-W-M (approximately 3.8 to 4.8 feet).  PCBs were detected at 

concentrations greater than 50 mg/kg in six samples including TP-2 (75 mg/kg; 0 to 3.7 feet), 

TP-4 (610 mg/kg; 0.5 to 1.2 feet), TP4-W-1 (641 mg/kg; 0 to 3.8 feet), TP4-2W (480 mg/kg; 0.4 

to 2.5 feet), and TP4-1NW-A (100 mg/kg; 0 to 1.3 feet).  The majority of PCB concentrations 

were less than 10 mg/kg.  Detected PCB concentrations at several locations exceed the MCP 

RCS-2 criteria of 3 mg/kg and several detections exceeded MCP Method 1 risk-based standards 

for Soil Categories S-1 and S-3/Groundwater Category GW-3 (S-1/GW-3 and S-3/GW-3).  The 

detections greater than 100 mg/kg exceed the MCP UCL of 100 mg/kg.  The higher detections at 

TP-2, TP-4, TP4-W, TP4-2W, and TP4-1NW-A would be considered a PCB-remediation waste 

under TSCA (greater than 50 mg/kg).  At each location, the vertical extent of PCBs was 

delineated. 

TPH:  Twenty-six soil samples were analyzed for TPH. TPH was detected in 19 of 26 samples. 

Detected TPH concentrations ranged from 45.4 mg/kg at TP-13 (1.2 to 4 feet) to 5,900 mg/kg at 

TP-6 (3 to 4 feet). The sample from TP-6 displayed a creosote-like odor.  The next highest 

concentration was 2,180 mg/kg at TP-2 (0 to 3.7 feet).  The TPH concentration detected at TP-6 

exceeds the MCP RCS-2 reporting criteria (3,000 mg/kg) and the concentrations detected at TP-2 
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and TP-6 exceed the most stringent MCP risk-based for S-1/GW-3 (1,000 mg/kg) standard 

and at TP-6 the S-3/GW-3 (5,000 mg/kg) standard. 

EPH:  Fifty-four soil samples were analyzed for EPH. EPH was detected in 45 of 54 samples. 

Detected EPH compounds include several ranges of carbon fractions (C9-C18 Aliphatics, C19

C36 Aliphatics, and C11-C22 Aromatics).  Adjusted C11-C22 Aromatics ranged from 7.22 

mg/kg at TP-7-NW-B to 17,800 mg/kg at TP-6-1-N-H.  The C11-C22 Aromatics concentration 

detected at TP-6-1-N-H exceeds the MCP RCS-2 reporting criteria (3,000 mg/kg) as well the 

MCP Upper Concentration Limit (UCL) (10,000 mg/kg), which is a level of contamination 

which may pose a significant risk of harm to public welfare and the environment in the future. 

VPH:  Five soil samples were analyzed for VPH. VPH was detected in five samples.  VPH 

carbon fraction C9-C12 Aliphatics and C9-C10 Aromatics were detected at concentrations below 

applicable reporting criteria and Method 1 standards. Samples were selected for VPH based on 

elevated PID readings and observed creosote and/or petroleum-like odors. 

VOCs:  Sixteen soil samples were analyzed for VOCs. VOCs were detected in 10 of 16 samples. 

With the exception of tetracholorethene being detected at a low level just above the method 

reporting limit, several petroleum-related VOCs were detected at low concentrations below their 

applicable MCP reporting criteria and MCP Method 1 risk-based standards. 

SVOCs:  Seventy-two soil samples were analyzed for SVOCs.  SVOCs were detected in 58 of 72 

samples.  Several SVOCs that are referred to as PAHs were detected in fill materials at the Site. 
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Heavier end PAHs, (e.g., benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene) and 

two petroleum- related SVOCs (naphthalene and 2-methylenaphthalene) were detected at 

elevated levels primarily in the area of TP-6 were creosote-like odors were observed in the fill 

materials and at TP-2 where building debris and asphaltic like materials were observed.  Several 

detected SVOCs, primarily in the areas of TP-6 and TP-2, exceeded MCP RCS-2 reporting 

criteria and MCP Method 1 risk-based standards.   

13 Priority Pollutant Metals:  Nineteen soil samples were analyzed for the 13 Priority Pollutant 

Metals. With the exception of TP5 and TP17 where lead was detected at 580 mg/kg (1.2 to 2 

feet) and 561 mg/kg (2 to 4 feet), respectively, detected metals concentrations were low and 

below their applicable MCP regulatory standards.  The lead detects in TP5 and TP17 exceed the 

MCP RCS-2 and MCP Method 1 standard of 300 mg/kg. The TP5 and TP17 samples were 

collected from a layer containing coal and ash, and as such, are exempt from the MCP reporting 

requirements per the notification exemption contained in Section 40.0317(9) of the MCP.  TCLP 

testing was performed on five soil samples where lead was detected above 100 mg/kg which 

exceeds the “20 times rule”.  TCLP analyses results were non-detect in three samples and 0.56 

mg/l (ppm) in TP2 and 18 mg/l in TP5 which is above the TCLP limit of 5 mg/l indicating the 

potential for lead to leach into groundwater. However, lead was not detected in the groundwater 

sample collected from MW-7, which is located downgradient of TP5. 

Groundwater Testing Results 
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Laboratory testing for groundwater samples are summarized on Tables 8 through 12. 

Testing results are compared to the MCP RCs for groundwater category GW-2, MCP risk-based 

standards for category GW-3 and MCP Upper Concentration Limits (UCLs). 

PCBs:  Eight groundwater samples were analyzed for PCBs.  PCBs were not detected in any of 

the groundwater samples.  Monitoring wells are located immediately downgradient of areas 

where PCBs have been detected at elevated levels in soil. 

TPH:  Eight groundwater samples were analyzed for TPH.  TPH was detected in one of nine 

monitoring wells sampled.  TPH was reported at a concentration of 3,350 ug/l (ppb or 3.35 ppm) 

in MW-6, which is below its applicable MCP criteria and standard.   

EPH: Two groundwater samples were collected and analyzed for EPH.  The two monitoring 

wells MW-7 and MW-8 are located immediately downgradient of areas were evidence of 

petroleum-related contamination was observed in soil.  One EPH carbon fraction, C11-C22 

Aromatics was detected at concentrations of 2,710 ug/l and 140 ug/l which are below the 

applicable MCP criteria and standard. 

VPH: Two groundwater samples were collected and analyzed for VPH.  The two monitoring 

wells MW-7 and MW-8 are located immediately downgradient of areas were evidence of 

petroleum-related contamination was observed in soil.  One VPH carbon fraction, C9-C10 

Aromatics, was reported at a concentration of 3,730 ug/l, which is below its applicable MCP 

criteria and standard. 
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VOCs:  Eight groundwater samples were collected and analyzed for VOCs.  VOCs were detected 

in two (MW-7 and MW-8) of eight monitoring wells sampled.  Monitoring wells MW-7 and 

MW-8 are located immediately downgradient of areas were evidence of petroleum-related 

contamination was observed in soil.  One VOC, naphthalene, exceeded its MCP RCGW-2 

criteria in monitoring well MW-7 (3,900 ug/l versus 1,000 ug/l), but was below its applicable 

MCP Method 1 GW-3 standard. 

SVOCs: Eight groundwater samples were collected and analyzed for SVOCs.  SVOCs were 

detected in two (MW-7 and MW-8) of eight monitoring wells sampled.  Monitoring wells MW-7 

and MW-8 are located immediately downgradient of areas were evidence of petroleum-related 

contamination was observed in soil.  The detected SVOCs were reported at concentrations below 

their applicable MCP criteria and standards. 

13 Priority Pollutant Metals: Eight groundwater samples were collected and analyzed for the 13 

Priority Pollutant metals. Various metals were detected in the Site monitoring wells at low 

concentrations below their applicable MCP criteria and standards. 

SUBSURFACE CONDITIONS 

Based on the recently completed test pits and soil borings information coupled with 

information generated by others, the Site is generally characterized by approximately 3 to 4 feet 

of granular fill containing anthropogenic materials that appear to be related to the former Mill 

complex, underlain by sand with varying amounts of silt and/or a brown to black 0.5 to 1-foot 
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fibrous peat layer, overlying silty sands overlying bedrock.  Anthropogenic materials included 

brick, an approximate 2 to 3-foot ash and clinker layer (generally occurred 1 to 3 feet below 

existing grade), and remnants of stone foundations. 

Based on the environmental data, PCBs are prevalent across the Site and were typically 

observed in fill materials containing ash and brick debris.  PCB concentrations are highest in the 

areas of TP-2 and TP-4 and decrease markedly away from this area.  Petroleum-related impacts, 

apparently attributable to a former gas holder, are prevalent in the area of TP-6, slightly north of 

where the former gas holder was anticipated based on historic plans.  Elevated levels of heavier-

end PAHs were observed at various locations across the Site in samples collected from the ash 

layer and/or from the petroleum impacted soil that displayed a creosote-like odor.     

PROPOSED REMEDIAL APPROACH  

There are three primary areas on the Site that are proposed for excavation (see figure 

outlining those locations within Appendix 39), that require remediation to (a) remove source 

areas of contamination as required by the Massachusetts Contingency Plan, 310 CMR 40.0000 

(“MCP”) administered by the Department, (b) remove constituent concentrations in soil that may 

pose an unacceptable risk, and (c) address TSCA-requirements for PCB-remediation waste.  The 

areas requiring remediation are located in the areas of TP-6 and the TP-6 series test pits, TP-2 

and TP-4 and the series of test pits associated with these test pits. Petroleum-related 

contamination has been identified in the TP-6 area, and is likely attributable to a former gas 

holder, and PCB contamination is located in the area of TP-2 and TP-4 and is likely attributable 

to former PCB-use in the former Potomska Mills complex.  Coincident with the removal of 
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petroleum and PCB-impacted soils, elevated levels of PAHs will also be removed, primarily in 

the area of TP-6. 

Remedial goals are to achieve a Condition of No Significant Risk under the MCP, and to 

achieve PCB cleanup levels that address TSCA requirements.  PCB concentrations in soil above 

25 mg/kg will be excavated and disposed of offsite, in order to satisfy TSCA requirements for 

Low Occupancy Areas with a Deed Restriction and also in order to achieve a level acceptable 

under the MCP. The proposed development of the Site includes capping of the Site with a 

minimum of 24-inches of compacted soil and gravel.  This layer is proposed to satisfy cap 

requirements under 40 CFR 761(a) (7) that call for either 10-inches of compacted soil or 6

inches of concrete or asphalt in areas where residual PCB concentrations range from greater than 

50 mg/kg to less than or equal to 100 mg/kg.  As previously mentioned, Institutional Controls in 

the form of a Deed Restriction will be instituted over the site. 

The vertical and lateral extent of petroleum-related and PCB impacts to soil has been 

determined via test pits advanced to date.  In general, a silty sand layer underlies the impacted 

zones and is a “clean” layer and marks the vertical extent of contamination. The thickness of the 

impacted zones is generally about 2 to 3 feet.  

The locations of the test pits are indicated on a figure contained within Appendix 39; 

also on that figure is an outline of the three areas to be addressed via excavation and off-site 

disposal of soil. Tables summarizing soil and groundwater data collected and to date are 

attached within Appendix 39. Soil boring and groundwater monitoring well borings, as well as 

test pit logs are attached within Appendix 39. The analytical data for soil and groundwater 

sample results is also attached within Appendix 39. 
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5.6. Background Air Sampling 

Background sampling were conducted at one location onsite and consisted of three 24

hour samples collected on days on three consecutive weeks for PCB analysis.  Samples were run 

for 10 PCB Homologues (EPA Method 1668A).  Additionally, three 8-hour sampling events 

were completed with a real-time particulate monitor to monitor background particulate 

concentrations. The report summarizing the background PCB air sampling, as well as the data 

from the real-time particulate monitoring is attached as Appendix 40. 

5.7. Hydraulic Conductivity 

In order to assess hydraulic conductivity at the facility for future modeling purposes, 

several analyses were conducted. Slug tests were performed in each monitoring well to evaluate 

hydraulic conductivity across the facility. In addition, two samples were collected from the 

intertidal and two samples were collected from the sub-tidal areas that are anticipated to be filled 

and two samples of sediment were collected during sediment sampling activities.   

Samples of the intertidal and sub-tidal areas (#1 through #4) were collected using a 

Russian Peat Corer, in order to avoid disturbance to the existing benthic environment. 

Additionally, two sediment samples were collected and run for hydraulic conductivity untreated 

(#5 and #6) and separately also treated with 7% concrete (samples mixed with concrete represent 

the hydraulic conductivity of stabilized sediment).  After mixture and curing was complete, a 

hydraulic conductivity test was conducted on the stabilized sediment (#5A and #6A – please note 

that the laboratory ran two hydraulic conductivity tests each on #5A and #6A).  Either ASTM 
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2434 or ASTM D 5084 were performed (depending on the sediment character) to determine 

hydraulic conductivity of sediment samples.    

The locations of the hydraulic conductivity sample locations are indicated on a figure 

contained within Appendix 41. The locations of monitoring wells are indicated on a figure 

contained within Appendix 39. The analytical data for sediment sample results are also attached 

within Appendix 41. 

Note: Hydraulic conductivity analysis was performed at the request of US EPA; it is the 

Commonwealth’s understanding that US EPA originally requested hydraulic conductivity 

analysis to better understand the potential fate and transport of potentially contaminated dredge 

material once it was dewatered and used as fill within the South Terminal CDF (an approach that 

was previously proposed by the Commonwealth). However, by virtue of the submission of this 

restated document, the Commonwealth’s approach has changed in that the Commonwealth now 

anticipates contaminated material to be disposed within a CAD Cell, rather than within the South 

Terminal CDF.  Therefore, the Commonwealth does not, at this time, believe that hydraulic 

conductivity analysis is necessary.   

5.8. Archeological Investigations 

Under the direction of US EPA, the Massachusetts Board of Underwater Archaeology 

(MBUAR) and the Commonwealth of Massachusetts State Historic Preservation Officer 

(SHPO), an archeological investigation was conducted by the Commonwealth of Massachusetts 

during the summer, fall, and winter of 2010 within the areas projected to be impacted by the 

South Terminal CDF project.  As result of those investigations, two locations were identified by 
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the archeological team as containing Paleosols – one area of intertidal Paleosol and one area of 

subtidal Paleosol and one subaqueous shipwreck was located. 

Five summary reports outlining the archeological investigations are attached as 

Appendix 42: an upland archeological investigation report, an intertidal archeological 

investigation report, a subtidal archeological investigation report, a Phase I & IB underwater 

archeological investigation, and a Phase II investigation of a located shipwreck.  Also contained 

within Appendix 42 are concurrence letters from SHPO and MBUAR agreeing with the 

conclusion that the shipwreck does not meet the Criteria of Eligibility for listing in the National 

Register of Historic Places (36 CFR Part 60), and that the site lacks integrity, and that no further 

investigation is warranted. 

On January 12, 2011, the Commonwealth issued a letter to the SHPO and MBUAR (both 

letters with their attachments are included within Appendix 43) noting that the footprint of the 

facility would be altered to avoid impact to the mapped intertidal or subtidal Paleosols via either 

filling or via dredging associated with the proposed project.   

The location and boundaries of the Paleosols are shown on a figure included within 

Appendix 43 (please note that the figure in question is included twice as it was attached to both 

letters included within Appendix 43). On January 12, 2011, the Commonwealth issued a letter 

to the SHPO and MBUAR (both letters with their attachments are included within Appendix 43) 

noting that the footprint of the facility would be altered to avoid impact to the mapped Paleosols 

via either filling or via dredging associated with the proposed project.  The figure within 

Appendix 43 notes the facility footprint at the start of the archeological investigation (in red) 

and the facility footprint proposed to avoid impact to the Paleosol areas (in black).  The primary 

difference between the footprint included within the August 25, 2010 submission to USEPA and 
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the footprint noted on the drawing within Appendix 43 is a slight re-orientation of the southern 

face of the facility. 

5.9. Communication With Representatives From Wampanoag Tribes 

Direct communication with Lois Adams, Branch Chief of Grants, Tribal, Community and 

Municipal Assistance after the submission of the Commonwealth’s January 12, 2011 letter, 

indicated that representatives from the Aquinnah and Mashpee Wampanoag Tribes wished to 

meet to discuss plans for the facility.  A meeting was held at 2 P.M. on March 15, 2011 at the 

New Bedford Whaling Museum Visitor’s Center, located at 33 Williams Street, in New Bedford 

Massachusetts. The minutes from that meeting, as prepared by Lois Adams, are attached as 

Appendix 44. At that meeting, representatives from the Aquinnah Tribe (Ms. Bettina 

Washington) and Mashpee Tribe (Mr. Chuckie Green) presented concerns associated with the 

proposed construction, and its potential to impact the Paleosol areas:   

•	 The Tribal Representatives were concerned that pre-design investigations or that 

construction impacts would harm the Paleosol areas. 

Reply: The Commonwealth outlined that construction methodology would be instituted 

such that the Paleosol would be protected during construction.  Such protections 

included keeping construction equipment out of the Paleosol area.  The Commonwealth 

presented a printout from the GPS software (included within Appendix 44) utilized to 

locate test borings or other investigations and noted that the Paleosol areas were clearly 

noted, and that field personnel could at all times see where they were in relation to the 

Paleosol areas in order to avoid impacts to the areas.   
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•	 The Tribal Representatives stated that they had not received all of the documentation 

associated with the archeological investigations conducted as of the date of the meeting, 

and requested additional copies. 

Reply: The Commonwealth forwarded additional copies of all reports to the Tribal 

Representatives soon after the conclusion of the meeting.  Receipts from the tribal 

representatives, as well as from Ms. Lois Adams at US EPA are attached as Appendix 

45. 

•	 The Tribal Representatives requested that a core sample from a boring from one 

archeological report be re-run to determine if there were any potential archeologically 

significant findings, based on the initial visual description of the boring.   

Reply: The Commonwealth performed additional analyses on the boring in question, and 

produced a report outlining its findings (attached as Appendix 46).  The report was 

forwarded to the Tribal Representatives (receipts for the report are attached as Appendix 

47). 

•	 The Tribal Representatives requested that (1) it have direct contact with the 

Commonwealth; (2) cultural monitoring be ongoing during construction when work is 

completed in the vicinity of the Paleosol; (3) once a scope of work for work in the 

vicinity of the Paleosol was finalized that the scope of work be forwarded to the Tribal 

Representatives for their review; and protocol and criteria be established outlining 

procedures should an object be discovered during construction activities. 

Reply: The Commonwealth agreed to these requests. 
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•	 Although the Aquinnah Wampanoag Tribe representative stated that they reserved the 

right to comment in the future, neither Tribe has offered any additional comments 

concerning the Commonwealth’s efforts to protect the designated Paleosol area. 

Note: Sometime in August of 2011, Lois Adams, Branch Chief of Grants, Tribal, Community and 

Municipal Assistance, advised the Commonwealth that in light of a conflict of interest, she was 

compelled to recuse herself from further involvement with this project.   

5.10. CAD Cell Permitting Information 

The construction and management of CAD Cells within New Bedford Harbor have, to 

date, been overseen by the New Bedford Harbor Development Commission and the Town of 

Fairhaven, under the oversight of the State Enhanced Remedy Committee.  The permitting 

authority for siting CAD Cells within New Bedford Harbor was established within the scope of 

the Dredge Materials Management Planning process (DMMP process) by the Commonwealth of 

Massachusetts’ Office of Coastal Zone Management during a permitting process that began in 

1998 and ended in 2003. During that permitting process, a number of relevant investigations, 

such as Essential Fish Habitat Assessments, archeological assessments, sediment sampling, 

seismic analyses, and alternatives analyses were completed in support of the permitting process.  

The following is a list of relevant links to the permitting documents associated with the 

DMMP process from the Massachusetts Office of Coastal Zone Management website:  

•	 http://www.mass.gov/czm/dredgereports/1999/dmmp-99-03.pdf 

•	 http://www.mass.gov/czm/dredgereports/1999/dmmp-99-06.pdf 

•	 http://www.mass.gov/czm/nb_dmmp_deir.htm 

•	 http://www.mass.gov/czm/dredgereports/2003/feirnb-f.htm 
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6. IMPACT ASSESSMENT OF PROPOSED PROJECT 

The following section outlines the Commonwealth’s assessment of primary and secondary 

impacts associated with the project, resource area delineation, and impact assessment of the 

proposed project. 

6.1. Flood Plain Impacts 

Construction of the South Terminal CDF will result in minor flood storage loss due to filling 

within the footprint of the facility.  USEPA asked us to assess the impact of the loss of flood 

storage volume, particularly under the circumstance of a major coastal storm when the New 

Bedford Hurricane Barrier would be closed and heavy rain is expected within the watershed for 

New Bedford Harbor.  This analysis has been completed utilizing a combination of 100-year 

flood elevations associated with FEMA flood maps as well as an analysis of the impact of filling 

within New Bedford Harbor conducted by the US Army Corps of Engineers.  

The US Army Corps of Engineers assessed the potential impacts that filling and diking may have 

upon the elevation of flood levels within New Bedford Harbor when the New Bedford Hurricane 

Barrier is closed and heavy rains are expected within the document entitled “Hydrology of 

Floods, New Bedford Harbor, Massachusetts” completed by the Hydrologic Engineering Section 

of the Water Control Branch, Engineering Division of the Department of the Army, Corps of 

Engineers, New England Division, dated September 1987.  This document states that “for every 

100 acres of harbor area lost above +2.0 feet NGVD, but below +6.0, either by diking or filling, 

there will be a resulting rise in project design flood level of about 0.2 feet.”  100 acres lost 

between +2.0 feet and +6.0 feet (4 feet of filling over 100 acres) equates to approximately 400 

112 




 

 

 

 

 

 

 

 
 

   
 

 
 

 

acre-feet, the flood storage loss of which is estimated to result in a rise in flood level within New 

Bedford Harbor of 0.2 feet.   

The following table outlines the volume of material that will be placed within the footprint of the 

facility between elevation +2.0 and elevation +6.0 NGVD as follows: 

Elevation 

Area Within 
Project Footprint 

(ft2) 
Average Area 

(ft2) 

Average 
Volume 

(yd3) 
+2.0 NGVD 255475 268235 9934.63 
+3.0 NGVD 280995 290990 10777.41 
+4.0 NGVD 300985 307308.5 11381.80 
+5.0 NGVD 313632 324177 12006.56 
+6.0 NGVD 334722 0 0 

TOTAL (yd3): 44100.40 

Where: 


Area within Project Footprint = Area within the footprint of the facility at the noted elevation. 


Average Area = Average between two successive elevations (for example, average between 

the area of the footprint of the facility at +2.0 NGVD and +3.0 NGVD). 

Average Volume = Average Area X 1 Foot (in cubic yards). 

The analysis indicates that 44,100 cubic yards of fill equates to approximately 27.33 acre feet of 

fill material that will be placed between elevation +2.0 and elevation +6.0 NGVD due to the 

South Terminal CDF project.  Therefore, 27.33 acre-feet of flood storage loss equates to a rise in 

project design flood level of approximately 0.01367 feet, or 0.164 inches. 

In order to illustrate the impact that a 0.164 inch change in flood elevation would have upon the 

City of New Bedford, a location was chosen within New Bedford upon which to assess the 

impact of the vertical change in flood storage elevation (a location at North Terminal along the 
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New Bedford waterfront). A plan of the location and a cross-section of the area is attached as 

Appendix 48. The FEMA flood map shows that the 100-year flood elevation within New 

Bedford Harbor is at the elevation of +5 NAVD 88.  The location in question was chosen 

because the area is relatively flat and is near in elevation to the FEMA 100-year flood elevation 

(between +4 and +6 NAVD 88); therefore, a change in flood elevation is most likely to have the 

greatest horizontal change in flood water encroachment in this location, and other locations are 

likely to be impacted less than this location. As can be seen on the cross-section, a vertical 

change in flood elevation of +0.164 inches, results, in one instance, in a corresponding horizontal 

flood encroachment of 11.28 inches. Please note that this represents the horizontal 

encroachment during a worst-case flooding event, and is analyzed at a representative worst-case 

location, where the flood elevation occurs within a flat area; other areas within New Bedford 

Harbor typically display a steeper grade at this flood elevation (and in most cases a much steeper 

grade). Thus, other areas within New Bedford Harbor should see significantly less 

encroachment (if any), either because the 100 year flood elevation is below existing land 

elevation, or because existing land elevation is steeper than the relatively flat study location. 

Therefore, the anticipated rise in flood elevation due to filling due to construction of the South 

Terminal CDF is unlikely to have an adverse impact to the surrounding floodplain. 

6.2. Conformity Analysis for NOx Emissions 

Bristol County Massachusetts has been identified as a non-attainment area for ground level 

ozone as defined by the U.S. Environmental Protection Agency’s National Ambient Air Quality 

Standards (NAAQS). Ground level ozone is formed in a photochemical reaction of volatile 
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organic compounds (VOCs), carbon monoxide (CO) and nitrogen oxides (NOx).  The result of 

the chemical reaction is tropospheric (ground level) ozone, which is a respiratory irritant. 

Therefore, limits have been promulgated on the production of nitrogen oxides to control this 

reaction. The NAAQS does not require detailed air modeling if it is determined that a project is 

below de minimis levels.  The de minimis levels for projects within non-attainment areas for 

NOx is 100 tons per year and for VOCs is 50 tons per year (see Appendix 49). 

The conformity analysis has focused upon the construction-level NOx and HC emissions 

generation, as the site itself is planned to be a staging area for off-shore renewable energy 

components, which are not anticipated to generate NOx or VOC emissions.  To determine the 

effects of the construction of the South Terminal CDF on the Ambient Air Quality of Bristol 

County, a matrix of typical heavy construction equipment anticipated to be utilized for the 

project was prepared. Utilizing USEPA document number NR-009d (Exhaust and Crankcase 

Emissions Factors for Non-Road Engine Modeling – Compression-Ignition, EPA-420-R-10-018, 

dated July 2010) a table was prepared utilizing the anticipated equipment and the horsepower 

and emissions class for each piece of equipment required for construction.  This information was 

utilized to determine an average output of both hydrocarbons (VOCs) and NOx for the 

equipment. 

A table within Appendix 49 summarizes the construction equipment and the expected emission 

factor for each piece of equipment.  The calculation is for an approximately 15 month long 

project, with an average of 4 weeks per month, 5 days per week, and 8 hours per day. 

Utilization factors were added to account for equipment that is present at the site during 
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construction, but not utilized 8 hours per day.  Utilization factors also account for time within 

which equipment is broken, or unutilized for other reasons.  The calculated NOx output is 

approximately 27.70 tons and approximately 1.3 tons of VOCs; therefore, the project as 

proposed is anticipated to have emissions below the de minimis levels. 

The table indicates that the output of NOx and VOCs are below de minimis levels and should not 

impact the Ambient Air Quality of the City of New Bedford, the Town Fairhaven and the 

surrounding Bristol County. 

6.3. Neighborhood Analysis 

This section outlines the South Terminal CDF’s, potential construction and operational phase, 

truck and noise impacts on New Bedford’s residential neighborhoods.  The potential impacts 

would be caused by on site construction activities and routes for truck delivery of construction 

materials and equipment.  For background concentrations of PCBs in air at the site, please see 

Section 5.6. 

The South Terminal CDF site is located within the Designated Port Area for the Port of New 

Bedford, which has been specifically reserved for water dependent industrial uses by the 

Commonwealth of Massachusetts.  A significant portion of the work conducted within the 

Designated Port Area is conducted on an as-needed basis, and could occur 24 hours per day, 365 

days per year (shipping activities and/or offloading from fishing vessels).  The site is at the  

interface of a Waterfront Industrial and “Industrial B” zoning districts.  A “Mixed Used Business 

District” can be found across Route 18.  Several businesses serving the industrial port occupy the 
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four blocks between Route 18 and the South Terminal CDF area.  An estimate of the quantity of 

increased truck trips is summarized below.  The estimate is based on anticipated construction 

material quantities required for completing construction. 

Land clearing, debris removal, crushed stone 

base delivery, and warehouse const: 5,750 heavy vehicle loads 

Bulkhead Construction: 825 heavy vehicle loads 

Relieving Platform:           425 heavy vehicle loads 

Total: 7,000 heavy vehicle loads 

Therefore, there are an estimated 14,000 heavy vehicle trips (in/out) anticipated during 

construction.  Construction would occur over a nine (9) month period.  Over the 9 month 

construction period the average number of trips per weekday would be 39. Typically, those trips 

would occur between 6AM – 5PM, assuming a 7 AM – 4 PM work day. That further averages 

out to just over three and a half (3.5) truck trips per hour.  Three to four additional trucks each 

hour represents an insignificant increase in overall traffic for the area within which the South 

Terminal CDF is proposed for construction. 

The area anticipated to have the highest roadway usage due to creation of the new facility is an 

area located north of Cove Street, east of Route 18 (West Rodney French Boulevard), and South 

of Conway Street. Within this area, there are a minimum of twelve fish processing facilities 

already located east of Route 18 and north of Cover Street of the proposed South Terminal CDF 

that already utilize the side roads within the area for shipping processed fish to its ultimate 
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destination, which results in a relatively high ambient level of heavy truck traffic within the 

neighborhood. Additional industry within the neighborhood include several manufacturing 

facilities, hardware supply companies, an oil terminal, a boat yard and marine service yard, 

several fishing gear supply companies, a supermarket, a radio station, a retail store, and several 

restaurants. 

The nearest residential neighborhood is in the “Mixed Use Business District” on the opposite 

side of Route 18 from the South Terminal. There is also a residential neighborhood located to the 

south of Cove Street.  South Terminal is an additional four (4) blocks from the double lane 

roadway.  Reverberant sound from construction activity will be attenuated by distance from the 

sensitive receptors in the Mixed Use Business District. 

The proposed truck route would have vehicles entering the City from Interstate 195 at the Route 

18 exit.  Route 18 or John Fitzgerald Kennedy Boulevard is a four lane divided highway with 

direct connection to I-195. This route typically contains heavy truck traffic travelling to various 

locations within the Designated Port Area. Route 18 has an intersection where the southbound 

vehicles can turn left on Potomska Street directly into the industrial port. There is roughly a four 

(4) block distance to the construction area.  Likewise, vehicles leaving the construction site can 

use Potomska Street to take a right onto Route 18 North. 

Once construction is complete, usage of adjoining roadways will typically be limited to 

commuters who will be working at the South Terminal CDF facility, while off-shore renewable 

energy support is taking place at the facility, due to the likelihood that virtually all of the off
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shore renewable energy components will arrive and leave by ocean-going vessel.  When the site 

is being utilized for terminal operations, the total volume of truck traffic at the site will be similar 

to that required for construction; however, the truck traffic may be concentrated to specific 

periods when cargo vessels arrive to unload and/or load. 

Due to its increased proximity to the residential neighborhood adjacent to Cove Street, 

the use of Map Number 21, Lot Number 45 would be utilized with much less frequency than 

other portions of the terminal.  This property (as well as the other, southern ancillary properties) 

will be utilized primarily for wind blade lay-down.  Although 24/7 access is required for the 

facility, this is anticipated to be required mainly due to issues associated with loading and 

unloading of vessels and assembly of wind turbines, activities that will not be occurring at the 

Map Number 21, Lot Number 45; therefore, although some access to the southern portion of that 

property may occur within a 24/7 timeframe, it will likely be very infrequent.  Additionally, due 

to the anticipated use of the property (lay down of wind blades is anticipated to take place at the 

far southern end first, and subsequent wind blades are anticipated to be subsequently laid down 

in a south-to-north fashion as they arrive onsite, and then utilized in a north-to-south fashion), 

noise caused by operations (when utilized) at this property will be relatively minimal.   

The City-Owned parcel (Map Number 25A, Lot Number 48) contains the Gifford Street 

Boat Ramp.  The Gifford Street Boat Ramp is a public boat ramp that has a relatively low usage, 

due to the presence of two alternate boat ramps within the City.  The nearest alternate boat ramp 

is located on Rodney French Boulevard, approximately 2,500 linear feet to the south, and is 

much more utilized than Gifford Street.  Although, some users of this boat ramp will be 
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displaced, the disruption is likely to last only one boating season, and the users can be easily 

relocated to another boat ramp for the one season (this is currently being conducted during repair 

of another boat ramp, and the disruption has been minimal to the City of New Bedford [i.e., no 

complaints have been made]).  The primary user of the boat ramp is Bayline Boat Yards, which 

is a boat storage and repair facility located on Gifford Street, adjacent to the boat ramp.  Due to 

the heavy usage of Bayline Boat Yards, an easement agreement will be completed in which 

Bayline may utilize the boat ramp on an as-needed basis, and the users of the Marine Terminal 

will work with Bayline to facilitate usage of the boat ramp.  A letter expressing its intent to 

cooperate with Bayline Boat Yard to facilitate access to the Gifford Street Boat Ramp during this 

project, prepared by the Executive Director of the New Bedford Harbor Development 

Commission is attached within Appendix 12. A letter of support from the owner of Bayline 

Boat Yard is attached within Appendix 12. 

6.4. Resource Identification and Direct Impact Assessment 
Prior to conducting a resource identification at the site in question, historical records of land use 

were reviewed.  A map prepared by the Massachusetts Office of Coastal Zone Management 

indicates that the historic high water line at the facility is significantly inland of the current 

coast line. This map is presented as Figure 4. 

The project site is located adjacent to New Bedford Harbor in New Bedford, Massachusetts, 

immediately to the south of the existing South Terminal facility.  A Site Locus Map is included 

with this document as Figure 1. The latitude of this site is 41.622936.  The longitude of this site 

is 70.915271. The site is located within the Cape Cod Watershed.  The Hydrologic Unit Code 

for this site is 01090002. 
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A wetland resource investigation was conducted on April 20, 2010.  Elevations of the property 

were recorded during the land survey and referenced to New Bedford Harbor Mean Lower Low 

Water datum, and were used to determine the limits of High and Low tides.  During the course of 

this investigation, the presence of historic fill was confirmed in all but one of up to nine separate 

test pit locations dug to investigate the presence of hydric soils.  The fill on the site consisted of 

angular stone, soil, brick, gravel, asphalt, tar, concrete, steel, automobile and truck tires and 

inner-tubes, automobile and truck parts, plastic, and glass.  In all but one location, man-made 

materials (brick, asphalt, trash, etc.) were identified within 15 inches of the surface.  This was 

found to be the case even for areas in which hydric soils were noted within the top 10-15 inches 

of soil and where wetland indicator species (primarily the invasive species phragmites australis) 

were detected.  A written description of the results of the investigation are included as Appendix 

50 to this document. 

A resource area location map is included as Figure 5. The resource area location map notes the 

location of the historic high water line as a blue stripe running approximately 200 feet inland and 

parallel to the existing coastline; the area between the historic high water line and the existing 

high water line consists of filled tidelands.  This map also illustrates an area (in brown) within 

the upland area and within which urban fill has been confirmed (determined via test pit 

operations as well as visual indications during Apex’s site visit).  The areas that contained hydric 

soils within 10-15 inches of the surface and/or contained wetland indicator species are noted on 

the drawing in green; although, please note that these areas have generally been confirmed to be 

underlain by urban fill as well, and are primarily populated with invasive species (phragmites 
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australis). This area is an isolated wetland, likely created due to a relative topographical 

depression. This area is not tidally influenced, and therefore is not a Federal resource area. 

Please note that no Federal resource areas are present within the southern, ancillary properties, 

and no expansion of those properties is planned; therefore, no resource area impacts within the 

southern ancillary properties are noted on Figure 5. The New Bedford Conservation 

Commission chairman has also confirmed that based on his knowledge of site conditions, no 

state protected wetland resources exist on the southern ancillary properties. 

An area to the southwest of the bulkhead extension is paved (white, striped area).  It is Apex’s 

understanding that this area is associated with a release under 310 CMR 40.0000 (The 

Massachusetts Contingency Plan); the remedy for the release at this site is an asphalt cap. 

Although a full investigation into the vertical and/or horizontal extent of potential contaminants 

has not been undertaken at the site, it is likely that other areas of the site are also impacted by 

hazardous materials, due to the presence of large quantities of historic urban fill. 

Historically, the majority of the land that will be incorporated into the proposed Facility is 

former heavy industrial property, the site of an extensive former mill complex.  Historical maps, 

sketches, and photographs indicate that a large textile mill complex known as the Potomska Mills 

occupied approximately 19 acres, or much of the land within the footprint of the proposed 

facility (see Figure 6 for historical map with proposed Facility outline).  Based on a best-fit 

overlay of the historical maps onto current conditions noted from recent (2009) aerial 

photography, the mill complex land appears to have extended inland from the current shoreline 

to beyond the western-most extents of the proposed Facility, and extended eastward into some 
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portion of what is now intertidal land. A 1911 “Atlas of the City of New Bedford, 

Massachusetts” depicts the former mill site covering more than half of the proposed South 

Terminal Extension Facility main site.  Historical information indicates that the Mill began 

erecting structures on the site around 1871, and that the complex was demolished between 1935 

and 1936 (JMA Report: “Cultural Resources Background Study and Archaeological Sensitivity 

Assessment – South Terminal Marie Infrastructure Park (Upland Portion)”, June, 2010). 

Presently, the land area that covers the former mill complex exhibits areas of hummocky terrain 

typically indicative of remnant rubble or debris in the subsurface, and portions of the site 

(particularly the central, northern, and western portions) contain broken pieces of brick and 

mortar at or just below the ground surface. 

It should also be noted that any area under the high water mark within New Bedford Harbor is 

part of the New Bedford Superfund Site; as such, the area is universally impacted with PCB 

containing sediments (typically fine-grained organic sediments of varying thicknesses). 

Although the concentration of PCBs in this fine-grained sediment varies depending upon the 

location within the Harbor, historic sampling results indicate that the concentration of PCBs 

within the sediment at the subject site is higher than the upper limit allowed within landfills 

within the Commonwealth of Massachusetts.  As a result of the PCB impacts, areas within New 

Bedford Harbor are banned from fishing, shellfishing, and lobstering by the United States 

Environmental Protection Agency (a notice promulgated by USEPA on the bans is included as 

Figure 7). 
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Although it may be possible to depurate the shellfish of PCB impacts (although it should be 

noted that opinions vary on whether shellfish depurate PCBs at all), should depuration occur, the 

PCBs are not anticipated to degrade on their own and depuration of the shellfish within a clean 

area will only transport the PCBs to the clean location at which the theoretical depuration occurs, 

thereby transporting Superfund material outside of a Superfund site.  Areas at the site (and 

within New Bedford Harbor as a whole) below the high water mark act as a source of 

contaminants for the surrounding communities (beginning at Buzzard’s Bay), rather than 

retaining sediment or toxics, as non-impacted wetland areas would be expected to do. 

Traditional production from within a wetland provides the opposite effect than what is normally 

anticipated at wetland sites: the production of food or usable products for humans or other living 

organisms by the wetland areas are harmful, instead of beneficial to humans, wildlife, fish or the 

environment. 

The primary resource areas noted during the field investigation are: intertidal area, shallow, near-

shore subtidal area (existing elevation of between -1 and -6 MLLW), deeper subtidal area 

(existing elevation between -20 and -25 MLLW), and salt marsh area. 

Based upon this delineation completed by Apex, the resource areas anticipated to be impacted by 

completion of this project are as follows: 

For areas to be filled for construction of the CDF: 

Intertidal area:        1.43 acres. 
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Shallow, near-shore sub-tidal area:      4.06 acres. 

Salt Marsh:         0.18 acres. 

Which is a total of approximately 5.67 acres of resource area that will be filled due to completion 

of this project. 

For areas to be dredged to between -14 and -30 MLLW to allow vessel access to the new CDF: 

Shallow, near-shore sub-tidal area (to be dredged from between 

-1 and -6 MLLW to -14 MLLW):  4.43 acres. 

Shallow, near-shore sub-tidal area (to be dredged from between 

-5 and -14 MLLW to -14 MLLW):  4.03 acres. 

Shallow, near-shore sub-tidal area (to be dredged from between 

-1 and -6 MLLW to between -30 and -32 MLLW):  3.68 acres. 

Deeper, sub-tidal area 

(to be dredged from -20 to -25 MLLW to -30 MLLW):  7.01 acres. 

Which is a total of approximately 19.15 acres of resource area that will be dredged to create the 

boat basin in front of the South Terminal CDF and to create the channel for the vessels to access 

the new facility. 

In order to mitigate the Gifford Street Channel re-alignment and to provide mitigation for 

moorings that will be lost due to construction of the boat basin and the new channel: 
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Shallow, near-shore sub-tidal area (to be dredged from between 


-4 and -6 MLLW to -6 MLLW):  8.01 acres. 


In order to construct the new CAD Cell: 


Shallow, near-shore sub-tidal area (to be dredged from between 


-4 and -6 MLLW to -45 MLLW, and subsequently filled and capped): 8.67 acres.
 

Potential maintenance dredging of the New Bedford Federal Navigational Project: 


Deeper, sub-tidal area 


(to be dredged from -26 to -30 MLLW to -30 MLLW):  19.6 acres. 


Note that we identify in Section 6 the functions and values of the areas that will be altered, and 


we assess avoidance, minimization, and propose mitigation for the estimated losses of these 


functions and values as explained in Section 7, below. 


6.4.1. Mudflat 

As a result of statements made by USEPA and NOAA-Fisheries during onsite inspection 

of the proposed location of the South Terminal CDF regarding their observation of intertidal 

mudflat, a sampling program was completed, with the intention of delineating the extent of 

mudflat within the intertidal zone at the site.  The basis by which the delineation of mudflat was 
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completed was based upon the definition of mudflat contained within the 40 CFR 230, 404(b)(1), 

Subpart E (full citation is included within Appendix 51): 

§ 230.42 Mud flats. 

(a) Mud flats are broad flat areas along the sea coast and in coastal rivers to the head of tidal 
influence and in inland lakes, ponds, and riverine systems. When mud flats are inundated, wind 
and wave action may resuspend bottom sediments. Coastal mud flats are exposed at extremely 
low tides and inundated at high tides with the water table at or near the surface of the substrate. 
The substrate of mud flats contains organic material and particles smaller in size than sand. 
They are either unvegetated or vegetated only by algal mats. 

(b) Possible loss of values: The discharge of dredged or fill material can cause changes in water 
circulation patterns which may permanently flood or dewater the mud flat or disrupt periodic 
inundation, resulting in an increase in the rate of erosion or accretion. Such changes can deplete 
or eliminate mud flat biota, foraging areas, and nursery areas. Changes in inundation patterns 
can affect the chemical and biological exchange and decomposition process occurring on the 
mud flat and change the deposition of suspended material affecting the productivity of the area. 
Changes may reduce the mud flat's capacity to dissipate storm surge runoff. 

The cited definition of mudflat states that “the substrate of mud flats contains organic 

material and particles smaller in size than sand.”   Given that a grain size analysis of samples 

collected within the intertidal zone is capable of determining the presence of sand and particles 

finer than sand, conducting grain size analysis on samples collected within the intertidal zone 

appeared to be a reasonable method for delineating mudflat onsite.   

Samples were collected on a grid within the intertidal zone (mostly biased toward Mean 

Lower Low Water, as conversations with NOAA-Fisheries personnel had indicated that mudflat 

would more likely be closer to Mean Lower Low Water).  Survey equipment was utilized in 

order to locate Mean Lower Low Water, to ensure that the samples were being collected at an 

elevation low enough to ensure that the lowest reach of the intertidal area was being investigated. 

A plan with the sample locations is included within Appendix 51.  Samples were submitted to a 
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laboratory for grain size analysis.  The grain size analysis sorts the sediment particles into 

categories, which are:  Cobbles, Coarse Gravel, Fine Gravel, Coarse Sand, Medium Sand, Fine 

Sand, and Total Fines.  Fines are typically silts, clays and organic material (see analytical results 

contained within Appendix 51). 

Approach to Results Interpretation 

Based upon the definition of mud flats contained within 40 CFR 230, 404(b)(1), Subpart E, it 

appeared prudent to assume that samples which presented “mud” (or a high degree of fines) 

would indicate an area that should be categorized as mudflat.  Although the definition of mud 

flats does not specify what percentage of fines would delineate mudflat, it seems likely that 

100% fines would clearly qualify, that greater than 50% fines would likely qualify, that 1% fines 

would likely not qualify (as areas dominated by sand would likely not be considered “muddy”), 

and that it was possible that percentages between 50% and 1% might theoretically qualify. The 

following is a summary of the percentage of fines within the samples sent for grain size analysis: 

Sample % Fines 

A1 0.60% 

A2 9.10% 

B1 0.50% 

B2 1.60% 

C1 0.90% 

C2 0.90% 

D1 1.20% 

D2 12.80% 

E1 1.10% 

E2 0.10% 

F1 2.30% 

F2 0.10% 

G1 4.20% 

G2 0.50% 

G4 0.50% 
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G5 0.40% 

G6 0.80% 

H1 4.50% 

H2 2.50% 

H4 0.20% 

H5 0.20% 

I1 5.60% 

I2 1.00% 

I3 0.90% 

I4 0.50% 

The average percentage of fines identified within the samples collected within the 

intertidal zone at the proposed South Terminal CDF is 2.12%.  NOAA-Fisheries representatives 

have previously stated that the presence or absence of benthic invertebrates is also utilized in 

determining the presence or absence (although 40 CFR 230, 404(b)(1), Subpart E does not list 

this as a criteria within its definition).  Please note that an investigation into the presence of 

benthic invertebrates was conducted as part of a Shellfish Survey conducted at the site.  A map 

showing the location of benthic invertebrate sample locations and a table outlining the findings 

for each location is included within Appendix 52. 

The data seems to indicate that, although the area in question may be important intertidal 

area that provides significant ecological function/habitat, the intertidal area within the proposed 

South Terminal CDF location does not meet the regulatory definition of “mud flat”. 

Nevertheless, if the area (or some portion of the area) does meet the regulatory definition of mud 

flat, the area of impact is relatively small compared to the quantity of similar habitat within New 

Bedford Harbor (see Section 6), and the impacts caused by the project will be mitigated as 

outlined within Section 7. 
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6.4.2. Wetland Identification (Cowardin, et. Al.) 

The following is an assessment of wetland classes at the site that will be effected by the proposed 

work, in accordance with the system presented by Cowardin, et.al. (1979) “Classification of 

wetlands and deepwater habitats of the United States,” Office of Biological Services, FWS/OBS

79/31, December 1979: 

For areas submerged at low tide: 

System: Estuarine 

Subsystem: Subtidal 

Class: Unconsolidated Bottom 

Subclass: Mud 

For areas between low tide and high tide: 

System: Estuarine 

Subsystem: Intertidal 

Class: Unconsolidated Shore 

Subclass: Sand 

For salt marsh areas: 

System: Estuarine 

Subsystem: Intertidal 

Class: Emergent Wetland 
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6.4.3. Wetland Identification (Hydrogeomorphic Classification) 

The following is an assessment of wetland classes at the site that will be effected by the proposed
 

work, in accordance with the system presented by Brinson, M.M. (1993). “A hydrogeomorphic
 

classification for wetlands”, Technical Report WRP-DE-4, U.S. Army Engineer Waterways 


Experiment Station, Vicksburg, MS. NTIS No. AD A270 053. 


For intertidal areas, subtidal areas, and salt marsh at the site: 


Geomorphic Setting: Coastal – Sea Level Location 


Water Source: Lateral Surface Flows (tides) 


Hydrodynamic Properties:  Bi-directional Flows – Astronomical Tides (Regular Flooding) 


6.4.4. Shellfish Survey 

A shellfish survey was conducted in order to determine potential impacts to the local shellfish 

population due to the South Terminal CDF Project, and an estimate of the shellfish anticipated to 

be impacted as part of this project has been formulated, and is attached as Appendix 52. As part 

of the process of estimating shellfish impacts, discussions were held with the Massachusetts 

Department of Marine Fisheries (MassDMF).  The result of these discussions was that the 

combination of both shellfish survey data (the Relative Abundance Survey) and shellfish 

sampling conducted by MassDMF and summarized within a report entitled Quahog Standing 

Crop Survey, New Bedford/Fairhaven Inner and Outer Harbors, by Mr. David K. Whittaker, 

dated June 6, 1999 be used to formulate the total number of shellfish anticipated to be impacted 

by the project. Using this data, shellfish estimates were conducted for the proposed facility 
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dredge footprint, proposed maintenance dredging within the Federal Navigation Project, the 

proposed CAD Cell,  intertidal and subtidal mitigation projects immediately outside of the 

Hurricane Barrier (within the OU-3 Area), the Winter Flounder Spawning Habitat creation 

mitigation measures (see Section 7 for descriptions of these mitigation measures).   

Prior to preparing the scope for this particular shellfish survey Ms. Eileen Feeney, Program 

Coordinator II, of the Environmental Impact Assessments division of DMF was consulted at a 

meeting on April 29, 2010 regarding the scope of the South Terminal CDF.  At that meeting, Ms. 

Feeney stated that sandy intertidal areas represented Horseshoe Crab habitat.  Based upon this 

input, the area of Intertidal Area/Horseshoe Crab habitat that will be impacted at the site is 

approximately 1.43 acres (5,787 square meters), as shown on Figure 5. 

The Relative Abundance Survey estimates the existing shellfish population within the proposed 

footprint of the South Terminal CDF in New Bedford.  This was done by creating a grid over the 

projected footprint and then projecting the results found within the individual grid sections over 

the area of the whole Survey Area. The Survey Area consisted of 1.27 acres of intertidal area 

and 2.99 acres of subtidal area, (a total of 4.26 acres which is approximately 17,240 square 

meters).  A grid of lines, spaced 150 linear feet on center in the north-south direction and spaced 

every 20 linear feet in the east-west direction within intertidal areas and every 40 linear feet in 

the east-west direction within subtidal areas was utilized.  A set of transect lines were 

superimposed upon the proposed footprint of the South Terminal CDF within the identified 

resource areas, resulting in thirty four (34) sampling locations. 

132 




 

 

 

 

 

 

 

 

 

 

 

The shellfish survey was conducted in one of the following two methods: 

1.	 On the beach or within shallow water, using a three-tined garden hoe to sort sediment in 

a ¼ square meter (a “quadrat”). The garden hoe was to penetrate at least 12 inches into 

the substrate. All shellfish or other organisms found during the survey were to be 

brought to the surface and sorted by length. 

2.	 Within deep water, a diver utilized a three-tined garden hoe to sort one quadrat of 

sediment to a depth of at least 12 inches.  All shellfish or other organisms found in this 

manner would be placed into a mesh diving bag and brought to the surface and sorted by 

length. 

The survey activities were conducted using both methods described above on May 2, 2010 and 

May 3, 2010. A diver collected samples from 3 (three) of the thirty four locations.  Survey 

locations are shown on a figure within Appendix 52. 

Recovered shellfish and invertebrates were identified using The Peterson Field Guide Series: A 

Field Guide to the Atlantic Seashore, by Kenneth L. Gosner, Houghton Mifflin Company, 1978. 

A table summarizing recovered shellfish and invertebrate data is included as Table 1 within 

Appendix 52. Recovered Quahogs were categorized using Table 1 of the Quahog Standing 

Crop Survey, New Bedford/Fairhaven Inner and Outer Harbors by David K. Whittaker, 

Massachusetts Division of Marine Fisheries, published June 6, 1999.  A table summarizing 

Quahog data is included as Table 2 within Appendix 52. 
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Intertidal and subtidal portions of the Survey Area were divided into areas where Quahogs were 

present and absent.  Using Tables 3a and 3b within Appendix 52, the average concentration of 

“seed” Quahogs, “littleneck” Quahogs, “cherrystone” Quahogs, “chowder” Quahogs, Common 

Oysters, and Soft-Shelled Clams for both the intertidal and subtidal portions of the Survey Area 

were determined. 

As stated earlier, the Survey Area is approximately 17,240 square meters (5,140 square meters of 

intertidal area and 12,100 square meters of subtidal area).  Changes in the anticipated size of the 

footprint of the project were driven by the needs of the future users of the facility and were made 

after the shellfish survey was conducted.  As a result, the current Impacted Area is larger than the 

Survey Area. The intertidal portion of the full Impacted Area of the project is 1.61 acres (6,516 

square meters) and subtidal portion of the full Impacted Area is 20.12 acres (81,425 square 

meters).  Therefore, the shellfish frequency calculated based upon the results collected within 

the Survey Area has been projected over the full Impacted Area. 

It is assumed that the frequency of shellfish within the Survey Area is consistent within the 

whole Impacted Area. The projection of the Survey Area results onto the full Impacted Area is 

shown on Table 4 within Appendix 52. Based upon this calculation, the following numbers of 

shellfish are likely to be impacted by the project: 

Type of Shellfish Projected # 

“Seed” Quahogs 1,059,505 
“Littleneck” Quahogs 2,183,249 
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“Cherrystone” Quahogs 2,938,348 
“Chowder” Quahogs 3,104,198 

Total Shellfish 9,285,300 

Note that this impact will be mitigated.  US EPA has indicated that there will be limitations 

imposed on the potential methods available for shellfish mitigation (see letter from US EPA 

attached to Appendix 52. Mitigation is identified in Section 7 below. 

6.4.5. Essential Fish Habitat Assessment 

This assessment of Essential Fish Habitat (EFH) for the South Terminal CDF construction is 

prepared in conformance with the Magnuson-Stevens Fishery Conservation and Management 

Act (Magnuson-Stevens Act). The Magnuson-Stevens Act, as amended by the Sustainable 

Fisheries Act of 1996 (Public Law 104-267), established procedures designed to identify, 

conserve, and enhance EFH for those species regulated under a federal fisheries management 

plan (FMP). Section 305(b)(2) of the Magnuson-Stevens Act requires federal agencies to consult 

with the National Oceanic and Atmospheric Administration’s (NOAA) National Marine 

Fisheries Service (NMFS) on all actions, or proposed actions, authorized, funded, or undertaken 

by the agency, that may adversely affect EFH.  Consistent with EPA’s directive, this EFH 

involved review and analysis of existing literature, rather than additional field work.  

The Magnuson-Stevens Act defines EFH as “those waters and substrate necessary to fish for 

spawning, breeding, feeding, or growth maturity.” The proposed project is located within an area 

designated as EFH for 20 fish species and is under the management jurisdiction of the New 

England Fisheries Management Council. 
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The South Terminal CDF construction involves the extension of an existing marine terminal via 

the installation of sheet piling, dredging in front of the sheet piling and filling behind the sheet 

piling at South Terminal located in New Bedford Harbor.  A Site Location Map and a figure 

showing the proposed work are included as Figures 1 and 2, respectively. 

The EFH assessment was conducted to supplement the resource area assessment for the proposed 

extension to the existing marine terminal.  This report identifies the existing habitat for 

spawning, nursery, foraging, and shelter/escape cover. The report quantifies the proposed 

conditions after the action on these habitats and the mitigation efforts utilized during and after 

the action to minimize it effects.  This report has been peer reviewed, and the resumes of some 

relevant reviewers are included within Appendix 53. 

6.4.5.1. Proposed Action 

Sheet piling will be extended in a line to the south, parallel to the existing face of South 

Terminal, and then will turn to the southwest, and then toward shore, as shown on Figure 2. The 

sheets will be driven to an appropriate depth, as determined by geotechnical testing, to allow for 

dredging in front of the sheet pile wall to a depth of between -30 to -32 MLLW at the northern 

portion of the sheet pile wall, and to a depth of -14 MLLW for the southern portions of the sheet 

pile wall. Once secured, the landward area behind the sheet pile wall will be backfilled with free 

draining material, and then filled to meet the grade of the existing South Terminal elevation.  It is 

currently anticipated that the area will be completed with a covering of crushed stone.  The area 
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in front of the east face of the sheet piling is anticipated to be dredged to between -14 MLLW 

and -30 MLLW, depending upon the location along the sheet pile wall.  The proposed dredge 

footprint is also shown on Figure 2. 

The environmental effects of the proposed project are both short-term and long-term.   

This project will have the following long-term effects upon Essential Fish Habitat: 

For the areas to be filled and bulkheaded: 

• Loss of 4.06 acres of shallow, near-shore subtidal habitat. 

• Loss of 1.43 acres of intertidal habitat. 

• Loss of 0.18 acres of salt marsh. 

For the areas to be dredged to accommodate berthing and transit of vessels: 

• Loss and/or significant change in resource value of 4.43 acres of shallow, near-shore 

subtidal habitat that will be dredged from an existing depth of between -1 and -6 MLLW to -14 

MLLW. 

• Loss and/or significant change in resource value of 4.03 acres of shallow, near-shore 

subtidal habitat that will be dredged from an existing depth of between -5 and -14 MLLW to -14 

MLLW. 
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• Loss and/or significant change in resource value of 3.68 acres of shallow, near-shore 

subtidal habitat that will be dredged from an existing depth of between -1 and -6 MLLW to 

between -30 and -32 MLLW.  

The long-term effects involve the filling of near-shore shallow subtidal areas as well as intertidal 

areas that serve as habitat and spawning grounds for essential fish.  Additional long-term effects 

involve the dredging of near-shore shallow subtidal areas from an elevation of approximately -1 

to -6 MLLW to between -14 to -30 MLLW, the alteration of which will result in the conversion 

of these areas from shallow subtidal habitat to deep subtidal habitat.    

Additional dredging of areas currently between -4 and -6 MLLW to between -6 and -7 MLLW 

(Gifford Street Channel Re-Alignment and Mooring Mitigation Areas - 8.01 acres), areas 

currently between -20 and -25 MLLW to -30 MLLW (South Terminal Channel Area - 7.01 

acres), from -26 to -30 MLLW to -30 MLLW (Federal Navigational Project Maintenance 

Dredging – 19.6 MLLW), or from -4 to -6 MLLW to -45 MLLW with subsequent filling and 

capping (CAD Cell Area – 8.67 acres) are not expected to cause any significant change to the 

functions and values of these existing areas. 

This project will have the following short-term effects upon Essential Fish Habitat: 

For the areas to be dredged to accommodate berthing and transit of vessels: 
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o Temporary disturbance of 4.43 acres of benthic habitat that will be dredged from an 

existing depth of between -1 and -6 MLLW to -14 MLLW. 

o Temporary disturbance of 4.03 acres of benthic habitat that will be dredged from an 

existing depth of between -5 and -14 MLLW to -14 MLLW. 

o Temporary disturbance of 3.68 acres of benthic habitat that will be dredged from an 

existing depth of between -1 and -6 MLLW to between -30 and -32 MLLW. 

o Temporary disturbance of 8.01 acres of benthic habitat that will be dredged from an 

existing depth of between -4 and -6 MLLW to between -6 and -7 MLLW. 

o	 Temporary disturbance of 7.01 acres of benthic habitat that will be dredged from an 

existing depth of between -20 and -25 MLLW to -30 MLLW, 

o Temporary disturbance of 19.6 acres of benthic habitat that will be dredged from an 

existing depth of between -26 and -30 MLLW to -30 MLLW. 

o	 Temporary disturbance of 8.76 acres of benthic habitat that will be dredged from an 

existing depth of between -4 to -6 MLLW to -45 MLLW, with subsequent filling and 

capping, 

6.4.5.2. Purpose 

The purpose of the project is to develop a multi-purpose marine terminal, as a component of the 

approved State Enhanced Remedy for New Bedford Harbor, a primary purpose of which will be 

to provide critical infrastructure to serve offshore renewable energy facilities, and which is also 

capable of beneficially re-using sand from navigational dredging or the construction of confined 

aquatic disposal facilities to the extent approved by US EPA. 
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The purpose of the EFH Assessment is to address the potential impact to finfish and shellfish 

resources from the construction of the proposed CDF and associated dredging.   

6.4.5.3. Need for CDF Construction at South Terminal 

Shore-side infrastructure is necessary to support construction, assembly and transshipment of 

foundation and turbine components for off-shore renewable energy projects.  Such facilities have 

specific requirements that need to be met, and cannot currently be met by utilizing existing 

resources. Extensive study of potential locations for an off-shore renewable energy support 

facility has concluded that the South Terminal CDF location is the only practicable location at 

which such a facility can be constructed.  The terminal as proposed represents the minimum lay-

down area, berthing space and dredging necessary to facilitate the terminal construction, such 

that it meets the minimum specifications required for off-shore renewable energy development 

(although also designed to accommodate a range of future potential uses).  Additionally, the 

proposed terminal represents an opportunity to beneficially reuse and/or manage material 

dredged from the harbor as part of the State Enhanced Remedy and ongoing EPA Superfund 

harbor cleanup activities. 

6.4.5.4. Description of the Study area 

New Bedford/Fairhaven Harbor is located on the northern shore of the Buzzards Bay coast and 

borders the communities of Fairhaven to the east, and New Bedford to the west.  It is 

approximately 56 miles south of Boston and 11 miles east of Fall River Massachusetts.  New 
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Bedford/Fairhaven Harbor is a coastal embayment with a mean tidal range of approximately 3.3 

feet or 1 meter (Howes and Goehringer, 1996).  The Acushnet River is the most significant 

freshwater inflow to the harbor.  It forms the border between New Bedford to the west and 

Fairhaven to the east.  Other smaller tidal streams fed by fresh water intermittent and perennial 

tributaries drain into either the Acushnet River or New Bedford/Fairhaven Harbor.  

The limit of the harbor lies at an imaginary line that extends from Clarks Point in New Bedford, 

east to Wilbur Point in Fairhaven.  New Bedford/Fairhaven Harbor is divided into three separate 

regions: the Upper Harbor, the Lower Harbor (together referred to as the Inner Harbor) and the 

Outer Harbor. There are also distinct smaller coves and embayments around its perimeter. 

Beginning from the mouth of the Harbor and proceeding upstream, the following distinct regions 

of the harbor are delineated: The Outer Harbor region extends from the harbor mouth, north 

(upstream) to the hurricane barrier seawall that extends from Fort Phoenix Beach in Fairhaven 

west to New Bedford, just south of Palmer Island.  From the seawall north to the I-195 Bridge 

lies the Lower harbor segment.  From I-195 Bridge upstream lies the Upper Harbor segment.  

Distinct areas of the harbor include the following: Proceeding north from the mouth of the harbor 

along the western shore lays the community of Clarks Point.  North of the seawall along the 

western shore of the Acushnet River lie commercial wharves within the City of New Bedford. 

Some of the more notable wharves (proceeding from north to south) include the New Bedford 

Gas and Edison Light Company wharf, Homer’s Wharf, the State Pier, Pier 3, Pier 4, and South 

Terminal (the Site).  Continuing upstream (north), Fish Island lies under Route 6 and the New 

Bedford/Fairhaven Bridge in the Lower Harbor.  To the east of Fish Island lies Popes Island 
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Marine Park, which also lies beneath the New Bedford/Fairhaven Bridge.  Continuing clockwise, 

and proceeding south along the eastern shore of the Acushnet River lies, first, Delano Wharf, 

then Kelly, Union, and Railroad wharves, north of the seawall.  Just east of the seawall on the 

eastern side of the southern limits of the Lower Harbor in Fairhaven lies the Fort Phoenix Beach 

State Reservation. East of Fort Phoenix lies the community of Harbor View on the west side of 

Priests Cove, a small embayment on the north shore of the Outer Harbor in Fairhaven.  East of 

Priests Cove lies the Community of Pope Beach.  Continuing south and counterclockwise along 

the western shore of the Outer Harbor lies Silver Shell Beach within the community of Sconticut 

Neck, a peninsula that extends southward from the middle of Fairhaven’s southern shore.  South 

of Silver Shell Beach lies a small unnamed tidal cove embayment and salt marsh.  Further south 

lies the limits of Sconticut neck at Wilbur Point. 

The main federal navigation channel leading into New Bedford/Fairhaven Harbor (the Entrance 

Channel) is authorized to a depth of 30 feet. It begins at a location just south of the Butler Flats 

Lighthouse in the Outer Harbor and continues northwesterly through the break in the seawall and 

into the Lower Harbor. The main navigation channel splits into two channels once inside the 

hurricane barrier. One channel provides access to the New Bedford Commercial Wharves (the 

New Bedford Reach) and the other (the Fairhaven Reach) provides access to the Fairhaven 

Wharves on the east side of the Lower Harbor. The New Bedford Reach terminates at an area 

between New Bedford Harbor to the west and Popes Island to the east.  A turning basin 

authorized to a depth of 30 feet lies at the terminus of the New Bedford Reach.  A maneuvering 

area lies adjacent to the west side of the New Bedford Reach between the commercial wharves 

and the reach. 
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The smaller Fairhaven tributary channel services the commercial wharves along the eastern shore 

of the Lower Harbor segment in Fairhaven.  The Fairhaven Channel has an authorized depth of 

15 feet adjacent to a 25-foot anchorage area within the Lower Harbor.  This 15-foot channel 

extends northeasterly between Crow’s Island and Fairhaven.  In the vicinity of Old South Wharf, 

the authorized depth of the Fairhaven reach changes from 15 to 10 feet.   

The Upper and Lower segments of the Inner Harbor contain several marinas, a significant 

recreational fleet, harborside historical attractions, various commercial fishing fleets and fish 

processing/cold storage facilities. Land usage along the western shore of the Outer Harbor 

contains a mixture of residential commercial and industrial uses.  Land usage along the eastern 

shore of the Outer Harbor is predominantly residential.  

6.4.5.5. Description of the Marine Terminal 

Hydrography 

The circulation of water in coastal embayments such as New Bedford/Fairhaven Harbor is 

influenced by a complex combination of forces produced by basin morphology, tidal 

fluctuations, wind, and density gradients.  Although general data regarding circulation conditions 

and sediment transport within the harbor has been collected (see below), no data exist describing 

the actual site-specific sediment transport and circulation patterns within the South Terminal 

CDF site. 
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General sediment transport and circulation conditions within the vicinity of the South Terminal 

CDF site can be assessed using the existing available information to quantitatively determine the 

suitability of the proposed sites. Circulation patterns within New Bedford/Fairhaven Harbor are 

primarily driven by meteorological events and mixed semi-diurnal tidal currents (EBASCO, 

1991; Howes and Goerhinger, 1996; NBHTC, 1996).  In the Upper Harbor, the mean tidal 

amplitude is approximately 3.7 feet (1.1 m).  Spring tide range is reported to be 4.6 feet (1.4m). 

In the Outer Harbor, the tidal range is reported to be from 1.41 ft (0.43m) to 5.05 ft (1.54m) with 

a mean of 4.65 ft (1.42 m)(ACOE, 1990).  Flushing of the harbor was determined to take 2 days 

under winter conditions, and 8 days under summer conditions (Bellmer, 1988).   

Local embayment and channel restrictions produce faster currents.  Examples of these locations 

include: within the opening in the hurricane barrier, within the vicinity of Popes Island, and 

within the vicinity of the Coggeshall Street Bridge.  At the Coggeshall Street Bridge, the average 

ebb tide velocity is 0.7 knots, however currents as fast as 3.5 knots have been recorded here 

during ebb tide (USACE, 1990). 

Bathymetry 

Water depth at the site varies between the portions of the site which have and have not been 

improved by navigational dredging in 2009 and 2010.  The water depths in the area not improved 

as a part of navigational dredging range from 0 MLLW to -6MLLW.  Areas improved as a part 

of navigational dredging in 2009 and 2010 are at a depth ranging from -19 to -22 MLLW (within 

the existing South Terminal basin) and ranging from -7 to -13 MLLW (within the Gifford Street 

Boat Basin and channel). 
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Sediment Characteristics 

Sieve size analysis of the surficial soils at the site revealed the predominant particle size is fine 

sand, with varying amounts of coarse sand and fine grained material.  The analysis indicated that 

the fines content of the material was between .01% and 12.8%. However there were only three 

samples which had silt content greater than 5%.  The US Department of Agriculture Natural 

Resource Conservation Service maps the soil type at the site as Udorthents, smoothed. 

Udorthents are defined as man-made land over loose sandy and gravelly glaciofluvial deposits 

and/or firm coarse-loamy basal till derived from granite and gneiss.  Onsite observation of the 

soil types at the site were consistent with USDA definitions as upland areas were determined to 

be urban fill and not naturally occurring.     

Water Quality 

Water Quality at the Site 

The NAI Report from 1999 indicated water temperatures are at their highest between June and 

August. Temperatures in the Inner Harbor Range between 17.1 C to 23.5 C in the summer and 

1.6 C and 7.3 C in the winter. The outer harbor has similar water conditions.  Salinity ranges in 

the inner harbor are from 29.2 ppt to 30.7 ppt.  The salinity ranges in the outer harbor are from 

26.7 ppt to 31 ppt. 

Water Quality From Past Dredging Work 

Water quality monitoring during navigational dredging and CAD Cell construction indicated 

small elevated swings in turbidity during dredging and disposal operations.  Water quality data 

associated with CAD Cell Construction and Navigational Dredging is attached as Appendix 54. 
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Water Quality Disposal 

Water quality monitoring completed by Battelle on behalf of the Environmental Protection 

Agency (EPA) at the disposal site (CAD Cell 2) was completed on April 14, May 20, May 21, 

May 27, and July 8, 2009. The conclusions within the Battelle Technical Memo to the United 

Stated Army Corps of Engineers (USACE) dated December 15, 2009 are below, and the report is 

attached within Appendix 55. Although this report does not specifically describe impacts due to 

dredging within New Bedford Harbor (the report focuses on turbidity plumes generated during 

disposal events within CAD Cells), the report does provide some information with regard to the 

effect, duration, and dissipation rate of turbidity plumes from disturbed sediment within New 

Bedford Harbor. Conclusions included: 

•	 Water column plumes created during disposal of dredge material into the CAD cell were 

nearly completely contained within the CAD cell silt curtain; 

•	 Inside the silt curtain, turbidities were observed as high as 110 NTU with TSS 

concentration as high as 260 mg/L; 

•	 Outside the silt curtain, the highest turbidities observed were only 20 NTS with TSS 

concentration of 50 mg/L and then only within close proximity to the cell in small 

filaments of plume which appear to have escaped the silt curtain at one of its seams; 

•	 The presence of the silt curtain nearly eliminated any tidal current within the CAD cell; 

currents inside the cell were less than 2cm/s and too weak to measure; 

•	 Within the CAD cell, the bulk of the turbidity plumes were limited to the lower half of 

the water column, down within the excavated cell, with the highest values usually with 1 

to 2 meters of the bottom; 
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•	 All plumes dissipated to near background levels within 1 to 1 ½ hours; 

•	 During near slack tide conditions the disposal plumes largely pooled beneath the barge 

with the cell, but during flood or ebb tides some of the plume collected against the inside 

of the silt curtain of the north or south side, respectively;  

•	 There were no significant reductions in endpoints for any of the toxicity test species, 

indicating that there were no measurable acute or sub-lethal impacts to marine organisms 

for exposures to the plume samples collected. 

Water and Sediment Quality 

Sediment quality within New Bedford Harbor has been the subject of many studies.  In order to 

evaluate the quality of potential sediment to be dredged from New Bedford/Fairhaven Harbor, a 

preliminary determination of its suitability for open ocean disposal was conducted as part of the 

DMMP in 1999 and 2002. The preliminary determination was based upon a comparison of 

sediment chemistry results from samples taken within proposed New Bedford/Fairhaven 

dredging projects with results from Massachusetts Bay Disposal Site (MBDS) reference sites and 

other sediment guidelines such as those developed by NOAA and the New England River Basins 

Commission (NERBC).  Based on a review of sediment chemistry data available from the 

harbor, it is assumed that all sediments from New Bedford/Fairhaven would be unsuitable for 

ocean disposal at MBDS, requiring disposal with in a CAD Cell or CDF. 

Habitat Areas of Particular Concern 

No Habitat Areas of Particular Concern (HAPC) are located within the project areas.  HAPC are 

described by NOAA as “subsets of EFH which are rare, particularly susceptible to human
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induced degradation, especially ecologically important or located in an environmentally stressed 

area” (NOAA, 1998). 

6.4.5.6. Fisheries Resources of the Project Area 

All of New Bedford/Fairhaven Harbor is designated as EFH.  The harbor provides EFH for at 

least one life stage for 20 managed species listed by the NEFMC.  Data collected by NMFS for 

EFH areas is presented in tabular summaries, which correspond to ten-minute by ten-minute 

squares of latitude and longitude.  The tabular data summary presented for this square is 

presented in Table 3-1. A notation “X” within the table indicates that the EFH has been 

designated within the square for a given species and life stage.  A notation “n/a”, if it appears in 

one or more life stage columns, denotes that that particular life stage does not occur for that 

particular species. 

Distribution of the managed species is a function of three major interdependent components: 

physical, chemical, and biological.  Variation of any or all of these components may affect the 

distribution of the managed species within the harbor.  This EFH Assessment was prepared 

based on the known specific habitat requirements for each life history stage of the listed 

managed species within New Bedford/Fairhaven Harbor and the tidally influenced portion of the 

Acushnet River, and knowledge of potential pending and future projects within the harbor that 

may impact these managed species. 

Federally Managed Fish of New Bedford/Fairhaven Harbor 
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New Bedford/Fairhaven Harbor is home to a number of fish species and other marine life 

(Howes and Goerhinger, 1996; USEPA, 1996; NAI, 1999).  Fish species include both 

commercial and recreational species, both bottom dwelling and free-swimming water column 

species, and both resident and migratory species.  Ecologically, the harbor functions both as an 

ocean embayment and estuarine environment.  Compared to classic estuaries, which receive 

large freshwater inputs, New Bedford/Fairhaven Harbor does not have a major freshwater 

drainage entering the harbor. The Acushnet River is the largest freshwater drainage entering the 

harbor. The harbor’s smaller coves and the Acushnet River, provide spawning and nursery 

potential for a number of the harbor’s fish.  

Table 3-1: New Bedford/Fairhaven Harbor EFH Designated Species 

10’x 10’ Square Coordinates: 

Boundary North East South West 

Coordinate 41� 40.0’ N 70� 50.0’ W 41� 30.0’ N 71� 00.0’ W 

Square Description (i.e. habitat, landmarks, coastline markers): 

Waters within Buzzards Bay within the Atlantic Ocean within the square affecting the following: 

south of Dartmouth, MA., New Bedford, MA., and Fairhaven, MA., from Sconticut Neck and 

the western part of West Island to Slocum Neck and Barneys Joy Point in Dartmouth, MA.  Also 

affected are: Wilkes Ledge, Mishaum Pt., Round Hill Pt., Smith Neck, Dumpling Rocks, Negro 
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Ledge, Great Ledge, Phinney Rock, Pawn Rock, White Rock, Hussey Rock, Apponagansett Bay, 

Ricketson Pt. in South Dartmouth, MA., Apponagansett, MA., Clarks Cove, Clarks Pt., in 

Fairhaven, MA., Butler Flats, Mosher Ledge, Wilbur Pt. on Sconticut Neck, Bents Ledge, 

Middle Ledge, and West Ledge.  These waters are also within western Nasketucket Bay, east of 

Sconticut Neck and north of West I., and within New Bedford Harbor. 

Species Eggs Larvae Juveniles Adults 
Atlantic cod (Gadus morhua) X X X X 
haddock (Melanogrammus aeglefinus) X X 
pollock (Pollachius virens) 
whiting (Merluccius bilinearis) 
offshore hake (Merluccius albidus) 
Red hake (Urophycis chuss) X X X 
white hake (Urophycis tenuis) 
redfish (Sebastes fasciatus) n/a 
witch flounder (Glyptocephalus 
cynoglossus) 
winter flounder (Pleuronectes americanus) X X X X 
yellowtail flounder (Pleuronectes 
ferruginea) 
windowpane flounder (Scopthalmus 
aquosus) 

X X X X 

American plaice (Hippoglossoides 
platessoides) 

X X 

ocean pout (Macrozoarces americanus) 
Atlantic halibut (Hippoglossus 
hippoglossus) 
Atlantic sea scallop (Placopecten 
magellanicus) 
Atlantic sea herring (Clupea harengus) X X 
monkfish (Lophius americanus) 
bluefish (Pomatomus saltatrix) X X 
long finned squid (Loligo pealei) n/a n/a X X 
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Species Eggs Larvae Juveniles Adults 
short finned squid (Illex illecebrosus) n/a n/a 
Atlantic butterfish (Peprilus triacanthus) X X X X 
Atlantic mackerel (Scomber scombrus) X X X X 
summer flounder (Paralicthys dentatus) X X X X 
scup (Stenotomus chrysops) X X X X 
black sea bass (Centropristus striata) n/a X X X 
surf clam (Spisula solidissima) n/a n/a X X 
ocean quahog (Artica islandica) n/a n/a 
spiny dogfish (Squalus acanthias) n/a n/a 
tilefish (Lopholatilus chamaeleonticeps) 
king mackerel (Scomberomorus cavalla) X X X X 
Spanish mackerel (Scomberomorus 
maculatus) 

X X X X 

cobia (Rachycentron canadum) X X X X 
sandbar shark (Charcharinus plumbeus) X 
bluefin tuna (Thunnus thynnus) X 

Source: NMFS, 2001 

New Bedford / Fairhaven Harbor Finfish Community 

A study consisting of seine and trawl samples were conducted in New Bedford/Fairhaven Harbor 

waters between 1998 and 1999 by Normandeau Associates Inc (NAI).  For each seine and trawl 

sample, all fish were identified to species, counted, then measured for biomass in grams and total 

length to the nearest mm. Exceptionally large catches were estimated through volumetric sub-

sampling, in which a minimum of twenty fish were measured.  Ages of the fish were estimated 

based on their lengths. Catch data was analyzed by descriptive statistics, including mean, range, 

and percent composition, to characterize seasonal and geographic features of the fish community 

in New Bedford/Fairhaven Harbor. 
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Seine Survey 

Nearshore sampling locations consisted of a 50-foot seine with a 3/16 delta mesh, positioned 

parallel to shore in approximately 1 m of water and then directly hauled to shore covering a 

rectangular area. One seine sample was collected at each of the three sampling areas.  Station 

NS1 was located in the south end of New Bedford near the ferry dock landing, while station NS2 

was located to the east of Fort Phoenix on a shallow sandy beach.  Station NS3 was located on 

the northeast side of Crow Island in the Inner Harbor.  The resources were calculated as a Catch 

Per Unit Effort (CPUE) based on the number of fish per haul.  
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Figure 3-1. NAI (1999) Finfish Sampling Locations in the Inner Harbor 
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Beach seine hauls attempted to cover equal distance, but hauls were not standardized to haul 

length. 

Seine catches in New Bedford harbor were, at times, dominated by large catches of a few 

species. On a few sampling dates no fish were caught (January and February), due to fish 

moving to deeper waters. The most numerous fish captured by the seine was Atlantic silversides 

(Menidia menidia), accounting for 44 % of the total catch at all seine-sampling locations. 

Striped killifish (Fundulus majalis) comprised 16%, mummichog (Fundulus heteroclitus) 9%, 

cunner (Tautogolabrus adspersus) 7%, and winter flounder (Psuedopleuronectes americanus) 

6% of the fishes captured in nearshore New Bedford Harbor (Table 3-2).  Inner Harbor data is 

represented by Station NS3.  

Table 3-2: Percent of fish caught in seine samples taken in New Bedford Harbor from June 1998 

through May 1999. 

Species Station 
NS1 
% 

Station 
NS2 
% 

Station NS3 
% 
(Inner 
Harbor) 

All Stations 
Combined 
(NS1-4) 
% 

Atlantic silverside (Menidia menidia) 45.2 33.4 54.1 43.6 

striped killifish (Fundulus majalis) 11.1 19.1 14.0 16.0 

cunner (Tautogolabrus adspersus) -- 10.2 5.8 7.5 

mummichog (Fundulus heteroclitus) -- 17.9 -- 8.7 

Atlantic menhaden (Brevoortia 
tyrannus) 

11.2 -- -- --
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Species Station 
NS1 
% 

Station 
NS2 
% 

Station NS3 
% 
(Inner 
Harbor) 

All Stations 
Combined 
(NS1-4) 
% 

black sea bass (Centropristus stiata) -- 6.8 -- --

winter flounder (Psuedopleuronectes 
americanus) 

-- -- 11.7 6.3 

northern kingfish (Menticirrhus 
saxatilis) 

-- -- 3.2 --

northern puffer (Sphoeroides 
testudineus) 

6.3 -- -- --

bluefish (Pomatomus saltatrix) 9.3 -- -- --

Other species 17 12.6 11.2 17.9 

Total 100.1 100 100 100 
Notes: -- = not determined for that species due to absence or extremely low abundance (If 

present, included in numbers tallied as part of other species category).  Some totals do not equal 

100% because of rounding. 

CPUE of Atlantic silversides generally rose throughout the summer to a peak in abundance in 

August, primarily due to an increase in the capture of Young of Year (YOY, annual fry) fish. 

The CPUE started to decrease in December, no fish were caught in January and February, and 

began to increase thereafter.  Striped killifish, which ranked second in CPUE, were most 

abundant, appearing in seine samples from July through December.  Most of the captured striped 

killifish comprised of YOY fish (less than 40 mm) collected in September hauls.  Mummichog 

ranked third in overall CPUE and was most common at sampling station NS2.  The CPUE for 

mummichog peaked in August and mummichog were most common at sampling station NS2, 
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which is in close proximity to a salt marsh.  Mummichog is a common shore-zone fish in the 

Atlantic coast estuaries, flooded salt marsh and mud flats which are important habitats for 

foraging (Haplin1997; Javonillo 1997).  At sampling station NS1 a large CPUE was documented 

for Atlantic menhaden (Brevoortia tyrannus) during the August sampling occasion. 

Station NS2 yielded the largest geometric mean of CPUE for all three stations followed by NS1 

and the lowest yielding station, NS3. On average the other species categories accounted for 

approximately 18 % of the catch.  This category included such fish as black sea bass 

(Centropristus stiata), northern kingfish (Menticirrhus saxatilis), winter flounder and northern 

puffer (Sphoeroides nephelus). Based on the captured fish length, most of the species were 

considered YOY fish. 

Trawl Survey 

Deeper water sampling was conducted with a 30-foot trawl made of 2-inch stretch mesh in the 

body and 1-inch stretch mesh in the cod end with a 1/4-inch liner.  Each trawl was towed for 

approximately 400 m.  When a 400 m tow length was not achieved, the length and catch was 

standardized by the following mathematical equation: 

CPUEs,t = (CATCHs,t/TOWt) 400 

Where: CPUEs,t = Catch per unit effort for species S in Sample T 

CATCHs,t = Catch of species S in sample T 

TOWt = Tow length in m of sample T 
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The trawl catches characterized the fish community of depths from 6.5 to 33 feet (2 to 10 

meters), within New Bedford Harbor.  Trawl sampling locations are identified as NT1 through 

NT5 as shown in Figure 3-1. Sampling location NT1 was in the outer harbor South End at 

depths of 23 to 26 feet (7 to 8 meters).  Station NT2 was also located in the Outer Harbor but 

north of the lighthouse at a depth of 16.5 to 20 feet (5 to 6 meters).  Sampling station NT3 was 

located in the Outer Harbor, but on the eastern side, at depths ranging from 23 to 26 feet (7 to 8 

meters).  Station NT4 was located in the Inner Harbor, to the east of the New Bedford docks, at 

depths between 26 and 29.5 feet (8 to 9 meters). Lastly, station NT5 was also located in the 

Inner Harbor, north of Popes Island at depths between 6.5 to almost 10 feet (2 to 3 meters).  

Generally, the observations of the trawl catches were scup representing 23% of CPUE, cunner 

21%, winter flounder 13%, black sea bass 9%, and northern pipefish 6% (Table 3-4).  On a few 

occasions single large catches of a less abundant species affected the total annual catch statistics. 

Other species caught in substantial quantities were Atlantic herring (March, stations NT1 & 

NT4) and Atlantic silversides (December & March -station NT2, March - station NT3). 

Monthly CPUE steadily increased from May, peaked in August, and then decreased to a seasonal 

low in February as water temperatures decreased and the fish moved to deeper water.  Highest 

CPUE occurred in August with scup dominating the catch.  Recruitment of young-of-the-year 

(YOY) of scup, cunner and black sea bass influenced the samples and reflected the seasonality of 

the deeper-water fish community.  
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Station NT1 ranked second among the five stations in CPUE, and the sample consisted mainly of 

scup (Table 3-3). Black sea bass, cunner, northern pipefish and Atlantic herring comprised the 

remainder of the sample.  However, these species were substantially less abundant than scup. 

The CPUE peaked in August and again rose significantly in March due to a large catch of 

Atlantic herring. CPUE were low during the months of November through February and no fish 

were caught in November.  YOY fish of Atlantic herring, scup, cunner and butterfish were 

present in the catches for most of the sampling events from March through October.  

Table 3-3: Percent of fish caught in trawl samples taken in New Bedford Harbor from June 1998 

through May 1999. 

Species % of Catch Per Station 

NT1 NT2 NT3 NT4 
(Channel 
Inner) 

NT5 
(Popes I.) 

combined 
(NT1-5) 

Atlantic herring 
(Clupea harengus) 

8.6 -- -- 12.6 -- --

Atlantic silversides 
(Menidia menidia) 

-- 10.3 8.7 -- 8.1 --

bay anchovy 
(Anchoa mitchilli) 

-- -- -- -- 6.5 --

black sea bass 
(Centropristus striata) 

11.3 7.1 13.1 -- -- 9.1 

Atlantic butterfish 
(Peprilus triacanthus) 

8.6 -- -- -- -- --

cunner 
(Tautogolabrus 

10.7 34.0 30.1 18.2 -- 20.8 
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adspersus) 

northern pipefish 
(Syngnathus fuscus) 

-- 4.6 -- 13.4 -- 6.0 

seaboard goby 
(Gobiosoma ginsburgi) 

-- -- -- -- 9.5 --

scup (Stenotomus 
chysops) 

35.3 25.3 26.8 17.3 -- 23.4 

windowpane flounder 
(Scopthalmus aquosus) 

-- -- -- -- 5.7 --

winter flounder 
(Pseudopleuronectes 
americanus) 

-- -- 6.2 11.5 52.5 12.5 

Other species 25.5 18.7 15.3 27.1 17.8 28.2 

Total 100 100 100.2 100.1 100.1 100 
Notes: -- = not determined for that species due to absence or extremely low abundance (If 

present, included in numbers tallied as part of other species category) Some totals do not equal 

100.0% because of rounding. 

Sampling station NT2, north of the lighthouse in the south end of outer New Bedford harbor, 

ranked third in CPUE among sampling stations.  The most common fish captured was cunner, 

with significant total catch yields from scup, Atlantic silversides, black sea bass, and northern 

pipefish. CPUE peaked in August at this sampling station due to the large numbers of scup, 

cunner and black sea bass. The CPUE decreased through October and few fish were caught in 

November.  The CPUE was low through November to February, when no fish were caught.  A 

significantly large catch of Atlantic silversides occurred in March and the CPUE steadily 

increased through July. Observed in the catches at this station were large amounts of Codium 

spp. and other red and green filamentous algae.  
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At sampling location NT3, which was located in the east side of outer New Bedford harbor, the 

CPUE ranked fourth among the five stations. Here again, the catches were dominated by the 

cunner, scup, black sea bass, Atlantic silversides and winter flounder.  Cunner was captured in 

every sampling event except during September.  Young-of-Year fishes for the scup, cunner 

(except September), and black sea bass were observed in catches from June through October. 

Atlantic silversides were caught in January and March and the catch consisted of both YOY and 

yearlings. Winter flounder were captured in September and March through May, and catches 

comprised of both one year and older fish. 

Station NT4 is located in the Inner Harbor, east of the New Bedford Docks.  This station was 

highest in CPUE for all stations.  The high ranking was in part related to the large captures of 

Atlantic herring in March.  Cunner was captured in each sampling event occurring April through 

November.  The highest CPUE occurred in September, at this location, decreasing to near zero 

catches in February and increasing in March through August.  YOY fish for cunner, scup, 

Atlantic herring, and winter flounder were all recruited during many sampling efforts. 

Interestingly, the distribution of the species was fairly consistent and equal with no one species 

consistently dominating the catches.  For the five species listed, the percentage of catch per 

species ranged between 11.5 % to 18.2 % and the other species category equaled 27.1%.   

Sampling station NT5 was located in the Inner Harbor north of Popes Island.  This station 

consistently yielded the lowest CPUE of all sampling stations.  The catches consisted of winter 

flounder (52%), followed by seaboard goby, Gobiosoma ginsburgi (9.5 %), Atlantic silverside 
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(8%), bay anchovy, Anchoa mitchilli, (6.5 %), windowpane flounder, Scopthalmus aquosus, 

(5.75%) and other species comprised the remainder.    

Diadromous Fish Activity 

Alewife (Alosa pseudoharengus), blueback herring (Alosa aestivalis), striped bass (Morone 

saxatilis), rainbow smelt (Osmerus mordax) and white perch (Morone americana) are 

diadromous in the Buzzards Bay area.  The Acushnet River supports an annual anadromous fish 

run of alewife (Alosa pseudoharengus), which spawn in Sawmill pond, generally beginning in 

March/April and continuing into June (Howes and Goehringer, 1996).  Other anadromous and 

diadromous species known to utilize Buzzards Bay waters are the blueback herring, and rainbow 

smelts  

Anadromous fish are those that migrate from the sea to breed in fresh water.  Diadromous fish 

are fish that partake in regular, periodic (typically seasonal), and obligatory movements between 

fresh and marine water habitats.  These movements are further classified into one of three 

categories: anadromy, catadromy, and amphidromy, defined below by Matthews (1998): 

• Anadromy: the periodic and obligatory migration of fish from marine waters into fresh 

water to spawn. Examples in the New Bedford/Fairhaven Harbor icthyofaunal community 

would be the rainbow smelt, blueback herring, alewife and striped bass. 

• Catadromy: the periodic and obligatory migration of fish from fresh water into marine 

waters to spawn. An example in the New Bedford/Fairhaven Harbor icthyofaunal community 

would be the American eel. 
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• Amphidromy: the periodic movement of immature or juvenile fish between fresh and 

marine waters.  Winter flounder, which tolerate a wide range of salinity from fresh water to 

seawater salinities (Pereira, 1999), would be an example of an amphidromous fish species known 

to inhabit the New Bedford/Fairhaven Harbor icthyofaunal community. 

Recent finfish sampling in New Bedford/Fairhaven Harbor has provided current data on 

diadromous fish activity within the New Bedford/Fairhaven Harbor/Acushnet River estuary 

(NAI, 1999). Alewife was found to appear in trawl samples collected from the harbor in 

September, but was absent in other months.  Trawl sampling also revealed that significant 

rainbow smelt runs occur in the harbor in the early spring and then again in summer, with peak 

densities occurring in March and July.  White perch were found to occur in New 

Bedford/Fairhaven Harbor waters solely in March.  American shad and blueback herring were 

not caught in either seine or trawl samples collected from New Bedford Harbor during NAI 

finfish sampling efforts (NAI, 1999).  The restoration of alewife and blueback herring runs in the 

Acushnet River Estuary has been identified as a priority by the NOAA Fisheries, Restoration 

Center (Turek, personal communication). 

Alewife are anadromous non-residents of the Buzzards Bay waters.  They return each year with 

regularity and are important both as a recreational and commercial resource.  This finfish 

resource has a substantial number of early laws and regulations in the Commonwealth of 

Massachusetts statutes designed to protect the fishery.  The alewives return to their freshwater 

spawning grounds beginning in late April to early May.  The young typically spend their early 

stages in the ponds and as early as July migrate out to the estuaries to spend their first year 
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(Cooper, 1961). The diet of the alewife mainly consists of copepods, shrimp, eggs and larvae 

(Howes and Goehringer, 1996). The mean catch per unit effort (catch per haul) for alewife 

captured during finfish trawl sampling within New Bedford/ Fairhaven Harbor was greatest in 

September (NAI, 1999). 

Blueback herring are closely related to alewife and sometimes mistaken for alewife. Like their 

kin, they are also anadromous, usually entering the brackish estuarine waters by mid-May to 

spawn. The blueback or river herring tend to be more salinity tolerant and do not depend on the 

freshwater nursery habitat as much as alewives (Chittenden, 1972; Clayton et al., 1978).  The 

diet of the blueback herring consists of copepods, pelagic shrimp, fish eggs and larvae (Howes 

and Goehringer, 1996). Both the alewives and the blueback herring are an important prey source 

for many other fish including EFH species that occur in the New Bedford/Fairhaven quadrant, 

such as bluefish (Bowman et al., 2000). 

Nursery Potential 

Certain intertidal and subtidal habitats are favorable for finfish nurseries in that they provide 

areas for cover, feeding, and development.  For instance, salt marsh (intertidal) and subtidal 

eelgrass (Zostera marina) habitats provide nursery habitat for numerous fish species.  Certain 

other benthic substrate conditions outside of salt marsh or eelgrass areas can also be good 

nursery habitat.  Therefore, the presence of these habitats to the finfish resources of New 

Bedford/Fairhaven Harbor is discussed below. 
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The various subtidal and intertidal habitats with nursery potential are an important part of the 

ecology for New Bedford/Fairhaven Harbor and other communities within Buzzards Bay.  These 

habitats generally occur around the perimeter of the embayment although in some areas they 

have been dramatically altered or eliminated by development.  New Bedford/Fairhaven Harbor 

has the smallest amount of salt marsh area due to the large-scale development and the physical 

structure of the harbor (Howes and Goehringer, 1996).  Therefore, the remaining intertidal and 

subtidal benthic substrates identified as having a high nursery potential, are important resource 

areas to the harbor’s finfish community.  

Both resident and non-resident species inhabit these areas and represent an important element in 

the ecological web of both the harbor and Buzzards Bay.  Most resident fish species spend their 

entire life within these habitats and, therefore, within the waters of New Bedford/Fairhaven 

Harbor. Non-resident adult species enter these habitats to spawn, and juveniles of other species 

use these habitats only as nursery grounds.  Typical resident species include the Atlantic 

silverside, which generally live for only one year, but those that do survive migration to deeper 

warm waters in the winter, return to nearshore nursery areas to spawn in the spring.  Three 

species of killifish are typical residents of the salt marsh.  These fish usually winter in the lower 

sandier areas of the marsh.  Spawning generally occurs between April and October. 

mummichogs are also residents, typically these fish will live several years and winter by 

burrowing or clinging to the bottom of creeks and marsh pools, generally in brackish waters in 

the upper reaches of the marsh system (Howes and Goehringer, 1996).  Resident species may be 

susceptible to impacts associated with dredging since they may be exposed to suspended 

sediment generated during dredging activities for a long duration, and throughout various stages 
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of their life cycles. Exposure to contaminated sediment during larval and juvenile development 

may have health implications for the species during later life stages.   

Non-resident species include bay anchovy, sheepshead minnow, striped mullet (Mugil cephalus), 

northern pipefish, butterfish, black sea bass, cunner, American eel (Anguilla rostrata), and sand 

lance (Ammodytes americanus). Non-resident species growth rate in the salt marsh is almost 10 

times the rate of the residents.  An investigation of the gut contents of residents and non

residents showed that gut contents were consistent with the observed growth rates.  The non

resident species maintained a higher feeding rate and consumed a higher percentage of animal 

foods than residents (Howes and Goehringer, 1996). 

Although non-residents may spend less time within the estuaries, they may not necessarily be 

less susceptible to impacts associated with dredging.  Their higher feeding rates and higher 

percentage consumption of animal foods may make them more susceptible to toxic effects of 

sediment contaminants.  As developing larvae or juveniles in a nursery, they may be highly 

susceptible to certain toxicants. This exposure also represents a pathway of dredge materials 

impact to areas outside of the harbor, should these fish leave the estuarine nursery for offshore 

adult habitats. 

Utilizing the information from the DMMP Seine and Trawl Surveys (NAI, 1999), REMOTS® 

survey (Valente, 1999), and other literature, the potential value for Aquatic Disposal Sites as a 

nursery for finfish and large invertebrates was assessed.  Dredging is more likely to affect 

sensitive larval and juvenile stages of fish and invertebrates, so the protection of areas with high 
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nursery potential is important.  Nursery potential was estimated using the method described by 

Wilbur (1999), using data on habitat complexity and presence of juvenile fish.  

All New Bedford Harbor candidate aquatic disposal sites were determined to have moderate to 

high nursery potential for juvenile fish.  Beach seine and open water trawl sampling conducted 

within New Bedford Harbor (NAI, 1999) revealed that many areas of the harbor are important 

finfish nursery areas. For instance, the Inner Harbor was found to be an important nursery area 

for winter flounder, while deeper water areas of the Outer Harbor were found to provide nursery 

for scup, cunner, and black sea bass. 

Spawning  

Spawning is an essential life history activity of all marine and estuarine organisms.  Specific 

habitat conditions are required to induce spawning and support successful reproduction and 

development.  Spawning occurs over a wide range of substrates depending on the species.  These 

substrates include, but are not limited to, silty sand, sand, gravel, cobble, boulder, shellbeds, 

eelgrass, etc. Spawning periods and conditions for the most common fish and invertebrates are 

widely known and many local surveys have identified important habitat associations that appear 

to be essential to induce spawning and for the reproduction and development of fishes and 

invertebrates after spawning. 

Based on habitat associations and regional distribution of spawning activity, several demersal 

finfish species may locate suitable environmental conditions for spawning within Massachusetts’ 

ports, estuaries and/or open water (Wilbur, 2000).  Some of the more abundant fish known to 
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spawn within New Bedford/Fairhaven harbor include Atlantic silversides, striped killifish, 

cunner, mummichog, northern pipefish, ocean pout, winter flounder, Atlantic butterfish, and 

Atlantic mackerel.  Abundant shellfish known to spawn in the harbor include Atlantic rock crab 

(Cancer irroratus), green crab (Carcinus maenus), blue mussel (Mytilus edulis), softshell clam 

(Mya arenaria), Northern quahog (Mercenaria mercenaria), and green sea urchin 

(Stronglyocentrotus droebachiensis). Blueback herring, alewife, and rainbow smelt spawn in 

upstream waters in the Acushnet River and pass through the harbor en route to spawning grounds 

from offshore wintering areas.  Winter flounder, and Atlantic butterfish can also spawn in 

offshore waters.  Table 3-5 lists the dominant fish and invertebrate species and their known 

spawning seasons in New Bedford/Fairhaven Harbor and adjacent waters.  

Within the season, spawning can be spatially variable in Massachusetts’ coastal waters due to 

presence or absence of specific habitat requirements that are required for spawning (e.g., 

temperature, salinity, depth, substrate, etc,).  Spawning potential can be better predicted in a 

given location based on presence or absence of these special spawning habitat requirements. 

Table 3-6 lists the special habitat requirements for spawning of managed fish species known to 

occur within New Bedford/Fairhaven Harbor. 

Table 3-5: Spawning Seasons for Common Nearshore Invertebrates and Fish Species of 

Buzzards Bay, including New Bedford/Fairhaven Harbor  

Common Name Spawning Season 

Invertebrates 
American lobster  
(Homarus americanus) April - May1 
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Common Name Spawning Season 
Atlantic rock crab  
(Cancer irroratus) July - October1 

green crab
 (Carcinus maenus) June - October1 

blue mussel 
(Mytilus edulis) April - October1 

softshell clam 
(Mya arenaria) March - July1 

northern quahog 
(Mercenaria mercenaria) June - August1 

green sea urchin
 (Stronglyocentrotus droebachiensis) February - April1 

Finfish 
winter flounder 
(Pseudopleuronectes americanus) February - June1 

butterfish
 (Peprilus triacanthus) spring and summer2 

rainbow smelt 
(Osmerus mordax) March - May1 

striped bass 
(Morone saxatilis) June - July1 

alewife 
(Alosa pseudoharengus) April - May1 

blueback herring 
(Alosa aestivalis) April - July1 

Source: 1 Howes and Goerhinger, 1996 

2 NMFS/NERO, www.nero.nmfs.gov/ro/doc/efhtables.pdf  

Table 3-6: Spawning Requirements for some Common Managed Inshore Fish and 

Invertebrate Species known to Spawn in New Bedford/Fairhaven Harbor.  

Species Name Temp. 
(OC) 

Salinity 
(�) 

Depth 
(m) 

Substrate 

winter flounder <10 10 - 32 0.3 - 4.5 sand, muddy sand, 
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(Pleuronectes 
americanus) 

(inshore) mud, gravel 

Atlantic butterfish 
(Peprilus triacanthus) 

11 - 17 25 - 33 0 - 1829 pelagic waters 

Atlantic mackerel 
(Scomber scombrus) 

5 - 23 18 - >30 
(peak 
>30) 

0 - 15 pelagic waters 

scup 
(Stenotomus chyrsops) 

13 - 23 13 - 23 <30 pelagic waters in 
estuaries 

black sea bass 
(Centropristis striata) 

n/a n/a 0 - 200 upper water 
column 

Source: NMFS/NERO, www.nero.nmfs.gov/ro/doc/efhtables.pdf  

6.4.5.7. Essential Fish Habitat Descriptions 
Information on habitat requirements for the listed EFH species of the 10-minute x 10 minute 

EFH Quadrant is discussed in this section.  This information was synthesized from various 

publications from NOAA, NMFS and the NEFMC.  The information provided herein presents 

the special habitat requirements only for the specific life cycles stages of the EFH species listed 

for the EFH quadrant. It should be noted that it is possible during dispersal, disturbance events, 

or as a result of other stimuli in the environment, for these listed EFH species to be found in 

habitats that deviate from those listed here.  Therefore, the reader should note that potential 

seasonal and spatial variability of the conditions associated with these species is possible and 

should be expected. 

LEAST AFFECTED SPECIES 

The following species are anticipated to be affected the least by the proposed project, due to 

either their preference for bodies of water with either greater depth or greater salinity than that 
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found within New Bedford Harbor, or that only juveniles and adults would potentially be present 

within the work area, and that the species are mobile enough to flee the construction site before 

injury to the fish would occur.  It is anticipated that some short-term impacts to these species 

could occur from sediment entrained within the water column during dredging operations; 

however, these potential impacts could be mitigated by sediment and turbidity controls.   

ATLANTIC COD (Gadus morhua) 

Atlantic cod is an economically important member of the family Gadidae.  This fish ranges in 

North America from southern Greenland and southeast Baffin Island, south to Cape Hatteras, 

and North Carolina (winter) (Robins and Ray, 1986).  In southern New England, Atlantic cod are 

common only in winter and spring in shallow waters under 12 m (40’) deep, but are common 

year round in deeper water (Weiss, 1995).  The New Bedford/Fairhaven Harbor Quadrant 

provides EFH for Atlantic cod eggs, larvae, juveniles and adults.  The NOAA Technical 

Memorandum is attached in Appendix 56. 

Eggs 

Viable eggs are reportedly found in harbor waters with a salinity range of greater than 32 to 

33°/00 and temperatures below 63°F (12°C).  Eggs are observed beginning in the fall, with peak 

densities occurring in the following winter and spring (NEFMC, 1998; Fahay et al., 1999a). 

Larvae 

Cod larvae are typically pelagic.  They can be found in near-shore waters at depths between 98 

and 230 feet (30 and 70 meters) when sea surface temperatures are below 50ºF (10ºC) and 
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salinity ranges from 32 to 33°/00. Larvae are most often observed in the spring (NEFMC, 1998; 


Fahay et al., 1999a). 


Juveniles
 

Atlantic cod juveniles are found in bottom habitats dominated by cobble or gravel substrates. 


Juveniles require water temperatures below 68°F (20°C), prefer water depths from 82 to 246 feet
 

(25 to 75 meters) and salinity of 30 to 35°/00 (NEFMC, 1998; Fahay et al., 1999a). 


Adults 

Atlantic cod adults are typically found in bottom habitats dominated by cobble, gravel or rock 

substrates but also occupy sand or shell areas (NEFMC, 1998).  Adults prefer water temperatures 

below 10ºC (50ºF), depths from 10 to 150 m (33 to 492 ft) and tolerate a wide range of salinities. 

Most cod are observed spawning during the fall, winter and early spring (NEFMC, 1998; Fahay 

et al., 1999a). 

HADDOCK (Melanogrammus aeglefinus) 

In North America, haddock (family Gadidae) range from northern Newfoundland south to Cape 

Hatteras, NC (Robins and Ray, 1986).  Haddock is an important species to the New Bedford 

Harbor commercial fishery industry.  The New Bedford/Fairhaven Harbor Quadrant is 

designated EFH for eggs and larvae haddock.  The NOAA Technical Memorandum is attached 

in Appendix 56. 

Eggs 
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Eggs of this species are found in the greatest abundance in surface waters where temperatures are 


below 50°F (10oC), at water depths between 164 and 295 feet (50 and 90 meters) and in salinity 


ranging from 34 to 36°/00 (NEFMC, 1998). Eggs occur between March to May with the greatest 


densities occurring in April (Cargnelli, et al., 1999a).  


Larvae
 

Larvae are found in surface waters where temperatures are below 57ºF (14oC), water depths are 


between 98 and 295 feet (30 and 90 meters) and salinity ranges from 34 to 36°/00 (NEFMC,
 

1998; Cargnelli et al., 1999a). 


RED HAKE  (Urophycis chuss) 

Red hake, a commercially harvested species of the family Gadidae, ranges in North America 

from southern Labrador to North Carolina (Robins and Ray, 1986).  The New Bedford/Fairhaven 

Harbor Quadrant is designated EFH for larvae, juveniles, and adults of this species.  The NOAA 

Technical Memorandum is attached in Appendix 56. 

Larvae 

Larvae are found in pelagic waters.  They prefer sea surface temperatures below 19oC (66ºF), 

water depths less than 200 m (656 ft), and a salinity of greater than 0.5°/00. They appear from 

May through December with peak densities recorded for the months of September and October 

(Steimle et al., 1999a).  

Juveniles 
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Juvenile red hake seek out bottom habitat with shell fragment or live sea scallop bed substrates. 

Juveniles prefer water temperatures below 16oC (61ºF), water depths less than 100 m (328 ft), 

and a salinity range from 31 to 33°/00. Juveniles tend to avoid shallow waters warmer than 22oC 

(71oF). Juveniles remain pelagic until they reach a size of 25-30 millimeters (mm) total length 

(TL), after which they seek out sheltered areas.  Juveniles are present along coastal regions from 

spring to fall (NEFMC, 1998; Steimle et al., 1999a).  

Adults 

Adult red hake seek out bottom habitats, especially depressions with a substrate of sand and mud 

in areas where water temperatures are below 12oC (54ºF). They prefer depths of 10 to 130 m (33 

to 427 ft) and salinities between 33 and 34°/00. Adults spawn in the depressions of sand and mud 

when water temperatures are less than 10oC (50ºF), at depths of less than 100 m (328 ft) and in 

areas where salinity falls to less than 25°/00. Spawning typically occurs during the months from 

May to November, with peak spawning activity occurring in June and July (NEFMC, 1998; 

Steimle et al., 1999a).  

AMERICAN PLAICE (Hippoglossoides platessoides) 

American plaice is a right-eye flounder (family Pleuronectidae) that ranges in North America 

from southern Labrador and Greenland, south to Rhode Island (Robins and Ray, 1986). 

American plaice is common in the Gulf of Maine waters over 40 m (125’) deep and colder than 

13°C (55°F), however they rarely stray into shallow estuarine waters (Weiss, 1995).  The New 

Bedford/Fairhaven Harbor Quadrant is a designated EFH for American plaice juveniles and 

adults. The NOAA Technical Memorandum is attached in Appendix 56. 

173 




 

  

 

 

 

 

 

 

Juveniles 

American plaice juveniles are found in bottom sediments ranging from fine–grained to sand 

or gravel substrates. Juveniles require water temperatures below 63°F (17°C).  They prefer 

water depths between 148 and 492 feet (45 and 150 meters) but tolerate a wide range of salinities 

(NEFMC, 1998; Johnson et al., 1999). 

Adults 

American plaice adults are also found in bottom sediments ranging from fine–grained to sand or 

gravel substrates.  Adults prefer water temperatures below 63°F (17°C) and water depths 

between 148 and 574 feet (45 and 175 meters).  They tolerate a wide range of salinities. 

Beginning in March, adults move shoreward to spawn in water depths of less than 295 feet (90 

meters).  Spawning continues through June (NEFMC, 1998; Johnson et al., 1999). 

ATLANTIC BUTTERFISH (Peprilus triacanthus) 

This species is a commercially important member of the family Stromateidae, a family 

comprised largely of coastal and oceanic warm-water fish (Robins and Ray, 1986).  These fish 

migrate shoreward in the spring. By summer, they can be found in loose schools inhabiting 

waters from sheltered bays, seaward to the edge of the mid-Atlantic shelf to depths of 200 m 

(656 ft). They then return to deeper and more southerly waters in the fall, as water temperatures 

again decrease (Cross, et al., 1999). New Bedford/Fairhaven Harbor Quadrant provides EFH for 

eggs, larvae, juveniles, and adults of this species.  The NOAA Technical Memorandum is 

attached in Appendix 56. 
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 Eggs 

Inshore, butterfish eggs are collected from mixing, seawater, or both salinity areas of estuaries. 

Egg densities are greatest in water temperatures between 52 and 63 oF. Eggs may be collected 

from shore to a depth of 1,829 m (6000 ft) (Cross, et al., 1999; NMFS/NERO, 2001).   

Larvae 

Larvae inhabit the upper layer of open waters, usually associated with floating cover such as 

cnidarians or Sargassum weed. They become more abundant at night near the water surface than 

during the day, suggesting a diel vertical migration behavior pattern (Kendall and Naplin, 1981). 

Larvae are reported from waters within their range at temperatures between 4.4 and 27.9°C (40 

and 82oF), but prefer temperatures of between 9 and 19°C (48 and 66oF). They are found in 

mixing zone and seawater salinities (Cross, et al., 1999; NMFS/NERO, 2001).  Larvae are most 

frequently observed in July and August, with abundance sharply declining by the end of 

September. 

Juveniles 

Juvenile butterfish inhabit open waters from the surface to depth on the continental shelf. 

Juveniles typically occupy a vertical range in the water column of 10 to 330 m (33 to 1,082 ft). 

These fish are commonly observed in coastal bays and estuaries, and other inshore areas. 

Frequent sightings in the surf zone have also been documented.  Juvenile butterfish can tolerate a 

wide range of salinity (3.0 to 37.4°/00), hence their sightings in estuaries, bays and in offshore 

waters. In previous sampling studies, the greatest numbers of fish collected were at sampling 
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depths of 120 m (393 ft).  The schools can be found over sandy to muddy substrates and prefer a 

temperature range from 4.4 to 29.7ºC (40 to 85ºF).  However, their survival rate is reduced when 

the temperature falls below 10ºC (50ºF).  Juveniles are generally present from spring through fall 

(Cross, et al., 1999). 

Adults 

Inshore, butterfish eggs are collected from mixing, seawater, or both salinity areas of estuaries. 

Egg densities are greatest in water temperatures between 11 to 17 ºC (52 and 63 oF). Generally 

adult butterfish inhabit water columns between 10 to 366m (33 to 1200 ft) and are typically 

found in water with temperatures from 37 –82 ºF (Cross, et al., 1999;  NMFS/NERO, 2001). 

ATLANTIC MACKEREL (Scomber scombrus) 


Atlantic mackerel (family Scombridae) range in North America from southern Labrador to Cape 


Hatteras (Robins and Ray, 1986) and is very common in southern New England waters (Weiss, 


1995). The New Bedford/Fairhaven Harbor Quadrant is designated EFH for eggs, larvae, 


juveniles, and adults of Atlantic mackerel.  The NOAA Technical Memorandum is attached in 


Appendix 56. 


Eggs
 

Eggs of the Atlantic mackerel are found in both near-shore and offshore waters. In near-shore 


waters they are typically found in mixing water salinity (between 0.5 and 25°/00) to seawater 


salinity (greater than 25°/00) and at depths between zero and 50 feet (zero and 15 meters).  Eggs 


require temperatures between 41 and 73oF (5 and 23ºC) (Studholme, et al., 1999). 
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Larvae 

Larvae of the Atlantic mackerel are found in both near-shore and offshore waters.  In near-shore 

waters such as New Bedford Harbor they are typically found within mixing water salinity 

(between 0.5 and 25°/00) to seawater salinity (greater than 25°/00) range, at depths of 33 to 425 

feet (10 to 130 meters), and at temperatures between 43 and 72oF (6 and 22ºC) (Studholme, et al., 

1999; NMFS, 2001). 

Juveniles 

Atlantic mackerel juveniles are found in both near-shore and offshore waters. In near-shore 

waters, such as New Bedford Harbor, they are typically found in mixing water to seawater 

salinities, at depths ranging from zero to 320 m (zero to 1,050 ft) and temperatures between 4ºC 

and 22ºC (39 and 72oF) (Studholme, et al., 1999; NMFS, 2001).  Juveniles tend to peak in 

density from May through August, with numbers declining sharply thereafter. 

Adults 

Adults are found in both near-shore and offshore waters. In near-shore waters, such as New 

Bedford Harbor, they are typically found in mixing water and seawater salinities, at depths 

ranging from zero to 381 m (zero to 1,250 ft) and at temperatures between 4ºC and 16ºC (39 and 

61oF) (Studholme, et al., 1999; NMFS, 2001).  Adult mackerel are present during the late winter 

to early spring, after which they migrate to deeper open water.  A brief return of adults may 

occur in late fall. 

SANDBAR SHARK (Charcharhinus plumbeus) 
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A member of the requiem sharks (family Carcharhinidae), the sandbar shark inhabits the western 

Atlantic from Massachusetts to southern Brazil (Robins and Ray, 1986).  In southern New 

England, sandbar sharks are not common in estuarine waters (Weiss, 1995).  The New 

Bedford/Fairhaven Harbor Quadrant is designated EFH for sandbar shark adults.  The NOAA 

Technical Memorandum is attached in Appendix 56. 

Adults 

Adult Sandbar sharks inhabit shallow, muddy, coastal waters to the 50 m (165 ft) isobath from 

Nantucket, Massachusetts, south to Miami Florida.  They also inhabit waters surrounding 

peninsular Florida, west to the Florida panhandle at water temperatures up to 30ºC (85°F), and 

saline portions of Florida Bay (NMFS/NERO, 2001).  This species is known to migrate south in 

winter to wintering grounds from North Carolina, south to Florida and the Caribbean Sea. 

BLUEFIN TUNA (Thunnus thynnus) 

A member of the family Scombridae, and renown as a food and game fish, bluefin tuna range 

from southern Labrador, Canada south to northern Brazil (Robins and Ray, 1986).  The New 

Bedford/Fairhaven Harbor Quadrant is designated EFH for bluefin juvenile stages.  The NOAA 

Technical Memorandum is attached in Appendix 56. 

Juveniles 

EFH for bluefin juveniles is essentially all coastal pelagic surface waters that exceed 

temperatures of 12°C (52ºF) and lie between the 25 and 200 m (82 and 656 ft) isobaths from 

Cape Ann, MA, south to Cape Hatteras, NC (NMFS/NERO, 2001).  
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ATLANTIC SEA HERRING  (Clupea harengus) 

Atlantic sea herring is an economically important member of the family Clupeidae.  This fish 

ranges in North America from Greenland and northern Labrador, south to North Carolina 

(Robins and Ray, 1986). The New Bedford/Fairhaven Harbor Quadrant is designated EFH for 

juveniles and adult Atlantic sea herring. The NOAA Technical Memorandum is attached in 

Appendix 56. 

Juveniles 

Atlantic sea herring juveniles frequent open waters and bottom habitats with temperatures below 

10oC (50ºF). They prefer water depths from 15 and 135 m (49 to 443 ft) and a salinity range of 

26 to 32°/00 (NEFMC, 1998; Reid et al., 1999). 
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Adults 

Atlantic sea herring adults are found in open waters and bottom habitats.  They generally prefer 

water temperatures below 10oC (50°F), inhabit water depths from 20 to 130 m (66 to 427 ft), and 

prefer salinities above 28°/00. Atlantic herring adults use bottom habitats with gravel, sand, 

cobble or shell fragment substrate for spawning.  Patches of aquatic macrophytes are also used. 

Spawning typically occurs in water depths between 20 and 80 m (66 and 263 ft) and in salinities 

ranging from 32 to 33°/00. Spawning occurs from July through November in areas of well-mixed 

water with tidal currents between 1.5 and 3.0 knots (NEFMC, 1998).  Adults are present in 

smaller numbers in the spring and fall, and are typically not observed during the summer (Reid, 

et al., 1999). 

BLUEFISH (Pomatomus saltatrix) 

Bluefish (family Pomatomidae) is an important commercial and sport fish ranging from Nova 

Scotia, Canada, south to Argentina (Robins and Ray, 1986).  In southern New England, young 

“snapper” bluefish are very common near-shore and in estuaries, while the larger bluefish are 

common offshore (Weiss, 1995).  The New Bedford/Fairhaven Harbor Quadrant is designated as 

EFH for bluefish juveniles and adults. The NOAA Technical Memorandum is attached in 

Appendix 56. 

Juveniles 

All major estuaries from Penobscot Bay, Maine south to St. Johns River in Florida is considered 

EFH for bluefish juveniles. Juvenile bluefish prefer estuaries or shallow water with temperatures 

between 15 and 30°C (59 and 86°F). Typical salinities of waters frequented by this species 
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range from 23 to 33°/00. Preferred substrates include sand, mud, silt, and clay (Fahay et al., 


1999b). 


Adults
 

Adult bluefish are most common in near-shore open waters with temperatures ranging from 15 to 


25°C (59 to 77°F), and with seawater salinities. Adults are highly migratory, appearing in New 


Bedford/Fairhaven Harbor from May through October, after which they migrate southward, 


returning to warmer waters.  They reportedly prefer salinities greater than 25°/00 (Fahay et al.,
 

1999b). Most fish collected in the New Bedford Harbor area are juveniles with some adults. 


The peak abundance for adults is summer through fall (NAI, 1999). 


LONG-FINNED SQUID (Loligo pealei) 

In North America, long-finned squid (family Loliginidae) ranges from southern Maine to the 

Caribbean, with greatest abundance from Cape Ann south to Cape Cod.  This species is of great 

economic importance as a bait source and for consumption overseas in Italian fish markets 

(Gosner, 1978). New Bedford/Fairhaven Harbor Quadrant is designated EFH for the juvenile 

and adult life stages of this species. The NOAA Technical Memorandum is attached in 

Appendix 56. 

Juveniles 

Juveniles (pre-recruits) are found in greatest abundance in open water ranging in depth from 

shore to 700 feet (213 meters) deep, and in temperatures from 39 to 81oF (4 to 27ºC) (Cargnelli 

et al., 1999b; NMFS, 2001). 
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Adults 

Adults (recruits) are found in greatest abundance in open water ranging in depth from shore to 

1,000 feet (305 meters) deep, and prefer the same temperature range as juveniles (Cargnelli et 

al., 1999b). 

SURF CLAM (Spisula solidissima) 

The surf clam, family Mactridae, is a major commercial commodity; accounting for a majority of 

the clam crop in this country (Gosner, et al., 1978).  In southern New England, these clams are 

harvested for chowder and other food products (Weiss, 1995).  Surf Clams are usually found 

from Nova Scotia south to South Carolina.  In southern New England, surf clams are common 

offshore in sand (Weiss, 1995).  New Bedford/Fairhaven Harbor Quadrant provides EFH for surf 

clam juveniles and adults.  The NOAA Technical Memorandum is attached in Appendix 56. An 

extensive shellfish surveys at the site did not reveal surf clams at the site.   

Juveniles 

Juvenile surf clams are found in well-sorted, medium and fine-grained sands and in waters with 

temperatures less than 77°F (25ºC). They are typically found in water with a salinity of 28°/00 or 

higher (Steimle et al., 1999c).      

Adults 
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Adults are found in medium sized sands and prefer temperatures between 59 and 86°F (15 and 


30ºC). Adults can survive in salinities as low as 12.5°/00 but are more commonly found in 


salinities above 28°/00 (Steimle et al., 1999c; NMFS/NERO, 2001). 


KING MACKEREL (Scomberomorus cavalla) 


King mackerel (family Scombridae) range in North America from Massachusetts and the 


northern Gulf of Mexico south to southern Brazil.  It is an important food and game fish typically 


caught by trolling over deep water (Robins and Ray, 1986).  New Bedford/Fairhaven Harbor
 

Quadrant is designated EFH for king mackerel eggs, larvae, juveniles, and adults.  EFH for all 


life stages of this federally managed species is defined as “sandy shoals of capes and offshore 


bars, high profile rocky bottom and barrier island ocean-side waters, from the surf to the shelf 


break zone, but from the Gulf Stream shoreward”.  Sargassum also provides EFH for this
 

species, as do all coastal inlets and all state-designated nursery habitats known to support coastal 


migratory species.  King mackerel are typically found in waters with salinities >30°/00, and 


temperatures >20°C (68°F) (NMFS/NERO, 2001). A brief NOAA Fact Sheet on the EFH for
 

King Mackerel is attached in Appendix 56. 


SPANISH MACKEREL (Scomberomorus maculatus) 


Spanish mackerel (family Scombridae) range in North America from Cape Cod, south to 


southern Florida and the Gulf of Mexico.  However, it is reportedly rare north of the Chesapeake 


Bay (Robins and Ray, 1986). Like other Scombrids, it is a popular food and game fish.  It 


typically enters shallow bays and can be caught by bridge fisherman (Robins and Ray, 1986). 


The New Bedford/Fairhaven Harbor Quadrant is designated EFH for Spanish mackerel eggs,
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larvae, juveniles, and adults.  EFH for all life stages of this federally managed species is the same 

as that defined for king mackerel.  Spanish mackerel are typically found in water with salinities 

greater than 30°/00, and temperatures greater than 20°C (68°F), preferably between 21 and 31oC 

(70 and 88oF), and rarely below 18°C (64oF). Spanish mackerel spawn off the coast between late 

spring and late summer (NMFS/NERO, 2001).  A brief NOAA Fact Sheet and a NOAA 

Technical Report for Cobia is attached in Appendix 56. 

COBIA (Rachycentron canadum) 

Most closely related to remoras and jacks, cobia are the only extant member of the family 

Rachycentridae. They range from Massachusetts south to Argentina and are valued as food and 

game fish (Robins and Ray, 1986).  The New Bedford/Fairhaven Harbor Quadrant is designated 

EFH for all life stages of cobia eggs, larvae, juveniles, and adults.  Areas designated as essential 

fish habitat for cobia are the same as for king and Spanish mackerel.  Additionally, the Gulf 

Stream is designated EFH for cobia since it is essential to the dispersal of coastal migratory 

pelagic larvae of this species. Cobia are typically found in waters with salinities greater than 

30°/00, and temperatures greater than 20°C (68°F) (NMFS/NERO, 2001). A brief NOAA Fact 

Sheet on the EFH for Spanish Mackerel is attached in Appendix 56. 

SUMMER FLOUNDER  (Paralicthys dentatus) 

Summer Flounder is a left-eye flounder (family Bothidae) that ranges in North America from 

Maine and (rarely) Nova Scotia, south to northern Florida (Robins and Ray, 1986).  This species 

is common in southern New England from mid-spring through mid-fall (Weiss, 1995).  The New 
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Bedford/Fairhaven Harbor Quadrant is designated EFH for eggs, larvae, juveniles, and adults of 


this species.  The NOAA Technical Memorandum is attached in Appendix 56. 


Eggs
 

Summer flounder eggs occur from October to May. Depth of occurrence is dependent on season. 


In the fall eggs are typically found from 30-70 m (98 – 230 feet).  In the winter, eggs are 


typically found in greatest abundance at 110m (361 feet) (Packer, et al., 1999). 


Larvae 

Larvae are typically found to be most abundant 19 to 83 km (11.8 to 51.6 mi) from shore in 

water column depths from 10 to 70 m (33 to 230 ft).  The larvae proceed to migrate inshore, 

seeking coastal and estuarine nursery areas to start and complete metamorphosis.  Temperature 

appears to have a significant bearing on the duration of metamorphosis.  Mortality occurs when 

the water temperature reaches 2 to 4ºC (35 to 39ºF).  The transforming larvae are sensitive to the 

types of predators present and modify their burying behavior accordingly (Packer, et al., 1999). 

Peak existence of summer flounder larvae occurs from October through January (Packer, et al., 

1999; NMFS/NERO, 2001). 

Juveniles 

The preferred habitat substrate of juveniles is sand.  Estuarine marsh creeks, tidal flats and 

channels with depths of 0.5 to 1.5 m (1.6 to 4.9 ft) are preferred habitat areas for summer 

flounder. Increased temperature directly relates to a short metamorphic period.  Juveniles 

experience a higher mortality when temperatures fall below 4ºC (39ºF) (Packer, et al., 1999). 
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Adults 

Adults prefer bottom habitats of both inshore (warmer months) and offshore (colder months) 

waters to depths of 152 m (500 ft).  They tolerate both the mixing water and seawater salinities 

(Packer, et al., 1999). Stands of submerged aquatic vegetation, sea grasses, and macroalgae are 

recognized as HAPC for this species by NMFS (2001). 

MOST AFFECTED SPECIES 

The following species will be most affected by the completion of the project due to their 

preferential use of shallow, near-shore subtidal and intertidal areas within estuaries such as New 

Bedford Harbor for spawning and foraging.  The project will be removing spawning and 

foraging habitat within the area to be filled, and significantly changing the area within areas to be 

dredged, such that it will be significantly less available as spawning or foraging habitat (if not 

completely unavailable) subsequent to construction.  Note, however, that these impacts will be 

mitigated, as explained in Section 7 below. In addition, even with this project, there are many 

nearby areas that will remain usable for spawning and foraging habitat.  Thus, the work 

associated with the terminal will not have any significant impact on populations of fish and other 

organisms.     

BENTHIC ORGANISMS (various species) 

Benthic organisms serve as an important food source for many fish species.  Benthic organisms 

will be lost permanently behind the area that will be filled.  Benthic organisms inhabiting the 

area to be dredged will be removed by the dredging activities.  The project proposes to dredge 

areas which presently have a water depth of -1 MLLW to -6 MLLW (or -5 MLLW to -14 
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MLLW) to a water depth of between -14 MLLW and -30 MLLW.  The increased depth will have 

an increase in pressure of approximately 1 atmosphere.  The increase in pressure and diminished 

levels of light may limit the colonization of the newly exposed substrate.  However, benthic 

organizations observed during the shellfish survey at the site have been observed in previously 

completed shellfish surveys within the Harbor at similar depths to the proposed dredge depths. 

Therefore, although recovery of benthic organisms within the dredge areas will occur, the 

productivity of these areas may be reduced.  Within areas that will have minimal changes in 

depth (for example, areas that are planned to be dredged from -20 MLLW to -30 MLLW) 

benthic resources are documented to recover very quickly; therefore, impacts to EFH are 

expected to be minimal within these areas. 

WINTER FLOUNDER  (Pleuronectes americanus) 

Winter flounder is a right-eye flounder (family Pleuronectidae) that ranges in North America 

from Labrador, south to Georgia (Robins and Ray, 1986).  The New Bedford/Fairhaven Harbor 

Quadrant is designated EFH for winter flounder eggs, larvae, juveniles, and adults.  The NOAA 

Technical Memorandum is attached in Appendix 56. 

Eggs 

Winter flounder eggs are found in bottom habitats with sand, mud, and gravel where water 

temperatures are less than 10oC (50°F), salinities range between 10 and 30°/00, and water depths 

are less than 5 m (16 ft).  Spawning areas occur where hydrodynamics function to keep the 

hatched larvae from being dispersed.  Winter flounder seem to time their hatching to the advent 

of favorable environmental conditions (Pereira, et. al., 1999). 
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Larvae 

Larvae inhabit open water and benthic habitats in areas where sea surface water temperatures are 

less than 15°C (59°F) and salinities range from 4 to 30°/00.  Within inshore waters such as the 

New Bedford Harbor, they are typically found in waters less than 6 m (17 ft) deep.  Larvae are 

often observed from March to July with peaks in April and May (NEFMC, 1998; Pereira, et. al., 

1999). 

Juveniles 

Juvenile winter flounder are found in bottom habitats with a substrate of mud or fine- grained 

sand. They are generally found in waters from 0.1 to 10 m (0.3 to 33 ft) deep, water 

temperatures below 28°C (82°F), and salinities between 5 and 33°/00. Young of the year (YOY) 

flounder (i.e., those less than one year old) spend much of their first year in very shallow inshore 

waters (NMFS, 1999; Pereira, et. al., 1999). 

Adults 

Adults are also found in bottom habitats with sand, gravel, and mud substrates.  The habitat is 

usually less than 6 m (17 ft) deep, with temperatures below 15°C (59°F), and salinities between 

5.5 and 36°/00 (NEFMC, 1998). 

WINDOWPANE FLOUNDER  (Scopthalmus aquosus) 

Windowpane flounder is a left-eye flounder (family Bothidae) ranging in North America from 

the Gulf of Saint Lawrence, south to northern Florida (Robins and Ray, 1986).  This species is 
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very common throughout southern New England (Weiss, 1995).  The New Bedford/Fairhaven 

Harbor Quadrant is designated EFH for eggs, larvae, juveniles and adults of this species.  The 

NOAA Technical Memorandum is attached in Appendix 56. 

Eggs 

Eggs of the windowpane flounder are found in surface waters with temperatures less than 20oC 

(68°F), and at water depths less than 70 m (230 ft).  Eggs appear from February to November 

with peak densities occurring in July and August (NEFMC, 1998; Chang et al., 1999). 

Larvae 

Larvae inhabit pelagic waters where sea surface temperatures are less than 20°C (68°F) and 

water depths are less than 70 m (230 ft).  Larvae appear from February to November, with peak 

densities occurring in July and into August (NEFMC, 1998; Chang et al., 1999). 

Juveniles 

Juveniles inhabit benthic areas with mud or fine-grained sand substrates; water temperatures are 

below 25oC (77°F), and depths ranging from 1 to 100 m (3 to 328 ft).  They tolerate a wide range 

of salinity, between 5.5 and 36°/00 (NEFMC, 1998; Chang et al., 1999). 

Adults 

Adults inhabit benthic areas with mud or fine-grained sand substrates where water temperatures 

are below 27oC (80°F), and depths range from 1 to 75 m (3 to 246 ft).  Adults also tolerate a 

wide range of salinity, between 5.5 and 36°/00. Spawning conditions are met when water 
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temperatures are below 21oC (70°F), water depths are between 1 and 75 m (3 and 246 ft) and 


salinity is between 5.5 and 36°/00. Spawning normally occurs from February to December
 

(NEFMC, 1998; Chang et al., 1999). 


SCUP (Stenotomus chrysops) 


This species is a member of the family Sparidae.  It is found from Nova Scotia, south to Florida
 

(Robins and Ray, 1986). In southern New England, scup is very common in bays and sounds
 

(Weiss, 1995).  The New Bedford/Fairhaven Harbor Quadrant is designated EFH for eggs, 


larvae, juveniles and adults of this species.  The NOAA Technical Memorandum is attached in 


Appendix 56. 


Eggs
 

EFH for Scup eggs is described as estuaries where scup eggs were identified as common, 


abundant, or highly abundant in the ELMR database for the "mixing" and "seawater" salinity 


zones. Scup eggs typically appear from May through August in southern New England.  They 


reach their greatest density in estuarine waters with temperatures between 55 and 73 oF and in 


salinities > 15 °/00 (Steimle et al., 1999b; NMFS/NERO).  

Larvae 

EFH for Scup larvae is described as estuaries where scup were identified as common, abundant, 

or highly abundant in the ELMR database for the "mixing" and "seawater" salinity zones.  Scup 

larvae reach their greatest densities from May through September, in inshore waters with 

temperatures between 55 and 73 oF and salinities > 15 °/00 (Steimle et al., 1999b; NMFS/NERO). 
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Juveniles 

Juvenile scup are found in estuaries and bays with sand, mud, mussel, and eelgrass bed 

substrates. They generally require water above 16ºC (61°F) and salinities greater than 15°/00 

(Steimle et al., 1999b).  

Adults 

Adult scup are also found in estuaries with mixing to seawater salinity ranges and temperatures 

above 16ºC (61°F). They prefer depths of 2-38 m (6.6 – 125 ft) and are generally found in areas 

with fine to silty sand, mud, mussel beds, rock, artificial reefs, wrecks, and other structures 

(Steimle et al., 1999b).  

BLACK SEA BASS (Centropristis striata) 


Black sea bass (family Serranidae) range in North America from Maine to northeastern Florida, 


and the eastern Gulf of Mexico (Robins and Ray, 1986).  New Bedford/Fairhaven Harbor 


Quadrant is designated EFH for black sea bass larvae, juveniles and adults.  The NOAA
 

Technical Memorandum is attached in Appendix 56. 


Larvae
 

Black sea bass frequent coastal areas and marine parts of estuaries at depths less than 100 m (328 


feet) within a salinity range of 30 to 35°/00, and in water with temperatures between 11 and 26ºC 


(52 – 79 °F).  After transformation into juveniles, black sea bass become demersal and seek out 


structured substrate (Steimle et al., 1999c; NMFS, 2001).  
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Juveniles 

Winter juveniles and YOY fish migrate from the Middle Atlantic Bight to the Gulf of Maine and 

then into estuaries upon further development.  Juvenile habitat ranges from estuarine to coastal 

waters, and from the water surface to a depth of 38 m (125 ft).  Juvenile sea bass may be found 

around the edges of salt marshes and channels.  Substrate most likely inhabited by the black sea 

bass consists of rough bottom in and amongst shellfish, sponge, eelgrass beds, near-shore shell 

patches, or man-made objects (Steimle, et al., 1999c). 

Adults 

Adults are typically found within inshore waters of mixing water to seawater salinities.  The 

adults prefer rock jetties and rocky bottom substrate areas, but may also be found in sand and 

shell fragment substrates.  These fish enter near-shore waters in greatest abundance from May 

through October. They require a minimum water temperature of 6ºC (43oF) (Steimle, et al., 

1999c). 

6.4.5.8. Analysis of Dredging, Sheet Piling, and Filling Impacts to Fish and EFH 
The primary impacts associated with the South Terminal CDF project are anticipated to be 

related to habitat alteration/loss due to sheet pile installation and filling needed for construction 

of the marine terminal.  Additional habitat alteration/loss is anticipated due to dredging of near-

shore, shallow subtidal areas to depths of -14 and -30 MLLW.   
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Dredging and dredged material disposal, if not conducted properly with adequate planning and 

proper engineering controls, may adversely affect fish and fish habitat.  Potential dredging areas 

associated with the proposed South Terminal CDF include shipping berths, turning basins, and 

entrance channels.  

Potential adverse effects to fish and fish habitat related to typical dredging projects include the 

following: destruction of benthic habitat, impairment of water quality and the direct (e.g., habitat 

alteration/loss) and indirect (e.g., toxicological) and effects on the fish and their prey species. 

Table 4-1 lists the impacts or effects of human-induced alterations on food source, water quality, 

habitat structure, flow regime and biotic interactions.  The extent of the effect depends on 

hydrologic processes, sediment texture and composition, chemical content of the sediment and 

pore water matrices, and the behavior or life stage of the receptor species. 

6.4.5.9. Impairment of Water Quality 
Water quality impacts from dredging and dredge disposal include physical, chemical and 

biological impacts. Changes in water quality have concurrent impacts to the system which affect 

fish and EFH in various ways (Table 4-1).  The impacts to the water quality that are to be 

expected during dredging and dredged material disposal will be temporary and diminish with the 

cessation of dredging and disposal (water quality impairment is not anticipated from to filling, as 

it is likely to occur behind completed sheet piling, which will minimize filling-generated 

turbidity). Changes to the water turbidity, pH, and dissolved oxygen (DO) are expected both 

during the actual dredging activity within the Harbor, and during disposal activity.  However 

using proper controls, these impacts will be minimized and the anticipated changes to the water 
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quality of the marine system will return to pre-project conditions once the project is completed. 

No appreciable or permanent changes to the salinity regime, tidal cycle, or current patterns are 

anticipated.  

6.4.5.9.1. Physical Impairment 
Physical impairment of the water column due to dredging and dredge disposal occurs from 

changes in dissolved oxygen, salinity, pH, oxidation-reduction state, and turbidity with a 

resultant decrease in light penetration.  The degree of change or alteration of the water column’s 

physical component depends on various physical and chemical parameters (e.g., pH, oxidation-

reduction potential, sediment size, organic matter content, concentration of reactive iron and 

manganese, etc.).   

The water column proximal to the dredging operation will experience temporary physical 

impairment due to increased turbidity during dredging.  Likewise, the water column proximal to 

the disposal area will also be impacted by increased turbidity during disposal.  The temporary 

water quality impacts that can be expected include the release of dissolved hydrogen sulfides into 

the water column, as well as an increase in Total Suspended Solids (TSS) loads.  A concurrent 

decrease in DO would be anticipated in response to the Table 4-1  

Table 4-1: Impact of Human-Induced Alterations to Various Ecological Attributes 

Ecological Attribute Impact of Human-Induced Alterations 

Food (energy) source 
-type, amount, and particle size of organic 

-decreased availability of food source 
(filling/dredging only) 
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material entering a tidal stream or -decreased coarse particulate organic matter 
tributary from the riparian zone vs. to estuary 
primary production in the stream -increased fine particulate organic matter to 
-seasonal pattern of available energy estuary 
-primary production of the basin -increased algal production in basin 

-shifts in feeding guilds 
Water Quality -expanded temperature extremes 
-temperature -increased turbidity 
-turbidity -altered diurnal cycle of dissolved oxygen 
-dissolved oxygen -increased nutrients (especially soluble 
-nutrients (primarily nitrogen and nitrogen and phosphorus) 
phosphorus) -increased suspended solids 
-organic and inorganic chemicals -increased toxics 
-heavy metals and other toxic substances -altered salinity 
-pH 
-salinity 
Habitat Structure -loss of habitat (filling/dredging only) 
-substrate type -decreased stability of substrate, banks and 
-water depth and current tidal velocity shoreline due to erosion and sedimentation 
-spawning, nursery, and hiding places -more uniform water depth 
-diversity/complexity (pools, riffles, -reduced habitat heterogeneity 
woody debris in tidal streams; SAV, shell -decreased channel sinuosity of tidal or 
beds, sand wave ripples, structures, reefs, tributary streams 
wrecks, etc. in basin -reduced habitat areas due to shortened 
-basin size and shape channel, removed structures or debris 

-decreased instream cover and riparian 
vegetation 

Flow Regime -altered flow extremes (both magnitude and 
-water volume frequency of high and low flows) 
-temporal distribution of floods, low -increased maximum flow velocity 
flows, tides -decreased minimum flow velocity 

-reduced diversity of microhabitat velocities 
-fewer protected sites 

Biotic Interactions 
-competition 
-predation 
-disease 
-parasitism 
-mutualism 
-introduction of non-native organisms 

-increased frequency of diseased fish 
-altered primary and secondary production 
-altered trophic structure 
-altered decomposition rates and timing  
-disruption of seasonal rhythms 
-shifts in species composition and relative 
abundance 
-shifts in invertebrate functional groups (e.g. 
filler feeders vs. suspension feeders) 
-shifts in trophic guilds (e.g. increased 
omnivores and decreased piscivores) 
-increased frequency of fish hybridization 
-increased frequency of exotic species 
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Source: Adapted to marine systems from Karr (1991) and other sources.   

The magnitude of TSS released or generated during dredging can be minimized using best 

management practices such as the deployment of appropriate dredging equipment and 

techniques. The areal extent of impact will be minimized by avoiding dredging during days of 

adverse weather and resultant increased wave and current velocities.  The temporary impacts to 

the water column associated with turbidity will cease following completion of the maintenance 

dredging. 

6.4.5.9.2. Chemical Impairment 
Chemical impairment of the water column produced by dredging and dredge disposal is caused 

by release of various chemical contaminants that may occur within the sediment.  Such 

contaminants typically include heavy metals, organochlorine compounds, polyaromatic 

hydrocarbons, total petroleum hydrocarbon, pesticides, and other anthropogenic compounds or 

materials.  These compounds are introduced into the harbor sediment via a variety of sources 

including but not limited to surface runoff (non-point sources), municipal wastewater treatment 

effluent, industrial discharge, accidental and incidental oil and chemical spills, illegal discharges, 

etc. Depending on basin characteristics, and composition of the receiving matrix (i.e., sediment) 

concentrations of the chemicals can be greatest at the point of discharge or away (e.g., 

downcurrent) from the discharge.  

The following contaminants occur in the material to be dredged from the harbor at varying 

detectable concentrations: polyaromatic hydrocarbons (PAHS), polychlorinated biphenyls 
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(PCBs), heavy metals, and dioxins/furans.  Many of these compounds are ubiquitous in 

sediments of multi-use estuaries.  At elevated concentrations, exposure of fish to these chemicals 

in the water column or sediment matrices can cause various acute and chronic toxicological 

effects (Suter and Rosen, 1988). 

The concentrations of the chemicals detected in the sediment of the project area, are not 

considered hazardous, and therefore their handling and disposal as hazardous waste in 

accordance with 40 CFR 260-268 is neither necessary nor required by law.  

6.4.5.9.3. Biological Impairment 
Microorganisms such as bacteria, viruses, and plankton cause biological impairment of water 

quality. Biological impairment can occur when introduction of dredge materials into the water 

column kills submerged aquatic vegetation and macroalgae (either through direct smothering or 

via impaired light penetration) leading to higher rates of bacterial decomposition and a resultant 

increase in bacterial oxygen demand.  Disposal of materials contaminated by wastewater 

treatment effluent, failing sewer pipes, or failing individual subsurface sanitary disposal systems 

may introduce disease-causing organisms (i.e. bacteria and viruses) into the water column and 

into the biota proximal to the disposal site.  Pathogens, alone (i.e., without accompanying 

sediment), are typically rapidly assimilated or neutralized by the estuarine system.  Aside from 

potential serious human health impacts, they typically pose little impact to the biota of the 

system (Wilson, 1988). 
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Pathogens may exist within the water column of the New Bedford/Fairhaven Harbor, which is 

closed to harvest for direct sale of shellfish without depuration.  Dredging at the South Terminal 

CDF site is unlikely to cause irreversible impact to marine resources due to pathogenic 

impairment since the area is not used for shellfishing.   

6.4.5.10. Destruction of Benthic Habitat 
Dredging and dredge disposal may result in the destruction of benthic habitat either by direct 

removal of the benthic substrate by the dredging operation itself, or via disposal of dredged 

material onto the benthic habitat at the disposal site.  Filling will also result in the destruction of 

benthic habitat. Either operation may result in the change in substrate composition, rendering the 

formerly suitable benthic substrate unsuitable for certain benthic organisms or disrupting existing 

ecological processes or interactions between resident benthic and water column communities.   

Changes to the bathymetry of both the dredged areas (due to the removal of sediment) and the 

filled areas (due to the placement of dredged material behind the sheet pile wall) will occur. 

Resultant impact to the EFH species that inhabit these areas will vary based on the mobility, life 

history, and behavior of the species.  For instance, sessile and slow moving invertebrate species 

and taxa would be removed via dredging during construction and/or buried within the filled area. 

Highly mobile species and taxa such as adult pelagic fish would likely avoid the disturbance 

areas. 

Sediment texture would undergo a series of changes within dredging areas.  Native sediments 

would be removed, exposing deeper till layers.  The recessed dredged areas would begin to 

198 


http:6.4.5.10


 

 

 

 

  

accumulate organic material settling out of the water column.  The dredged areas would slowly, 

over time, accumulate a layer of smaller fraction sediment such as silts, clays and organic matter.   

6.4.5.10.1. Direct Removal of Benthic Substrate 
Direct removal of suitable benthic substrate via dredging typically impacts EFH by removing 

prey species (e.g., benthic organisms) or food species (e.g., macroalgae), removal of suitable 

cover or settlement structure (e.g., shell beds, SAV) or by destruction of spawning areas.  Re

colonization of the newly exposed substrate after dredging is a factor not only of site-specific 

basin characteristics (e.g., wave or tidal energy, bathymetry, etc.) but also of substrate 

requirements of the larvae of recolonizing species (Rhoads and Germano, 1982).  Dredge or 

disposal areas that continue to be disturbed after dredging activities have ceased (e.g. such as 

areas within dredged channels and shipping maneuvering areas) may not return to pre-

disturbance conditions or may not progress beyond the initial re-colonization seral stage 

community (Kaplan, et al, 1975). 

Removal of benthic sediment through dredging homogenizes the bottom substrate, reduces 

structural complexity and may release hydrogen sulfide; all factors that tend to discourage 

recruitment of benthic invertebrates, which in turn, are the food of many demersal fish.  This 

impact is of even greater significance in areas where organisms with special microhabitat 

requirements that have now been removed via dredging, formerly dominated the benthos.  Even 

small structures or inconsistencies in the sea floor are exploited by various species of benthic 

invertebrates or demersal fish species.  Examples of these smaller structures include sand ripples; 

thalassinid crustacean mounds; sea cucumber fecal deposits; pits left by feeding elasmobranchs 

and crabs; submerged aquatic vegetation blades; urchin spines, kelp holdfasts and stipes; sponge, 
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sea pen and bryozoan colonies; annelid worm, amphipod crustacean, vermetid gastropod, and 

cerianthid anemone tubes (Norse and Watling, 1999).  Regardless of the sizes of the structure, 

structural complexity provides smaller species with living space, increased food abundance, and 

refuge from predation. Certain species of demersal fish prefer one substrate over another for 

fishing or spawning. For instance, red hake are known to exploit the downcurrent side of sand 

wave crests catching prey items by surprise as they are carried by bottom currents over the sand 

wave (Norse and Watling, 1999).  Black sea bass occupy areas around the base of boulders and 

rock reefs. As a general rule, both prey and fish species diversity increases with habitat 

complexity, therefore, the more structurally complex the marine habitat the greater the organism 

diversity.  This is illustrated in the diverse communities that form among the structurally 

complex coral reef (Kaplan, 1982) and rocky intertidal zone (Hughes, 1986) communities. 

6.4.5.10.2. Filling of Benthic Substrate 
Disposal of the material directly onto the substrate may impact EFH by burying food sources, 

changing microhabitat requirements, destruction of spawning areas, and changing basin 

hydrology and bathymetry, as well as loss of habitat.  In addition, the disposal of the material 

into the water column above the benthic substrate could impact the physical, chemical, and 

biological suitability of the water column within the EFH; however, sheet piling is anticipated to 

be advanced prior to filling, which will minimize impacts to the surrounding water column.  
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6.4.5.11. Direct and Indirect Effects On Organisms 
Sheet piling installation, filling, dredging and dredged material disposal can cause adverse direct 

impact (e.g., via habitat loss and/or toxicity) and indirect impact (e.g., disruption of ecosystem 

attributes) to marine organisms. 

Direct Effects 

Direct effects caused by sheet piling and filling include permanent loss of habitat, reduction in 

the availability of food supply, loss of foraging habitat, loss of spawning areas, and loss of refuge 

areas from predators.   

Direct effects caused by disposal of the dredge materials include behavioral impairment (e.g., 

inhibition of migration patterns), destruction of eggs or spawning areas, physical impairment 

(e.g., turbidity-induced clogged gills resulting in suffocation, or abrasion of sensitive epithelial 

tissue), or physiological impairment due to acute or chronic toxicity to contaminants within the 

dredge sediments.    

Some physical impairment of resident fish species within the harbor would be expected.  Pelagic 

fish are more likely to avoid the turbidity plumes and leave that portion of the harbor occupied 

by the sediment plume.  Anadromous fish may either be temporarily impacted by the sediment 

plume as they pass through it to freshwater spawning areas, or they may avoid returning to their 

spawning areas altogether, potentially affecting their reproductive success for the season. 

Dredging during winter months may directly impact hibernating marine organisms that may have 

buried into the soft sediment of the bay. 
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 Indirect Effects 

Ecological impacts of dredging, if implemented without the proper controls and planning, can 

affect various ecological attributes of the system, including energy flow, habitat structure, and 

biotic interactions. 

Energy Flow 

Food sources enter the system based on organic material input and via primary productivity by 

phytoplankton, algae, emergent or submerged aquatic vegetation.  Phytoplankton productivity is 

a major source of primary food-energy for temperate zone estuaries (Day et al., 1989).  These 

organisms have metabolic pathways that convert light energy into biological energy with the 

resultant fixation of carbon dioxide and the production of oxygen and carbohydrates. 

Phytoplankton production typically exhibits spring and fall maxima, with the highest rates 

typically occurring during annual water temperature maxima.  These seasonal patterns are 

usually a result of various environmental factors including salinity, turbidity, nutrients, 

turbulence, and depth. 

Energy from phytoplankton production is transported to primary consumers such as zooplankton 

and benthic marine invertebrates.  These primary consumers, in turn, provide prey for secondary 

consumers and higher trophic level organisms.  Disruption in seasonal patterns of salinity, 

turbidity, nutrients, turbulence, and depth can impact phytoplankton productivity and therefore 

the flow of energy from primary producers to higher trophic level consumers.  Many organisms 

have evolved migration patterns and spawning activity to coincide or correspond with increased 
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inputs of energy into the system.  Disruption in these energy flow patterns could, therefore, 

disrupt these aspects of the organism’s life cycle. 

Habitat Structure 

Habitat structural attributes vary with water depth, current and tidal velocity, basin size and 

shape, and the diversity or complexity of substrate types.  Examples of the diverse sediment 

types typically found in marine and estuarine environments include, but are not limited to, the 

presence or absence of depressions, sediment wave ripples, woody debris, submerged aquatic 

vegetation, shell beds, structures, reefs, and wrecks.  Potential dredging and dredge material 

disposal activities can alter these structural attributes resulting in dramatic change or 

homogenization of habitat structure by decreasing the stability of the substrate, creating a more 

uniform water depth, reducing habitat heterogeneity, reducing habitat area, and decreasing 

availability of cover. 

Biotic Interactions 

Indirect effects on fish and EFH are produced by dredging and dredge disposal through 

disruption of the symbiotic associations and ecological principles that govern the fish community 

(i.e. predator - prey relationships or other symbiotic relationships).  Predator - prey relationships 

can be locally disrupted by direct impact to the prey organism’s population.  Prey species are 

impacted by direct coverage of the organism during dredge disposal, impact to egg settlement 

rate (either through removal of suitable substrate or via release of hydrogen sulfide), destruction 

of prey species habitat, or otherwise impacting predator or prey species fecundity, survivorship, 

recruitment, or colonization rates.  The degree or complexity of symbiotic interactions among 
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many fish species are not completely understood; therefore impacts to one species may have 

unknown or currently unobserved impacts to others.  

Additionally, animals that have been stressed by the various negative impacts associated with 

dredging and dredge disposal can succumb to parasitism, disease, predation, intense competition 

or other stresses.  The loss of one species in an obligatory mutualistic relationship will result in 

the demise of the other.  Finally, the interbasin transfer of sediment may aid in the spread of non

native species.  These exotic species may add additional predation or competition pressure on the 

native organisms, and may also introduce exotic diseases from which the native organisms may 

have little natural resistance.  

The abundance and local distribution of prey species for EFH designated fish, may directly and 

indirectly be impacted during dredging and dredged material disposal.  Many of the EFH 

designated fish species prey on benthic marine organisms living in or on the sediment.  Direct 

impact to these prey species will occur during the dredging and disposal process activities via 

removal at the dredge site and burying at the disposal site, respectively.  Indirect impact will 

occur using the same temporary changes in the water quality as discussed, such as impact from 

TSS concentrations (which could result in local depletion of DO), and the release of hydrogen 

sulfide (which may discourage settlement of many sessile, benthic invertebrate prey species).  A 

loss of prey (e.g., lower trophic level) species may degrade the habitat value of EFH for higher 

trophic level fish by depleting the food sources of those fish.  The prey of each of the EFH 

species and their various life stages are presented in Table 4-2. 
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However, the anticipated impact to the prey species is considered temporary, as the benthic 

community will eventually return to pre-impact conditions over time.  The return to pre-impact 

conditions will not occur immediately, but rather in phases as various invertebrates re-colonize 

disturbance areas in successive stages over a temporal scale (Rhoads and Germano, 1982, 1986; 

Zajac and Whitlach, 1982). Therefore, the anticipated impact to the prey species is considered 

temporary, as the benthic community will succeed toward pre-impact conditions over time, 

following cessation of dredging activities. However a return to pre-disturbance conditions will 

not occur immediately, but rather in phases, as various invertebrates re-colonize disturbance 

areas at different rates (Kaplan et al., 1975; Rhodes and Germano, 1982, 1986; Gallagher and 

Keay, 1998). 

Table 4-2 Essential Fish Habitat Species and their Respective Prey  

Species Life Stage Likely Prey Species in Project Area Source 
Atlantic cod 
(Gadus morhua) 

Larvae Copepods 
Fahay et al., 
1999a 

Juvenile Small zooplankton, capelin, 
crustaceans, polychaetes 

Adult Herring, haddock, redfish, plaice, 
codling, shrimp 

haddock 
(Melanogrammus 
aeglefinuss) 

Larvae Invertebrate eggs, copepods, 
phytoplankton 

Cargnelli, et 
al., 1999a 

red hake 
(Urophycis chuss) 

Larvae Copepods, microcrustaceans 
Steimle et 
al., 1999a 

Juvenile Mostly crustaceans such as Crangon, 
but also amphipods and polychaetes 

Adult Fish and Crustaceans 
winter flounder 
(Pleuronectes 
americanus) 

Larvae Nauplii, invertebrate eggs, 
protozoans, polychaetes Pereira et 

al., 1999Juvenile Sand dollar, bivalve siphons, 
polychaetes, amphipods,  

Adult Amphipods, polychaetes, bivalves or 
siphons, capelin eggs, crustaceans 

windowpane Larvae Copepods and other zooplankton 
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Species Life Stage Likely Prey Species in Project Area Source 
flounder 
(Scophthalmus 
aquosus) 

Juvenile Polychaetes and small crustaceans 
such as mysids 

Chang et al., 
1999 

Adult Polychaetes, mysids, decapods, 
shrimp, hake, and tomcod 

American plaice 
(Hippoglossoides 
platessoides) 

Juvenile Small crustaceans, polychaetes, 
cumaceans Johnson et 

al., 1999Adults Echinoderms, sand dollars, sea 
urchins, brittle stars 

Atlantic sea 
herring 
(Clupea harengus) 

Juveniles Selective opportunistic feeders, 
mostly copepods 

Reid et al., 
1999 

Adult Euphausiid, chaetognaths, and 
copepods 

bluefish 
(Pomatomus 
saltatrix) 

Juvenile Crustaceans, fish, and polychaetes Fahay et al., 
1999b 

Adult Sight feed on other fish such as 
silversides, spot, weakfish. Also eat 
shrimp, crabs, and worms  

long-finned squid 
(Loligo pealei) 

Juvenile Plankton, copepods, cuphausiids, 
arrow worms, crabs, polychaetes, 
shrimp Cargnelli et 

al., 1999bAdult Clupeids, myctophids, squid 
larvae/juveniles, silver hake, 
mackerel, herring, menhaden, sand 
lance, bay anchovy, menhaden, 
weakfish, silversides 

Atlantic butterfish 
(Peprillus 
triacanthus) 

Larvae Undetermined 

Cross et al., 
1999 

Juvenile Copepods, squid, amphipods, 
decapods, coelenterates, 
polychaetes, small fish, ctenophores 

Adult Copepods, squid, amphipods, 
decapods, coelenterates, 
polychaetes, small fish, ctenophores 

Atlantic mackerel 
(Scomber 
scombrus) 

Larvae Copepods, fish larvae: yellowtail 
flounder, silver hake, redfish 

Studholme 
et al., 1999Juvenile 

Small crustaceans, such as 
copepods, euphausiids, amphipods, 
mysid, shrimp, and decapod larvae 

Adult Similar to juvenile but with selection 
of larger fish such as, euphausiid, 
pandalid, and crangonid shrimp 

summer flounder 
(Paralicthys 

Larvae Polychaete tentacles, harpactacoid 
copepods, and clams siphons Packer et 
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Species Life Stage Likely Prey Species in Project Area Source 
dentatus) Juvenile Crustaceans, polychaetes, and 

invertebrate parts 
al., 1999 

Adult Invertebrates, shrimp, weakfish, 
mysids, anchovies, squid, Atlantic 
silversides, herring, and hermit crabs 

scup 
(Stenotomus 
chrysops) 

Larvae Zooplankton 
Steimle et 
al., 1999b 

Juvenile Small benthic invertebrates, fish 
eggs and larvae 

Adult Benthic and near bottom 
invertebrates and small fish 

black sea bass 
(Centropristus 
striata) 

Larvae Zooplankton 
Steimle et 
al., 1999c 

Juvenile Small epibenthic invertebrates such 
as crustaceans 

Adult Benthic, near-bottom invertebrates, 
and small fish 

surf clam 
(Spisula 
solidissima) 

Juvenile Planktotrophic Cargnelli et 
al., 1999cAdult Planktivorous siphon feeders, 

ciliates, diatoms 
king mackerel 
(Scomberomorus 
cavalla) 

Larvae Larval fish, especially carangids, 
clupeids, and engraulids; also some 
crustaceans GSMFC, 

2001Juvenile Small fish such as anchovies, shad, 
sardines 

Adult Jacks and herrings; also squid and 
shrimp 

Spanish mackerel 
(Scomberomorus 
maculatus) 

Larvae Larval fish, especially carangids, 
clupeids, and engraulids; also some 
crustaceans GSMFC, 

2001Juvenile Small fish, shrimp and squid 
Adult Jacks and herrings; also squid and 

shrimp 
cobia 
(Rachycentron 
canadum) 

Larvae Wild zooplankton, dominated by 
copepods 

GSMFC, 
2001 

Juvenile Carnivorous fish, shrimp, and squid 
Adult Crustaceans and fishes, primarily 

crabs 
sandbar shark 
(Charcharinus 
plumbeus) 

Adult Finfish, rays, benthic fauna, 
seabirds, sea turtles 

CBP, 2001 

bluefin tuna 
(Thunnus thynnus) 

Juvenile Schooling fish, including gar, 
herring, mackerel, snappers, and 
blues, as well as squid. 
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6.4.5.12. Indirect and Cumulative Impacts 
Much of the land area surrounding New Bedford Harbor is developed with multiple land uses, 

which support a variety of uses including industrial, commercial, institutional, residential, and 

open space. The various land uses within the watershed might ultimately contribute to human-

induced alterations to the various ecological attributes of the marine system.  The impacts of 

these human induced alterations are comparable to those presented in Table 4-1.  The new 

terminal at the South Terminal CDF location will result in some additional boat traffic by virtue 

of providing additional services to the harbor (although some traffic may simply be relocating 

from other locations within New Bedford Harbor to the vicinity of the South Terminal CDF).  As 

discussed above, approximately 22 trips (during an approximately 12 to 18 month period) of the 

international vessel are anticipated in and out of New Bedford Harbor.  Additional traffic will 

include movement of installation vessels (which will likely not be under their own power) by 

ferry boats, pilot boats and other tender vehicles that may be necessary.  The traffic anticipated at 

the South Terminal CDF is not expected to create net secondary cumulative impacts due to the 

present busy nature of New Bedford Harbor.  A discussion of the various fishing and non-

fishing activities and their effects on marine EFH and EFH designated species is provided below.  

6.4.5.12.1. Non-Fishing Activities and their Potential Effects on Marine EFH 
Non-fishing activities that may impact EFH include those projects, actions or procedures that 

may: 

• Alter sediment inputs to the estuary; 

• Alter water flows, quantities, cycling, physical or chemical characteristics; 

• Impact soil through compaction, or other changes in permeability; 
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• Alter riparian, or estuarine vegetation; 

• Reduce or alter the stability of coastal landforms; 

• Alter estuarine wetlands and wetlands along tributary waters; 

• Alter predator species richness and abundance; 

• Alter the amount or types of nutrients or prey; 

• Alter estuarine or marine habitat (including water quality, vegetation, structure, or 

conveyances); 

• Introduce or transfer exotic organisms and disease; 

• Disturb nursery or spawning areas; 

• Create a barrier or hazard to fish migration; and; 

• Discharge pollutants, nutrients, or contaminants. 

Any on-shore activity that disturbs or alters the watershed around the harbor (e.g. land clearing, 

urbanization, stream relocation, etc) has the potential to impact EFH directly (e.g. via pollutant 

or sediment inputs) or indirectly by altering watershed processes that affect tributary streams, salt 

marsh wetlands, shorelines and estuaries.  This is typically the case as these alterations tend to be 

of such magnitude, scale, or duration as to surpass those produced by natural disturbances, or 

they exceed limits of the natural recovery processes in which the ichthyofauna have adapted. 

The potential impacts to the major components of the marine environment caused by human 

induced alterations in the landscape were presented in Table 4-1.  
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6.4.5.12.2. Wetland/Estuarine Alteration and Destruction 
Wetlands associated with the marine and estuarine environment are valuable habitat types 

relative to fish and EFH.  These habitats are the transition areas between the upland and the open 

water communities. They provide a food rich environment for productive foraging (Levington, 

1982), they are used as physiological transition zones between fresh and salt water environments 

(Schmidt-Nielsen, 1983), they offer refuge to juveniles and prey species from predators, and it is 

here where the transfer of energy from the upland to open water environments occurs (Day et al., 

1989). 

Changes to the systems may occur through tideland conversion, exogenous material (i.e. material 

originating outside the system) input, runoff and sedimentation induced turbidity, physical 

disruption (e.g., noise, turbulence, obstructions), shading by structures and vessels, SAV control, 

water diversion, and the introduction of non-native species.  Alteration of the watershed can 

result in changes to the pollutant quantities and concentrations, organic matter concentrations, or 

physical parameters of the water column (i.e., temperature, dissolved oxygen, salinity, pH, light 

penetration). The alteration of these parameters may negatively impact the wetland/estuarine 

communities.  

Alteration of the wetland and estuarine systems can cause a reduction or loss of juvenile or prey 

species rearing habitats, exposure of fish to pollutants, exposure of fish species to mammalian 

and avian predators, and alteration in the timing of life history stages or events.  Vegetated 

wetlands associated with the estuarine and marine environment include intertidal mudflats, 

submerged aquatic vegetation beds, and emergent (intertidal) salt marsh.  These communities 
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typically are productive interfaces between the upland and open water environments.  Estuarine 

aquatic bed lies proximal to the project area.  

Estuarine submerged aquatic vegetation beds, composed largely of eelgrass (Zostera marinus), 

historically occurred within the New Bedford/Fairhaven Harbor but have all but disappeared 

(Howes and Goerhinger, 1992). The disappearance of eelgrass followed a general decline in 

Europe and North America in the decade between 1935 and 1945, and was attributed to “wasting 

disease” a phenomenon thought to have been caused by a general increase in summer 

temperatures (Day et al., 1989).  Like other areas of the northeast, these aquatic beds are now 

most likely dominated by marine algae such as sea lettuce (Ulva lactuca), spaghetti grass 

(Codium fragile) and the red algae Gracilaria spp. or vascular plants such as widgeon grass 

(Tiner, 1985; Metzler and Tiner, 1992).  SAV beds are especially high value to fish habitat since 

they provide strategic cover for juvenile diadromous fish.   

Of the 20 EFH fish species listed for the project and disposal areas, four can be considered 

estuarine dependent. Estuarine dependent fish are those species of fish, which require estuarine 

habitats for some, if not all, of their life cycle.  Among the 20 EFH fish species listed for the 

project areas, Day et al., (1989) listed the summer flounder, winter flounder, scup, and the black 

sea bass as estuarine dependent species.  Typically, the primary estuarine habitats such as tidal 

creeks, salt marshes, and sea grass beds are used as nursery areas by many marine fish.  These 

nursery areas are sought out by larval and juvenile life stages of the estuarine dependent fish, 

since not only do the estuaries tend to provide relative safety or protection from predators, but 

they also supply an abundant food source (through detrital food chains) with reduced 
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competition at critical trophic levels (Day et. al., 1989).  Typically, these species are adapted to 

survive in a dynamic environment subject to frequent environmental fluctuations.  However, 

prolonged or permanent alterations of the physiochemical parameters of their environment (e.g., 

temperature, salinity, turbidity, dissolved oxygen) due to human-induced impact can be 

detrimental to the fish that reside in these estuarine habitats (Newcome and Jensen, 1996) or pass 

through them (Gibson, 1987). 

Temporary disturbance generated by the proposed action could indirectly impact the five 

estuarine-dependent EFH fish species and additional anadromous fish (many of which are prey 

for EFH species) by generating turbidity in the bay, preventing or confounding movement of 

these species between the Acushnet River Estuary and more distal seawater offshore.  This 

impact can have an additive negative effect on the ichthyofauna is coincident with other turbidity 

generating activities in the bay. 

6.4.5.12.3. Aquaculture 
Shellfish farming and depuration is an example of a common aquaculture activity in the 

northeast.  Shellfish farming typically requires the dumping of shell spawn into appropriate 

waters.  Harvesting requires raking and other disturbances to the benthic environment.  These 

practices can cause the destruction of SAV beds; increased erosion of areas formerly stabilized 

by SAV; increased turbidity; loss of habitat complexity, juvenile refugia, or substrate; reduction 

in primary productivity; and increased wave energy resulting in juvenile displacement or 

strandings. The proposed action is proposed within an area that is currently banned for 
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shellfishing (see Appendix 52). Therefore, the proposed action would not result in changes to 

aquacultural practices and therefore, would not negatively impact EFH species or their habitats. 

The proposed site does not contain any active commercial shellfish beds due its proximity to 

contaminated water or sediment and due to their proximity to navigation lanes.  However 

suitable shellfish habitat exists within or proximal to the site, particularly outside of the 

Hurricane Barrier.  Proposed disposal activities will result only in a temporary loss of shellfish 

habitat within dredging areas, and a permanent loss of shellfish habitat within filling areas. 

Given that re-colonization of disposal mounds is influenced, at least in part, by the benthos of the 

surrounding area and the larvae in the water column (Maurer et al., 1982a,b; Rhoads et al., 

1978), quahog and soft shell clam are expected to re-colonize the area.  This re-colonization rate, 

however, is expected to occur in stages (Stages I, II, III) and higher trophic level benthos such as 

most bivalve mollusks are typically part of the Stage II, II/III assemblage (Rhoads et al., 1978). 

Stage I organisms will re-colonize first, followed by succession to Stage II and Stage III. 

Monitoring will be needed to track the progress of recovery.  Providing seed stock to the area 

could speed recovery. 

6.4.5.12.4. Construction/Urbanization 
Construction and general urbanization activities include road-building, land-clearing for 

development, excavation for utilities, etc.  These activities typically result in a greater 

impervious upland surface area due to development of areas that formerly contained natural 

vegetation as the predominant land coverage.  Increased urbanization is directly proportional to 

an increase in interception of precipitation producing greater runoff of untreated stormwater. 
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Urbanization typically reduces habitat complexity, alters tidal streams through channelization, 

decreases channel stability, and impairs water quality.  It results in the increase of frequency and 

magnitude of flood events, and accelerated runoff rates result in lower stream flows during drier 

months by disrupting groundwater retention times.  This typically impacts fish with extended 

freshwater larval or juvenile rearing stages of their life history.  The net effect of urbanization is 

disruption of the hydrologic processes by increasing peak flows and decreasing low flows 

(CTDEP, 1995). Disturbance to sediments as a result of the proposed action would result in 

direct impact to EFH.   

6.4.5.12.5. Marina/Dock Construction 
Impacts typically generated during dock or bulkhead construction, expansion, replacement or 

demolition activities typically occur as construction/ urbanization impacts (i.e., removal of 

vegetation, turbidity and sedimentation, increased surface water runoff, etc.).  The proposed 

bulkhead surfaces will offer some amount of subtidal and inter tidal habitat. 

6.4.5.12.6. Removal of In-water Structures 
Removal of in-water structures such as, reefs, rock ledges, jetties, vertical bulkhead or seawalls, 

and even wrecks could impact fish and EFH. This action is sometimes necessary to maintain 

safe navigation channels. The removal of navigational obstructions such as derelict pilings, 

dilapidated wharves, and shipwrecks and other long established structures, reefs, rock ledges, 

jetties, and bulkhead walls, could remove productive marine communities living within, on, or in 

association with the given structure.  It acts to reduce habitat complexity, remove shelter, 

breeding, and feeding substrates.  Typically, removal of these structures produces turbidity, may 
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subject land areas to erosion, and may alter flows in embayments and tidal creeks.  Removal of 

woody debris also removes a source of detrital nutrients for wood boring marine organisms. 

Norse and Watling (1999) cite various studies that have shown that the removal of structures and 

the reduction of habitat structural complexity have resulted in the favoring of sand-loving fish 

species and the loss of some commercially important species such as grouper and cod.  No in-

water structures have been identified within the CAD cells, therefore no removal of these 

structures would be required for CAD cell construction and operation. 

6.4.5.12.7.  Road-building and Maintenance 
Impacts to fish and EFH from road building and maintenance are similar to those associated with 

urbanization/construction impacts.  Typically, the major effects to wetland systems due to road 

building and maintenance projects are disruption/alteration of hydrologic regime, sediment 

loading and direct wetland removal (Mitsch and Gosselink, 1993).  No new road construction 

would occur as a result of the proposed action.  

6.4.5.12.8. Shipping Operations 
Shipping operations are an integral part of the economic vitality of the harbor. New 

Bedford/Fairhaven Harbor serves as homeport for commercial fishing fleets, destination port for 

commercial barges and container shipping, and a terminal for passenger ferries.  In addition, the 

harbor has been developed with marinas and mooring areas that support, recreational fishing 

party boats, and many pleasure crafts.  Shipping related activities that impact fish and EFH 

include oily bilge water/ballast water discharge, oil release from shipping accidents, ship wakes, 

and ship-induced wave energy. Wave energy and wakes generated by shipping operations can 
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produce erosion of beach sediment, displacement of juveniles and larval fishes and can cause 

juvenile strandings when waves over-wash rocks, jetties and beach areas.  Changes to shipping 

operations in the form of increased activity could occur as an indirect result of the proposed 

action 

6.4.5.12.9. Wastewater/Pollutant Discharge 
Wastewater discharge to surface waters occurs via direct discharges (point sources) such as 

sewage treatment plants, power-generating facilities, combined sewer overflows and industrial 

effluents, or via non-discrete surface runoff (non-point sources), such as agricultural runoff, 

runoff from over-fertilized lawns and gardens, and runoff from parking lots and roadways.  Other 

pollutant discharge can occur via atmospheric deposition, accidental release or spills, and via 

intentional discharge or disposal such as via pump-outs of oily bilge water or via the disposal of 

unsuitable dredge or fill materials.  Pollutant discharges can also occur from the seepage of 

contaminated groundwater into the harbor from landside contaminated sites.  

Wastewater/pollutant discharges can impact fish and EFH via acute and chronic toxicity to 

various pollutants, via turbidity effects and via depletion or reduction of dissolved oxygen in the 

water column or benthic sediment.  Implementation of the proposed action could reduce the risk 

of spills associated with shipping accidents, since maintenance of the navigation channels would 

allow safer operation of ships in the harbor.  Dredging represents a temporary and controlled 

source of pollutant discharge since dredging produces a sediment plume that is in direct contact 

with the overlying water column.  However, after cessation dredging activities, the pathway of 

contaminated sediment exposure to the overlying water column would be eliminated.  
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6.4.5.12.10. Habitat Restoration 
Habitat restoration projects usually occur as a result of wetland mitigation requirements in 

response to impacts from other projects such as new roadway or bridge construction.  When 

habitat restoration projects fail, most fail typically due to the following reasons (Hammer, 1992): 

• Inaccurate assessment of physical processes governing the system; 

• Inadequate knowledge of the habitat’s community ecology; 

• Inadequate assessment of the original cause of habitat degradation; 

• Ineffective restoration efforts; 

• The lack of pristine reference sites proximal to the restoration area; 

• Failure to set appropriate monitoring or performance standards; 

• Focus on benefit to a single species rather than the community; and 

• Focus on mitigating losses rather than on preventing loss. 

This project will include creation of intertidal habitat in presently subtidal areas through the 

placement of suitable dredged material adjacent to the hurricane barrier outside of the harbor and 

north of Pease Park in Fairhaven.  Construction controls will be used to ensure that material is 

placed to create intertidal habitat suitable for colonization by a diversity of organisms and will 

result in an increase in species diversity along the outside of the hurricane barrier.  This project 

will also include construction of a successional marsh area within a stormwater management 

conduit adjacent to the hurricane barrier.  Mitigation of direct, indirect, and cumulative impacts 

would be achieved through conformance to required permits and approvals, development and 
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adherence to a disposal site monitoring plan, and implementation of CAD cell best management 

practices (discussed below). 

6.4.5.13. Conclusions 

6.4.5.13.1.	 Sheet Pile Installation, Filling, and Habitat Alteration Due to 
Dredging 

The sheet pile installation and filling, as well as dredging of shallow, near –shore subtidal areas 

to depths of -14 and/or -30 MLLW, associated with the proposed action will result in local, 

direct, permanent impact to at least four federally managed fisheries resources and various prey 

organisms to other EFH species (winter flounder, scup, black sea bass and windowpane 

flounder). Direct impacts generated from the proposed actions include permanent loss of habitat, 

reduction in the availability of food supply, loss of foraging habitat, loss of spawning areas, and 

loss of refuge areas from predators for areas that are to be sheet piled and filled, and areas that 

will be dredged from between -1 to -6 MLLW to -14 to -30 MLLW.  However, the potential 

impact area would be minimal in comparison to the more prime and less disturbed habitat 

available to these fish species elsewhere in the region (see Section 6).  Additionally, dredging 

will have a positive impact to the fish habitat because of the removal of contamination.  Options 

considered for impact avoidance and minimization are discussed within Section 7 and mitigation 

for unavoidable impacts is proposed within Section 7. 

6.4.5.13.2. Secondary Dredging Impacts 
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Dredging associated with the proposed action could result in local and temporary impact to EFH 

for the four federally managed fisheries resources, and various prey organisms of other EFH 

species. Potential temporary impacts generated by the proposed actions include localized 

impairment to water quality, destruction of benthic habitat, and direct effects to EFH species and 

other marine organisms.  Indirect effects to EFH species and other marine organisms within the 

area may occur due to the alterations of energy flow, habitat structure, and biotic interaction.  

The fisheries resources within New Bedford/Fairhaven Harbor identified as particularly 

susceptible to dredging and turbidity induced impacts include the winter flounder and 

anadromous fish. Winter flounder eggs are demersal and attach to benthic substrate and, 

therefore, are susceptible to removal via dredging and via smothering during the re-settlement of 

sediment from the water column.  Winter flounder begin spawning once water temperatures 

reach 8-9oC.  Peak spawning occurs in February and larvae remain proximal to their nursery 

areas through June. 

Anadromous fish runs between Buzzards Bay and the Acushnet River begin in the early spring 

with rainbow smelt returning first.  Alewife and blueback herring follow in April.  Restoration of 

anadromous fish runs in the Acushnet River Estuary has been identified as a priority by NOAA-

Fisheries, Restoration Center (J. Turek, NOAA Fisheries, personal communication).   

Potential turbidity-induced impacts to the water column are considered temporary and reversible 

and are expected to be comparable to the magnitude of natural events incurred during seasonal 

storms and peak discharges from the Acushnet River.  The duration of increased turbidity of the 
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water column during dredged sediment disposal activity (which is a conservative worst-case 

estimate of dredging-related turbidity) are estimated to be less than 90 minutes.  Therefore, water 

column turbidity should return to pre-disposal conditions relatively quickly.   

Other water quality parameters (such as DO, chlorophyll a concentration, nutrients, and 

contaminant concentrations) are predicted to cause minimal temporal changes to the water 

column and, therefore, are not expected to have a permanent adverse impact to EFH species. 

Local disruptions to the predator/prey cycle within the Inner Harbor may occur during dredging 

of sediment, since many EFH species are known to feed on organisms inhabiting the harbor, 

especially benthic invertebrates that have colonized the sediment.  Many of the EFH species and 

certain motile invertebrate prey species will flee the dredging areas during construction.  Other 

prey species such as sessile invertebrates (e.g., shellfish, and colonial invertebrates) would be 

removed.  Recolonization of the sediment surface would occur following construction.  

Impact to prey species such as anadromous fish could also occur but would be minimized by 

avoidance of dredging during sensitive life cycle habits (e.g., migration) and/or use of silt 

curtains during dredging to minimize suspension of sediment.  Other prey species such as sessile 

benthic marine invertebrates would be directly impacted by removal of sediment from the project 

area. However, this impact would only be temporary as adjacent source populations are 

expected to re-colonize the disturbance areas.  
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Results of this EFH assessment indicate that some secondary effects, such as increased turbidity 

generated during dredging operations, should be minimized at those times of the year when there 

is the greatest potential for impact to EFH.  Options considered for impact avoidance and 

minimization are discussed within Section 7 and mitigation for unavoidable impacts is proposed 

within Section 7. 

6.4.6. Avian Wildlife Assessment 

An assessment with regard to the potential for usage of the site by avian wildlife for nesting and 

foraging activities was conducted as a part of this study.  The avian wildlife assessment consists 

of review, analysis, and evaluation of existing data.  A peer review of the data evaluation was 

performed by an independent party, and the resume of the individual is attached as Appendix 57. 

Existing data for Southern New England, Bristol County, New Bedford and its Surroundings, 

and New Bedford Harbor include:   

•	 New Bedford Harbor - A bird survey conducted within New Bedford Harbor by 

USEPA in 1987. 

•	 Bristol County Data - Raw bird observations within Bristol County made via the 

Massachusetts Audubon Society’s online “eBird” system, 

•	 Southern New England Data - The species prioritization list associated with Bird 

Conservation Region 30, 

•	 New Bedford and Its Surrounding Communities - Information from the Paskamansett 

Bird Club’s 2007 Christmas Bird Count. 
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•	 New Bedford and Its Surrounding Communities - Specific identifications made by an 

individual within New Bedford from 2005-2008.   

•	 New Bedford Harbor - Observations made for Mass Audubon Society’s Breeding Bird 

Atlas 2. 

These data provide a reasonable estimate of the avian wildlife that utilizes the site at any point in 

time for habitat.  Data is summarized within tables included within Appendix 58. Although 

other avian wildlife could utilize the site as well, it is anticipated that that use would be 

infrequent, due to the absence of that avian wildlife in the surveys that focus closely on New 

Bedford Harbor. The following is a description of the evaluation undertaken in order to produce 

a list of avian wildlife that are anticipated to be present within New Bedford Harbor and utilize 

the site: 

A bird survey for the New Bedford Superfund Site was conducted in the Summer of 1987.  This 

survey was completed in support of a wetland analysis promulgated by the US Army Corps of 

Engineers. Of particular interest in this document was the comparison of avian wildlife 

populations present within the survey area (Upper New Bedford Harbor) as compared to the 

avian wildlife present at a location in Fairhaven in the Outer New Bedford Harbor (immediately 

to the east and south of the New Bedford Hurricane Barrier).  The comparison indicates 

distinctly different avian wildlife populations within and outside of the Hurricane Barrier.  The 

information associated with this bird survey is included within Appendix 59. 
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Data from the Massachusetts Audubon Society were accumulated between the years 2000 and 

2010. This data were collected via an online data collection system utilized by bird watchers 

associated with the Mass Audubon called “eBird”. “eBird” is an easy to use, interactive, 

computerized database that provides a simple way for bird watchers to keep track of the birds 

they see, and share that information with Mass Audubon (as well as researchers and other bird 

watchers).  The data from the “eBird” site were easy to download into an excel spreadsheet and 

to sort by species and sighting frequency; however, the “eBird” data could only be collected on a 

county-wide basis, and are not immediately representative of New Bedford Harbor.  In fact, it 

may be an inaccurate representation of the actual species located at the project site.  Due to 

restrictions in property access, bird watching is mainly conducted from public areas and not in 

locations specific to the project area.  Therefore, the raw “eBird” data were also combined with a 

few other sources of more site-specific information. Information on “eBird” is included within 

Appendix 60. 

Information regarding “Priority Species” within Bird Conservation Region 30 (New 

England/Mid-Atlantic Coast) was collected and analyzed.  Bird Conservation Regions are 

ecologically distinct regions in North America with similar bird communities, habitats, and 

resource management issues.  Bird Conservation Regions were developed through a mapping 

team comprised of members from the United States, Mexico, and Canada assembled at the first 

international North American Bird Conservation Initiative (a forum of governmental agencies, 

private organizations, and bird initiatives helping partners across the continent to meet their 

common bird conservation objectives). “Priority Species” within Bird Conservation Region 30 

were noted by the Atlantic Coast Joint Venture, a partnership focused on the conservation habitat 
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for native birds in the Atlantic Flyway of the United States from Maine south to Puerto Rico 

(representing 18 states and commonwealths and key federal and regional habitat conservation 

agencies and organizations in the joint venture area). The management board of the Atlantic 

Coast Joint Venture includes the Regional Refuge Chief from Region 4 and the Regional 

Director of Region 5, of the U.S. Fish and Wildlife Service as well as the Director of the 

Massachusetts Division of Fisheries & Wildlife.  In addition six of the eight staff members listed 

on the Atlantic Coast Joint Venture website are noted to be U.S. Fish and Wildlife Service 

employees.  Information on the North American Bird Conservation Initiative and the Atlantic 

Coast Joint Venture are included within Appendix 61. 

Each Christmas, the National Audubon Society promulgates a nation-wide bird count.  In 2007, 

the Paskamansett Bird Club 2007 completed its Christmas Bird Count within the greater New 

Bedford, Acushnet, Fairhaven, Dartmouth and Mattapoisett cities.  This information was 

collected in the winter, and therefore would miss migrating birds; however, it provides some 

additional information regarding avian wildlife presence in New Bedford and its surrounding 

communities. More detailed information regarding the 2007 Christmas Bird Count is included 

within Appendix 62. 

Information from the postings of an amateur bird watcher were collected from an online web log 

or “Blog” posted by Mr. Daniel Harper. From August, 2005- September, 2008 Mr. Harper was 

the minister for the First Unitarian Church of New Bedford.  During that time period, Mr. Harper 

conducted amateur bird watching events, during which he identified a range of birds inhabiting 

New Bedford Harbor (although not necessarily at the site).  Mr. Harper posted the results of his 
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observations, and posted a list at http://www.danielharper.org/blog/?page_id=454. Mr. Harper 

did not keep detailed records of his observations, and therefore only posted a summary of the 

birds he viewed, and did not have information on specific dates, times, or weather conditions at 

which he viewed the birds. Mr. Harper visited locations both within New Bedford and 

Fairhaven; therefore, the information that he collected is not specifically representative of the 

South Terminal area, but is helpful in presenting a range of avian wildlife present in the vicinity 

of the project area. Information on Mr. Harper’s blog are attached as Appendix 63. 

The Massachusetts Audubon Society is nearing the end of its second effort to collect data on 

distribution of birds statewide in order to promulgate its Breeding Bird Atlas.  The first Atlas 

was undertaken in the 1970s. Surveyors visit specific quadrants (approximately 10 square miles 

each) within Massachusetts and record all of the avian species observed.  Due to the intense 

investigation requirements, no more than four quadrants are investigated by any surveyor in any 

one year. Surveyors conduct their investigations only during breeding periods (typically May 15 

– August 1), and spend a minimum of 20 hours surveying for birds in each quadrant.  This 

survey would have been conducted during time periods within which migrating birds would have 

been present within New Bedford Harbor. The quadrant for New Bedford North 06 

encompasses most of the area north of the New Bedford Hurricane Barrier, and is primarily 

water, and therefore presents an ideal opportunity to record the presence or absence of shore 

birds within New Bedford Harbor.   Information on the Breeding Bird Atlas is included within 

Appendix 64. 
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Data from the sources listed above, are presented and sorted within Table 1A through Table 1D 

contained within Appendix 58. The data are presented in raw form (unsorted) within Table 1A, 

and are gradually sorted in steps until a final list is presented within Table 1D as follows: 

•	 Table 1A: Unsorted Raw Data 

•	 Table 1B: Only birds observed by one of three field observers (Mr. Dan Harper, 1987 

New Bedford Superfund Site Survey, and Mass. Audubon Breeding Bird Atlas Survey). 

•	 Table 1C: Includes only birds observed by surveyors located (at all times) within New 

Bedford Harbor (1987 New Bedford Superfund Site Survey and Mass. Audubon 

Breeding Bird Atlas Survey). 

•	 Table 1D: Includes only Bird Conservation Region 30 Priority Species observed by 

surveyors located (at all times) within New Bedford Harbor (1987 New Bedford 

Superfund Site Survey and Mass. Audubon Breeding Bird Atlas Survey). 

Although Table 1D does not necessarily represent all birds that could utilize the site for habitat, 

it does represent the “Priority Species” most likely to utilize the site.  It is likely that if other 

species utilize the site, they do so infrequently.  The species of concern, therefore, are: 

•	 American Black Duck 

•	 American Oystercatcher 

•	 Baltimore Oriole 

•	 Black-crowned Night-Heron 

•	 Blue-winged Warbler 
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• Canada Goose 

• Chimney Swift 

• Eastern Kingbird 

• Eastern Towhee 

• Gadwall 

• Gray Catbird 

• Great Crested Flycatcher 

• Killdeer 

• Least Tern 

• Mallard 

• Nelson's Sparrow 

• Northern Flicker 

• Saltmarsh Sparrow 

• Snowy Egret 

• Spotted Sandpiper 

• Willet 

• Willow Flycatcher 

• Wood Duck 

6.4.7. Endangered Species Analysis 

The site is not located within an area identified as federal critical habitat or state priority habitat 

for rare or endangered species; however, due to the wide range of avian wildlife habitat use, it is 
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unavoidable that some impacts to shallow-water feeding areas for some rare avian species may 

occur, but are anticipated to be minimal. 

The Roseate Tern and Common Tern are noted to be state-listed as “Endangered” and “Special 

Concern” species, respectively, within the Commonwealth of Massachusetts.  The Roseate Tern 

is listed as a Federally “Endangered” species.  Common Tern presence is often indicative of the 

presence of the Roseate Tern, as the Roseate Tern nests within Common Tern colonies and also 

often forages with Common Terns. Fact sheets regarding these two birds are included within 

Appendix 65. 

Common Terns nest generally on sandy or gravelly offshore islands and barrier beaches. 

Roseate Terns typically nest among Common Tern colonies, but typically choose areas with 

denser vegetation to use as cover for chicks. Both species prefer to nest on islands to avoid 

predators and intruders. A variety of predators, including birds, mammals, snakes, ants, and land 

crabs eat tern eggs, young, and adults.  Neither species has ever been known to nest at the project 

site or elsewhere in New Bedford Harbor. 

Common Terns feed mainly on a wide variety of small fish and crustaceans; however, their 

primary prey in most Atlantic coast breeding areas is the American sand lance.  Similarly, the 

Roseate Tern feeds almost exclusively on small fish.  About 70% of its diet consists of sand 

lance. Both the Roseate Tern and the Common Tern forage by plunge-diving (diving from 

heights of between 1-12 meters and oven submerging to greater than 50 centimeters.  Sand lance 

occur throughout the water column over sandy substrates into which they burrow.  The sand 
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lance burrows for rest and escape from predators; hence much time may be spent within the 

substrate, isolated from the water column.  Due to this specific defense behavior, the sand lance 

is particularly vulnerable to become contaminated by adjacent contaminated sediment, such as 

the high levels of PCBs within the contaminated sediment of New Bedford Harbor.  It is likely 

the Common Tern and Roseate Tern’s preference for American sand lance is the source of high 

levels of PCBs found in chicks found dead at Bird Island in 1970, and increased levels of PCBs 

within existing Roseate and Common Tern colonies.  Additional details with regard to the 

American sand lance are included within Appendix 66. 

The information gathered within bird surveys outlined within Section 6.4.6 above, indicates that 

Common Terns and Roseate Terns forage within Buzzard’s Bay and the outer portions of New 

Bedford Harbor. Bird surveys that included areas outside of New Bedford Harbor (eBird 

information and observations completed by Mr. Dan Harper’s surveys) noted the Common Tern 

and/or the Roseate Tern as being identified, while bird surveys conducted solely within the 

Hurricane Barrier (1987 New Bedford Superfund Site Bird Survey and Mass Audubon Breeding 

Bird Atlas surveys) did not note the presence of the Common Tern or the Roseate Tern.  It 

should also be noted that the 1987 New Bedford Superfund Site Bird Survey in fact noted the 

presence of the Common Tern at a control site located outside of the New Bedford Hurricane 

Barrier. (The Paskamansett Bird Club 2007 Christmas Bird Count was conducted in the winter, 

when Common Terns and Roseate Terns would have already migrated south for the winter.)   
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These surveys indicate that the Common and Roseate Terns likely do not travel inside of the New 

Bedford Hurricane Barrier, and if they do, they do so infrequently and have not been noted 

within the surveys in question. 

It is likely that Common and Roseate Terns do not utilize the area within the New Bedford 

Hurricane Barrier for the following reasons: 

•	 Food – As stated above, the primary food source for the Common or Roseate Tern is the 

American sand lance, whose protective behavior appears to create a significant 

vulnerability to contaminated sediment.  Therefore, foraging within New Bedford Harbor 

presents a particular risk to the Common and Roseate Tern, who both selectively forage 

for this fish.  It is likely that, if Common and Roseate Terns ever foraged within New 

Bedford Harbor historically, that their preference for sand lance resulted in 

bioaccumulation of PCBs within the birds, perhaps resulting in higher chick mortality 

rates, such as those found dead at Bird Island in 1970.  As a result of this preference, it 

appears that, at least until PCB contamination is removed from New Bedford Harbor, that 

areas north of the New Bedford Hurricane barrier represent poor foraging habitat for 

Common or Roseate Terns. 

•	 Noise – New Bedford Harbor is a highly industrialized area, and produces regular noise 

of human industrial and commercial activity.   This includes the operation and repair of 

over 500 commercial fishing vessels, operation of dozens of fish processing plants, 

multiple cargo ship receiving facilities, multiple ship-yards, ferry boats, cruise ships, and 

repair yards.  This activity produces a significant quantity of noise, particularly in the 
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spring, summer, and early fall, during which the activity within the harbor is at its peak, 

and when foraging for the Common or Roseate Tern would be at its peak.   

•	 Human Activity - Most areas of New Bedford Harbor contain some level of human 

activity, be it industrial (ship-building, commercial fishing, cargo transport), commercial 

(recreational sailing or fishing vessels), or recreational (recreational fishing along the 

shoreline, recreational boating, mooring, canoeing or rowing).   It is likely that this level 

of activity would be discouraging to the Common or Roseate Tern.   

As a result of this analysis, it appears that neither the Common Tern, nor the Roseate Tern are 

likely to utilize the site for regular foraging.  In fact, regular foraging would likely be detrimental 

to either species within the areas north of the New Bedford Hurricane Barrier, as the tern’s 

foraging patterns make them extremely vulnerable to PCBs in sediment.  Therefore, it does not 

appear that the project as proposed will have a significant impact upon either the Common Tern 

or the Roseate Tern. In fact, mitigation measures proposed as part of the project, specifically 

those proposed south of the New Bedford Hurricane Barrier, may be very beneficial to the 

Common and Roseate Terns, due to enhancement of foraging habitat (see Section 7 for a 

discussion of proposed mitigation).  

A request for a consultation on the potential impact of the proposed project on the Roseate Tern 

was filed with the Natural Heritage & Endangered Species Program, resulting in a letter prepared 

by Dr. Thomas French (Assistant Director), which stated the Roseate Tern and Common Tern 

(species that could utilize the site as foraging habitat) are state-listed as “Endangered” and 

“Special Concern” species within the Commonwealth of Massachusetts.  The Roseate Tern is 

also listed as a Federally “Endangered” species.  The nearest breeding colony for the Roseate 

231 




 

 

 

 
 

   

 

 

 
 

Tern is located at (Bird Island), which is approximately 17 kilometers away from the site (the 

daily flight radius of the Roseate Tern is approximately 25 km). 

The letter from Dr. French states that “It appears that the proposed dredging and terminal 

extension would only impact a small acreage of shallow-water feeding habitat for terns.  Given 

the relatively small project footprint within mapped tern habitat, it does not appear that the 

project will result in measurable harm to state-listed species” (see Appendix 67). Please note 

that since Mr. French’s review was completed, that the project has been modified slightly; 

however, the overall area of impact to avian wildlife habitat has not significantly changed.   

6.4.8. Functions and Values Assessment 

Apex conducted an evaluation of functions and values for the wetlands present within the work 

area. Apex completed the Wetland Function-Value Evaluation Form from “The Highway 

Methodology Workbook Supplement: Wetland Functions and Values, A Descriptive Approach” 

(the completed form is attached as Appendix 68 of this document).  The following sections 

provide a descriptive evaluation of functions and values for wetland areas within the area of 

work. A subsequent section summarizes the principal functions/values of the proposed South 

Terminal CDF area, and discusses the potential impacts that the proposed work will have on the 

principal functions/values of the proposed South Terminal CDF area: 

6.4.8.1. Groundwater Recharge/Discharge 
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Groundwater Discharge is one of the principal functions/values of the wetland.  The area is a 

primary intersection of a freshwater groundwater table and a saltwater estuary.  Groundwater 

generated via precipitation and runoff typically intersects with saltwater intrusion and 

discharges/mixes at this location; therefore, Groundwater Discharge is one of the Primary 

Functions. Groundwater recharge does not occur at this location. 

6.4.8.2. Floodflow Alteration (Storage & Desynchronization) 

The wetland area provides storage for flood flows present within the Acushnet River; however, 

flood storage is not as crucial at the base of the Acushnet River, where New Bedford Harbor 

intersects with Buzzard’s Bay. Reduction of flood storage at this end of the Acushnet River 

provides less benefit due to the ease at which flood waters drain out through the Hurricane 

Barrier at the mouth of New Bedford Harbor.  Flood flows during storm surges are many orders 

of magnitude higher than what can be accommodated at properties within New Bedford Harbor; 

and the New Bedford Hurricane Barrier protects New Bedford Harbor from significant storm 

surges. Therefore, although flood flow alteration is one of the functions/values of the wetland, it 

is not a Principal Function. 

6.4.8.3. Sediment/Shoreline Stabilization 

The wetland areas provide a buffer to reduce the energy of the high-velocity waves within New 

Bedford Harbor.  The filling of the wetland areas will reduce the ability of the area to reduce the 

energy of these waves, which would result in slightly higher energy waves within the Harbor 
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impacting upon other structures, vessels, and natural features.  Therefore, sediment/shoreline 

stabilization is one of the Principal Functions of the wetland areas. 

6.4.8.4. Fish and Shellfish Habitat 

Shallow, near-shore subtidal areas serve as fish habitat as well as spawning grounds.  An 

Essential Fish Habitat Assessment has been conducted and is included within previous sections 

of this document.  The Essential Fish Habitat Assessment provides a more thorough assessment 

of the existing fisheries habitat that will be altered by completion of this project. 

Visual evidence as well as the results of a shellfish survey have indicated that the coastal beach 

and aquatic areas of the site serve as shellfish habitat.  The results of the shellfish survey are 

included within previous sections of this document.  The Shellfish Survey provides a more 

thorough assessment of the existing shellfish resources that will be altered by completion of this 

project. 

Fish and shellfish habitat is one of the Principal Functions of the wetland areas. 

6.4.8.5. Wildlife Habitat 

The site is isolated on all sides by industrial properties, which minimizes the accessibility of the 

site for large mammals.  However, the shallow water habitat, and the intertidal areas provide 

nesting and feeding locations for shore birds. Avian wildlife has been observed onsite as well as 
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within New Bedford Harbor and Bristol County.  A more thorough assessment of the avian 

wildlife that may frequent the site, due to the presence of such wildlife within the greater region, 

and also based upon local bird-watching information is included within previous sections of this 

document. 

It should be noted that the quality of the avian habitat is questionable due to the PCB impacts to 

shoreline sediments as well as the impacts to shellfish that serve as a food source for avian 

wildlife at the site.  Nevertheless, wildlife habitat is one of the Principal Functions of the wetland 

areas. 

6.4.8.6. Sediment/Toxicant Retention 

Rather than retaining sediment or toxics, the wetland area, as well as New Bedford Harbor as a 

whole, acts as a source of contaminants for the surrounding environment, such as Buzzard’s Bay.  

The tidal flows, and high velocity waves that periodically impact the shoreline, act to mobilize 

fine grained sediment, rather than retain it.  Fine grained material or sediment are present below 

the low tide line and are also interspersed within the sand-dominated coastal beach, which results 

in the elevated concentrations of PCBs in both locations; however, this area of New Bedford 

Harbor is not one typically that is responsible for sediment retention, and it definitely is not 

responsible for toxicant retention, and instead serves to export toxicants to un-impacted areas 

within Buzzard’s Bay. 
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6.4.8.7.	 Nutrient Removal/Retention/Transformation and Production Export 
(Nutrient) 

The capacity of the wetland areas to export production is limited.  The wetland areas are man-

made, via fill that has been utilized to extend the shoreline to the east over time.  The coastal 

beach and aquatic areas do not serve as a sink for nutrients.  The flow regime, low detention 

time, absence of slowly draining fine-grained material or deep organic/sediment deposits limit 

the capabilities of the wetland areas to act as a sink for nutrients.  As stated before, the sediments 

within the wetland areas are contaminated with PCBs. The production of food or usable 

products for humans or other living organisms by the wetland areas are not beneficial to humans, 

wildlife, fish or the environment. Therefore, the functions/values of Nutrient 

Removal/Retention/ Transformation and Production Export (Nutrient) are not highly functioning 

for the wetland areas, and those aspects that are functioning, present a significant risk to the 

environment. 

6.4.8.8.	 Recreation (Consumptive & Non-Consumptive), Educational/Scientific 
Value, Uniqueness/Heritage, Visual Quality/Aesthetics 

The site is an open area, and has a length of coastline that can be viewed from multiple locations.  

However, the site is strewn with trash, and debris, and is not a popular location for the locals to 

view. The site is located within New Bedford Harbor, which is an active industrial and 

commercial Harbor, and the site is located within an area designated by the Commonwealth of 

Massachusetts as a Designated Port Area; an area that is set aside specifically for industrial 

development.  The site does not have any cultural or heritage significance.  The site is not part of 

a recreation area, is private property, is fenced off, and the public is discouraged from entering. 
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The wetland areas are adjacent to navigation areas, but are not accessible for recreational 

boaters; a recreational boat ramp and mooring fields are adjacent to the site, and accessible 

through City of New Bedford-owned facilities.  Impacts to the wetland areas will not impact 

accessibility to New Bedford Harbor. Therefore, the functions/values of Recreation, 

Educational/Scientific Value, Uniqueness/Heritage, and Visual Quality/Aesthetics are not 

particularly applicable to the wetland areas. 

6.4.8.9. Endangered Species 

The site is not located within an area identified as critical habitat or priority habitat for rare or 

endangered species; however, to the wide range avian wildlife habitat use, it is unavoidable that 

some impacts to shallow-water feeding habitat for some rare avian wildlife will occur, even if 

only minimally. 

A request for a consultation on the potential impact of the proposed project on the Roseate Tern 

was filed with the Natural Heritage & Endangered Species Program, resulting in a letter prepared 

by Mr. Thomas French (Assistant Director), which stated the Roseate Tern and Common Tern 

(species that could utilize the site as foraging habitat) are state-listed as “Endangered” and 

“Special Concern” species within the Commonwealth of Massachusetts.  The Roseate Tern is 

also listed as a Federally “Endangered” species.  The nearest breeding colony for the Roseate 

Tern is located at (Bird Island), which is approximately 17 kilometers away from the site (the 

daily flight radius of the Roseate Tern is approximately 25 km). 
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The letter from Mr. French states that “It appears that the proposed dredging and terminal 

extension would only impact a small acreage of shallow-water feeding habitat for terns.  Given 

the relatively small project footprint within mapped tern habitat, it does not appear that the 

project will result in measurable harm to state-listed species” (see Appendix 67). Please note 

that since Mr. French’s review was completed, that the project has been modified slightly; 

however, the overall area of impact to Tern Habitat has not significantly changed.   

6.4.8.10. Evaluation of Principal Functions and Values 

As identified above, the principal functions and values identified for the site are: 

• Groundwater Discharge; 

• Sediment/Shoreline Stabilization; 

• Wildlife Habitat; and 

• Fish and Shellfish Habitat. 

It is anticipated that the proposed work will impact two of these four functions and values 

minimally.  The planned cap will be permeable, and thus should not impede groundwater 

discharge.  Weep holes within the sheet piling will allow groundwater to flow into the Harbor, 

and will also allow hydrostatic forces built up via tidal intrusion into the upland area to flow 

back out into the Harbor. The cap will also isolate the impacted sediment within the area of the 

site, and will prevent it from entraining within the water column and transporting out into 

Buzzard’s Bay; thereby increasing water quality within the Acushnet River and Buzzard’s Bay. 
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The sheet piling will provide a barrier for the waves that impact upon it.  Although some 

shoreline stabilization will be lost (as the wave energy may be re-directed rather than dissipated), 

the decrease in shoreline stabilization should be minimal. 

The largest impacts anticipated are to be due to the loss of Essential Fish Habitat from filling and 

dredging, destruction of shellfish, loss of shellfish habitat from filling and dredging, and the loss 

of shallow-water and intertidal habitat for avian wildlife.  Again, note that shellfish within the 

area are impacted with PCBs and the shellfish themselves are banned for consumption 

indefinitely; also note that the contaminated shellfish represent the primary food source for avian 

wildlife, and the removal of this food source remove a source of contamination within the avian 

wildlife food chain. 

6.5. Secondary Impacts 

During the construction and operation of the proposed facility, additional resource impacts are 

expected to occur from the construction operations, as well as the operation of the facility and 

vessels which will be utilizing it.  Some of these effects are temporary in nature, such as those 

associated with construction, while others will be ongoing effects of operation of a marine 

terminal.  Many of the impacts, such as those caused by boat traffic, are already occurring at the 

project site, during the operation of the existing marine terminal and the Gifford Street boat 

ramp, and the project will not be creating new impacts to the area, but will be contributing to 

them. 
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6.5.1.	 Dredging or Other Construction Related Turbidity and Re-
Suspension/Bioavailability Impacts 

Dredging of the channel and berthing area and the driving of the sheetpiles will produce 

locally elevated turbidity levels during their installation.  The installation equipment will also 

require the use of tug or push boats which, in the shallow water environment, will disturb and 

temporarily suspend sediment in the water column.  The actual process of dredging will suspend 

sediments in a similar fashion to that described above, however it is anticipated that the volume 

of sediment suspended by the process will be larger than that produced by installation of pilings, 

or the movement of equipment.  High levels of turbidity have been associated with decreased 

feeding success in some fish species, and the local productivity of the habitat may be temporarily 

depressed during such events, but the effect should be short term in nature.  Additionally, high 

levels of turbidity could effect shorebird foraging.  The suspended sediments will settle back out 

of the water when water velocities decrease at the cessation of pile driving or vessel movement. 

During the resettlement the sediment may cover and prevent the development of larval fish 

species, or eggs. 

Completion of the proposed dredging may result in some re-suspension/bioavailability of 

contaminated sediments.  The re-suspension will be a by-product of the dredging activity that 

will result from either mechanical or hydraulic means of collecting sediment for sequestration 

and disposal. The re-suspension will be controlled utilizing a combination of Bests Management 

Practices, including the use of environmental buckets, silt curtains, time of year restrictions, 

filtration of decant water and other methodologies. 
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However, the removal of the contaminated sediments within the dredge area will result in 

a significant reduction in bioavailability of contaminants in the long-term.  The suspension of 

harbor sediments within the water column during dredging operations will cause a temporary 

increase in the bioavailability of superfund contaminants of concern.  However, based on the 

results of previous studies (WES, 1986; Bohlen et al., 1979), re-suspended dredged material 

should settle rapidly (within approximately 1,500 feet) of the dredge area, and typically within 

hours of the cessation of dredging activities.  This information is further supported by a study 

completed by Battelle on behalf of USEPA, dated December 15, 2009, and referenced within the 

Essential Fish Habitat Assessment prepared for this project which stated that the plume of 

suspended sediment that was generated during disposal of sediment within a CAD Cell 

dissipated to near-background levels within 90 minutes.   

Given the commitment to using best management practices, and the documented minimal 

re-suspension effects of dredging, the dredging will not significantly increase the bio-availability 

of the contaminants and will not have a significant adverse effect on aquatic life. 

Dredging will produce conditions similar to those which arise whenever rough seas or 

turbid conditions form within New Bedford Harbor, as the result of storm events.  Observed 

conditions over the past nine years in New Bedford Harbor have indicated that storm events, 

particularly in shallow-water areas, are very likely to create sufficient turbulence due to wave 

action such that visibility when diving within New Bedford Harbor is virtually non-existent.  The 

removal of the fine-grained contaminated material reduces the amount of turbidity that such 

storm events will create in the future, and will further reduce the bioavailability of PCB and 
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metals impacts within sediment that is entrained within the water column during these storm 

events in the vicinity of the South Terminal CDF.   

It is expected that the dredging portion of the project will last for approximately one to 

two months and suspended sediment (absent the proposed controls) would be elevated during 

this time period.  Although dredging will temporarily increase turbidity during the dredging 

activity (which will last a matter of hours before settling out from the water column), this effect 

will only last for the short lifespan of the dredge project.  The re-suspension and increased 

bioavailability of sediment due to storm events in shallow waters (such as those at the South 

Terminal CDF) will be a continual process, repeated during each storm event, until such time as 

the impacted sediment is removed.   

Avoidance, minimization and/or mitigation for secondary effects are noted within 

Section 7. 

6.5.2. Stormwater Runoff 

The following abbreviated stormwater management plan has been prepared to address concerns 

raised by USEPA.  A more formal stormwater management plan, with additional detail, will be 

finalized with design documents prior to construction:   
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6.5.2.1. Soils, Slopes, Vegetation, and Current Drainage Patterns 
Soil type(s):  The two major soil types on the site are defined as (651) Udorthents smoothed and 

(602) Urban Land. Their approximate distribution on the site is depicted in the figure below. 

These two soil types compose the landward soils with the other unit on the map (607) being salt 

water. 

Proposed South 
Terminal Marine 
Infrastructure Site 

Approximate distribution of NRCS Mapped Soil Units at Site 
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx) 

Udorthents smoothed (651) - These soils are described as made land over loose sandy and 
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gravelly glaciofluvial deposits and/or firm coarse-loamy basal till derived from granite and 

gneiss. They have a wide range of water transmitting capability which ranges from 

moderately low to very high. Typical profile is 0 to 6 inches variable and 6 to 60 inches 

variable. The depth to the water table is typically more than 80 inches.   

Urban Land (602) – These soils are filled lands composed of urban fill material which has 

been excavated and transported to the area.  These are not naturally occurring soils. 

Slopes/Drainage Patterns: The project site is located on a parcel of land approximately 7 acres 

abutting the New Bedford Inner Harbor New Bedford, MA.  The parcel is relatively flat and 

gently slopes towards the harbor.  The current site consists mainly of previously disturbed land 

which has reverted back to shrubland and small amounts of developed and paved surfaces.  The 

site slopes generally from west to east. 

Existing off-site runoff currently flows across the site via sheet flow and discharges into New 

Bedford Inner Harbor. Two stormwater easements are located on the northern and southern 

portions of the projects and contain stormwater outfalls which discharge directly into the harbor. 

During construction stormwater which would be traveling through the site will be temporarily re

routed around the construction area to minimize sediment in the runoff.  This rerouted runoff will 

be controlled by BMPs utilizing diversions, check dams, and temporary sedimentation basins. 

The current stormwater outfalls will be extended and not impacted during construction activities. 

The outfalls will be extended to ensure that the water conveyed by them is not discharged into 

the new bulkhead area being created as part of the project.   
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Vegetation: Vegetation on the site in the project area is representative of disturbed shrubland 

community. Native grasses and weeds are interspersed in the herbaceous layer.  The site is 

partially located within the footprint of a former mill building which was demolished in 1939. 

Much of the rubble from the factory remains on-site and pioneering vegetation has taken over 

and stabilized the soils.  The vegetation on the beach is sparse limited to some occasional beach 

grass. The beach is not a barrier beach and the project will not impact any existing dune areas. 

The entire area surrounding the project has been previously disturbed and developed.  

6.5.2.2. Receiving Waters 

Description of receiving waters: The receiving water for this project is the New Bedford Inner 

Harbor. The Inner Harbor abuts the site and direct discharges to the harbor will be avoided. 

The Inner Harbor is considered an impacted water body and has TMDL limits set for it. 

Through the use of properly engineered sediment and erosion controls no sediment from the 

project will enter into the receiving waters without prior treatment for suspended solids and 

other TMDL limits.  The stormwater system will be designed and operated to ensure that 

discharges from the site do not cause or contribute to a violation of any applicable water quality 

standard, in accordance with federal and/or state ARARs.   

Description of stormwater: 

Existing stormwater patterns 

Two existing piped drainage systems pass through the project in the northern portion of the 

property and include outfalls within the project limits.  One system is near the northern limit of 

the project roughly extending east from Wright Street.  This storm drain discharges through the 
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existing bulkhead into New Bedford Harbor.  The second piped system extends east from the 

cul-de-sac on Blackmer Street passing beneath the shoreline and discharges just offshore.  Only 

limited amounts of runoff from the margins of the project area drain to these piped systems. 

The majority of runoff from the landward portions of the project area is generally by overland 

flow easterly to the harbor. 

The southern portion of the project has no defined drainage system.  Runoff is overland either 

onto abutting commercial/industrial property to the east or to existing storm drainage systems in 

Gifford Street to the north and Cove Street to the south.  The small portion of the project areas 

located north of Gifford Street are drained primarily by overland flow directly or indirectly 

(across abutting property) to the harbor with small portions draining toward Gifford Street.   

Proposed Stormwater System 

With respect to the existing stormwater outfalls on the northern portion of the project, it is 

proposed that the northern pipeline will be maintained in its existing condition, while the 

southern pipeline will be replaced and re-routed along the southern face of the new bulkhead. 

The existing pipelines will be modified and strengthened or replaced as necessary to 

accommodate anticipated loads from filling, storage, trucks and other heavy equipment 

including cranes.   

During construction considerable effort will be taken to eliminate the potential of sediment or 

other pollutants reaching the harbor. As is typical of any project covering several acres and 

requiring the movement of large quantities of earth materials, the project must be designed to 

address concerns for control of erosion and sedimentation due to potentially large areas of 
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unstabilized soil materials.  As detailed below, these will be addressed by implementation of 

conventional stormwater controls and BMPs.  The project must also address control of the 

runoff from dredged materials used for site fills.  Containment of stormwater and active controls 

will be implemented to address this potentiality.  A system including handling and dewatering 

basins; monitoring stormwater; active control of outlet; additional settling, as necessary; and 

testing and monitoring will be implemented to control runoff.  

Following construction, the stormwater system must accommodate the intended facility use for 

support of offshore wind energy. It is anticipated that small portions of the site (less than 10%) 

will have paved access driveways or haul routes, but the predominant surface will be crushed 

aggregate (stone and other clean material) for the storage of components and the operation of 

cranes and other heavy equipment.  It is reasonable to assume that over time there will be some 

changes in surfaces as equipment changes occur which may require isolated hardstands or 

support pads. However at this time it is envisioned that crushed aggregate will remain the 

predominant surface material.   

After the initial use of the facility for offshore renewable energy support, the facility will be 

utilized for other types of maritime commerce.  As previously stated, it is currently anticipated 

that sufficient compaction of the crushed aggregate surface will have occurred during the 

facility’s initial use, that the crushed stone surface can be used without paving to service 

maritime commerce.  Although it may be found to be necessary to pave the site at some future 

date, it is currently not anticipated that that will be necessary at this time.  Therefore, it is not 

practical at this time to predict when this might occur or how much additional land area might 

be covered by additional impervious surfaces such as buildings or pavement.  Should the use of 
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the facility change in the future, any proposed changes would have to be designed to the then-

applicable codes and regulations and be permitted in accordance with the applicable 

regulations. 

Description of impaired waters or waters subject to TMDLs:  New Bedford Inner Harbor 

which is the water body which abuts the project site is listed as a Category 5 impaired water 

body. A Category 5 TMDL has thresholds placed on target pollutants which have exceeded the 

TMDL in the past and are potentially impacting the water body.  The TMDL’s listed for New 

Bedford Inner Harbor are; priority organics, metals, nutrients, organic enrichment/low dissolved 

oxygen, pathogens, oil & grease, taste odor color, and objectionable deposits.   

6.5.2.3. Potential Sources of Pollution 

Potential sources of sediment to stormwater runoff: 

During the site construction potential sources of sediments would include:  

•	 Clean stockpiled dredge material for filling behind the bulkhead 

•	 Contaminated soils currently under an asphalt engineered barrier located at the DMF 

properties (MassDEP information for Release Number #4-0015490 located at 16 

Blackmer Street states that the primary pollutant for this site is lead, but other 

contaminants include PAHs, and TPH).   

•	 Other contaminated soils onsite. 

•	 Clearing, grading, excavating and un-stabilized areas 

•	 Soil transported on the construction vehicles during transport 

•	 Dust from construction activities 
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• Run-off from stock piled material 

Potential pollutants and sources, other than sediment, to stormwater runoff: 

Stormwater Pollutants Location 

PCB’s 
Limited to the approximate upper two to three feet of 
dredged sediment (to be disposed of within the CAD 
Cell) and within existing soils at the site. 

Heavy Metals 
Limited to upper foot of dredged sediment (to be 
disposed of within the CAD Cell) and soils beneath the 
engineered barrier at 16 Blackmer Street.   

Oil, Grease, Fuel 
Construction vehicle washing area, vehicle maintenance 
area and vehicle storage area and within existing soils at 
the site. 

Fuel Construction vehicle re-fueling area 

Paint Structure construction area and supply storage areas 

Trash & Debris Waste storage area 

Sanitary Waste Portable bathroom facilities 

Landscaping materials 
(fertilizers, pesticides etc.) 

Supply storage area and landscape areas under 
construction 

Building materials Supply storage area and structure construction areas 

To protect the water quality in New Bedford Harbor, the above potential stormwater pollutants 

will be controlled through a number of measures, including use of retention and/or detention 

basins (as necessary), installation of erosion and sedimentation controls, isolation of 

contaminated material both during construction and post-construction, protection of stockpiled 

sediment, control of sheet flow runoff at the site, maintenance (or appropriate alteration) of 

existing Activity and Use Limitations, treatment (as necessary) of detained stormwater prior to 

discharge, and use of Best Management Practices.   
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Contaminated dredged sediments will be placed within a CAD Cell. Dredged material used 

onsite will either be placed onsite below the water line or dewatered and allowed to dry prior to 

compaction above the water line (as necessary), and the water from the dredged material will 

either infiltrate onsite, or be directed to a temporary basin where additional settlement will occur. 

A dewatering fluid treatment system will be available as a contingency to capture and treat the 

dewatering fluids; however, it is anticipated that the majority of water will naturally infiltrate. 

The dredged material used within the facility will be dredged parent material, which is 

anticipated to be clean. 

Dewatering will be conducted in accordance with the State Enhanced Remedy Performance 

Standards. The erosion and sediment controls associated with dewatering will include at a 

minimum, earth berms and/or hay bale barriers and silt fencing.  The material will only remain 

stockpiled on-site temporarily until it can be used behind the sheet piles which will be installed. 

Stormwater from the handling and dewatering basins will be carefully controlled and no 

discharge will occur until the stormwater is monitored for turbidity.   

Turbid stormwater from dredge handling and dewatering basins will be conveyed to secondary 

basins for additional settling.  If fine-grained sediments persist in the stormwater, sand and/or 

geotextile filters will be employed to further reduce particulates.  Stormwater on-site will either 

infiltrate or drain towards the sheet pile contained fill area.  The construction area will be 

designed to ensure that any water not captured by temporary sediment basins or traveling 

through the site via sheet flow during stormwater events will be held behind the sheet piled area. 

This will allow for additional settlement of the sediments suspended in the stormwater.  Water 
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within the stormwater basins will be monitored and can be tested for turbidity and other 

parameters prior to being either treated and/or discharged.   

To satisfy the conditions of the existing Activity and Use Limitation (“AUL”) imposed on the 

property at 16 Blackmer Street, pursuant to the Department’s Massachusetts Contingency Plan 

(310 CMR 40.0000), the existing asphalt barrier will either need to be maintained, a 3” concrete 

barrier will need to be installed, or three feet of clean material will need to be placed on top of 

the contaminated material.  Alternately, the AUL may be modified under the MCP to devise an 

alternate method for handling impacted soils.  One of the above-mentioned strategies will be 

implemented to maintain a level of “No Significant Risk” from the impacted soils at this 

location. 

6.5.2.4.  Erosion and Sediment Control BMPs 

6.5.2.4.1. Minimize Disturbed Area and Protect Natural Features and Soil 
1.	 Prior to the start of any earthwork silt fences and hay bales will be installed.  Temporary 

detention basins for handling and dewatering dredge materials or dewatering treatment 

systems will be installed as necessary. 

2.	 All silt fences will be inspected weekly and after every rain event that produces runoff within 

a 24-hour period and will be repaired or replaced as necessary.  Silt fencing will be cleaned 

out when sediment has reached 6 inches in depth. 

3.	 Any environmental or historic resource areas to be protected will be surveyed and flagged to 

define limits of work. 
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4.	 Installation of siltation booms and water quality protection measures, as needed, will be 

installed prior to the driving of sheet piling or dredging, as necessary.  

5.	 All areas to be excavated will be laid out by a surveyor prior to excavation.  

6.5.2.4.2. Phase Construction Activity 
The site will be constructed in several phases.  Erosion control measures will be installed 

incrementally with each phase.  After these measures are in place, the land will be cleared, 

stabilized, construction entrances will be constructed, and staging areas will be established. 

Siltation curtains and booms will be deployed prior to navigational dredging work within the 

water begins, as required by State Enhanced Remedy Performance Standards.  The sheet piles 

will be placed and dredging in front of the bulk head will commence.  A CAD Cell will be 

constructed in coordination with the development of the facility.  CAD Cell construction will 

likely begin prior to the start of dredging, in order to allow placement of contaminated material 

into the CAD Cell from the site for disposal. Parent material from dredging activities (from 

navigational dredging) will be separated and staged on-site for dewatering (unless it is to be used 

below Mean High Water).  Material to be placed above Mean High Water will be utilized as fill 

behind the bulkhead to establish additional land area.  The entire site will then receive final 

grading and installation of the crushed aggregate surface.  Prior to finish grading, the permanent 

stormwater controls will be installed.   

6.5.2.4.3. Control Stormwater Flowing onto and through the Project 
Temporary re-routing of sheet flow through the area by means of diversions and swales will be 

employed to control stormwater run-off traveling through the site and entering the area behind 

the new bulkhead area.  Stormwater within the project area will similarly be controlled by 
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diversions and swales, routed to temporary detention basins which will allow for settling and 

infiltration of stormwater.  The area immediately behind the bulkhead will be utilized as a final 

storage location for stormwater. This area will not yet have weepholes installed, and therefore, 

detention of the stormwater behind the sheet-pile wall will allow suspended sediment to settle 

out prior to its percolation or discharge (if necessary).   

6.5.2.4.4. Stabilize Soils 

TEMPORARY MEASURES 

1.	 All soil excavated and stockpiled on site will be covered with pneumatically applied straw 

mulch with tackifiers or polymer emulsions to resist erosion if it is to be left in place for 

more than 48 hours without re-handling (unless it is to be covered with polyethylene 

sheeting). 

2.	 All dredged material will be transferred to enclosed basins for handling and dewatering, 

unless they are to be utilized below Mean High Water.  Materials of particular concern will 

be placed on polyethylene liner rated for the pollutant of concern and will be surrounded by 

hay bales and silt fencing to reduce or remove the possibility of migration of sediment 

through the site. 

3.	 All stockpiles of topsoil and other earth materials will be contained at a minimum by 

continuous silt fence. All soil stockpiles on existing slopes in excess of 1:10 (10 percent) 

will be surrounded by berm and swale system to ensure erosion and sedimentation are 

minimized.  Dredged sediment will be decanted within dredge scows prior to placement 

upland. Decant water will be treated utilizing a sand filter or similar prior to discharge into 
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New Bedford Harbor.  Decanted sediment will either be placed below Mean High Water or 

will be transferred and stockpiled at an upland location.  It is currently anticipated that the 

parent material will be granular in nature, and therefore, will likely dewater relatively 

quickly, potentially before it will be possible to transfer it to a bermed area; however, if 

found to be necessary, dredged material will be placed within dewatering basins constructed 

of earthen berms.  Runoff from the dewatering basins (if needed) will be monitored and 

routed to temporary sediment basins or treated via dewatering fluid treatment systems.  Once 

adequately dewatered, sediments will be moved to stockpiles and will have hay bales and silt 

fencing surrounding the piles. All runoff will be routed to temporary sediment basins.  

4.	 During construction, those areas of exposed soil that have been graded but will not be 

worked for three weeks or more will be treated periodically with water containing liquid 

polymer emulsions as necessary or covered with pneumatically applied straw mulch.   

PERMANENT MEASURES 

1.	 As soon as weather permits after the completion of fine grading, all disturbed areas will be 

permanently stabilized with placement of crushed stone aggregate.  Small portions of the site 

may be paved for access driveways, equipment pads and hardstand areas.   

6.5.2.4.5. Protect Slopes 
1.	 Erosion control matting will be used on any cut, fill or re-graded slopes steeper than 3 

horizontal to 1 vertical. 

6.5.2.4.6. Protect Storm Drain Inlets 
1.	 Outlets from basins and culverts will be protected during construction activities with crushed 

rock and hay bales. 
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2.	 After the construction activities are competed, paved areas are to be swept and catch basins 

(where applicable) are to be inspected and cleaned if necessary twice annually to prevent a 

build up of sediment. 

3.	 When sediments reach a depth of 6 inches, they are to be removed from the stormwater 

management basin. 

6.5.2.4.7. Establish Perimeter Controls and Sediment Barriers 
1.	 Prior to the start of any earthwork silt fences and hay bales will be installed.  Clearing will 

initially be limited to the site perimeter and other areas of silt fence installation.   

2.	 All silt fences will be inspected weekly and after every rain event that produces runoff within 

a 24 hour period and repaired or replace as necessary.  Silt fencing will be cleaned out when 

sediment has reached 6 inches in depth.   

3.	 Siltation curtains and booms will be installed as needed during work within water in 

accordance with the State Enhanced Remedy Performance Standards.   

6.5.2.4.8. Retain Sediment On-Site  
1.	 Temporary sediment basins will be constructed at selected locations on the lower portions of 

the project area to treat runoff from the construction sites.  These temporary basins will be 

repositioned as construction progresses.  Ultimately construction runoff will be routed 

through completed portions of the drainage system to the detention basins. 

2.	 Dredged sediment will be decanted within dredge scows prior to placement upland.  Decant 

water will be treated utilizing a sand filter or similar prior to discharge into New Bedford 

Harbor. Decanted sediment will either be placed below Mean High Water or will be 

transferred and stockpiled at an upland location.  It is currently anticipated that the parent 
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material will be granular in nature, and therefore, will likely dewater relatively quickly, 

potentially before it will be possible to transfer it to a bermed area; however, if found to be 

necessary, dredged material will be  deposited within dewatering basins which will allow for 

infiltration of the water from the stock piled material.  Stormwater from within the basins 

will be routed to temporary sediment basins to remove additional suspended soils and reduce 

sediment migration through the site. 

3.	 Silt fence and hay bales will be installed down gradient from slopes which have the potential 

of sediments washing away during construction. 

4.	 Soil will be stockpiled on-site for reuse.  Other than soils destined for off-site disposal, no 

soils will be removed from the project area. 

6.5.2.4.9. Establish Stabilized Construction Exits 
1.	 Construction entrances will be situated off of Blackmer Street. 

2.	 Pavement will be swept periodically to limit the tracking of sediment off-site.  At a 

minimum, sediments are to be swept on a weekly basis. 

3.	 All soil or sediment tracked onto Blackmer Street will be removed immediately. 

4.	 A stone stabilization pad at the site entrance will be maintained by the contractor.  The 

maintenance will include removal and replacement, top dressing with additional stone or 

constructing additional length as conditions demand or as directed by the engineer. 

5.	 The stones will be replaced whenever sediment has in-filled spaces between stones limiting 

the tracking pads ability to capture soil from the tires of trucks and other construction 

equipment.   
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6.5.2.5. Good Housekeeping BMPs 

6.5.2.5.1. Material Handling and Waste Management 
Solid waste disposal from the project site during construction or operation of the facility will be 

stored in portable dumpsters, removed by a private hauler and brought to municipal facilities. 

During the construction period, portable toilets will be placed on site for the construction 

workers. Sanitary waste from these toilets will be disposed of by a private company. 

6.5.2.5.2. Establish Proper Building Material Staging Areas 
For the duration of the construction period a staging area and a supply storage/stockpile area will 

be designated and established. No materials are to be stored in other locations.  Materials within 

the staging area will be covered when not in use.  No cans will be left open when not in use.  It 

can be anticipated that the following items will likely be stored within the staging area; wood, 

construction material, sheet piles, lubricating oil/grease, gasoline, paint and other coating 

materials.  Additional items such as construction equipment may be stored during the site 

construction. 

6.5.2.5.3. Designate Washout Areas 
Construction washout areas will be established near the construction entrances.  Signs will be 

installed designating the washout area.  A temporary polyethylene liner will be installed in the 

washout area. This will allow any solids suspended in the wash water sufficient time to settle 

out, concrete to harden and water to evaporate. The washout area shall be inspected daily for 

leaks and to determine when the contents need to be removed.  Silt fence and hay bales will be 

installed immediately down gradient from the washout area to capture and detain any wash water 

which by-passes the area. 
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6.5.2.5.4.	 Establish Proper Equipment/Vehicle Fueling and Maintenance 
Practices 

Most standard rubber tire equipment/vehicle fueling will occur off-site.  By re-fueling 

equipment/vehicles off-site the risk of fuel spills will be reduced.  Track equipment and some 

select rubber tired equipment/vehicles will be re-fueled on site.  Personnel will stay with the 

equipment during re-fueling to prevent over-filling and/or spilling.  Maintenance and refueling 

shall occur away from drainage paths.  Equipment/vehicles will be inspected daily for leaks, 

damage and/or other service problems.  Precautionary measures will be taken to prevent 

contamination of the ground water or surface runoff when maintenance is necessary.  The ground 

surface will be protected with drip pans, drip clothes or absorbent pads.  Spent fluids will be 

placed in appropriate receptacles and removed from site and recycled when possible. 

6.5.2.5.5. Control Equipment/Vehicle Washing 
Equipment/vehicles will be washed off-site whenever possible.  On-site washing will be without 

detergent and the wash water shall be directed to the detention layer to allow for filtration, 

settling and infiltration. An area will be designated with signs as the equipment/vehicle washing 

area. 

6.5.2.5.6. Spill Prevention and Control Plan 
This site does not, and is extremely unlikely to, contain above ground oil storage over 1,350 

gallons below ground storage of greater than 42,000 gallons and therefore is not subject to a Spill 

Prevention Control and Countermeasures Plan (SPCC).   
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6.5.2.5.7. Any Additional BMPs 
Permanent BMPs include the detention layer which will control and filter flow from the site.  In 

the process of detaining the stormwater runoff, some of the runoff will infiltrate into the ground 

and some will evaporate. 

6.5.2.6. Selecting Post-Construction BMPs 

The utilization of crushed aggregate for the majority of the projects’ finished surface will allow 

for the direct storage of three or more inches of rainfall and its subsequent infiltration.  It is 

anticipated that runoff from the site will be limited to large rain events.  The site will be graded 

to flow via sheetflow directly toward subsurface stormwater collection piping, which will be 

perforated and wrapped in filter fabric.  Contaminated material will be isolated from stormwater 

flows via three feet of clean dredge material and crushed stone.  Stormwater collection piping 

will direct stormwater that does not infiltrate and is not stored within the crushed aggregate to the 

existing stormwater management system.  Rip rap will be provided at outlets of the stormwater 

management system, where necessary, as energy dissipating devices which will reduce the 

erosion potential. 

6.5.2.7. Final Stabilization 
Upon completion of final grading in a given area of the site, that area shall be provided with final 

stabilization.  Final stabilization may include the installation of crushed rock or pavement.   

6.5.2.7.1. OVERALL SEQUENCE OF CONSTRUCTION ACTIVITY 

The following is an estimate of the approximate sequence of construction for the development of 
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the site: 

•	 Mobilize 

•	 Install perimeter erosion and sedimentation controls 

•	 Grub and clear site vegetation 

•	 Construct dredge material handling and dewatering areas using earth berms sized to 

contain all stormwater inside without any uncontrolled runoff, if necessary.  

•	 Install additional sedimentation basins and traps for treatment of stormwater from dredge 

material handling and dewatering areas, if necessary.  

•	 Install additional temporary stormwater basins for sediment control for the remainder of 

the project areas, as necessary. 

•	 Construct CAD Cell.  

•	 Complete navigational dredging of contaminated material.  Dredging will be 

accomplished using water tight buckets, tight bottom barges, sediment curtains, floating 

booms and other BMPs, as necessary, to control introduction of turbidity into the 

harbor’s waters. 

•	 Separate soft, organic and/or contaminated sediment from clean sediment for disposal 

within CAD Cell. 

•	 Install sheet pile bulkheads.  Bulkheads will be terminated with a tight connection at the 

shoreline. 

•	 Complete navigational dredging of non-contaminated material.  Dredging will be 

sediment curtains, floating booms and other BMPs, as necessary, to control introduction 

of turbidity into the harbor’s waters. 

•	 Dredge material will be utilized for backfill behind (landward of) bulkheads to dispose of 
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the dredged material and create usable land area; dewatering of sediment will be 

completed (as necessary). 

•	 Grade upland portion of the site to design contours and elevations 

•	 Establish crushed aggregate surface in laydown areas 

•	 Construct paved areas, hardstand, utility corridors, equipment pads and building 

foundations and building structures and/or renovation of existing building structures (as 

stated earlier, asphalt areas are projected to be very minimal).   

•	 Install permanent soil stabilization 

Avoidance, minimization and/or mitigation for secondary effects are noted within 

Section 7. 

6.5.3. Lighting 

It is anticipated that artificial lighting will be employed during the development of the 

project site. The use of temporary lighting will contribute to local light pollution, and could 

affect residents as well as local wildlife.  This artificial lighting, when used after dusk, will 

obscure the night sky for residents and disturb biological rhythms for local wildlife. Nocturnal 

birds will be affected most notably because they rely on the moon and stars for navigation and 

they rely on darkness for hunting. The International Dark-Sky Association notes that millions of 

birds a year collide with artificially lighted fixtures during the night because they are drawn to 

the light beams. For other wildlife, such as mammals, reptiles, and insects, a decrease in both 

reproduction and appetite, along with an overall sense of confusion, are all negative effects from 
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artificial lighting.  Avoidance, minimization and/or mitigation for secondary effects are noted 

within Section 7. 

6.5.4. Bilge and Ballast Water Management 
During operation of the proposed facility, vessels will be arriving and departing from the site. 

These vessels will all undoubtedly be carrying quantities of bilge water and ballast water.  The 

following sections describe the anticipated handling of these two fluids at the proposed facility:  

6.5.4.1. Bilge Water 

Handling bilge water is a routine task for licensed merchant ships.  Section 311 of the Clean 

Water Act, as amended by the Oil Pollution Act of 1990 (33 U.S.C. 2701-2720), applies to ships 

and prohibits discharge of oil or hazardous substances in harmful quantities into or upon U.S. 

navigable waters, or into or upon the waters of the contiguous zone, or which may affect natural 

resources in the U.S. EEZ (extending 200 miles (320 km) offshore). Coast Guard regulations (33 

CFR §151.10) prohibit discharge of oil within 12 miles (19 km) from shore, unless passed 

through a 15-ppm oil water separator, and unless the discharge does not cause a visible sheen. 

Beyond 12 miles (19 km), oil or oily mixtures can be discharged while a vessel is proceeding en 

route and if the oil content without dilution is less than 100 ppm. Vessels are required to 

maintain an Oil Record Book to record disposal of oily residues and discharges overboard or 

disposal of bilge water. 

In addition to Section 311 requirements, the Act to Prevent Pollution from Ships (APPS) 

implements MARPOL Annex I concerning oil pollution. APPS applies to all U.S. flagged ships 
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anywhere in the world and to all foreign flagged vessels operating in the navigable waters of the 

United States, or while at a port under U.S. jurisdiction. To implement APPS, the Coast Guard 

has promulgated regulations prohibiting the discharge of oil or oily mixtures into the sea within 

12 nautical miles (22 km) of the nearest land, except under limited conditions.  

Coast Guard regulations are very specific, inspections are frequent, and federal penalties and 

fines for noncompliance are stiff.  A No Discharge Zone has been created for Buzzards Bay 

which includes New Bedford Harbor. Non-compliance also can result in significant fines from 

State regulators.  No discharge of bilge water into the harbor will be permitted from vessels 

while at the South Terminal CDF or while transiting through inland waters to or from New 

Bedford Harbor.  The Coast Guard Marine Safety Detachment in New Bedford enforces 

compliance, boarding each large international merchant vessel prior to their entering port to 

ensure all their systems are functioning properly and they are fully compliant with all applicable 

safety, environmental and port security regulations.  The Coast Guard also responds to all reports 

of observed discharges or oily sheens on the water (that would likely result if bilge water were 

improperly discharged).   

Please note that large merchant ships do routinely have contaminated bilge water of varying 

quantities. The principle contaminant of bilge water is almost exclusively hydrocarbons or 

cleaning solvents from products used to clean, fuel or lubricate onboard machinery.  Most, if not 

all, of these ships will have oil-water separators that collect the waste oil and some other 

contaminants in bilge water.  The cleaned water is often discharged at sea.  The concentrated oil 

waste collected from the bilges is pumped off in port for disposal at licensed facilities, usually to 
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tanker trucks specifically designed, licensed, and exclusively used for this purpose.  This waste is 

then taken to approved disposal sites. No bilge water will be pumped into the POTW. 

In the event oily bilge water needs to be pumped and disposed of, there are many experienced 

commercial contractors located in Eastern Mass that provide this service (existing maritime 

cargo support facilities within New Bedford Harbor utilize these contractors). The contractors 

listed below are some that have vacuum trucks and disposal facilities available:  

• Clean Harbors 

• General Chemical 

• Maxymilliam Technologies 

• Cyn Environmental 

• Moran Environmental 

• Triumvirate Environmental 

6.5.4.2. Ballast Water 

Vessels involved in offshore wind renewable energy construction projects will most likely not 

have a need to carry any ballast water.  The freighters carrying the renewable energy components 

from international destinations will be fully laden, and thus unlikely to need ballast except 

possibly a small amount for vessel trim.  This will also apply to international cargo vessels. 

Vessels transiting from over-seas are required to flush out their ballast tanks (if in use) several 

times enroute to minimize the risk of carrying an invasive/non-indigenous species into U.S. 

waters. 
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The jack up barges and support vessels for wind farm construction, and the smaller short-seas 

shipping vessels will most likely not need any ballast, both due to the construction of the vessels 

and the type of loading (i.e., similar to the international vessels, these vessels will be fully loaded 

and will likely not require ballast).  No discharge of ballast water will be allowed in port or in 

transit while these vessels are operating in inland waters.  In the unlikely event that ballast 

water has to be dealt with, the water will be profiled appropriately and collected and disposed of 

in accordance with all requisite regulations.  No discharges of contaminated ballast water will be 

intentionally made into New Bedford Harbor or the Buzzards Bay No Discharge Zone by vessels 

operating out of the South Terminal CDF. 

Avoidance, minimization and/or mitigation for secondary effects are noted within 

Section 7. 

6.5.5. Sloughing of Slopes 

The dredging at the proposed site will create slopes below the waterline that may have 

the ability to slough. The angles of these slopes must be calculated precisely and the sediments 

that make up these slopes must be researched in detail before construction in order to minimize 

the chance of this happening. Sloughing slopes could cause the aquatic life on the ocean floor to 

be smothered by the falling sediment. Avoidance, minimization and/or mitigation for secondary 

effects are noted within Section 7. 

6.5.6. Boat Traffic Secondary Impacts 

The analysis of boat traffic secondary impacts is broken down into four sub-sections: 

1). An analysis of the increased risk due to oil spills due to operation of the new facility. 
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2). An analysis of the increased vessel traffic due to operation at the new facility. 

3). An analysis of the potential for increased turbidity associated with increased prop wash due to 

increased vessel traffic.
 

4). An analysis of potential conflicts with the Commercial Fishing Industry. 


6.5.6.1. Oil Spill Analysis 

The following is an analysis that was conducted in order to determine the increased risk in oil 

spills due to the South Terminal CDF construction. In order to conduct this analysis, existing 

research into the vessel traffic and the risk of associated oil spills was reviewed.  The most up-to

date analysis of the risk posed to coastal communities in Massachusetts by oil spills was 

prepared by Nuka Research & Planning Group, LLC for the Massachusetts Department of 

Environmental Protection, titled “Evaluation of Marine Oil Spill Threat to Massachusetts Coastal 

Communities”, dated December 2009 (included as Appendix 69). 

As stipulated within this report, the main risk of spills in many harbors and ports (not to 

mention navigable waterways) is the possibility that a vessel will accidentally discharge 

petroleum through a vessel sinking, grounding, collision, fire or through accidental or illegal 

discharges from vessel operations, such as bilge pumping, changing engine oil, or refueling.  For 

the purposes of this section, the assumption is made that the larger the size of the fleet of vessels 

servicing a harbor, the larger the threat of an oil spill from any of these possible sources.  To 

estimate the magnitude of each oil spill threat for the purpose of comparison, a gallons of 

petroleum exposure measure (GPE) is calculated for each threat within each harbor in 

Massachusetts.  For vessels permanently stationed within a harbor, the total GPE is the volume 

of petroleum product that could be released at any one point in time (usually the volume of the 
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fuel tank of the vessel); for vessels in transit, the total GPE is the volume of petroleum product 

times the number of visits that the vessel makes to that port.   

There are two categories of potential risk from vessels that are evaluated below:  oil spill risk 

from vessels within and/or transiting to and from New Bedford Harbor, oil spill risk from 

increases in bulk oil storage within New Bedford Harbor, and the potential increased risk for oil 

spills from regional vessel transits.  The following outlines the existing Oil Spill Threat in these 

three categories: 

Existing Oil Spill Threat For New Bedford Harbor 

The following is a summary of the existing oil spill threat based upon existing traffic (based 

upon data gathered from 2006) in Gallons of Petroleum Exposure (GPE) for the City of New 

Bedford, based upon the category of vessel: 

• Oil Tanker or Tank Barge Activity – 43,250,000 GPE 

• Large Nontank Vessels – 1,725,000,000 GPE 

• Recreational and Charter Vessels – 300,000 GPE 

• Commercial Fishing Vessel Fleet – 7,500,000 GPE 

• Ferry Terminals – 5,500 GPE 

• Other Large Vessels (Tugs, Training Vessels) – 84,000 GPE 

• Vessels Associated with Shipyard Activity – 900,000 GPE 

Total Existing Oil Spill Threat in GPE for Vessels, New Bedford Harbor: 1,777,039,500 GPE 

Existing Oil Spill Threat for Vessel Activity Within Shipping Lanes 
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The following is a summary of the existing oil spill threat for existing shipping lanes based upon 

existing traffic (based upon data gathered from 2006) in Gallons of Petroleum Exposure (GPE) 

for the following areas: 

•	 Regional Transit Vessels (South Coastal/New Bedford) – 1,517,636,000 GPE 

•	 Regional Transit Vessels (Dartmouth/Fairhaven/Marion/Mattapoisett/Wareham/ 


Westport) – 1,562,611,000 GPE 


•	 Cape and Islands – 1,562,611,000 GPE 

Increased Vessel Traffic Due to South Terminal CDF Construction and Operation 

Increased traffic at the South Terminal CDF site is anticipated to include the following vessels 

during the first year: 

•	 An international vessel (similar to a traditional non-tank vessel), between 140 - 150 

meters (460 – 490 feet) in length.  The international vessel can only carry components 

for 6 turbines at one time.  Therefore, for constructing an offshore wind energy facility 

for 130 turbines, 22 separate shipments from international vessels would need to be 

received at the support facility.  These shipments would be anticipated to be receive 

within the first year of operation of the facility.   

•	 Two installation vessels would be also required at the facility.  Offshore renewable 

energy facility installation ships would consist of jack-up barges that would be 

approximately 91 meters (300 feet) in length and 30 meters (100 feet) in width.  The 

vessels would not be powered on their own, and would require a tug to maneuver them 

out of dock and out to the construction site.  It is currently anticipated that each barge 

would require one tug (each tug is estimated to be approximately 30 meters, or 100 feet 
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in length) to maneuver the vessel out to sea; however, the facility would employ two 

tugs (one for each installation vessel).  Each installation vessel would be capable of 

delivering components for installation of 2 wind turbines for each trip, resulting in a total 

of 65 total trips for the vessels during the first year.   

In accordance with the categorization system created by Nuka Research & Planning Group, LLC 

within their report, the anticipated increased oil spill threat for the additional vessels is as 

follows: 

•	 International Vessels:  Nontank Vessels within New Bedford area anticipated to have an 

average fuel capacity of 75,000 gallons. 22 annual non-tank vessels X 75,000 gallons per 

vessel equates to 1,650,000 GPE for the international vessels. 

•	 Installation Vessels (and tugs) Within the Port of New Bedford:  For commercial tugs 

between 65 and 100 feet in length, the average fuel capacity is 17,500 gallons.  There are 

anticipated to be two tugs in port at any one time in order to assist in tendering the 

installation vessels in and out of port.  Therefore, the increased oil spill threat due to the 

additional tugs is: 2 tugs X 17,500 gallons per tug, which equates to an increase of 35,000 

GPE. 

•	 Installation Vessels (and tugs) In Transit to the Construction Site:  There are anticipated 

to be one tug that accompanies each installation vessel to the construction site.  There are 

anticipated to be approximately 65 trips to the construction site.  Therefore, the increased 

oil spill threat in transit to the construction site due to the installation vessels is: 65 tugs X 

17,500 gallons per tug, which equates to an increase of 1,137,500 GPE. 
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The total increase in oil spill threat for New Bedford Harbor is: 1,650,000 GPE + 35,000 GPE = 

1,685,000 GPE. As stated earlier, the total existing oil spill risk for the Port of New Bedford is: 

1,777,039,500 GPE. Therefore, the construction of the South Terminal CDF will result in a 

1,685,000/1,777,039,500 = 0.095% increase in oil spill risk for the Port of New Bedford, an 

extremely small increase over current existing conditions. 

The total increase in oil spill threat for areas within which the international vessels and 

installation vessels/tugs will transit is: 1,650,000 GPE + 1,137,500 GPE = 2,787,500 GPE over 

the course of a year of installation. As stated earlier, the total existing oil spill risk for areas 

surrounding the south coast as well as Cape Cod and the Island is: 

•	 Regional Transit Vessels (South Coastal/New Bedford) – 1,517,636,000 GPE 

•	 Regional Transit Vessels (Dartmouth/Fairhaven/Marion/Mattapoisett/Wareham/ 


Westport) – 1,562,611,000 GPE 


• Cape and Islands – 1,562,611,000 GPE 

Therefore, the relative increase in oil spill risk due to the addition of international vessels and the 

transit of installation vessels is: 

•	 Regional Transit Vessels (South Coastal/New Bedford) – 2,787,500/1,517,636,000 = 

0.18% 

•	 Regional Transit Vessels (Dartmouth/Fairhaven/Marion/Mattapoisett/Wareham/ 


Westport) – 2,787,500/1,562,611,000 = 0.18%
 

•	 Cape and Islands – 2,787,500/1,562,611,000 = 0.18% 

All of which represent an extremely small increase in oil spill risk over current existing 

conditions. 
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Maritime Terminal Operation 

After the initial use of the facility as an offshore renewable energy support facility, the facility 

will serve as a maritime terminal.  Increased traffic at the South Terminal CDF site (subsequent 

to the first year) is anticipated to include the following vessels:   

•	 An average of one cargo vessel per week is currently anticipated at the facility 

subsequent to the first year.  This vessel would likely be similar in size to the above-

mentioned international vessel (similar to a traditional non-tank vessel), between 140 

150 meters (460 – 490 feet) in length.  Alternately, several smaller, short-seas shipping 

barges may service the site, (transmitting a similar quantity of cargo) which could result 

in an average of approximately four smaller barges (similar in size to the installation 

vessels) per week.  Therefore, the total anticipated traffic increase is an average of 3 

vessels per week (approximately 156 vessels per year).   

In accordance with the categorization system created by Nuka Research & Planning Group, LLC 

within their report, the anticipated increased oil spill threat for the additional vessels is as 

follows: 

•	 Non-Tank Cargo Vessels within New Bedford area anticipated to have an average fuel 

capacity of 75,000 gallons. 156 annual non-tank vessels X 75,000 gallons per vessel 

equates to 11,700,000 GPE for the oil spill threat (after the first year) for cargo vessels. 

This value would be the same for both vessels within New Bedford Harbor and Vessels 

in transit to the site.   

The total increase in oil spill threat for New Bedford Harbor is: 11,700,000 GPE.  As stated 

earlier, the total existing oil spill threat for the Port of New Bedford is: 1,777,039,500 GPE. 
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Therefore, the oil spill threat (after the first year) will result in a 11,700,000/1,777,039,500 = 

0.65% increase in oil spill threat for the Port of New Bedford, an extremely small increase over 

current existing conditions. 

The total increase in oil spill threat for areas within which the cargo vessels will transit is: 

11,700,000 GPE over the course of a year. As stated earlier, the total existing oil spill risk for 

areas surrounding the south coast as well as Cape Cod and the Island is: 

•	 Regional Transit Vessels (South Coastal/New Bedford) – 1,517,636,000 GPE 

•	 Regional Transit Vessels (Dartmouth/Fairhaven/Marion/Mattapoisett/Wareham/ 


Westport) – 1,562,611,000 GPE 


•	 Cape and Islands – 1,562,611,000 GPE 

Therefore, the relative increase in oil spill threat after the first year of operation of the new 

terminal is: 

• Regional Transit Vessels (South Coastal/New Bedford) – 11,700,000/1,517,636,000 = 

0.77% 

•	 Regional Transit Vessels (Dartmouth/Fairhaven/Marion/Mattapoisett/Wareham/ 


Westport) – 11,700,000/1,562,611,000 = 0.75%
 

•	 Cape and Islands – 11,700,000/1,562,611,000 = 0.75% 

All of which represent an extremely small increase in oil spill risk over current existing 

conditions. 

6.5.6.2. Vessel Traffic Analysis 

272 




 

  

 

 

 

 

 

 

 

 

Another potential secondary impact is the potential for increased vessel traffic to result in 

resulting restrictions to the usage of the harbor (due to limited Harbor accessibility and 

resources) or resulting in increased ecological impacts (due to the potential for prop wash to res-

suspend sediments and cause turbidity that would affect avian wildlife or essential fish within 

New Bedford Harbor).  In order to conduct this analysis, existing research into vessel traffic was 

reviewed. The most up-to-date analysis of vessel traffic in coastal communities in Massachusetts 

was formulated in order to assess oil spill risks within a document prepared by Nuka Research & 

Planning Group, LLC for the Massachusetts Department of Environmental Protection, titled 

“Evaluation of Marine Oil Spill Threat to Massachusetts Coastal Communities”, dated December 

2009 (included as Appendix 69). To help translate some of these numbers into vessel trips 

(from the GPE oil risk metric utilized within the report) information on vessel types and traffic 

was utilized from the New Bedford/Fairhaven Harbor Plan.   

For the purposes of this section, the assumption is made that the larger number of vessels 

transiting in and out of a port, the larger the potential impact of interference to other vessels and 

from prop wash or disturbance of bottom sediments.  To estimate the traffic within New Bedford 

Harbor, vessel numbers and usage are extrapolated from a gallon of petroleum exposure measure 

(GPE) metric calculated within Nuka Research & Planning Group, LLC report.   

There are two categories of potential risk from vessels that are evaluated below:  the potential for 

additional vessels to restrict usage of the harbor for existing vessels (particularly restrictions at 

the New Bedford Hurricane Barrier), and the potential increased ecological risk posed by 

increased prop wash or disturbance of bottom sediments.  The following outlines the existing 

vessel traffic impacts in these two categories:  
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Existing Maritime Traffic Within New Bedford Harbor 

The following is a summary of the existing marine traffic (based upon data gathered from 2006) 

for the City of New Bedford, based upon the category of vessel: 

•	 Oil Tanker or Tank Barge Activity – Total traffic within New Bedford Harbor is 

formulated at 43,250,000 GPE.  Typical general purpose tankers that transport bulk fuel 

within New Bedford Harbor are approximately 10,000 Dead Weight Tons, which equates 

to an approximate average capacity of 4,375,000 gallons per tanker.  Therefore the 

average number of trips per year for oil tankers within New Bedford Harbor is 10 

trips/year for Oil Tankers or Tank Barges. 

•	 Large Nontank Vessels – Information within the Nuka Research & Planning Group, LLC 

report specifically states that there are currently approximately 23 trips per year of Non- 

Tank Vessels. 

•	 Recreational and Charter Vessels – Total recreational and charter vessel traffic is 

formulated at 300,000 GPE.  Typical recreational vessels have an average capacity of 

approximately 200 gallons per vessel, which equates to approximately 1,500 recreational 

vessels. Assuming each vessel on average takes a trip once every other week between 

May and October of each year, there are 12 trips per year per vessel = 18,000 trips per 

year. 

•	 Cruise Ships - American Cruise Lines makes weekly port calls to the New Bedford State 

Pier from late Spring to early Fall for a total of between 20 and 24 visits = approximately  

22 trips per year. 
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• Vessel Maintenance and Repair - There are two major facilities in Fairhaven that service 

commercial and recreational vessels and there are several other smaller repair facilities 

scattered around the harbor. These facilities account for approximately 200 trips per year 

within New Bedford Harbor. 

• Government vessels - A variety of government boats regularly operate in the Harbor 

including law enforcement boats (US Coast Guard, Mass Environmental Police, State 

Police Marine Unit, New Bedford Police Marine Unit, Harbormasters (New Bedford and 

Fairhaven)), EPA, Army Corps of Engineering, research vessels, and visiting vessels.  

These vessels account for approximately 1,500 trips per year.  

• Harbor Work Boats - These include harbor tugs, pilot boats, commercial assist vessels 

(e.g. SeaTow), marina launches, or marine contractor vessels working on infrastructure 

projects ranging from dredging to pier repair.  These vessels account for approximately 

2,000 trips per year. 

• Commercial Fishing Vessel Fleet – According to the New Bedford Harbor Development 

Commission, the New Bedford Commercial Fishing Fleet currently is comprised of 

approximately 500 vessels, 120 of which are transient vessels.  Due to current fishing 

restrictions, over the course of a year, an average fishing vessel spends 226 days in port. 

Every extended commercial fishing trip lasts one to two weeks.  Therefore there are (on 

average) 15 trips per year per vessel, which is a total of 7,500 trips per year for the 

commercial fishing fleet. 

• Ferry Terminals – There is currently one ferry terminal within New Bedford Harbor (The 

New Bedford-Martha’s Vineyard Fast Ferry).  According to the New Bedford Fast Ferry 

Website, the ferry makes approximately (approximately 1,300 trips per year).   
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Therefore, the total estimated number of trips in and out of New Bedford Harbor each year is 

30,555 trips per year or approximately 84 trips per day.   

According to the New Bedford Harbor Development Commission and Port Security personnel, 

the existing level of traffic is quite low compared to the existing capacity of traffic that the New 

Bedford Hurricane Barrier can accommodate; in fact, New Bedford Harbor is generally 

considered to be severely under-utilized. New Bedford Harbor is a relatively low-traffic harbor, 

and significant expansion of vessel traffic would be extremely unlikely to hinder the demands on 

traffic.  Waits for entrance into New Bedford Harbor are currently extremely infrequent, and 

often there is no traffic transiting the Hurricane Barrier opening, nor are there typically lines to 

enter or exit the harbor.  Therefore, the existing traffic numbers calculated above indicate 

relatively low quantity of traffic, and relatively small increases or decreases in traffic would have 

a relatively small change in either the operational or environmental impact to New Bedford 

Harbor. 

Increased Vessel Traffic Due to South Terminal CDF Construction 

Increased traffic at the South Terminal CDF site is anticipated to include the following vessels 

during the first year: 

•	 An international vessel (similar to a traditional non-tank vessel), between 140 - 150 

meters (460 – 490 feet) in length.  The international vessel can only carry components 

for 6 turbines at one time.  Therefore, for constructing an offshore wind energy facility 

for 130 turbines, 22 separate shipments from international vessels would need to be 
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received at the support facility.  These shipments would be anticipated to be receive 

within the first year of operation of the facility.   

•	 Two installation vessels would be also required at the facility.  Offshore renewable 

energy facility installation ships would consist of jack-up barges that would be 

approximately 91 meters (300 feet) in width and 30 meters (100 feet) in width.  The 

vessels would not be powered on their own, and would require a tug to maneuver them 

out of dock and out to the construction site.  It is currently anticipated that each barge 

would require one tug (each tug is estimated to be approximately 30 meters, or 100 feet 

in length) to maneuver the vessel out to sea; however, the facility would employ two 

tugs (one for each installation vessel).  Each installation vessel would be capable of 

delivering components for installation of 2 wind turbines for each trip, resulting in a total 

of 65 total trips for the vessels during the first year.   

Increased traffic at the South Terminal CDF site (subsequent to the first year) is anticipated to 

include the following vessels:   

•	 An average of one cargo vessel per week is currently anticipated at the facility 

subsequent to the first year.  This vessel would likely be similar in size to the above-

mentioned international vessel (similar to a traditional non-tank vessel), between 140 

150 meters (460 – 490 feet) in length.  Alternately, several smaller, short-seas shipping 

barges may service the site, (transmitting a similar quantity of cargo) which could result 

in an average of approximately four smaller barges (similar in size to the installation 

vessels) per week.  Therefore, the total anticipated traffic increase is an average of 3 

vessels per week (approximately 156 vessels per year).   

Proportional Increase in Marine Traffic 
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•	 First Year Traffic Increase:  The increase in traffic for the first year is anticipated to be 

(22 + 65 = 87) 87 total trips.  This represents an increase of 87/30,555 = 0.28% increase 

in marine traffic.  

•	 Post-First Year Traffic Increase:  The increase in traffic for subsequent years is 

anticipated to be 156 total trips. This represents an increase in 156/30,555 = 0.5% 

increase in marine traffic.   

Both of the above scenarios represent very small increases in marine traffic for the Port of New 

Bedford, and are extremely unlikely to cause any major disruption to marine traffic.   

6.5.6.3.	 Operational Prop Wash and Proportional Increase In Operational 
Turbidity 

After the site construction has been completed, and terminal operations begin, the 

temporary construction related turbidity sources will end.  The elimination of the construction 

equipment and processes which generated additional turbidity, will reduce the frequency and 

severity of sediment suspension events in the area, but will not end the process.  Operations at 

the completed facility utilize international shipping vessels and mobile barges.  Both of these 

vessels will either use tug or push boats to maneuver into and away from the new bulkhead, and 

will scour the bottom sediments with the wash of their propellers.  This wash can suspend 

portions of the bottom sediments and contribute to a long term increase in suspended sediment 

within the harbor.   

In most areas within New Bedford Harbor, a proportional increase in prop wash (caused 

by a proportional increase in vessel traffic) could be linked to a representative corresponding 

increase in suspended sediment caused by prop wash (however, this is anticipated not to be the 
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case at the South Terminal CDF location, see discussion below).  Prop wash from marine vessels 

increases turbidity by mixing sediment below the prop into the water column via turbulence. 

The suspended sediment becomes entrained within the water column, and is subsequently more 

bio-available to marine life via ingestion or respiration.  Bottom sediment within New Bedford 

Harbor is impacted with PCBs and heavy metals; therefore, entrainment of this sediment within 

New Bedford Harbor, while not adding to contaminants within New Bedford Harbor, re

suspends contaminants, increasing their bio-availability to marine life.   

The greatest risk for increased turbidity lies at each vessel’s docking location.  This is 

because each dock location is dredged to the approximate depth that vessels berthing at that 

facility require. Therefore, although a vessel may draft only 6 feet, that vessel typically is 

moored within an area that can accommodate at most 7 to 8 feet; therefore, the vessel has the 

most risk of entraining sediment when it is berthing and leaving its dockage, due to the proximity 

of its prop to the harbor bottom (channels and fairways are typically deeper than the deepest draft 

vessel that will transit the Harbor, and therefore there is much less of a risk from entrained 

sediment within these areas).   

Although there are mitigating factors that will likely result in significantly less (or 

perhaps no) additional turbidity to be added to New Bedford Harbor as a result of the new 

facility (see discussion below), the worst-case scenario is that, as stated above, turbidity would 

increase proportionally with harbor traffic.  Existing traffic within New Bedford Harbor can be 

utilized as a relative measure of the existing level of turbulence caused by prop wash within New 

Bedford Harbor from marine operations (see Section 6.5.6.2 for a detailed vessel traffic 

analysis).  The relative increase in marine traffic due to the South Terminal CDF can then be 
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compared to the existing level of marine traffic to determine the relative increase in turbidity and 

therefore suspended sediment and water quality impact, as follows.     

•	 First Year Traffic Increase:  The increase in traffic for the first year is anticipated to be 

(22 + 65 = 87) 87 total trips.  This represents an increase of 87/30,555 = 0.28% increase 

in marine traffic.  

•	 Post-First Year Traffic Increase:  The increase in traffic for subsequent years is 

anticipated to be 156 total trips. This represents an increase in 156/30,555 = 0.5% 

increase in marine traffic.   

It is assumed in this worst-case analysis, that all vessels, regardless of draft, generate 

increased turbidity due to prop wash: vessels with smaller draft tend to berth or moor in 

shallower areas and vessels with deeper drafts tend to berth in deeper areas.  In both cases, the 

props for the vessels will be relatively close to the bottom of the harbor, and will therefore have 

impacts on turbidity within the Harbor.  Therefore, in the worst case analysis, the relative 

increase in entrained sediment within New Bedford Harbor from creation of the South Terminal 

CDF will range from 0.28% to 0.5%, a very small increase, relative to existing conditions.  

It is very likely that operations at the South Terminal CDF will result in significantly less 

increased suspended sediment than the worst-case scenario described above.  The greatest risk of 

entrained sediment occurs from fine-grained organic material that accumulates at the bottom of 

the harbor. Specifically within New Bedford Harbor, fine-grained organic material that is 

impacted by metals and PCBs would generate the largest potential impact to marine organisms; 

however, this material will be removed from the South Terminal CDF dredge footprint prior to 

the start of operations at the facility.  It is anticipated that, due to the dredge depth within the 
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footprint of the proposed facility (-14 to -30 MLLW, as stated previously), that the geologic 

material that will be present below the props within the South Terminal CDF dredge footprint 

will be glacial till material.  Glacial till is tightly-packed combination of sand, silt and gravel that 

was left after passage of the glaciers.  This material will be free of anthropogenic contaminants 

as a result of the date of its formation (the glaciers retreated from this region 13,000 years ago). 

Due to the density of this material, it is often very difficult to remove even with heavy 

equipment.  Therefore, it is highly unlikely that prop wash could dislodge it.  As a result, prop 

wash from the new vessels is unlikely to be a significant concern.  Therefore, although the worst-

case scenario indicates an increase in turbidity of 0.28% to 0.5%, the actual increase in turbidity 

is anticipated to be significantly less than this number.   

Avoidance, minimization and/or mitigation for secondary effects are noted within 

Section 7. 

6.5.6.4. Potential for Traffic Interference With Commercial Fishing Industry  

Conflict with commercial fishing vessels is not anticipated, particularly considering the 

professional skills/experience of both the fishing vessel crews and the merchant mariners 

operating the large freighters and tugs. This is confirmed by long (literally centuries of) 

experience with the operation of both merchant ships and commercial fishing vessels in the 

Harbor. 

South Terminal itself serves as a temporary berth for commercial fishing vessels for off-loading 

of catches at fish processing facilities.  Long-term berthing for vessels is generally not 

permitted.  Cargo vessels transiting to the South Terminal CDF location will not disrupt 
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operations at the fish processing facilities, as the cargo vessels will transit sufficiently far from 

the bulkhead to allow unloading operations at the facilities to proceed unhindered.  Interference 

with arrivals and departures at the fish processing facilities due to the additional vessel traffic 

will also be relatively minor, as unloading at the facilities typically takes up to an hour or more 

and transiting vessels will likely only pass through the channel in front of the existing South 

Terminal bulkhead for 10-15 minutes or so.  Once the vessels have passed the fish processing 

facilities, no further interference is anticipated during berthing operations of the cargo vessels.    

A similar sharing of the water sheet currently exists in the area north of the Route 6 Bridge at 

Bridge Terminal on Fish Island and at Maritime Terminal and North Terminal.  North Terminal 

currently harbors existing fish processing facilities, and also allows berthing of fishing vessels. 

Maritime Terminal and Bridge Terminal load and unload cargo vessels.  The mixture of 

commercial fishing vessels and cargo vessels has not proved burdensome to existing commercial 

fishing traffic in this location; similarly, it is not anticipated to be burdensome at South Terminal.     

Should unexpected conflicts arise regarding vessel traffic at either the Hurricane Barrier or at 

South Terminal, it may prove necessary to implement various traffic management practices to 

ensure that vessels can continue to operate safely, efficiently, and with minimal impact on the 

environment.  Although not currently anticipated, if required, these considerations will be 

included in the design and in evaluation of the proposed future operation of the South Terminal 

CDF. 

6.5.7. Environmental Justice, Truck Traffic, Noise, and Air Impacts 
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6.5.7.1. Environmental Justice 
U.S. Executive Order 12898 (Federal Actions to Address Environmental Justice (EJ) in 

Minority Populations and Low-Income Populations) directs federal agencies to assess proposed 

actions or alternatives for disproportionately high and adverse human health or environmental 

impacts on minority and low-income populations.  Identification of health and environmental 

issues is accomplished through public involvement and the scoping process.  Environmental 

justice has been an important consideration in the NEPA process since the issuance of Executive 

Order 12898 in 1994, which required all federal agencies, including the U.S. EPA, to identify 

and address “disproportionately high and adverse human health or environmental effects of its 

programs, policies and activities on minority populations and low-income populations in the 

United States.” 

The Commonwealth also has a formal Environmental Justice Policy, promulgated by the 

Executive Office of Environmental Affairs (Environmental Justice Policy of the Executive 

Office of Environmental Affairs, October 2002 or the Policy).  The Commonwealth’s policy 

identifies Environmental Justice populations as “those segments of the population that EOEA has 

determined to be most at risk of being unaware of, or unable to participate in, environmental 

decision-making or to gain access to state environmental resources”.  In order to facilitate 

inclusion of these communities into the public decision-making process, the  Policy requires 

consideration of the following outreach efforts: 

1). Scheduling public meetings or hearings at locations and times convenient for 

neighborhood stakeholders; 

2). Translating public notices into other languages; 

3). Offering interpreters and translated documents at public meetings; 
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4). Providing notices as early as possible to all neighborhoods potentially impacted by a 

decision; and 

5). Assisting Environmental Justice populations with grant applications and questions 

about environmental regulations to assist them with compliance and sustainability.  

As a Draft Decision has not yet been issued by US EPA, the Commonwealth has not yet 

conducted community outreach under its Environmental Justice Policy.  It is currently 

anticipated that the Commonwealth will implement these outreach efforts during the Public 

Notification phase of the project, after a Draft Decision has been issued by US EPA.  At that 

time, the Commonwealth will initiate a dialogue with effected Environmental Justice 

Communities, and make an effort to address any concerns that arise.   

To determine the potential impacts on EJ populations, the U.S. EPA provides guidelines 

for conducting an analysis of the area, and including the following steps: 

•	 Encourage meaningful community representation in the permitting process through 

the use of effective public participation strategies and special efforts to reach out to 

communities of color and low income populations; 

•	 Identify the area impacted by the proposed facility or activity and assessing whether 

there is the potential for a disproportionately high and adverse human health or 

environmental effect on low-income or minority populations from the Proposed 

Action; 

•	 If a disproportionate impact is found, considering alternatives that have a less 

disproportionate effect on low-income and minority populations; and 

•	 Identifying mitigation measures that address and needs of affected low-income and 

minority populations. 
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6.5.7.2. Determination of the Environmental Justice Areas 

STUDY AREA 

The community of concern (CoC) or study area for EJ includes ten U.S. Census block 

groups along or adjacent to the truck route for vehicles that would service the proposed South 

Terminal in New Bedford (see Appendix 70, Block Groups along the Proposed Truck Access 

Route). The proposed truck access and egress route is expected to be along Route 18, which 

extends approximately 2.6 miles from Interstate 195 on the north side to Gifford Street on the 

south side. Route 18 runs approximately through the middle of these block groups.  Most of the 

land use on the east side of the route is industrial, supporting the waterfront businesses as well as 

the city. Most of the land use on the west side of the route is residential with some commercial 

uses. 

MINORITY COMMUNITY OR POPULATION 

EPA’s Office of Environmental Justice has defined the term “minority” to include 

Hispanics, Asian-Americans and Pacific Islander, African-Americans, and American Indians and 

Alaskan Natives. If an area is found to be at or above 50 percent minority, then it is flagged as 

an EJ area. 

LOW INCOME COMMUNITY OR POPULATION 

Although the U.S. Census Bureau does not provide a specific definition for “low 

income,” it is used interchangeably with “poverty.”  The Census determines poverty by 

comparing the total income of each family against it corresponding threshold.  
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The 2000 Census data will be used to determine whether an area along the truck route 

meets the low-income and/or minority criteria.  The U.S. Census Bureau tracts located wholly or 

partially within or along the truck access route (Route 18) will be analyzed.  

STATISTICAL REFERENCE AREA 

As part of this analysis, a statistical reference area was chosen to compare the results of 

the CoC area, described above.  Data was derived from the U.S. Census 2000 for the New 

Bedford Urbanized Area, Central Place statistical area.  

RESULTS AND ANALYSIS 

Minority and low income data for the statistical reference area and the CoC areas are 

shown in Table 1. Two block groups (tract 6519 BG 2 and Tract 6526 BG 1) were determined to 

be EJ areas since their minority percentages were greater than 50 percent (in bold). All but one 

block group had low-income percentages at or above 25 percent (in bold).    
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Table 1. Demographics of Truck Route Access Areas 

U.S. Census 
Location

 Total 
Population 

Minority 
Population 

% 
Minority 

Low-
Income 

Population 

% Low-
Income 

Census Tract 6511 Block Group 1 960 394 41.0 457 48.2 
Census Tract 6512 Block Group 2 877 307 35.0 360 41.1 
Census Tract 6513 Block Group 1 1,178 273 23.2 328 27.8 
Census Tract 6513 Block Group 2 1,065 386 36.2 290 27.6 
Census Tract 6518 Block Group 1 1,091 255 23.4 384 35.6 
Census Tract 6518 Block Group 4 757 300 39.6 291 40.3 
Census Tract 6519 Block Group 1 802 373 46.5 179 24.2 
Census Tract 6519 Block Group 2 1,063 822 77.3 397 37.8 
Census Tract 6526 Block Group 1 513 309 60.2 198 38.6 
Census Tract 6526 Block Group 2 1,042 427 41.0 473 45.4 
Census Tract 9,358 385 42.4 336 36.6 
Average 
New Bedford Urbanized 93,465 19,622 21.0 18,468 20.2 

Area, City 
(part) 

Source: U.S. Census 2000, SF-3 data, Tables P7 and P87. 

The average percent of minorities and low-income populations for the ten block groups 

are 42.4% and 36.6%, respectively. These percentages are significantly higher than those of the 

New Bedford Urbanized Area, Central Plan geographic area.  In fact, all the census tract block 

groups for minority and poverty populations are significantly higher than the statistical reference 

area. Therefore, all of the block groups along the proposed truck access route are considered as 

EJ areas. 

SUMMARY OF EJ CRITERIA 

The EJ CoC Area contains neighborhoods with highly diverse populations in terms of 

minority and income characteristics.   
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Minority EJ populations greater than 50 percent exist in two block groups within the 

CoC. Low income populations at or above 25% exist in the entire within the CoC area except 

for one block group. 

All of the block groups have higher percentages of minority and low income populations 

greater than the New Bedford Urbanized Area, Central Place statistical area.  

6.5.7.3. Existing and proposed vehicle Traffic 
The project proposes to construct the South Terminal within a Designated Port area along 

the New Bedford industrial waterfront (see Appendix 70). Vehicular access to the proposed 

terminal will be along Route 18.  The route runs approximately 2.6 miles from I-195 on the north 

side to one of the main roads, Potomska Street, that lead to the terminal on the south side.   

This route currently serves hundreds of businesses within the industrial port on the east 

side as well as hundreds of residences and some commercial operations on the west side.  See 

Appendix 70 for the primary land uses along this route.  

EXISTING VEHICULAR TRAFFIC ALONG ROUTE 18 

Available traffic data from MassDOT was collected for this route.  Annual average daily 

traffic (AADT) ranged between 48,600 and 23,700 with the high volumes being in the north and 

the lowest numbers being in the south. The average of all the AADT traffic counts is 33,330.   

Existing truck traffic along Route 18 has been estimated to generate approximately 1,370 

trips, which represents 4.0 percent of the average AADT for the traffic route based on MassDOT 

data for 2007. 
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PROPOSED VEHICULAR TRAFFIC ALONG ROUTE 18 

The proposed South Terminal project at the southern end of Route 18 will generate 

different amounts of traffic during the three main stages of its construction and use: 

1. Construction of the South Terminal (9 months), 

2. Use of the Terminal as a staging area for wind turbines (second year), and  

3. Use of the Terminal for port shipping operations (third year and beyond). 

Each of these uses will generate a different level of truck activity along Route 18 as 

shown in the following table: 

Table 2. Vehicle and Truck Trips Along Route 18 

AADT(1) Cumulative % 
Increase 

Existing 34,240 (2) 

Stage 1 168 34,408 0.5 
Stage 2 0 34,240 0.0 
Stage 3 42 34,282 0.1 

1. AADT: Average Annual Daily Traffic 

Trucks Cumulative % 
Increase 

1,370 
(3) 

168 1,538 12.3 
0 1,370 0.0 

42 1,412 3.1 

2. Source: MassDOT, Average of Route 18 AADT, 2004 – 2005. 

3. Source: MassDOT, Truck Peak Hour and Average Day History, 2007. 

Truck traffic will generate only a half percent increase over existing traffic and increase 

12.3 percent over existing truck traffic during Stage 1, the construction of the South Terminal. 

When the terminal is used for wind turbine lay down area during Stage 2, there will not be any 

additional vehicular traffic over the current amounts.  During Stage 3, there will be a 0.1 percent 

increase in AADT counts or 3.1 percent increase over existing truck counts.  
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6.5.7.4. Environmental Justice Effects 

6.5.7.4.1. Direct and Indirect Effects 

PROPOSED ACTION AND COMMUNITY RESPONSE 

As discussed above, the CoC impact area is considered to have Environmental Justice 

(EJ) areas because significant portions of its population are made up of minorities and low 

income people.   

The proposed South Terminal expansion is a compatible land use with the surrounding 

community and similar to existing industrial port uses that are located along New Bedford’s 

waterfront. The South Terminal expansion has been proposed for some type of waterfront 

industrial use as part of the development of the New Bedford Fairhaven Municipal Harbor Plan, 

which was approved by the State and City in June 2010.  During the review and approval 

process, there were a considerable number of community meetings that identified this project as 

well as other port development projects.  Fort Point Associates, Inc (FPA) led the consultant 

team and was responsible for overall project planning and public participation. According to 

FPA, there were no concerns or objections raised about this project during the public review 

process. The following is a summary of the public process associated with the preparation of the 

harbor plan: 

The Harbor Plan Renewal Committee had thirteen (13) members - seven from New 

Bedford and six from Fairhaven.  Six New Bedford members were named by the Mayor and the 

seventh by the President of the City Council.  The Fairhaven Town Selectmen named the six 
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Fairhaven members.  The Committee met approximately monthly over the period of Plan 

development, commencing in February 2008 until August 2008 and then during review and 

approval of the draft plan in the spring of 2009.  All Committee meetings were open to the 

public. The Committee reviewed the consultants’ analyses and findings and provided overall 

policy direction and guidance in shaping the Harbor Plan. 

Four public workshops and two general public meetings were held.  The workshops 

focused on the commercial fishing industry, dredging, recreational boating, and tourism/public 

access/environmental issues.  A general public meeting was held near the beginning of the 

process to inform the public about the goals and objectives of the renewal, to obtain preliminary 

input and an update on the planning process, and to offer an opportunity for the public to 

contribute to shaping overall project direction.  A second public meeting was in May 2009 to 

review the draft plan with interested individuals and organizations. Notices were placed on the 

Harbor Development Commission website and in the local newspaper, emails sent out and flyers 

posted to advertise workshops and public meetings. Over 45 individual interviews were held 

with key waterfront harbor stakeholders who offered a broad range of perspectives on harbor 

issues and activities.  

Furthermore, the project will bring in significant benefits to the surround community, 

including enhancing the local economy and bringing increased employment opportunities and 

tax revenues to the area. 
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As a result of the proposed South Terminal project, there will be a slight increase in truck 

traffic over existing traffic due to the trucking needs during its construction and operation after it 

is constructed. 

6.5.7.4.2. Analysis of the Potential for Disproportionate Effects 
Stage 1 Construction Impacts – Traffic, Air, and Noise 

During the construction (Stage 1) of the project, all the EJ communities along Route 18, 

which include the project site, may experience a temporary increase in traffic, air, and noise 

impacts from construction vehicles because of their location and proximity.  The average annual 

daily traffic (AADT) during this nine-month construction period will increase less than one half 

percent over existing traffic.  Noise levels, in general, do not increase proportionally with 

increases in traffic due to the existing noise levels and any increases are expected to be minimal. 

Air quality impacts are expected to be  minor since the construction truck use of Route 18 will be 

spread over the course of the day and will not be concentrated at any one time or place. 

Furthermore, the Project will develop a Construction Management Plan (CMP) to minimize 

construction-related transportation impacts.  The CMP will include measures to control time of 

route use, methods to control fugitive dust, wash down controls, measures to reduce potential 

emissions, and related best management practices to reduce traffic and construction impacts. 

Therefore, no disproportionately high and adverse health or environmental effects due to traffic, 

air, or noise impacts are expected within the EJ communities along Route 18.  

Stage 2 Impacts – Traffic, Air, and Noise 

During the use of the project area for wind turbine assembly, which will be 

approximately one year, no additional trucks are expected since the wind turbine components 
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will be brought to and taken from the site by ocean going vessels.  No traffic, air, or noise 

impacts are expected within the EJ communities along Route 18.  Therefore, the use of the 

terminal during this stage does not create disproportionately high and adverse human health 

effects on EJ populations. 

Stage 3 Impacts – Traffic, Air, and Noise 

During Stage 3, the project site is expected to be used for break bulk operations and 

generate relatively small amount of truck traffic.  Due to the relatively minor amount of traffic 

(approximately 0.1 percent increase) over existing traffic, traffic, air, and noise impacts are 

expected to be minimal.  Therefore, no disproportionately high and adverse health or 

environmental effects due to traffic, air, or noise impacts are expected within the EJ communities 

along Route 18. 

6.5.7.4.3. Cumulative Impacts – Traffic, Air, and Noise 
The primary sources of air quality and noise impacts to the EJ communities to the west of 

Route 18 arise directly or indirectly from port activities, including vessel activities, seafood 

processing and cargo activities.  Over the past several decades there have been significant year to 

year variations in the number of fishing vessels in the harbor, the pounds of seafood landed and 

processed and the tons of freight handled at local port facilities.  These year to year variations are 

part of the normal functioning of the port and relate to economic conditions and natural resource 

cycles. 

Fishing vessels as a source of noise and air quality impacts from idling engines has 

diminished in recent years with increased restrictions on the number of days at sea allowed for 
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each vessel and by retirement of older fishing vessels in the fleet.  The City of New Bedford is 

working to provide shoreside power at City owned fishing vessel docks to further minimize the 

need to run engines and generators while at the dock.  Further, fishing vessels are located 

generally 1500 feet or more from EJ communities and thus would have little to no impact. 

Truck traffic volume, and related noise and air quality impacts, derives directly from the 

volume of products shipped in and out of the port.  While these volumes vary over time, the 

number of trucks involved in supporting existing conditions in New Bedford Harbor is so much 

greater than those from the proposed project that the change in impacts would be minimal.  In the 

context of the Route 18 reconstruction project now under design, the levels of service (LOS) 

along Route 18 are at or above LOS D, suggesting that air quality impacts from idling vehicles 

will be minimal.  In fact, the project will include signal timing to improve traffic flow, while 

making the highway more pedestrian friendly.  Cumulative impacts from noise are similarly 

expected to be minimal as the overall increase in traffic in the long term is expected to be a 0.1 

percent increase in average daily vehicular traffic or a 3.1 percent increase over average daily 

truck traffic. Using the inverse square law of calculating sound levels, such a small increase in 

noise generation would not produce a noticeable change in overall levels of sound as measured 

in dBA. For example, a doubling of traffic would result in only a 3 dBA increase in noise levels. 

Given that the impacts of proposed project alone are insignificant, the cumulative impacts 

of continued port operations and the proposed project are expected to be insignificant as well. 
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6.5.7.5. Mitigation Measures 
The proposed South Terminal project, which is still going through its approval process, 

will have additional public input.  This input will inform the residents of the adjacent EJ 

communities with descriptive information on flyers and notices in the appropriate language 

(Portuguese, Spanish, etc.). One or more community meetings will be held in the affected 

neighborhoods. 

During this process, traffic concerns identified by the public will be addressed.  For 

example, the state is currently improving intersections along Route 18 near the State Pier to 

allow better access to the industrial waterfront.  Community concerns about other intersections 

may improve their use and reduce impacts.   

A construction management plan will be required as part of the development.  As 

explained above, this will ensure that the measures are implemented to reduce traffic and air 

quality impacts as a result of the project.  

6.6. Similar Habitats Within New Bedford Harbor 

The habitat provided by the project site as it now exists is not unique within New Bedford 

Harbor. The subtidal and intertidal areas found the project area consist of subtidal areas, which 

provide habitat and spawning grounds for both finfish and shellfish, intertidal areas including 

beach and salt marsh which provide habitat for shellfish and habitat and spawning ground for 

finfish as well as species upon which finfish depend and habitat and nesting areas for avian 
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wildlife.  These habitats and habitat functions are duplicated in several other areas within the 

harbor including: the shallow-water areas, intertidal areas, and salt marshes at Marsh Island, the 

marsh west of Cherry Street in Fairhaven, the beach west of South Street in Fairhaven, the 

Beaches west of Fort Street in Fairhaven, the beaches at Fort Phoenix in Fairhaven, the beaches 

at Fort Taber in New Bedford, the shallow water habitat, beaches and salt marshes of Palmer’s 

Island, and the shallow-water habitat, marshes and intertidal area of Crow Island. 

The intertidal area of the project site consists of coastal beach (1.43 acres) and an area of 

salt marsh (approximately 0.18 acres).  The shellfish survey performed at the site revealed that 

these areas provide habitat for Quahogs, Oysters, Soft-Shelled Clams, Periwinkles, and Hermit 

Crabs, as well as some species of polycheates.  The intertidal areas also provide foraging habitat 

for shore birds, and spawning habitat for horseshoe crabs.  The salt marsh provides foraging 

habitat for both juvenile fishes, and predators which prey on them.  A comprehensive listing of 

the species of birds which are found in the area is included earlier within this document and 

includes likely avian predators which would use this area for foraging.  Likewise the finfish 

species expected to utilize the intertidal areas of the project site are included in the Essential Fish 

Habitat Assessment section. 

The subtidal portion of the project site consists of a shallow sandy bottom with portions 

of greater and lesser amounts of pebble to cobble sized stones, and sparse intermittent areas of 

vegetation. Depths in this area range from Mean Lower Low Water (MLLW) to 6 feet below 

MLLW, before dropping off steeply to the navigational channel at the existing terminal 

bullkhead. In addition to the habitat provided for the shellfish found in the shellfish survey, the 
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subtidal portion of the project site provides foraging and spawning habitat for juvenile and adult 

finfishes respectively.  The total area of shallow (less than 16 feet below MLLW) subtidal area 

anticipated to be lost by the construction of the terminal and associated dredging is equal to 3.68 

acres. 

Although the resources described above provide the habitat and values discussed; they are not 

unique to this one location within the harbor.  There are many locations within which shallow 

subtidal areas and intertidal areas both within New Bedford Harbor and outside of New Bedford 

Harbor also provide these same habitats and functions and values.  The following sections 

describe large areas within the Hurricane Gates of New Bedford Harbor where similar habitats 

exist. A figure showing areas with similar habitat within New Bedford Harbor is included as 

Figure 8. 

Marsh Island 

Marsh Island is located north of Route 6 and south of Coggshall Street, on the shore of 

Fairhaven. The Island is a peninsula of land extending out into the harbor, and is currently 

utilized as the site of a pair of radio towers.  Along this portion of the harbor are some 2700 

linear feet of intertidal habitat ranging from rocky to sandy to muddy shoreline.  Directly 

adjacent to these areas are shallow subtidal areas ranging in depths between 1 foot and 20 feet 

below MLLW.  The shallow water habitat here extends from Marsh Island to the northern shore 

of Popes Island and to the east to Fairhaven. Within these boundaries exists approximately 126 

acres of subtidal area.  The substrate in this area varies broadly between medium sand to fine 

organic silts and provides habitat for shellfish, foraging area for juvenile fishes and spawning 
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area for adult fin fish species. Although a portion of this area is to be used for the construction of 

CAD cells for the disposition of sediment generated during navigational dredging projects, the 

anticipated final grades of the constructed cells will remain within the shallow subtidal range 

(less than 16 feet).  On the north shore there is approximately one acre of salt marsh and mudflat 

providing habitat to shorebirds and for shellfish, as well as foraging area and nursery habitat for 

juvenile fin fish species.  The southern intertidal beaches are predominantly sandy, containing 

varying amounts of pebble to cobble to boulder sized stones, and provide sheltered breeding 

habitat for horseshoe crabs. 

Marsh East of Cherry Street in Fairhaven 

Contiguous with the subtidal area south of Marsh Island is an undeveloped intertidal area west of 

Cherry Street in Fairhaven. The site is approximately one and a half acres, and appears to 

contain approximately three tenths of an acre of intertidal saltmarsh.  The intertidal beach which 

lies between the marsh and the harbor extends for 500 feet between developed residential 

properties. The Marsh is accessed by the same 135 acres of shallow subtidal habitat which lies 

to the south of Marsh Island. As is typical for salt marshes in this area, the marsh east of Cheery 

Street provides foraging habitat for shore birds, and nursery and foraging habitat for juvenile fin 

fish. The west intertidal beach is fine grained, containing varying amounts of pebble to cobble to 

boulder sized stones, and provides breeding habitat for horseshoe crabs, as well as foraging 

habitat for shore birds, and habitat for shellfish 

Beach East of South Street 
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South of the Nantucket and Martha’s Vineyard Steamship Authority pier near to South Street in 

Fairhaven is a beach which extends south from the pier around a residential seawall to Church 

Street. The area provides approximately 300 feet of mostly contiguous intertidal sandy beach, 

connected to approximately 23 acres of shallow subtidal habitat.  The intertidal beach is sandy, 

containing varying amounts of pebble to cobble to boulder sized stones, and provides breeding 

habitat for horseshoe crabs, as well as foraging habitat for shore birds, and habitat for shellfish. 

Directly adjacent to these areas are shallow subtidal areas ranging in depths between 1 foot and 

20 feet below MLLW.  The substrate in the subtidal area varies broadly between medium sand to 

fine organic silts and provides habitat for shellfish, foraging area for juvenile fishes and 

spawning area for adult fin fish species. 

Beach West of Fort Street 

South of the Fairhaven Ship Yard pier near Cottage Street in Fairhaven is a beach which extends 

south from the pier to the hurricane barrier.  The area provides approximately 1550 linear feet of 

contiguous intertidal sandy beach, connected to approximately 16 acres of shallow subtidal 

habitat. The intertidal beach is sandy, containing varying amounts of pebble to cobble to boulder 

sized stones, and provides breeding habitat for horseshoe crabs, as well as foraging habitat for 

shore birds, and habitat for shellfish. Although the area upland of the beach is developed as 

residential properties, and portions are protected by sea walls and rip rap, the residential 

development is relatively low density in comparison to other portions in the harbor, and the shore 

protection structures are low in elevation and do not present formidable barriers to all of the 

species which would use this area as habitat.  Directly adjacent to this intertidal zone is a shallow 

subtidal area ranging in depths between 1 foot and 20 feet below MLLW.  The substrate in the 
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subtidal area varies broadly between medium sand to fine organic silts and provides habitat for 

shellfish, foraging area for juvenile fishes and spawning area for adult fin fish species. 

Fort Phoenix Beaches 

To the east of the hurricane barrier, in the outer harbor (outside of the hurricane barrier) is Fort 

Phoenix, and more than 3000 linear feet of contiguous undeveloped intertidal beach .  The beach 

is predominantly sandy, containing varying amounts of pebble to cobble to boulder sized stones, 

and provides breeding habitat for horseshoe crabs, as well as foraging habitat for shore birds, and 

habitat for shellfish. Notably the sandy beach is interrupted by a section of naturally rocky 

shoreline at a bedrock outcrop. Directly adjacent to the intertidal zone is a shallow subtidal area 

ranging in depths between 1 foot and 20 feet below MLLW.  The substrate in the subtidal area 

varies between rocky and sandy, and provides habitat for shellfish, foraging area for juvenile 

fishes and spawning area for adult fin fish species. 

Fort Taber Beaches 

To the south of the hurricane barrier, in the outer harbor is Fort Taber, and more than 1200 linear 

feet of contiguous undeveloped intertidal beach .  The beach is predominantly sandy, containing 

varying amounts of pebble to cobble to boulder sized stones, and provides breeding habitat for 

horseshoe crabs, as well as foraging habitat for shore birds, and habitat for shellfish.  Directly 

adjacent to the intertidal zone is a shallow subtidal area ranging in depths between 1 foot and 20 

feet below MLLW.  The substrate in the subtidal area varies between rocky and sandy, and 

provides habitat for shellfish, foraging area for juvenile fishes and spawning area for adult fin 

fish species. 
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Palmer’s Island 

Located less than 1000 feet east of the project site, Palmer Island’s shoreline is most similar to 

the area affected by the proposed expansion of South Terminal.  Along this portion of the harbor 

are some 3000 linear feet of intertidal habitat ranging from rocky to sandy to muddy shoreline 

providing breeding habitat for horseshoe crabs, as well as foraging habitat for shore birds, and 

habitat for shellfish.  Directly adjacent to these areas are shallow subtidal areas ranging in depths 

between 1 foot and 20 feet below MLLW.  The shallow water habitat here extends east, north 

and west to the federal and state navigation channels.  Within these boundaries exists 

approximately 42 acres of subtidal area.  The substrate in this area varies broadly between 

medium sand to fine organic silts and provides habitat for shellfish, foraging area for juvenile 

fishes and spawning area for adult fin fish species.  The intertidal beaches are predominantly 

sandy, containing varying amounts of pebble to cobble to boulder sized stones, and are broken 

up by intermittent bedrock outcrops.  The sand spit which connects Palmer Island to the 

hurricane barrier is submerged for portions of the tide limiting the pedestrian access to the island, 

sheltering breeding habitat for horseshoe crabs. 

Crow Island 

Crow Island’s shoreline consists of approximately 1500 linear feet of intertidal sandy 

beach providing breeding habitat for horseshoe crabs, as well as foraging habitat for shore birds, 

and habitat for shellfish.  Directly adjacent to these areas are shallow subtidal areas ranging in 

depths between 1 foot and 20 feet below MLLW.  The shallow water habitat here extends west, 

south and east to the federal navigation channels, and to the north to Popes Island and Route 6. 
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Within these boundaries exists approximately 60 acres of subtidal area.  The substrate in this area 

varies broadly between medium sand to fine organic silts and provides habitat for shellfish, 

foraging area for juvenile fishes and spawning area for adult fin fish species.  The intertidal 

beaches are predominantly sandy, containing varying amounts of pebble to cobble to boulder 

sized stones. Although the Island is developed as a residential property, there is only a single 

home on the island and pedestrian traffic along the intertidal area is limited, providing protection 

to this area as habitat. 

6.7.	 Summary of Existing Resource Area Assessment and Anticipated Direct and 
Secondary Impacts 

The project as planned will result in the following Direct Impacts to existing resource 

areas as outlined below: 

•	 Areas of Proposed Filling: 

o	 1.43 acres of intertidal area, 

o	 4.06 acres of shallow, near-shore sub-tidal area; and  

o 0.18 acres of salt marsh will be filled during the construction of the facility.   

These areas currently serve as: 

o	 Essential Fish Habitat for winter flounder, windowpane flounder, scup, and black 

sea bass, 

o	 Shellfish habitat,  

o	 Potential foraging habitat for avian wildlife; and 

o	 The intertidal area serves as horseshoe crab habitat. 
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•	 Areas of Dredging (Existing Depth Between -1 and -6 MLLW):  

o	 3.68 acres of near-shore, subtidal area will be dredged to between -30 and -32 

MLLW (Quayside Areas). 

o	 4.43 acres of near-shore, subtidal area will be dredged to -14 MLLW (Quayside 

Areas). 

o	 8.01 acres of near-shore, subtidal area will be dredged to between -6 and -7 

MLLW (Gifford Street Channel Re-Alignment and Mooring Mitigation Areas).  

o	 8.76 acres of near-shore, subtidal area will be dredged to -45 MLLW, filled and 

capped (CAD Cell). 


These areas currently serve as: 


o	 Essential Fish Habitat for winter flounder, windowpane flounder, scup, and black 

sea bass, 

o	 Shellfish habitat, and 

o	 Potential foraging habitat for avian wildlife. 

•	 Areas of Dredging (Existing Depth Between -5 and -14 MLLW):  

o	 4.03 acres of near-shore, subtidal area will be dredged to -14 MLLW (Tug 

Channel). 


These areas currently serve as: 


o	 Essential Fish Habitat for winter flounder, windowpane flounder, scup, and black 

sea bass, 

o	 Shellfish habitat, and 

o	 Potential foraging habitat for avian wildlife. 

•	 Areas of Dredging (Existing Depth between -20 and -30 MLLW):  
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o	 7.01 acres of subtidal area will be dredged to -30 MLLW (South Terminal 

Channel). 

o	 19.6 acres of subtidal area will be dredged to -30 MLLW (Maintenance Dredging 

of Federal Navigation Project). 


These areas currently serve as: 


o	 Essential Fish Habitat for winter flounder, windowpane flounder, scup, and black 

sea bass, and 

o	 Shellfish habitat. 

•	 Shellfish Impacts: 

o	 It is estimated that approximately 9,285,300 shellfish will be lost during 

construction of the facility and associated dredging. 

The project as planned will also result in the following Secondary Impacts to existing resource 

areas as outlined in previous sections: 

•	 Dredging and Other Construction Related Turbidity and Re-Suspension/Bioavailability 

Impacts; 

•	 Stormwater Runoff; 

•	 Lighting; 

•	 Bilge and Ballast Water Management;  

•	 Sloughing of Slopes; 

•	 Boat Traffic Secondary Impacts; and 

•	 Environmental Justice, Truck Traffic, Noise, and Air Impacts. 
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As noted above, these existing resources that will be impacted via construction and 

dredging are not unique to New Bedford Harbor; many areas within New Bedford Harbor, 

including some areas very nearby the proposed construction location (for example, Palmer’s 

Island), provide similar functions and values that will remain in place. 

The existing resources at the proposed construction site are impacted by existing PCB 

concentrations; thus, capping of these impacted resource areas will have an environmental 

benefit by removing the PCB impacted sediment from contact with the environment.  The flood 

storage loss created by the completion of the South Terminal CDF would have a minimal overall 

impact on New Bedford harbor, as noted within the document entitled Hydrology of Floods, 

New Bedford Massachusetts, produced by the Hydrologic Engineering Section of the U.S. Army 

Corps of Engineers in September 1987, due to the enormous flux of harbor water that is able to 

flush in and out of New Bedford Harbor as it is adjacent to Buzzard’s Bay. 

As sections of New Bedford Harbor are designated as a Designated Port Area, the land in 

question has historically been utilized for industrial purposes.  Much of the land consists of fill 

material that has been transported to this location.  Use of the site for water-dependent industrial 

activity would be in compliance with Commonwealth of Massachusetts Waterways Regulations. 

Additionally, a CDF would create positive economic benefits to the area by facilitating new 

water-dependent industrial activity.  Although CDF creation represents a change of portions of 

the shoreline of New Bedford Harbor, CDF creation has already been vetted through a public 

process within the New Bedford/Fairhaven Harbor Plan process during 2009. 
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7.	 AVOIDANCE, MINIMIZATION, AND MITIGATION OF PROJECT IMPACTS 

7.1.	 Summary of Evaluation of Opportunities to Avoid or Minimize Impacts Through 
Project Design 

The minimum criteria for construction of the South Terminal CDF are outlined within 

Section 4.0 of this document.  The criteria outlined within that section illustrated that: 

•	 South Terminal in New Bedford has been determined to be the only practicable location 

for siting of an offshore renewable energy support facility; and 

•	 The only practicable design of South Terminal in New Bedford has been determined to 

be a filled structure, as a pile-supported structure has been determined to not be a 

practicable alternative.  

Nevertheless, the proposed CDF was evaluated for opportunities to avoid or minimize 

environmental impact, wherever possible, by modifying the structural and decking design, and/or 

the overall configuration of the facility.  While the marine terminal is intended to serve multiple 

purposes, one of the purposes is to support offshore wind facilities.  Thus, the size and shape of 

the proposed South Terminal extension CDF takes into account the size and space requirements 

of the Offshore Wind Energy industry.  The following is a list of basic guidelines that drive the 

configuration of the facility, based upon the current status and anticipated future direction of the 

off-shore wind industry. In Section 3 above, we identified the essential size and space 

requirements as 1,200 linear feet of waterfront, and approximately 28 acres of total space. 

However, as shown in the next several paragraphs, this represents a significant reduction in the 

ideal size of a terminal of this nature.   
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Offshore wind developments involve the shipment, staging, and assembly of wind 

turbines. Wind turbines are broken down into several base component parts for shipment:  Wind 

Blades, Nacelle, Tower Section, and Hub.  Generally, each wind turbine has three wind blades, 

one nacelle, one hub, and at least three tower sections.  One potential wind turbine type that 

meets the anticipated power and size requirements for the Offshore Wind Energy Industry in the 

New England area is Vestas V112-3.0MW (many different types of manufacturers produce wind 

turbines of this size and power structure; this brand is presented only for guidance purposes). 

The following is a summary of important information associated with the portions of this wind 

turbine: 

Part Length Width/Diameter Number/Turbine 

Wind Blade 180 feet 13 feet 3 

Nacelle 46 feet 13 feet 1 

Hub 13 feet 11 feet 1 

Tower Length 107 feet 14 feet 3 

Based on discussions with representatives from the Offshore Wind Energy industry, for a 

large scale offshore wind project, it is currently anticipated that parts for approximately 130 wind 

turbines will need to be stored onsite at least temporarily in order to stage the project.  The 

maximum amount of storage space required simply for raw storage of each part is calculated by 

taking the dimensions of the parts (length times width) times the number of parts required for 

each turbine, times one hundred thirty turbines. The raw value for the space required for storage 

of the total number of wind turbines is 1,593,150 square feet (36.57 acres), which does not 
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include space for foundation components, sea cables, frames utilized to hold semi-constructed 

towers erect, hubs, gear boxes, aviation equipment, power/converter units and transformer units. 

It is unlikely that delays in construction will require storage of 100% of the parts onsite at any 

one time; additionally, there are stacking procedures for wind blades and some other parts that 

allow more efficient storage of the materials; for both of these reasons, it is clear that there are 

opportunities to minimize impacts by using less than 36.57 acres for raw storage space. 

In addition to raw storage space, the facility will need space for facility operations, which 

includes: space for turbine assembly, loading and unloading space for cranes, space for an 

operational building (for office space and for interior work space), and parking for the facility. 

Additionally, space will be required between the parts themselves in order to allow space for 

machinery (mobile cranes) to operate within the storage area, moving parts to organize and sort 

them, as well as space to load and unload the parts onto trucks, trains or marine vessels and to 

allow for space between the parts to prevent damage.  This extra required space could demand up 

to an additional 12-16 acres. 

Discussions with representatives from the Offshore Wind Energy industry have made it 

clear that an ideal facility would have as much storage space as possible (the above calculations 

make plain that even a 50 acre facility would be well utilized by the Offshore Wind Energy 

Industry; however, in an effort to minimize impacts, we were able to design a footprint of 

approximately 28.25 acres.  This footprint is the minimum necessary and has been minimized to 

the maximum extent practicable to allow the project to move forward.  

When outlining a plan for determining the exact configuration for the Proposed South 

Terminal Extension CDF, historic research was conducted in order to determine what the 

previous proposals have been for a CDF in this location. Early configurations of a South 
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Terminal Extension CDF were proposed during the 2002 New Bedford/Fairhaven Harbor 

Planning process. Figure 9 is an excerpt from the final 2002 Harbor Plan that shows the 

configuration of a proposed CDF that extended far into New Bedford Harbor.  This CDF would 

extend the South Terminal footprint to the south to the Hurricane Barrier, and would extend it 

over to Palmer’s Island. 

The 2002 proposed South Terminal CDF was anticipated to encompass 70 acres.  This 

proposal would create an ideal location for the Offshore Wind Energy Industry; however, a 

number of existing businesses would need to be permanently relocated and existing facilities, 

including fish processing equipment of significant value, would need to be destroyed or 

relocated, which would result in a significant loss of economic activity and jobs for the City of 

New Bedford.  If the footprint were revised to allow existing businesses within the footprint to 

remain, the footprint would encompass 50 acres, still large enough to create an ideal facility for 

the Offshore Wind Energy Industry; however, 31 acres of the 50 acre facility would be wetland 

resource areas that would need to be capped and permanently impacted from the construction of 

the facility. 

The City of New Bedford has worked with representatives from the Offshore Wind 

Energy industry in order to determine the minimum space requirements necessary in order to 

operate an Offshore Wind Energy support facility to reduce the size of the proposed facility.  It is 

anticipated that some wind turbine components can be stacked on-site, that not all of the 130 

turbines will be onsite at any one time (although some buffer is needed to account for delays in 

construction), and some areas can be used for multiple functions (such as pre-assembly that 

could take place in the loading zone).  As a result of these negotiations, it currently appears that 

the minimum facility size required for the Proposed South Terminal Extension CDF is 28.25 
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acres. A conceptual layout of a 28.25-acre facility at South Terminal was created showing the 

amount of land needed by an Offshore Alternative Energy Developer that would be creating 

between a 100 and 130 offshore turbine wind farm (see Figure 2). The layout presumes that 

components for the wind towers will be brought in to the Port for assembly and shipping to the 

wind farm site.  The layout shows space for components (monopoles, nacelles, blades) to 

assemble between 8 and 10 wind towers at a time.  If a wind project were to require 130 wind 

towers (for example), then approximately 14-17 cycles of component staging, assembly, and 

shipping would be employed.  Over a projected 18 month construction cycle for the offshore 

erection component of such a project, each assembly cycle would be approximately 1 month in 

duration, a reasonable (though tight) timeframe for such activity. 

Figure 3 shows the available parcels of land that could be utilized to construct the 

Proposed South Terminal Extension CDF, as well as a projection of the extension of the 

bulkhead to the south from the existing South Terminal.  Although multiple configurations to 

reach the 28.25 acre minimum area were attempted, it quickly became clear that it was not 

possible to create the facility without the bulkhead extending into New Bedford Harbor.  In fact, 

multiple configurations have been considered that were significantly larger than what is currently 

presented. The current configuration was chosen in order to avoid dredging close to shore, 

which would increase the impact anticipated on intertidal and salt marsh areas.  The current 

configuration will preserve much of the salt marsh located immediately to the south of the 

facility, which would have been destroyed (as a result of dredging) if berthing had been planned 

on the southern face of the facility.   

It is currently anticipated that having the bulkhead extension parallel to the existing South 

Terminal bulkhead will help vessels dock more easily.  The length of the bulkhead (1200 linear 
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feet) was chosen to keep the length of impacted coastline to a minimum.  If the bulkhead were 

moved closer to shore or angled, it would need to extend further to the south to maintain the 

minimum 28.25 acre facility size. 

The construction basis of the proposed South Terminal extension CDF as a filled terminal 

was explained in greater detail within Section 3.0 and 4.0 of this document.  As stated earlier, 

due to the extremely heavy loadings required at the facility, a pile-supported structure would 

have roughly an equivalent level of impact to the environment due to the high frequency spacing 

of pilings necessary, and the large quantities of fill and concrete necessary to support the 

loadings. An evaluation of the potential for minimization of fill has resulted the following 

changes to the bulkhead alignment: 

•	 The bulkhead itself was offset by approximately 7.25 feet to account for a 

fendering system to protect the bulkhead from vessel impacts; and 

•	 The large cranes were pushed back from the edge of the bulkhead approximately 

6.5 feet to allow for a utility trench to service berthed vessels, and also to reduce 

the loading at the edge of the bulkhead, which then would allow a pile-supported 

apron at the edge of the bulkhead.     

These two changes have resulted in a net reduction of approximately 0.67 acres of fill 

(which reduced the amount of sub-tidal fill from 4.73 acres, before the evaluation, to 4.06 acres, 

after the evaluation).  After further analysis, the Commonwealth has concluded that this is the 

maximum practicable reduction in fill that can be achieved while still meeting the Project 

Purpose. 

A process of consultation with representatives of the offshore renewable energy industry, 

the shipping industry, the Northeast Marine Pilots, and local tug operators has resulted in a 
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facility dredge footprint that the Commonwealth has determined is the minimum practicable in 

order to support the industries that are intended to operate at the South Terminal CDF (more 

information on the process used to determine the minimum practicable facility dredge footprint 

is included within Section 4.0 of this document).  The dredge area has been reduced to the 

minimum practicable in order to support the vessels at the facility.    

The area must be at least as wide as two vessels (each 100 feet wide), in order to allow 

vessels to pass one another when berthed at the facility.  To accommodate the entrance and exit 

of vessels a 60 foot buffer between passing vessels is needed to prevent vessels from striking 

each other and also to prevent overhanging wind blades from striking adjacent vessels (this is 

consistent with the 60 feet requested in writing by Siemens as the space between vessels when 

berthed at the facility). 

In order to allow vessels to exit and enter the facility, a tug boat (aligned perpendicular to 

the vessel at its approximate middle) will be needed to pull or push the vessels from or to their 

berth, and then keep the vessels aligned within the channel, as they are  pulled out of the harbor.  

Once the vessels are aligned with its exit corridor, the tug boat would stick out to the east from 

the vessel approximately 100 feet.  The tug boat would therefore stick out into shallow waters as 

the vessel was entering or pulling away from the facility, and while it was travelling along the 

channel. To remedy this, a 100 foot wide corridor on the eastern side of the dredge area is 

shown. 

A turning basin must be positioned to allow for both access directly from the federal 

channel, and for access to a corridor that leads directly from the turning basin to the boat basin 

for the facility; without this turning basin, the vessels would have to re-align themselves multiple 

times within the Harbor, increasing the chance that the vessels would run aground accidentally.  
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Finally, the entry channel must be wide enough to allow for some drifting of the vessel as 

it maneuvers into and out of the port.  The drifting in question could be from tidal currents, wind 

forces, or errors in navigation; however, without the extra width, the potential for grounding of 

the vessel is high. Therefore, the channel is 175 feet wide (plus the 100 foot wide tug channel), 

which is the minimum width that is acceptable to allow for some.  

 After further analysis, the Commonwealth has concluded that this is the maximum 

practicable reduction in dredging that can be achieved while still meeting the Project Purpose.   

7.2.	 Conceptual Mitigation Plan - Proposed Compensatory Mitigation for Unavoidable 
Direct Impacts 

Unavoidable direct impacts are both permanent and temporary.  Permanent impacts 

involve filling of existing resource areas and dredging of resource areas in such a manner as the 

functions and values of that area are permanently lost.  Temporary impacts involve maintenance 

dredging of areas and/or minor changes in elevation from dredging of resource areas, such that 

the functions and values of that area are not permanently lost, or are anticipated recover 

relatively quickly. Mitigation is proposed for both temporary and permanent direct impacts.   

Permanent Impacts 

Permanent direct impacts to existing resource areas are as follows: 

o Filling of 1.43 acres of intertidal area, 

o Filling of 4.06 acres of shallow, near-shore sub-tidal area;   

o Filling of 0.18 acres of salt marsh,  
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o	 Dredging of 3.68 acres of near-shore, subtidal area from -1 to -6 MLLW to 

between -30 and -32 MLLW (Quayside Areas). 

o	 4.43 acres of near-shore, subtidal area will be dredged to -14 MLLW (Quayside 

Areas). 

o	 Dredging of 4.03 acres of near-shore, subtidal area from -5 to -14 MLLW -14 

MLLW (Tug Channel). 

o	 Dredging of 8.76 acres of near-shore, subtidal area from -4 to -6 MLLW to -45 

MLLW, but which will be subsequently filled and capped (CAD Cell).  

o	 Destruction of approximately 9,285,300 shellfish. 

 Temporary Impacts 

Temporary direct impacts to existing resource areas are as follows: 

o	 Dredging of 8.01 acres of near-shore, subtidal area from -4 to -6 MLLW to 

between -6 and -7 MLLW (Gifford Street Channel Re-Alignment and Mooring 

Mitigation Areas).  

o	 Dredging of 7.01 acres of subtidal area from -20 to -25 MLLW to -30 MLLW 

(South Terminal Channel).   

o	 Dredging of 19.6 acres of subtidal area from -26 to -30 MLLW to -30 MLLW 

(Maintenance Dredging of Federal Navigation Project).  

In order to compensate for both Permanent and Temporary direct impacts to resource areas due 

to construction of the Proposed South Terminal Extension CDF, a number of potential mitigation 

options have been evaluated.  The results of this evaluation were that the following mitigation 

package is proposed (see Figure 10 for locations): 
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•	 Creation of 17.73 acres of Winter Flounder spawning habitat (see Figures 11 and 12), 

via the placement of dredged navigational dredging parent material or CAD Cell parent 

material into a deep area, in order to create a shallow area more suitable for Winter 

Flounder spawning, at a location outside of the New Bedford Hurricane Barrier.  While 

the primary purpose of this action is to create Winter Flounder spawning habitat, this 

action will also enhance spawning and foraging areas for scup, black sea bass and 

windowpane flounder, also create shallow areas that will enhance foraging viability of 

the area for avian wildlife, including the Common Tern and the Roseate Tern and will 

also sequester PCBs in sediment.  PCBs currently existing in sediment within the Winter 

Flounder mitigation area are below EPA superfund cleanup levels for both the upper and 

lower harbor. 

•	 Creation/Enhancement of 3.47 acres of inter-tidal area and enhancement of 10.91 acres of 

near-shore, shallow, sub-tidal areas located in the outer harbor, immediately southwest of 

the Hurricane Barrier, where a PCB-contaminated area has been partially (approximately 

20 acres) capped (OU-3 pilot cap) (see Figures 12 and 13), to enhance spawning and 

foraging areas for winter flounder, scup, black sea bass and windowpane flounder, and 

enhance foraging area for avian wildlife identified within the resource delineation, 

including the Common Tern and the Roseate Tern, enhancement of shellfish habitat, and 

enhancement of horseshoe crab habitat.  PCBs currently existing in sediment within this 

area to be capped are below EPA superfund cleanup levels for both the upper and lower 

harbor. 
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•	 Creation/Enhancement of up to approximately 1.9 acres of a combination of successional 

marsh areas (mudflat, low marsh, high marsh, and transitional area) to enhance spawning 

and foraging areas for winter flounder, scup, black sea bass and windowpane flounder, 

and enhance foraging area for avian wildlife, enhancement of shellfish habitat, and 

enhancement of horseshoe crab habitat (see Figures 14, 15, and 16). 

•	 Completion of a Tern Monitoring program to provide additional information on the 

utilization of New Bedford Harbor by terns.  

•	 Relaying of shellfish from Fish Closure Area 1 to other locations within Fish Closure 

Area 1 and/or relaying of shellfish from Fish Closure Areas 2 or 3 to a location south of 

the City of New Bedford (but within City of New Bedford waters), under MassDMF 

permit, and/or seeding to compensate for shellfish lost during filling, capping and/or 

dredging operations. (Please note that relaying of shellfish from Fish Closure Area 1 to 

any other area is restricted – See letter from US EPA attached to Appendix 52.) 

•	 Dredge and disposal of approximately 240,000 cubic yards of sediment impacted with 

PCB concentrations of up to approximately 20 mg/kg into Confined Aquatic Disposal 

Cells in New Bedford Harbor. 

7.2.1. Winter Flounder Spawning Habitat Creation  

Three locations located outside of the New Bedford Hurricane Barrier, adjacent to the Federal 

Channel, were proposed by USEPA as potential pilot Winter Flounder spawning mitigation 

locations, this proposal was based on the assumption that the locations met specific criteria 

associated with depth, PCB concentration in sediment, and strength of current.  The three areas 

were screened for suitability for Winter Flounder spawning habitat creation via collection of 
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bathymetric data, PCB concentration in sediment, and current data (for the location of data 

points, and a presentation of data collected in the three screening areas, please see Appendix 71). 

Literature indicates the winter flounder spawn at a water depth of approximately -16.4 feet 

MLLW and shallower, and that currents less than 0.6 knots will prevent Winter Flounder eggs 

from being swept out to sea.  Based upon the results of the screening investigation, it was 

determined that the chosen location had existing bathymetry that is deeper than what is 

conventionally considered Winter Flounder spawning habitat, and had currents below 0.6 knots.   

Samples of sediment collected from the proposed area Winter Flounder mitigation area were 

collected and analyzed for the presence of PCBs.  The results of the testing indicated PCB 

concentrations in sediment between 1.3 mg/kg and 8.2 mg/kg within the proposed mitigation 

area, indicating PCB concentrations, although generally below EPA Superfund cleanup levels for 

the upper and lower Harbor, could have impacts such that capping the areas would result an 

environmental benefit by isolating the contaminants from the environment.  (Please note that 

PCB concentrations in sediment are calculated by summing the 18 NOAA Congeners and 

multiplying by a factor of 2.0, which is a non-location specific factor used by NOAA to calculate 

total PCBs since 1988. Please see Appendix 1 for additional information).    

Based upon the results of the suitability analysis, it was determined that an area located 

immediately north of the Butler Flat’s Lighthouse would be suitable for a pilot test, intended to 

create Winter Flounder spawning habitat.    The area targeted for mitigation is at least 

approximately 17.73 acres in area, and is located outside of the New Bedford Hurricane Barrier. 
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The area is approximately 1 mile south of the proposed facility in an area with a water depth of 

between approximately -22 feet MLLW to -18 feet MLLW.  The proposed mitigation would 

change the elevation of the targeted area to a depth of approximately -16 MLLW or deeper, in 

order to create conditions suitable for Winter Flounder spawning.  A figure showing the 

proposed mitigation area, as well as a conceptual cross-section are included as Figures 11 and 

12. 

The mitigation would have a dual purpose.  The work will not only create an area that is within 

the elevation range for preferred Winter Flounder spawning, the work will also cap PCB 

contaminated sediment, and enhance the area as habitat for fish and shellfish.  The mitigation 

will be achieved via placement of dredged parent material within the target area.  The parent 

material will be generated from either the construction of the South Terminal Expansion (i.e. 

parent material from the dredge footprint of the proposed facility) or from the construction of a 

CAD Cell, or both. The target final elevation after fill placement will be a depth of 

approximately -16 feet MLLW or deeper.   

The mitigation is anticipated to also have a beneficial impact upon terns, including the Common 

and Roseate Tern. Common Terns feed mainly on a wide variety of small fish and crustaceans; 

however, their primary prey in most Atlantic coast breeding areas is the American sand lance. 

Similarly, the Roseate Tern feeds almost exclusively on small fish (see Appendix 65). Both the 

Roseate Tern and the Common Tern forage by plunge-diving (diving from heights of between 1

12 meters and oven submerging to greater than 50 centimeters.  Creating shallower water in the 

area of this mitigation project will make the area more attractive for the type of game fish that 
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both the Roseate Tern and Common Tern hunt, as many types of fish seek shallower water to 

escape predators.  Therefore, it is likely that this mitigation project will benefit the tern 

population by creating a more productive foraging area.  

About 70% of the Common and Roseate Tern’s diet consists of Sand Lance (see Appendix 66). 

Sand Lance occur throughout the water column over sandy substrates into which they burrow. 

The sand lance burrows for rest and escape from predators; hence much time may be spent 

within the substrate, isolated from the water column.  Due to this specific defense behavior, the 

sand lance is particularly vulnerable to become contaminated by adjacent contaminated 

sediment, such as the high levels of PCBs within the contaminated sediment of New Bedford 

Harbor. It is likely the Common Tern and Roseate Tern’s preference for American sand lance is 

the source of high levels of PCBs found in chicks found dead at Bird Island in 1970, and 

increased levels of PCBs within existing Roseate and Common Tern colonies.  Historical bird 

observations presented within Section 6 indicate that Common and Roseate Terns have been 

observed outside of the Hurricane Barrier, but not in the areas north of the Hurricane Barrier. 

PCB concentrations outside of the Hurricane Barrier have been shown via EPA sampling to 

typically be less than 1 ppm, except for a few isolated areas.  The proposed mitigation areas 

contain concentrations of PCBs above 1 ppm (in one location the concentrations are higher than 

8 ppm).  Capping of PCB contaminated sediment within these areas will allow sand lance to 

burrow without being exposed to PCB contaminated sediment.  Therefore, capping of 

contaminated sediment will benefit the Common and Roseate Tern populations by reducing their 

exposure to a source of contamination shown to be detrimental to those species.   
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7.2.2. Intertidal Habitat Creation and Near-Shore, Shallow, Sub-tidal Enhancement  

This proposed alternative would utilize parent material from the construction of South Terminal 

or from a CAD Cell to cap 10.91 acres of near-shore, shallow, sub-tidal environment, and create 

an adjacent new 3.47 acre intertidal area, in order to compensate for permanent loss of intertidal 

area and temporary and permanent impacts to sub-tidal areas via construction of the South 

Terminal CDF.  The location of the proposed intertidal creation and sub-tidal enhancement is 

located immediately outside of the New Bedford Hurricane Barrier, east and slightly south of the 

end of Gifford Street. 

The proposed intertidal creation and sub-tidal enhancement areas would be created outside the 

Hurricane Barrier on the New Bedford side of the Bay (see Figures 10 and 13 for the location 

of the proposed intertidal creation area).  The location of the intertidal creation was selected 

because it was previously an intertidal area (prior to the construction of the New Bedford 

Hurricane Barrier) that was formerly affected by an anthropogenic structure (the Hurricane 

Barrier), and would significantly benefit from new intertidal habitat.  A cross-sectional diagram 

of an example beach profile for the proposed created intertidal area is included in Figure 12. 

The profile created will include a large proportion of intertidal sandy (silt/sand/gravel mixture) 

area, representing creation of preferential habitat.    

The proposed mitigation location is not accessible from the shore and is rarely travelled by 

recreational vessels. As a result, the critical area would be relatively isolated from human 

impacts, and would provide a prime location to enhance spawning and foraging areas for winter 

flounder, scup, black sea bass and windowpane flounder, and enhance foraging area for avian 
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wildlife identified within the resource delineation, including the Common Tern and the Roseate 

Tern, and create horseshoe crab spawning habitat. 

Both the inter-tidal creation area and the sub-tidal enhancement areas were also chosen due to 

the presence of PCB impacted sediment in the area.  The placement of the parent material will 

also cap PCB contaminated sediment associated with a portion of the New Bedford Harbor 

superfund project called “OU-3”.  The mitigation is located within a near-shore, shallow, sub-

tidal area located in the outer harbor, immediately southwest of the Hurricane Barrier, where a 

PCB-contaminated area has been partially (approximately 20 acres) capped (OU-3 pilot cap) (see 

Figure 13), OU-3 is a 17,000 acre area outside of the Hurricane Barrier.  A hotspot area was 

located in the vicinity of the proposed mitigation that was partially capped in 2005 (OU-3 pilot 

cap). The OU-3 pilot cap area was identified for remediation under the New Bedford Harbor 

Superfund project; however, the OU-3 pilot cap area is not within the area slated for intertidal 

creation. The OU-3 pilot cap project was a “pilot study”; a remedy decision has not been issued 

for OU-3.  The mitigation project would have the dual purpose of creating intertidal area while 

simultaneously capping and isolating from the environment sediments with a high level (but 

likely lower than 10 mg/kg) of PCB contamination within them.   

Through bioaccumulation and uptake, PCBs impact a variety of types of marine life, and also 

have subsequent effects on avian wildlife. The effects of PCBs on Common and Roseate terns 

via their ingestion of sand lance were discussed in the previous section; it is anticipated that the 

isolation of PCB contaminated sediment in the location of the proposed intertidal creation area 

will also benefit both terns and other avian wildlife.  A summary of available literature 
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presenting some evidence of the impact of PCBs on the reproductive cycle of Winter Flounder is 

attached as Appendix 72. The literature search consists of one study noting the link between 

PCB contamination and a reduction in Winter Flounder larval length and body weight.  The other 

study notes that reduced larval length and body weight results in significant decreased survival 

potential. The two studies taken together indicate that PCBs in sediment have a significant 

impact on the ability for Winter Flounder to produce viable offspring that ultimately contribute 

to propagation of the species. As a result, it is likely that eliminating direct contact from PCB 

impacted sediment would result in a positive impact to the Winter Flounder population. 

Therefore, isolation of PCB sediments would be beneficial to Winter Flounder.   

It is suspected that PCB impacted sediment affects many species, in addition to Winter Flounder, 

and that capping PCB impacted sediment will create an area that will be relatively more 

productive as a shallow near-shore subtidal environment for spawning and foraging areas for 

many species, including Winter Flounder, Scup, Black Sea Bass and Windowpane Flounder. 

The areas will also therefore be more productive as foraging areas for avian wildlife, including 

the Common Tern and the Roseate Tern. 

7.2.3. Successional Marsh Area Restoration/Enhancement 

In addition to the intertidal area creation, the project proposes restoration/enhancement of a 1.9 

acre Salt Marsh and successionary sequence in the drainage swale situated westerly of the 

Hurricane Barrier, just to the south of the Gifford Street Boat-ramp parking area. The area 

currently serves as a stormwater runoff channel that runs behind the Hurricane Barrier.  The 

sediment within the stormwater runoff channel is currently impacted with PCBs, SVOCs, and 
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some metals (see Appendix 73). The maximum PCB concentration detected within the sediment 

of the channel is 55 mg/kg, from a sample collected in 2007.  Additional sampling of sediment 

and adjacent upland material was also conducted in the Fall of 2011.   

The western side of the channel is currently a rip-rap slope that has little ecological value.  By 

removing PCB contaminated sediment and capping the residual impacted sediment, creating 

drainage channels, removing the rip-rap slope, and grading into the upland behind the rip-rap 

slope, the Commonwealth will create and enhance approximately 1.9 acres of mudflat, low 

marsh, high marsh, and transitional salt marsh area. This area is owned by the City of New 

Bedford, which supports the project, as it will not only revitalize a degraded wetland area, but 

will also extend a public walkway along this area, which has been planned by the City for some 

time.    Figure 10 shows the location of the drainage ditch, with relation to the footprint of the 

proposed terminal.   

The project will enhance the hydraulic capacity of the drainage ditch to transport stormwater 

from behind the Hurricane Barrier by removing fill from the western side of the channel. A 

central drainage channel would run through the re-graded benthic substrate, allowing for 

stormwater drainage through the area, unimpeded.  The restored area and the new salt marsh 

habitat will replicate the functions and values of salt marsh that will be lost during construction 

of the South Terminal CDF.   Figure 14 shows the existing resource areas within the drainage 

ditch. Figure 15 shows the current conceptual plan for mitigation within the drainage ditch.  A 

cross-section of the proposed work is attached as Figure 16. 
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Currently, the drainage swale in this location is tidally influenced (it is subtidal), however the 

quality of the resource is degraded mudflat/drainage ditch.  The area of the proposed mitigation 

is currently characterized by the growth of invasive species and has a large amount of trash 

evident. The sediments in the drainage swale are contaminated (with PCBs, see Appendix 73). 

The goal of the restoration project at this location is to create a functioning marsh area in a 

publically visible area, so as to have both an ecological and educational benefit.  The mitigation 

project at this location would include four primary elements: 

•	 Removal of PCB and metals contaminated sediments; 

•	 Re-grading of the swale profile to allow for the creation of a successionary sequence of 

marsh vegetation; 

•	 Planting of high, low, and transitional marsh species within the regraded swale; and 

•	 Installation of a public access walkway/bike path adjacent to the created marsh area. 

The proposed marsh restoration/creation includes the following characteristics: 

•	 Sampling to determine the extent and depth of PCB and metals contaminated sediments; 

•	 Excavation and removal of those sediments and placement of those sediments in a CAD 

Cell; 

•	 Installation of a layer of parent material across the bottom of swale (within areas that 

were below Mean High Water prior to excavation of the PCB impacted sediment), while 

shallowing some areas in order to create a suitable environment for low-marsh plants, 

while including a deeper flow channel through the middle of the swale for transport of 

tidal flows. 
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•	 Excavation of fill on the western side of the drainage swale and grading of the area with 

benched sides that will promote high and low marsh vegetation growth as well as 

transitional vegetation growth. 

•	 Planting of Low Marsh vegetation (such as sp. spartina alternaflora) on the lower created 

benched steps; 

•	 Planting of High Marsh vegetation (such as sp. spartina patens, sp. solidago 

sempervirens, sp. iva frutescens, sp. morella (myrica) pensylvanica and sp. hibiscus 

moschuetos; and 

•	 Planting of Transition Zone vegetation (such as sp. panicum virgatum, sp. iva frutescens, 

and some sp. ammophila brevigulata and prunus maritima); 

•	 Installation of an adjacent public access walkway/bike path and bordering ornamental 

fence (such as a split-rail fence). 

To keep trash from entering the mitigated area, a local stormwater outfall (located at the corner 

of Cove Street and Rodney French Boulevard) will be retro-fitted with a hooded catch basin, or 

trash screen to catch trash prior to its discharge to the drainage ditch.  This screen or catch basin 

will be maintained by the Commonwealth (although responsibility for maintenance of the 

structure may be transferred to the City of New Bedford Department of Public Infrastructure).   

7.2.4. Tern Survey Plan 

Although it is not currently anticipated that Common Tern and Roseate Tern habitat will be 

substantially impacted by completion of the South Terminal CDF project, elements of the 

proposed project mitigation related to creation of intertidal and shallow water subtidal habitat, in 
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conjunction with the removal of PCB-contaminated sediment, is intended to compensate for the 

impacts to tern foraging habitat that may occur. In addition, a tern survey plan will be 

implemented in Spring/Summer 2012 to determine the extent of the foraging habitat for the 

Terns as well as Tern use of the area.  Based on consultation with the Massachusetts Natural 

Heritage and Endangered Species Program (NHESP) (Mostello, pers. comm.), the survey will 

entail weekly surveys from May through mid-July, peak tern nesting season, to acquire data on 

the density and abundance of terns using the area on both an east/west and north/south gradient 

to determine tern abundance and density as a function of proximity to shoreline and distance up 

the estuary. Outside the hurricane barrier, transects would be roughly east/west (shoreline to 

shoreline); inside the hurricane barrier one north/south transect would extend from the hurricane 

barrier as far north as navigability allows. At the recommendation of the NHESP, the surveys 

will be conducted using methodology consistent with guidance provided in the document titled 

Towards standardized seabirds at sea census techniques in connection with environmental impact 

assessments for offshore wind farms in the U.K. 

(http://www.offshorewindfarms.co.uk/Assets/1352_bird_survey_phase1_final_04_05_06.pdf), 

and in consultation with the NHESP and the U.S. Fish and Wildlife Service.  

7.2.5. Shellfish Mitigation 

In order to provide compensatory mitigation for impact to shellfish organisms, MassDMF has 

proposed either, or a combination of, the following: 
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7.2.5.1. Relay of Existing Shellfish 
Relay of shellfish from the proposed facility footprint to a location north of the New Bedford 

Hurricane Barrier (the shellfish would remain within Fish Closure Area 1 and would not be 

transported outside of Fish Closure Area 1).  Relay of shellfish from the mitigation measures 

outside of the New Bedford Hurricane Barrier (shellfish from Fish Closure Areas 2 or 3) to a 

location south of the City of New Bedford (but within City of New Bedford waters) for 

depuration. The shellfish would be relayed under a MassDMF permit, and would be transported 

to a location that would then be suspended from shellfishing for a period of time to be 

determined based on monitoring (but likely between one and three years).  Shellfish would be 

harvested utilizing standard shellfish dredging equipment and/or bullrakes.  The work would be 

overseen by an independent third party. 

The City of New Bedford has stated that they would like the relayed shellfish to stay within City 

of New Bedford waters. Figure 17 shows the municipal boundaries associated with 

jurisdictional waters for the City of New Bedford, superimposed on sub-catchments of 

shellfishing areas designated by MassDMF (labeled BB13, BB14 and BB15).  Based upon 

preliminary discussions, it is likely that the shellfish would be placed within City of New 

Bedford waters within sub-catchment Area BB14, significantly south of the southern tip of New 

Bedford, and south of any restricted areas.    

Please note that relaying of shellfish from Fish Closure Area 1 to any other area is not proposed 

by the Commonwealth and is, in fact,  restricted – See letter from US EPA attached to Appendix 

52. 
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7.2.5.2. Shellfish Seeding  
MassDMF has also indicated that it would like to see the purchase and planting of 2.5 large seed 

for every one (1) shellfish impacted by the project.  MassDMF considers large seed to range 

from approximately 21-25 mm in size.  MassDMF has stated that seeded areas will need to be 

shut down for shellfishing for approximately 3 years, in order to allow the seed to grow to a 

sufficient size for future shellfishing.  If we proceed with this approach, it is anticipated that 

approximately up to 23,213,250 seed may be planted, requiring large areas to be closed while the 

seed grow. Rather than seed at one time (which would result in large areas to be shut down for 3 

years), it is likely that the seeding will need to be distributed over a relatively large time period 

(at least over 5 years). Seeding will not take place within Fish Closure Area 1. 

As relaying of shellfish will already result in significant closures of City of New Bedford 

shellfishing areas (to allow for depuration), and as seeding will require at least one year (if not 

more) of closure to allow the seed to grow to a size suitable for harvesting, the City of New 

Bedford has requested that the first seeding not begin until at least 2013, but possibly 2014.  The 

purpose of delaying the shellfish seeding is to prevent too many shellfish beds (either for 

depuration or for seed to grow) from being closed at once.  Figures 18 and 19 note the potential 

areas for seeding in the City of New Bedford.  Red cross-hatched areas are prohibited for 

shellfishing and would not be seeded.  Blue striped areas are restricted and would not be seeded. 

Tan areas are conditionally approved for shellfishing and may be seeded.  Green areas are 

approved with no restriction and may be seeded. Seed stock would be provided to the New 

Bedford Shellfish Constable for distribution in accordance with the City shellfish program. 
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The project proponent will continue its discussions with MassDMF to determine the 

appropriate amount of Relaying of Existing Shellfish and Shellfish seeding would be suitable for 

this project.  

7.2.6. Removal and Disposal of PCB Contaminated Sediment 

The Commonwealth plans to dredged, remove, and sequester approximately 240,000 

cubic yards of PCB and heavy metal contaminated sediment from New Bedford Harbor during 

completion of the South Terminal CDF project.  Characterization of that material is detailed 

within Section 5 of this document; however, the concentrations of PCBs within this material are 

known to range from approximately 0.2 mg/kg to approximately 20 mg/kg.  It will result in a 

reduction in the bioavailability of PCBs within Essential Fish, horseshoe crabs and shellfish 

within New Bedford Harbor, which will subsequently reduce the quantity of PCBs available to 

avian wildlife when foraging within New Bedford Harbor.   

7.3. General Construction Sequence 

The following section highlights the construction sequence and timing of construction activities: 

7.3.1. Mitigation Construction 

Construction techniques will vary based upon the type of mitigation being constructed. 

To enhance/create the 3.47 acre intertidal area outside of the Hurricane Barrier, as well as to 

enhance the 10.91 acre sub-tidal area outside of the Hurricane Barrier, parent material from 

either the dredge site or from the construction of a CAD Cell would be placed hydraulically. 
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Hydraulic placement of the material would result in a relatively uniform thickness of material to 

be placed. Particular care will be utilized to ensure that the final grades are correct, as small 

variations in elevation could result in significant variations in the size if the inter-tidal area. 

Short-term settlement of hydraulically placed material will be addressed during the post-

construction survey period (contract documents will mandate specific elevation and areal 

requirements for the cap); long-term settlement (depending upon the severity), which will be 

observed via periodic surveys of the capped area, may or may not be addressed, depending on 

the speed of the resultant re-colonization of the capped area.   

Creation of the 17.73 acre Winter Flounder spawning habitat will likely be achieved by 

placement of parent material from either the dredge area or from a CAD Cell, likely via bottom-

dump scow.  The bottom-dump scow placement would result in variations of the final surface, 

which will allow for a more complex benthic habitat.  The variations would consist of small rises 

and falls within the finished surface.  It is anticipated that these variations would further reduce 

bottom currents and to act as sheltered areas for fish to hide from predators.   

Creation of the marsh mitigation area will involve re-grading, and may involve the 

placement of erosion control mat (likely of a biodegradable material, such as coir or jute) and the 

re-graded slope may utilize one or more erosion control rolls (also made of coir or jute) to help to  

stabilize the slope temporarily while vegetation is replanted.  Post-excavation samples, which 

represent concentrations of PCBs that will be capped and left in place, have already been 

collected and analyzed (see Appendix 73). Requirements for transportation of waste regulated 

by TSCA will be met, as required.  Planting of wetlands plants will foster the permanent 
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stabilization of the area.  Invasive species removal will also be completed while re-planting 

occurs. 

The successional salt marsh restoration work would be constructed utilizing standard 

earthwork equipment and techniques.  It is likely that a temporary dam would be constructed 

adjacent to the box culverts in New Bedford Harbor to allow construction work to be completed 

in relatively dry conditions. Although a specific design for this dam has not yet been 

conceptualized, it is clear that, in order to maintain functionality of the stormwater drainage 

ditch, that a bypass or pump system would need to be in place to allow the ditch to perform its 

hydraulic function during storm events.  It is possible that an additional coffer dam would be 

constructed to the south of the restoration area so stormwater runoff could be captured prior to 

entering the work area. The site would therefore be dewatered and dewatering fluid would be 

treated prior to being discharged to the harbor or the local POTW.   

Heavy construction equipment would remove contaminated sediment.  Parent material 

will then be utilized to cap the residual impacted material.  The contaminated material will be 

either hauled to the South Terminal CDF construction site, where it will be allowed to dewater 

prior to disposal within a CAD Cell, or transported to a scow for disposal within a CAD Cell. 

Parent material dredged from either the South Terminal CDF dredge footprint or from 

construction of a CAD Cell will be utilized to cap the remaining sediment within the drainage 

channel. The parent material will either be mechanically dredged and transferred to the ditch for 

placement, or will be hydraulically dredged and placed within the ditch.   
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To minimize future input of trash and other debris to the restored area, a retro-fit of the 

nearest stormwater outfall (located on the southern end of the mitigation area) will be installed. 

It is currently anticipated that a structure will be constructed at the discharge point located 

directly south of the mitigation area.  The structure will likely be a hooded catch basin or trash 

screen or similar device.  The structure will minimize the input of trash, grit, oil, and other 

floating debris to the wetland. 

Slope stabilization structures, likely bio-degradable structures such as coir rolls, coir logs 

or coir blankets will be utilized to stabilize any slopes.  The existing bike path will be extended 

along the top of the re-graded slope.  The completed channel will be planted with high marsh and 

low marsh plants as detailed earlier in the document.  Plantings will likely be completed in 

either the late fall or the early spring in keeping with typical wetland restoration practices.   

7.3.2. Timing 

Implementation of selected mitigation alternatives will take place during the dredging of 

the main channel to the South Terminal Marine Park Expansion.  Each of the three selected 

mitigation alternatives rely on a supply of parent material.  As a result, each option has a portion 

of the construction linked to either the construction of a CAD Cell (if a CAD Cell is constructed 

in conjunction with construction of the South Terminal CDF) or to the dredging of parent 

material from the South Terminal CDF dredge footprint.  

Creation of the Winter Flounder spawning area will begin after parent material is either 

generated from construction of the South Terminal CDF or from construction of a CAD Cell. 
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Dredge material will be loaded into dump scows or split hull barges and positioned at the site. 

Parent material will be placed in accordance with the plans established for the site.  Parent 

material can be safely transported to the site and placed 24 hours a day, except in extreme marine 

conditions. 

Capping of the inter-tidal and sub-tidal areas immediately outside of the Hurricane 

Barrier will begin after parent material is either generated from construction of the South 

Terminal CDF or from construction of a CAD Cell.  Placement of parent material during fish 

runs (anticipated to occur between January 15th and May 31st) will be minimized unless suitable 

precautions to minimize water quality impacts and protect migrating fish are implemented (such 

as the use of silt curtains).  Capping of the inter-tidal and subtidal areas immediately outside of 

the Hurricane Barrier may take up to approximately 3 to 4 months.  This time period may vary 

due to the potential inter-relationships of other portions of construction of the South Terminal 

CDF. 

The construction within the drainage swale adjacent to the Hurricane Barrier can begin 

immediately; however, availability of capping material will drive the timing of construction of 

this portion of the work.  This mitigation alternative relies on the reuse of material generated 

during the dredging of the channel to the facility or dredging of a CAD Cell (should a CAD Cell 

be constructed in conjunction with construction of the South Terminal CDF).  Additionally, the 

drainage swale mitigation will be planned in order to time the wetlands plantings to either the 

late fall or early spring in order to allow for maximum growth during the first full growing 

season. 
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7.3.3. Oversight 

Oversight of mitigation will be undertaken by MassDEP through the State Enhanced 

Remedy process.  Meetings will be held on a regular basis to present data collected in the field, 

and review status reports on the progress of construction or the completion.  MassDEP will 

conduct periodic inspections of field activities. In keeping with the Commonwealth’s 

engagement with Tribal Representatives, the Tribal Representatives will also participate in 

project oversight. 

Creation of the Winter Flounder spawning habitat as well as the creation of intertidal and 

enhancement of the sub-tidal areas immediately outside of the Hurricane Barrier will be 

observed by field personnel.  Bathymetric and land surveys will be conducted as necessary both 

before and after placement of material to confirm that the material has been placed appropriately.  

Clean-up areas will be designated around the mitigation areas; if material is inadvertently placed 

outside of the designated areas, it will be removed and replaced in the appropriate area.  Vertical 

tolerances will also be set; should material exceed those vertical tolerances, the material 

exceeding the vertical tolerance will be removed and re-positioned.   

For salt marsh restoration work, a wetland scientist shall be on-site to monitor 

construction of the wetland mitigation area(s) to ensure compliance with the mitigation plan and 

to make adjustments when appropriate to meet mitigation goals. 

To reduce the immediate threat and minimize the long-term potential of degradation, the 

species included on the “Invasive and Other Unacceptable Plant Species” list in Table 4 of the 

US Army Corps of Engineers New England District Mitigation Plan Guidance will not be 
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included as planting stock in the overall project.  Only plant materials native and indigenous to 

the region will be used. 

7.3.4.	 Monitoring and Maintenance Plan 

A long term monitoring program will be implemented to determine the effectiveness of 

the mitigation.  A comprehensive Operation and Maintenance Plan will be prepared during 

preparation of a Final Mitigation Plan.  The Commonwealth will be responsible for long term 

monitoring and maintenance of each mitigation project, including after the five year milestone. 

The following section provides guidance regarding monitoring and maintenance that will be 

conducted to confirm success of planned mitigation efforts: 

7.3.4.1.	 Winter Flounder Spawning Habitat and Intertidal and Sub-tidal Areas 
Outside Hurricane Barrier  

Mechanical Monitoring (Winter Flounder Spawning Habitat and Intertidal and Sub-Tidal Areas 

Outside Hurricane Barrier) 

In order to monitor that capping material has remained in place, the Winter Flounder 

spawning habitat and intertidal and sub-tidal areas outside of the Hurricane Barrier will be 

surveyed annually for the first five years after construction to confirm that material placed within 

these areas has not inadvertently moved to another area, and that excessive erosion is not taking 

place. Yearly bathymetric data will be compared to the post cap placement survey to assess 

migration of capping material away from the designated area.   

Biological Monitoring (Winter Flounder Spawning Habitat Only) 
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In order to judge the effectiveness associated with Winter Flounder Spawning Habitat 

creation area, we have consulted with academic researchers Professor Steve Cadrin and 

Professor Kevin Stokesbury of the University of Massachusetts Dartmouth’s School for Marine 

Science and Technology (SMAST). The two professors have formed a joint academic team with 

relevant professionals drawn from both SMAST and the Woods Hole Oceanographic Institute 

(WHOI), to create a team with broad-based experience that will effectively investigate the 

potential impact of the proposed mitigation measure. As needed, individual members of this 

team will be utilized to both collect and analyze relevant data over the period of this study.   

The initial proposal, which currently focuses on the resources available to SMAST, involves 

collecting data prior to mitigation being completed, in order to establish background or 

“baseline” conditions prior to mitigation.  The proposal includes a plan to quickly initiate 

baseline sampling and to develop a conceptual design for long-term monitoring, with the goal of 

evaluating the effectiveness of the mitigation plan for winter flounder spawning habitat.   

The analytical design involves before-after/control-impact sampling and statistical 

comparisons.  Egg sampling will be conducted by using an epibenthic sled to test for the 

presence of winter flounder eggs in both the mitigation site and adjacent control sites.  The sled 

will be dragged behind a marine vessel, and is intended to capture demersal Winter Flounder 

eggs along the bottom of the harbor (if present).  A control site was defined that is adjacent to the 

habitat mitigation site north of Butler Flats, with the same area and similar bathymetry as the 

habitat mitigation site.  An additional control site is located in shallower habitat (more likely to 

be Winter Flounder habitat) across the Federal Channel from the mitigation site.  Baseline 
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sampling (before the mitigation plan begins) of the mitigation and control sites is critical for 

evaluating effectiveness of the plan.   

A hybrid bi-weekly/weekly baseline sampling protocol will be utilized (with weekly 

sampling being conducted early in the spawning season, and bi-weekly later in the season).  Both 

baseline sampling and long-term sampling will involve surveys of winter flounder eggs in the 

mitigation and control sites.   

For sampling methodology, SMAST plans to follow the protocols that Scultz et al. (2007) 

used to sample winter flounder eggs in New Haven and Milford Harbors. The epibenthic sled 

will be towed in a straight line, into the direction of the prevailing current. The sled will be 

towed on the bottom at a speed of approximately 2 knots, for 4-5 minutes. Towing the net in a 

straight line will ensure that it maintains solid contact with the bottom throughout the tow. 

During each tow, approximately 800'-1000' of the area will be sampled by the sled. The tow 

duration is limited, due to the small size of the study area.  SMAST plans to conduct 4 standard 

tows each in the mitigation site and the control sites during each sampling event.  Following each 

tow, the contents of the net will be rinsed into the collection jar at the end of the net, and 

preserved in a labeled 500mL bottle with 10% formalin for subsequent analysis. 

It is anticipated that long-term monitoring will be similar in scope to the baseline sampling, 

and that statistical analysis of baseline and long-term monitoring data will test for increased 

presence of winter flounder eggs in the mitigation area.  
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The relevant personnel associated with the project (some of which may be very actively 

involved in the project and others of which may or may not):  

•	 Professor Kevin Stokesbury, Associate Professor, Chair of the Department of 

Fisheries Oceanography, University of Massachusetts Dartmouth, School for 

Marine Science and Technology. 

•	 Professor Steve Cadrin – Associate Professor, Department of Fisheries 

Oceanography, University of Massachusetts Dartmouth, School for Marine 

Science and Technology. 

•	 Professor John Stegeman – Senior Scientist at the Woods Hole Oceanographic 

Institute; and 

•	 Professor Mark Hahn – Senior Scientist at the Woods Hole Oceanographic 

Institute. 

A copy of the SMAST Baseline Proposal is attached as Appendix 74. Please note that 

biological monitoring program is being completed for the Winter Flounder Spawning Habitat 

Area only. 

7.3.4.2. Drainage Swale Mitigation Area 
The drainage swale mitigation area will be inspected on a monthly basis during the period 

from April through October for the first 3 years after construction.  Subsequent to the first 3 

years, the mitigation areas will be inspected in May and September of each year for an additional 

2 years. 
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Inspections will be completed by a wetland scientist.  The wetland scientist will monitor 

and document the presence and species diversity of plants that have been installed at the site, and 

will monitor for the presence of invasive species.  The wetland scientist will hand pull invasive 

species as necessary and will evaluate other control methods, if necessary. 

The general health of the plants within the marsh area shall be determined during each 

inspection. Invasive species found within the areas will be removed.  The entire area will also be 

inspected for excessive erosion or siltation. 

If plants are found to be dead or stressed, they will be replaced.  If the erosion control 

blankets (which may be used with discretion to stabilize planting areas within the marsh 

restoration area) are found to have been torn or show evidence of tears, eroded material will be 

replaced and tears in the blanket will be sewn shut.  If the coir rolls (which may be utilized to 

stabilize slopes within the salt mash restoration area) or other slope stabilization measures 

become dislodged, additional tie-downs will be added to secure the coir rolls.  If excessive 

erosion or siltation is noted, grades within the area will be restored to match the final elevations. 

The coir rolls or other slope stabilization measures will be replaced or repaired if plant growth 

has not been well established before the coir roll has decayed. 

7.3.4.3. Monitoring Reports 
The results of the mitigation activities and subsequent inspections will be documented in 

annual reports that will be submitted to USEPA by December 15th of each year following the 

completion of the first growing season subsequent to planting.  
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7.4. Proposed Avoidance, Minimization, and Mitigation For Secondary Impacts 

7.4.1.	 Dredging or Other Construction Related Turbidity and Re-
Suspension/Bioavailability Impacts 

The increase in turbidity during the construction of the CDF and CAD Cell will be monitored 

utilizing existing Performance Standards the Navigational Dredge – Phase III, Part A version of 

which are attached as Appendix 75. The Performance Standards within Appendix 75 have 

been developed through the State Enhanced Remedy process at the New Bedford Superfund Site. 

The Performance Standards have been developed over two phases of navigational dredging 

(Phase II, which began in January 2005 and was completed in January 2006 and Phase III, which 

began in September 2006 and was completed in September 2009).  The Performance Standards 

were developed with the coordination with a number of Federal, State and Local authorities who 

are represented at the State Enhanced Remedy meetings, including MassDEP, USACE, USEPA, 

the National Marine Fisheries Service (NMFS), National Oceanic and Atmospheric 

Administration (NOAA), Division of Marine Fisheries (DMF), Massachusetts Coastal Zone 

Management (MACZM), EOEA, Tribe Representatives and the Coalition for Buzzards Bay. 

In addition to conformance with the Performance Standards, certain Time of Year Restrictions 

will be observed.  Work will be minimized from January 15 to June 15; if unavoidable, work will 

be completed with the use of silt curtains areas with water depths greater than -5 MLLW.  If 

additional Time of Year restrictions are identified, work will be minimized at those times of 

year, or silt curtains will be utilized during those times of year, as outlined above. 

Environmental dredge buckets will be utilized, as applicable, to contain impacted sediment 
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completely, and reduce turbidity during dredging activities.  There will be turbidity monitoring 

during the deployment of silt curtains.  Written contingency plans will be required from the 

marine contractors working at the facility.  Should turbidity monitoring indicate exceedances of 

Performance Standards, the contractor will be required to implement its contingency plans to 

reduce the turbidity levels.  Possible contingency options include: decrease in the speed of work, 

the halt of work, fixes to equipment, use of an environmental bucket, use of silt curtains or other 

potential measures.    

7.4.2. Stormwater Runoff 

Mitigation for Stormwater Runoff impacts will be handled as noted within Section 6. 

Stormwater management as a part of the construction will be in accordance with standard 

construction means and methods.  Best management practices (use of vegetated swales, 

stormwater detention basins (where possible), storm-ceptors (where possible), or other methods 

will be utilized to reduce sediment within stormwater prior to discharge to New Bedford Harbor. 

The site will be designed to manage stormwater in compliance with the Massachusetts 

Stormwater Handbook. 

Erosion and sedimentation controls will be present at the site during the construction process.  A 

Licensed Site Professional will review the presence of impacts to soil and/or groundwater 

located within the parcels that are anticipated to be incorporated within the proposed project, 

evaluate the health and environmental risk posed by the impacted soil and/or groundwater, and 
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will determine how the project can be designed to prevent and/or minimize erosion of impacted 

sediment that could be transported into New Bedford Harbor during the design process.    

7.4.3. Lighting 

The newly constructed marine terminal in New Bedford will have security lighting as the rest of 

the City has street lights.  When international vessels are at the facility and work is to be 

completed 24-hours a day temporary lighting will be utilized.  Other than prudent management 

to ensure unnecessary use of lighting, it is unlikely that lighting can be controlled at the site due 

to the anticipated demand for 24-hour site usage. 

7.4.4. Bilge and Ballast Water Management 

Bilge and ballast water management will be undertaken in conformance with the guidelines 

noted within Section 6. It not currently anticipated that any additional actions will be necessary 

associated with these secondary impacts.  

7.4.5. Sloughing Slopes 

To limit slope failures associated with propeller wash in the newly constructed channels a full 

geotechnical evaluation of the in-situ soils will be completed.  Generally speaking native soils, 

including those recently dredged in the vicinity of the South Terminal CDF, and those dredged in 

past years that have been observed to retain their angle of repose over time, in New Bedford 
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Harbor have been shown to have an angle of repose of approximately 3 feet horizontal per 1 foot 

vertical.  Therefore, it is currently anticipated that side-slopes of 3 feet horizontal per 1 foot 

vertical will be applicable for this project.   

7.4.6. Boat Traffic Secondary Impacts 

The impacts associated with Boat Traffic Secondary Impacts were analyzed in Section 6 

and found to not be significant.  Increases in vessel traffic with in New Bedford Harbor are not 

anticipated to greatly impact the current operations of the Port. During the construction of the 

CAD Cell, material being shipped to the South Terminal CDF will likely be incorporated into the 

normal Port traffic pattern without a major disturbance.  During previous dredging project barges 

would move through the Route 6 swing bridge during its normal openings; additional openings 

were not required and a similar pattern is anticipated for the construction of the South Terminal 

CDF. There should be very little commercial vessel traffic through the CAD Cell area or 

through the South Terminal CDF area.  Recreational boat traffic will need to be redirected 

around the work area, however this has been normal practice during previous navigational 

dredging projects completed within the port. 

Please note that the analysis on operational turbidity conducted within Section 6 

indicated that, although the worst-case scenario indicates an increase in turbidity of 0.28% to 

0.5%, the actual increase in turbidity is anticipated to be significantly less than this number. 

Nevertheless, in order to manage turbidity that may be generated from prop wash during 

operation of the facility, low speeds will be utilized by international vessels and installation 

vessels when approaching, maneuvering at the facility, or leaving the facility.  This will also be 
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necessary as there will be a limited amount of available room for the vessels to maneuver.  Tugs 

with relatively shallow drafts will likely be utilized to transport installation vessels in and out of 

the harbor, which should minimize prop-wash turbidity.  Additionally, tugs with shallower drafts 

than the larger vessels will likely be needed to maneuver the larger, international vessels into 

berthing at the facility. 

It not currently anticipated that any additional actions will be necessary associated with 

these secondary impacts. 

7.4.7. Environmental Justice, Truck Traffic, Noise, and Air Impacts 

As stated within the analysis presented within Section 6, the proposed South Terminal 

project, which is still going through its approval process, will have additional public input.  This 

input will inform the residents of the adjacent Environmental Justice communities with 

descriptive information on flyers and notices in the appropriate language (Portuguese, Spanish, 

etc.). One or more community meetings will be held in the affected neighborhoods.   

During this process, traffic concerns identified by the public will be addressed.  For 

example, the state is currently improving intersections along Route 18 near the State Pier to 

allow better access to the industrial waterfront.  Community concerns about other intersections 

may improve their use and reduce impacts.   

A construction management plan will be required as part of the development.  As 

explained above, this will ensure that the measures are implemented to reduce traffic and air 

quality impacts as a result of the project.  

Noise from construction of the expansion at South Terminal will be minimized to the 

extent practical.  Work will be completed during permitted work hours.  However, the area 
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around the site is within the Designated Port Area of New Bedford Harbor, and fishing vessels 

enter, offload, and exit New Bedford Harbor at all hours of the day.  Navigational dredging 

(which can be a noisy process) has taken place within the Harbor for multiple events. 

As stated earlier within the Neighborhood Analysis (Section 6), Map Number 21, Lot 

Number 45 is adjacent to the residential neighborhood at Cove Street;  however, this area would 

be utilized with much less frequency than other portions of the terminal.  This property (as well 

as the other, southern ancillary properties) will be utilized primarily for wind blade lay-down. 

Although 24/7 access is required for the facility, this is anticipated to be required mainly due to 

issues associated with loading and unloading of vessels and assembly of wind turbines, activities 

that will not be occurring at the Map Number 21, Lot Number 45; therefore, although some 

access to the southern portion of that property may occur within a 24/7 timeframe, it will likely 

be very infrequent.  Additionally, due to the anticipated use of the property (lay down of wind 

blades is anticipated to take place at the far southern end first, and subsequent wind blades are 

anticipated to be subsequently laid down in a south-to-north fashion as they arrive onsite, and 

then utilized in a north-to-south fashion), it is currently anticipated that noise caused by 

operations (when utilized) at this property will be relatively minimal.   
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ATTACHMENT A-1 

Harbor Plan Sections Relating to Navigational Dredging Projects 



  

   

 

 
 

 

 

 

 
 

    

 

   

 

 
  

  

 

  

 

 
 

 

 
 

 

December 2009 

Identification of Individual Properties 

At a minimum, the project stakeholders whose mission includes Harbor maintenance, have identified 
the commercial properties that are in specific need of dredging and should fall under the SER 
process umbrella.  It is anticipated that, at a minimum, all commercial properties will be conducted 
under the auspices of the SER Process. As part of the Harbor Master Plan update process, 
stakeholders and users of the Harbor were interviewed to determine infrastructure maintenance and 
redevelopment nees for the next 5-15 years. The list of dredge projects anticipated over that time 
frame was distilled by property and lot number of the watersheet adjacent user.  

The projects associated with the New Bedford/Fairhaven Harbor Dredge Program are listed on 
Table A-4 and the general dredge areas for the program are depicted on Figure A-4. 

TABLE A-4:  Proposed Navigational and Maintenance Dredging Projects 
City/ 
Town 

Plot/ Lot Current Owner Address Description Estimated Volume 

NB N/A N/A NB/Fairhaven Harbor Channels, Turning 
Basins, Anchorages, 
Fairways 

850000 

N/A N/A USEPA Material From Upper 
Harbor 

300000 

NB N/A N/A Harbor North of Route 6 
Bridge 

DMMP Area Storage (2,000,000 
yards) 

NB 60-19 Mitchell Mark S 
“Trustee” 

83 Popes Island Whaling City Marina 15,000 

NB 60-12 Popes Island Harbor 
Development Corp. 

173 Popes Island Niemic Marine 15000 

NB 60-18 Popes Island Harbor 
Development Corp. 

243 Popes Island Gear Locker Marina 5000 

NB 60-11 BLF Realty Trust 226 Popes Island The Olde New Bedford 
Yacht Club/Captain 
Leroy’s 

3000 

NB 60-2 City of New Bedford 
Marine Park 

102 Popes Island Pope’s Island Marina 17000 

NB 60-1 Maritime Terminal, Inc. NS Fish Island Bridge Terminal/ 
NORPEL 

5000 

NB 60-23 M A T Marine Inc. Fish Island Empty Lot/For Sale 3000 
NB 60-4 Fish Island Nominee 

Trust 
SS Fish Island AGM Marine 

Contractors, Inc. 
15000 

NB N/A City of New Bedford Gifford Street Gifford Street Boat 
Ramp 

100000 

NB 31-263 Shuster, Richard A 4 Wright Street Shuster Corporation 5000 
NB 31-254 R P C Realty LLC 6 Hassey Street Eastern Fisheries 5000 
NB 31-252 Maritime Realty, Inc. 16 Hassey Street Northern Wind, Inc. 5000 
NB 31-251 Tichon Seafood Corp. 8 Hassey Street Bergies Seafood, Inc. 2500 
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December 2009 

NB 37-304 D Fillet Inc. 38 Hassey Street Tempest Fisheries, Inc. 2500 

NB 37-329 Pier Side Realty, LLC 50 Hassey Street Whaling City Seafood 
Display Auction 

5000 

NB 37-305 Port Side Realty, LLC 62 Hassey Street Whaling City Seafood 
Display Auction 

5000 

NB 37-303 South Terminal Leasing 7 Conway Street Tichon Seafood 
Corporation 

10000 

NB 42-268 Trio Algarvio, Inc. 26 Green & Wood Pier MASC Fabricating & 
Welding, Inc. 

7500 

NB 42-260 W Trading, Inc. 25 Green & Wood Pier MASC Fabricating & 
Welding, Inc. 

7500 

NB 42-160 Sprague Massachusetts 
Properties, LLC 

1 Pine Street Sprague Energy 20000 

NB 42-84 Commonwealth Electric 
Co C/O Property Tax 
Department 

180 Macarthur Drive NSTAR 10000 

NB 47-181 Commonwealth Electric 
Co C/O Property Tax 
Department 

180 Macarthur Drive NSTAR 10000 

NB 47-212 City of New Bedford Leonard’s Wharf Leonard’s Wharf 10000 
NB 47-180 City of New Bedford 

Harbor Development 
Commission 

Homers Wharf Homer’s Wharf 10000 

NB 47-204, 47-179, 47-225 City of New Bedford ES Macarthur Drive  Coal Pocket Pier and 
Steamship Pier 

18000 

NB 47-203, 53-217 Commonwealth of 
Massachusetts State Pier 

ES Macarthur Drive State Pier 24000 

NB 53-120, 53-253, 53-254 City of New Bedford 51 Macarthur Drive Fisherman’s Wharf and 
Tonneson Park 

5000 

NB 53-34 Co-Op Wharf Realty 
Trust 

101 Co-Op Wharf Global Fuels Marine, 
Inc. 

5000 

NB 53-116 155 Front Street Realty 
Corporation 

248 Macarthur Drive Crystal Ice 2500 

NB 53-241 178 Front Street 
Corporation 

252 Macarthur Drive Crystal Ice 2500 

NB 53-42, 59-173, 59-217 Maritime Terminal, Inc. 276 Macarthur Drive Maritime Terminal, Inc. 5000 
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December 2009 

NB 59-41, 66-134 American Seafoods 
International, LLC 

40 Herman Melville 
Blvd 

American Pride 
Seafoods (American 
Seafoods Group, 
Southern Pride Catfish 
and Frionor) 

10000 

NB 66-165 New Bedford Land 
Company, Inc. 

Herman Melville Blvd. Mass Tow Boat 7000 

NB 66-128, 66-147 M A E Realty, LLC SS Antonio L Costa 
Blvd. 

Eastern Fisheries 10000 

NB 66-125 Sea Watch International, 
LTD 

15 Antonio L Costa 
Blvd. 

Sea Watch International 2000 

NB 72-284 U S EPA c/o Harbor 
Development 

NS Hervey Tichon Ave. US EPA Dewatering 
Facility 

5000 

NB 72-248 Marine Hydraulics 256 Herman Melville 
Ave. 

Marine Hydraulics, Inc. 7500 

NB 72-292 Cook, Robert C. 286 Herman Melville 
Ave. 

New Bedford Welding 
Supply 

5000 

NB 72-297 Dolinsky, Marvin L. 300 Herman Melville 
Ave. 

ABCO Electric, Task 
International 

5000 

NB 72-299 Acushnet River 
Shipyard, Inc. 

302 Herman Melville 
Ave. 

Evergreen Sheet 
Metal/Acushnet River 
Shipyard, Inc. 

7500 

NB 72-293 City of New Bedford 
Harbor Development 
Commission 

352 Herman Melville 
Ave. 

Tisbury Towing/ Packer 
Marine 

10000 

NB 79-5 PAL Realty, LLC 10 N Front Street Former MacLean's 
Seafood 

20000 

NB 79-2 Revere Copper Products 26 N Front Street Revere Copper Products 10000 

NB 79-4 Revere Copper Products 24 N Front Street Revere Copper Products 10000 

NB 79-1 B S Realty Limited 
Partnership 

94 Kilburn Street Old Mill Building 
(Various Occupants) – 
Boat Ramp 

6000 

NB 86-3 North Wharf Trust 2 Washburn Street Kyler’s Catch Seafood 
Market 

10000 

NB 86-25 City of New Bedford ES Washburn Street Right of Way 5000 
NB 86-20 North Wharf Trust Washburn Street No Occupants/Old Piers 5000 

NB 93-265 USA c/o Army Corps of 
Engineers 

Sawyer Street Vacant 5000 

NB 93-263 Aprak Realty Trust Sawyer Street Abandoned Building/ 
Under Demolition 

5000 

NB 93-265 USA c/o Army Corps of 
Engineers 

Sawyer Street Vacant 5000 
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December 2009 

NB 93-120 City of New Bedford 
Park Dept 

103 Sawyer Street USEPA De-Sanding 
Facility 

5000 

NB N/A N/A Harbor North of 
Coggeshall Street 
Bridge 

Future Rowing Course 110,000 

F 05-015, 05-016, 03-001, 
03-001A, 

Rodman Candle Works 
Realty, LLC 

38-48 Fort Street Fairhaven Shipyard 40000 

F 07-014 Wood’s Hole Martha’s 
Vineyard Steamship 
Authority 

2 Water Street Steamship Authority 40000 

F 07-012, 07-013 Kelley South, LLC 4 Water Street Warren Alexander 
Property 

2500 

F 07-011 Kelley South, LLC 7 Union Wharf DN Kelley and Son 2500 
F 07-009 Town of Fairhaven 2 Union Wharf Union Wharf 15000 
F 07-001 Kelley Dock & Marine 

Co, Inc. 
24 Water Street D N Kelley and Son 20000 

F 09-002A E&W Properties, LLC 42 Water Street Harbor Hydraulics + 
Machine 

5000 

F 09-002 Olde North Wharf 4 Washington Street Olde North Wharf/ 
Harbor Blue Seafood 

5000 

F 09-001, 09-116A L&L Realty Co., Inc. 50 Middle Street Linberg Marine 20000 
F 11-012 Town of Fairhaven Pease Park Pease Park Boat Ramp 10000 

F 11-008, 11-009. 11-010 Acushnet River Safe 
Boating Club 

80-82 Middle Street Acushnet River Safe 
Boating Club – Coast 
Guard Auxiliary 

20000 

F 12-016A, 12-016, 12-
017. 12-018. 12-019. 
12-020, 12-020A, 12-
020B, 12-021, 12-022, 
12-023, 12-024 

Sky View Lines, 
LLC/Town of Fairhaven 

110 Middle Street Harbor front Center 
(Former Holiday Inn 
Express and Marina) 

20000 

F 13-066 Jerco, LLC 2 Elm Avenue Cozy Cove Marina 4000 
F 17-016 Two River Ave, LLC 2 River Avenue Moby Dick Marina 10000 

17-001 Residence/Business 
Docks 

4000 

Total: 1998000 
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New Bedford Fairhaven Municipal Harbor Plan May26, 2010 

Figure 6.1 Harbor Bathymetry 
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New Bedford Fairhaven Municipal Harbor Plan May26, 2010 

Figure 6.2 Dredging Projects 
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1 Introduction 

1.1 Background 
In the context of a widespread interest in reversing the climate effects of fossil fuels and federal and state 
incentive programs that promote growth in the use of renewables for electricity generation, the overall goal of this 
report (“Summary Report” or “report”) is to identify port facilities in Massachusetts that have the ability to support 
offshore renewable energy development. This report also seeks to explore the feasibility and economic 
development potential, as well as the economic impacts, of planned and potential port and landside facilities at 
short-listed Massachusetts ports. For this first-of-its-kind study of port infrastructure to support offshore wind, the 
Massachusetts Clean Energy Center (MCEC) contracted with Tetra Tech EC, Inc. and a team of specialized 
professionals (collectively “the Team”) to conduct this study and issue a report on the findings. 

As stated in the Request for Proposals solicitation for this study “Offshore wind energy is the most viable option 
available for developing utility-scale renewable energy electric generating facilities to the densely populated 
states along the Eastern seaboard in the near term.” Marine-based wind energy generation has the advantage as 
a renewable energy source because it is closer to commercial deployment than other marine-based renewable 
energy generation approaches, such as tidal and wave technology. Furthermore, the large scale of equipment and 
components required for wind generation (i.e. the blades, foundations and towers) means that if a port can 
physically support offshore wind generation it most likely will meet the requirements for other marine based 
renewable energy technologies. Therefore, this study focused primarily on how Massachusetts ports can meet the 
requirements of commercial scale offshore wind energy generation projects.  

This Summary Report has been distilled from the more detailed report (“Final Report”). The Final Report provides 
the approach, analysis, and recommendations that resulted in the identification of potentially appropriate port 
facilities in New Bedford and Boston, Massachusetts, which were subsequently evaluated in more depth. It also 
addresses the high level engineering requirements, associated costs, and economic impacts of the proposed port 
improvements at the two short-listed ports. The Final Report provides the key findings of our study and 
recommendations to the MCEC of the most effective investment in port facilities to support offshore wind energy 
generation construction, operation, and maintenance. 

1.2 Context 
The Northeast Atlantic coastal waters, particularly those off Massachusetts, provide a combination of relatively 
shallow waters, favorable wind conditions, and proximity to population centers that makes this area uniquely 
attractive for offshore wind energy development. Those Massachusetts ports possessing the facilities, land area, 
and navigational characteristics necessary for the assembly and transport of wind turbine components, and for 
long-term operation and maintenance needs of offshore wind farms, are well-positioned to serve the emerging 
demands of the offshore wind energy industry.  

In April 2009 the U.S. Department of the Interior Minerals Management Service issued final regulations on 
“Renewable Energy and Alternative Uses of Existing Facilities on the Outer Continental Shelf (Final Rule),” 
establishing a process for leasing submerged lands for renewable energy projects on the Outer Continental Shelf 
(OCS). The Final Rule outlines the requirements for limited (short-term – for testing and characterizing) and 
commercial (long-term – for power generation) leases and the bidding and regulatory procedures a wind 
developer must follow to obtain rights to a wind farm development site on the OCS.  
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Additionally, the Massachusetts Ocean Management Plan (OMP) was released on January 4, 2010 by the 
Commonwealth’s Executive Office of Energy and Environmental Affairs (EOEEA OMP 2010). The OMP establishes 
new protections for environmental resources, and sets parameters for the development of community-scale and 
commercial-scale offshore wind energy as well as other infrastructure in State waters. The OMP designates which 
areas are prohibited from use and which may be used for wind energy farms and other renewable energy 
facilities. This new regulatory framework indicates interest in and expectation for future offshore development. 
Two renewable energy areas were identified based on the presence of suitable wind resource, water depth, and 
the absence of conflict with other uses or sensitive resources. These areas are located approximately one mile 
offshore in the vicinity of the southern end of the Elizabeth Islands and southwest of Nomans Land Island. These 
areas could accommodate approximately 150 3.6 megawatts (MW) turbines at full build-out (OMP pp 4-1). The 
Team recognized the potential for these sites to be developed for offshore wind energy and the implications for 
port and infrastructure to support offshore wind farms. Massachusetts ports with the potential to satisfy the 
infrastructure requirements of the offshore wind energy industry are well-positioned to support construction, as 
well as operation and maintenance in these areas. 

Developers have yet to construct any offshore wind generation facilities in U.S. waters (to date only 
meteorological towers to test wind characteristics). In turn, U.S. port facilities have yet to stage construction for 
any offshore wind farms. Other than the import of landside wind farm components, East Coast ports have no 
experience in handling, storing or assembling the offshore wind generation components. Therefore, the current 
experience of European ports servicing offshore wind facilities and U.S. Gulf of Mexico ports staging construction 
for the offshore petroleum industry have formed the basis of the Team’s analysis of the port infrastructure 
needed to support the East Coast offshore wind industry. The combination of the trend toward production of 
much larger components (such as blades with lengths approaching 90 meters) and the expectation that stateside 
developers intend to skip pilot scale offshore facilities (which would present learning opportunities) in favor of full-
scale production projects, complicates the Commonwealth’s preparation for this new industry. Also, the physical 
constraints in and around Massachusetts ports suggest that its ability to cost effectively stage such offshore 
construction will take both physical improvements and creative problem solving. 

The focus of this port infrastructure analysis is to specifically determine:  

• The required characteristics of a port facility to be considered an appropriate staging point for 
construction of offshore wind generation facilities; 

• The difference between traditional port facility features and those required for delivery, storage, handling 
and deployment of large offshore wind farm components; 

• The harborside (navigational) and landside (port facility) needs of purpose-built installation and 
component delivery vessels (now and in the future); 

• Port facilities in the Commonwealth of Massachusetts that could be upgraded or expanded to be 
considered appropriate staging points; 

• The costs for required upgrades or expansions at short-listed ports; and 

• The ability of facility improvements to attract wind farm developers and government investment and to 
ensure a return on investment to the Commonwealth. 
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Construction staging depends on a number of variables, including number of turbines in a given development 
scenario, size and weight of the component pieces, schedule of material needs and their point of origination. 
Other factors include the degree of assembly prior to transport to the development site and the specialty 
equipment needed for final installation. 

The following section provides an overview of offshore wind turbine components as an introduction, since each 
component has handling and care characteristics that need to be considered. The subsequent analysis 
characterizes navigation and port infrastructure requirements and identifies Massachusetts ports for further 
evaluation of the costs and economic impacts and benefits to upgrade port facilities to required standards. 
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2 Assessment of Offshore Wind Energy Port Infrastructure Needs 
This section provides a description of wind farm components and the issues affecting their delivery and 
deployment and explains how other marine industries offer insight into navigational and port requirements for 
offshore wind deployment. 

2.1 Wind Farm Components 
Offshore wind turbine components include the turbine, tower, transition piece, and foundation (see Figure 1). The 
turbine consists of the nacelle, rotor (with blades) and hub. Most current large-scale turbines use a three-bladed 
rotor connected through the drive train to the generator, which is housed in the nacelle. Offshore wind turbines 
are typically larger than 2 MW in generation capacity because of 
the higher return on the construction investment in terms of 
power and revenue generation. In this analysis, the Team 
considered 3 MW or 3.6 MW turbines, as these are the current 
generation of turbines being installed. For the purposes of this 
study, a minimum offshore wind turbine array was assumed to 
consist of ten turbines. Based upon discussions with current 
and future developers, larger wind farm arrays would include 
from 60 to 150 turbines. 

Various foundation structures can be used, depending on 
seabed geology, wind/wave conditions and water depth at the 
site. Four standard types of offshore foundation structures exist 
and are described below (see Figure 2). 

• Monopile 

• Gravity-Based 

• Multi-Leg or Jacket 

• Floating 

Monopile and gravity foundations are commonly used in shallow 
and transitional water depths up to 90 feet. Multi-leg 
configurations with broader bases such as tripods, jackets, and 
suction bucket support structures are used for water depths of 
180 feet or greater. Floating turbines may also become feasible 
long-term options for deep water (beyond 180 ft depth). These 
structures would be secured to the ocean floor via catenary guy 
wires, mooring lines, or tension legs, which in turn would be 
fastened to anchors or gravity-based platforms, according to a 
publication released by the U.S. Offshore Wind Collaborative in 
2009. 

Figure 1 Primary Components of an Offshore Wind Turbine 
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Figure 2 shows five basic types of foundations. The illustration is not comprehensive as other pile type 
foundations exist. General depth ranges are shown in feet.  

Dimensions of turbine components vary from make, model, and power rating. As stated above, most of the 
planned commercial-scale generation projects for the Northeast Atlantic coast expect to use turbines in the 3MW 
to 3.6MW range. Table 1 below provides an example of the magnitude of component dimensions. 

Figure 2 Types of Foundation for Offshore Wind Turbines  
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Table 1 Dimensions of Turbine Components (Technical data for Vestas V112-3.0 MW) 

Dimensions 

Turbine Component Weight Length Height Width/Diameter 

Monopile foundation 
165 to 231 US ton (for 90 to 130 ft 
long monopile) 
551 US tons (for 197 ft long monopile) 

Varying 90 to 130 ft 
to up to 197 ft N/A D: 16.75 ft / 18 ft ) 

Transition piece 187 US tons 56 ft per unit N/A D: 13.8 ft 

Nacelle (incl. hub) 138 to 165 US tons 46 ft 10.8 ft w: 12.8 ft 

One Blade 14 to < 20 US tons 179 ft N/A Max. w: 13.8 ft 

Tower Section Approximately 77 US tons 106.6 ft 197 ft 
assembled d: 13 ft to 15 ft 

(Source: Vestas 2008) 

2.2 Wind Turbine Component Delivery and Deployment 
Currently, very few offshore wind turbine components suitable for commercial-scale offshore wind farms are 
being manufactured in the U.S. that are of the size appropriate for a wind farm with 60 to 150 turbines. 
Manufacturers will have little incentive to set up large scale offshore wind component manufacturing operations 
in the United States until developers are ready to purchase components at a rate that makes the investment in a 
manufacturing facility financially attractive (based on Team discussions with manufacturers). Therefore the 
Team’s analysis assumes that most, if not all turbine component pieces for the planned offshore wind farms 
would be manufactured and shipped from European facilities. 

Foundations and transition pieces tend to be manufactured and delivered separately from the turbines, although 
there may be some manufacturing capacity overlap with towers. Currently, no operational rolled steel 
manufacturing facilities on the East Coast have been identified at a scale suitable for a large offshore wind farms. 
Like turbine manufacturers, foundation suppliers lack the incentive to set up an East Coast production facility, 
and therefore it is likely that foundation components would be shipped ready to be assembled on large barges 
from the Gulf of Mexico, Europe or Malaysia. Rail and truck delivery options are limited to aggregate for scour 
protection, or sectional pieces such as iron bars or flat sheets of steel for use in the foundations or transition 
pieces. Fully assembled foundations have dimensions which preclude shipping by rail or truck. 

Developers do not necessarily have to stage foundations for offshore deployment out of the same port staging 
the turbine construction. The convenience of utilizing a common port facility generally would not outweigh the 
cost savings associated with improved logistics, less assembly, and minimizing storage space and handling 
needs. Barges also may be used for foundation storage in certain circumstances. Foundations can be delivered 
and stored on barges fully assembled and then tugged out to the installation site with less handling.  

Turbine components may be transported from the staging port to the installation site in various stages of 
assembly (see Figures 3, 4, and 5 below). Vessel Requirements for Offshore Wind Farm Construction and 
Maintenance (The Glosten Associates 2009), which is Appendix A of the Final Report, provides more details on 
these transport options. The options range between offshore on-site assembly and installation at the wind farm 
site, and turbine assembly in the controlled environment of the staging port, with the fully assembled turbines 
transported to the installation site in an upright position. Assembly at the offshore installation site lessens the risk 

Port and Infrastructure Analysis for Offshore Wind Energy Development • Page 6 



 

  
 

 

 

 

 
 

 

Port and Infrastructure Analysis for Offshore Wind Energy Development Summary Report 

associated with fully assembled turbine transport, but entails risks associated with turbine assembly in the 
marine environment.  

Turbine manufacturers and contractors experienced in European wind farm construction prefer specialized 
purpose-built vessels for turbine installation. Purpose-built vessels are not currently available in the U.S. and are 
not expected to be available for use in the U.S. in time for the initial construction of commercial-scale wind 
generation facilities on the East Coast. Construction costs for these vessels range from $40 million ($40M) to 
$80M for tugged vessels and $150M to $250M for self-propelled vessels (The Glosten Associates 2009). Similar 
to potential investment in manufacturing facilities, the incentive to build a purpose-built installation vessel will 
depend on actual demand and potential return on such investment. Existing U.S. built jack-up vessels are less 
than optimal for offshore wind turbine installation, but probably can be used for the initial deployments for East 
Coast offshore wind construction. However, the use of these existing vessels involves more risk and would require 
more installation time than purpose-built vessels. Rental rates for installation vessels are high and developers will 
attempt to maximize the utilization of the vessels when they have them. This factor, along with the ever present 
possibility of weather and seasonal delays, indicates that the staging port must be available 24 hours per day and 
7 days per week. Both the availability of wind turbine components and delivery and construction vessels are 
critical elements of the offshore wind energy supply chain. 

Future Trends 
Proposed offshore wind projects in Europe and North America for 2015 are forecasted to reach 40 GW, of which 
the United States is expected to undertake projects totaling more than 2 GW (Infocast, U.S. Offshore Wind Report 
2009, p. 6). The European Wind Energy Association (EWEA) has set a target for 2020 of 40 GW of offshore wind 
capacity. European offshore demand for 2010 is forecasted to reach 10 GW. This implies a European need for 30 
GW or more over a 5-year span, which cannot be supported by current manufacturing capacity (EWEA, Oceans of 
Opportunity 2009, p. 44). However, the offshore wind industry will need to deploy upwards of 10,000 structures 
by 2020 to meet the minimum forecasted European demand. The current offshore manufacturing industry 
cannot deliver this number of structures due to insufficient capacity (EWEA, Oceans of Opportunity 2009, p. 49). 
Significant additional manufacturing facilities and related industrial capacity are needed to meet the forecasted 
European and North American demand. 

2.3 Similar Offshore Activities 
Offshore wind generation as a new marine industry on the U.S. East Coast will be added to a region that has 
historically been heavily dependant on maritime industry and commerce. As a new industry, however, offshore 
wind will require specialized equipment, services and labor not currently operating out of any U.S. ports. 
Understanding what will be needed to support both short-term construction activities and long-term operational 
and maintenance activities involves both learning from recent construction of European offshore wind projects, 
as well as identifying how similar services and activities already associated with existing marine industries here in 
the U.S are currently performed. There are a number of marine industries, each with its own port requirements, 
currently operating in the waters offshore of the U. S., including, but not limited to, petroleum extraction, liquid 
natural gas (LNG) ports, commercial shipping, and commercial fishing. The Final Report describes these existing 
U.S. marine industries in more detail and discusses potential similarities with the offshore wind industry. 
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Each marine industry is specialized, requiring differing shore-side support as well as equipment for conducting 
offshore operations. However, understanding the needs of these industries can help to identify the port-related 
requirements for offshore wind development and the potential utilization of the available marine equipment and 
facilities along the U.S. East Coast. In many ways, wind turbine foundations (and approach to installation) are 
comparable to offshore petroleum structures. Commercial fishing operation requirements are very comparable to 
offshore wind construction and operational needs. However, offshore wind generation support needs are much 
smaller in scale than the warehousing and wharf frontage needed for commercial shipping. Port and support 
vessel requirements for maintenance of offshore wind farms are similar to those for commercial fishing, offshore 
LNG ports, and petroleum platforms. Offshore wind turbine foundation technology has been developed based on 
structural foundations already in use in petroleum extraction, primarily the use of piles and jackets. As with wind 
turbine foundations, the foundation types for petroleum platforms vary greatly with water depth. Deep water 
technologies such as semi-submersible and floating platform equipment are being explored for the offshore wind 
industry as well as deep water LNG ports. Anchor systems similar to those used for petroleum and LNG ports 
could be modified for use as wind turbine foundations, anchoring floating turbine structures in deep water 
locations. 

Petroleum extraction platforms are currently assembled using specialized heavy lift vessels. Vessels currently in 
the fleet (including jack-up cranes, tow boats, and large barges) have the potential to be modified for use as 
construction platforms for wind turbines. While such modifications can be made to existing vessels, the 
specialized construction techniques and heavy lift needs of offshore wind turbine construction may make the 
modification option expensive and potentially risky. The option of applying modified existing equipment may also 
be limited to smaller construction projects in near-shore environments. Purpose-built construction vessels for 
offshore wind turbine construction most likely, in the long run, would be more cost effective, less risky, and 
flexible in terms of operational capabilities. An offshore wind farm, once constructed, will need operational 
support in the form of routine maintenance. Maintenance vessels used during wind farm operations would likely 
be similar in size to those currently in use to support offshore LNG ports and petroleum extraction operations. 
Berthing space for support vessels will be vital for port facilities, as well as yard and warehousing space for 
components and other maintenance supplies. 
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3 Industry Overview 

3.1 Development of Port Criteria 
To determine the port-facility/land-based requirements for both the installation and long-term servicing of 
planned offshore wind projects, the Team: 

• Held discussions with offshore developers and compiled relevant data; 

• Conducted research and compiled data on manufacturer requirements; 

• Determined key harborside and landside port parameters; 

• Developed a list of evaluation criteria for harbors and port facilities; and 

• Identified the most highly desirable characteristics of port facilities. 

The following sections of this Summary Report describe some of the specific areas of analysis listed above. 

3.2 Discussions with Developers 
The Team identified and contacted several prospective U.S. East Coast offshore wind farm developers with the 
goal of compiling a detailed understanding of the requirements necessary to successfully support the 
construction, operation and maintenance of a commercial-scale offshore wind farm. The Team intended to use 
this developer input to identify an objective set of weighted criteria with which to compare and evaluate 
Massachusetts port facilities. Many developers have yet to specify or disclose in detail the key parameters and 
characteristics that were sought for this purpose; however, developers did identify and explain many aspects of 
the most important parameters, which helped the Team establish the basic port criteria. The Team’s discussions 
with developers did provide a better understanding of offshore wind farm components and the logistics of 
importing, storing, assembling, scheduling, and deploying wind turbines and foundations to installation sites.  

Some developers have already initiated permitting or applied for lease blocks for several wind generation sites 
along the East Coast. From the available information on these projects, the Team determined that port 
infrastructure must support projects of varying scale ranging from 60 to 150 turbines. These proposed projects 
formed the starting point for the Team’s analysis of port requirements. Table 2 below provides a quick view of 
these proposed projects based on available public information. Projects are listed by developer with particulars 
such as location, water depth, generating capacity, number of turbines, and distance from shore. Because these 
projects are in various stages of development, not all information on every project is publicly available. 

As the developer’s needs were analyzed, the Team found that Massachusetts ports had clear, distinguishable 
differences relative to the offshore wind development requirements. 
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Table 2 Planned Offshore Wind Projects 

Developer/Project Project Location 

Water Depth at 
Proposed 
Location 

Project 
Generating 
Capacity 

Number of 
Turbines (Scale) 

Foundation 
Type 

Estimated 
Cost of 

Construction Port Staging Area 

Cape Wind Associates 

Cape Wind 4.5 NM (5.2 miles) 
from coast of Cape 
Cod, MA, 7.8 NM (9 
miles) from Martha’s 
Vineyard, 12 NM (13.8 
miles) from coast of 
Nantucket Island 

3.7 m (12 ft) 
MLLW (mean low 
low water) 
minimum depth 

468 MW 130 (3.6 MW per 
turbine) 

Monopile $700 million Quonset Davisville Port 
and Commerce Park, 
Quonset, Rhode Island 

NRG Bluewater Wind 

Bluewater Delaware 11.3 to 19.1 NM (13 to 
22 mi) east of 
Rehoboth Beach, DE 
(wind park); 14.3 NM 
(16.5 mi) due east 
Rehoboth Beach (met 
tower) 

12.2m to 18.3m 
(40 to 60 feet) 

200 to 450 MW Up to 150 Monopile $800 million Port of Wilmington, 
Delaware; Delaware Bay 
Launch in Milford 
Delaware for crew boat 
and small cargo barge 
launch 

Bluewater New Jersey 14 NM (16 mi) 
southeast of Atlantic 
City, NJ 

21.3m to 30.5m 
(70 to 100 feet) 

350 MW 116 Monopile $1.4 billion Port of Wilmington, 
Delaware; Delaware Bay 
Launch in Milford 
Delaware for crew boat 
and small cargo barge 
launch 

Deepwater Wind 

Garden State Offshore 
Energy (Deepwater with 
PSEG Renewables) 

13.6 NM (15.6 mi) 
from shore, 17.4 NM 
(20 mi) due east of 
Avalon, NJ 

24.4m to 27.4m 
(80 to 90 feet) 

350 MW 96 Jacket $1 billion Atlantic City, New Jersey 

Deepwater Wind Rhode 
Island 

2.6 NM (3 miles) off 
Block Island, RI for 
Phase 1; Phase 2 
located 13 to 17.4 NM 
(15 to 20 mi) off RI 
coast (location TBD 
upon completion of RI 
Ocean Special Area 
Management Plan in 
2010 

‘deeper’ waters 20 MW (Phase I) 
400 MW 
(Phase II) 

Phase 1: 8 
turbines 
Phase 2: 106 
turbines 

Jacket $1 billion Quonset, Rhode Island 
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Table 2 Planned Offshore Wind Projects 

Water Depth at Project Estimated 
Proposed Generating Number of Foundation Cost of 

Developer/Project Project Location Location Capacity Turbines (Scale) Type Construction Port Staging Area 

Fisherman’s Energy 

Fisherman’s Energy of 
New Jersey Project 

Phase 1: 2.6 NM 
(3 miles) off the coast 
of Atlantic City  
Phase 2: 6.1 NM (7 
miles) off the coast 

18.3m to 21.3m 
(60 to 70 feet) 

Total: 350 MW 
Phase 1: 20MW 
Phase 2: 330 MW 

Total: 74 
Phase 1: 8 
turbines 
Phase 2: 66 
turbines 

Monopile $100 million for 
Phase 1 

$1 to 1.5 billion 
for Phase II 

Dorchester, Atlantic City, 
and or Cape May, New 
Jersey 

Fisherman’s Energy of 
Rhode Island 
Independence 1 Project 

2.6 NM (3 miles) south 
off the southern coast 
of Block Island, RI 

20 m to 30 m 
(65.6 to 98.4 
feet) 

400 MW 80 TBD $1.25 to $1.5 
billion 

TBD 
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3.3 Key Parameters: Conditions at Ports and Wind Farm Locations 
Wave height, water depth and wind speed impose limitations on at-sea construction operations. The Team 

studied sea states, wind conditions, and water depths at a number of proposed wind farm sites along the U.S. 

East Coast, as well as transit distances between proposed wind farm sites and potential staging ports.  


The base line transit routes for cargo in the region track around the east end of Cape Cod and the primary 
alternative route is via the Cape Cod Canal (MARPRO Associates International 2009). Air draft (i.e., the free space 
above the water line below an overhead obstruction) in the Cape Cod Canal is limited to approximately 135 feet. 
Vessels or barges transporting 5 MW turbines in the “bunny ear” configuration (especially the “fore-aft” 
configuration – See Figures 3 and 4) most likely cannot transit the Cape Cod Canal. Alternative turbine load-out 
configurations (e.g., the “star” configuration – See Figure 5) and/or smaller turbines (e.g., 3.6 MW turbines) in the 
“bunny ear” configuration probably could utilize the Cape Cod Canal. 

Figure 5 Star Configuration – End view looking forward 
(Source of Figures 3-5: The Glosten Associates 2009) 
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Figure 3 Bunny Ear Configuration (Lateral) – End view looking forward 

Figure 4 Bunny Ear Configuration (Fore-Aft) – End view looking forward 
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3.4 Key Parameters: Vessel Constraints and Requirements 
Characteristics of Available Vessels 
The following sections discuss the basic characteristics, capabilities, limitations, and general availability of 
vessels that are currently available for use in the construction and maintenance of offshore wind farms. Vessel 
Requirements for Offshore Wind Farm Construction and Maintenance (The Glosten Associates 2009), which is 
Appendix A of the Final Report, provides further details.  

Turbine Import/Delivery Vessels 
The turbines used for the first round of U.S. offshore wind farms likely will be imported from Europe. Turbines are 
generally shipped in pieces (tower sections, nacelle, hub, individual blades) from the point of origin directly to the 
project site aboard open hatch cargo vessels. 

Foundation Delivery and Installation Vessels 
Foundations can be installed using either jack-up crane vessels or floating derrick barges. Jack-up crane vessels 
are described further below. Large floating derrick barges are in service on all three major U.S. coastlines and 
could be mobilized to serve the U.S. East Coast offshore wind energy market. Depending on the type of 
foundation being used (i.e., monopile, gravity-base, jacket, or tripod), a derrick barge could transport foundations 
between the staging port and the wind farm site on its own deck, or foundations could be transported using a 
separate barge. 

Wind Turbine Installation Vessels 
European offshore wind turbines have been installed using a variety of specialized equipment, which generally 
falls into one of three categories: 

• Leg-Stabilized jack-up crane ships ("partial jack-ups"); 

• Jack-up crane barges; and 

• Jack-up crane ships. 

For all three vessel types, the limiting wind speed for at-sea crane operations is approximately 15 to 20 knots. For 
the leg-stabilized vessels, the limiting sea state for crane operations is approximately 1.7-foot seas, as the 
vessel's hull remains submerged and is subject to wave-induced motion. For the jack-up barges and ships, the 
process of jacking up and down is limited to approximately 5-foot seas. The crane can be operated in higher sea 
states once the vessel is jacked-up. Future wind turbine installation vessels are expected to focus on improving 
construction efficiency through faster transit speeds, larger payload capacity, and ability to erect turbines in 
higher wind speeds and larger sea states.  

Maintenance Vessels 
Regular, planned maintenance of offshore turbines requires personnel access to the wind farm facilities. 
Maintenance personnel are typically shuttled to the turbines by a crew boat or by helicopter. Major maintenance 
or repair of offshore wind turbines may require mobilization of a wind turbine installation vessel to reverse some 
or all of the installation process. 
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Vessel Requirements for Deployment and Maintenance 
Understanding the marine vessel requirements for deploying and maintaining offshore wind farms along the U.S. 
East Coast is critical in the overall evaluation of ports’ suitability as staging areas for offshore wind farm 
development. Vessel requirements are governed primarily by the following: 

• Physical conditions in which vessels must operate at offshore wind farm sites; 

• Size and weight of turbines being transported and installed; and 

• Methodology for transporting and installing turbines. 

The Team evaluated physical conditions, including wind speeds, wave regime, and water depth at proposed 
offshore wind farm installation sites along the U.S. East coast, as well as navigational constraints in and near 
existing Massachusetts port facilities. The Team reviewed demonstrated methodologies for transporting and 
installing offshore wind turbines. 

Installation and Transport Vessel Requirements 
For purposes of this study, it was assumed that the installation vessels discussed below would be subject to the 
Jones Act, which requires vessels engaged in the transport of passengers or cargo between U.S. places to be built 
and flagged in the United States, and owned and crewed by U.S. citizens. 

The key dimensions of the turbine installation and turbine transport vessels are beam, length, draft, and vertical 
clearance (a.k.a. “air draft”). The beam of installation and transport vessels is largely dictated by vessel stability 
requirements during transit and, when applicable, the stability requirements and structural strength while 
elevated on legs (i.e., “jacked up”). The length of the vessel depends on functional and cargo requirements and 
structural considerations. The vessel's draft, or the required clearance between the waterline and sea bed, is 
dependant on the hull form and total weight, including cargo. Vertical clearance is dictated by three factors: 
length of legs (for a jackup barge or vessel), pre-assembly methodology, and crane height in the stowed position.  

Figures 6 and 7 show a fully loaded 400-ft x 100-ft (length x beam) barge with jackup legs in transit and after 
installation configurations, respectively. Turbine tower sections are typically transported in the vertical orientation, 
with maximum height approximately even with the top of the blades in the bunny ear configuration.  
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Figure 6 Loaded Barge in Transit 

Figure 7 Barge on Site with Legs Down 
(Source for Figures 6 and 7: The Glosten Associates 2009) 

The required overhead clearance is approximately 150 ft. The star (Figure 5) and lateral bunny ear (Figure 3) 
configurations require a lateral clearance of approximately 425 ft. The lateral clearance for the fore-aft bunny ear 
(Figure 4) configuration is dictated by the barge or vessel beam, which is typically on the order of 100 to 125 ft. In 
the near future, it is expected that specialized installation vessels will transport multiple pre-assembled turbines 
on tower sections out to the installation sites, requiring overhead clearances in excess of 300 ft. 

The principal dimensions and draft characteristics (navigational and air) of a typical installation or transport 
vessel are presented in Table 3. 
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Table 3 Principal Dimensions for Turbine Installation or Transport Vessels 
(Source: The Glosten Associates 2009) 

Port and Support Infrastructure Analysis for Offshore Wind Energy Development Summary Report 

Length Overall 90 – 140 m (300' – 450') 
Beam 30 – 40 m (100' to 130') 
Navigation Draft 3.6 – 4.9 m (12' to 16') 
Air Draft (legs in up position) varies, approximately 46 m (150') 
Air Draft (tower sections, bunny ears) 46 m (150') 
Air Draft (crane in stowed position) varies 

Section 4.4.1 of the Final Report provides additional details of the principal dimensions of wind turbine 
installation vessels/barges and import vessels. 

Tugboat and Auxiliary Vessels 
Self-propelled wind turbine installation vessels likely will not require tug assistance, as they would be able to 
move and position themselves using their own propulsion and dynamic-positioning systems. Barges, on the other 
hand, would require at least one tug of approximately 4,000 to 5,000 horsepower (hp). In addition, a smaller tug 
of around 1,000 hp may be needed to help position the vessel for jacking operations. Additional necessary 
vessels include high-speed crew boats during wind farm construction and several auxiliary vessels to complete 
the marine fleet. These types of vessels are all readily available for hire throughout the Northeast U.S. 

3.5 Key Parameters: Navigational Access and Transit Distances 
The required navigational clearances for vessels involved in the construction and maintenance of offshore wind 
farms were presented. The key considerations for navigational access are: 

• Vessel draft compared to navigable water depth; 

• Vessel beam (including overhanging cargo) compared to channel width; and 

• Vessel air draft compared to overhead clearance restrictions (bridges and aerial cables). 

Table 4 summarizes the navigational restrictions associated with selected Massachusetts ports. Further details 
are given in Vessel Requirements for Offshore Wind Farm Construction and Maintenance (The Glosten Associates 
2009), which is Appendix A of the Final Report. 

Table 4 Summary of Navigational Constraints at Selected Massachusetts Ports 

Staging Port Potential 
Obstructions 

Lateral 
Clearance 

Overhead 
Clearance 

Controlling 
Water Depth 

Feasible Turbine 
Load-Out 

Configurations 

Jack-Up 
Feasible? 

New Bedford Hurricane 
Barrier 45 m (150') No Constraints 6.7-9.1 m 

(22’-30') all yes 

Gloucester water depth, 
channel width 61 m (200') No Constraints 4.9-5.8 m 

(16’–19') fore-aft bunny ear 
Marginal 
(water 
depth) 

Fall River Mt. Hope Bridge 122 m (400') 41 m (135') 12.2 m (40') star Marginal 
(air draft) 

Charlestown / 
East Boston 
(inner harbor) 

Logan Airport over 150 m 
(500') 

Report air draft 
to airport 
traffic control 

12.2 m (40') all yes 
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Staging Port Potential 
Obstructions 

Lateral 
Clearance 

Overhead 
Clearance 

Controlling 
Water Depth 

Feasible Turbine 
Load-Out 

Configurations 

Jack-Up 
Feasible? 

Table 4 Summary of Navigational Constraints at Selected Massachusetts Ports (continued) 

Mystic River Tobin Memorial 
Bridge 

over 150 m 
(500') 41 m (135') 7.6-10.7 m 

(25-35') star Marginal 
(air draft) 

In selecting a support facility, distance to the wind farm must be considered in term of cost and effect on risk. 
Distance impacts fuel consumption, insurance and schedule costs. When turbine components are in transit from 
the staging port to the installation site, they are more vulnerable to risks associated with weather events and the 
ocean environment. The cost differential between a distant state-of-the-art facility and a closer facility with less 
than optimal component handling ability must be carefully evaluated. Table 5 provides transit distances to 
staging port locations from the Massachusetts OMP Wind Energy Areas located near the southern end of the 
Elizabeth Island and southwest of Nomans Land Island. 

Table 5 Distances to Staging Port Locations from the OMP Wind Energy Areas 

Staging Location 
Primary Route Distance 

[nautical miles] 
Alternate Route* Distance 

[nautical miles] 

Boston, MA 260 100 

Gloucester, MA 235 100 

New Bedford, MA 35 n/a 

Fall River, MA 50 n/a 

Portland, ME 290 175 

Quonset/Davisville, RI 40 n/a 

Chelsea River 
(West of Chelsea 
St. Bridge) 

Andrew McArdle 
Bridge 53 m (175') No Constraints 8.8-12.2 m 

(29-40') fore-aft bunny ear yes 

Chelsea River (East 
of Chelsea St. 
Bridge) 

Chelsea St. 
Bridge 28 m (93') 25 m (83') 8.8-12.2 m 

(29-40') 
rotor 
disassembled no 

* Alternative route is via the Cape Cod Canal 

Staging Through-put Estimates 
The Team examined the expected level of activity at a port serving as a staging area for offshore wind farm 
development and estimated the construction time for wind farm construction. Multiple wind farm construction 
scenarios were considered in order to develop upper and lower bounds of expected port activity. For this analysis 
the primary metric of port activity is the number of wind turbines deployed per month, which is referred to as 
"through-put." 

The results of the desk top time line modeling of three different staging scenarios for New Bedford, MA were as 
follows: 

• The time line modeling of the Baseline scenario for turbine staging and installation yielded an expected 
through-put of 15-18 turbines per month for 6-9 months. 

• The time line modeling of the Optimistic scenario for turbine staging and installation yielded an expected 
through-put of 16-22 turbines per month for 12-15 months. 
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• The time line modeling of the Aggressive scenario for turbine staging and installation yielded an expected 
through-put of 15-20 turbines per month for 12-15 months and thereafter an expected through-put of 21-
25 turbines per month for an additional 8-10 months. 

Additional wind farm construction scenarios were evaluated to develop a better estimate of the potential ranges 
of through-put that may be required at regional staging ports. Each scenario was defined by a vessel type, a 
transit distance and a length of the construction season. The results of these multiple modeling runs are 
summarized in Table 6. 

Table 6 Expected Through-Put at Staging Port, for Various Construction Scenarios 

Existing Vessels ** Future Vessels ***Transit Distance 
(staging port to wind farm site *) Summer Winter Summer Winter 

50 nautical miles 20-22 
turbines/month 

16-18 
turbines/month 

30 
turbines/month 

30 
turbines/month 

150 nautical miles 18-20 
turbines/month 

15-17 
turbines/month 

21-25 
turbines/month 

21-25 
turbines/month 

250 nautical miles 15-17 
turbines/month 

12-15 
turbines/month 

16-20 
turbines/month 

16-20 
turbines/month 

Notes: 
* The transit distance from New Bedford to the Cape Wind site is approximately 60 nautical miles (nm). The transit distance from Boston 

to Cape Wind is approximately 130 nm. The transit distance from New Bedford to the Deepwater sites near Delaware Bay is 
approximately 260 nm. 

** Existing Vessels means jack-up vessels or barges with slewing cranes, typical of present European offshore wind farm construction 
practice. 

*** Future Vessels means vessels or barges that transport and install fully assembled turbines.  

(Source: The Glosten Associates 2009) 

The through-put estimates are for turbine installation only. Foundation installation is typically completed in 
advance of turbine installation and can utilize a wider range of vessels and staging ports than turbine installation. 
For U.S. offshore wind farms, foundation installation can be completed using existing equipment, which is 
currently available. 

Using a through-put of 18 to 22 turbines per month (based on the results of the time line modeling discussed 
above), the turbine manufacturer would want 20 nacelles stored at the staging port in advance of assembly and 
deployment. As workers assemble the turbines in preparation for loading onto the installation vessel, and bad 
weather hits the installation site, the assembled turbines would have to be stored at the port. Unassembled 
turbine components would continue to arrive from the manufacturer and require additional storage space for 20 
more turbines. Throughput requirements translate into the laydown requirements discussed in Section 3.6 and 
may require multiple port facilities to support a given offshore wind development. 

3.6 Key Parameters: Staging Port Facility Requirements 
One developer we interviewed provided a description of the ideal port facility to support offshore wind; a port 
would have a 1000-ton crane on rolling tracks, which would carry components from a delivery vessel to a storage 
location; sufficient linear footage to efficiently load/unload one vessel at a time, with a preference for multiple 
deepwater berths to unload several vessels simultaneously; a secondary 80-ft berth; and about 200 acres for 
assembly and storage. 
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While no existing Massachusetts port facility has an assembly and staging area this large, the existing 
Commonwealth facilities could be repaired, upgraded, or expanded to provide sufficient area to meet the other 
requirements for staging offshore wind farm construction. If it is necessary to provide a larger area at these 
existing facilities, then a combination of properties at these marine parks, a combination of ports, or barge 
storage would have the ability to provide additional space.  

Physical Considerations for Staging Turbines  
There are a few minimum physical port characteristics that are necessary to stage offshore wind farm 
development. Based on a review of various European projects and available information from manufacturers, as 
well as discussions with potential U.S. offshore wind developers, the desirable (minimum) characteristics include: 

1. Minimum 24-ft depth of water at low tide; 

2. Minimum 450-ft berth; 

3. Minimum horizontal channel clearance to harbor of 130 ft; 

4. No restriction or air draft limitation on vertical clearance (in anticipation of a future need to transport 
fully assembled turbines to the installation site); and 

5. Minimal distance in open water to project site (see Table 5 above). 

Harborside 
Water depth requirements relate directly to the vessel type, draft and function. The minimum water depth at 
mean low water applies to both the navigation channel and the berth. The deepest draft vessel used for 
transporting offshore wind components sets the navigation channel depth criteria. The vessel length of the 
largest expected vessel establishes the berth length. With visits from import vessels and transport/installation 
vessels overlapping, multiple berths or longer berths become more desirable. 

Horizontal channel clearance not only depends on vessel beam, but also on component overhang during 
transport to the installation site. Unobstructed vertical clearance is highly recommended because of likely 
deployment methods in the future. Turbine manufacturers expect 197 foot-tall tower sections to be transported 
to the installation site in the upright position. If the turbines are fully assembled for transport, then the nacelle 
and blade would add significantly to this height. Furthermore, various installation tasks require jack up vessels 
(for stability at the site), the retracted legs of which would be in the ‘up’ position. There may be methods to work 
around vertical obstructions, such as placing a connector pin in the legs or utilizing a hydraulic leg that 
compresses within itself; however, these methods could add significant expense and complication. The salient 
point, however, is that vertical obstructions will limit assembly, transport, and vessel options. Further detail on 
vessel drafts and obstruction clearances can be found in Appendix A of the Final Report.  

Landside 
The port facility must have adequate laydown space for delivery, storage and assembly of turbine components. 
Among developers, manufacturers, and European staging facilities the estimated area varied widely, but a 
minimum of 10 acres was required with a 15- to 25-acre area desirable. If all components of a large development 
(110 turbines) were to be fully stored on land prior to installation, including both assembly and foundation 
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components, the area required would be about 200 acres. In general, the logistics of manufacturing, assembly, 
and installation would not require all elements to be on the ground at one time. 

To maximize the use of construction equipment, vessels and crews, turbine suppliers require storage based on 
two factors: (1) having a supply of turbine components ready for assembly and deployment; and (2) having an 
additional area ready for instances where weather precludes deployment to the installation site while import 
vessels continue to deliver components to the staging port. While turbine assembly continues, the newly arrived 
unassembled turbine components need storage. Based on a manufacturer’s recommendations, and assuming 
storage of 20 or more turbines at any one time, the minimum space needed in this scenario is about 8.5 acres.  

An additional accommodation for interior storage and/or fabrication space is necessary at the port facility. 
Developers, contractors and manufacturers also have a strong preference for office space on site. Worker 
accommodations at the staging port or on a ‘hotel’ ship at the installation site did not emerge as a major factor in 
port selection decisions. Construction workers at the installation site would travel on fast crew transport vessels 
from the construction site to various landing points. 

Based on the weight of many of the components, the lay down space may require very high load bearing ground 
or deck capacity. Using a simple “footprint” analysis, these loads can reach well over 2,000 pounds per square 
foot (psf). As with many of the facility needs, the deck/ground capacity issue can be accommodated by using 
certain types of equipment or by placing “load spreading” mats or slabs. Various cranes and other types of 
material handling equipment will be needed, but it is anticipated that the fabrication or erection contractor would 
provide these items. Table 7 summarizes the key crane requirements for two representative turbines (a Siemens 
3.6 MW Offshore Turbine and a REPower 5 MW Offshore Turbine) and typical monopile components. Load 
capacity was not used as a criterion to short list the ports, but rather was an issue further analyzed in the 
engineering review of the shortlisted facilities. 

Table 7 Crane Requirements for 3.6 MW and 5 MW Turbines and Associated Monopile Foundations 
(Source: The Glosten Associates 2009) 

Max Pick Weight* Nacelle: 125 mt (138 tons) Nacelle: 290 mt (320 tons) 180 – 455 mt 
(200 – 500 tons) 

Max Pick Height** 80 m (260 ‘) 85 – 95 m (280’-310’) Less than 30 m (100’) 

* 1 ton = 2000 pounds = 0.908 metric ton (mt); 
** height above calm sea surface 

As noise levels at operating landside facilities must comply with applicable regulatory limits, this factor was not 
viewed as a discriminator for short-listing ports. 

Physical Considerations for Staging Foundation Transport  
Harborside criteria established for turbine transport do not apply to foundations, which can be transported flat on 
barges. Barge transport of foundations would not have the same height, draft or clearance requirements as that 
for turbine transport; however, the foundation installation vessel may have similar characteristics as the turbine 
installation vessel. If the foundation installation jack-up vessel is at the construction site and barges are used to 
transport foundations to the site, then there would be more options for the staging facility. Port facilities with 
insufficient navigation access for turbine staging potentially could stage foundation deployment.  
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The staging requirements for foundations depend upon the stage of assembly phase upon arrival and the size 
and type of foundation. The size of the foundation depends on the size of the assembled turbine and tower, 
transition piece and blades and the maximum wind load imposed on them, as well as the geotechnical conditions 
and water depth at the installation site. The staging facility will need landside areas for loading and unloading, 
storage, and potentially for assembly of foundations components. Fully assembled foundations require a storage 
area. This area needs to be larger if foundation assembly is required. Shipping unassembled steel bars 
maximizes cargo space, which would lower shipping costs by reducing the number of shipments. However, the 
shipping of unassembled foundations or foundation parts would involve the labor cost associated with bar 
welding. In this case, foundation staging becomes a financial decision. 

Manufacturing and Assembly Requirements 
Monopile foundation manufacturing utilizes a series of specialized machines not currently available on the East 
Coast of the U. S. The industry views this potential market as lucrative enough to consider opening facilities in 
anticipation of offshore wind energy development. However, the investment risk remains similar to that of turbine 
and purpose-built vessel construction. Until the demand is sufficient for a profitable return on investment, 
monopiles for East Coast offshore wind farms will have to be manufactured elsewhere. However, a phased 
approach can reduce the initial investment risk. Monopile pieces can be shipped to a staging port as ‘cans’, or 
basically smaller sections of rolled steel. At the staging port the ‘cans’ would be welded together to form the 
monopiles. 

3.7 Key Parameters: Rail and Highway Access 
The ability to move component parts via rail is determined by rail corridor track curvatures, component weights, 
and loaded height on the rail car. In general, the weight and length of the proposed units can be handled by the 
nationwide system. Components can be designed to be transported on the national rail system. They can be 
broken down to insure they do not exceed rail system limitations on weight or clearance.  

Overweight and large roadway shipment units are limited by State permitting requirements. Infrastructure is also 
considered in permit approvals including limitations from overhead utilities, road lighting, road curvatures and 
intersections. 

Highway and rail delivery modes appear unlikely options for turbine or foundation delivery to port facilities. 
However, highway and rail access is desirable for delivery of related products such as aggregate for scour 
protection and component pieces. 
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4 Evaluation Criteria 
The information presented in Section 3 above was reviewed to identify a broad set of direct requirements and 
highly desirable characteristics of port facilities relative to supporting offshore wind farm construction and 
operation. These requirements and characteristics were distilled down into a smaller set of criteria to be used 
more efficiently in the comparative evaluation of the candidate ports. In the distillation process, the Team 
distinguished a “hard” physical requirement that must be met from a “soft” requirement that reflects preferences 
and advantages that are more subjective to the developer. Two sets of “hard” requirements were identified for 
comparing the ports: (1) those related to harbor access (referred to as the 1st Tier Criteria) and (2) those required 
to meet specific developer and turbine supplier needs (referred to as the 2nd Tier Criteria). Also, a set of “soft” 
criteria was developed that is somewhat more subjective, but nevertheless allows ports to be distinguished from 
one another. 

4.1 1st Tier Hard Criteria 
The 1st Tier Hard Criteria identified relative to harbor access were: 

• Sheltered harbor; 

• Unobstructed vertical (overhead) clearance (e.g. no bridges);  

• Minimum horizontal clearance greater than approximately 130 feet; 

• Minimum low tide navigational channel depth of 24 feet; and 

• 24 hour/day and 7 days/week operational availability; and 

• Exclusive use of the staging facility. 

Physical parameters for marine vessels to access a harbor emerge as critical criteria, while rail and trucking 
access were believed to be present or easily attainable at the set of ports being compared. Staging ports need to 
accommodate vessels shipping and handling the large components used for commercial scale wind farms. The 
greatest vessel draft (depth) establishes the criteria for the shipping or navigation channel depth. The widest 
vessel beam (width) along with the method of component transport, which may involve overhang, establishes 
horizontal clearances. Along with vessel height, the options for method of transport also contribute to vertical 
clearance criteria. The potential for bad weather interruptions and the need to maximize labor and equipment 
availability makes a sheltered harbor an essential criterion. 

Implications of the cost of contractor mobilization, vessel and equipment usage combined with weather and 
seasonal limitations on the construction window result in developers and turbine suppliers requiring a port facility 
that allows operations 24 hours a day, seven days a week. Given that optimal operations would entail moving 
large components around the clock, the staging port must also provide exclusive use of the staging facility. 

4.2 2nd Tier Hard Criteria 
The 2nd Tier Hard Criteria identified relative to the port facilities were: 

• Minimum berth length of approximately 450 feet; 

• Minimum berth water depth of 24 feet; 

• Lay down storage and assembly area larger than 10 acres; 

• Proximity to likely offshore wind farm site. 
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Water depth at the berth must be sufficient to accommodate industry vessel drafts or must be attainable through 
routine dredging. Additionally, vessel length and the number of vessels operating simultaneously establish the 
parameters needed for length of the berth. The size of the backland area landside of the bulkhead for storage 
and assembly of the turbine components and the ability to handle the loads of the components and construction 
equipment are significant criteria. Proximity of the port to the construction site can affect operational logistics, 
risks, and costs. The distance from a port facility to wind farm sites, therefore, has significance, but becomes 
secondary to the parameters discussed above. 

4.3 Soft Criteria 
Soft criteria parameters, as noted above, are other port area attributes that may attract developers to consider 
one port over another. The Soft Criteria identified were: 

• Workforce availability; 

• Education and training facilities; 

• Political climate/community acceptance; and 

• Regulatory considerations. 

The location of education or training facilities and work force availability, including various skilled labor trades, as 
well as political climate and potential regulatory requirements, are factors that could influence port selection. 

4.4 Screening and Short-Listing the Ports 
The larger set of ports considered in this study were analyzed using these criteria. Those that did not meet 
minimum thresholds were eliminated from further consideration by the Team. Section 5 provides an overview of 
Massachusetts ports that could support staging and installation of offshore wind farms, as well as other regional 
ports that could meet the assembly, construction, and/or servicing needs of the offshore wind industry. Section 6 
describes the process that resulted in the two short-listed ports, the South Terminal in the Port of New Bedford 
Renewable Energy Marine Park and Dry Dock #4 in the Port of Boston Marine Industrial Park. 
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5 Inventory of Massachusetts Ports 

5.1 Overview of Massachusetts Port Facilities and Characteristics 
Our initial inventory of port facilities in Massachusetts is based on: (1) an assessment of each of the state's 11 
Designated Port Areas (DPAs) and (2) a review of other properties or areas in other states currently used for 
industrial maritime activities. DPAs in Massachusetts include Gloucester Inner Harbor, Beverly Harbor, Salem 
Harbor, Lynn, Mystic River, East Boston, Chelsea Creek, South Boston, Weymouth Fore River, New Bedford-
Fairhaven, and Mount Hope Bay. Comparison of Selected Northeast Ports for Potential Handling of Wind Power 
Offshore Energy Installations (MARPRO Associates International 2009) and Road and Rail Access Ports of 
Massachusetts (MARPRO Associates International 2009), Appendices F and G in the Final Report, provide more 
detail on these ports and modes of transportation to and from the ports. 

Massachusetts has a number of ports that, because of their existing or proposed marine terminals, geographic 
location and surrounding market area, already have substantive marine activity including a wide range of freight 
activity. In addition to the ports discussed below, the Team contacted the municipalities of Beverly, Chelsea, Lynn, 
Everett, Somerset, Weymouth, and Falmouth to obtain information about their port facilities; those ports were 
removed from further consideration based on navigational and/or landside constraints. All of the ports in 
Massachusetts have some rail access; however, waterfront access to particular facilities varies in each area. No 
ports in Massachusetts have access to second generation rail with vertical clearances over 19 feet. From north to 
south, brief summaries of these six remaining Massachusetts candidate ports and their potential to stage a 
Representative Offshore Wind Energy Installation (ROWEI) 130-turbine wind farm follow: 

Gloucester has sufficient land area for a new marine facility, a readily available skilled work force, and rail 
access. However, water depth and lateral clearance are the most significant constraints for the inner harbor at 
the Port of Gloucester and the rail service is limited to commuter rail. Turbine installation vessels should be able 
to navigate the Port of Gloucester, but turbine import vessels most likely would not be able to call at this port. 

Salem has limited potential for substantial expanded marine industrial activities, with limited access by road and 
rail. The port’s only deepwater commercial terminal is situated at the head of the harbor; however, the terminal is 
primarily used to supply the needs of the Salem Power Plant. There is also very little area outside of Salem 
Terminal where large vessels could handle offshore wind turbine or foundation components. The immediate area 
in and around the waterfront is congested and has poor capacity for high volume roadway traffic flow. 

Boston is the largest and most prominent freight port in the Commonwealth. It has the most diversified port mix 
and handles the largest volume of containers in New England and the second largest amount of petroleum cargo. 
However, direct rail connections to the waterfront need improvements. The Boston Redevelopment Authority has 
‘shovel ready’ plans to expand the existing rail from the Boston Marine Industrial Park to the North Jetty and to 
Dry Dock #4. Roadways are congested and direct street connections between the terminal and highway 
connectors are a weak link in the landside transportation connection. There are areas within the Port that might 
be available to support offshore wind deployment, but issues of height due to FAA requirements associated with 
Logan Airport must be considered. 

Fore River (Ship Yard) has served as the Central Receiving Point for new car delivery to local dealerships. The 
site, which features rail and roadway access, is currently undergoing an initial planning process to determine all 
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potential uses for the site including marine-related, residential, retail, office, and entertainment. The entrance to 
the Shipyard is restricted by the Fore River Bridge which has a 175 ft vertical clearance and a 175 ft horizontal 
clearance. 

Fall River (Mount Hope Bay) is an active niche port serving several international markets. The port has the 
potential for industrial expansion at the State Pier, which has available storage and land area for operations but 
already is used for both industrial and tourism based activities. The State Pier can only handle small cargo ships 
and most of the critical infrastructure in the port is aging and in need of considerable repairs and improvements. 
Vertical clearance is the most significant navigational constraint for the Port of Fall River. The Braga Bridge and 
Mt. Hope Bridge each impose a height restriction of 135 feet. The port has good highway access and a rail 
corridor which requires additional infrastructure improvements.  

New Bedford is an active freight seaport and a major logistical connection for agricultural products entering the 
New England market. Highway connections are good; the port would benefit from expanded and improved rail 
connections to meet freight needs. A request for TIGER Grant money was submitted to extend the rail line to the 
State Pier, but further rail extension to the proposed South Terminal expansion area is unrealistic. The port has 
sufficient deep water access for the size and type of vessel common to most break bulk and project cargo and 
has property available for expansion.  

The Final Report contains more detailed data on each port, including location, facilities, harbor profile, 
advantages, disadvantages, and potential. 

Other East Coast ports, including Portland Harbor (Maine), Portsmouth Harbor (New Hampshire), the Port of 
Providence (Rhode Island), the Port of Davisville (Rhode Island), New Haven Harbor (Connecticut), the Port of New 
York and New Jersey, the Port of Philadelphia (Pennsylvania), the Port of Baltimore (Maryland), the Port of 
Wilmington (Delaware), and the Port of Virginia, were evaluated to assess their suitability to support offshore wind 
projects. The Final Report describes these port facilities in more detail.  

5.2 U.S. East and Gulf Coast Shipyard Construction and Repair Capacity  
Declining domestic demand has reduced the number of available U.S. shipyards for new construction or repair of 
large vessels. In addition, existing shipyards’ inability to comply with recent regulations, such as the “Jones Act,” 
which requires vessels in domestic service or operating in domestic waters to be built and serviced in U.S. yards, 
has resulted in a decrease in yards available for new large vessel construction or repair. This is particularly 
evident in the Northeast U.S., including New England, where the ability to handle large tonnage vessels, such as 
deep water cargo ships, tankers, and specialty vessels for offshore delivery and support, has dramatically 
decreased in the past few decades. In other parts of the world, new shipyard capacity has replaced capacity lost 
in the U.S. However, in spite of the fact that the number of shipyards in the U.S. that handle large tonnage vessels 
has declined, the number of smaller yards has remained stable.  

Specialty wind farm vessels have unique construction and servicing requirements. Smaller service vessels, 
including offshore supply vessels, tugs and barges, can be readily adapted to service offshore wind farm 
equipment. Installation and service vessels operating within the territorial waters of the U.S. most likely would be 
subject to the Jones Act, but import/delivery vessels could be foreign flagged if their operation is limited to 
equipment delivery at a single U.S. port. US East and Gulf Coast Shipyard Construction and Repair Capacity and 
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Availability Offshore Wind Turbine Delivery and Service Vessels (MARPRO Associates International 2009) provides 
detailed information on construction capacity and repair capacity at U.S. shipyards  

Construction Demand and Capacity 
In recent years, the U.S. small vessel construction industry has demonstrated growth. Stricter regulations and 
replacement requirements have increased demand for new small vessel construction, with the tug and barge 
industry emerging as the largest demand market. Tug and barge construction is of particular importance as the 
servicing and installation of offshore wind turbines may well be handled by tugs and barges in large part because 
of their lower operational costs.  

Tank barge construction has had a major impact on shipyard capacity and delivery times. There are some new 
shipyards emerging to meet this demand for tank barges, and the major yards are ramping up production 
capabilities in anticipation of more tank barge orders. Increasing demand for tank barge construction is using up 
ship construction capacity in the yards where offshore specialty vessel construction could take place. 

Shipyard Availability 
The number of shipyards that have current capacity for large specialty vessel construction is limited within the 
U.S. Of the 350 active vessel construction companies in the U.S., only 52 have a history of significant vessel 
construction on the Atlantic and Gulf Coasts. A limited number are capable of handling large specialty vessels due 
to size limitations, but a number of them could handle smaller specialty vessels. The Final Report provides a list 
of the yards that can build offshore wind-related vessels on the Atlantic and Gulf Coasts. 

Vessel Repair Capacity 
In the Northeast, many of the yards have compressed operations due to increasing environmental concerns and 
gentrification of industrial areas. A number of yards confine activities to repair only and have refocused their 
efforts on small craft such as ferries, yachts and similar commercial watercraft. In the Gulf of Mexico, a number of 
the yards still have not fully restored operations to pre-Katrina levels primarily due to a shortage of qualified 
personnel and infrastructure that yards have chosen not to replace. Nevertheless, the Gulf of Mexico region still 
has the highest percentage of multi-purpose construction and repair yards in the country. Orders for vessels are 
averaging a 6 to 12 months delay to begin construction; however, there are several smaller yards in the 
Northeast and the Gulf that have no backlogs and can manage new vessel orders. Very few of these shipyards 
have multiple vessel capacity, and backlogs do not extend beyond 2011. Most of the shipyards on the Atlantic 
Coast that build vessels also have repair capacity; however, there is limited repair capacity in New England. 

Shipyard Construction and Repair Capacity on the Atlantic Coast 
Large vessel construction and small vessel construction most likely would be handled by different shipyards. Yard 
capacity varies from region to region. The industry can meet the demand for a phased-in cycle of new vessels on 
a limited basis up to approximately three units per year using multiple yards in various regions of the U.S. New 
England has new construction capability limited to smaller vessels, but has adequate repair capability for smaller 
vessels and some capacity for larger vessels. A developer should anticipate an 18-month lead time for design, 
contracting, construction and delivery of small vessels and up to 24 months for larger vessels. These projections 
along with the restrictions of the Jones Act will dictate time lines associated with the earliest offshore projects.  
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6 Short-Listing Ports for Further Evaluation 
Based on the evaluation criteria developed for this report and further analysis, the Team concluded that the ports 
of New Bedford and Boston have the greatest potential to support the assembly and installation phases of 
planned and prospective offshore wind energy projects.  

Of the Massachusetts ports described in Section 5 above, six ports (located in DPAs) were selected for further 
consideration. The Massachusetts Port Criteria Evaluation Matrix (see Table 8) clearly demonstrates how these 
six Massachusetts ports compare against each other with respect to the established “hard” criteria. Application of 
the identified “soft” criteria was reserved for only the short-listed ports. 

Table 8 Massachusetts Port Criteria Analysis Matrix 
PARAMETERS PORTS 

Criteria 
First 
Protected 
Harbor 

Tier Harb

Recommended 
Values/Ranges 

s 
Sheltered from 
Weather Conditions 

or Navigational Acces
Boston 

Yes 

New Bedford 

Yes 

Fall River 

Yes 

Gloucester 

Yes 

Salem 

Yes 

Fore River 

Yes 
Shipping 
Vessel 
Channel 
Depth 

Minimum 7.3 m 
(24’) 

12.2 – 13.7 m 
(40' - 45') 

9.1 m 
(30') 

10.7 m 
(40') 

4.9 – 5.8 m 
(16' - 19') 

9.4 m 
(31') 

9.8 m 
(32') 

Overhead 
Clearance 

No Vertical 
Obstruction (NVO) 

NVO, but FAA 
approval 
required NVO 

41 m 
(135') NVO NVO 

53.3 m 
(175') 

Horizontal 
Clearance 

40 m (130') 
(beam plus 
overhang) 

131 m 
(430') 

45.7 m 
(150') 

122 m 
(400') 

61 m 
(200') 

85.3 m 
(280') 

53.3 m 
(175') 

24/7 
Operational 
Ability 24/7 operations Yes Yes Yes No Yes Yes 
Exclusive Use 
of Port 
Facility 

Ability to Offer 
Exclusive Use Yes Yes No No No Yes 

Comments  

Second Tier P

Berth Length 

ort Facilities 
Minimum 138 m 
(450’) 

549 m 
(1,800') 

488 m 
(1,600') 

Mt Hope Bridge 
height 
restriction 

189 m 
(620') 

Navigational 
constraints 

427 m 
(1,400') 

Salem DPA 
in full use by 
power plant  

177 m 
(580') 

Fore River 
Bridge height 
restriction 

244 m 
(800') 

Shipping 
Vessel Water 
Depth 

Minimum 7.3 m 
(24’) 

12.2 – 13.7 m 
(40' - 45') 

9.1 m 
(30') 

10.7 m 
(40') 

4.9 – 5.8 m 
(16' - 19') 

9.4 m 
(31') 

9.8 m 
(32') 

Total Wharf 
and Yard 
Upland Area 

4.0 ha 
(10 ac) 

5.7 – 6.9 ha 
(14-17 ac) 

4.0+ ha 
(10+ ac) 

2.8 ha 
(7.0 ac) 

3.2 ha 
(7.8 ac) NA 

44.9 ha 
(111 ac) 

Rail Access Rail Access Limited Limited Yes Yes No Yes 
Highway 
Access Highway Access Yes Yes Yes Yes No No 
Comments  State Pier can 

only 
accommodate 
small cargo 
vessels. 

Limited 
adaptable 
area 

Insufficient 
work area; 
additional 
focus on 
tourism 

Multiple 
berths/ rough 
estimate; 
plans for 
mixed-use 
waterfront 
development 

Legend NVO = No vertical obstruction 
= Criteria not met 

NA = Not available for ROWEI staging 
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6.1 Evaluation of Massachusetts Ports against Hard Criteria 
Protected Harbor: All of the six Massachusetts ports are in protected harbors. The hurricane barrier in New 
Bedford adds an additional layer of protection for portside operations during inclement weather. 

Shipping Channel Depth and Overhead Clearance: Navigational access to Fall River and Fore River is 
constrained by the overhead height restrictions of existing bridges, and the Port of Gloucester does not meet the 
minimum shipping channel depth of 24 feet (indicated by the shaded cells in Table 8). On the other hand, the 
shipping channels of New Bedford and Boston Harbors meet the minimum depth criterion. Both New Bedford and 
Boston Harbor have unobstructed overhead clearance. There are no vertical obstructions, such as bridges and/or 
power lines, which would prohibit offshore wind component delivery and installation vessels, including jack-up 
vessels, from accessing either harbor. However, FAA approval may be required in Boston Harbor because of the 
harbor’s proximity to Logan International Airport. 

Horizontal Clearance: None of the selected ports are restricted by horizontal (lateral) clearances less than 130 
feet. The minimum horizontal clearance criterion eliminated facilities in New Bedford upstream of the New 
Bedford-Fairhaven Bridge (92 feet of lateral clearance). However, the South Terminal at New Bedford Harbor is 
downstream of the New Bedford-Fairhaven Bridge and upstream of the Hurricane Barrier.  

24/7 Operational Ability and Exclusive Use of Port Facility: All ports being evaluated, with the exception of 
the Port of Gloucester, can operate round the clock and all year. The Ports of Gloucester and Salem also did not 
have the ability to offer exclusive use of their facilities.  

Berth Length and Shipping Vessel Water Depth: The established berth length and channel and portside depth 
criteria reflect minimum requirements for accommodating berthing operations. The Port of Gloucester failed to 
meet the depth criterion. All other ports had sufficient length and depth.  

Total Wharf and Yard Upland Area: Landside (upland) port facilities provide storage, staging and assembly 
work areas to facilitate offshore wind farm installation. The Team determined that given sufficient land area, 
storage, assembly, and load bearing issues could be addressed with improvements to the port. Neither Fall River, 
Gloucester, or Salem has sufficient adaptable space for the work area required to support offshore wind farm 
staging. 

Rail Access: None of the Massachusetts ports evaluated for this study has second generation rail access. 
Existing rail lines could be used primarily for delivery of aggregate and related products rather than turbine or 
foundation components. Whereas Fall River, Gloucester, and Fore River have existing freight rail lines to the 
waterfront, Boston and New Bedford currently have limited rail access, and Salem has none. Boston and New 
Bedford submitted TIGER applications for rail extensions; however, the New Bedford rail line will connect the 
existing tracks to the State Pier, but not the South Terminal.  

Highway Access: Road connections are important for transport of ancillary material and equipment, as well as 
personnel. Neither Salem Harbor nor the Fore River Shipyard has sufficient highway access due to roadway 
congestion. There is no highway access within the City of Salem; the nearest highway access to Route 128 is 
along Route 114 in neighboring Peabody. Fore River’s access to the interstate highway network is via Route 3, a 
limited-access roadway that is about two miles away from the Shipyard. 
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Based on the hard criteria established in Section 4 and displayed in Table 8 above, the ports of Fall River, 
Gloucester, Salem, and Fore River fell short of the minimum requirements for navigational access and port 
infrastructure to support offshore wind development activities. The ports of New Bedford and Boston emerged as 
the two short-listed ports.  

6.2 Engineering Cost Analysis of Port Upgrades for Short-Listed Ports 
New Bedford Harbor 
The project team identified two possible locations in New Bedford Harbor that could reasonably meet the 
established criteria, the South Terminal area and the State Pier facility. However, both facilities failed to meet all 
of the criteria and demonstrated deficiencies in their current physical condition. Cost estimates for facility 
improvements were provided by Childs Engineering Corporation.  

South Terminal 
The City of New Bedford has identified the expansion of the South Terminal as a major priority. The City applied 
for a TIGER grant to support its proposed plan to expand the berth by approximately 800 ft and dredge a 30-ft 
deep channel from the main channel to the new berth. The new facility would have significant backland load 
bearing capacity. There are between 14 and 20 acres of land adjacent to the berth. The cost of the new bulkhead 
and dredging is estimated to be approximately $20 million (see the cost analysis conducted for this study, which 
resulted in a comparable estimate), in the Final Report. Additional improvements, including paving, utilities and 
site equipment (such as a large crane), could add an additional $15 million and would provide a “future” life as a 
general cargo or container handling facility. 

State Pier 
The State Pier is constructed with a solid fill core surrounded by a marginal wharf. This construction is typical of 
many old New England ports. The wharf structure is in poor condition according to recent inspections and must 
be replaced or modified. The rebuild options include a repair/replace in kind, which would result in a reasonably 
low deck capacity. The preferred alternative would replace the wharf structure with solid fill behind a new 
bulkhead. A recent study suggested rebuild costs could be from about $12.1 million to more than $52 million. 
The immediate backland is about 7 to 8 acres, which does not meet the landside criterion. This lack of space 
would probably result in material rehandling costs, which would not occur on a larger site. The State Pier would 
best be described as a short-term, but an immediately available site. This solution also anticipates that no repairs 
would be performed and a larger land-based unloading crane would be employed inshore of the wharf structure. 

The Team believes the preferred option for New Bedford is the South Terminal. The site is the most ideal in terms 
of meeting the port criteria established by the Team. The expansion cost is similar to the repair cost for the State 
Pier. However, the South Terminal has significantly more laydown area, which offsets any potential cost savings 
from the State Pier repair/rebuild. 

Boston Harbor 
The project Team identified three possible locations in Boston Harbor that reasonably meet the criteria. These 
include the North Jetty, Dry Dock #4 in the Boston Marine Industrial Park, and the former Coastal Oil site adjacent 
to Conley Terminal on the Reserved Channel. None of these facilities meet all of the defined criteria and each has 
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deficiencies in their current physical conditions. . Cost estimates for facility improvements were provided by 
Childs Engineering Corporation. 

North Jetty 
The North Jetty is constructed with a solid fill core supported by a steel sheet pile bulkhead fronted by a marginal 
wharf. The marginal wharf is comprised of steel h-piles supporting a reinforced concrete super structure. The 
wharf structure is in poor condition and must be replaced or rebuilt to be a viable staging port. The immediate 
backland is about 7 to 8 acres, with an additional 10 or more acres immediately adjacent. A 1996 design 
suggested rebuild costs (in 2010 dollars) would be about $15 million. 

The City included the North Jetty rebuild in its application for a TIGER grant. Although the rebuild will correct 
current deficiencies, it will still leave the wharf with a deck capacity of 600 lb/ft2, which is insufficient for unit 
loading under certain situations. 

Dry Dock #4 
The existing Dry Dock is in very poor condition but could be rebuilt to provide a two sided solid fill pier with almost 
1800 feet of berthing. The Dry Dock would be filled with gravel and new steel sheet piling would be installed 
around the deteriorated bulkheads. The estimated cost to rebuild the site is approximately $20 million. This site 
would provide nominal laydown space, but the solid fill pier has very high ground capacity and the berth has 
“bonus” length. Although the site does not have covered space, there are such structures and warehouses in the 
Boston Marine Industrial Park. 

Dry Dock #4 could accommodate the staging of offshore development with improvements at a reasonable cost. 
However, from a planning perspective, there are potential permitting issues associated with these improvements 
due to Dry Dock #4’s proximity to Logan Airport. Tall equipment, such as cranes, likely will require approvals from 
the FAA. Furthermore, the potential wind farm locations are much closer to New Bedford Harbor than Boston 
Harbor. 

Coastal Oil Site 
The Massachusetts Port Authority owns the former Coastal Oil terminal in South Boston. The site is approximately 
35 acres and has a former oil tanker berth with a water depth in excess of 34 ft. The facility would require a new 
steel sheet pile bulkhead to be adequate for laydown. It also would need re-grading and paving to “cap” any 
environmental issues. The estimated cost for the repairs is approximately $20 million. The site does not have any 
covered space, and there is no covered space on the immediately adjacent parcel. 

The Team believes the preferred option for Boston is Dry Dock #4, which meets most of the established criteria. 
The rebuild cost is similar to the cost of repairs for the North Jetty; however, Dry Dock #4 has significantly more 
berthing space, which offsets any potential repair/rebuild cost savings. 

6.3 Soft Criteria 
The Team examined education and training needs required to support the offshore wind energy industry in 
Massachusetts. We conducted interviews with various educational and training institutions to ascertain the status 
of programs designed specifically for the offshore wind industry. 
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More effective state support for renewable energy has encouraged investment in workforce training at many 
levels. The Massachusetts Maritime Academy is nationally known for its mariner training programs, and a 
regional Marine Renewable Energy Center (MREC) at the University of Massachusetts/ Dartmouth joins the 
resources of some of the region's leading academic institutions, community colleges, and trade unions to 
coordinate and plan appropriate training for this emerging industry. Several public and private academic 
institutions, including the Amherst and Dartmouth campuses of the University of Massachusetts system, Harvard, 
the Massachusetts Institute of Technology (MIT), the Massachusetts Maritime Academy, and the Woods Hole 
Oceanographic Institute (WHOI), have examined and will continue to explore numerous issues related to offshore 
renewable energy generation, including energy production, facility design, transmission issues, and maritime 
training. 

Understanding that the ocean energy industry is evolving within the U.S. and specifically New England, MREC 
joined forces with Cape Wind, Resolute Marine Energy, Ocean Renewable Power Company, Local 56 Pile Drivers 
Union, the Massachusetts Maritime Academy, the New Bedford Department of Workforce Development, and the 
community college system to form the Ocean Energy Training Task Force. The Task Force meets regularly to 
identify issues and to discuss how best to meet the needs of offshore energy developers, and draws on the 
expertise of each of its members. Significant education and training programs related to offshore renewable 
energy are being developed, and some are currently being offered. 

Massachusetts trade unions have been very active in identifying offshore energy construction needs and 
developing appropriate training courses. For example, Local 56 of the Massachusetts Pile Drivers is a statewide 
organization that has been at the forefront of training workers for offshore energy. Similarly, the International 
Brotherhood of Electrical Workers (“IBEW”) Local 103 has demonstrated its leadership in support and training for 
the renewable energy industry through the erection of a publicly visible 100kW wind turbine and the installation 
of a 5.4kW solar roof at its headquarters and Apprentice Training Facility in Dorchester.  

With the state aggressively supporting the development of offshore wind energy through policy initiatives, 
expertise, and financial support, and with academic institutions and trade unions actively developing and 
improving training opportunities, Massachusetts is well situated to respond to a wide variety of technologies used 
to harness renewable energy in offshore waters. Perhaps more relevant, Massachusetts is in a unique position to 
successfully meet the needs of the offshore wind energy industry because of its broad geographic coverage, 
extensive research facilities, in-depth industry expertise, and a trained, flexible work force.  

Soft criteria also include regulatory considerations. Port facility upgrades may require Massachusetts 
environmental review if the project meets or exceeds certain thresholds established by the Massachusetts 
Environmental Policy Act (MEPA). A variety of federal, state and local permits also may be required, including, but 
not limited to: 

• U.S. Army Corps of Engineers (USACE) Section 10 permit for structures in navigable waters, 

• USACE Section 404 permit for discharge of dredged or fill materials into waters of the U.S., 

• Federal Aviation Administration (FAA) Determination of No Hazard, 

• Environmental Protection Agency (EPA) National Pollutant Discharge Elimination System (NPDES) permit, 
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• EPA Air Emission permit, 

• Massachusetts Coastal Zone Management (MCZM) Consistency Determination, 

• Massachusetts Department of Environmental Protection (MDEP) Water Quality Certificate, 

• MDEP Chapter 91 License for work in, under, or over flowed or filled tidelands, 

• Massachusetts Department of Transportation (MDOT) Oversize/overweight vehicle permit, 

• Conservation Commission Order of Conditions for alteration of “any bank, fresh water wetland, coastal 
wetland, beach, dune, flat, marsh, meadow, or swamp bordering on the ocean or on any estuary (a broad 
mouth of a river into which the tide flows.), creek, river, stream, pond, or lake, or any land under said 
waters or any land subject to tidal action, coastal storm flowage, or flooding,” and 

• Local zoning, building or utility permits. 
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7 Economic and Tax Effects of Construction and Operating Expenditures 
Based on the criteria and cost analysis presented above, the South Terminal in the Port of New Bedford 
Renewable Energy Marine Park (Figure 8) and Dry Dock #4 in the Port of Boston Marine Industrial Park (Figure 9) 
were selected for further evaluation and discussion. More detailed information about how the team arrived at this 
conclusion can be found in Economic Effects of Offshore Wind Energy and Related Construction and Operating 
Expenditures (FXM Associates 2009), which is Appendix J of the Final Report. 

Figure 8 New Bedford Harbor Figure 9 Boston Harbor 

This section summarizes the economic and fiscal effects of construction and operation of these ports to support a 
ROWEI 130-turbine wind farm.  

Construction and Operating Periods- Economic Effects 
The measures of economic effects are: 

• Output – which comprises business sales less the costs of materials and equipment produced outside 
Massachusetts;  

• Employment – the full-time equivalent jobs expected to be held by Massachusetts residents;  

• Income – the payroll and self-employment earnings of households; and  

• GDP (Gross Domestic Product) – which measures the value added to the Massachusetts economy in 
terms of labor and proprietors’ income, corporate profits, dividends, interest, rent and taxes. 

Expenditures for the assembly and installation of the ROWEI are estimated to increase business output by more 
than $457 million in Massachusetts over the anticipated three-year projected period of construction, provide over 
1700 person years of employment, and generate nearly $163 million in household income statewide. 
Construction of the Port of Boston Dry Dock #4 facility is expected to increase business output by nearly $19 
million, provide over 100 person years of employment and $9.1 million of additional household income in Suffolk 
County. Construction of the South Terminal project in New Bedford Harbor is estimated to expand business 
output by more than $44 million, provide nearly 400 person years of employment, and $19.2 million of additional 
household income in Bristol County over its estimated 2-year construction period.  
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Each year following completion of the ROWEI, expenditures for servicing and maintaining the wind turbines is 
estimated to expand business output in Massachusetts by $27.5 million, provide 110 permanent jobs, and 
generate $6.8 million in household income annually. New Bedford South Terminal port facility operations, 
specifically the handling, storage, and transshipment of prospective new container, break bulk, and bulk cargoes, 
are estimated to expand business output in Bristol County by $15.6 million, provide over 130 permanent jobs, 
and generate $5.9 million in additional household income each year. 

Construction and Operating Periods- Fiscal Effects 
The total direct, indirect, and induced tax effects correspond to the economic effects discussed above. Local 
taxes include property and excise taxes paid to municipalities by workers in the jobs generated by construction 
and operating period employment effects, as well as property and other local taxes paid by the companies 
employing those individuals. State taxes include income and sales taxes paid by individuals as well as payroll, 
income, and other taxes paid by the companies that employ those individuals.  

During the assembly and installation phase of the ROWEI nearly $9 million in taxes to municipalities throughout 
Massachusetts are estimated to be attributable to the direct, indirect and induced economic effects discussed 
above over the projected 3-year construction period of the ROWEI. More than $10 million in taxes paid to the 
Commonwealth of Massachusetts over this 3- year period would be attributable to the economic effects of 
construction, and almost $46 million in federal taxes would be stimulated by the construction period economic 
effects. Some additional local, state, and federal taxes would be generated by activity at the staging ports. 
Servicing and maintaining the exemplified offshore wind energy project would generate an annually recurring 
amount of $390,000 in municipal tax receipts throughout Massachusetts, $433,000 in state taxes annually, and 
$2.2 million in new federal taxes each year. 

As can be seen from these projections, the economic and fiscal effects of port development and use are roughly 
comparable for both ports. Therefore, the selection of one port over the other is more likely to be determined by 
the balancing of the soft criteria.  
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8 Summary and Recommendation 
In Massachusetts there are no port facilities ready for turnkey support of offshore wind energy facility 
development at this point in time. However, the opportunity to attract offshore wind deployment exists if 
appropriate investment in relevant port upgrades is made. The Team performed a side-by-side comparison of the 
two short-listed ports and has concluded that the expansion of the South Terminal in the Port of New Bedford 
represents the best opportunity for a Massachusetts port facility to accommodate assembly and installation of 
offshore wind energy projects. Table 9 summarizes the comparison between Dry Dock #4 at the Port of Boston 
and the South Terminal at the Port of New Bedford relative to the hard and soft evaluation criteria developed for 
this study. 

Table 9 Comparison of the Two Short-Listed Ports 

Port of 
Boston Dry 
Dock #4 

New Bedford 
Harbor South 

Terminal Comments 

1st TIER HARD CRITERIA 

Protected Harbor z z Both ports are acceptable. 

Shipping Channel Depth z z Both ports are acceptable. 

Overhead Clearance z z Both ports are acceptable. 

Horizontal Clearance z z Both ports are acceptable. 

24/7 Operational Ability z z Both ports are acceptable. 

Exclusive Use of Port Facility z z Both ports are acceptable. 

2nd TIER HARD CRITERIA 

Berth Length z z Both ports are acceptable. 

Shipping Vessel Water Depth z z Both ports are acceptable. 

Total Wharf and Yard Upland Area z z Both ports are acceptable. 

Rail Access z ~ BRA has a design to expand rail access to Dry 
Dock #4. New Bedford submitted TIGER 
application to extend rail line to State Pier, but 
not to South Terminal. 

Highway Access ~ z Despite adequate highway access to port area, 
the Boston Haul Road currently has vertical/ 
horizontal limitations; however, a new freight 
roadway system is planned. 

Proximity to Construction Site ~ z South Terminal is closer to the planned 
offshore sites than Dry Dock #4 (as of January 
2010). 

SOFT CRITERIA 

Workforce Availability z z

Education and Training Facilities ~ ~ In U.S., education and training programs are 
now being developed for nascent offshore 
renewable energy industry. Given extensive 
research facilities, in-depth industry expertise, 
and trained, flexible work force, Massachusetts 
will be able to successfully meet education and 
training needs. 
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Table 9 Comparison of the Two Short-Listed Ports (continued) 

Port of 
Boston Dry 
Dock #4 

New Bedford 
Harbor South 

Terminal Comments 

Political Climate/Community 
Acceptance 

~ z New Bedford has a Green Port initiative in 
place, has done study on South Terminal 
development, has submitted various proposals 
for infrastructure grants, and has the goal of 
strengthening its economy by focusing on 
renewable energy such as offshore wind.  
The BRA has emphasized a commitment to 
sustainability but may not be focused on the 
seaport. Dry Dock #4 currently has a tenant.  

Regulatory Considerations ~ z Required permits could include, but are not 
limited to: MEPA review; CZM Consistency 
Certification; USACE Section 404 and 10 
Permits, FAA approval; Chapter 91 
License/Permit; Water Quality Certification; 
NPDES Permit; Order of Conditions. 
Certain circumstances at each port may 
eliminate or reduce regulatory process.  
FAA approval at Dry Dock #4 may be 
problematic. 

LEGEND: 
z Acceptable / Most Supportive of offshore wind farm development 
~ Qualified Acceptability / Degree of Supportiveness of offshore wind farm development 
{ Unacceptable / Not Supportive of offshore wind farm development 

With specifically targeted upgrades, both Dry Dock #4 and the South Terminal would have acceptable harbor 
access and the navigational parameters needed to accommodate wind turbine delivery and installation vessels 
(1st Tier Hard Criteria), and both ports are capable of accommodating the assembly and installation of offshore 
wind turbines and foundations (2nd Tier Hard Criteria). An exception at the present time may be Rail and Highway 
Access; however, it is unlikely that rail and highway delivery would be used for large offshore wind generation 
components due to weight and dimensional constraints. Based on available public information as of January 
2010 regarding proposed offshore wind farm sites, the South Terminal at New Bedford Harbor is closer to these 
potential installation sites than is Dry Dock #4 at the Port of Boston. 

With regard to soft criteria, the City of New Bedford is moving ahead with its goal of strengthening its economy by 
focusing on supporting the renewable energy industry at the Port of New Bedford. In Boston, the BRA has 
demonstrated its commitment to environmental sustainability by launching a pilot program to help small 
businesses improve their energy efficiency and sustainability practices. However, this initiative is not focused 
specifically on the seaport. 

Another soft criterion, Regulatory Considerations, involves the environmental review and permitting processes 
that may be required for the port projects. Work in and around Massachusetts waters may require state 
environmental review, if one or more MEPA review thresholds is met or exceeded. Installing and operating an 
offshore wind farm also will require obtaining a number of federal, state, and local permits. MEPA review of a 
major port improvements project could take between six months and one year, depending on the type of MEPA 
review triggered and the amount and intensity of political and community support for the project. Permitting such 
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a project may require a similar amount of time, depending on (among other factors) the complexities of the 
project, the number and length of public comment periods, and the duration of mitigation negotiations that must 
be conducted between the project proponent and the regulatory agencies.  

Since some of the environmental impacts of the South Terminal site have already been assessed by the 
Commonwealth as part of the Superfund cleanup response for the site, MEPA review of the South Terminal 
expansion may be streamlined or limited. The permits required for this project are contingent on its projected 
impacts on regulated resources. The dredging component of the port expansion project may be covered under the 
State Enhanced Remedy CAD Cell Dredge Disposal Approval for the cleanup. However, other permits/approvals 
may still be required. 

If the required upgrades to Dry Dock #4 at the Port of Boston can be defined as maintenance activities authorized 
under existing permits, the regulatory process may be circumvented or limited. Nevertheless, because of its 
proximity to Logan International Airport, obtaining FAA approval of crane heights at Dry Dock #4 could prove to be 
a lengthy process. The level of MEPA review required for the Dry Dock #4 improvements also would depend on 
which thresholds were exceeded, if any. Other permits/approvals may be required.  

Determining the permits applicable to either project was not within the scope of this report. Additional research 
would be required to verify which, if any, permits would be needed. If support of renewable energy and immediate 
job creation are important political objectives in the Commonwealth, it would follow that the port project with the 
shortest regulatory track and the greatest political and community support would emerge as the best project to 
meet those objectives. 

Based on this comprehensive side-by-side comparison, the Team has concluded that the expansion of the South 
Terminal at the Port of New Bedford represents the best opportunity for a Massachusetts port facility to 
accommodate assembly and installation of offshore wind energy projects. In addition, the new facility will provide 
sufficient economic and fiscal benefits to Bristol County and the Commonwealth of Massachusetts to make the 
investment attractive and worthwhile. This recommendation does not preclude and should not discourage 
possible future upgrades to Dry Dock #4 at the Port of Boston to service the offshore wind industry as the level of 
offshore construction activities increases and other roles become available. However, at this time, the political 
support, advanced planning effort, proximity to offshore sites, and absence of FAA obstacles have led the Team to 
recommend the South Terminal expansion. 
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9 Path Forward – Preliminary South Terminal Business Plan 
As a follow-up to the recommendation presented above, the Team prepared portions of a preliminary business 
plan for an offshore wind deployment/multi-use cargo facility at the South Terminal at the Port of New Bedford 
(see Port of New Bedford South Terminal Business Plan [FXM Associates 2009], which is Appendix K of the Final 
Report). Specific objectives of this effort were to (1) identify potential cargoes and revenues for the South 
Terminal facility, in addition to those associated with a ROWEI; (2) identify an appropriate governance model for 
multi-use terminal ownership and management; and (3) prepare a preliminary terminal business plan with 
operating pro forma. In addition to the economic and tax effects discussed in Section 7 above, the Team made 
the following findings: 

• A new multi-use cargo facility at the South Terminal site represents the best option in the Port of New 
Bedford for servicing offshore wind energy development projects during the assembly and installation 
phases; 

• A new multi-use port facility at the South Terminal can capture container, break bulk, and bulk cargoes 
not now handled in New Bedford or other Massachusetts ports and can generate income for the Harbor 
Development Commission (HDC) with or without offshore wind energy development projects; 

• The optimal model for governance of a new facility at the South Terminal would be ownership by the New 
Bedford HDC, which would lease offshore wind energy staging and other cargo handling, storage, and 
related facility operations to a qualified private operator. 

• Capital costs for a new multi-use port facility at the South Terminal are estimated to total about $44 
million (in 2009 dollars). Approximately $32 million of this total investment is for land acquisition, 
bulkhead construction and dredging, buildings and site improvements to support offshore wind energy 
installation projects, with an additional $5 million in capital expenditures ($37 million total) functionally 
necessary to attract and support new bulk, break bulk, and container cargoes; 

• Average net operating income to the HDC from the fully-developed South Terminal port facility would total 
about $1.2 million per year during a projected 3-year ROWEI and about $622,000 per year with full cargo 
operations. Potential operating revenues and costs are shown in Table 10; and 

• The South Terminal can cover all of its operating expenses during the ROWEI use of the facility and 
annually thereafter based on non-ROWEI cargo operations. Approximately $12 million of the capital costs 
for the new facility can be supported by annual net operating income combined with income from the 
3-year ROWEI use of the facility. This leaves $32 million of debt that would require financing from other 
sources. 

These components of a “path forward” relative to the development of an expanded multi-use cargo facility at 
the South Terminal address the key findings of a preliminary business plan for port expansion. This study 
demonstrated that the South Terminal at the Port of New Bedford meets the necessary requirements and 
possesses a number of the advantageous characteristics needed to successfully support a developing 
offshore commercial wind farm. The study also identified some areas where this port could make 
modifications and improvements to its harbor or wharf facilities that would further enhance the port’s ability 
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to support offshore wind energy. The path forward would continue the process outlined here, more fully 
develop the elements that were addressed in this study, and consider other important aspects of the port’s 
development that were not considered to be critical to the scope of this study.  

Table 10 South Terminal Operating Income and Expenses 

SOUTH TERMINAL OPERATING INCOME & EXPENSES Offshore Wind 
Installation 

Non  Wind 
Cargoes 

-Offshore

Average Year Annual Operating Income 

Offshore Wind Energy Development (ROWEI) $ 1,500,000 

Container Service $ 280,000  

Break Bulk Program $ 240,000  

Bulk Cargo $ 432,500  

Total Non-ROWEI Cargo $ 952,500  

Average Year Annual Operating Expenses 

HDC Personnel (contract/lessee management) $ 140,000  $ 140,000  

HDC Capital/maintenance reserve at 20% income $ 190,500  $ 190,500  

Average Year Annual Expenses $ 330,500  $ 330,500  

Average Year NET Operating Income 

Offshore Wind Energy Development (ROWEI) $ 1,169,500 

Total Non-ROWEI Cargo $ 622,000  

Source: FXM Associates, RECON™ Input Output Model 

Section 9 of the Final Report provides details of the Team’s findings as a result of our preliminary business 
plan for a multi-use cargo facility at the South Terminal at the Port of New Bedford. 

These components of a “path forward” relative to the development of an expanded multi-use cargo facility at 
the South Terminal address only a few of the key elements of a comprehensive, fully developed business plan 
for port expansion. Additional information relative to these components can be found in the Final Report and 
a number of its appendices. This study demonstrated that the South Terminal at the Port of New Bedford 
meets the necessary requirements and possesses a number of the advantageous characteristics needed to 
successfully support a developing offshore commercial wind farm. The study also identified some areas 
where this port could make modifications and improvements to its harbor or wharf facilities that would further 
enhance the port’s ability to support offshore wind energy. The path forward would continue the process 
outlined here, more fully develop the elements that were addressed in this study, and consider other 
important aspects of the port’s development that were not considered to be critical to the scope of this study. 
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1.0 INTRODUCTION 
In January, 2009, the Massachusetts Clean Energy Center (MCEC)1 acting in concert with 
Massachusetts Renewable Energy Trust (MRET) issued a Request for Proposals for Port and 
Support Infrastructure Analysis for Offshore Energy Development No. 2009-IId-01 (“RFP”). This 
RFP outlined the context for this study, stating “Offshore wind energy is the most viable option 
available for developing utility-scale renewable energy electric generating facilities to the 
densely populated states along the Eastern seaboard in the near term.” In the context of a 
widespread, growing interest in reversing the climate effects of fossil fuels and federal and state 
incentive policies and programs that promote growth in the use of renewables for electricity 
generation, the overall goal of this study is to identify port facilities in Massachusetts that have 
the ability to support offshore renewable energy development. This study also seeks to explore 
the feasibility and economic development potential, as well as the economic impacts, of planned 
and potential port and landside facilities at short-listed Massachusetts ports. 

For this first-of-its-kind study of infrastructure to support offshore wind, the MCEC contracted 
with Tetra Tech EC, Inc. and a team of specialized professionals (collectively “the Team”) to 
analyze the ability of Massachusetts port facilities to support the anticipated development of 
commercial scale offshore wind generation facilities along the northeast Atlantic coast. This 
study provides the results of the Team’s efforts to analyze and integrate information from 
current industry participants, such as potential developers and turbine manufacturers, with 
information from ongoing European offshore energy developments (see Figure 1-1) to 
characterize the parameters of ports and associated facilities. These parameters for existing 
ports and facilities in Massachusetts were then compared to determine which facilities may best 
be able to support commercial offshore wind development and what specific improvements may 
be required to better support offshore wind and other marine energy projects. This report 
presents the approach, analysis, and findings of the study that resulted in the identification of 
two Massachusetts port facilities, which were subsequently evaluated in more depth. This report 
further provides the MCEC with recommendations for direct port investment in support of 
offshore wind energy generation. 

Marine-based wind energy generation has the advantage as a renewable energy source 
because it is closer to commercial deployment than other marine-based renewable energy 
generation approaches, such as tidal and wave technology. Furthermore, the large scale of 
equipment and components required for wind generation (i.e. the blades, foundations and 
towers) means that if a port could physically support offshore wind generation it also would likely 
meet the requirements for other offshore renewable energy technologies. Therefore, this study 
focused primarily on how Massachusetts ports can meet the requirements of offshore wind 
energy generation projects. The needs related to transmission line construction and 
interconnection to the power grid are outside the scope of this report. Integrating power from 
offshore wind generation into the Massachusetts power transmission system raises other issues 
of concern in terms of who should invest in such construction and how the costs of such 
investments might be allocated. A separate report administered by MCEC analyzes the issues 
related to offshore wind power transmission investment. The 2009 Summary Report - Strategic 

1 The RFPs for both studies were originally advertised and the selection process administered by the 
Massachusetts Technology Collaborative (MTC), MTC subsequently transferred staff and the project to 
the MCEC. 
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Options for Investments in Transmission in Support of Offshore Wind Development in 
Massachusetts provides an analysis of the transmission investment issues (The Analysis 
Group, Inc. et al. 2009). 

Figure 1-1 Installed Nysted Windfarm 
(Source: A2Sea) 

The focus of this analysis was to specifically determine: 

•	 The required characteristics of a port facility to be considered an appropriate staging 
point for construction of offshore wind generation facilities; 

•	 The primary differences between traditional port facility features and those required for 
delivery, storage, handling and deployment of very large wind farm components; 

•	 The potential impacts to ports resulting from purpose-built installation and component 
delivery vessels (now and in the future); 

•	 The set of port facilities in the Commonwealth of Massachusetts that could be upgraded 
or expanded to be considered relevant staging points;  

•	 The estimated costs for required upgrades or expansions at the ports that are the 
leading candidates for supporting offshore wind development; and 

•	 The ability of facility improvements to attract wind farm developers, government 
investment, and ensure an appropriate return on investment. 

1-2
 



 

 
 
 
 
 

 
 

 

 

 
 
 

 

 

  
 
 

 

 
  

 

Clean Energy Center Port and Infrastructure Analysis for Offshore Wind Energy Development 

2.0 BACKGROUND AND CONTEXT 
The Northeast Atlantic coastal waters, including those off Massachusetts, are a national focus of 
the offshore wind industry. This interest is based primarily on the relatively shallow water of the 
continental shelf, favorable wind characteristics, and relative proximity to large electrical load 
centers. Those Massachusetts ports possessing the facilities, land area, and navigational 
characteristics necessary for the assembly and transport of wind turbine components, and for 
long-term operation and maintenance needs, are well-positioned to serve the emerging 
demands of the offshore wind energy industry. 

In April 2009 the United States (U.S.) Department of the Interior, Minerals Management Service 
(MMS) issued final regulations on “Renewable Energy and Alternative Uses of Existing Facilities 
on the Outer Continental Shelf (Final Rule),” establishing a process for leasing submerged lands 
for renewable energy projects on the Outer Continental Shelf (OCS). The Final Rule outlines the 
requirements for limited (short-term – for testing and characterizing) and commercial (long-term 
– for power generation) leases and the bidding and regulatory procedures a wind developer 
must follow to obtain rights to a wind farm development site on the OCS. Current and future 
activities of potential developers of offshore wind generation facilities and MMS’s Final Rule 
provide a context within which to evaluate offshore wind energy development in waters off the 
Massachusetts Coast and along the Atlantic Seaboard. 

The Massachusetts Ocean Management Plan (OMP) was released on January 4, 2010 by the 
Commonwealth’s Executive Office of Energy and Environmental Affairs (EEA OMP 2009). The 
OMP establishes new protections for environmental resources and sets parameters for the 
development of community-scale and commercial-scale offshore wind energy and other 
infrastructure in Commonwealth waters.  

OMP identifies and designates areas such as: 

• Prohibited Areas; 
• Renewable Energy Areas; and 
• Multi-Use Areas. 

Offshore Wind Energy Areas identified in the OMP are specifically designated for commercial 
wind energy facilities, which are defined as eleven or more turbines. This designation 
recognizes the need to provide opportunity for renewable energy generation at a meaningful 
scale while being cognizant of potential environmental impacts. Two Offshore Wind Energy 
Areas were identified in the OMP based on the presence of suitable wind resource and water 
depth and the absence of conflict with other uses or sensitive resources. These areas are 
located approximately one nautical mile offshore in the vicinity of the southern end of the 
Elizabeth Islands and southwest of Nomans Land Island (located just southwest of Martha’s 
Vineyard) (see Figure 2-1). These areas could accommodate approximately 150 3.6 MW 
turbines at full build-out (EOEEA OMP pp 2-2). Commercial scale wind farms are restricted to 
the Wind Energy Areas. 

This study considered the OMP Offshore Wind Energy Areas as possible offshore wind 
construction sites. Distances to the these sites (measured in nautical miles) were calculated 
from the ports of Gloucester, Salem, Boston, Fore River, Fall River, and New Bedford, MA, and 
from Portland, ME, Quonset/Davisville, RI, Philadelphia, PA, New York, NY, and Norfolk, VA. 
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Offshore Wind 
Energy Areas 

Figure 2-1 Massachusetts Ocean Management Plan Offshore Wind Energy Areas 
(Source: Based on EOEEA OMP, 2009) 
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The Team recognized the potential for these sites to be developed for offshore wind energy and 
the implications of that development on the demand for port and offshore support infrastructure. 
Massachusetts ports with the potential to satisfy the infrastructure requirements of the offshore 
wind energy industry would be well-positioned to support construction in the Offshore Wind 
Energy Areas.  

Developers have yet to construct any offshore wind commercial generation facilities in U.S. 
waters (so far only meteorological towers have been constructed to test wind characteristics). 
As such, U.S. port facilities have yet to stage construction for any offshore wind farms. Other 
than the import of landside wind farm components, East Coast ports have no experience in 
handling, storing or assembling offshore wind generation components. Therefore, the 
experience gained at European ports that are servicing offshore wind facilities and at the U.S. 
Gulf of Mexico ports staging construction for the offshore petroleum industry have formed the 
basis of the Team’s analysis of the port infrastructure needed to support the East Coast offshore 
wind industry. The combination of massive turbine component sizes, the trend toward 
production of much larger components (such as blades with lengths approaching 90 meters), 
and the expectation that stateside developers intend to skip pilot scale offshore facilities (which 
would present learning opportunities) in favor of full-scale production projects, complicates the 
Commonwealth’s preparation for this new industry. The physical constraints in and around 
Massachusetts ports also suggest that their ability to cost-effectively stage such offshore 
construction will take both physical improvements and attentive problem solving. 

The Team’s approach to addressing these questions and specific needs of the industry involved 
a sequential approach that considered: 

•	 Assessment of Offshore Wind Energy Port Infrastructure Needs – Section 3.0 of this 
study provides an overview of the current industry, site conditions along the eastern U.S. 
coastline, and vessel characteristics and constraints for transport, installation and 
maintenance of offshore wind farms.  

•	 Evaluation Criteria – Section 4.0 describes the “hard” and “soft” criteria that were used to 
evaluate specific port facilities. These criteria include port utilization, staging 
requirements, navigational access, distance to the installation site, and rail/highway 
access for component delivery to port facilities. 

•	 Inventory of Port Facilities in the Commonwealth of Massachusetts – Section 5.0 
outlines the general characteristics of six port facilities, along with their navigational 
constraints and rail and highway access. This section also provides the distance from 
each port to a Representative Offshore Wind Energy Installation (ROWEI) 130-turbine 
wind farm. 

•	 Short-listing of Ports for Further Evaluation – Section 6.0 considers the information 
developed in the needs assessment and the port inventory against the evaluation criteria 
to short-list two ports for further consideration. Section 6.0 also includes an engineering 
cost analysis of port upgrades, along with a description of educational, training and 
research organizations that will support offshore wind energy activities in the 
Commonwealth of Massachusetts.  

•	 Economic and Tax Effects of Construction and Operating Expenditures – Section 7 
provides an analysis of the estimated costs for required upgrades at the two short-listed 
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ports, in addition to the economic and tax effects of these activities on the 
Commonwealth. 

•	 Summary and Recommendation – Section 8.0 contains a summary of the Team’s 
findings, along with a final comparison of the two short-listed port facilities to the 
evaluation criteria developed for this study. 

•	 Path Forward – Section 9.0 contains a preliminary high-level business plan for the 
recommended port and suggests a path forward that would consider other important 
aspects of the port’s development that were not within the scope of this study. 

•	 References cited in this report are listed in Section 10.0.  
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3.0 	 ASSESSMENT OF OFFSHORE WIND ENERGY PORT INFRASTRUCTURE 
NEEDS 

Any port to be used to support offshore wind energy development must be capable of meeting a 
number of physical and operational requirements relating to navigation, scale of operations, 
physical space, ancillary support facilities, and other considerations. This section reviews a 
number of the key features and characteristics of commercial offshore wind farm development 
to provide a basis for identifying port criteria that would be either required or highly desirable for 
supporting that development. 

3.1 	 Introduction to Offshore Wind Energy and Similar Offshore Activities 

This section provides a description of wind farm components and the issues affecting their 
delivery and deployment, explains how other offshore industries offer insight into navigational 
and port requirements for offshore wind development, discusses proposed offshore wind 
projects and site conditions at these locations, provides an overview of currently available 
vessels, and discusses the constraints and requirements of installation, import and auxiliary 
vessels for the offshore wind industry.  

3.1.1	 Wind Farm Components 

A wind energy system transforms the kinetic energy of the wind into mechanical or electrical 
energy that can be harnessed for practical use. Mechanical energy is most commonly used for 

pumping water in rural or remote locations. The "farm 
windmill" that is still seen in many rural areas of the 
United States is a wind-powered water pumper, but it 
can also be used for many other purposes (e.g., 
grinding grain, sawing). If this mechanical energy is 
converted into electricity, the machine is called a wind 
turbine. Wind electric turbines generate electricity for 
homes and businesses and for sale to utilities. Wind 
turbines, including offshore wind turbines, primarily 
consist of a rotor (with blades on a hub), a nacelle, 
tower, foundation and associated electronic equipment 
(see Figure 3-1). Most turbines use a three-bladed 
rotor that is connected through the drive train to the 
electrical generator that is housed in the nacelle. 
Offshore wind turbines are typically designed to also 
have extra space within the nacelle to allow access for 
maintenance. The associated electronic controls for the 
system are housed in the nacelle and in land-based 
control buildings. The cylindrical, self-supporting, 
tubular tower supports the turbine rotor and nacelle 

Figure 3-1 Primary Components of an Offshore Wind Turbine 
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and provides a sheltered interior for the cables, controls and access way to the nacelle for 
maintenance and repairs. Cabling, transformers, interconnect equipment, meteorological 
tower(s) and a substation are the major components of any wind turbine system. 

Figure 3-2 Types of Foundation for Offshore Wind Turbines 

Offshore wind turbines are typically larger than 2 MW in generation capacity. In this analysis, 
the Team primarily considered 3 MW or 3.6 MW turbines, as these are typical of the sizes 
currently being deployed. Examples of current wind turbines in this range are the Siemens 
SWT-3.6-107 turbine or the Vestas V112- 3MW turbine. Next generation wind turbines for 
offshore deployment are expected to be 5 MW and greater in generation capacity. For the 
purposes of this study, a minimum offshore wind turbine array was assumed to consist of ten 
turbines. Based upon discussions with current and future developers, larger wind farm arrays 
would include from 60 to 150 turbines.  

Various foundation structures can be used depending on the seabed geology, the wind/wave 
conditions, and water depth at the site. Four standard types of offshore foundations currently 
exist (see Figure 3-2): 

• Monopile; 
• Gravity-Based; 
• Multi-Leg – Tripod or Jacket; and 
• Floating. 
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Offshore wind turbine foundation technology is being developed from the structural foundations 
already in use in the offshore petroleum extraction industry, mainly from the use of piles and 
jackets. Foundation types for wind turbines, like those for petroleum extraction platforms, vary 
with water depth. Deep water technologies, such as semi-submersible and floating platform 
technologies, are being explored for the offshore wind industry. However, there are differences 
between stabilization requirements of petroleum extraction platforms and wind turbine towers. 
The torque of the rotating blades of the wind turbine adds stresses to the structure that makes 
stabilization of the towers more difficult. The State of Maine is currently exploring the use of 
floating turbine technology, specifically because of the deep water environment found in the Gulf 
of Maine (University of Maine 2009). The technology used for floating and anchored structures 
has also been modified for new applications such as deep water Liquified Natural Gas (LNG) 
ports. Anchor systems used for petroleum and LNG ports could also be adapted for wind turbine 
applications to anchor structures at deep water locations. 

Monopiles and gravity-based foundations are commonly used in shallow and transitional water 
with water depths up to 30 m (approximately 100 feet). Monopile foundations are already 
heavily used for offshore wind in Europe. Multi-pile configurations with broader bases (such as 
tripods, jackets, mono-towers and suction bucket support structures) are used where the water 
depth is 30 to 60 m (approximately 100 to 200 feet). Floating turbines may also become feasible 
long-term options for deep water installations greater than 60 m (200 feet) deep. These floating 
turbine structures would be secured to the ocean floor via guy wires, mooring lines, or taut 
tension legs, which in turn would be fastened to anchors or gravity-based platforms (U.S. 
Offshore Wind Collaborative 2009, p. 23). Most of the developers that were interviewed for this 
study indicated they plan to use monopiles for their currently proposed offshore wind farms. 
Deepwater Wind expects to use monopiles for its proposed Block Island project and jacket 
foundations for its deeper water Delaware project (Tetra Tech 2009b).  

3.1.2 Wind Turbine Component Delivery and Deployment 

Port infrastructure needs must consider the logistics of wind turbine component delivery and the 
sequencing of installation and construction. Currently, very few offshore wind turbine 
components are manufactured in the United States that are large enough to be suitable for a 
commercial offshore wind farm. Manufacturers such as Siemens, Vestas, REPower, Clipper 
Windpower, General Electric, Northern Power Systems, and Multibrid currently have little 
incentive to set up large scale offshore wind component manufacturing operations for offshore 
wind development in the United States until developers are ready to place orders and purchase 
components at a rate that makes the investment in a manufacturing facility financially attractive 
(based on Team discussions with manufacturers). Vestas has been manufacturing turbine 
components in the United States for a couple of years and Siemens and General Electric 
(among other manufacturers) are currently developing domestic manufacturing facilities for wind 
turbine towers and nacelles in the United States. Some of these new facilities are expected to 
become operational in 2010. However, these facilities will likely focus on landside wind turbines 
in the short term. Therefore, this analysis assumes that almost all turbine component pieces for 
offshore wind farms in the near future would be delivered from Europe. 

Suppliers are expected to ship turbines from European manufacturing facilities to the United 
States in pieces (e.g., the tower sections, nacelle, hub, individual blades) aboard crane-
equipped, open hatch cargo vessels. These vessels can accommodate from four to eight 
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nacelles, hubs and blades depending on the size of the vessel. As discussed below, the draft 
and beam of these vessels (referred to as either “import” or “delivery” vessels) must be 
accommodated by the port of delivery (see Appendix A, Vessel Requirements for Offshore Wind 
Farm Construction and Maintenance). Component pieces will be offloaded upon delivery and 
placed in a storage area. Onshore assembly of the wind turbine parts makes use of land-based 
cranes. Turbine towers have their own storage requirements, including specific brackets. 
Components assembled in the storage areas require relocation to the quayside via onshore 
cranes before being loaded onto the installation vessels. Smaller wind turbine component 
pieces and scour protection aggregate could be transported to the onshore staging port by 
existing rail or truck. 

Foundations and transition pieces tend to be manufactured and delivered separately from the 
turbines, although there may be some manufacturing overlap with towers. Currently, no 
operational rolled steel manufacturing facilities on the East Coast have been identified that 
operate at a scale suitable for manufacturing the towers and structural components of a large 
offshore wind farm. Since there is still no firm demand for the number and size of monopiles 
necessary to construct a 60 to 150 turbine wind farm, foundation suppliers also currently lack an 
incentive to set up an East Coast production facility.  

Existing domestic and foreign suppliers may deliver foundations fully assembled or ready for 
assembly. These sections or components would be shipped in on large barges from the Gulf of 
Mexico, Europe, or Malaysia. A potential scenario for monopiles delivery would include shipping 
‘cans’ or small sections of rolled steel from Europe or Malaysia by barge for welding and 
assembly at the staging port. Similarly, jacket piles could be shipped as unassembled bars from 
the Gulf of Mexico to the staging port to save cargo space and be welded together there. 
Depending on the type and point of origin, foundation component delivery to the staging port 
may also be performed using more traditional means such as barges, rail, or truck. Rail and 
truck options are limited to bulk concrete components, or sectional pieces such as iron bars or 
flat sheets of steel. Fully assembled foundations have dimensions that preclude their delivery by 
rail and truck. 

Developers do not necessarily have to stage foundations for offshore deployment out of the 
same port that is staging the turbine construction. The value of the convenience of utilizing a 
common port or port facility generally would not outweigh the cost savings associated with 
improved logistics, less assembly, and minimizing storage space and handling needs. Barges 
may also be used conveniently for foundation storage in certain situations. Foundations can be 
delivered and/or stored on barges fully assembled, then tugged out to the installation site with 
less handling. 

Ample storage at the staging port is needed to support routine logistical inventories. For 
example, Vestas stated that it would generally require 20 turbines to be assembled ahead of 
time before transport to the installation site (Tetra Tech EC 2009-2010a). Weather conditions at 
the installation site, including wind and wave action, can disrupt deployment and installation 
activity. This possibility translates into a need for increased landside storage capacity to 
accommodate a backlog of turbine and foundation component deliveries. 
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3.1.3 General Sequence of Offshore Construction and Installation Activities 

The sequence of offshore wind turbine construction begins with the installation of foundations. 
Foundations can be delivered from the staging port by either a standard barge or on the 
installation vessel. A jack-up barge with a crane creates a stable work platform for the 
placement. Traditionally, these vessels have been used in the U.S. marine construction industry 
in contrast to the specialized vessels that are generally preferred by European offshore wind 
developers for turbine installation. The foundation installation methodology depends on the 
foundation type. Each type of foundation requires tailored installation procedures and 
equipment. A monopile foundation, for example, would require pile drivers (see Figure 3-3). 
After foundation installation, the transition piece gets attached to the top of the foundation, 
creating a level connection surface for the towers. See Appendix A for details of other 
installation types. 

As previously noted, turbine 
components may be transported 
from the staging port to the 
installation site in various stages of 
assembly. Appendix A provides 
more details of these transport 
options. In general, options are 
defined by the capabilities of the 
particular installation vessel, 
preferences of the manufacturer for 
sub-assembly configurations, and 
site-specific navigation constraints. 
On-site assembly cuts down on 
transport risk, but entails other risks 
associated with assembly in the 
marine environment. Similarly, 
assembly in the controlled 
environment of the staging port 
results in more difficult and risky 
transport, but less risk at the 
installation site. Turbine 
manufacturers and contractors with 
experience in European wind farm 
construction prefer to use 
specialized vessels for turbine 
installation. Installation vessels need 
to be stabilized (i.e., with jack-up 

Figure 3-3 	 Monopile Being Driven In with a Menck 
Hammer 
(Source: Courtesy of A2Sea) 

3-5
 



 

 
 

 

  
 
 

 
 
 

 

 
 

 
 
 

  

 

 

 
 

 

 
 

Clean Energy Center Port and Infrastructure Analysis for Offshore Wind Energy Development 

legs) and have a crane or cranes able to lift a 3 MW or 3.6 MW nacelle (which weighs 
approximately 135 to 185 metric tons (mt) (approximately 150 to 200 tons)) into place so that 
the blades can be attached. Delivering and installing fully assembled turbines on towers 
requires greater lifting capabilities of up to 275 mt (approximately 300 tons). It should be noted 
that a 5 MW nacelle, which may be employed in future systems, weighs 360 to 390 mt 
(approximately 400 to 430 tons). 

The unassembled deployed wind turbine components are then assembled at the offshore site. 
The foundations are installed first, followed by the transition piece, the tower, the hub, and the 
nacelle. Next the blades are attached to the hub and the assembled rotor is hoisted and 
attached to the nacelle. However, as was noted, the turbine components also can be 
transported partially or fully assembled to the site.  

Purpose-built vessels (vessels designed specifically for the offshore wind industry) for wind 
turbine installation are not currently available in the United States. Additionally, it is not expected 
that a U.S. purpose-built vessel will exist in time for the initial construction of utility scale wind 
generation facilities on the East Coast. Construction costs for these vessels range from 
$40 million ($40M) to $80M for tugged vessels and $150M to $250M for self-propelled vessels 
(see Appendix A). Like other offshore wind turbine components, the incentive to build a 
purpose-built installation vessel will depend on the amount of actual demand for their use and 
the potential return on such investment. Existing U.S. built jack-up vessels were built for the oil 
and gas industry and are less than optimal for offshore wind turbine installation, but they could 
be used for the initial deployments for East Coast offshore wind construction. However, the use 
of these existing vessels involves more risk and would require more installation time than 
purpose-built vessels. Rental rates for installation vessels are high and developers will attempt 
to maximize the utilization of the vessels when leased. This factor, along with the ever present 
possibility of weather and seasonal delays, indicates that the staging port must be available 
24 hours per day and 7 days per week. Both the availability of wind turbine components and 
delivery and construction vessels are critical elements of the offshore wind energy supply chain. 

3.1.4	 Forecasts and Future Trends in Offshore Wind Energy Affecting Port 
Requirements 

Proposed offshore wind projects in Europe and North America for 2015 are forecasted to reach 
40 gigawatt (GW), of which the United States is expected to undertake projects totaling more 
than 2 GW (Infocast, U.S. Offshore Wind Report 2009, p. 6). The European Wind Energy 
Association (EWEA) has set a target for 2020 of 40 GW of offshore wind capacity. European 
offshore demand for 2010 is forecasted to reach 10 GW. This implies a European need for 
30 GW or more over a 5-year span, which cannot be supported by current manufacturing 
capacity (EWEA, Oceans of Opportunity 2009, p. 44). However, the offshore wind industry will 
need to deploy upwards of 10,000 structures by 2020 to meet the minimum forecasted 
European demand. The current offshore manufacturing industry cannot deliver this number of 
structures due to insufficient capacity. (EWEA, Oceans of Opportunity 2009, p. 49). Additional 
manufacturing facilities and related industrial capacity are needed to meet the forecasted 
European and North American demand. 

Offshore development costs depend significantly on the price of the substructures. For example, 
foundations represent 25 percent and 34 percent of total investment costs for 5 MW and 2 MW 
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systems installed in 25 m of water, respectively (Papalexandrou 2008, Economic analysis of 
offshore wind farms, KTH Royal Institute of Technology [Sweden] (KTH) School of Energy and 
Environment, in partnership with Ecofys). The economics of offshore wind development tend to 
favor larger machines (potentially in the range of 5 MW to 10 MW in the future, with less 
emphasis on design features (such as aesthetics and sound emission level) than for onshore 
wind turbines (EWEA, Oceans of Opportunity 2009, p. 44). Current technology suggests that 
increases in turbine power rating are commensurate with incremental increases in turbine size.  

3.1.5 Similar Offshore Activities 

Offshore wind generation is a new marine industry on the Eastern Seaboard and will be added 
into a region that has historically been heavily dependent on maritime industry and commerce. 
As a new industry, however, offshore wind will require specialized equipment, services and 
labor not currently available in any U.S. ports. Understanding what will be needed to support 
both short-term construction and long-term operational and maintenance activities involves 
learning from the recent experience of European offshore wind projects, as well as identifying 
similar services and activities already associated with existing marine industries here in the 
United States. 

There are a number of marine industries currently in operation in the waters offshore of the 
United States, each with its own specialized port requirements. These industries include, but are 
not limited to, petroleum extraction, LNG off loading or storage, commercial shipping, and 
commercial fishing. Each marine industry is specialized, requiring differing shore-side support 
as well as different configurations for the appropriate offshore environment. However, 
comparing and contrasting the needs of these industries with European experience can 
increase our understanding of the port-related requirements for offshore wind development and 
the potential utilization of the available marine industrial capabilities in the US. For instance, 
wind turbine foundations are comparable to offshore petroleum structures. Shore-side 
infrastructure for construction and maintenance of offshore wind farms is similar to that needed 
for commercial shipping and large-scale commercial fishing operations. Additionally, port 
requirements for maintenance and support of offshore wind farms would be similar to those for 
offshore LNG ports and petroleum platforms. 

3.1.5.1 Offshore Energy Industry in the US 

Petroleum Extraction 

Petroleum extraction is well established in the United States, especially in the Gulf of Mexico. 
There is a broad range of off shore platform designs, and their structural design has evolved 
over time. In general, the petroleum extraction platforms in the Gulf of Mexico are designed for 
water depths of 60 to 190 m (approximately 200 to 600 feet) (MMS 2009). However, platforms in 
deeper water up to 2,450 m (approximately 8,000 feet) also exist (MMS 2009). These deep 
water platforms are built using pre-fabricated modules. The super-structure is pre-assembled on 
land and transported to the field site for final assembly. These structures are comprised of 
different modules, typically partitioned into crew housing and process or control functions. 
Petroleum platforms are often built in clusters, centered on a developed well. Assembly is 
intensive due to the multiple connections required between modules, clustered platforms, and 
the well. Steel construction is preferred for the platform superstructure while concrete is limited 
to the platform foundations. Shallow foundations are commonly constructed using piles that 
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anchor the superstructure or jack-up platforms on the seabed. Deeper platforms require semi-
submersible elements or floating devices anchored to the seabed to fix the position of the 
platform. Platform assembly is generally accomplished using specialty vessels, including jack-
up cranes, tow boats, and large barges. Special heavy lift vessels are needed to transport the 
large assemblies, such as the pre-fabricated modules. Jack-up cranes or crane vessels lift the 
pre-fabricated modules into place. Platform modules are purposefully designed to have a 
minimum number of tie-ins to minimize field assembly efforts.  

Large ports play an important role in the operation and maintenance of these petroleum 
extraction platforms. Major petroleum companies with a number of offshore platforms maintain 
permanent access to their own shore-side terminals that are capable of berthing vessels from 
90 to over 185 m (approximately 300 to over 600 feet) in length with drafts that can exceed 
11 m (36 feet). The accessibility and use of onshore facilities is critical to supporting petroleum 
extraction. Considering the premium that is placed on the space available on offshore platforms, 
activities aboard are typically minimized to assure operational efficiency and safety. All other 
materials are supplied from storage facilities at nearby ports, ready to be shipped out when and 
as needed. Because of this, ports receiving and delivering large petroleum extraction 
components and platform modules require large areas for yard storage, large dock heavy lift 
capability, and berthing for other construction and maintenance vessels. These requirements 
are similar to those for supporting offshore wind development on a commercial scale. 

LNG Ports 

The importation of LNG into U.S. markets has recently begun to favor fixed locations in 
deepwater offshore locations. These deepwater ports offer easy access, improved safety and 
reduced visibility to coastal residents. Deepwater LNG ports typically consist of re-gasification 
equipment, LNG vessel anchorage, and pipeline delivery systems to shore-based storage and 
distribution pipelines. Many technologies have been proposed for re-gasification, including 
barged equipment, modified petroleum platforms, island structures, and underwater riser 
assemblies. Northeast Gateway (NEG) Deepwater LNG Port is currently operating off the 
Massachusetts coast. Another similar deepwater LNG port facility is being planned in the area 
by Neptune LNG. Both of these facilities are located approximately 8.7 nm (10 miles) due east 
of Boston. The technology used for the NEG port is an underwater riser assembly that acts as 
anchorage and gas delivery system to a sub-sea delivery pipeline. Two such riser assemblies 
were constructed, and are anchored in place much like anchored floating petroleum platforms. 
Construction of the NEG Port required a large 110 m (approximately 350 foot) pipeline lay barge 
for offshore pipeline construction, anchoring vessels, and diver support vessels. Crew vessels 
provided provisions, material and transit for the 150 to 300 person crew throughout the 
construction operations. Specialized 275 m (900 feet) long LNG re-gasification vessels moor to 
the riser/mooring assembly during gas delivery operation. Support and security vessels for the 
NEG Port are based out of Boston, and are deployed to provide safety and security. Shore-
based facilities are minimal for operation of the NEG Deepwater Port. However, construction of 
the deepwater port required layout, staging areas, and crew deployment from multiple ports. 

3.1.5.2 Commercial Shipping 

Commercial shipping requires large, mobile vessels exporting and importing bulk cargo to ports 
throughout the world. Vessels range from under 215 to over 300 m (approximately 700 to over 

3-8
 



 

 

 
 

 

 

 
 
 

  
 

 

 

 
 

 
 
 

Clean Energy Center Port and Infrastructure Analysis for Offshore Wind Energy Development 

1,000 feet) in length. Ports that receive and deliver cargo require large areas for yard storage 
and wharf frontage. Vessels calling on commercial shipping ports must also be able of pass 
under vertical obstructions such as bridges. In the United States, vertical obstructions are 
typically standardized by the U.S. Coast Guard (USCG) to maintain a minimum clearance of 
approximately 41 m (135 feet) (Coast Pilot specification).  

Commercial shipping ports such as Boston require distribution and warehousing facilities for the 
handling of roughly 1.2 million mt (1.3M tons) of general cargo, 1.4 million mt (1.5M tons) of 
non-fuels bulk cargo, and 11.6 million mt (12.8M tons) of bulk fuel cargo per year 
(Massachusetts Port Authority 2009). The Port of New York and New Jersey handles 5.3 million 
loaded and unloaded twenty-foot equivalent units (TEUs) per year (Port Authority of New York 
and New Jersey 2009). Trucking and rail access facilitate shipment of cargo over land. The Port 
of New York and New Jersey also boasts 54 container cranes that can handle all types of cargo, 
135 to 320 mt (approximately 150 to 350 ton) capacity cranes, and the largest heavy-lift crane 
on the East Coast (an approximately 900 mt (1,000 ton) rated-capacity Chesapeake 1000). 
Donjon Marine Co. Inc. cranes have handled large bulk cargo including 365 mt (400 ton) 
General Electric Co. and Siemens generator units that were transported to the port via 
oceangoing vessels (Port Authority of New York and New Jersey 2009). 

3.1.5.3 Commercial Fishing Factory Vessels 

Commercial fishing is conducted by vessels ranging from very small, 1 or 2 man crew ships to 
large factory vessels. Shore-based support for these operations varies widely considering the 
large diversity of vessel types. Large factory vessels have similar shore-side requirements as 
commercial shipping. Consequently, commercial fishing operation requirements are very 
comparable to offshore wind operational and maintenance needs. However, offshore wind 
generation support needs are much smaller in scale than the warehousing and wharf frontage 
needed for commercial shipping. Frozen fish products also require freezer containment for 
offloaded cargo. In Rhode Island, Seafreeze Ltd. utilizes berthing space for two 45 m 
(approximately 150 feet) processing vessels, warehousing cold storage capacity of 
approximately 10.4 million kg (23 million pounds), offloading cranes, and truck and rail access 
(Seafreeze Ltd. 2009). 

3.1.5.4 Submarine Transmission Cables 

Additionally, technologies and construction techniques used for submarine pipeline installation 
may have similarities, in terms of lay-down area and construction vessel size, to those needed 
for high-capacity submarine transmission cable installation required for the offshore wind 
industry. 

3.1.5.5 Implications 

Offshore wind power generation will require specialized labor and equipment for construction 
and operation. Specialized training will be required to successfully construct and operate safely 
and efficiently in the marine environment. The basic skill-set exists, to a certain extent, within 
the maritime industry and Merchant Marine. Local universities (including the Massachusetts 
Maritime Academy) and labor unions could modify existing training courses to create and 
maintain a qualified labor force specifically geared to service a growing offshore wind industry. 
But establishing programs in anticipation of the offshore wind industry is unlikely. 
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Petroleum extraction platforms are currently assembled using specialized heavy lift vessels. 
Similar vessels will be required for the construction of wind turbines. Vessels currently in the 
fleet (including jack-up cranes, tow boats, and large barges) have the potential to be modified 
for use as construction platforms for wind turbines (especially for initial installations). While such 
modifications can be made to existing vessels, the specialized construction techniques and 
heavy lift needs of offshore wind turbine construction may make the modification option 
expensive and potentially risky as compared to purpose-built vessels. The option of applying 
modified existing equipment may also be limited to smaller construction projects in near-shore 
environments. Purpose-built construction vessels for offshore wind turbine construction would 
most likely, be more cost effective, less risky, and flexible in terms of operational capabilities. 

As with petroleum extraction, commercial shipping and factory fishing port facilities, offshore 
wind construction lay down and port requirements are fairly significant. To support the offshore 
wind industry, significant lay down areas will be required for the assembly and storage of large 
wind turbine components. It is estimated based on discussions with major offshore wind turbine 
manufacturers in Europe that a minimum of 8.1 hectares (approximately 20 acres) would be 
needed for assembly and storage of these components assuming component delivery is 
scheduled so that the portside assembly area only needs capacity for a fraction of the total wind 
farm components at any given time (based on interviews with developers). Large-capacity 
cranes will also be needed to move turbine components such as nacelles and tower pieces. 
Yard and wharf facilities will need to be sufficiently large to store, move and assemble turbine 
components with weights up to approximately 290 mt (320 tons). The large vessels needed for 
receiving and delivering such components require navigation channels of particular depth and 
clearance (both horizontal and vertical) to allow passage through/beneath obstructions such as 
bridges. Recent developments in offshore wind turbine size, coupled with evolving construction 
and component delivery techniques, may exceed the current 41 m (135 feet) vertical clearance 
of local, large fixed bridges.  

An offshore wind farm, once constructed, will need routine maintenance and occasional 
component replacement, including major components such as a blade or nacelle. Maintenance 
vessels used during wind farm operations would be similar in size to those currently in use to 
support offshore LNG ports and petroleum extraction operations and, on rare occasion, would 
require the same or similar vessels to those used during construction for major maintenance. 
Berthing space for support vessels would be vital for these port facilities, as well as sufficient 
yard and warehousing space for components and other maintenance supplies and activities. 
The NEG Deepwater LNG Port operating off the coast of Massachusetts currently utilizes a 
33 to 49 m (approximately 110 to 160 feet) long offshore support vessel (OSV) that makes 
roughly 65 round trips to the port site each year (U.S. Coast Guard 2006). For comparison, 
Cape Wind estimates that three maintenance vessels will be required each day, 252 days per 
year, for routine maintenance, resulting in an estimated 756 vessel trips per year. Commercial 
shipping and fishing vessel activity is similarly constant with vessels arriving and departing port 
facilities on a daily basis. Vessel activity during offshore wind project construction also would be 
constant, but short in duration during the one to two year long construction phase of a project 
(depending upon the size of the wind farm). Larger vessel activity would drop off considerably 
during operation and maintenance of offshore wind projects. However, major repair work would 
likely require a large vessel like the ones used during wind park construction. Vessels currently 
in the fleet, including jack-up cranes, tow boats, and large barges, can be modified for use as 
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construction/maintenance platforms. However, the availability of purpose-built construction 
vessels would be the preferred option in the long run. 

3.2 Industry Overview 

3.2.1 Development of the Port Criteria 

To determine the port facility/land-based requirements for offshore wind development, the Team 
interviewed developers, obtained turbine manufacturer information, and had discussions with 
consultants with offshore wind farm construction experience in Europe. Through this information 
gathering, the Team identified: 

•	 specific port- and land-based needs related to vessel requirements;  
•	 component, materials and equipment storage and assembly requirements; 
•	 preliminary estimates of potential through-put of wind turbines (e.g., the number of wind 

turbines deployed); and  
•	 skilled labor needs and trades requirements.  

The Team identified “hard” and “soft” criteria based on the stated requirements (see 
Section 4.0). These criteria were used to create a Criteria Evaluation Matrix as a tool for 
comparing and ranking Massachusetts port facilities (see Section 6.0) on the ability to serve as 
offshore wind construction and deployment ports. 

3.2.2 Interviews with Developers 

The Team contacted most of the current and prospective offshore wind farm developers on the 
East Coast to gain a deeper understanding of the requirements for supporting the construction, 
operation and maintenance of a utility scale offshore wind farm. The Team intended to use this 
developer input to identify an objective set of weighted criteria with which to compare and 
evaluate Massachusetts port facilities. However, many developers have yet to specify or 
disclose in detail the key parameters and characteristics of the port and other supply chain 
requirements. While cognizant of the need to solve logistical issues, negotiations between 
developers and various manufacturers and material suppliers are ongoing. Actual component 
manufacturing sites and delivery methods will be determined on a project- and item-specific 
basis. As a result, many of the detailed questions contained in the customized developer 
questionnaires were left unanswered (see Appendix B for the questionnaire). However, 
developers did identify and explain many aspects of the most important parameters that helped 
the Team establish the basic criteria. Developers identified general port staging needs against 
the characteristics of which current ports could be compared and ranked. Developers also were 
questioned about what would make one port more attractive than another. Cost control and risk 
avoidance emerged as key factors. 

The Team’s interviews with developers provided insight into the principal issues concerning 
commercial offshore wind energy development off the Northeast Atlantic Coast. These insights 
provided a better understanding of wind farm components and the associated logistics of 
importing, storing, assembling and deployment to and installation at the project site. Table 3-1 
below provides a quick summary of these proposed projects based on available public 
information. Projects are listed by developer with project particulars such as location, water 
depth, generating capacity, number of turbines, and distance from shore. Because these 
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projects are in various stages of development, not all information on every project is publicly 
available. 

As the developer’s needs were analyzed, the Team found that Massachusetts ports had clear, 
distinguishable differences relative to offshore wind development requirements, and that the 
ports could be compared in a straightforward manner relative to these parameters. 
Development of a more complex framework for the evaluation that made use of multi-variable, 
weighted criteria was unnecessary. 

Table 3-1 
Planned Offshore Wind Projects 

Developer/ 
Project 

Project 
Location 

Water Depth at 
Proposed 
Location 

Project 
Generating 
Capacity 

Number of 
Turbines 
(Scale) 

Foundation 
Type 

Estimated 
Cost of 

Construction 

Port 
Staging 

Area 
Cape Wind Associates 
Cape Wind 4.5 NM (5.2 

miles) from 
coast of Cape 
Cod, MA, 7.8 
NM (9 miles) 
from Martha’s 
Vineyard, 12 
NM (13.8 
miles) from 
coast of 
Nantucket 
Island 

3.7 m (12 ft) 
MLLW (mean low 
low water) 
minimum depth 

468 MW 130 
(3.6 MW 
per turbine) 

Monopile $700 million Quonset 
Davisville 
Port and 
Commerce 
Park, 
Quonset, 
Rhode 
Island 

NRG Bluewater Wind 
Bluewater 
Delaware 

11.3 to 19.1 
NM (13 to 22 
mi) east of 
Rehoboth 
Beach, DE 
(wind park); 
14.3 NM (16.5 
mi) due east 
Rehoboth 
Beach (met 
tower) 

12.2m to 18.3m 
(40 to 60 feet) 

200 to 450 
MW 

Up to 150 Monopile $800 million Port of 
Wilmington, 
Delaware; 
Delaware 
Bay Launch 
in Milford 
Delaware for 
crew boat 
and small 
cargo barge 
launch 

Bluewater 
New Jersey 

14 NM (16 mi) 
southeast of 
Atlantic City, NJ 

21.3m to 30.5m 
(70 to 100 feet) 

350 MW 116 Monopile $1.4 billion Port of 
Wilmington, 
Delaware; 
Delaware 
Bay Launch 
in Milford 
Delaware for 
crew boat 
and small 
cargo barge 
launch 

Deepwater Wind 
Garden State 
Offshore 
Energy 
(Deepwater 
with PSEG 
Renewables) 

13.6 NM (15.6 
mi) from shore, 
17.4 NM (20 
mi) due east of 
Avalon, NJ 

24.4m to 27.4m 
(80 to 90 feet) 

350 MW 96 Jacket $1 billion Atlantic City, 
New Jersey 
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Developer/ 
Project 

Project 
Location 

Water Depth at 
Proposed 
Location 

Project 
Generating 
Capacity 

Number of 
Turbines 
(Scale) 

Foundation 
Type 

Estimated 
Cost of 

Construction 

Port 
Staging 

Area 

Deepwater 2.6 NM (3 ‘deeper’ waters 20 MW Phase 1: 8 Jacket $1 billion Quonset, 
Wind Rhode miles) off Block (Phase I) turbines Rhode 
Island Island, RI for 

Phase 1; 
Phase 2 
located 13 to 
17.4 NM (15 
to 20 mi) off RI 
coast (location 
TBD upon 
completion of 
RI Ocean 
Special Area 
Management 
Plan in 2010 

400 MW 
(Phase II) 

Phase 2: 
106 
turbines 

Island 

Fisherman’s Energy 
Fisherman’s Phase 1: 2.6 18.3m to 21.3m Total: 350 Total: 74 Monopile $100 million Dorchester, 
Energy of NM (3 miles) (60 to 70 feet) MW Phase 1: Phase 1: 8 for Phase 1 Atlantic City, 
New Jersey off the coast of 20MW Phase turbines $1 to 1.5 and or Cape 
Project Atlantic City  

Phase 2: 6.1 
NM (7 miles) 
off the coast 

2: 330 MW Phase 2: 
66 turbines 

billion for 
Phase II 

May, New 
Jersey 

Fisherman’s 
Energy of 
Rhode 
Island 
Indepen-
dence 1 
Project 

2.6 NM (3 
miles) south off 
the southern 
coast of Block 
Island, RI 

20 m to 30 m 
(65.6 to 98.4 
feet) 

400 MW 80 TBD $1.25 to $1.5 
billion 

TBD 

3.2.3 Conditions at Ports and Wind Farm Locations 

Wave height, water depth and wind speed impose limitations on at-sea construction operations. 
The following subsections describe sea states, wind conditions, and water depths at a number 
of proposed wind farm sites along the U.S. East Coast. Transit distances2 between proposed 
wind farm sites and potential staging ports also are evaluated.  

Sea states are typically characterized by the significant wave height (HS), which is the average 
of the largest one-third of the observed waves. HS correlates very well to the sea state as 
observed by mariners. Wind is characterized by the 10-minute average wind speed (VW). 

The base line transit routes for cargo in the region track around the east end of Cape Cod. The 
primary alternative route is via the Cape Cod Canal (see Appendix C). Air draft (i.e., the free 
space above the water line below an overhead obstruction) in the Cape Cod Canal is limited to 
approximately 41 m (135 feet). In practice, this means vessels or barges transporting 5 MW 
turbines in the “bunny ear” configuration (especially the “fore-aft” configuration – see Figures 3-4 
and 3-5) probably cannot expect to transit the Cape Cod Canal. Alternative turbine load-out 

2 Transit distances are in nautical miles and are based on typical shipping routes. 
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configurations (e.g., the “star” configuration – see Figure 3-6) and/or smaller turbines (e.g., 
3.6 MW turbines) in the “bunny ear” configuration could probably utilize the Cape Cod Canal. 

Figure 3-4 Bunny Ear Configuration (Lateral) – End view looking forward 
(Source: The Glosten Associates 2009) 

Figure 3-5 Bunny Ear Configuration (Fore-Aft) – End view looking forward 
(Source: The Glosten Associates 2009) 

Figure 3-6 Star Configuration – End view looking forward 
(Source: The Glosten Associates 2009) 

3.2.3.1 Nantucket Sound 

Cape Wind Associates has proposed a project for Horseshoe Shoal in Nantucket Sound. The 
location for that project is shown below in Figure 3-7. The distances from the proposed project 
site to the potential staging port locations are listed below in Table 3-2. 

Water depths in the proposed project area are approximately 3.6 to 18 m (approximately 12 to 
60 feet). Information on wave heights and wind speeds is limited for this area. According to the 
Coast Pilot, during the winter (November-February), wave heights of 3.7 m (approximately 
12 feet) can be expected 5 percent to 15 percent of the time. During the summer, wind speed 
rarely exceeds 15 knots, and wave heights are 1 m (approximately 3.2 feet) or less 98 percent 
of the time. Additionally, in the summer (May-July), thick fog frequently forms, which could 
complicate installation operations. 
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Wind Farm Site 

Figure 3-7 Cape Wind Proposed Horseshoe Shoal Site 
(Source: The Glosten Associates 2009) 

Table 3-2 
Distances to Staging Port Locations from the Proposed Cape Wind Site 

(Source: The Glosten Associates 2009) 

Staging Location Primary Route Distance 
[nautical miles] 

Alternate Route* Distance  
[nautical miles] 

Boston, MA 130 130 
Gloucester, MA 105 130 
New Bedford, MA 45 n/a 
Fall River, MA 75 n/a 
Portland, ME 160 200 
Quonset/Davisville, RI 70 n/a 

* Alternative route is via the Cape Cod Canal. 

3.2.3.2 Rhode Island 

Deepwater Wind, in collaboration with First Wind (a Massachusetts-based wind developer), is 
planning two projects off the Rhode Island coast. The first is a small-scale project, located three 
nautical miles off Block Island. The second is planned for a utility-scale project, located 
approximately 12 to 18 nm (15 to 20 miles) off the coast of Rhode Island3. This area is shown 
below in Figure 3-8. The distances from the sites to the potential staging port locations are listed 

3 The precise location of the second Deepwater Wind site will be established based of the results on the 
forthcoming Ocean Spatial Area Management Plan, which is expected to be completed in 2010.  
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in Table 3-3. Water depths are approximately 30 to 40 m (100 to 130 feet) at the proposed 
Rhode Island site. However, due to the large regional area being considered for the wind farm 
sites, water depths vary widely. Climatology for the general region is presented in numerical and 
graphical forms in Figure 3-9 and Table 3-4. 

Wind Farm Site 

Figure 3-8 Deepwater Wind Proposed Rhode Island Site  
(Source: The Glosten Associates 2009) 

Table 3-3 
Distances to Staging Port Locations from the Proposed Deepwater Site 

Staging Location Primary Route Distance 
[nautical miles] 

Alternate Route* Distance 
[nautical miles] 

Boston, MA 295 120 
Gloucester, MA 270 120 
New Bedford, MA 50 n/a 
Fall River, MA 45 n/a 
Portland, ME 325 190 
Quonset/Davisville, RI 35 n/a 

* Alternative route is via the Cape Cod Canal. 
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Figure 3-9 Cumulative Probability Graphs of Wind Speed and Wave Height for Coastal 
Rhode Island 

(Source: The Glosten Associates 2009) 

Table 3-4 
Rhode Island Climatology Data 

(Source: The Glosten Associates 2009) 

Description Annual Winter 
(January) 

Summer 
(August) 

Probability {HS ≤ 1 meters} 43.5% 28.5% 60.3% 
Probability { HS ≤ 2 meters} 86.7% 78.2% 94.3% 
Probability { HS ≤ 3 meters} 97.2% 95.2% 99.8% 
Probability { HS ≤ 4 meters} 99.4% 98.7% 99.9% 
Probability {VW ≤ 15 knots} 36.9% 18.2% 52.6% 
Probability {VW ≤ 20 knots} 69.3% 45.9% 87.5% 
Probability {VW ≤ 25 knots} 83.9% 65.9% 95.9% 
Probability {VW ≤ 30 knots} 95.6% 89.4% 99.8% 

3.2.3.3 Delaware Bay 

Bluewater Wind and Deepwater Wind have each proposed wind farm sites in the Delaware Bay 
and in the southern New Jersey coastal area, which are shown below in Figure 3-10. The 
distances from the sites to the potential staging port locations are listed below in Table 3-5. 
Water depth in the northwest field varies widely from 9 to 24 m (approximately 30 to 80 feet), 
and from to 12 to 21 m (approximately 40 to 70 feet) in the southeast field. Climatology for the 
general region is presented in numerical and graphical forms in Table 3-6 and Figure 3-11. 

3.2.3.4 Other Areas 

The Massachusetts OMP identified additional areas that could be suitable for commercial wind 
energy production. The two designated Wind Energy Areas are located near the southern end 
of the Elizabeth Islands and southwest of Nomans Land Island. Wind and wave conditions at 
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these sites are similar to the Rhode Island sites. Transit distances between these sites and 
potential staging areas are shown in Table 3-7. 

Massachusetts, as well as other states on the Atlantic Seaboard, is working with the U.S. 
Interior Department, MMS to develop Requests for Information (RFIs) for potential wind projects 
in federal waters off their respective coasts. 

Wind Farm Sites 

Figure 3-10 Bluewater Wind and Deepwater Wind Proposed Sites 
(Source: The Glosten Associates 2009) 
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Table 3-5 
Distances to Port Staging Locations from the Proposed Bluewater/Deepwater Sites 

Staging Location Primary Route Distance 
[nautical miles] 

Alternate Route* Distance 
[nautical miles] 

Boston, MA 470 330 
Gloucester, MA 445 330 
New Bedford, MA 260 n/a 
Fall River, MA 250 n/a 
Portland, ME 500 400 
Quonset/Davisville, RI 280 n/a 
* Alternative route is via the Cape Cod Canal. 

Table 3-6 
 Delaware/New Jersey Climatology Data 
(Source: The Glosten Associates 2009) 

Description Annual Winter 
(January) 

Summer 
(August) 

Probability {HS ≤ 1 meters} 66.8% 53.3% 79.4% 
Probability { HS ≤ 2 meters} 93.4% 88.8% 96.8% 
Probability { HS ≤ 3 meters} 98.3% 96.7% 98.9% 
Probability { HS ≤ 4 meters} 99.6% 98.7% 99.9% 
Probability {VW ≤ 15 knots} 32.1% 21.8% 43.5% 
Probability { VW ≤ 20 knots} 48.8% 36.6% 61.7% 
Probability { VW ≤ 25 knots} 60.8% 47.4% 74.4% 
Probability { VW ≤ 30 knots} 75.5% 61.3% 86.9% 
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Figure 3-11 Cumulative Probability Graphs of Wind Speed and Wave Height  
for the Delaware/New Jersey Area 

(Source: The Glosten Associates 2009) 
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Table 3-7 
Distances to Staging Port Locations from the OMP Designated Sites 

(Near the Elizabeth Islands and Nomans Land Island) 

Staging Location Primary Route Distance 
[nautical miles] 

Alternate Route* Distance 
[nautical miles] 

Boston, MA 260 100 
Gloucester, MA 235 100 
New Bedford, MA 35 n/a 
Fall River, MA 50 n/a 
Portland, ME 290 175 
Quonset/Davisville, RI 40 n/a 

* Alternative route is via the Cape Cod Canal. 

3.3 Characteristics of Available Vessels 
This section describes the marine vessels that are currently available for use in the construction 
and maintenance of offshore wind farms. Different vessels are required for the following specific 
activities: 

1. 	Delivery of turbine components (e.g., tower sections, nacelles, blades) to the staging 
port; 

2. 	 Foundation delivery and installation; 
3. Turbine erection; 
4. 	 Regular maintenance and personnel transport; and 
5. Major maintenance. 

The following subsections discuss the basic characteristics, capabilities, limitations, and general 
availability of the various types of vessels (see Appendix D, Potential Wind Turbine Delivery 
Vessels, for more details).  

3.3.1 Turbine Import/Delivery Vessels 

The turbines used for the first round of U.S. offshore wind farms will likely be imported from 
Europe. Turbines are generally shipped in pieces (e.g., tower sections, nacelle, hub, individual 
blades) from the point of origin directly to the project site aboard open hatch cargo vessels. 
Table 3-8 summarizes the principal dimensions of turbine import vessels. An example of this 
vessel type is shown in Figure 3-12 (Section 3 of Appendix A provides further details).  

Table 3-8 
Principal Dimensions for Turbine Import Vessels 

(Source: The Glosten Associates 2009) 

Length Overall 98 to 143 m (330’ to 470’) 
Beam 20 to 23 m (66’ to 75’) 
Design Draft 6.7 to 9.8 m (22’ to 32’) 
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Figure 3-12 BBC KONAN In Transit With Turbine Components  
(Nacelles Stowed Below Deck) 

(Source: BBC KONAN) 

3.3.2 Foundation Delivery and Installation Vessels 

Foundations can be installed using either jack-up crane vessels or floating derrick barges. Jack-
up crane vessels are described further below. Large floating derrick barges (as shown in 
Figure 3-13) are in service on all three major U.S. coastlines and could be mobilized to serve 
the U.S. East Coast offshore wind energy market.  

Depending on the type of foundation being used (i.e., monopile, gravity-base, jacket, or tripod), 
a derrick barge could transport foundations between the staging port and the wind farm site on 
its own deck, or foundations could be transported using a separate barge. Floating derrick 
barges can lift up to 900 mt (approximately 1,000 tons), but a more common lifting capacity is 
455 mt (500 tons) or less. Floating derrick barges could be used to install wind turbine 
foundations in up to 1.5 m (5 feet) seas, with a wind speed limit of around 20 to 30 knots. 

Figure 3-13 Self-Propelled Crane Barge with 250 Ton Lifting Capacity 
(Source: Marine Transportation Consultants http://www.tug-barge.com/p297.htm) 
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3.3.3 Wind Turbine Installation Vessels 

European offshore wind turbines have been installed using a variety of specialized equipment, 
which generally falls into one of three categories: 

• Leg-Stabilized jack-up crane ships ("partial jack-ups") (see Figure 3-14 for an example); 
• Jack-up crane barges (see Figure 3-15 for an example); and 
• Jack-up crane ships (see Figure 3-16 for an example). 

Figure 3-14 Leg-Stabilized Crane Ship Figure 3-15 Jack-Up Crane Barge Figure 3-16 Jack-Up Crane 
(Source: A2Sea) (Source: A2Sea) (Source: Offshore MPI) 

For all three vessel types, the limiting wind speed for at-sea crane operations is approximately 
15 to 20 knots. For the leg-stabilized vessels, the limiting sea state for crane operations is 
approximately 0.5 m (approximately 1.7 feet) seas, as the vessel's hull remains submerged and 
is subject to wave-induced motion. For the jack-up barges and ships (see Figure 3-17), the 
process of jacking up and down is limited to approximately 1.5 m (5 feet) seas. The crane can 
be operated in higher sea states once the vessel is jacked-up.  

Figure 3-17 The Dixie Class Lift Boat Represents a Near-Term Option for  
U.S. Offshore Wind Turbine Installation 

(Source: Superior Energy Services, Inc.) 
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The typical dimensions of wind turbine installation vessels are presented in Table 3-9. Further 
details are provided in Appendix A. 

Table 3-9 
Principal Dimensions for Turbine Installation Vessels 

(Source: The Glosten Associates 2009) 

Length Overall 91 to 137 m (300’ to 450’) 
Beam 30 to 40 m (100’ to 130’) 
Navigation Draft 3.7 to 4.9 m (12’ to 16’) 
Air Draft (legs in up position) varies, approximately 46 m (150’) 

No purpose-built wind turbine installation vessels exist that are compliant with U.S. coastwise 
trade laws (i.e., "Jones Act"). These laws require vessels to be U.S.-built, U.S.-owned, and 
U.S.-operated. A small number of Jones Act-compliant vessels that are currently operating in 
the Gulf of Mexico could be used to construct the first-generation U.S. offshore wind farms. 
These vessels lack the efficiency associated with purpose-built wind turbine installation vessels, 
such as the ability to transport multiple sets of turbine components and the ability to rapidly jack-
up, pre-load the legs, erect the turbines, and jack-down. In order to economically and efficiently 
achieve GW-scale deployment of offshore wind in the United States, a fleet of purpose-built, 
Jones Act-compliant vessels will be needed. The industry recognizes this fact and is taking 
steps to develop the vessel infrastructure. NRG Bluewater Wind, for example, has teamed with 
the Aker Philadelphia shipyard to develop three purpose-built wind turbine installation vessels. 
(Bluewater Wind 2009b). 

Future wind turbine installation vessels are expected to focus on improving construction 
efficiency through faster transit speeds, larger payload capacity, and ability to erect turbines in 
higher wind speeds and larger sea states. Some firms are developing designs that 
accommodate the transport and installation of fully assembled turbines (see Figure 3-18). 

Figure 3-18 Glosten Turbine Installation Vessel Concept 
(Source: The Glosten Associates 2009) 
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3.3.4 Maintenance Vessels 

Regular, planned maintenance of offshore turbines requires personnel access to the wind farm 
facilities. Maintenance personnel for existing offshore wind farms are typically shuttled to the 
turbines by a crew boat or by helicopter. Specialized crew boats have been developed in 
Europe to increase the weather window during which maintenance personnel can safely access 
turbines. 

Major maintenance or serial defects in turbines may require mobilization of a wind turbine 
installation vessel to reverse some or all of the installation process. There is an industry trend to 
develop maintenance-specific jack-up vessels that have highly capable cranes and limited cargo 
capacity but relatively slower transit speed. (Gusto MSC 2009). 

3.4 Overview of Vessel Constraints and Requirements  

The following sections evaluate the marine vessel requirements for deploying and maintaining 
offshore wind farms along the U.S. East Coast. Understanding the characteristics of these 
vessels is critical in the overall evaluation of a port's suitability as a staging area for offshore 
wind farm deployment and maintenance. 

Vessel requirements are governed primarily by the following: 

•	 Physical conditions at offshore wind farm sites (i.e., conditions in which vessels must 
operate); 

•	 Navigational constraints in port and along transit route to the wind farm site; 
•	 Size and weight of turbines being transported and installed; and 
•	 Methodology for transporting and installing turbines. 

The Team evaluated the physical conditions (e.g., wind speeds, wave regime and water depth) 
at proposed offshore wind farm sites along the U.S. East Coast. Navigational constraints in and 
near the Ports of New Bedford, Boston, Gloucester, and Fall River, MA also were evaluated. 
The physical properties of large offshore wind turbines (i.e., 3 MW to 5 MW) were reviewed, 
along with the demonstrated methodologies for transporting and installing these turbines.  

The principal dimensions of wind turbine installation vessels/barges and import vessels are 
summarized below, as are the navigational constraints for all the analyzed ports. Appendix A 
discusses much of the information that is summarized in this section.  

3.4.1 Installation and Transport Vessel Requirements 

3.4.1.1 Flag and Class 

The Merchant Marine Act of 1920, commonly known as the “Jones Act”, requires vessels 
engaged in the transport of passengers or cargo between U.S. places to be built and flagged in 
the United States, and owned and crewed by U.S. citizens. It was assumed for this study that 
the vessels discussed in this section would be subject to the Jones Act, as bottom-fixed 
foundations within the U.S. Exclusive Economic Zone (EEZ) are considered U.S. places. 
Vessels discussed in Appendix A, which are used to transport turbine components from 
overseas to a U.S. staging port, are not subject to the Jones Act. Therefore, the discussion of 

3-24
 



 

 

   
 
 
 
 

 

 

 

 
 
 

 

 

 

 
 

 
 

 
 

 

Clean Energy Center Port and Infrastructure Analysis for Offshore Wind Energy Development 

turbine installation vessels provided below relates to purpose-built vessels currently operating in 
the North Atlantic. 

Commercial vessels are typically certified by a classification society. The purpose of classing a 
vessel is to demonstrate compliance with an independent, accepted standard for vessel design, 
operation, inspection, and maintenance. Several options are available for classing the 
installation and transport vessels for offshore wind development. Existing European vessels are 
classed by Det Norske Veritas as “Self-Elevating Units,” or by Germanischer Lloyd as “Special 
Type Offshore Unit – Surface Unit with Stabilizing Legs.” Additionally, the American Bureau of 
Shipping (ABS) Rules for Mobile Offshore Units also are an appropriate classification avenue for 
installation vessels (see Appendix A and associated references).  

3.4.1.2 Principal Dimensions 

The key dimensions of a turbine installation and turbine transport vessel are beam, length, draft, 
and overhead clearance (a.k.a. “air draft”). The following summaries were extracted from 
Appendix A. 

The beam (width) of the installation and transport vessels is largely dictated by the vessel’s 
stability requirements during transit and, if applicable, the stability requirements and structural 
strength while elevated on legs (i.e., during “jack-up”). Pre-assembled tower components have a 
relatively high center of gravity, which increases the vessel stability requirements and, 
consequently, the required vessel beam. Typical European installation vessels, such as SEA 
JACK and RESOLUTION have a beam in the range of 30 to 40 meters (approximately 100 to 
130 feet). 

The length of the vessel is dictated by functional and cargo requirements and structural 
considerations. Typical European turbine installation vessels and barges have an overall length 
of 90 to 140 meters (approximately 295 to 460 feet).  

The vessel's draft, or the required clearance between the waterline and sea bed, is dictated by 
the hull form and total weight, including the transported cargo. Wind turbine installation vessels 
and barges tend to have full hull forms with large beam and length. As such, the load-out of 
these vessels is typically governed more by space requirements than cargo weight. These 
factors lead to relatively shallow draft requirements. Typical European installation vessels have 
a draft in the range of 3.5 to 5 meters (approximately 11 to 16 feet). 

Overhead clearance, or “air draft”, is dictated by three factors: length of legs (for a jack-up barge 
or vessel), pre-assembly methodology, and crane height in stowed position. The methods of 
turbine component pre-assembly and transport can vary from project to project. The three most 
common methods for transporting pre-assembled components from the staging area to the wind 
farm site were illustrated in Figures 3-4 through 3-6: (1) the bunny ear configuration (lateral); (2) 
the bunny ear configuration (fore-aft); and (3) the star configuration. For purposes of context, 
the barge in Figures 3-4 through 3-6 and in the next few figures was drawn to have a beam 
(width) of approximately 30 m (approximately 100 feet) and an overall length of 122 m 
(approximately 400 feet). The nacelle and blade dimensions represented are based on a 
REPower 5 MW turbine (reflecting future equipment sizes). Figures 3-19 and 3-20 show a fully 
loaded barge with jack-up legs in the transit and jacked-up positions, respectively. Turbine tower 
sections are typically transported in the vertical orientation, with the maximum height 
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approximately even with the top of the blades in the bunny ear configuration. The legs of a jack-
up vessel that is intended to operate in 25 m (approximately 80 feet) of water require an 
overhead clearance of about 45 m (approximately 150 feet) when the legs are in the up 
position4. If the barge is required to jack-up in water depths greater than about 45 m, then the 
leg towers will dictate the overhead clearance requirement. As shown in Figures 3-19 and 3-20, 
the required overhead clearance is approximately 45 m (150 feet). The star configuration 
(Figure 3-6) has the lowest overhead clearance requirement, except when transported aboard a 
jack-up vessel. Overall crane heights vary, but can be approximately as high off the deck in the 
stowed position as the tower sections. To navigate beneath bridges, the legs can be temporarily 
lowered if the channel depth is adequate. 

The star and lateral bunny ear configurations require a lateral clearance of approximately 130 m 
(approximately 425 feet) for the 5 MW system components. The lateral clearance for the fore-aft 
bunny ear configuration is dictated by the barge or vessel beam, which is typically on the order 
of 30 to 38 m (approximately 100 to 125 feet). 

Wind turbines are relatively lightweight for their size. Consequently, cargo vessels that carry 
turbine components are generally space-limited, rather than weight-limited. This means that 
these vessels can operate at a light draft of 9 m (approximately 30 feet) or less, even though the 
design draft may be greater. Table 3-10 presents the principal vessel dimensions for some 
specific existing turbine import vessels. 

The principal dimensions and draft characteristics (navigational and air) of a typical installation 
or transport vessel are presented in Table 3-11. 

Figure 3-19 Loaded Barge in Transit 
(Source: The Glosten Associates 2009) 

4 In general, the legs must be about 20 m (approximately 70 feet) longer than the operating water depth to 
account for soil penetration and the length of the legs inside the hull and jack house. 
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Figure 3-20 Barge Onsite with Legs Down  
(Source: The Glosten Associates 2009) 

Table 3-10 
Principal Dimensions of Specific Turbine Import Vessels 

(Source: The Glosten Associates 2009) 

Vessel Name Length Overall Beam Design Draft 
BBC ELBE 143 m (470') 23 m (74.8') 9.7 m (31.8') 
BBC KONAN 127 m (416') 21 m (68.2') 6.7 m (21.8') 
Beluga F-Series 138 m (453') 21 m (68.9') 8.0 m (26.2') 
Clipper MARINER 101 m (331') 20 m (66.3') 8.2 m (26.9') 

Table 3-11 
Typical Dimensions of Turbine Installation or Transport Vessels 

(Source: The Glosten Associates 2009) 

Length Overall 90 – 140 m (300' – 450') 
Beam 30 – 40 m (100' to 130') 
Navigation Draft 3.6 – 4.9 m (12' to 16') 
Air Draft (legs in up position) varies, approximately 46 m (150') 
Air Draft (tower sections, bunny ears) 46 m (150') 
Air Draft (crane in stowed position) varies 

3.4.1.3 Propulsion 

Self-propelled ships and non-self-propelled barges have both been used successfully to install 
offshore wind farms in Europe. A self-propelled vessel with a dynamic-positioning system can 
cost three to five times as much as a barge with the same crane capacity and jacking system. 
However, a self-propelled vessel can achieve higher transit speeds than a towed barge and can 
work independently (i.e., without tug boats). It is currently unclear whether the U.S. market will 
prefer self-propelled ships or barges. 
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3.4.1.4 Crane Requirements 

The key factors that dictate crane requirements for an installation and transport vessel are the: 

• Maximum weight to be lifted (i.e., the “pick weight”); 
• Maximum height to be achieved above sea surface (i.e., “pick height”); and 
• Required spatial clearance for objects being lifted. 

The first U.S. offshore wind farms will likely use 2.5 MW to 3.6 MW wind turbines, with 5 MW 
turbines becoming commercially available within the next two years. Maximum pick weight and 
pick height generally increase with increasing turbine power rating. Table 3-12 summarizes the 
key crane requirements for two representative turbines (a Siemens 3.6 MW Offshore Turbine 
and a REPower 5 MW Offshore Turbine) and typical monopile components. 

Table 3-12 
Crane Requirements for 3.6 MW and 5 MW Turbines and Associated Monopile Foundations 

(Source: The Glosten Associates 2009) 

Siemens 3.6 MW REPower 5 MW Monopiles 
Max Pick Weight* Nacelle: 125 mt (138 tons) Nacelle: 290 mt (320 tons) 180 – 455 mt 

(200 – 500 tons) 
Max Pick Height** 80 m (260 ‘) 85 – 95 m (280’-310’) Less than 30 m (100’) 

* 1 ton = 2000 pounds = 0.908 metric ton (mt)   

** height above calm sea surface 


Installation techniques vary for monopiles. A crane can lift the monopile or the monopile can be 
“tipped up” from the horizontal to the vertical position. Monopiles are often installed with a 
vibratory hammer, which itself can weigh up to 275 mt (approximately 300 tons) and must be 
lifted by the crane. 

3.4.1.5 Jacking System Requirements 

The current trend in turbine installation vessels is toward those vessels with a four-leg 
configuration. In contrast, the oil and gas industry typically uses three-leg jack-ups. The reason 
for using four legs is to reduce the time required to pre-load the legs (i.e., to test the soil on the 
sea bottom). A three-legged rig requires sea water ballasting to achieve pre-load position. With 
four legs, pre-loading can be achieved by lifting one leg at a time, thereby transferring loads to 
the other legs. A fourth leg also provides redundancy in the event of a leg failure.  

3.4.1.6 Limiting Weather Conditions for Pile Driving and Crane Operation 

The limiting sea state for monopile installation depends on the equipment used, but tends to be 
more sensitive to sea conditions than wind conditions. A robust monopile installation vessel can 
work in up to 2 to 3 m (6 to 10 feet) seas and wind speeds of up to 20-25 knots at the vessel 
deck level.5 

5 Wind speed increases as height above sea level increases. For example, a 20 knot wind at the deck 
could be a 24 knot wind at the height of the nacelle, as per DNV RP-C205 “Environmental Loads”, 
Section 2.3.2.12. 
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Existing turbine installation vessels can operate their cranes in wind speeds of up to 15 knots at 
the deck level (approximately 23 knots at the crane tip) and can jack-up and down in seas as 
high as 1.5 to 3 m (5 to 10 feet). 

3.4.1.7 Requirements for Accommodations 

Installation vessels work around the clock when the weather permits, so personnel 
accommodations are needed aboard the vessel. Turbine installation vessels generally require 
accommodations for approximately 16 persons. The vessel/barge crew includes a master, an 
engineer, four to six mates or deck hands, and two stewards. The wind farm owner often 
requires accommodations for two to five representatives. This brings the total minimum 
complement of individuals on board to 30 to 35 persons. Many installation vessels in Europe 
have accommodations for 40 to 70 persons, and some planned new-build vessels are being 
designed to accommodate up to 200 persons.  

3.4.1.8 Power Requirements 

The primary systems that require power on a wind turbine installation vessel are the crane and 
the jacking system (see Appendix A). Since they do not operate simultaneously, a single power 
plant can be used for both systems. Cranes capable of lifting turbine components require up to 
1,500 kilowatt (kW) (approximately 2,000 horsepower [hp]) power supply. This amount of power 
is generally also sufficient for a jacking system that meets the lifting capacity and jacking speed 
requirements for a vessel carrying three to four complete sets of turbine components. Heavier 
vessels with larger jacking systems will require more installed power, perhaps 3,000 to 
4,000 kW (approximately 4,000 hp to 5,500 hp). 

To achieve even heel and trim prior to jacking operations, the installation vessel must have a 
relatively robust ballasting system. A total pump capacity of 300 to 600 tons of water per hour 
(approximately 72,000 to 144,000 gallons of water per hour) would probably be needed, which 
would require up to 150 kW (approximately 200 hp) of supplied power. 

A self-propelled installation vessel will require a separate power plant that can provide 3,000 to 
5,200 kW (approximately 4,000 hp to 7,000 hp) of power to the propulsion system. This power 
plant can also be used to power a dynamic-positioning (DP) system or to power the crane, but is 
unlikely to suffice for simultaneous operation of the DP system and the jacking system.  

Power generation also is required for “hotel loads”, deck lighting, and emergency systems. 
Existing vessels have installed auxiliary power of roughly 110 kW (approximately 150 hp) for 
these purposes. 

3.4.1.9 Deck Load Requirements 

Existing turbine installation vessels have deck capacities in the range of 1.5 to 20 tons/meter2 

(approximately 300 to 4,100 pounds/square foot (psf)). A 272 mt (approximately 300 ton) nacelle 
with a footprint of 17 m by 4 m (approximately 56 feet by 13 feet) requires a deck capacity of 
roughly 4.5 tons/meter2 (925 psf). Typical ocean class deck cargo barges have a deck capacity 
of 10 tons/meter2 (approximately 2,050 psf). 
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3.4.1.10 Safety Equipment 

Marine installation vessels also must be equipped with life saving equipment (including life 
boats), a fire protection system, and pollution prevention equipment. These requirements would 
not be unique to turbine installation vessels. 

3.4.1.11 Requirements Associated with Alternative and Future Vessel Uses 

It is possible that a purpose-built wind turbine installation vessel could be employed in other 
services, such as general marine construction (e.g., harbors, wharfs, piers, bridges) or offshore 
oil and gas. In both of these industries, there currently exists a wide range of vessel types and 
capabilities in response to a diverse set of needs. A wind turbine installation vessel would be a 
highly capable marine construction vessel. For the oil and gas industry, a wind turbine 
installation vessel would fall in the middle of the “capability spectrum” (e.g., being able to out
perform smaller work boats, but being incapable of performing the most challenging operations). 
The economic viability of using a purpose-built wind turbine installation vessel in other industries 
is difficult to predict, since the market forces that generally drive charter rates are highly volatile 
and industry specific. 

3.4.1.12 Parametric Cost Estimate 

The capital cost for a new-build jack-up crane barge ranges from $40M to $80M (see 
Appendix A). New-build self-propelled jack-up crane vessels have been reported to cost 
between $150M and $250M. However, new-build cost estimates are few and difficult to verify. 
For perspective, a simple deck cargo barge 90 m (approximately 300 feet) in length x 27 m 
(approximately 90 feet) beam can cost up to $20M. A mid- to large-sized, state-of-the-art, ice-
breaking arctic research vessel with several specialized onboard systems can cost between 
$100M and $150M. 

3.4.2 Tugboat and Auxiliary Vessel Requirements 

3.4.2.1 Tug Boat Requirements 

Self-propelled wind turbine installation vessels will likely not require tug assistance, as they 
would be able to move and position themselves using their own propulsion and dynamic-
positioning systems. Barges, on the other hand, would require at least one tug of 3,000 to 
3,750 kW (approximately 4,000 to 5,000 hp) (see Appendix A). In addition, a smaller tug of 
around 745 kW (1,000 hp) may be needed to help position the vessel for jacking operations. If a 
feeder (shuttle) barge is used to transport turbine components from the port staging area to the 
wind farm site, a 1,500 to 3,750 kW (approximately 2,000 to 5,000 hp) tug would be required to 
tow and position the barge. These types of tugs are readily available for hire along the entire 
Northeast coast and should not be a limiting factor. 

3.4.2.2 Crew Boat Requirements 

For ongoing maintenance, a high-speed crew boat is an essential component of marine 
logistics. High-speed crew boats, capable of carrying 15 to 20 passengers, are required during 
wind farm construction. At the peak of construction activity, two boats may be required. Once 
again, this service is readily available along the entire East Coast and should not be a limiting 
factor. In Europe, special vessels and foundation boarding arrangements have been developed 
solely for accessing turbines in rough sea conditions.  
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3.4.2.3 Other Auxiliary Vessel Requirements 

Several auxiliary vessels, which are readily available for hire, are needed to round out the 
marine fleet for the complex task of building an offshore wind farm. These auxiliary vessels 
include: 

•	 dredging equipment; 
•	 cable laying vessels; 
•	 survey vessels; and 
•	 rock laying vessels (to provide scour protection around turbine foundations). 

Once again, these vessels are readily available along the entire East Coast and should not be a 
limiting factor. 

3.5 Navigational Access and Transit Distances 

The required navigational clearances for vessels involved in the construction and maintenance 
of offshore wind farms were evaluated. The key considerations for navigational access are:  

•	 Vessel draft compared to navigable water depth; 
•	 Vessel beam (including overhanging cargo) compared to channel width; and 
•	 Vessel air draft compared to overhead clearance restrictions (e.g., bridges and aerial 

cables). 

Turbine installation vessels govern the air draft and channel width requirements. Turbine import 
vessels govern the draft requirements (e.g., navigable water depth). Tables 3-10 and Table 3-11 
summarized required vessel clearances for turbine import vessels and turbine installation 
vessels, respectively. Table 3-13 summarizes the navigational restrictions associated with 
selected Massachusetts ports. Further details are given in Appendix A. 

Table 3-13 
Summary of Navigational Constraints at Selected Massachusetts Ports 

Staging Port 
Potential 

Obstructions 
Lateral 

Clearance 
Overhead 
Clearance 

Controlling 
Water 
Depth 

Feasible 
Turbine Load-

Out 
Configurations 

Jack-Up 
Feasible? 

New Bedford Hurricane 
Barrier 45 m (150') No 

Constraints 
6.7-9.1 m 
(22’-30') all yes 

Gloucester water depth, 
channel width 61 m (200') No 

Constraints 
4.9-5.8 m 
(16’–19') 

fore-aft bunny 
ear 

Marginal 
(water depth) 

Fall River Mt. Hope 
Bridge 122 m (400') 41 m (135') 12.2 m (40') star Marginal 

(air draft) 

South Boston Logan Airport over 150 m 
(500') Report air 

draft to 
12.2 m (40') all yes 

Charlestown / East 
Boston 
(inner harbor) 

Logan Airport over 150 m 
(500') 

airport traffic 
control 12.2 m (40') all yes 

Mystic River 
Tobin 
Memorial 
Bridge 

over 150 m 
(500') 41 m (135') 7.6-10.7 m 

(25-35') star Marginal 
(air draft) 
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Feasible 

Staging Port 
Potential 

Obstructions 
Lateral 

Clearance 
Overhead 
Clearance 

Controlling 
Water 
Depth 

Turbine Load-
Out 

Configurations 
Jack-Up 

Feasible? 
Chelsea River 
(West of Chelsea 
St. Bridge) 

Andrew 
McArdle 
Bridge 

53 m (175') No 
Constraints 

8.8-12.2 m 
(29-40') 

fore-aft bunny 
ear yes 

Chelsea River 
(East of Chelsea 
St. Bridge) 

Chelsea St. 
Bridge 28 m (93') 25 m (83') 8.8-12.2 m 

(29-40') 
rotor 

disassembled no 

Transit distances from potential New England staging ports to the proposed or possible offshore 
wind farm sites are included in Table 3-14. 

Table 3-14 
Distances from Regional Ports to Proposed Wind Farms 

Staging Location Ports 
Distance 

(nautical miles) 

Alternative 
Route A 
[Around 

Nantucket 
Island] 

Alternative 
Route B 

[Through the 
Cape Cod 

Canal] 
Distance 
(nautical 

miles) 

Distance 
(nautical 

miles) 
Delaware Bay 
(Deepwater)  

Boston, MA 470 330 
Gloucester, MA 445 330 
New Bedford, MA 260 Not Applicable 
Portland, ME 500 400 
Fall River, MA 250 Not Applicable 
Quonset/Davisville, RI 280 Not Applicable 

Block Island 
(Deepwater/Northwind) 

Boston, MA 295 120 
Gloucester, MA 270 120 
New Bedford, MA 50 Not Applicable 
Portland, ME 325 190 
Fall River, MA 45 Not Applicable 
Quonset/Davisville, RI 35 Not Applicable 

Nantucket Sound (Cape 
Wind)  

Boston, MA 130 270 130 
Gloucester, MA 105 240 120 
New Bedford, MA 60 n/a Not Applicable 
Portland, ME 160 295 200 
Fall River, MA 75 Not Applicable Not Applicable 
Quonset/Davisville, RI 70 Not Applicable Not Applicable 

MA OMP Wind Sites 
(Nomans Land Island) 

Boston, MA 260 100 
Gloucester, MA 235 100 
New Bedford, MA 35 Not Applicable 
Portland, ME 290 175 
Fall River, MA 50 Not Applicable 
Quonset/Davisville, RI 40 Not Applicable 
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3.6 Staging Port Through-Put Estimates 
This section examines the expected level of activity at a port serving as a staging area for 
offshore wind farm development. Multiple wind farm construction scenarios were considered in 
order to develop upper and lower bounds of expected port activity. For this analysis the primary 
metric of port activity is the number of wind turbines deployed per month, which is referred to as 
"through-put." 

A desktop tool for estimating the construction time line for an offshore wind farm was applied. 
This time line tool considers numerous parameters representing vessel characteristics, 
climatology, at-sea construction capabilities, and other project considerations. Using this tool, 
the expected through-put of wind turbines at a staging port was estimated for a range of wind 
farm construction scenarios. Each scenario was defined by vessel type, transit distance, and the 
length of the construction season. The methodology and analysis are detailed below. 

Table 3-15 
Excerpt from Time Line Model Illustrating the Typical Work Breakdown Structure 

(Source: The Glosten Associates 2009) 

Cycle Start Time 10/14/12 20:22 
Cycle # 1 
Supply Chain Delay at Staging Area  [hours] 0.0 
Load Vessel  [hours] 24.0 
VESSEL LOADED 3/25/13 18:21 
Vessel Transit to Wind Farm Site  [hours] 25.0 
Weather Availability for Jacking Up 86% 
Jack Up  [hours] (includes weahter delay) 9.3 
Weather Availability for Installation 61% 
Installation of Monopile/Turbines  [hours] (includes weather delays) 88.5 
Jack Down [hours] (includes weather delays) 4.6 
INSTALLATION COMPLETE 3/31/13 1:48 
Vessel Transit to Staging Area  [hours] 25.0 
VESSEL ARRIVES AT STAGING AREA 4/1/13 2:48 
Turbines Installed (total) 3 

Cycle Start Time 4/1/13 2:48 
Cycle # 2 
Supply Chain Delay at Staging Area  [hours] 0.0 
Load Vessel  [hours] 24.0 
VESSEL LOADED 4/2/13 2:48 
Vessel Transit to Wind Farm Site  [hours] 25.0 
Weather Availability for Jacking Up 93% 
Jack Up  [hours] (includes weahter delay) 8.6 
Weather Availability for Installation 72% 
Installation of Monopile/Turbines  [hours] (includes weather delays) 74.6 
Jack Down [hours] (includes weather delays) 4.3 
INSTALLATION COMPLETE 4/6/13 19:16 
Vessel Transit to Staging Area  [hours] 25.0 
VESSEL ARRIVES AT STAGING AREA 4/7/13 20:16 
Turbines Installed (total) 6 
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3.6.1 Methodology and Assumptions 

The desktop time line model breaks down the overall wind farm construction process into 
discrete tasks, assigns a time requirement to each task, and builds a sequential time line for the 
principal activities. Some tasks have a limiting weather criterion, such as maximum wind speed 
for conducting crane operations. The time line model cross-references each weather-dependent 
task with site-specific monthly climatology data to determine whether that task is subject to 
weather delay. 

The work breakdown model is illustrated by the excerpt presented in Table 3-15. 

The following is a list of the assumptions that were used in the time line modeling: 

1. 	 Study considers turbine construction only. Foundation installation is accomplished 
independently and with different marine equipment.  

2. 	 One installation vessel is utilized at a time. 
3. 	 Foundation construction does not delay turbine installation. 
4. 	 Operations (and delays) at the staging area do not delay turbine construction. In other 

words, the turbine installation vessels (TIVs) do not "wait" for the staging area 
operations. 

5. 	 Staging area has 24-hour / 365-day operation. 
6. 	 Existing Vessels are capable of transporting 3 turbines. 
7. 	 Future Vessels are capable of transporting 5 turbines.  
8. 	 Installation vessels are capable of 6-10 knots transit speed. 
9. 	 Limiting wind speed for Existing Vessels is 15 knots. 
10. 	 Limiting wind speed for Future Vessels is 25 knots. 
11. 	 Limiting wave height for jack-up operations (all vessels) is 2.0 m. 
12. 	 For Existing Vessels, time to erect one turbine is 12 hours, once on-site and vessel is 

jacked-up (excluding weather delays). 
13. 	 For Future Vessels, time to erect one turbine is 8 hours, once on-site and jacked-up 

(excluding weather delays). 
14. 	 Wind and wave conditions based on U.S. East Coast from Delaware Bay to Cape Cod. 

3.6.2 Analysis 

The potential utilization of a single port for three different staging scenarios was modeled for this 
analysis. These scenarios, which all assumed New Bedford, MA as the staging port, were: 

•	 Baseline - The Baseline scenario was defined as: 
-	 One offshore wind farm project staged out of New Bedford, MA, using Existing 

Vessel type.  
-	 Number of turbines: 130 
-	 Transit distance from staging area to wind farm site: 50 nautical miles 

•	 Optimistic - The Optimistic scenario was defined as: 
-	 Two projects staged out of New Bedford, MA, using Existing Vessel type.  
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-	 Projects are sequential in time (not concurrent). 
-	 Number of turbines for Project 1: 130 
-	 Number of turbines for Project 2: 100 
-	 Transit distance from staging area to wind farm for Project 1: 50 nm 
-	 Transit distance from staging area to wind farm for Project 2: 50 nm 

•	 Aggressive - The Aggressive scenario was defined as: 
-	 Three projects staged out of New Bedford, MA, using combination of Existing and 

Future Vessel types. 
-	 Projects are sequential in time (not concurrent). 
-	 Projects 1 and 2 use conventional vessel type. 
-	 Project 3 uses future vessel type. 
-	 Number of turbines for Project 1: 130 
-	 Number of turbines for Project 2: 100 
-	 Number of turbines for Project 3: 200 
-	 Transit distance from staging area to wind farm for Project 1: 50 nm 
-	 Transit distance from staging area to wind farm for Project 2: 50 nm 
-	 Transit distance from staging area to wind farm for Project 3: 150 nm 

These scenarios are based on development plans discussed during interviews with project 
developers in July and August of 2009.  

3.6.3 Results 

The results of the desk top time line modeling of these scenarios for New Bedford, MA were as 
follows: 

•	 The time line modeling of the Baseline scenario for turbine staging and installation 
yielded an expected through-put of 15-18 turbines per month for 6-9 months. 

•	 The time line modeling of the Optimistic scenario for turbine staging and installation 
yielded an expected through-put of 16-22 turbines per month for 12-15 months. 

•	 The time line modeling of the Aggressive scenario for turbine staging and installation 
yielded an expected through-put of 15-20 turbines per month for 12-15 months; 
Thereafter, a through-put of 21-25 turbines per month was expected for an additional 
8-10 months. 

Additional wind farm construction scenarios were evaluated to develop a better estimate of the 
potential ranges of through-put that may be required at regional staging ports. Each scenario 
was defined by a vessel type, a transit distance and a length of the construction season. The 
results of these multiple modeling runs are summarized in Table 3-16. 
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Table 3-16 
Expected Through-Put at Staging Port for Various Construction Scenarios 

(Source: The Glosten Associates 2009) 

Transit Distance  
(staging port to wind 

farm site*) 

Existing Vessels** 'Future' Vessels*** 
Summer Winter Summer Winter 

50 nautical miles 20-22 
turbines/month 

16-18 
turbines/month 

30 turbines/month 30 turbines/month 

150 nautical miles 18-20 
turbines/month 

15-17 
turbines/month 

21-25 turbines/month 21-25 turbines/month 

250 nautical miles 15-17 
turbines/month 

12-15 
turbines/month 

16-20 turbines/month 16-20 turbines/month 

Notes: 
* 	 The transit distance from New Bedford to the Cape Wind site is approximately 60 nm. The transit distance from 

Boston to Cape Wind is approximately 130 nm. The transit distance from New Bedford to the Deepwater sites 
near Delaware Bay is approximately 260 nm.  

**	 Existing Vessels means jack-up vessels or barges with slewing cranes, typical of present European offshore 
wind farm construction practice.  

*** Future Vessels means vessels or barges that transport and install fully assembled turbines.  

It should be noted that the above through-put estimates are for turbine installation only. 
Foundation installation is typically completed in advance of turbine installation and can utilize a 
wider range of vessels and staging ports than turbine installation. For U.S. offshore wind farms, 
foundation installation can be completed using existing equipment. 

3.6.4 Near-Term and Long-Term Demands on Staging Port Support Infrastructure 

In the near term (i.e., now through year 2013), a port supporting offshore wind farm 
development is expected to handle approximately 18 to 22 turbines per month. This estimate 
assumes that projects are within 150 nautical miles (i.e., a transit distance) of the staging area 
and that construction operations will take place during spring, summer and fall using 
conventional methods (see Appendix A). Based on the above turbine through-put estimates, the 
near-term demand for support infrastructure at an offshore wind farm staging port is 
approximately as follows: 

•	 40-90 annual port calls (for cargo vessels delivering components); 
•	 70-90 annual port calls (for wind turbine installation vessel); and 
•	 54,500-81,700 mt (approximately 60,000-80,000 tons) of cargo loaded and discharged 

annually. 

These near-term estimates assume: 

•	 18-22 turbines deployed per month for 12 months;  
•	 cargo vessels deliver 3-5 turbines per port call; 
•	 installation vessel loads 3 turbines per port call; and  
•	 total turbine weight is 272 mt (approximately 300 tons). 

Looking ahead to year 2014 and beyond, a port activity level as high as 30 turbines per month 
may be expected assuming an increase in vessel capabilities compared to the present 
technology. Based on the above turbine through-put estimates, the long-term demand for 
support infrastructure at an offshore wind farm staging port is approximately as follows: 
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•	 90-120 annual port calls (for cargo vessels delivering components); 
•	 120 annual port calls (for wind turbine installation vessel); and 
•	 99,900-227,000 mt (approximately 110,000-250,000 tons) of cargo loaded and 

discharged annually. 

These long-term estimates assume: 

•	 30 turbines deployed per month for 12 months;  
•	 cargo vessels deliver 3-5 turbines per port call; 
•	 installation vessel loads 3 turbines per port call; and 
•	 total turbine weight is 272-635 mt (approximately 300-700 tons). 

3.7 Staging Port Support Facility Requirements 
One developer that was interviewed provided a description of the “ideal” port facility to support 
offshore wind. In their view, the port would have: a 910 mt (approximately 1,000 ton) crane on 
rolling tracks that would carry components from a delivery vessel to a storage location; enough 
linear water front footage or berthing to efficiently load/unload one vessel (with a preference for 
multiple deepwater berths to potentially unload several vessels concurrently); and about 
80 hectares (approximately 200 acres) for assembly and storage. 

While no existing Massachusetts port facility has an assembly and staging area this large, the 
existing Commonwealth facilities could be repaired, upgraded, or expanded to provide sufficient 
area to meet the other requirements for staging offshore wind farm construction. If it is 
necessary to provide a larger area at these existing facilities, then a combination of properties at 
these marine parks or a combination of ports would have the ability to provide additional space. 
If the berthing area is sufficient, moored barges also could be used for storage. 

3.7.1 Physical Considerations Relative to Staging Turbines 

There are a few minimum physical port characteristics that are necessary to stage offshore wind 
farm development. Based on a review of various European projects and available 
manufacturers, as well as discussions with potential U.S. offshore wind developers, the 
minimum desirable characteristics include: 

1. 	 7.3 m (approximately 24 feet) depth of water at low tide; 
2. 	 minimum 137 m (approximately 450 feet) berth; 
3. 	 minimum channel clearance to harbor of 40 m (approximately 150 feet); 
4. 	 no restriction or air draft limitation on vertical clearance (in anticipation of a future need 

to transport fully assembled turbines to the installation site); and 
5. 	 relatively short distance in open water to project site. 

3.7.1.1 Harborside Area 

The harborside characteristics of a staging port facility present the most pertinent information to 
determine whether a port is worthy of consideration for wind farm construction staging. Water 
depth criteria directly dictate options with respect to the vessel type, draft and function. Tidal 
fluctuations change the water depth twice a day. Therefore, the minimum water depth at low tide 
is the appropriate characteristic to consider with respect to the navigation channel and berth. 
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The deepest draft vessel used for transporting offshore wind components sets the navigation 
depth criteria. Horizontal channel clearance not only depends on vessel beam, but also on 
component overhang during transport to the installation site. An unobstructed vertical clearance 
is highly recommended. Turbine manufacturers expect 60 m (approximately 197 feet) tall tower 
sections to be transported to the installation site in the upright position. If the turbines are fully 
assembled for transport, then the nacelle and blade would add significantly to this height. 
Furthermore, various installation tasks require jack-up vessels, the retracted legs of which would 
be in the ‘up’ position. The Philadelphia Regional Port Authority has submitted a Transportation 
Investment Generating Economic Recovery (TIGER) application to build a purpose-built wind 
turbine installation vessel; the jack-up legs are 75 m (approximately 246 feet) long. However, 
there may be methods for working around vertical obstructions, such as placing a connector pin 
in the legs or utilizing a hydraulic leg that compresses within itself. The salient point, however, is 
that vertical obstructions can limit the range of acceptable assembly, transport, and vessel 
options. 

With visits from import vessels and transport or installation vessels overlapping, multiple berths 
or longer berths become more desirable. The required length of berthing at a staging port is 
linked to the size of the project and the delivery schedule for its components. If the project is 
“fast track”, the actual amount of material at the staging site might be small in comparison to 
what is there for a “normal” project. The material would arrive as soon as complete, rather than 
being stored at the manufacturer’s facility, and would be shipped in the most cost-efficient 
manner in a vessel filled to capacity. The larger berth would also allow for delivery vessels to 
operate concurrently with the jack-up or other purpose vessels at the dock. 

3.7.1.2 Landside or Lay Down Area 

The landside or lay down area required for a project is also tied to the project size. More turbine 
units will require more space. One of the ways that a lack of space at a given site has been 
addressed in the past is to use alternate sites for different functions. The needs of the 
foundation contractor may be different from those of the turbine assembly contractor. One 
approach would be to stage these two functions from different sites. Although the port criteria for 
turbine assembly may be slightly different from those for foundation assembly, since there is 
some overlap in the type of vessels used for these different functions, in general, the same or 
similar staging criteria can be applied to both. 

The interviews with developers indicated that the lay down area is seen as one of the most 
important logistical elements for a staging port facility. It is crucial to have sufficient space to 
efficiently store and assemble turbine or foundation components. The developers that were 
interviewed provided the information contained in Table 3-17 regarding indoor/outdoor storage 
requirements: 
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Table 3-17 
Indoor/Outdoor Storage Requirements 

(Source: Developer interviews) 

Landside Requirements / Staging Area 4 to 10 hectares (approximately 10 to 25 acres) 
(Bluewater, Cape Wind) 

Quayside Area 150 to 300 m (approximately 500 ft to 1,000 ft)  
(Cape Wind) 

Inside Storage Area Approximately 465 m2 (5,000 sq. ft.) 
(Cape Wind) to up to 929 m2 (10,000 sq. ft.) 
(Bluewater Wind with regard to European 
Experience) 

Accommodation Area (e.g., for offices and 
dormitories for workers) 

Approximately 1,400 m2 (15,000 sq. ft.) 
(Deepwater) 

3.7.1.3 Onshore Construction Area  

Developer needs for onshore construction include space for delivery, storage and assembly of 
turbine components. The estimates obtained for the amount of onshore construction area 
needed varied widely among the developers, manufacturers and representatives of European 
staging facilities, but a minimum of 4 hectares (approximately 10 acres) was indicated to be 
required with 6 to 10 hectares (approximately 15 to 25 acres) of available space being more 
desirable. If a large development (e.g., 110 turbines) were to be fully accommodated on land, 
including both assembly and foundation components, the area required would be about 
80 hectares (roughly 200 acres). However, the logistics of manufacture, assembly and 
installation would never require all units to be co-located on the ground at one time. 

To maximize the use of construction equipment, vessels and crews, turbine suppliers require 
storage based on two factors: (1) having a supply of turbine components ready for assembly 
and deployment; and (2) having an additional area ready for instances where weather precludes 
deployment to the installation site while import vessels continue to deliver components to the 
staging port. While turbine assembly continues, the newly arrived unassembled turbine 
components would need to be stored. Based on manufacturer’s recommendations, and 
assuming storage of 20 or more turbines, the minimum space needed in this scenario is about 
3.4 hectares (approximately 8.5 acres). One of the foundation manufacturers suggested that lay 
down (not manufacturing) might require 1.5 to 2.0 hectares (approximately 4 to 5 acres). 
Another manufacturer suggested that each turbine (and its components, except foundation) 
would require about 6,500 sf, which would require an additional 1.2 hectares (approximately 
3 acres). The pre-assembly area based on one manufacturer’s recommendation would be 
200 m x 50 m or 1.0 hectare (or 650’ x 165’ or 2.5 acres). This suggests that, without 
foundations, the minimum space needed is about 8.5 acres. Additional area (possibly 0.4 to 
3.2 hectares [1 to 8 acres]) would also be needed for parking, field trailers, traffic lanes, and 
other support functions. 

If a through-put of 18 to 22 turbines per month would be deployed to the installation site (based 
on the results of the time line modeling discussed above), the turbine manufacturer would want 
20 nacelles stored at the staging port in advance of assembly and deployment. As workers 
assemble the turbines in preparation for loading onto the installation vessel, and bad weather 
hits the installation site, the assembled turbines would have to be stored at the port. 

3-39
 



 

 
 

 

 
 

 

 
  

 

 
 

 
  

 

 

 

Clean Energy Center Port and Infrastructure Analysis for Offshore Wind Energy Development 

Unassembled turbine components would continue to arrive from the manufacturer and require 
additional storage space for 20 more turbines.  

The preferences for features outlined below for the onshore construction area are based on an 
offshore wind farm consisting of 30 to 60 turbines and describe a port staging area for wind 
turbines only. The following information was drawn from one manufacturer’s specifications 
(Vestas Offshore A/S 2008). There may be engineering solutions that could provide alternative 
arrangements to meet the parameters discussed below. 

General 

Total onshore area 4.5 to 7 hectares (10 to 17 acres) 
Variation factors Shape of area, Number of turbines, Delivery sequence of turbines 
Pier length Minimum 150 m (495’), preferably 200 m 650’) or more 
Water depth at pier Minimum 6.0 m (20’) 
Assembly area Pier Length and 40 m (130’) behind pier 

Details 

Electrical 

Electrical power supply should be 3 x 400 volts alternating current (V AC) (60 hertz [Hz]) and at 
least 200 amp capacity. Major power consumers would be offices, welding and machining, and 
air compressors. It is preferred that the entire site be fully illuminated to facilitate safe night 
work. 

Area Details 

Assembly Area 0.5 – 1.0 hectares 
(1.5-2.5 acres) 

Storage Area 3.5 – 5.0 hectares 
(9-12.5 acres) 

400 m2 (4,300 ft2) sheltered with a minimum 
clear height of 3.5 m (12 ft) 

100 m2 (1,100 ft2) 
secured and dry 

Access, Office, 
Parking 

0.5 – 1.0 hectares 
(1.5-2.5 acres) 

About 200 m2 (2,200 ft2) office and social 
area. 

For minimum 20 
persons 

Total Site Area 4.5 – 7.0 hectares 
(11-17.5 acres) 

The area should be enclosed by fencing with a guard or some type of security system. Water 
supply for fire fighting and general consumption should be available, as well as a wastewater 
system. A suitable drainage system should be installed that meets all regulatory requirements 
for stormwater discharge effluent limits.  

Onshore Handling Equipment 

The following equipment most likely would be necessary for offloading, assembling, and 
deploying offshore wind turbines: 
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1 Large crawler crane (DEMAG CC2800 or similar with 78 m boom length), approximately 2,500 tm as 250 mt at 
10 m radius  

1 Medium crawler crane (Liebherr LR1400 or similar with 42 m boom length), 600 to 800 tm capacity 
1 Truck mounted crane, 150 tm capacity 
1 Cherry picker (telescopic personnel lift for min 2 persons) 
1 Forklift (3 mt (3.5 ton) capacity) 
1 Terrain moving telescopic forklift (3 mt (3.5 ton) capacity) 
1 Terrain moving telescopic forklift with turntable (3 mt (3.5 ton) capacity) 
1 Terrain moving transport vehicle (2-3 persons and minor parts and equipment) 
1 Triple axel trailer (suitable for blade transport) moveable with crane truck or similar 
1 Self propelled low loader (suitable for tower transport, 150 – 200 mt (165-220 ton) capacity) 

3.7.1.4 Inside Storage / Assembly Space 

Some interior storage and/or fabrication space is required for most projects. Developers, 
contractors and manufacturers also have a strong preference for onsite office space. Again, 
estimates of this requirement varied significantly among those interviewed. While some 
suggested 464 m2 (approximately 5,000 square feet) would be adequate for interior storage, 
assembly and office space, a minimum of 930 m2 (approximately 10,000 square feet) with 
appropriate access characteristics was the consensus. Facilities for worker accommodations at 
the staging location or on a ‘hotel’ ship at the installation site have been used for some offshore 
wind farm constructions overseas. One developer suggested an accommodation area of 
1,400 m2 (approximately 15,000 square feet) for office space and worker dormitories. The 
amount of available inside storage or assembly space did not emerge as a major factor in 
staging facility selection decisions. None of the Massachusetts Designated Port Areas (DPAs) 
has such a convenient facility. At this stage of planning, most of the developers had given little 
thought to such needs. Nevertheless, the DPAs in Massachusetts do have nearby 
accommodations. Construction workers at the offshore installation site would expect to work in 
shifts for a 24-hour operation. Crews can travel back and forth on fast transport vessels from the 
construction site to various points on land, thereby eliminating the need for on-site 
accommodations (Vestas 2008). 

3.7.1.5 Load Capacity 

Based on the weight of many of the components, the lay down space may require very high 
capacity ground or deck. Using a simple “footprint” analysis, these loads can reach over 
9.8 mt/m2 (approximately 2,000 psf). As with many of the facility needs, the deck/ground 
capacity issue can be accommodated by using certain types of equipment or by placing “load 
spreading” mats or slabs. Various cranes and other types of material handling equipment will be 
needed, but it is anticipated that the fabrication or erection contractor would provide these items. 

The need for high ground or deck capacity suggests that perhaps a solid fill backland is more 
appropriate than an open pier type structure, which provides an opportunity for the contractor to 
establish high load zones as necessary in its lay down configuration. Open pier structures 
require high capacity piles relatively closely spaced. Historically general cargo and container 
terminal wharves and piers have load capacities of approximately 2.9 metric tons/m2 
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(approximately 600 psf, with the exception being 4.9 mt/m2 (approximately 1,000 psf) at some 
terminals. From a cost standpoint, this is often impractical for pile supported structures. Solid fill 
structures, once out of the active earth zone, can easily have 9.8 metric tons/m2 (approximately 
2,000 psf) load capacity. Load capacity was not used as a criterion to short-list the ports, but 
rather was a consideration that was further analyzed in the engineering review of the short-listed 
facilities. 

3.7.2 Physical Considerations Relative to Staging Foundations  

Some of the harborside restrictions set out for turbine transport may not apply to foundations, 
because foundations are less delicate and can be transported flat on barges. Barge transport of 
foundations would not entail the same height, draft or clearance requirements as turbine 
transport. However the foundation installation vessel may have similar characteristics as the 
turbine installation vessel. If the foundation installation jack-up vessel was at the construction 
site and barges were used to transport foundations to the site, then there would be more options 
for the staging facility. Facilities that are not suitable to stage turbine construction/installation 
because they are upstream of a bridge with a 41 m (approximately 135’) clearance height or 
require 7.3 m (24’) draft or other restrictions could possibly stage foundation deployment.  

The review of the currently planned projects indicated that roughly 744 or more turbines would 
be deployed off the Northeast Coast of the United States (Delaware to Massachusetts). The 
planned projects examined would create a combined need for 544 monopile foundations and 
200 jacket foundations. Monopile foundations are basically large diameter rolled steel piles. 
Monopiles are comprised of rolled steel plate (3.8 to 12.7 cm (1.5 to 5 inches) thick) 
components between 2.1 and 5.5 m (approximately 7 feet and 18 feet) in diameter, and often 
fabricated in 4.5 to 4.6 m (15’ to 16’) long sections. Jacket foundations are lattices of steel 
members. Both types of foundations require a transition piece which is also a rolled steel pipe 
section, with additional add-ons such as electric cable tubes, climbing ladders, platforms and 
docking areas. Tower sections are also rolled steel. These tend to be supplied by the turbine 
manufacturers along with the other turbine components.  

The staging requirements for foundations depend upon the stage of assembly as they arrive 
and the size and type of foundation. The size of the foundation depends on the size of the 
assembled turbine with tower, transition and blades and the maximum wind load imposed on 
them, as well as the geotechnical conditions at the installation site. The staging facility will need 
landside areas for loading and unloading, storage, and potentially for assembly of foundations 
components 

Partially assembled foundations would still likely arrive at a Massachusetts facility by vessel. 
Steel sections for jacket assembly might come from the Gulf of Mexico or overseas. Shipping 
the steel sections allows for maximizing cargo space and minimizes shipping costs relative to 
transporting a fully assembled jacket foundation. A factor in selecting a shipping method is the 
difference between the shipping cost and the labor cost of field welding the bars together. The 
selection also may depend on the availability of a skilled labor force of welders at the assembly 
location. 
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3.7.2.1 Manufacturing and Assembly Requirements  

Monopile manufacturing utilizes a series of specialized machines. Modern versions of this 
equipment are not currently available on the East Coast of the United States. The industry views 
the potential market as lucrative enough to consider opening facilities in anticipation of offshore 
wind energy development. However, the investment risk remains similar to that felt by turbine 
manufacturers and the purpose-built vessel industry. Until a demand for product emerges 
sufficient to project a profitable return on investment, monopiles for East Coast offshore wind 
farms will probably come from elsewhere. The difference here is that a piecemeal approach can 
reduce the initial investment risk. Initial wind farm construction will probably see monopile 
pieces shipped to a staging facility as ‘cans’, or basically smaller sections of rolled steel. At the 
staging location the ‘cans’ would be welded together to form the pile sections appropriate for the 
installation. 

One European steel fabrication firm expects that a functional facility would need roughly 
16,900 m2 (approximately 182,000 ft2) of production floor. The facility would require high 
capacity floors and fabrication cranes with 136-182 mt (150 - 200 ton) capacity, rail access, and 
water access. Like the foundation assembly facility, the required water depth for a foundation 
staging facility would likely be less than is required for a turbine staging facility. 

3.7.2.2 Storage Requirements 

The storage requirements for foundations are more flexible than the turbines since they are less 
sensitive structures. The foundation elements will be exposed to the harsh marine environment 
during their life, and are designed to be exposed to these harsh conditions. If there is a backlog 
of deployment causing foundation storage to overlap significantly with turbine component 
storage, then the required storage area could increase by 2 to 4 hectares (approximately 5 to 
10 acres). Potentially, barges also could provide additional storage in a sheltered bay or harbor 
area. 

3.8 Rail and Road Access 

Issues of port access for the large offshore wind generation components being delivered via rail 
and highway are unique for each port. There is the potential for delivery of components from 
domestic North American suppliers, such as those located in the State of Colorado. Height, 
width, curve radius, and weight limitations associated with rail or roadways are potential 
constraints. Turbine pieces could potentially be transported by component or sections (including 
tower sections, wind blades, and nacelles). Turbine sections and wind blades would be 
transported horizontally and nacelles vertically on transport units, at least for current wind 
turbines being deployed. This will become less viable as the larger, next generation offshore 
wind turbines become available. 

Shipment specifications (dimensions and weights) for typical offshore nacelle components are 
presented in Table 3-18. 
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Table 3-18 
Dimensions and Weights of Turbine Components 

Technical Data for Vestas V112-3.0 MW 
(Source: Vestas 2009a) 

Turbine 
Component 

Dimensions 
Weight Length Height Width/Diameter 

Monopile 
Foundation 

150 to 210 mt (165 to 231 ton) for 28 
to 40 m (92’ to 132’) long monopile 
500 mt (551 ton) for 60 m (200’) long 
monopile 

Varying  
28 - 40 m (92’ to 131’)  
up to 60 m (197’) 

N/A d: 5 m to 5.5 m 
(16.75’ to 18’) 

Transition Piece 170 mt (187 ton) 17 m (56’) per unit N/A d: 4.2 m (13.8’) 

Nacelle 
(including hub) 

125 - 150 mt (138 to 165 ton) 14 m (46’) 3.3 m 
(10.8’) 

w: 3.9 m (12.8’) 

One Blade 12.5 to 18 mt (13.77 to <20 ton) 54.6 m (179’) N/A Max. w: 4.2 m  
(13.8’) 

Tower Section Approximately 70 mt (77.16 ton) 32.5 m (106.6’) N/A d: 4.2 m to 4.5 m 
(13.7’ to 14.76’) 

N/A = Not applicable 

3.8.1 Overview of Rail 

In general, the weight and length proposed for the units (excluding blades) can be handled by 
rail in the nationwide system depending on how finite certain components can be broken down. 
There are various routes throughout the United States that can be employed for shipments of 
oversized shipments. Main line route movement is easier to address than final delivery by rail to 
the various ports. In Massachusetts, delivery to central distribution points would include Beacon 
Park Yard in Allston (which is operated by CSX) or Ayer (which is operated by Pan Am Railways 
in conjunction with Norfolk Southern). From this point, equipment would travel on secondary 
routes to each of the port areas. There are differences in right of ways, bridge clearances and 
secondary access corridors for rail lines throughout the United States and in the region. It can 
be assumed that if the rail link between the manufacturer and a main line rail corridor can 
handle the equipment that the main line corridor can move the equipment anywhere in the 
country. For the most part, if there are any unique choke points, there are sufficient other 
corridors available to handle the move. All of the ports in Massachusetts have rail access. 
However, direct waterfront access varies by area. 

The ability to move component parts via rail is determined by rail corridor track curvatures, 
component weights, and loaded height on the rail car. 

Curvature: The lines to port facilities vary in terms of curvature, so specific routing and the need 
for single overhang vs. double overhang vs. bolster load loadings must be considered to 
address any length issues associated with the specific equipment being shipped. Overhang is 
simply the extension beyond the limits of the rail car either at one end or both. The overhang 
depends upon the length of the item carried and where the center of gravity is for the load.  

Weight: In general, a weight of 81.7 mt (90 tons) can be loaded onto a standard rail car. Heavier 
loads would require either special equipment that is available in various configurations 
(including a bolster load and are able to carry up to about 363 mt (400 tons)). The bolster is the 
part of a railroad car body underneath that connects the truck's pivot to the body (see 
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Figure 3-21). The bolster also includes and refers to the cross members which provide the 
frame for the rail trucks which is the piece between the side frames. The bolster load is the 
maximum weight that the bolster frame and truck assembly can support. Boston and New 
Bedford’s rail network would support standardized loads up to the limits indicated for the rail 
system. New Bedford track conditions are, in general, not as good as in Boston. 

Figure 3-21 Rail Trucks 
(Source: MARPRO Associates International 2009) 

Height: Heights limitations are very route specific. Overall first generation clearances for 
container doublestack cargo movement are 5.8 m (19 feet) “above the rail” (ATR). Second 
generation clearances are approximately 6.8 m (22’ 6”) ATR. In most cases, Massachusetts rail 
lines to ports average 5.2 m (17 feet) ATR. 

In general, components can be designed to be transported on the national rail system (see 
Figure 3-22). They can be broken down to insure they do not exceed rail system limitations on 
weight or clearance. It can be clearly seen in Figure 3-22 that component heights, when loaded 
on rail equipment, generally average a similar height to standard rail box cars. 

Figure 3-22 Broken Down Wind Components on Rail Cars 
(Source: MARPRO Associates International 2009) 
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3.8.2 Overview of Road Transport Requirements 

Overweight and large shipment units are limited to State permitting requirements. These 
requirements allow an excess of 1,240 kg (88,000 pounds) only on roadways either specially 
designated for such shipments or with the use of specialized equipment such as tri-axle trailers. 
Shipments are generally limited to a maximum of 1,410 kg (100,000 pounds) and are often only 
permitted during certain time periods (such as off-peak or overnight periods). Infrastructure is 
also considered in permitting applications including limitations from overhead utilities, road 
lighting, road curvatures and intersections. 

3.9 Implications of Distance 
Developers identified cost as a critical consideration. Under the precept of “time equals money”, 
schedule generally has a strong impact on project cost. The distance between a staging port 
and the installation site affects costs both in terms of fuel schedule. Distance also has an effect 
on controlling the risk of damage or loss during transport. When expensive turbine components 
are in transit from the staging port to the installation site they are more vulnerable to ocean and 
weather effects and motion accidents than when they are being managed from a vessel 
stabilized by jack-up legs. The proximity of the staging port to the installation site, therefore, is a 
factor in reducing risks and costs and risk. 

In terms of component delivery to the staging port, distance also is an important factor, but not 
typically an overriding factor for the project. Required components and raw materials for a 
project may come from Europe, Colorado, or Brazil. One manufacturer that was interviewed 
advised that industry on the Gulf Coast is already set up to manufacture the steel pieces 
needed for jacket piles. This manufacturer expects to barge the fabricated pieces to a location 
closer to the installation site for assembly. He believes that manufacturing and shipping is more 
cost-effective than setting up a manufacturing facility in the region. However, at the same time, 
the manufacturer wants an assembly location relatively close to the fabrication site so that he 
does not have to “ship air” (i.e., the spaces between the framework members). 
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4.0 EVALUATION CRITERIA  
The information presented earlier in this report was developed to identify a broad set of direct 
requirements and highly desirable characteristics of port facilities relative to supporting offshore 
wind farm construction and operation. In this section, the broad list of considerations is analyzed 
and further distilled down to a smaller set of criteria that can be used to effectively and 
adequately differentiate the identified Massachusetts port facilities from each other based on 
their potential to support offshore wind energy development. 

4.1 Summary of Requirements and Desirable Characteristics  

Previous sections of this report have discussed the multiple roles a port plays in staging the 
construction and maintaining the operation of an offshore wind farm. Particular features and 
characteristics of the port either enhance the port’s ability to perform these roles or represent 
obstacles to providing those services and supporting those functions. The direct requirements 
and highly desirable characteristics of port facilities were identified through interviews with 
developers and wind turbine manufactures and then compiled and evaluated. To facilitate 
review, these requirements and characteristics were grouped into five general categories: 

•	 Aspects associated with the wharf and yard portions of the port; 
•	 Aspects associated with the berthing facilities of the port; 
•	 Aspects associated with navigation into and out of the port; 
•	 Aspects associated with the geographic location of the port relative to potential projects; 

and 
•	 Aspects and characteristics of the region in the vicinity of the port. 

Table 4-1 lists these grouped requirements and characteristics. 

Table 4-1 

Groupings of Port Characteristics
 

Aspects of the Port Requirement or Characteristic 
Wharf and Yard • Has available inside storage capacity 

• Has sufficient lay down area for required storage and assembly 
• Would be able to expand the scale of operations 
• Has adequate rail or road access 
• Has previously staged offshore projects or development 
• Has ready access for and experience with large tugs and support vessels 

Berthing Facilities • Has sufficient berth (length and depth) 
• Already has large cranes of sufficient size and type 
• Has piers with high load carrying capacities 
• Has capacity to handle hundreds of additional port calls/year 

Navigation • Has operations 24 hours/day and 365 days/year 
• Is in a sheltered harbor 
• Has no restrictive lateral clearance constraints 
• Has no restrictive air draft constraints 
• Has sufficient draft at low tide 
• Has a short route to open water 
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Aspects of the Port Requirement or Characteristic 
Geographic Location • Is located proximate to related marine infrastructure and equipment 

• Is as close as possible to component manufacturers 
• Is not subject to excessive extreme weather that can adversely affect 

operations 
• Is as close as possible to proposed project sites ( including MA OMP Wind 

Energy Areas) 
Region in the Vicinity of the 
Port 

• Has accommodations for workers and visitors 
• Has, or can quickly develop, a trained work force 
• Has access to a sufficient workforce 
• Development is welcomed by the community 
• Development is welcomed by regulators 
• Development will contribute to economic growth 

First, it should be noted that not all of these collected requirements and characteristics were 
identified to be equally as critical to a port’s ability to successfully support offshore wind farm 
development. Some are “must have” physical requirements, while others represent desirable 
characteristics that potentially could be worked around provided other features are present and 
compensate for their absence. Second, a few of the listed characteristics are complementary 
and linked. For example, ports with ready access to large tugs and support vessels would 
almost certainly be located proximate to other related marine infrastructure and equipment. As 
such, the presence of one generally ensures the presence of the other. Third, some 
characteristics would be shared by any larger port or any port in the Eastern U.S. For example, 
all port locations in the region have accessible accommodations for workers and visitors and 
have access to a sufficient work force. Therefore, these characteristics would not enable one to 
meaningfully discriminate between the ports being comparatively evaluated. 

In consideration of these factors, the requirements and characteristics were distilled down into a 
smaller set of critical criteria appropriate for the comparative evaluation of the ports. The 
distillation process was conducted so that all of the considerations that were identified as critical 
or important were preserved as “hard” requirements, as distinguished from softer trade-off 
characteristics. The criteria that were developed are presented in the next section. 

4.2 Criteria Development 
Upon further consideration of the requirements and characteristics identified above, two sets of 
“hard” requirements were identified for comparing the ports: (1) those related to harbor access 
(referred to as the 1st Tier Criteria) and (2) those related to the port facilities’ attributes needed 
to meet specific developer and turbine supplier needs (referred to as the 2nd Tier Criteria). In 
addition, a set of “soft” criteria was developed that is somewhat more subjective but 
nevertheless allows ports to be distinguished from one another relative to supporting offshore 
wind farm development. Soft criteria attributes may attract developers to consider one port over 
another, and the absence of these criteria is likely to have financial consequences to port 
projects. 

4.2.1 1st Tier Hard Criteria Relating to Harbor Access 

The 1st Tier Hard Criteria identified relative to harbor access were: 
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• Sheltered harbor (protected from bad weather by means of a barrier); 
• Unobstructed vertical (overhead) clearance;  
• Minimum horizontal clearance greater than 40 m (approximately 150 feet); 
• Minimum low tide navigational channel depth of 7.3 m (24 feet);  
• 24/ hour/day and 7 days/week operational availability; and 
• Exclusive use of the staging facility. 

Ensuring port access as dictated by developer and turbine supplier needs is essential. Hard 
criteria related to the logistics of the origin of the turbine components and their method of 
delivery to the staging port and the installation (construction) site are crucial. Possible delivery 
modes include seafaring vessels, rail, and trucking (see Section 3). Physical parameters for 
marine vessels to access a harbor emerge as critical criteria, while rail and trucking access 
were believed to be present or more easily attainable at the set of ports being compared. 
Staging ports need to accommodate vessels shipping and handling the large components used 
for commercial scale wind farms. The greatest vessel draft (depth) establishes the criteria for 
the shipping or navigation channel depth. The widest vessel beam (width) along with the 
method of component transport, which may involve overhang, establishes horizontal 
clearances. Along with vessel height, the options for method of transport also contribute to 
vertical clearance criteria. The potential for bad weather interruptions and the need to maximize 
labor and equipment availability makes a sheltered harbor an essential criterion, especially for 
the barges that are adapted as near-term delivery and installation vessels.  

Implications of the cost of contractor mobilization, vessel and equipment utilization combined 
with weather and seasonal limitations on the construction window result in developers and 
turbine suppliers requiring a port facility that allows operations 24 hours a day, seven days a 
week. Given that optimal operations would entail moving large components around the clock, 
the staging port must also provide exclusive use of the staging facility.  

A systematic evaluation of these 1st tier hard criteria will address the navigational considerations 
identified in Table 4-1. 

4.2.2 2nd Tier Hard Criteria Relating to Port Facilities 

The 2nd Tier Hard Criteria identified relative to the port facilities were: 

• Minimum berth length of 138 m (approximately 450 feet); 
• Minimum berth water depth of 7.3 m (24 feet); 
• Lay down storage and assembly backland area larger than 4 hectares (10 acres); and 
• Proximity to likely offshore wind farm site. 

These 2nd tier criteria establish port facility attributes that would accommodate industry vessels. 
Primarily, these 2nd tier hard criteria must include the water depth at and overall length of the 
facility berth. Water depth must be sufficient to accommodate industry vessel drafts or must be 
attainable through routine dredging. Additionally, vessel length and the number of vessels 
operating simultaneously establish the parameters needed for length of the berth.  
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The size of the backland area landside of the bulkhead for storage and assembly of the turbine 
components and the ability to handle the loads of components and construction equipment are 
significant criteria. The requirements of foundation storage and assembly can increase the area 
requirements, but foundations do not necessarily need to be staged from the same port or have 
the same delivery vessel-related restrictions. Port proximity to the construction site can affect 
operational logistics, risks, and significantly costs. The distance from a port facility to potential 
wind farm sites, therefore, has significance but becomes secondary to the parameters 
discussed above. If a maximum distance is established to screen ports, it may follow, however, 
that closer ports have limitations that could have a persuasive effect on logistics, risks, or costs, 
thereby making more distant ports the more viable option. This has recently been true for the 
U.K. where deployment operations have been staged out of Denmark in some cases. 

A systematic evaluation of these 2nd tier hard criteria will address the wharf and yard and 
berthing facility considerations identified in Table 4-1. 

4.2.3 Soft Criteria 

Soft criteria parameters, as noted above, are other port area attributes that may attract 
developers to consider one port over another. The Soft Criteria identified were: 

• Workforce availability; 
• Education and training facilities; 
• Political climate/community acceptance; and 
• Regulatory considerations. 

The location of education or training facilities and work force availability, including various skilled 
labor trades, could be an important factor in port selection. Soft criteria are discussed in more 
detail in Section 6.4. European offshore wind developers have reported shortages among skilled 
workers in related trades. Massachusetts ports have ready access to considerable education 
and training resources that are geared to offshore and underwater construction, seamanship, 
and technical trades and services. Taking into consideration the nine-plus years’ approval 
process of the Cape Wind project, which was greatly affected by opposition to the project, 
political climate and community acceptance of a large scale industrial operation to support 
potentially controversial projects also must be evaluated. 

A systematic evaluation of these soft criteria will address the aspects of the region in the vicinity 
of the port identified in Table 4-1. 

4.2.4 Screening and Short-Listing the Ports 

The set of ports considered in this study were analyzed using these criteria. Those ports that did 
not meet minimum thresholds were eliminated from further consideration by the Team. 
Section 5 provides an overview of Massachusetts ports that could support staging and 
installation of offshore wind farms, as well as other regional ports that could meet the assembly, 
construction, and/or servicing needs of the offshore wind industry.  

Section 6 describes the process that resulted in the two short-listed ports - the potential South 
Terminal area in the Port of New Bedford Renewable Energy Marine Park and the existing Dry 
Dock #4 in the Port of Boston Marine Industrial Park. 
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5.0 INVENTORY OF PORTS 
The following sections provide an overview and general description of Massachusetts ports, as 
well as regional ports that could support offshore wind development activities. This section also 
provides an overview of the capability of East Coast and Gulf Coast shipyards to construct new 
vessels, modify existing vessels, provide support vessels, and provide repair services. 

5.1 Profiles of Port Facilities in Massachusetts 

The Commonwealth of Massachusetts has a varied mix of marine activities in its five key port 
areas, with connections to both international and domestic markets. Primarily, these ports serve 
as transition points where cargo moves to and from marine modes including ship and barge to 
land-based modes, in particular truck or rail. Appendices F and G provide more detail on these 
ports and modes of transportation. 

Massachusetts has a number of ports that, because of their existing or proposed marine 
terminals, geographic location, proximity to regional commercial activity, and access to land-
based transport to more distant inland markets, already have substantial marine activity 
including a wide range of freight activity. The Commonwealth has one major tonnage and 
diversified seaport and five smaller niche ports that operate within the marine network. The 
major Commonwealth seaport is Boston, and the five niche ports include Gloucester, Salem, the 
Fore River Shipyard, Fall River, and New Bedford. From north to south, profiles of these 
Massachusetts ports and their potential for expanded marine industrial activity are presented 
below. 

5.1.1 Gloucester, Massachusetts 

Background 

The Port of Gloucester is located on Cape Ann and is approximately 22.6 nm (26 miles) north of 
Boston. Cape Ann is located adjacent to the main shipping routes between Southern and 
Northern New England. The port is historically known for its fishing industry. See Appendix E for 
the extent of the Gloucester Designated Port Area (DPA).  

Gloucester still has a large fishing industry and the potential to develop an all water ferry 
connection to the Province of Nova Scotia in Canada. The port has some land area available to 
develop a new marine facility for commercial activities. It has a readily available skilled work 
force and diverse marine service sector. It also has a rail line that would provide access to the 
national rail system, and the Route 128 corridor provides excellent highway connections to the 
New England highway network. 

Facilities 

The primary marine industrial facilities in the port are within the Industrial Port (see Figure 5-1). 
The principal businesses are fishing, fish processing, recreational boating, marine repair and 
supply, and a fledgling cruise ship business. The Industrial Port has become the city’s primary 
marine industrial area with 98% of the land and pile-supported area within this district dedicated 
to industrial and accessory-to-industrial uses. It has recently experienced several significant 
changes, including the opening of the Gloucester Seafood Display Auction, modernization of 
Americold’s and Gorton’s waterfront infrastructure, and significant expansion of facilities on the 
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State Fish Pier. Most recently, the development of the Gloucester Marine Terminal at Rowe 
Square offers important new opportunities for the port (Garcia et al. 2009). The Gloucester 
Marine Terminal, the cruise ship facility, is accessed via the North Channel of Gloucester Inner 
Harbor and can accommodate vessels up to 152.4 m (500 feet) in length and drawing up to 
5.5 m (18 feet). The facility is owned by the City of Gloucester and is limited to tourism activities. 
Larger vessels up to 244 m (800 feet) in length and drawing up to 7.9 m (26 feet) can be 
accommodated inside the breakwater at Gloucester Harbor. 

Gloucester Marine Terminal 

South Channel 

Inner Harbor 

State Fish Pier 

North 
Channel 

Fort 
Point 

Black 
Point 

Figure 5-1 Layout of the Inner Harbor at the Port of Gloucester 
(Source: City of Gloucester Harbor Plan and Designated Port Area  

Master Plan 2009) 

The largest facility is the State Pier, which is dedicated to fishing activities. The 3.1 hectares 
(7.8 acre) facility has a 410 m2 (approximately 4,400 sf) wharf with 425 m (approximately 1,400 
feet) of berthing with depths of between 5.2 and 6.1 m (17 and 20 feet) at mean low water 
(MLW). A dredged channel of 6.1 m (20 feet) at MLW provides access to the pier. 

There are several buildings that support the fishing industry onsite, and a number of businesses 
that support marine activities, including several small boat marinas. There are also a number of 
repair yards and associated businesses. There is little capability at existing facilities for ROWEI 
staging. 
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Harbor Profile 

Gloucester Harbor is a well protected harbor with an easily navigable entrance and broad inner 
harbor located on the south shore of Cape Ann. The entrance to the port is close to the pilot 
station located in Massachusetts Bay.  

The outer harbor has a protective breakwater that extends from the east side of the harbor 
entrance at Easter Point. Primary access is on the western side of the harbor entrance. The 
harbor becomes progressively shallower from about 5.5 to 15.8 m (18 to 52 feet) outside the 
entrance to 7.6 to 9.1 m (25 to 30 feet) within the harbor to less than 4.5 to 7.3 m (15 to 24 feet) 
in the inner reaches. The channel entrance is approximately 365 m (approximately 1,200 feet) 
wide with depths of 11.6 to 14.3 m (38 to 47 feet) into the outer harbor.  

Tidal range is about 2.65 m (approximately 8.7 feet) average, and currents within the harbor are 
nominal. Parts of the harbor entrance are difficult to traverse due to breaking waves in severe 
weather and a number of shoals and submerged obstacles. There is a dredged anchorage for 
vessels with up to 4.9 m (16 feet) of draft about 275 m (approximately 900 feet) southwest of the 
State Fish Pier. 

The inner harbor is defined by a line between Fort Point and Black Point. The approaches to the 
inner harbor have water depths ranging from 6.7 to over 12.2 m (22 feet to over 40 feet). Water 
depths range from 4.72 to 5.8 m (15.5 to 19 feet) in the inner harbor. The lateral clearance is 
approximately 61 to 76 m (approximately 200 to 250 feet). Gloucester harbor has inner areas 
known as the Western Harbor (which is closest to the town center) and Southeast Harbor 
(which is closest to the entrance) (see Figure 5-2). Shoreline areas in the Western Harbor and 
Southeast Harbor have very shallow water depths. There are shallow channel (6.1 m (20 feet) 
at MLW) accesses to the State Fish Pier, Gloucester Marine Terminal and East Gloucester.  

Advantages 

The port is well sheltered and has support mechanisms in place for commercial and industrial 
activities. No overhead clearance constraints were identified in the approaches to the Port of 
Gloucester. The port has both rail and highway access which supports the traffic associated 
with the fish processing industry. There is a waterfront commercial roadway connecting to 
Route 128. 

Disadvantages 

Water depth and lateral clearance are the most significant constraints for the inner harbor at the 
Port of Gloucester (see Figure 5-2). The harbor entrance is narrow and deep, but becomes 
shallow quickly. There is little deep water access to shore areas for large vessels, but access is 
suitable for barges Turbine installation vessels should be able to navigate the Port of 
Gloucester, but turbine import vessels most likely would not be able to call at this port. The 
lateral clearance limits turbine load-outs in the fore-aft bunny ear configuration. The immediate 
area in and around the shoreline is congested and has mixed traffic flow. Although there is rail 
service to the City, it is limited at this time to commuter rail.  
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Western Harbor 

Southeast Harbor 

Inner Harbor 

Breakwater 

Figure 5-2 Gloucester Harbor and Shoreline Areas 
(Source: MARPRO Associates International 2009) 

Potential 

There are limited areas for industrial growth adaptable to ROWEI staging. It is unlikely that a 
suitable location within the port of sufficient size could be identified to handle processing and 
assembly. To take advantage of existing water depth, highway connections and other access 
issues, any facility should be located on the west side of the harbor. 

5.1.2 Salem, Massachusetts 

Background 

The Port of Salem is located 9.6 nm (11 miles) southwest of Cape Ann and is approximately 
10.4 nm (12 miles) northeast of Boston. It is a small harbor, part of an irregular indentation in 
the shoreline of Massachusetts Bay (see Figure 5-3). The watershed area also includes 
Manchester, Beverly and Marblehead Harbors. The port is primarily known for its recreational 
and yachting industry. It also has a deepwater oil facility and commuter passenger service 
connecting to Boston. See Appendix E for the extent of the Salem DPA. 
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LNG Support 
Facility 

Salem Terminal 

Derby Wharf 

Figure 5-3 Aerial View of Salem Harbor 
(Source: MARPRO Associates International 2009) 

Facilities 

The principle deepwater facility in Salem Harbor, Salem Terminal, is located at the head of the 
harbor. The facility handles petroleum for the 27 hectares (approximately 67 acre) New England 
Power Company plant owned by Dominion Energy. In addition, Key Span Energy operates the 
adjacent 6 hectares (15 acre) support facility for an offshore liquefied natural gas handling 
platform. The port has a 0.8 hectares (approximately 2 acre) commuter ferry facility with 
connecting service to Boston. There are several fishing and recreational boat slips in the harbor, 
and the National Park Service has a 244 m (800 foot) berth that is used for historic vessels. 

The port has fuel, water, provisions, and general marine services available, including several 
small machine shops that mostly service smaller craft. There are no dry-dock or shipyard 
facilities in the port for large commercial craft. 

Salem has limited potential for substantial expanded marine industrial activities. The Salem 
Waterfront is shallow and has poor road connections to the waterfront. The port already 
provides supplemental marine support for the expanding petroleum and gas network in New 
England. The port’s only deepwater commercial terminal is situated at the head of the harbor, 
and there are several former rail rights-of-way that connect to inland points. The expansion of 
pipeline connections from the terminal into the gas and petroleum network was first identified in 
the study conducted in 1994 by the Governor’s Commission on Commonwealth Port 
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Development (MARPRO Associates International 2009). While the terminal is primarily used to 
supply the needs of the Salem Power Plant, it has the capacity to handle additional marine 
operations, including ROWEI staging. The port, however, does not have enough of a 
transportation network to meet a wide range of industrial needs, which would require adequate 
waterfront property, deep water access, unencumbered road access, and direct highway and 
rail connections. It does have the potential for other water based activities not dependant on 
road or rail connectivity. 

Harbor Profile 

Salem Harbor is a well protected harbor with three main channels that serve the watershed 
area. The Salem Channel, which is 9.4 m (approximately 31 feet) deep, is the primary access 
channel for deep draft vessels and passes through Salem Sound for approximately 3 nm (see 
Figure 5-4). The channel connects to a turning basin at the west side of the harbor at the Salem 
Terminal Wharf. The turning basin has a controlling depth of 8.2 m (approximately 27 feet). The 
harbor also has a special anchorage area. The harbor extends to the Salem Waterfront where 
the National Park Service’s recreational and fishing piers and ferry terminal are located. Depth 
in most cases at the Salem Waterfront is less than 5.5 to 6.1 m (18 to 20 feet).  

Salem Terminal 

Salem Channel 

Figure 5-4 Salem Harbor and Shoreline Areas 
(Source: MARPRO Associates International 2009) 

The overall range of the tide in the harbor is between 2.6 and 2.75 m (8.5 and 9 feet). Within the 
harbor the current has minimal velocity. There is ice buildup at the head of the harbor during 
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very cold winter months, mostly in January and February. Tug services are available out of 
Boston, and Salem is a U.S. Customs Port of Entry. 

Advantages 

The port is well sheltered and has some commercial vessel activity. The Salem Terminal site is 
underutilized and may be adaptable for some ROWEI staging activities. No overhead or lateral 
clearance constraints were identified in the approaches to the Port of Salem.  

Disadvantages 

The community is a popular tourist destination, and the surrounding waterfront communities 
have significant recreational vessel activities that have hindered industrial waterfront 
development. A potential focus of Salem Harbor is developing the emerging pocket cruise ship 
industry. 

Water depth is a constraint. There is little deep water access to shore areas near the center of 
the waterfront. There is also very little area outside of Salem Terminal where large vessels can 
handle ROWEI components. The immediate area in and around the waterfront is congested, 
has poor capacity for high volume traffic flow, and does not have adequate and acceptable truck 
access. Although there is rail service to the City of Salem, it is limited at this time to commuter 
rail. The rail does not extend to the harbor areas, but there are former rail rights of way that 
connect to the harbor area. There is little space around the harbor for the development of 
additional freight activities other than what is currently handled at Salem Terminal.  

Potential 

The main area for commercial growth lies with the tourism-based cruise business. The 
community is well known and has good growth opportunity in marine based tourism activities. 
There is limited capacity for ROWEI staging or fabrication. 

5.1.3 Boston, Massachusetts 

Background 

The Port of Boston is located north of Cape Cod and is adjacent to the main shipping routes 
between Southern and Northern New England. Within New England, the Port of Boston is the 
second largest tonnage port (after the Port of Portland, Maine,) the largest container port, the 
largest international passenger port and the largest oil port in Massachusetts. The port is 
historically known for its diverse maritime mix. The port has two shipyard facilities, hosts several 
commuter ferry operations, marine research activities, marinas, and the largest U.S. Coast 
Guard facility in New England (see Figure 5-5). While in recent years some segments of the 
port’s activities have declined, notably fishing, the Port of Boston remains the largest of the 
Commonwealth’s five major seaports. See Appendix E for the extent of the Boston DPA. 

Boston is the largest and most prominent freight port in the Commonwealth. It has the most 
diversified port mix and handles the largest volume of containers in New England and the 
second largest amount of petroleum cargo. The port mix includes containers, general cargo, 
automobiles, scrap metal, road salt, project cargo, refined petroleum products, liquefied natural 
gas, international port of call and homeport cruise passengers, and domestic commuter and 
outer harbor ferry operations. Including liquid bulk cargo, the Port of Boston handled over 
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13.6 million mt (approximately 15 million tons) of cargo in 2007. Only the Port of Portland 
handled more, approximately 22.7 million mt (25 million tons) of cargo, mostly crude oil bound 
for Canada. Of the Port of Boston’s total tonnage, 1.54 million mt (1.7 million tons) were 
containerized cargo representing 216,434 intermodal shipping container TEUs. With 4 container 
cranes, the annual port throughput averages 5,288 containers per hectare (2,140 containers per 
acre). The port hosted over 1,000 vessel calls in 2007.  

Figure 5-5 Aerial View of Boston Harbor 
(Source: http://www.mappingboston.org/html/map20-a.htm) 

Boston has some critical key advantages and some distinct disadvantages for potential growth 
(see Figure 5-6). The port is situated within one of New England’s largest market areas for 
products and commodities, and there is a significant amount of related port business, a wide 
range of diversity in the port operational mix, and a strong commitment to expanding activities. 
The port also has numerous terminals, deep water access, full marine services, and a large and 
skilled work force. The port has enhanced the economies of scale at its two major freight 
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terminals, Conley and Moran Terminals, by consolidating container operations at Conley 
Terminal in South Boston, nearest the open seas and deep water areas, and shifting auto 
import and processing operations to Moran Terminal in Charlestown. This has resulted in lower 
overall operating costs and has enhanced the Moran Terminal operating authority’s ability to 
attract and retain auto carrier and processing services. This trade suits the terminal’s draft 
limitations and longer port transit.  

Pier 1 (East Boston) 

Shipyard (East Boston) 

Dry Dock #4 

North Jetty 

Black Falcon Terminal 

Coastal Oil Terminal) 

Figure 5-6 Massport Facilities 
(Source: http://www.massport.com/business/pic/c_haarborwide.pdf) 

Boston has been limited in its ability to take full advantage of significant industrial growth. A 
series of development projects has gentrified port areas, which has created choke points for the 
marine terminals. South Boston, for example, had been developed by the railroads for the 
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handling of freight at numerous piers, but most of the original infrastructure has been replaced 
by new and non-related commercial and residential development. The result is that most of the 
rail infrastructure has been removed and direct rail connections to the waterfront are gone. 
Roadways are congested and direct street connections between the terminal and highway 
connectors are inefficient. The nearest major rail terminal is located at Allston Yard, some 
14 miles from the port, which would make transport and transfer of turbine components or 
ancillary material expensive. 

Facilities 

The public marine passenger and cargo facilities in the Port of Boston are managed by the 
Massachusetts Port Authority (Massport). Massport is an independent public authority that 
develops, promotes and manages Massachusetts’ airports, seaport and transportation 
infrastructure. Massport owns, operates and leases approximately 202 hectares (500 acres) of 
property in Charlestown, East Boston, and South Boston. Most of the properties are located 
within the Commonwealth’s regulated DPAs, which are restricted to maritime industrial 
activities. These facilities include the Boston Autoport located at the combined Mystic River 
Piers and Moran Terminal in Charlestown and East Boston Pier 1 and adjacent properties in 
East Boston. Massport also owns the Paul W. Conley Container Terminal, the Black Falcon 
International Cruiseport, the North Jetty cargo facility, and the Boston Fish Pier all located in 
South Boston. 

The 41 hectares (101 acre) Paul W. Conley Container Terminal South Boston is the largest 
marine facility in the harbor and is utilized for cargo container operations. The facility has 610 m 
(approximately 2,000 linear feet) of berthing with depths of between 12.2 and 13.7 m (40 and 
45 feet). The terminal is equipped with four, low profile gantry cranes capable of 30 moves an 
hour, and the terminal can handle vessels up to an average of 5,000 TEUs, considered mid-size 
in the current vessel market. The container terminal handled nearly 220,000 TEUs in 2007, up 
10% from 2006. The North Jetty is located on the waterfront in the Marine Industrial Park next to 
the Black Falcon Cruise Terminal. It offers 245 m (approximately 800 feet) of berthing space 
with a depth of 12.2 m (40 feet) at MLW (Massport website accessed February 2010). The 
North Jetty facility in South Boston is underutilized and adaptable to ROWEI assembly. 

Boston Autoport in Charlestown is primarily used for automobile import, processing and 
distribution and has capacity for approximately 50,000 cars per year. It is also the location for 
the Wind Technology Testing Center (WTTC), a joint project with the U.S. Department of 
Energy to build a large wind turbine blade testing facility. There is some covered storage for 
high-value automobiles on site in the former Mystic Pier transit shed. The property 
encompasses approximately 20.2 hectares (50 acres) of land, not all of which is actively utilized 
and is consequently potentially suitable for ROWEI staging. The facility is also equipped with a 
shore-side gantry crane. The Boston Autoport is upstream of the Tobin Bridge and, therefore, is 
subject to vertical navigational constraints.  

Another Massport facility in Charlestown is the former Revere Sugar site, now known as the 
Medford Street Terminal, which comprises approximately 5.7 hectares (14 acres) of waterfront 
industrial property with deepwater access. The Medford Street Terminal is being utilized for 
some storage and has good potential for ROWEI assembly. This terminal is upstream of the 
Tobin Bridge, which imposes a vertical constraint of approximately 41 m (135 feet). This 
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restriction makes navigation marginal for jack up vessels and limits turbine load-outs in the star 
configuration. 

The East Boston Shipyard is located on Marginal Street in East Boston between Piers Park and 
the site of the former Navy Fuel Pier. The shipyard is the only ship repair facility in Boston 
Harbor equipped to serve mid-sized commercial vessels. Features include: 3.6 hectares (9 
acres) of backland, including 4 piers and approximately 8.1 hectares (20 acres) of water sheet, 
18,580 m2 (200,000 square feet) of commercial office and industrial building area in 12 
structures, and 762 m (approximately 2,500 linear feet) of commercial berthing space (Massport 
website accessed February 2010). 

Moran Terminal has rail access through Sullivan Square, and Massport owns the freight rail line 
from Sullivan Square into the Terminal. Conley Terminal does not have rail access and there 
are no identified plans for extending rail service into the facility. There is a proposed rail line 
connection that would provide access from the North Jetty for bulk, project and other cargos. 
Most of the roadway system in and around Massport’s South Boston and Charlestown facilities 
is heavy weight rated for handling oversized loads up to 45.4 mt (approximately 100,000 pounds 
or 50 tons). The port has handled a number of project cargos using specialized tri-axle road 
trailers and has received State permits for transportation out of the terminal areas. Massport 
and the Boston Redevelopment Authority, which would have a approximately 15.25 m (50 foot) 
wide right-of-way and would eliminate some potential limitations with local utility infrastructure 
for very large component pieces. The roadway would provide better and unencumbered access 
to the Central Artery/Tunnel connections in South Boston. Massport also has proposed the 
extension of Cypher Street and the reconstruction of E Street as part of the freight roadway 
system with adequate turning curvatures and heavyweight access up to State authorized permit 
levels. 

Harbor Profile 

Boston Harbor is the largest physical harbor in New England and is well protected with a wide 
and easily navigable entrance and large inner harbor with deep water access. The entrance to 
the harbor has numerous shoals and islands. There are two dredged channels and two traffic 
separation schemes which define the approaches to and into the harbor for deep draft vessels. 
The entrance is well marked by navigational aids, and the entrance to the port is close to the 
pilot station located in Massachusetts Bay.  

Boston’s Main Ship Channel extends from the harbor entrance to the mouths of the Mystic and 
Chelsea Rivers and to the Charlestown Bridge on the Charles River. The Federal project 
channel depth is 12.2 m (40 feet) deep from the harbor entrance to the mouth of the Mystic 
River and is 10.6 m (35 feet) in areas near the south side of the harbor to just seaward the 
location of the Third Harbor. The Boston Harbor Deep Draft Navigation Improvement Project 
proposes to deepen the existing channel (USACE 2008). There are several deep draft ship 
anchorages in the harbor with the anchorage on the north side of President Roads used most 
frequently for ships and barges. Tidal range is around 2.75 to 2.9 m (9 to 9.5 feet) with two 
highs and two lows per day. Harbor currents are generally less than 1 knot. 

Table 5-1 below summarizes the navigational constraints in the Port of Boston and their 
operational implications. This report focuses on the port facilities in South Boston, Charlestown, 
and East Boston discussed above. Other facilities on the Chelsea River currently are not 
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considered feasible for ROWEI staging due to lateral and overhead restrictions, which are 
shown in Table 5-1, and are not discussed further. 

Table 5-1 

Summary of Navigational Constraints in Boston 


Potential Lateral Overhead 
Controlling 

Water 
Feasible 

Turbine Load-
Jack-Up 
Feasible 

Staging Port Obstructions Clearance Clearance Depth Outs ? 
South Boston 
(all ports) Logan Airport over 152 m 

(500') report air 
draft to 

12.2 m 
(40') all yes 

Charlestown / East 
Boston 
(inner harbor ports) 

Logan Airport over 152 m 
(500') 

airport traffic 
control 

12.2 m 
(40') all yes 

Medford Street 
Terminal and Mystic 
River 

Tobin 
Memorial 
Bridge 

over 152 m 
(500') 

41 m 
(135') 

7.6 – 10.7 m 
(25’-35') star marginal 

Chelsea River 
(west of Chelsea St. 
Bridge) 

Andrew 
McArdle 
Bridge 

53.3 m 
(175') none 8.8 – 12.2 m 

(29’-40') 
fore-aft bunny 

ear yes 

Chelsea River 
(east of Chelsea St. 
Bridge) 

Chelsea St. 
Bridge 

28.3 m 
(93') 25.3 m (83') 8.8 – 12.2 m 

(29’-40') 
rotor 

disassembled no 

Advantages 

The port is well sheltered and has significant support mechanisms in place for commercial 
vessel activity and ROWEI assembly. There are numerous roadway connections to most of the 
main marine terminals which are heavily used. The port is the largest support center for marine 
activities in New England with a diversified mix of services and associated businesses. 

Disadvantages 

Boston is a typical metropolitan port, with gentrification pressures and limited ability to expand 
marine activities. The Port of Boston is affected by air traffic at Logan Airport. While maritime 
operations are not restricted, according to the Coast Pilot®6, all vessels with air draft greater 
than approximately 25.9 m (85 feet) must advise air traffic control of their presence (U.S. 
Department of Commerce, National Oceanic and Atmospheric Administration and National 
Ocean Service 2009). South Boston facilities do not have significant navigational constraints. All 
turbine load-out configurations (i.e., bunny ear fore-aft, bunny ear lateral, and star) can be 
accommodated. Jack-up vessels can navigate between these ports and the sea. Long-term 
staging operations in South Boston should be evaluated in the context of the vertical limitations 
due to proximity to Logan airport and related FAA regulations.  

While there are numerous road connections to terminals, many are congested and pass through 
residential areas creating potential conflicts with pedestrian and automobile traffic. Rail 
connectivity is very limited in several areas including South Boston, Charlestown and East 

6 The United States Coast Pilot® consists of a series of nautical books that cover a variety of information 
important to navigators of coastal and intracoastal waters and the Great Lakes. Coast Pilot 1 covers the 
coasts of Maine, New Hampshire, and part of Massachusetts, from West Quoddy Head in Maine to 
Provincetown in Massachusetts. Major ports are at Portsmouth, NH and Boston, MA. 
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Boston. Boston’s container and auto terminals have no direct access to the nation’s doublestack 
(Gen2) rail network. Boston is considered to be a high cost port due to existing labor 
agreements and work rules, expensive infrastructure and limited volume capacity. The marine 
terminals, particularly Conley Terminal, have limited area to expand their property boundaries, 
which would affect utilization for other activities. Vessel access to the inner harbor, specifically, 
Charlestown and Chelsea Creek is draft and length limited.  

Potential 

There is adjacent property that can be purchased and added to the existing terminal footprints 
to allow for expanded yard area allowing for dedicated ROWEI processing. Roadway 
connections to the terminals in most cases also need to be improved to provide appropriate 
capability. 

Boston’s industrial marine growth is tied to three major areas to expand marine activities. These 
include: 

•	 Expansion of terminal size; 
•	 Improvement of roadway connections to main highways that avoid the inner city 

roadways; and 
•	 Creation of a better connection to the national rail network. 

5.1.4 Fore River Shipyard 

Background 

Fore River Shipyard is less than 10 miles south of Boston. This approximately 45 hectares 
(111 acre) site is situated partially in both Quincy (2/3) and Braintree (1/3) (see Figure 5-7). Fore 
River Shipyard was once a prominent shipyard in the United States, producing ships for World 
War II (WWII), peaking with approximately 50,000 employees during this time. In the 1970s, the 
1,200 ton "Goliath" crane (since removed in 2008) was built specifically to place aluminum 
spheres (pressure vessels) on the LNG vessels constructed there. Recently, Fore River 
Shipyard has served as the Central Receiving Point for new car delivery to local dealerships. 
See Appendix E for the extent of the Fore River (Weymouth, Quincy and Braintree) DPA.  

The site is currently undergoing an initial planning process to determine potential new uses for 
the site, including marine-related, residential, retail, office, and entertainment. Current planning 
goals are to create a mixed-use, working waterfront development at the site. At this time, the 
Shipyard is actively seeking industrial tenants for both indoor and outdoor space. The Fore 
River which flows directly into Boston Harbor has recently been dredged by the Army Corps of 
Engineers, and can accept “Panamax” class vessels (i.e., vessels of a maximum size to fit 
through the existing Panama Canal). 
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Fore River Bridge 

Quincy 

Fore River 
Shipyard 

Central Receiving 
Point 

Braintree 

Figure 5-7 Aerial View of Fore River Shipyard 
(Source: Google Earth, Fore River Shipyard, 2010) 

Facilities 

The site is currently owned by Daniel Quirk, a local auto dealer, and is used as the Central 
Receiving Point for new car delivery. The port area also contains a ferry terminal for commuter 
boats to Boston and Hull that is run by Harbor Express for the Massachusetts Bay 
Transportation Authority (MBTA). The yard also is used by Jay Cashman, Inc., for heavy 
construction and marine equipment services, the Massachusetts Water Resources Authority, as 
a sewage sludge heat-drying and pelletizing facility, and by the Fore River Transportation 
Corporation for short line freight rail service to CSXT South Braintree (discussion with Daniel 
Quirk). 

The site currently features rail and roadway access, a 41,800 m2 (450,000 square foot) open 
floor building, a 9,290 m2 (100,000 square foot) open floor building, and additional buildings for 
a total of 55,740 m2 (600,000 square feet). The site also includes a 11,150 m2 (120,000 square 
foot) Wet Basin with a current 6.1 m (20 foot) draft that can be dredged to deeper than 9.1 m 
(approximately 30 feet). 

Shipyard Profile 

The Shipyard is located in a well protected area with adequate draft to accept “Panamax” class 
vessels. The entrance to the Shipyard is narrow, restricted by the Fore River Bridge, which 
currently has a 53.3 m (175 foot) vertical clearance and a 53.3 m (175 foot) horizontal 
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clearance. This bridge is a temporary lift bridge and plans are not yet finalized as to whether the 
replacement bridge will be a lift style or bascule style drawbridge. North and East of the bridge, 
the approach channel ranges from 41 to 183 m (136 feet to 600 feet) wide and is approximately 
9.75 m (32 feet) deep. South of the bridge, the channel opens to 122 m (400 feet) wide. 
Channel depth is 9.75 m (32 feet). Tidal range is around 3 to 3.1 m (9.8 to 10.2 feet).  

Advantages 

The port is well sheltered and has significant support mechanisms in place for commercial 
vessel activity. There are numerous roadway connections and an active railroad line.  

Disadvantages 

The entrance to the Shipyard is laterally and vertically constrained by the Fore River Bridge. 
Additionally, the site is currently undergoing an initial planning process to determine new 
potential uses for the site, including marine-related, residential, retail, office, and entertainment. 
Currently, the site is serving as the Central Receiving Point for new car delivery to local Quirk 
car dealerships. Much of the infrastructure is significantly aged. 

Potential 

New bridge design for the Fore River Bridge is yet to be finalized. Additionally, improvements 
could include the following: 

•	 Improvement of roadway connections to main highways that avoid the inner city 
roadways; 

•	 Creation of a better connection to the national rail network; and 

•	 Facilities to support secondary functions associated with offshore wind deployments. 

5.1.5 Fall River, Massachusetts 

Background 

The Port of Fall River is located at the mouth of the Taunton River at the head of Mount Hope 
Bay, at the northeast side of Narragansett Bay, near the Massachusetts-Rhode Island border. 
The port is approximately 18 nm from the south entrance of Narragansett Bay, which flows into 
Rhode Island Sound, 17 nm west of the Cape Cod Canal and approximately 90 nm south of 
Boston. It is geographically located about 74 kilometers (km) (46 miles) south of Boston, 26 km 
(16 miles) southeast of Providence, RI and 19 km (12 miles) west of New Bedford. The port is 
historically known for its manufacturing and distribution and has developed an active break-bulk 
trade. Cargo operations have included handling mostly break-bulk cargoes such as bananas, 
wallboard, heavy equipment, automobiles, wood pulp, chemicals, newspaper and seafood. See 
Appendix E for the extent of the Mount Hope Bay (Fall River and Somerset) DPA.  

The Port encompasses the waterfronts of Fall River and Tiverton, Rhode Island on the east side 
of the Taunton River and the waterfront of Somerset, MA on the west side of the river. The port 
has good highway access and is served by U.S. Route 6, Routes 24, 79 and 138 and Interstate 
195 that connects to Providence, RI with Cape Cod. There are rail freight activities through CSX 
connecting to several industrial sites in Fall River. In addition to freight activities, there are 
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several cruise ship visits each year and a number of recreational vessels activities supported by 
marina facilities at several locations. 

Fall River is also an active niche port serving several international markets. The area is ringed 
with liquid bulk terminals and has the potential for expanded industrial activities at the State 
Pier. The State Pier has available storage and land area for operations but is used for both 
industrial and tourism based activities. One way of enhancing Fall River’s ability to handle more 
marine industrial operations is to remove tourism-based activities from the State Pier. The port 
has good highway access and a rail corridor that requires additional infrastructure 
improvements. 

Facilities 

The port has a number of active private facilities and one principal public facility (see 
Figure 5-8). The Borden and Remington Corporation Wharf is 116 m (380 feet) long with a 
water depth of 8.5 m (28 feet) alongside. The pier is currently used for handling of latex and 
caustic soda, is owned by the Tillotson Co., and is operated by the Borden and Remington 
Corp. 

The primary marine facility for the City of Fall River is the State Pier and is located on the site of 
the former Fall River Line Pier, which was a major steamship operator in New England. The 
State-owned general marine terminal provides two deep-water berths, a 120 m (398 foot) berth 
with a depth of 4.5 to 10.7 m (15 to 35 feet) alongside, and a 189 m (620 foot) berth with a 
10.7 m (35 foot) water depth alongside. There is also a 7,900 m2 (85,000 sf) terminal and roll
on/roll-off facility, as well as 2.8 hectares (7 acres) of open storage yards. The terminal is 
equipped with an approximately 24 m (80 foot) roll-on/roll-off ramp and a 45 mt (50 ton) truck 
scale. There are three rail spurs, which provide direct on-dock rail connections, but only one is 
currently operable. The State Pier handles break-bulk and containers. This cargo comes 
primarily from the Cape Verde Islands, and vehicles and equipment from Angola. The port also 
handles frozen fish, totaling approximately 680 mt (750 tons) per year, from a fish processing 
vessel as well as petroleum products at several private terminals. The State Pier represents the 
best alternative for ROWEI staging.  

Just north of the State Pier is the USS MASSACHUSETTS Battleship Memorial where a 
number of former naval vessels are berthed. The Memorial is an active museum that is open to 
the public and cannot be utilized for marine industrial activities. Two miles above the State Pier 
is the former Shell Oil Company Wharf that has a 213 m (700 foot) berth with a 9.1 m (30 foot) 
water depth alongside. Shell Oil discontinued the petroleum products operations in the 1990s, 
and it is now owned by Fall River Marine, LLC. This site, which is the proposed location of the 
Weaver’s Cove LNG Terminal, could be adaptable for ROWEI staging if it is abandoned by 
Weaver’s Cove. The Mt. Hope, Braga and Brightman Street bridges would impose navigational 
restrictions. The Mt. Hope and Braga bridges each have a 41.1 m (135-foot) vertical clearance 
and a 121.9 m (400-foot) horizontal clearance. The Old Brightman Street Bridge has a 29.9 m 
(98-foot) horizontal clearance but no vertical restriction, and the New Brightman Street Bridge 
has a 18.3 m (60-foot) vertical and 61 m (200-foot) horizontal clearance.  

On the west side of the Taunton River is the Brayton Point Station Dock which has a 310 m 
(1,017 foot) berth with a 10.6 m (34 foot) water depth alongside. The facility is designed to 
handle fuel oil and coal and is owned by New England Power Company. Montaup Electric 
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Company owns and operates a wharf with a 197 m (645 foot) berth and an alongside depth of 
10.6 m (34 feet). The facility is designed for handling fuel oil and coal. 

The rail line that serves New Bedford also serves Fall River and extends to the State Pier facility 

in the harbor. Wind turbine components could be delivered to Fall River via road or rail as long 

as they do not exceed dimension and weight limitations. 


Harbor Profile 

The main access to the Port of Fall River is from the shipping lanes of the Atlantic Ocean, into
 
Narragansett Bay, through Mount Hope Bay, and down the Taunton River. The harbor is a 

medium deep-water harbor with a 10.7 m (35 foot) deep federal channel through Mount Hope
 
Bay to about 0.9 nm (approximately 1 mile) above the Brightman Street Bridge (See Figure 5-8). 

There are additional deep dredged channels near the north Tiverton waterfront with between 6.1
 
and 10.1 m (20 and 33 feet) of water depth. The harbor has no designated anchorages. 


New Brightman 
Street Bridge 

Taunton River 

Mount 

Braga Bridge 

Fall River, MA 

Figure 5-8 Aerial View of Fall River Harbor 
(Source: Google Earth, Fall River, MA, 2010) 

There are two bridges which cross the Taunton River. They include a fixed bridge at the State 
Pier with an air draft clearance of approximately 41 m (135 feet). The second bridge is a 
bascule style bridge with a 18.3 m (60 foot) clearance about 1.1 nm (approximately 1.3 miles) 

Hope Bay 

State Pier 
Borden and 
Remington 
Corporation 
Wharf 
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the bascule style New Brightman Street Bridge with a 18.3 m (60 foot) clearance about 1.1 nm 
(approximately 1.3 miles) above the fixed bridge. There are additional bridges upstream on the 
Taunton River but outside of the deepwater port. 

Tidal currents are generally not a problem for navigation. The mean range of the tide is around 
1.4 m (4.5 feet). Pilotage is compulsory for foreign and U.S. vessels under register of 356 mt 
(392 tons) or more. Pilotage is provided by Northeast Marine Pilots. The Port has U.S. Customs 
port of entry capability through New Bedford. Tug services are available in the port from 
Providence, RI. There are some repair services but no dry-docking capability. There are two 
small shipyards in the port on the west side of the harbor that provide skilled workforce 
capability for wind projects.  

Advantages 

The port is well protected and has support mechanisms in place for commercial vessel activity, 
including ROWEI assembly and staging. There is cargo storage and handling capacity that can 
be utilized for fabrication, and the area is supported by good road and reasonable rail access. 
The port has a roll-on/roll-off facility at the State Pier, which can be used for handling wheel-
based industrial components. There is also capacity at some of the private terminals for new 
industrial development. Water depth is not a significant constraint for Fall River, as dredged 
channels have water depth in excess of 9.1 m (30 feet). The lateral clearance at the Braga and 
Mt. Hope Bridges is 122 m (400 feet). 

Disadvantages 

Vertical clearance is the most significant navigational constraint for the Port of Fall River with 
respect to deployment configurations for offshore wind turbines and assemblies. The Braga 
Bridge and Mt. Hope Bridge each impose a height restriction of approximately 41 m (135 feet). 
This restriction makes navigation marginal for jack-up vessels and limits turbine load-outs in the 
star configuration. Vessel draft is limited to a 10.7 m (35 foot) overall depth that restricts large 
vessel access. The State Pier can only handle small cargo ships. The warehouse space at the 
terminal is unheated and provides only temporary storage, but does provide weather protection 
for project assembly. Most of the critical infrastructure in the port is aging and in need of repairs 
and improvements. 

The port’s commercial and industrial expansion is also hindered by gentrification and a focus on 
tourism-based activities on the Fall River waterfront. There have been a number of proposals for 
expanded industrial development, including a proposal for developing an LNG import facility that 
has been met with significant local opposition. 

Potential 

There are several main areas for industrial growth well suited to ROWEI staging. Its proximity to 
the major shipping route near the Cape Cod Canal places the Port of Fall River in a position to 
facilitate ROWEI staging using smaller ships and barges.  

One of the most significant opportunities is the stalled construction of a LNG facility in the port. If 
not completed, this could potentially provide a parcel of available land for ROWEI staging. 
However, the Mt. Hope, Braga, and New Brightman Street Bridges, all seaward of the LNG 
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terminal, have vertical and horizontal clearance restrictions that could preclude certain turbine 
import and installation vessels and load-out configurations.  

Required Improvements 

The State Pier requires additional investment to bring it up to industry standards for expanded 
cargo handling, and there are several other facilities that require infrastructure improvements, 
including bulkheads, piers and wharves. The site needs to be expanded, and there is an unused 
salt storage area near the State Pier that could be annexed to create increased capacity. The 
rail line needs to be restored in some areas and the trackage improved to accommodate 
increased cargo shipments. An estimated $15 million is required for State Pier improvements 
(MARPRO Associates International 2009). 

5.1.6 New Bedford, Massachusetts 

Background 

The Port of New Bedford is located on the northwestern side of Buzzard’s Bay and is 
approximately 83 miles south of Boston. The port, encompassing the City of New Bedford and 
the Town of Fairhaven (see Figure 5-9), is historically known for its fishing industry connections 
but has developed a significant break-bulk trade. The harbor, considered to be small 
geographically, is located at the mouth of the Acushnet River, and has direct access into 
Buzzards Bay, Vineyard Sound and the Atlantic Ocean. The harbor entrance is approximately 
10 nm from the beginning of the south entrance of the Cape Cod Canal. See Appendix E for the 
extent of the New Bedford - Fairhaven DPA. 

Fairhaven 

New 
Bedford 

Hurricane 

Barrier 


Figure 5-9 Aerial View of New Bedford Harbor 
(Source: MassGIS, 2001) 
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The Port of New Bedford is a deepwater port and is one of the nation's major fishing ports. The 
fishing fleet includes more than 500 vessels operating out of the port. The Port of New Bedford 
also supports a diverse market of cargo transport. Barge operations move aggregate and 
break-bulk cargo to the Islands of Martha’s Vineyard and Nantucket. Shipments of break-bulk 
cargo consisting primarily of house goods are exported to Cape Verde and Angola. The Port of 
New Bedford has the largest throughput tonnage of break-bulk perishable commodities in New 
England. 

The port hosts reefer (refrigerated) vessels that handle fresh fruit and fresh and frozen fish. The 
labor force consists of approximately 30 International Longshoreman’s Association personnel 
for vessel operations and 20 Teamsters for warehouse operations. The port currently handles 
around 25 freighters per year (MARPRO Associates International 2009).  

New Bedford is already an active freight seaport and is a major logistical connection for 
agricultural products entering the New England market. Highway connections are good, and the 
port could benefit from expanded and improved rail connections to meet freight needs. New 
Bedford is a small niche port that can continue to expand activities with some infrastructure 
improvements and investment. It has sufficient deep water access for the size and type of 
vessel common to most break-bulk and project cargo and has available property for expansion. 

Facilities 

The New Bedford waterfront has a number of large and small piers and wharves that are 
primarily used by the commercial cargo and fishing industry (see Figure 5-10). Most facilities 
have good highway connections as well as rail connections. Harbor regulations and berthing 
limits, except berthing for private terminals, are enforced by the Harbor Development 
Commission (HDC) and the Port Maritime Security Unit. 

New Bedford South Terminal Wharf has a 488 m (approximately 1,600 foot) berth with 9.1 m 
(30 feet) of water depth and serves as the major off-loading center for fish product. The wharf 
has 7,080 m3 (250,000 cubic feet) of refrigerated storage on site and handles primarily seafood. 
The southernmost portion of the facility has the potential to build out a 122 m (400 foot) solid fill 
bulkhead. The site currently has 4.0 hectares (approximately 10 acres) of backland. 

Sprague Terminal just North of South Terminal has a 225 m (740 foot) berth with an 8.2 m 
(27 foot) water depth alongside. The pier primarily handles petroleum products, but was 
originally part of the operations of a defunct electric power plant (the building is still standing on 
site.) 
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 Hurricane 

Barrier 
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Figure 5-10 Navagational Map of New Bedford Harbor 
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The State Pier Terminal at the center of the Inner Harbor has three berths measuring 137 m 
(450 feet), 183 m (600 feet), and 236 m (775 feet) with a 9.1 m (30 foot) water depth alongside. 
There are 11,610 m2 (125,000 square feet) of covered storage for general cargo. The facility 
can support freighter service and store over 135 containers. American Cruise Lines operates 
out of the facility with a minimum of 20 ports of call on an annual basis and up to 89 passengers 
per trip. Ferry services also operate out of the State Pier, including passenger and cargo service 
to Cuttyhunk Island and passenger service to Martha’s Vineyard. Ferry service brings over 
115,000 passengers through the port annually. The Quick Start Ferry facility on the State Pier 
allows intermodal transfers of waterborne freight and freight carried by truck and rail. This 
terminal features an 8.2 m (27 foot) pier depth, roll on/roll off capability, offsite cold storage, and 
easy access to the interstate highway system. The ramp is approximately 30.5 m (100 feet) long 
and 5.5 m (18 feet) wide and will hold up to 182 mt (approximately 200 tons). The State Pier 
requires a significant amount of investment to bring it up to industry standards for cargo 
handling (see Section 7). 

Above the Route 6 Bridge are the Maritime Terminal, Bridge Terminal and North Terminal. The 
Maritime Terminal Wharf, operated by Maritime Terminal International, has a 183 m (600 foot) 
berth with a 9.5 m (31 foot) water depth alongside. The facility has 84,960 m3 (3 million cubic 
feet) of refrigerated storage and is one of the largest U.S. Department of Agriculture-approved 
cold treatment centers on the East Coast for use with controlled imported agricultural products. 
The terminal receives approximately 25 vessels a year, each carrying between 1,362 and 
3,630 mt (1,500 and 4,000 tons) of fish or, approximately 1,816 to 2,723 mt (2,000 to 
3,000 tons) of fruit.  

The Bridge Terminal Wharf, on the northeast side of the harbor, is 137 m (450 feet) long with a 
8.5 m (28 foot) water depth alongside. The wharf has a 14,160 m3 (500,000 cubic foot) 
refrigerator warehouse and handles frozen and chilled food products. The facility is owned and 
operated by Bridge Terminal Inc. 

American Pride Seafood is a private facility operating out of the North Terminal and one of the 
world’s leading seafood product processors. The bulkhead supporting this operation is 177 m 
(580 feet) long with a 7.6 m (25 foot) water depth alongside. The facility has 5,890 m2 

(63,400 square feet) of refrigerated warehouse space, 5,342 m2 (57,500 square feet) of freezer 
space and 3,224 m2 (34,700 square feet) of covered warehouse space.  

Within the New Bedford North Terminal Wharf are commercial properties managed by the HDC. 
These properties cover 10.1 hectares (approximately 25 acres) of land. Tenants include the 
seafood processors Eastern Fisheries and Seawatch International, barge operators, ship repair 
facilities, and other maritime service businesses. A 0.8 hectares (2 acre) terminal site is 
proposed to come on-line over the next 5 years. This facility is currently operated by the EPA as 
part of the superfund clean-up will revert back to the City of New Bedford in the next few years. 
The facility has rail connections that lead directly to the water’s edge. 

The port is considered a full service port with associated maritime industries include vessel 
maintenance and repair conducted at dockside or at repair facilities in New Bedford or in 
Fairhaven. The port has two moderate size shipyards, and equipment and provisions to support 
commercial and recreational vessels. 
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New Bedford is served by a rail line operated by CSX. Roadway bridge constraints prohibit 
doublestack (Gen2) access to the port. However, this is not a problem limited to New Bedford. 
An application has been submitted for TIGER Grant money to extend the rail line to the State 
Pier, but further extension to the proposed South Terminal Development site is unrealistic. The 
port has handled overweight and oversized project cargo in the range of 45.4 mt (approximately 
50 tons) out of the northern part of the harbor. Wind farm components could be moved by road 
into New Bedford as long as the loaded units do not exceed permit requirements for oversized 
loads, including weight and overall dimensions. The highway system accessing New Bedford 
conforms to federal standards that allow a minimum vertical clearance under overhead 
structures of 4.88 m (16 feet) in rural areas and 4.27 m (14 feet) in urban areas. Routes into 
New Bedford include US I-195 and Route 18 which connects the west and south port areas to 
the main highways system. 

The Port of New Bedford is considered a moderately deep-water port with overall depths of 
9.1 m (30 feet). The harbor is protected by a hurricane barrier (see Figures 5-9 and 5-10) that is 
constructed across the harbor entrance and is equipped with an opening that can be closed 
during hurricane conditions and severe coastal storms. The port is considered a harbor of 
refuge for vessels in the region. 

The harbor approach is characterized by a number of ledges and shoals. The approach channel 
allows for safe navigation and avoids most of the obstructions. The hurricane barrier entrance is 
45.7 m (approximately 150 feet) wide and opens up to a 107 m (350 foot) wide channel, at a 
depth of 9.1 m (30 feet), extending to a turning basin approximately 305 m (1,000 feet) above 
the New Bedford-Fairhaven Bridge. The range of the tide is 1.1 to 1.2 m (3.5 to 4.0 feet), and 
harbor currents are overall considered weak. Maximum ebb and flood tide currents are under an 
average of 2.5 knots. 

There are vessel limitations due to the hurricane barrier and the Route 6 highway bridge in the 
Inner Harbor (see Figure 5-10). The hurricane barrier opening width is 45.7 m (approximately 
150 feet) and the Route 6 New Bedford–Fairhaven Bridge is 28.0 m (approximately 92 feet) 
wide. All vessel transit to and from northern portion of the harbor (upstream of the Route 6 
Bridge) is subject to daylight only restrictions for vessels with overall length above 121 m 
(400 feet) and/or beam above 18 m (59 feet) and to wind velocity restrictions 

Advantages 

The port is well protected by the hurricane barrier and has support mechanisms in place for 
commercial and industrial vessel activity, including ROWEI staging. The port is has good road 
and rail access, and adaptable warehouse capacity is significant. The port has several 
opportunities for expansion to accommodate ROWEI assembly. 

The harbor is challenged by a significant pollution problem due to local industries which up until 
the 1970s discharged wastes containing polychlorinated biphenyls (PCBs) and toxic metals into 
New Bedford Harbor. There are high levels of contamination throughout the waters and 
sediments of the harbor that extend into Buzzards Bay. This contamination led to New Bedford 
Harbor being designated as a Superfund Site. Since 2004 the EPA has been dredging to 
remove the PCBs in contaminated sediments. The EPA is expected to explore new 
technologies (confined aquatic disposal) that will reduce the demand for land-side facilities. This 
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could accelerate the process of bringing the terminal facility under City control and opening 
other waterfront parcels up for development. 

As a result of the contamination, no maintenance dredging has occurred for over 50 years. The 
port faced the loss of waterfront business unless maintenance dredging could be implemented. 
In 2005, the first navigational maintenance dredging was conducted restoring portions of the 
harbor to useable depths. This has allowed business to increase and larger commercial vessels 
to return to the harbor. 

The navigational draft within the Port of New Bedford is sufficient for turbine installation and 
import vessels. As turbine components are relatively lightweight for their size, import vessels are 
space-limited, rather than weight-limited. As such, they would be able to enter New Bedford 
Harbor with a draft of less than 9.1 m (30 feet). No overhead clearance constraints were 
identified in the approaches to the Port of New Bedford.  

Disadvantages 

While advantageous to port safety, the hurricane barrier however is a significant navigational 
constraint for the southern section (i.e., seaward of the swing bridge) of the Port of New Bedford 
(see Figure 5-10). The lateral (horizontal) clearance is 45.7 m (150 feet), which restricts turbine 
load-outs in the fore-aft bunny ear configuration. The Route 6 New Bedford–Fairhaven Bridge 
has a lateral clearance of 28 m (92 feet), which makes turbine transport above (i.e., upstream 
of) the swing bridge marginal. The Route 6 Bridge not only imposes lateral constraints for 
vessels transiting to and from the northern section of the harbor but also is outmoded and 
causes delays in travel time. The turning basin can only handle small cargo ships. 

Potential 

There are several port areas adaptable for marine terminal expansion capable of supporting 
ROWEI staging. The State Pier requires a significant amount of investment to bring it up to 
industry standards for cargo handling. However, there are several other facilities, including the 
South Terminal that could accommodate ROWEI staging with infrastructure improvements. The 
rail corridor needs to be extended and trackage improved to accommodate increased and 
oversized shipments. Commuter rail improvements are being planned, and the engineering of 
the commuter rail should include upgrades for freight transport. Development and of staging 
areas for trucks is also critical for increased activity in the port. 

The South Terminal is convenient to the mouth of the harbor. Expansion of, and repairs to, the 
South Terminal would create a multi-use manufacturing and shipping facilitate suitable for 
ROWEI staging. Dredging along the bulkhead, improvements to the pier structure, and an 
extension of the existing bulkhead would allow for larger deeper-draft vessel berthing and 
expanded use of the South Terminal facility.  

The North Terminal can be improved for handling of ROWEI fabrication and staging. Terminal 
facilities should be equipped with a versatile mobile harbor crane and ground support 
equipment. This equipment can be used for both cargo handling and wind farm components. 
Additional dredging to provide better access to all deepwater berths could be completed, and 
the turning basin could be lengthened to accommodate longer, higher tonnage cargo vessels. 
Improvements to the Route 6 Bridge are critical to the passage of vessels to North Terminal and 
maximizing vessel access.  

5-24
 



 

 

 
 

 
 

 

 

 

 

 

 

Clean Energy Center Port and Infrastructure Analysis for Offshore Wind Energy Development 

5.2 Profiles of East Coast Ports Outside of Massachusetts 

The other East Coast ports that were evaluated in this study are described briefly below. 

5.2.1 Portland, Maine 

Portland Harbor, at the western end of Casco Bay, is the most important port on the coast of 
Maine (see Figure 5-11). The ice-free harbor offers secure anchorage to deep draft vessels in 
all weather. The harbor is home to significant domestic and foreign commerce in petroleum 
products, paper, wood pulp, scrap metal, coal, salt and containerized goods. It is also the 
Atlantic terminus pipeline for shipments of crude oil to Montreal and Ontario. In 1998, Portland 
became the largest port in the Northeast based on throughput tonnages. 

Casco Bay 

Fore River 

Figure 5-11 Portland Harbor and Shoreline Areas 
(Source: www.maineharbors.com) 

Portland is served by Pan Am Railways and the St. Lawrence and Atlantic Railroad, connecting 
the Port to a national network that also reaches into Canada. Passenger and freight ferries 
serve the nearby islands. Three scheduled airlines operate from the airport, and charter and air 
taxi service is available. Numerous truck lines serve the greater Portland area with interstate 
and intrastate service. 

Although Portland is equipped to handle above-water hull and engine repairs of deep-draft 
vessels, major repairs to large vessels are typically made in Boston or, to a lesser extent, in 
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Bath. Deepwater facilities at Portland include seven petroleum terminals, one general cargo 
terminal, and one international ferry terminal. All have highway connections and most have 
railroad connections.  

The channel from the sea to Fort Gorges has a depth of 13.7 m (45 feet), continuing at 10.7 m 
(35 feet) in the Inner Harbor and Fore River to a turning basin seaward of the railroad/highway 
bridge. The harbor includes two well-protected deepwater anchorages. Casco Bay Bridge, 
approximately 1.3 nm (approximately 1.5 miles) above the entrance to the Fore River, has a 
bascule span with a clearance of approximately 16.7 m (55 feet). 

5.2.2 Portsmouth, New Hampshire 

Portsmouth Harbor, located approximately 3 nm inland of the mouth of the Piscataqua River, is 
the only harbor of refuge for deep-draft vessels between Portland, ME and Gloucester, MA (see 
Figure 5-12). The harbor has sufficient depth to accommodate large deep-draft ships and is 
open throughout the year. The north side of the river, on Seavey Island in Kittery, ME, is 
occupied by the U.S. Navy and the Portsmouth Naval Shipyard. Foreign trade includes 
petroleum products, gypsum, frozen fish, fish products, and salt. Oil shipments in tankers 
drawing as much as 10.7 m (35 feet) arrive frequently in the fall, winter, and spring. The Division 
of Ports and Harbors of the Pease Development Aurhority oversees the maintenance, 
development and use of the port. 

Portsmouth 

Memorial Bridge 

Route 103 Bridge 

I-95 Bridge 
Piscataqua River 

Defense 
Fuel 
Supply 
Point 

Figure 5-12 Portsmouth Harbor and Shoreline Areas Naval Shipyard 
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The port is served by a freight branch of the Boston and Maine Railroad, local and interstate 
highways, and is located within a mile of the International Airport on the Pease International 
Trade Port (formerly the Pease Air Force Base). There are no facilities for dry-docking deep-
draft vessels in Portsmouth Harbor (the nearest for large vessels is Boston). However, local 
machine shops can make minor repairs to machinery, and several boatyards are capable of 
hauling out boats up to approximately 26 m (85 feet) in length. 

All active commercial deep-draft facilities are located on the south bank of the Piscataqua River 
between the first bridge, Memorial Highway Bridge, and Dover Point and have highway 
connections, and all except the Defense Fuel Support Point Newington Dock have rail 
connections. Deepwater facilities at Portsmouth include seven petroleum terminals and 
3 general cargo terminals.  

Depths of about 10.3 m (34 feet) are present in the marked channel through Portsmouth Harbor 
to the Memorial (U.S. Route 1) Highway Bridge. From this bridge, a dredged marked channel 
with a depth of 7.9 m (26 feet) leads for about 3.0 nm (3.5 miles) to a turning basin about 
0.35 nm (0.4 mile) above Frankfurt Island in the Piscataqua River. The controlling depth in the 
turning basin is 10.7 m (35 feet). 

The principal bridges in Portsmouth Harbor are Memorial (U.S. Route 1) Highway Bridge, which 
has a lift span with clearances of 5.8 m (19 feet) down and 45.7 m (150 feet) up, and the 
combined U.S. Route 1 Bypass highway and Boston and Maine railroad bridge, which also has 
a lift span with clearances of 3 m (10 feet) down and 41 m (135 feet) up.  

5.2.3 Providence, Rhode Island 

Providence is located at the head of navigation on the Providence River, approximately 6 nm 
(7 miles) above the junction of the Seekonk River, which empties into the head of Narragansett 
Bay between Nayatt Point and Conimicut Point. The port’s chief waterborne commerce includes 
petroleum products, cement, lumber, steel scrap metal, general cargo, and automobiles. 
Providence is served by rail, highway, and air. 

The piers and wharves of the Port of Providence are located along both sides of the Providence 
River below Fox Point. Deepwater facilities at Providence include six petroleum terminals, one 
LNG terminal, and six general cargo terminals. The alongside water depths range from 8.5 to 
12.2 m (28 to 40 feet) with berth lengths ranging from 152 to 396 m (approximately 500 feet to 
1,300 feet). All the facilities described have highway connections, and most have rail 
connections.  

The port contains 42.5 hectares (105 acres) of on-dock rail, open storage areas and covered 
warehouses, and is a fully licensed, bonded deep water port specializing in dry, liquid bulk, and 
break-bulk commodities (see Figure 5-13). Among the principal products moving through the 
port are chemicals, heavy machinery, lumber, coal, scrap metal and steel products. The 
Providence and Worcester Railroad’s on-dock rail facilities allow direct vessel to rail transfer, 
indoor rail for warehouse loading, and a rail line alongside 8.1 hectares (20 acres) of open lay 
down area. The Providence and Worcester rail line connects to all major rail carriers offering 
service from the Providence area to anywhere in the contiguous U.S. and Canada. 
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Figure 5-13 Port of Providence 
(Source: http://www.provport.com) 

The East Passage, the principal passage in Narragansett Bay, has a depth of about 18.3 m 
(60 feet) for approximately 9.6 nm (11 miles) up the marked channel to the entrance of the 
dredged channel to Providence. The Newport Bridge, a fixed highway suspension bridge, 
crosses East Passage about 3.1 nm (3.6 miles) above the entrance. Vertical clearance through 
the 457 m (1,500 foot) wide center span is 64.9 m (213 feet) at the center, with lower clearances 
towards the outside of the center span.  

The Providence River has a 12.2 m (40 foot) deep channel from just below Prudence Island 
Light to Fox Point near the junction of Providence and Seekonk Rivers. A hurricane barrier 
crosses the Providence River about 183 m (600 feet) above Fox Point. The hurricane barrier 
has a group of three large movable gates that span the Providence River. Each of the three 
gates is 12 m (40 feet) wide. The narrow gates prohibit large ships from passing into the inner 
downtown harbor. However, modern ocean-going vessels now dock at the Port of Providence, 
located south of the barrier (Schachterle et al 2010). There are no bridges over Providence 
River between the mouth and the principal wharves. 

5.2.4 Quonset Point / Davisville, Rhode Island 

Situated between New York and Boston and at the entrance of Narragansett Bay, the Port of 
Davisville in Rhode Island provides one of the best deep water ocean ports on the east coast. 
Major cargo arriving at the port includes automobiles, quarried stone, and general cargo. The 
port has three major piers with over 2,073 m (approximately 6,800 linear feet) of deep water 
dockage and onsite rail tracks. The Port of Davisville is operated by the Rhode Island Economic 
Development Corporation (see Figure 5-14).  
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Figure 5-14 Quonset Business Park 
(Source: RI Department of Environmental Management)  

Quonset Point is located on the north side of Wickford Harbor, with Quonset Point Business 
Park located near the eastern end of the point. The site of two former U.S. Naval installations, 
Quonset Business Park comprises over 1,214.1 hectares (3,000 acres) of land. This land is 
currently administered by the Quonset Development Corporation (QDC), a subsidiary of the 
Rhode Island Economic Development Corporation. Land uses within the Park currently consist 
of mixture of industrial (light, heavy, and waterfront), office uses and public amenities, in 
addition to the Port of Davisville. The Port of Davisville offers 1,371.6 m (4,500 feet) of berthing 
space, consisting of two Piers (each 365.8 m [1,200 feet] in length), a bulkhead, 8.8 m (29-foot) 
channel draft, on-dock rail and a 5.7 hectare (14 acre) lay down area (Quonset Development 
Corporation website). Currently under construction at the Business Park is a mixed-use project 
with hotel, retail, restaurant, and office space. The piers at Quonset Point and Davisville are 
usually approached from East Passage and through a buoyed dredged channel with a depth of 
10 m (33 feet) to a turning basin with depths between 9.75 and 10.7 m (32 and 35 feet), from 
which a channel leads to the piers at Davisville.  

Rail service, provided daily by the Providence & Worcester (P&W) Railroad, consists of 
approximately 14 miles of track in two branches. The P&W rail network allows access to the 
entire United States and Canadian rail system. The railroad offers double-stack intermodal 
transportation services and provides a custom-house broker, shipping agent and forwards 
foreign freight for its customers. Interstate Routes 95, 195 and 295 allow access to regional and 
national markets. Direct trucking service is available to every state, Mexico, and most of the 
Canadian Provinces. 
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5.2.5 New Haven, Connecticut 

New Haven Harbor, an important harbor of refuge, is located about 59 nm (68 miles) from New 
York, 155 nm (179 miles) from Boston via the Cape Cod Canal, and 149 nm (171 miles) from 
the Nantucket Shoals Lighted Whistle Buoy N (LNB). It is the largest deep water port in 
Connecticut and comprises all the tidewater northward of breakwaters constructed across the 
mouth of the bay, including the navigable portions of the West, Mill, and Quinnipiac Rivers. The 
inner harbor, northward of Sandy Point and Fort Hale, is shallow for the most part, except where 
the depths have been increased by dredging. Waterborne commerce in the harbor consists of 
petroleum products, scrap metal, lumber, automobiles, gypsum, paper and pulp products, steel 
products, chemicals, rock salt, and general cargo.  

The main channel has a depth of 10.7 m (35 feet) and a width of 122 to 244 m (400 to 800 feet) 
to a point just below the junction of Mill River and Quinnipiac River (see Figure 5-15). This 
channel depth is sufficient for accommodating ships in the range of 18,156 to 36,312 mt 
(approximately 20,000 to 40,000 deadweight tons). Tomlinson Bridge, at the head of the main 
harbor at the confluence of Mill and Quinnipiac Rivers, is a vertical lift span with a horizontal 
clearance of 73.1 m (240 feet) and a vertical clearance of 4.0 m (13 feet) down and 18.6 m 
(61 feet) up. Just above this bridge is a fixed highway bridge with a clearance of 18.3 m 
(60 feet). 

Mill River 

Quinnipiac River 

New Haven 
Harbor Lodge Turnpike 

Bridge 

Tomlinson Bridge 

Figure 5-15 Aerial View of New Haven Harbor 
(Source: http://www.cityofnewhaven.com/PortAuthority) 
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The deep draft facilities at the Port of New Haven are along the north and east sides of the inner 
portion of New Haven Harbor. Facilities for smaller vessels and barges are along the sides of 
the harbor and in Mill, Quinnipiac, and West Rivers. All deep draft facilities have direct highway 
connections, and most have railroad connections. The port is proximate to the regional highway 
network and I-95. Rail service is being restored to the port along with a series of siding tracks 
proposed for the private terminals. Rail service is provided by the P&W Railroad, and, although 
not serving the port directly, CSX provides rail freight service in the New Haven area.  

New Haven has no facilities for making major repairs or for dry-docking deep draft vessels. 
However, machine shops in the area can make limited repairs to machinery and boilers and 
fabricate shafts and other pieces of equipment. 

5.2.6 New York and New Jersey 

New York Harbor is the principal entrance by water to New York City and the surrounding ports. 
The harbor is divided by The Narrows into Lower Bay and Upper Bay. The Battery, the southern 
tip of Manhattan, is at the junction of East River and Hudson River. The main channel from the 
sea to the deep water terminals in the Hudson River has a depth of 13.7 m (45 feet). 

The Verrazano-Narrows Bridge between the Lower Bay and the Port of New York and New 
Jersey has vertical clearances of between 55.8 and 66.5 m (183 feet and 215 feet). There also 
are three fixed bridges with vertical clearances ranging from 127 feet to 135 feet. 

The Port of New York and New Jersey (see Figure 5-16) has over 1,100 waterfront facilities. 
Most of these facilities are privately owned and operated, and the rest are owned or operated by 
either the railroads serving the port, the Port Authority of New York and New Jersey, the City of 
New York, the States of New York or New Jersey, the Federal Government, or other 
municipalities. This bi-state port includes terminals in New York City and across New York 
Harbor in Elizabeth, NJ and Newark, NJ. The port has a major steamship passenger terminal, 
containership terminals, break-bulk general cargo terminals, and petroleum and other liquid 
cargo facilities. Most of the waterfront facilities throughout the port have highway and railroad 
connections. The Port Authority is undertaking a $600 million ExpressRail project to build or 
expand on-dock and near-dock rail terminals. The Port of New York and New Jersey is served 
by three trunk line railroads and one short-line railroad, numerous trucking firms engaged in 
long-haul and short-haul freight service, and several bus companies. Elizabeth, NJ offers the 
only double-stack intermodal rail access to the port.  
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Newark Bay 

Hudson River  

East River 

Upper Bay 

Verrazano-Narrows 
Bridge 

Lower Bay 

The Battery 

Figure 5-16 Terminal Areas at the Port of New York and New Jersey 
(Source: http://www.panynj.gov/port) 

5.2.7 Philadelphia, Pennsylvania 

Philadelphia is one of the chief ports of the United States and is located at the junction of the 
Delaware and Schuylkill Rivers (see Figure 5-17). Philadelphia’s seaport focuses on several 
areas of international trade, such as the importing of perishable cargoes from South America 
and high-quality paper products from Scandinavia. Philadelphia has both container and break-
bulk terminals, along with good rail and highway connections. It is especially strong as a 
Northeast departure point for carriers in the Caribbean islands trades, and for inbound fruit 
shipments (from Latin America) and meats (from Australia). There have been efforts for years to 
create a bi-state port with the Port of South Jersey across the Delaware River in Camden, NJ. 

The main channel from the sea to the Philadelphia Naval Shipyard has a depth of 12.2 m 
(40 feet), with the other channels through Philadelphia Harbor having varying depths. The Port 
of Philadelphia is in the process of deepening the main channel to 13.7 m (45 feet). There are 
four bridges between Delaware Bay and the Port of Philadelphia with vertical clearances 
ranging from 39 to 57.9 m (128 feet to 190 feet).  
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Figure 5-17 Port of Philadelphia 
(Source: http://aapa.files.cms-plus.com/SeminarPresentations/07_OPSAFIT_Walsh_Jim.pdf) 

The Port of Philadelphia is operated by the Philadelphia Regional Port Authority. Philadelphia 
has more than 45 deep water piers and wharves along its Delaware River waterfront and along 
the Schuylkill River. Port facilities can be accessed by vessel, rail and highway. The port 
facilities are serviced by three railroads. Norfolk Southern provides double-stack intermodal 
service between Philadelphia and major Midwest destinations. Terminal facilities are located in 
close proximity to interstate highways.  

5.2.8 Baltimore, Maryland 

The Port of Baltimore is located at the head of tidewater navigation on the Patapsco River. 
Baltimore Harbor consists of the entire Patapsco River and its tributaries. While part of the 
waterfront lies outside the municipal limits of Baltimore, by state law the port is within the 
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jurisdiction of the Maryland Port Administration. When compared to other East Coast ports, 
Baltimore has a logistical disadvantage as it is 109 nm (125 miles) inland from the ocean, up the 
Chesapeake Bay. 

The main channel between the Virginia Capes and Fort McHenry, Baltimore has a depth of 
15.2 m (50 feet), and other channels in the harbor have depths ranging from 12.2 to 15.2 m 
(approximately 40 to 50 feet). The main channel between the Delaware Capes and Baltimore 
via the Chesapeake and Delaware Canal is 10.7 m (35 feet) deep.  

Principal imports include general cargo, petroleum products, coke of coal, iron ore, aluminum 
manganese, inorganic chemicals, salt, gypsum, lumber, motor vehicles, fertilizers and sugar; 
exports are chiefly: general cargo, coal, automobiles and machinery. Most of the piers and 
wharves in Baltimore Harbor have direct connections with mainline railroads. CSX offers 
double-stack intermodal service at the 28.3 hectares (70 acre) Seagirt Marine Terminal. More 
than 100 steamship companies connect Baltimore with principal U.S. and foreign ports. About 
150 motor truck carriers service the port.  

Baltimore is well equipped to make major repairs to large vessels. The largest graving dock and 
the largest floating dry-dock in the area are located at the Bethlehem Steel Sparrows Point yard. 
Marine railways can haul out vessels up to approximately 38 m (125 feet) and up to 270 mt 
(approximately 300 tons). A plan to dredge the port's berths to 15.2 m (50 feet), the same depth 
as the main channel, is under consideration (see Figure 5-18). 

Figure 5-18 Port of Baltimore 
(Source: http://en.wikipedia.org/wiki/File:Baltoport.jpg) 

5.2.9 Wilmington, Delaware 

The Port of Wilmington is a full-service deep water port and marine terminal handling over 
400 vessels per year. This port has an annual import/export cargo tonnage of over 3.63 million 
mt (4 million tons). Today, Delaware's port is the busiest terminal on the Delaware River. 
Located at the confluence of the Delaware and Christina Rivers, 56.5 nm (65 miles) from the 
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Atlantic Ocean, the port is owned and operated by the Diamond State Port Corporation (see 
Figure 5-19). The Port of Wilmington has wharves that support barge traffic as well as deep 
water facilities. The Port facilities include seven deep water general cargo berths, a tanker 
berth, a floating berth for roll on/roll off vessels on the Christina River, and an automobile and 
roll on/roll off berth on the Delaware River. The Port of Wilmington has the nation's largest dock-
side cold storage facility. 

Lobdell Canal 

Figure 5-19 Terminal Areas at the Port of Wilmington 
(Source: http://dedo.delaware.gov) 

There are no bridges or overhead power cables over the deep water section of the Christina 
River. The Delaware Memorial Bridge has twin suspension spans over the main channel with a 
clearance of 57.3 m (188 feet). There is a 10.7 m (35 foot) channel from the Delaware River to 
Lobdell Canal and a 11.6 m (38 foot) deep turning basin opposite the Wilmington Marine 
Terminal. 

Since it was founded in 1923, the Port of Wilmington has been a major Mid-Atlantic 
import/export gateway for a wide variety of maritime cargoes and trade. Future expansion is 
planned to provide more storage capacity for existing and future commercial businesses. Rail 
access to the port is available via Norfolk Southern and CSX Transportation, with railcar loading 
docks located next to terminal warehouses. 

5.2.10 Virginia Port Authority 

Chesapeake Bay, the largest inland body of water along the Atlantic coast of the United States, 
is 146 nm (168 miles) long with a width of 20 nm (23 miles). The bay is the approach to Norfolk, 
Newport News, Baltimore, and many lesser ports. Deep-draft vessels use the Atlantic entrance, 
which is about 8.7 nm (10 miles) wide between Fisherman’s Island on the north and Cape 
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Henry on the south. Medium-draft vessels can enter from Delaware Bay on the north via 
Chesapeake and Delaware Canal, and light-draft vessels can enter from Albemarle Sound on 
the south via the Intracoastal Waterway. The Port of Virginia has the advantage of being served 
by the deepest ice-free channels on the East Coast. When the harbor is dredged to a 15.2 m 
(50 foot) depth, Norfolk will be the first East Coast port able to accommodate a fully loaded 
8,000-TEU ship, which means the port would be able to accommodate large purpose-built 
offshore wind vessels (see Figure 5-20). 

Newport News 

Interstate 664 
Roadway 

Norfolk 
International 
Terminals 

Norfolk Naval 
Air Station 

Craney Island 
U.S. Naval 
Reservation 

Figure 5-20 Port of Virginia 
(Source: Google Earth) 

Hampton Roads, at the southwest corner of Chesapeake Bay, is entered 13.9 nm (16 miles) 
westward of the Virginia Capes. It includes the Port of Norfolk and the Port of Newport News. 
Hampton Roads is the world’s foremost bulk cargo harbor. Coal, petroleum products, grain, 
sand and gravel, tobacco, and fertilizer constitute more than 90 percent of the cargo handled at 
Hampton Roads ports. Hampton Roads ports are served by a terminal beltline, several large 
railroads, and by more than 50 motor carriers. In addition, over 90 steamship lines connect 
Hampton Roads with the principal U.S. and foreign ports. 

Norfolk Harbor comprises a portion of the southern and eastern shores of Hampton Roads and 
both shores of the Elizabeth River. Norfolk Harbor has numerous wharves and piers of all types, 
the majority of which are privately owned and operated. All have freshwater connections and 
access to highways and railroads.  
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The Virginia Port Authority is expanding capacity to meet increased demand for terminal space. 
When this renovation is complete, it will be home to eight of the largest cranes in the world and 
the wharf will be a state-of-the-art facility capable of handling the heaviest cargo in the world. In 
addition, Maersk Sealand plans to invest a total of $450 million for a new terminal on 
approximately 100 hectares (250 acres) of Virginia Port Authority property in nearby 
Portsmouth, Virginia, the first major privately developed terminal in the United States. 

Hampton Roads has extensive facilities for dry-docking and making major repairs to large deep-
draft vessels. The shipyard at Newport News has one of the largest and best equipped graving 
docks in the United States. There are many other yards that are especially equipped to handle 
medium-sized and small vessels. 

The approach to Hampton Roads is through the 16.7 m (55 foot) Thimble Shoal Channel. There 
are natural depths of 6.1 to 24.2 m (20 to 80 feet) in the main part of Hampton Roads, but the 
harbor shoals to less than 3 m (10 feet) toward the shores. Dredged channels lead to the 
principal ports. Two main Federal channels, marked by buoys, lead through Hampton Roads.  

5.3 U.S. East and Gulf Coast Shipyard Construction and Repair Capacity 
The construction of new tonnage and repair of marine equipment in both the propelled and non-
propelled market has become an issue in recent years because of shifting shipyard capacity 
throughout the world. While new capacity in other parts of the world has replaced lost capacity 
in the U.S., declining domestic demand has reduced the number of available shipyards in this 
country for new construction or repair of large vessels. At the same time, recent regulations 
such as the Jones Act, require vessels in domestic service or operating in domestic waters to be 
built and serviced in U.S. yards. As the number of yards available for new construction or repair 
decreases due to declining demand, the number of yards able to comply with Jones Act 
requirements also decreases. This is particularly evident in the Northeast U.S. where shipyards 
able to handle large tonnage vessels, including deep water cargo ships, tankers and specialty 
vessels such as offshore delivery and support vessels, have dramatically decreased. 

While yards that handle large tonnage vessels have decreased, the demand has remained 
relatively stable for yards that handle smaller vessels such as tugs, offshore service vessels and 
barges. Current and anticipated demand for commercial construction of cargo and petroleum 
vessels has been addressed by fewer facilities that have increased their size and capability in 
some cases. 

Specialty wind farm vessels have unique construction and servicing requirements. For the 
purpose of this analysis, a purpose-built vessel with a length overall (LOA) of 143 m (470 feet) 
and a width (beam) of 39.6 m (130 feet) was selected to establish the largest dimensions for 
representative turbine import and installation vessels. Smaller service vessels including offshore 
supply boats (that can be readily adapted for serving offshore wind farm equipment) and tug 
and barges also were considered as they are employed regularly in offshore activities. Whereas 
installation and service vessels handling offshore wind turbine components within the territorial 
waters of the U.S. would be subject to the Jones Act, import/delivery vessels could be foreign 
flagged if their operation were limited to equipment delivery at a single U.S. port. 

The following analysis assesses construction capacity and repair capacity at U.S. shipyards. 
See Appendix H for more detail. 
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5.3.1 Construction Demand and Capacity 

Construction demand for small vessels over the last nine years in the U.S. has been steady and 
has increased due to the fact that numerous vessels are reaching the end of their serviceable 
life. A growing number of stricter regulations and replacement requirements have increased 
demand for new small vessel construction in recent years, particularly in the tug and barge 
industry. Tug and barge construction demand is illustrated in Table 5-2. 

Table 5-2 
Nine Year Tug and Barge Construction Demand-U.S. Shipyards 

(Source: MARAD Shipbuilding Statistics) 

Vessel Type 2000 2001 2002 2003 2004 2005 2006 2007 2008 
9-Year 
Totals 

Average 
per Year 

Tugs and 
Towboats 72 63 73 60 73 70 94 121 165 791 88 

Dry Cargo Barges 
>5000 Gross Tons 1 3 2 0 4 1 3 2 4 20 2 

Inland Dry Cargo 
Barges 775 609 672 217 427 219 672 846 4,427 553 

Vessel construction has begun to increase over the last several years as the need for larger and 
more versatile vessels has risen. Towing and offshore supply companies are replacing smaller 
horsepower vessels with larger units, such as tractor tugs or higher capacity, higher horsepower 
supply vessels. 

Barge construction is of particular importance as the servicing and installation of offshore 
renewable energy facilities may well be handled by tugs and barges because of their lower 
operational costs. The demand for barge construction is using up ship construction capacity in 
the yards where offshore specialty vessel construction could take place. Production of tank 
barges has increased to meet regulatory requirements for double-hulled barges under the Oil 
Pollution Act of 1990 (OPA 90). The age comparison between the overall barge fleet and tank 
barges is of note. Only 30% of all barges are more than 25 years old, whereas fully 50% of tank 
barges are 25 years or older. This is expected to result in a surge of tank barge orders in the 
next 5 years to replace existing barges aging past their prime. In 2008 alone more than 132 new 
tank barges were built, increasing delivery times and reducing capacity for other types of 
construction. While shipyards are positioned to meet most vessel construction demands, there 
are longer delivery times for new vessels. At present there is sufficient building capability to 
meet both new construction demands with backlogs running six months to one year. This is 
considered by the industry to be reasonable for vessel orders and deliveries. Due to the 
complexity and unique nature of specialty offshore vessels, a significantly longer lead time 
should be considered when calculating construction cycles and delivery needs. 

There were recently 63 vessels under construction that have been delivered or planned for 
delivery by U.S. shipyards by the end of 2009, most being tugs and towboats. A compilation of 
the results of a survey conducted of shipyards with recently completed contracts is presented in 
Table 5-3. 
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Table 5-3 
Recent Shipyard Contracts as of 2009 
(Source: MARAD Shipyard Statistics) 

Vessel Name Shipyard Owner Type GT Delivery 
Safety Team B. & B. Boatbuilders AEP River Operations 1,550-hp Towboat 157 May-09 
Miss Lucy B. & B. Boatbuilders Pushboat 29 May-09 
Shiney V. Moran C. & G. Boat Works Moran Towing 5,360-hp Tug 192 May-09 
Roger Binsfeld Hope Services Brennan Marine Towboat 144 May-09 
Mountain State Quality Shipyard AEP River Operations 6,000-hp Towboat  774 May-09 
Coon Wise GNOTS Marine GNOTS Reserve 2,400-hp Towboat 107 May-09 
Blake Boyd Eastern Shipbuilding Florida Marine 2,600-hp Towboat  260 May-09 
Pat Voss Verett Shipyard Towboat 347 Apr-09 
Yellowfin Thoma-Sea Shipbuilders Penn Maritime 4,000-hp ATB Tug 223 Apr-09 
San Brendan Bludworth Shipyard Buffalo Marine 1,320-hp Towboat  185 Apr-09 
Elvis Inland Boat Works Pushboat  52 Apr-09 
Hunter M Orange Shipbuilding Bay-Houston Towing 6,300-hp Escort Tug 425 Mar-09 
Salvation Raymond & Associates Eckstein Marine 2,000-hp Towboat 167 Feb-09 
Greg McAllister Eastern Shipbuilding McAllister Towing 6,000-hp Tug 172 Jan-09 
Severn Thoma-Sea Boatbuilders Vane Brothers 4,200-hp Tug 341 Jan-09 
Corpus Christi Eastern Shipbuilding US Shipping 12,000-hp ATB Tug 919 Jan-09 
C-Tractor 19 GulfShip Alpha Marine Services Tractor Tug 298 4-May-09 
Parker A. Settoon Eastern Shipbuilding Settoon Towing 3,000-hp Towboat 289 22-Apr-09 
Joshua Caleb A. & B. Industries CLM Marine Towboat  95 22-Apr-09 
Lamar Golding D.E.S. Boatworks Golding Barge Line Towboat  277 20-Apr-09 
Susanne T Hardrock Marine Services Endeavor Marine 21 16-Apr-09 
Scott Stegbauer Steiner Shipyard Southern Towing 3,200-hp Towboat 402 14-Apr-09 
George Main Iron Works Harbor Docking 6,140-hp Harbor Tug 734 10-Apr-09 
Miss Cassie Robert Crawley Robert Crawley Pushboat 13 9-Apr-09 
Safety Forever B. & B. Boatbuilders AEP River Operations 1,550-hp Towboat 157 9-Apr-09 
Janis R. Brewer Eastern Shipbuilding Crounse Corp. 4,000-hp Towboat 472 9-Apr-09 
Ruth M. Reinauer SENESCO Reinauer Transportation 4,000-hp ATB Tug 485 8-Apr-09 
Capt C H Guidry Eastern Shipbuilding Florida Marine 2,600-hp Towboat  260 7-Apr-09 
Mannie Cenac Intracoastal Iron Works Cenac Towing Pushboat 95 3-Apr-09 
Captain Robert A. & B. Industries Odyssea Vessels 4,200-hp Towboat  97 31-Mar-09 
Anacostia Thoma-Sea Boatbuilders Vane Brothers 4,200-hp Tug 341 30-Mar-09 
Genie Cenac Tres Palacios Marine Cenac Towing 3,200-hp Towboat 189 27-Mar-09 
Delta Billie Nichols Bros Boatbuilding Bay Delta Marine 6,800-hp Escort Tug 194 26-Mar-09 
Commitment VT Halter Marine Crowley Marine 9,280-hp ATB Tug 465 26-Mar-09 
Holy Cross Raymond & Associates Eckstein Marine 2,000-hp Towboat 167 16-Mar-09 
Affirmed C. & C. Boat Works Turn Services Towboat 147 10-Mar-09 
Kyle A Shaw Hope Services Maryland Marine 1,800-hp Towboat  144 4-Mar-09 
Capt Dean Eastern Shipbuilding Florida Marine 2,600-hp Towboat  260 27-Feb-09 
AK Hotchkiss Progressive Industrial Riverside Basin Marine Pushboat 17 26-Feb-09 
W. J. Authement Intracoastal Iron Works Intracoastal Iron Works  Towboat 95 25-Feb-09 
Patuxent Thoma-Sea Boatbuilders Vane Brothers 4,200-hp Tug 341 25-Feb-09 
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Vessel Name Shipyard Owner Type GT Delivery 
Morgan City Raymond & Associates Kirby Inland Marine 1,800-hp Towboat  223 26-Feb-09 
Austin C. Settoon Eastern Shipbuilding Settoon Towing 3,000-hp Towboat  289 19-Feb-09 
Alton St. Amant Sneed Shipbuilding Blessey Marine 1,700-hp Towboat  249 19-Feb-09 
Ted Main Iron Works Harbor Docking 6,140-hp Habor Tug 481 17-Feb-09 
Safety Priority B. & B. Boatbuilders AEP River Operations 1,550-hp Towboat 157 17-Feb-09 
Sesok Diversified Marine Vessel Mgmt. Svces. 1,362-hp Tug 143 12-Feb-09 
Nachik Diversified Marine Vessel Mgmt. Svces. 1,362-hp Tug 133 12-Feb-09 
Orca One Geo Shipyard Orca Maritime Towboat 299 10-Feb-09 
Panther Serodino Serodino  Towboat  75 10-Feb-09 
Gladiator Gulfbound Dragnet Seafood Towboat 90 10-Feb-09 
Mr Nelson Diversified Marine  AC Marine Towboat  77 4-Feb-09 
Danny L Whitford Gulf Inland Marine Hunter Marine Transport Towboat  445 3-Feb-09 
Celine B Inland Boat Works Joseph B. Fay Co. Pushboat  23 29-Jan-09 
Anna Marie A. & B. Industries  Terral Riverservice Towboat  80 29-Jan-09 
Donnie Verret Verret Shipyard T & B Towing Towboat  73 23-Jan-09 
Cynthia G Esper Marine Builders  SCF Marine  3,200-hp Towboat  256 23-Jan-09 
Holy Rosary Raymond & Associates Eckstein Marine 2,000-hp Towboat 167 14-Jan-09 
Perry M D Perry & Son Towing  Perry & Son Towing  Towboat 82 12-Jan-09 
Lady Loren Lockport Fabrication LA Carriers 1,980-hp Towboat 96 12-Jan-09 
Blessed Trinity Raymond & Associates Eckstein Marine 2,000-hp Towboat 167 7-Jan-09 
Citation C. & C. Boat Works Turn Services Towboat 147 6-Jan-09 
Safety Challenger B. & B. Boatbuilders AEP River Operations 1,550-hp Towboat 157 6-Jan-09 
GT = Gross Ton = Long Ton = 1,016 kg = 2,240 pounds  

5.3.2 Shipyard Availability 

The number of shipyards that have current capacity for large specialty vessel construction is 
limited within the U.S. Of the 350 active vessel construction companies in the U.S., only 52 have 
a history of significant vessel construction in the Eastern or Southern regions of the country. 
Eight are located on the U.S. Atlantic Coast and the rest on the U.S. Gulf Coast. Because of 
their proximity to potential offshore installation sites, Atlantic and Gulf coast shipyards were 
examined in more detail. A limited number of yards are capable of handling large specialty 
vessels based on yard size, but a number of them could handle smaller specialty vessels. The 
yards that can build vessels on the Atlantic and Gulf Coasts are highlighted in Table 5-4. 

Table 5-4  
Active East Coast and Gulf Coast Shipyards with Significant Construction Records 

(Source: MARPRO Associates International 2009) 
Shipyard Location 

Atlantic Coast 
Blount Boats  Warren RI 
Chesapeake Shipbuilding  Salisbury, MD 
Cianbro Portland, ME 
Derecktor Shipyards  Bridgeport, CT 
Gladding-Hearn Somerset, MA 
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Shipyard Location 
SENESCO North Kingstown, RI 
Washburn & Doughty East Boothbay ME 
Yank Marine  Tuckahoe, NJ 
Gulf Coast 
A & B Industries Morgan City, LA 
B. & B. Boat Builders  Bayou La Batre AL 
Bludworth Shipyard Corpus Christi, TX 
Boconco  Bayou La Batre, AL 
C. & C. Boat Works Belle Chase, LA 
C. & C. Marine and Repair  Belle Chase, LA 
C. & G. Boat Works  Bayou La Batre, AL 
C. & G. Boat Works  Mobile, LA 
Candies Shipbuilders  Houma LA 
Conrad Industries  Morgan City, LA 
Duckworth Steel Boats  Tarpon Springs, FL 
Eastern Shipbuilding  Panama City FL 
Eymard & Sons Shipyard Harvey LA 
Gulf Island Marine Fabrication Houma, LA 
Gulf Ship Gulfport, MS 
Halimar Shipyard  Morgan City, LA 
Hope Services Dulac, LA 
Horizon Shipbuilding  Bayou La Batre, AL 
Inland Marine Bridge City, TX 
Intracoastal Iron Works  Bourg, LA 
Leevac Industries  Jennings LA 
Lockport Fabrication  Lockport, LA 
Main Iron Works  Houma LA 
Marine Inland Fabricators / Sisco Marine Panama City, FL 
Master Marine Bayou La Batre, AL 
Master Boat Builders  Coden AL 
Orange Shipbuilding  Orange TX 
Patti Shipyard Pensacola, FL 
Portier Shipyard Chauvin, LA 
Progressive Industrial Palmetto, FL 
Quality Shipyards  Houma LA 
Raymond & Associates  Bayou La Batre AL 
Rodriguez Boatbuilders  Bayou La Batre, AL 
Rodriguez Boatbuilders  Coden AL 
SEMCO Lafitte, LA 
Sneed Shipbuilding Channelview, TX 
Sneed Shipbuilding Orange, TX 
Southwest Shipyard  Houston, TX 
Steiner Shipyard  Bayou La Batre, AL 
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Shipyard Location 
Thoma-Sea Boatbuilders  Houma, LA 
Thoma-Sea Shipbuilders (formerly Halter Lockport) Lockport, LA 
Trinity Madisonville  Madisonville, LA 
Trinity Port Allen  Port Allen, LA 
Verret Shipyard Plaquemine, LA 
West Gulf Marine  Galveston, TX 

5.3.3 Capacity and Delivery Estimations 

In the Northeast, many of the yards have compressed operations due to increasing 
environmental concerns and gentrification of industrial areas. Several of the yards confine 
activities to repair and have refocused their efforts on small craft (such as ferries, yachts and 
similar commercial watercraft). In the Gulf of Mexico, a number of the shipyards have not fully 
restored operations to pre-Katrina levels primarily due to a shortage of qualified personnel and 
absence of infrastructure.  

The Gulf of Mexico region still has the highest percentage of multi-purpose construction and 
repair yards in the country. Average small vessel construction, such as tugs or offshore 
supply/service vessels, can run from six months to a year depending on complexity. Barge 
construction can run from 3 to 9 months depending on size and function. Construction of larger 
specialty vessels can exceed 12 to 18 months and run up to 24 months. There are several 
smaller yards in the Northeast and Gulf that have no backlogs and have immediate capacity for 
new vessel orders. Very few have multiple vessel capacity, and backlogs do not extend beyond 
2011. 

5.3.4 Vessel Repair Capacity 

Most of the shipyards on the Atlantic Coast that build vessels also have some level of repair 
capacity. There is only limited repair capacity in New England. Some yards only handle military 
contracts. However, in recent weeks, General Dynamics has announced an expansion of its 
facilities in Bath, Maine to accommodate the construction of components for offshore wind 
farms. Atlantic Coast repair yards are listed in Table 5-5. 

Table 5-5 
Listing of Shipyards on the Atlantic Coast with Build and/or Repair Capacity 

(Source: MARPRO Associates International 2009) 

US Atlantic Coast Type Size Location State 
Atlantic Marine Boston R L Boston MA 
Atlantic Marine Florida B M Jacksonville FL 
Bayonne Drydock R L Bayonne NJ 
Blount Boats B S Warren RI 
Broward Marine B Y Dania Beach FL 
Caddell Dry Dock R S Staten Island NY 
Chesapeake Sbldg. B S Salisbury MD 
Cianbro BR S Portland ME 
Davis Boat Works, Inc. R S Newport News VA 
Derecktor Shipyard Connecticut B S Bridgeport CT 
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US Atlantic Coast Type Size Location State 
Derecktor Shipyard Florida BR S Dania FL 
Derecktor Shipyard New York BR S Mamaroneck NY 
Detyens Shipyards R L N. Charleston SC 
Detyens Shipyards R S Jacksonville FL 
Fairhaven Shipyard R S Fairhaven MA 
Fore River Dock and Dredge BR S South Portland ME 
G.M.D. Shipyard R L Brooklyn NY 
GD/Bath Iron Works B L Bath ME 
GD/Electric Boat B L Groton CT 
General Ship Repair Corp. R S Baltimore MD 
Gladding-Hearn BR S Somerset MA 
Global Ship Systems R S Savannah GA 
Kelley Shipyard, D. N. R S Fairhaven MA 
Lyon Shipyard R S Norfolk VA 
Marine Hydraulics R T Norfolk VA 
May Ship Repair Contracting R S Staten Island NY 
Metro Machine of VA R L Norfolk VA 
Muller Boat Works R S Brooklyn NY 
Newport Shipyard Company R S Newport RI 
Scarano Boat Building B S Albany NY 
Seaboats BR S Fall River MA 
SENESCO B S North Kingstown RI 
Thames Shipyard & Repair Co. R S New London CT 
Union Dry Dock & Repair R S Hoboken NJ 
Washburn & Doughty B S East Boothbay ME 
KEY 
Type Codes: B = Build; R = Repair 
Size Codes: S = small; M = medium; L = large 

5.3.5 Conclusions Relative to Construction and Repair Capacities on the Atlantic Coast 

Large vessel construction and small vessel construction most likely would be handled by 
different shipyards. Yard capacity varies from region to region. The industry can meet the 
demand for a phased-in cycle of new vessels on a limited basis up to approximately three units 
per year using multiple yards in various regions of the U.S. Barge construction demand is 
expected to increase, thereby reducing overall new vessel construction capability. This will 
affect the ability of some shipyards to meet larger specialty vessel construction. New England 
has new construction capability limited to smaller vessels, but adequate repair capability for 
smaller vessels and some capacity for larger vessels. Both Atlantic and Gulf Coast shipyards 
will need to be considered to meet vessel construction and demand requirements. A developer 
should anticipate an 18-month lead time for design, contracting, construction and delivery of 
small vessels and up to 24 months for larger vessels.  
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6.0 SHORT-LISTING OF PORTS FOR FURTHER EVALUATION 
Based on the evaluation criteria developed in Section 4 and analysis, the Team has concluded 
that New Bedford and Boston Harbor have the best potential to support the assembly and 
deployment of the planned and prospective offshore wind energy projects. The process by 
which these two short-listed ports were identified is described below. 

6.1 Massachusetts Port Criteria Evaluation Matrix 

As described in Section 4, the Team identified a broad set of direct requirements and highly 
desirable characteristics of port facilities relative to supporting offshore wind farm construction 
and operation. This list was further distilled down to a smaller set of criteria that could be used 
to differentiate the candidate port facilities based on the potential of that port to support offshore 
wind energy development. These criteria included some “hard” criteria that had minimum 
quantitative measures with which to judge the feasibility or suitability of a port relative to that 
consideration. Those ports that failed to meet the majority of our hard criteria (recognizing that 
modifications, upgrades or work arounds could potentially be made to ports relative to one or 
two characteristics to allow them to achieve the minimum threshold criteria) were eliminated 
from the evaluation process. This screening resulted in the selection of six Massachusetts ports 
(located in DPAs) for further consideration. The Massachusetts Port Criteria Evaluation Matrix 
(see Table 6-1) clearly demonstrates how these six Massachusetts ports compare against each 
other with respect to our established “hard” criteria. Application of the identified “soft” criteria 
was reserved for only the short-listed ports and is discussed later in this report. 

Table 6-1 
Massachusetts Port Criteria Evaluation Matrix 

PARAMETERS PORTS 

Criteria 
Recommended 
Values/Ranges Boston 

New 
Bedford Fall River Gloucester Salem Fore River 

First Tier Harbor Navigational Access 

Protected Harbor 
Sheltered from 
Weather Conditions Yes Yes Yes Yes Yes Yes 

Shipping Vessel 
Channel Depth Minimum 7.3 m (24’) 

12.2 – 13.7 m 
(40' - 45') 

9.1 m 
(30') 

10.7 m 
(40') 

4.9 - 5.8 m 
(16' - 19') 

9.4 m 
(31’) 

9.8 m 
(32') 

Overhead Clearance 
No Vertical 
Obstruction 

NVO, but FAA 
approval 
required NVO 

41 m 
(135') NVO NVO 53.3 m (175') 

Horizontal 
Clearance 

40 m (130') (beam 
plus overhang) 

131 m 
(430') 

45.7 m 
(150') 

122 m 
(400') 

61 m 
(200') 

85.3 m 
(280') 

53.3 m 
(175') 

24/7 Operational 
Ability 24/7 operations Yes Yes Yes No Yes Yes 
Exclusive Use of 
Port Facility 

Ability to Offer 
Exclusive Use Yes Yes No No No Yes 

Comments 

Mt Hope 
Bridge 
height 
restriction 

Navigational 
constraints 

Salem 
DPA in 
full use 
by power 
plant 

Fore River 
Bridge height 
restriction 

Second Tier Port Facilities  

Berth Length 
Minimum 138 m 
(450’) 549 m (1,800') 

488 m 
(1,600') 

189 m 
(620') 

427 m 
(1,400') 

177 m 
(580') 

244 m 
(800') 

Shipping Vessel 
Water Depth Minimum 7.3 m (24’) 

12.2 – 13.7 m 
(40' - 45') 

9.1 m 
(30') 

10.7 m 
(40') 

4.9–5.8 m 
(16'-19') 

9.4 m 
(31') 

9.8 m 
(32') 
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Table 6-1 
Massachusetts Port Criteria Evaluation Matrix 

PARAMETERS PORTS 

Criteria 
Recommended 
Values/Ranges Boston 

New 
Bedford Fall River Gloucester Salem Fore River 

Total Wharf and 
Yard Upland Area 

4.0 hectares 
(10 ac) 

5.7 – 6.9 
hectares 
(14-17 ac) 

4.0+ 
hectares 
(10+ ac) 

2.8 
hectares 
(7 ac) 

3.2 hectares 
(7.8 ac) NA 

44.9 hectares 
(111 ac) 

Rail Access Rail Access  Limited Limited Yes Yes No Yes 
Highway Access Highway Access Yes Yes Yes Yes No No 

Comments 

State Pier 
can only 
accommo 
date small 
cargo 
vessels. 

Limited 
adaptable 
area 

Insufficie 
nt work 
area; 
additional 
focus on 
tourism 

Multiple 
berths/ rough 
estimate; 
plans for 
mixed-use 
waterfront 
development 

Legend NVO  = No vertical obstruction
  = Criteria not met 

NA = Not available for ROWEI staging 

6.2 	 Implications of Applying the Hard Criteria Relating to Navigational Access 
and Port Facilities 

6.2.1	 Evaluation of Each Hard Criterion 

Protected Harbor: All of the six Massachusetts ports are in protected harbors. The hurricane 
barrier in New Bedford adds an additional layer of protection for portside operations during 
inclement weather. 

Shipping Channel Depth and Overhead Clearance: Navigational access to Fall River and Fore 
River is constrained by the overhead height restrictions of existing bridges (indicated by a 
shading of the matrix cell in Table 6-1), and the Port of Gloucester does not meet the minimum 
shipping channel depth of 24 feet. On the other hand, the shipping channels of New Bedford 
and Boston Harbors meet the minimum depth criterion. New Bedford’s navigation channel is 
30 feet deep, and the New Bedford HDC is proposing to dredge to extend the 30 foot channel to 
the planned bulkhead extension at the South Terminal. Navigation channels to Boston Harbor’s 
DPA are between 40 feet and 45 feet deep. Both New Bedford and Boston Harbor have 
unobstructed overhead clearance. There are no vertical obstructions, such as bridges and/or 
power lines, which would prohibit offshore wind component delivery and installation vessels, 
including jack-up vessels, from accessing either harbor. However, as noted previously, FAA 
approval may be required in Boston Harbor because of the harbor’s proximity to Logan 
International Airport. 

Horizontal Clearance: None of the selected ports are restricted by horizontal (lateral) clearances 
less than 130 feet. The minimum horizontal clearance criterion eliminated facilities in New 
Bedford upstream of the New Bedford-Fairhaven Bridge (92 feet of lateral clearance). However, 
the South Terminal at New Bedford Harbor is downstream of the New Bedford-Fairhaven Bridge 
and upstream of the Hurricane Barrier.  
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24/7 Operational Ability and Exclusive Use of Port Facility: All ports being evaluated, with the 
exception of the Port of Gloucester, can operate around the clock and all year. The Ports of 
Gloucester and Salem also did not have the ability to offer exclusive use of their facilities.  

Berth Length and Shipping Vessel Water Depth: Off-shore wind farm construction is associated 
with multiple berthing operations, including offloading of parts for final assembly or pre-
assembly; loading of special barges with the pre-assembled or assembled elements (rotor with 
blades, foundations or tower sections); mooring of jack-up vessels, crane vessels or any type of 
specialty purpose-built vessel for service (fuel and maintenance), preparation and deployment; 
mooring and service of crew boats; emergency response support; and any other activity 
supporting staging and construction. The established berth length and channel and portside 
depth criteria reflected minimum requirements for accommodating these operations. The Port of 
Gloucester failed to meet the depth criterion. All other ports had sufficient length and depth.  

Total Wharf and Yard Upland Area: Landside (upland) port facilities provide storage, staging 
and assembly work areas to facilitate offshore wind farm installation. To fulfill these tasks it is 
important that landside facilities have adequate acreage, warehouse space, onsite equipment, 
and high load bearing capacity. Most working ports have existing equipment that could be used 
or adapted to offload, assemble and load some or all current turbine and foundation 
components. The Team determined that given sufficient land area, storage, assembly, and load 
bearing issues could be addressed with improvements to the port. Neither Fall River, 
Gloucester, nor Salem has sufficient adaptable space for the work area required to support 
offshore wind farm staging. 

Rail Access: None of the Massachusetts ports evaluated for this study has second generation 
rail access7. Existing tracks will not be able to handle the expected size of future generation 
nacelles and rolled steel components. Existing rail lines could be used primarily for delivery of 
aggregate and related products rather than turbine or foundation components. Whereas Fall 
River, Gloucester, and Fore River have existing freight rail lines to the waterfront, Boston and 
New Bedford currently have limited rail access, and Salem has none. Boston has active rail to 
the Boston Marine Industrial Park, but not to the North Jetty or Dry Dock #4. Boston has 
designed the rail extension to the North Jetty and Dry Dock #4, and funding for construction has 
been requested through a TIGER application8. New Bedford has rail access to the waters’ edge, 
and there is a pending TIGER request9 to connect the existing tracks to the State Pier, but not 
the South Terminal. 

Highway Access: Road connections are important for transport of ancillary material and 
equipment, as well as personnel. Overweight and large shipment units are subject to state 
permitting requirements, which also take into account possible roadway infrastructure 

7 First generation rail clearance for container doublestack cargo is 19 feet above the rail (ATR). Second 
generation doublestack clearance is 22.5 feet ATR. 
8 The Boston Redevelopment Authority has requested a grant of $84 million for expansion of the Black Falcon 
Cruise Terminal; track improvements to the Boston Marine Industrial Park rail line; improvements to the East, 
North and South Jetties; and reconstruction of the FID Kennedy West and Access Roads.  
9 The New Bedford HDC has requested a grant of $36.4 million to improve North Terminal infrastructure; 
rehabilitate the rail line to the State Pier; update and rehabilitate Herman Melville Boulevard; procure cranes 
and modify terminals for roll on-roll off capability; and develop the southern portion of the South Terminal.  
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constraints, such as overhead utilities, road lighting, road curvatures and intersections. Neither 
Salem Harbor nor the Fore River Shipyard has capacity for high volume traffic flow due to local 
roadway congestion. There is no direct interstate highway access from the City of Salem; the 
nearest highway access to Route 128 is along Route 114 in neighboring Peabody. Fore River’s 
access to the interstate highway network is via Route 3, a limited-access roadway that is about 
two miles away from the Shipyard. 

6.2.2 Results of the Evaluations 

Based on the hard criteria established in Section 4 and displayed in Table 6-1, the ports of Fall 
River, Gloucester, Salem, and Fore River fell short of the minimum requirements for 
navigational access and port infrastructure to support offshore wind development activities. The 
ports of New Bedford and Boston emerged as the two short-listed ports. 

6.3 Engineering Cost Analysis of Port Upgrades at Short-Listed Ports 

This section provides a further evaluation of the two short-listed ports and rough order of 
magnitude estimate of the required maintenance and upgrades that would improve the ability of 
those ports to serve offshore wind farm development. 

6.3.1 New Bedford Harbor 

The Team identified two possible locations in New Bedford Harbor that might reasonably 
support offshore wind farm construction. One is the South Terminal area (Figure 6-1) and the 
other is the State Pier facility (Figure 6-2). Both facilities failed to meet all of the hard criteria 
discussed above, and demonstrated some level of deficiency in their current physical condition. 

6.3.1.1 South Terminal 

The City of New Bedford has identified the expansion of the South Terminal (Figure 6-1) as a 
major priority. The City has applied for a TIGER grant to expand the berth by approximately 
245 m (800 feet) and dredge a 9 m (approximately 30 feet) deep channel from the main channel 
to the new berth. The new facility would have significant backland load bearing capacity. There 
are between 5.6 and 8.1 hectares (14 and 20 acres) of land adjacent to the berth. The proposed 
rebuild would utilize a tied-back steel sheet pile bulkhead backfilled with the dredge spoils. The 
cost of the new bulkhead and dredging is estimated to be approximately $20 million. Table 6-2 
presents the cost estimate for the South Terminal expansion. 

Additional improvements, including paving, utilities and site equipment (such as a large crane), 
could add an additional $15 million and would provide a “future” life as a general cargo or 
container handling facility. The new bulkhead construction would allow the terminal to be 
designed to a high live load capacity, which will provide a significant number of options for 
material handling. Immediately adjacent to the site (across the street) there are several 
warehouses of approximately 930 m2 (10,000 square feet) or more. There would be ample 
space to construct a shelter on the site without reducing the outside lay down space. 
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Additional improvements, including paving, utilities and site equipment (such as a large crane), 
could add an additional $15 million and would provide a “future” life as a general cargo or 
container handling facility. The new bulkhead construction would allow the terminal to be 
designed to a high live load capacity, which will provide a significant number of options for 
material handling. Immediately adjacent to the site (across the street) there are several 
warehouses of approximately 930 m2 (10,000 square feet) or more. There would be ample 
space to construct a shelter on the site without reducing the outside lay down space. 

Figure 6-1 South Terminal Port of New Bedford 
(Source: Childs Engineering Corporation) 
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Figure 6-2 State Pier Port of New Bedford 
(Source: Childs Engineering Corporation) 
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Table 6-2 
Cost Estimate for New Bedford Harbor South Terminal Expansion 

(Source: Childs Engineering Corporation 2009) 

Item Description Quantity Units Unit Cost Item Cost 
Harbor Development Commission Staff 3 LS $ 40,000 $ 120,000 
Final Engineering/Procurement 1 LS $ 1,000,000 $ 1,000,000 
Organics Removal 15,185 CY $ 35 $ 531,481 
Organics Disposal (CAD Cell) 15,185 CY $ 55 $ 835,185 
Sheeting - PZ40 1,706,940 LB $ 3 $ 4,267,350 
Shoes for Sheets 273 EA $ 250 $ 68,333 
Mudslab Installation 3,796 CY $ 200 $ 736,158 
Wale - ][ MC12x31 42,813 LB $ 3 $ 128,438 
Weep Drains @ 10' o.c. 83 EA $ 150 $ 12,410 
Steel Sheeting Deadmen 246,000 LB $ 3 $ 737,389 
Excavation - Tie-Rods 3,677 CY $ 15 $ 55,157 
Tie-Rod 53,593 LB $ 6 $ 321,559 
Structural Fill - Tie-Rods 3,677 CY $ 35 $ 128,700 
Concrete Bulkhead Cap 103 CY $ 650 $ 66,625 
Concrete Slab 1,063 CY $ 500 $ 531,345 
Bollards, 61 ton/bitt 29 EA $ 5,500 $ 161,794 
12" Dia. Timber Piles (Fender) 86 EA $ 3,000 $ 258,032 
Timber Bracing 
12" X 12" Fender 665 BFM $ 4.50 $ 2,992 
8" X 12" Fender 867 BFM $ 4.50 $ 3,902 
Dredge/Placement of Material Behind Bulkhead 153,000 CY $ 40 $ 6,120,000 
Dredging Channel to South Terminal 62,963 CY $ 50 $ 3,148,148 

Total South Terminal Extension: $ 19,235,000 

6.3.1.2 State Pier 

The State Pier (Figure 6-2) is constructed with a solid fill core surrounded by a marginal wharf. 
This construction is typical of many old New England ports. The solid fill is contained within an 
old stone seawall. The marginal wharf is comprised of treated timber piles and superstructure. 
The marginal wharf extends seaward from the stone seawall and allows the berth to be dredged 
without undermining the seawall. Table 6-3 presents the cost estimate for the needed 
improvements identified for the State Pier. 
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Table 6-3 
Cost Estimate for Improvements to State Pier at New Bedford Harbor 

(Source: Childs Engineering Corporation) 

Description 

Initial 
Construction 

Cost 
Contingency 

@ 15% 

Total Initial 
Construction 

Cost 30th Year 40th Year 

Estimated Maintenance Cost (Present Worth Cost) Total Cost 
of 

Alternatives 50th Year 60th Year 70th Year 
80th 
Year 90th Year 100th Year 

1 

Timber Piles, 
Concrete Deck $13,340,031 $2,001,005 $15,341,036 Replace Replace $41,512,087 

Timber Piles -
Replace 20% 
every 10 years 
starting 30th 
year $2,668,006 $2,668,006 $13,340,031 $ - $ -

$2,668,0 
06 $2,668,006 $13,340,031 

Gangway and 
Float System -
Replace 10% 
every 10 years 
starting at year 
10 $390,000 $130,000 $1,560,000 $130,000 $130,000 $130,000 $130,000 $1,560,000 

2 

Refurbish 
Timber Piles, 
Concrete Deck $12,139,965 $1,820,995 $13,960,960 Replace Replace $38,151,902 

Timber Piles -
Replace 20% 
every 10 years 
starting 30th 
year $2,427,993 $2,427,993 $12,139,965 $ - $ -

$2,427,9 
93 $2,427,993 $12,139,965 

Gangway and 
Float System -
Replace 10% 
every 10 years 
starting at year 
10 $390,000 $130,000 $1,560,000 $130,000 $130,000 $130,000 $130,000 $1,560,000 

3 

Steel Piles, 
Concrete Deck $20,347,152 $3,052,073 $23,399,225 Replace 

Steel Piles -
Replace 20% 
every 10 years 
starting 40th 
year $ - $4,069,430 $4,069,430 $20,347,152 $ - $ - $ - $4,069,430 $36,715,443 
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Table 6-3 (continued) 

Description 

Initial 
Construction 

Cost 
Contingency 

@ 15% 

Total Initial 
Construction 

Cost 30th Year 40th Year 

Estimated Maintenance Cost (Present Worth Cost) Total Cost 
of 

Alternatives 50th Year 60th Year 70th Year 
80th 
Year 90th Year 100th Year 

3 Gangway and 
Float System -
Replace 10% 
every 10 years 
starting at year 
10 $390,000 $130,000 $1,560,000 $130,000 $130,000 $130,000 $130,000 $1,560,000 

4 

Steel Bulkhead - 
Lightweight Fill 
- 1 Row 
Tiebacks $31,058,195 $4,658,729 $35,716,924 Replace 

Sheet Piles -
Replace 10% 
every 10 years 
starting 40th 
year $ - $3,105,820 $3,105,820 $3,105,820 $31,058,195 $ - $ - $ - $44,535,654 

Gangway and 
Float System -
Replace 10% 
every 10 years 
starting at year 
10 $390,000 $130,000 $1,560,000 $130,000 $130,000 $130,000 $130,000 $1,560,000 

5 

Combi-Wall - 1 
Row Tiebacks $35,977,044 $5,396,557 $41,373,601 Replace 

Sheet Piles -
Replace 10% 
every 10 years 
starting 40th 
year $ - $3,597,704 $3,597,704 $3,597,704 $35,977,044 $ - $ - $ - $50,930,157 

Gangway and 
Float System -
Replace 10% 
every 10 years 
starting at year 
10 $390,000 $130,000 $1,560,000 $130,000 $130,000 $130,000 $130,000 $1,560,000 
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Table 6-3 (continued) 

Description 

Initial 
Construction 

Cost 
Contingency 

@ 15% 

Total Initial 
Construction 

Cost 30th Year 40th Year 

Estimated Maintenance Cost (Present Worth Cost) Total Cost 
of 

Alternatives 50th Year 60th Year 70th Year 
80th 
Year 90th Year 100th Year 

6 

Soldier Piles, 
Concrete 
Lagging - 1 
Row Tiebacks $30,819,869 $4,622,980 $35,442,849 Replace 

Sheet Piles -
Replace 10% 
every 10 years 
starting 40th 
year $ - $3,081,987 $3,081,987 $3,081,987 $30,819,869 $ - $ - $ - $44,225,830 

Gangway and 
Float System -
Replace 10% 
every 10 years 
starting at year 
10 $390,000 $130,000 $1,560,000 $130,000 $130,000 $130,000 $130,000 $1,560,000 

7 

Cellular 
Cofferdam -
Sand Backfill $50,716,366 $7,607,455 $58,323,821 Replace 

Sheet Piles -
Replace 10% 
every 10 years 
starting 40th 
year $ - $5,071,637 $5,071,637 $5,071,637 $50,716,366 $ - $ - $ - $70,091,276 

Gangway and 
Float System -
Replace 10% 
every 10 years 
starting at year 
10 $390,000 $130,000 $1,560,000 $130,000 $130,000 $130,000 $130,000 $1,560,000 

8 

Cellular 
Cofferdam -
Gravel Backfill   $51,588,891  $7,738,334 $59,327,225 Replace 

Sheet Piles -
Replace 10% 
every 10 years 
starting 40th 
year $ - $5,158,889 $5,158,889 $5,158,889 $51,588,891 $ - $ - $ 71,225,558 
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Table 6-3 (continued) 

Description 

Initial 
Construction 

Cost 
Contingency 

@ 15% 

Total Initial 
Construction 

Cost 30th Year 40th Year 

Estimated Maintenance Cost (Present Worth Cost) Total Cost 
of 

Alternatives 50th Year 60th Year 70th Year 
80th 
Year 90th Year 100th Year 

8 

Gangway and 
Float System -
Replace 10% 
every 10 years 
starting at year 
10 $390,000 $130,000 $1,560,000 $130,000 $130,000 $130,000 $130,000 $1,560,000 

9 

Diaphragm 
Cofferdam -
Sand Backfill $51,402,764 $7,710,415 $59,113,179 Replace 

Sheet Piles -
Replace 10% 
every 10 years 
starting 40th 
year $  $5,140,276 $5,140,276 $5,140,276 $51,402,764 $ - $ - $ - $70,983,593 

Gangway and 
Float System -
Replace 10% 
every 10 years 
starting at year 
10 $390,000 $130,000 $1,560,000 $130,000 $130,000 $130,000 $130,000 $1,560,000 

10 

Diaphragm 
Cofferdam -
Gravel Backfill $52,275,289  $7,841,293 $60,116,582 Replace 

Sheet Piles -
Replace 10% 
every 10 years 
starting 40th 
year $ - $5,227,529 $5,227,529 $5,227,529 $52,275,289 $ - $ - $ - $72,117,876 

Gangway and 
Float System -
Replace 10% 
every 10 years 
starting at year 
10 $390,000 $130,000 $1,560,000 $130,000 $130,000 $130,000 $130,000 $1,560,000 

6-11
 



 

 

 

 

 

 
 
 

 

 

 
 

 

 

 

Clean Energy Center Port and Infrastructure Analysis for Offshore Wind Energy Development 

The wharf structure is in poor condition according to recent inspections and must be replaced or 
a modified rebuild must be undertaken. The rebuild options include a repair/replace in kind, 
which would result in a low deck load capacity. The preferred alternatives would eliminate the 
wharf structure and replace it with solid fill behind a new bulkhead. A recent study suggested 
rebuild costs in the range of approximately $12.1 million to more than $52 million. 

The immediate backland at State Pier is about 2.8 to 3.2 hectares (approximately 7 to 8 acres), 
which does not meet the landside criterion (see Table 6-1 above). This lack of space probably 
would result in material rehandling costs that would not be incurred at a larger site. The 
rehandling costs could result from offsite storage at other adjacent land facilities or perhaps 
from barge-based storage. There is covered space in the form of two small warehouses and the 
marine terminal building. The State Pier would be best described as a short-term, but 
immediately available, site. This also anticipates that no repairs are performed and a larger 
land-based unloading crane is employed inshore sufficiently of the wharf structure, which may 
require a higher-rated crane than would otherwise be needed to clear the low load bearing 
areas. 

The Team believes the preferred option for New Bedford is the South Terminal. The site is the 
most desirable in terms of meeting the port criteria established by the Team. The South 
Terminal expansion cost is similar to the repair cost for the State Pier; however, the South 
Terminal has significantly more laydown area, which offsets any potential cost savings from the 
State Pier repair/rebuild. 

6.3.2 Boston Harbor 

The Team identified three possible locations in Boston Harbor that reasonably meet the 
established criteria. These include the North Jetty (Figure 6-3), Dry Dock #4 in the Boston 
Marine Industrial Park (Figure 6-4), and the former Coastal Oil site adjacent to Conley Terminal 
on the Reserved Channel (Figure 6-5). None of these facilities met all of the hard criteria 
discussed above, and demonstrated some level of deficiency in their current physical condition. 

6.3.2.1 North Jetty 

The North Jetty (Figure 6-3) is constructed with a solid fill core supported by a steel sheet pile 
bulkhead fronted by a marginal wharf. This construction was undertaken in the 1940s to meet 
the needs of the Department of Defense during World War II. The marginal wharf is comprised 
of steel h-piles supporting a reinforced concrete super structure. The wharf structure is currently 
in poor condition and must be replaced or rebuilt to be usable for offshore wind staging. A 1996 
design suggested rebuild costs (in current dollars) of about $15 million. The immediate backland 
is about 2.8 to 3.2 hectares (approximately 7 to 8 acres) with an additional 4.0 m (10 acres) or 
more immediately adjacent. 

The City has included the North Jetty rebuild in its application for a TIGER grant. Although the 
rebuild will correct current deficiencies, it will still leave the wharf with a deck capacity of only 
2,930 kg/m2 (approximately 600 lb/ft2), which is insufficient for unit loading under certain 
situations. Depending on the developer’s operations, this capacity may require the use of a high 
capacity crane set up on the solid fill backlands. 
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Figure 6-3 North Jetty Port of Boston 
(Source: Childs Engineering Corporation) 
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6.3.2.2 Dry Dock #4 

The BRA has identified a 5.2 to 5.7 hectares (13 to 14 acre) parcel at the Dry Dock #4 site in the 
Marine Industrial Park in South Boston (Figure 6-4) for possible expansion. The existing dry 
dock is in very poor condition, but could be rebuilt to provide a two-sided solid fill pier with 
almost 549 m (1,800 feet) of berthing. Table 6-4 presents the cost estimate for the 
improvements to Dry Dock #4 identified to be necessary to support offshore wind farm 
development. 

Figure 6-4 Dry Dock #4 at the Port of Boston 
(Source: Childs Engineering Corporation) 
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Table 6-4 
Cost Estimate for Improvements to Dry Dock #4 at the Port of Boston 

(Source: Childs Engineering Corporation) 

COST ESTIMATE 
DATE PREPARED 

Nov-09 SHEET  1 OF  1 

ACTIVITY AND LOCATION

Boston Harbor 
Drydock #4 Parcel - South Boston

  CEC JOB NUMBER 

2178-09 
IDENTIFICATION NUMBER 

  ESTIMATED BY 

 DLP 
CAT EGORY CODE NUMBER 

Install repair bulkhead, fender system,
Fill drydock and pave
Estimated in 2009 prices

 STATUS OF DESIGN 

  _X_ PED ___ 35% ___ 65% __ 100% ___ FINAL ___ OTH ER 

JOB ORDER NUMBER 

ITEM DESCRIPTION 

QUANTIT Y MATERIAL C OST LABOR COST ENGINEERING ESTIMATE 

N O. UNIT UNIT COST TOTAL UNIT COST TOT AL UNIT COST TOT AL 

Soft Costs 
Engineering/Permits/Procurement 1 LS $1,000,000 $1,000,000 
Site Prep 
Site cleanup 1 LS $250,000 $250,000 
Bulkhead 
Sheeting- PZ27 3,500,000 LB $3 $10,500,000 
Mudslab Installation 6,000 CY $200 $1,200,000 
Wale-][ MC 12x31 100,000 LB $3 $300,000 
Weep Drains @ 10' o.c. 200 EA $150 $30,000 
Tie- Rod 100,000 LB $6 $600,000 
Structural Fill- btween old and new sheets 10,000 CY $35 $350,000 
Concrete Bulkhead Cap 200 CY $650 $130,000 
Concrete Slab 1,050 CY $500 $525,000 
12" Dia.Timber Piles (Fender) 200 EA $3,000 $600,000 
Drydock fill 
Placement of Material in Drydock 116,665 CY $30 $3,499,950 
Pave surface 70,000 SF $10 $700,000 

Total Drydock Parcel Repair: $19,684,950 
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Table 6-4 (continued) 

COST ESTIMATE 
DATE PREPARED 

Oct-09 SHEET  1 OF  1 
ACTIVITY AND LOCATION

Boston Harbor 
Drydock 4 Repair

  CEC JOB NUMBER 

2178-09 
IDENTIFICATION NUMBER 

  ESTIMATED BY 

 DLP
CATEGORY CODE NUMBER 

Estimated Maintenance Costs

Estimated in 2009 prices
 STATUS OF DESIGN 

  _X_ PED ___ 35% ___ 65% __ 100% ___ FINAL ___ OTHER 

JOB ORDER NUMBER 

ITEM DESCRIPTION 

QUANTITY MATERIAL COST LABOR COST ENGINEERING ESTIMATE 

NO. UNIT UNIT COST TOTAL UNIT COST TOTAL UNIT COST TOTAL 

Soft Costs 
Engineering/Permits/Procurement 1 LS $500,000 $500,000 

Bulkhead Annual 
Recoating and anode replacement 25 EA 1% of cost $105,000 $2,625,000 
Fender system repair etc 

Bulkhead Five Year 
Recoating and anode replacement 1 EA 5% of cost $525,000 $525,000 
Fender system repair etc 

Bulkhead Ten Year 
Recoating and anode replacement 1 EA 5% of cost $525,000 $525,000 
Fender system repair etc 

Bulkhead Fifteen Year 
Recoating and anode replacement 1 EA 5% of cost $525,000 $525,000 
Fender system repair etc 

Bulkhead Twenty Year 
Recoating and anode replacement 1 EA 5% of cost $525,000 $525,000 
Fender system repair etc 

Bulkhead cost base is $10,500,000
Anticpated 25 year life no salvage 

 Total Drydock Parcel Maintenance: $5,225,000 
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The dry dock would be filled with gravel, and new steel sheet piling would be installed around 
the deteriorated bulkheads. The estimated cost to rebuild the site is approximately $20 million.  

This site would provide nominal laydown space, but the solid fill pier has very high ground 
capacity and the berth has “bonus” length. Although the site does not have covered space, 
there are such structures and warehouses in the Boston Marine Industrial Park that could be 
used or converted for use for this purpose. 

Dry Dock #4 could accommodate the staging of offshore wind development with improvements 
at a reasonable cost. However, from a planning perspective, there are potentially permitting 
issues associated with these improvements due to Dry Dock #4’s proximity to Logan Airport. 
Tall equipment, such as cranes, as well as future installation vessels transporting assembled 
turbines in a vertical configuration, may require approvals from the FAA. Furthermore, the 
potential wind farm locations are much closer to New Bedford Harbor than Boston Harbor. 

6.3.2.3 Coastal Oil Site 

The Massachusetts Port Authority owns the former Coastal Oil Terminal in South Boston 
(Figure 6-5). The site is approximately 14.2 hectares (approximately 35 acres) and has a former 
oil tanker berth with a water depth in excess of 10.3 m (34 feet). The facility would require a new 
steel sheetpile bulkhead to be adequate for laydown. It also would need regrading and paving to 
“cap” any environmental contamination. The site does not have any covered space, and there is 
no covered space on the immediately adjacent parcel. The berth is a mooring dolphin-type 
structure seaward of an old seawall. The estimated cost for the repairs is approximately 
$20 million. Table 6-5 is the cost estimate for improvements to the Coastal Oil Terminal. 

The Team believes the preferred option at the Port of Boston is Dry Dock #4. The site meets 
most of the established criteria. The rebuild cost is similar to the cost of repairs for the North 
Jetty. However, Dry Dock #4 has significantly more berthing space, which more than offsets any 
potential repair/rebuild cost savings. 
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Table 6-5 
Cost Estimate for Improvements to the Coastal Oil Site at the Port of Boston 

(Source: Childs Engineering Corporation) 

COST ESTIMATE 
DATE PREPARED 

Dec-09 SHEET  1 OF 1 

ACTIVITY AND LOCATION

Boston Harbor 
Coastal Oil - South Boston 

 CEC JOB NUMBER 

2178-09 
IDENTIFICATION NUMBER 

ESTIMAT ED BY

 DLP 
 CAT EGORY CODE NUMBER 

Install repair bulkhead, fender system,
Fill between existing and new sheet piling, grade and pave 
Estimated in 2009 prices 

 STATUS OF DESIGN 

_X_ PED ___ 35% ___ 65% __ 100% ___ FINAL ___ OTH ER 

JOB ORDER NUMBER 

ITEM DESCRIPTION 

QUANTIT Y MATERIAL C OST LABOR COST ENGINEERING ESTIMATE 

N O. UNIT UNIT COST TOTAL UNIT COST TOT AL UNIT COST TOT AL 

Soft Costs 
Engineering/Permits/Procurement 1 LS $1,000,000 $1,000,000 
Site Prep 
Site cleanup 1 LS $250,000 $250,000 
Bulkhead 
Sheeting- PZ27 1,700,000 LB $3 $5,100,000 
Mudslab Installation 4,000 CY $200 $800,000 
Wale-][ MC 12x31 35,000 LB $3 $105,000 
Weep Drains @ 10' o.c. 80 EA $150 $12,000 
Tie- Rod 40,000 LB $6 $240,000 
Structural Fill- between old wall and new sheets 30,000 CY $35 $1,050,000 
Concrete Bulkhead Cap 100 CY $650 $65,000 
Concrete Slab 1,050 CY $500 $525,000 
12" Dia.Timber Piles (Fender) 80 EA $3,000 $240,000 
Regrade and Pave 
Grade 80,000 SY $15 $1,200,000 
Pave surface 900,000 SF $10 $9,000,000 

Total Coastal Oil Repair: $19,587,000 
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Figure 6-5 Coastal Oil Terminal Port of Boston 
(Source: Childs Engineering Corporation) 
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6.4 Implications of Applying the Soft Criteria 

The Team examined education and training needs required to support the offshore wind energy 
industry. See Appendix I for the questionnaire used to interview various educational and training 
institutions. More effective state support for renewable energy has encouraged investment in 
workforce training at many levels. The Massachusetts Maritime Academy (MMA) is nationally 
known for its mariner training programs, and a regional Marine Renewable Energy Center 
(MREC) at the University of Massachusetts/Dartmouth (UMass/Dartmouth) joins the resources 
of some of the region's leading academic institutions, community colleges, and trade unions to 
coordinate and plan appropriate training for this emerging industry. Given the relative proximity 
of the ports in this study to these educational resources, Massachusetts is well-positioned to 
assess the work force needs of each offshore wind energy developer and provide responsive, 
high-quality training. 

Massachusetts has long been recognized as an international center for science, technology, 
and oceanography. There is considerable local and regional interest in developing technology 
and the necessary trade skills to harness renewable energy from the ocean. Since the late 
1990s, when the idea of offshore wind energy projects first began to surface in Massachusetts, 
academic institutions and unions representing trade industries identified offshore renewable 
energy as an important field that would require new technologies and a corresponding demand 
for new training. Additional focus on Massachusetts as an emerging center for offshore 
construction occurred in 2004, when plans were developed for the first LNG deepwater port on 
the east coast of the United States, and the second such facility worldwide. The Northeast 
Gateway Deepwater Port was completed in 2007 and another similar facility is nearing 
completion. Both projects utilized local trade and construction workers to complete sub-sea 
pipelines and buoys. 

A lengthy list of public and private academic institutions, including the Amherst and Dartmouth 
campuses of the University of Massachusetts system, Harvard University, the Massachusetts 
Institute of Technology, the Massachusetts Maritime Academy, and the Woods Hole 
Oceanographic Institute, (as well as other institutions in the region) have examined and will 
continue to explore numerous issues related to offshore renewable energy generation. These 
issues include energy production, facility design, transmission issues, and maritime training. 
These institutions, with evolving degree programs, unrivalled intellectual capital, and interest in 
furthering the development of offshore renewable energy, are an exceptional resource for policy 
makers, developers, builders, and maintenance firms. 

State government, academic institutions, and local unions have all recognized the importance of 
offshore sites along the Massachusetts coast for both traditional and renewable sources of 
energy. At the state level, Governor Deval Patrick reversed the prior Administration’s opposition 
to the Cape Wind project and moved quickly to combine energy and environmental agencies in 
a cabinet-level secretariat with an emphasis on renewable energy. State agencies worked 
closely with the Massachusetts Renewable Energy Trust, part of a quasi-state agency funded 
through an excise tax on electricity consumption, and the Commonwealth’s Clean Energy 
Center to provide resources and expertise to move the Commonwealth toward the Patrick 
Administration’s 2020 goal of providing 2,000 MW of land- and ocean-based wind energy. With 
relatively shallow offshore waters and excellent wind resources, offshore wind energy became 
an increasing focus of renewable energy efforts. In a coordinated effort, the Patrick 
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Administration also pushed for passage of the Massachusetts Ocean Management Act, under 
which it has developed a plan that identifies sites within state waters for new offshore wind farm 
development, in addition to potential federal sites in adjacent waters that come under the 
jurisdiction of the U.S. Minerals Management Service.  

The emerging field of offshore wind energy has already led to the development of a number of 
new technologies and applications, requiring a trained workforce to assemble, construct, 
operate, and maintain offshore wind turbines. Based on European experience, an eighty-turbine 
offshore wind energy project, for example, would typically need a number of trained individuals 
for the installation phase as presented in Table 6-6. 

Table 6-6 
Workers Required for Typical 80-Turbine Offshore Wind Energy Project 

(Source: Thomsen 2009) 

Turbine Installation 
Type of Worker Number of Workers Required 
Vessel officers and crew 25 people per shift per day 
Installation crew 12 people per shift per day 
Preassembly 12 people per shift per day 
Harbor workers 12 people per shift per day 
Project management 25 people to plan and execute all work 
Crane and truck rental 25 people (e.g., crane operators, forklift/truck drivers) 
Foundation Installation 
Vessel officers and crew 25 people per shift per day 
Installation crew 18 people per shift per day (piling operations are more manpower 

intensive than turbine installation) 
Preassembly 25 people per shift per day 
Harbor workers 12 people per shift per day 
Project management 25 people to plan and execute all work 
Assistance from agents and port 
authorities 

20 people 

Crane and truck rental 25 people (e.g., crane operators, forklift/truck drivers) 
Cable Installation 
Vessel officers and crew 25 people per shift per day 
Diving crew 10 people 
Installation crew 12 people per shift per day 
Preassembly 12 people per shift per day 
Harbor workers 12 people 
Project management 25 people to plan and execute all work 

Based on these figures, each phase of the construction process for offshore wind farms could 
require as many as 150 skilled workers, with another 80 workers for each additional daily shift. 

European offshore wind developers have reported shortages among skilled workers in related 
trades, and potential offshore wind energy developers in the United States have described 
similar concerns. While the two short-listed Massachusetts ports have characteristics that make 
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them suitable for the construction, operation, and maintenance of offshore wind energy facilities, 
they also have ready access to considerable education and training resources that are geared 
to offshore and underwater construction, seamanship, and technical trades and services. Given 
the relative proximity of these ports (as well as all of the Massachusetts ports considered in this 
study) to these education and training resources, Massachusetts is uniquely situated to respond 
to developers’ needs for a variety of construction and operational technologies. 

Recognizing that a wide variety of skill sets would be needed to construct, operate, and 
maintain offshore renewable energy facilities in Massachusetts, the MREC, an organization of 
industry, academia, government agencies, municipalities, public interest groups, and concerned 
individuals, was established at the UMass Dartmouth in 2006. MREC’s goal is to foster the 
development of ocean-based renewable energy, including wave, tidal current and offshore wind, 
and is unique in that it brings together the knowledge and needs of science, technology, and 
training in order to successfully maximize renewable energy resources from the ocean. MREC 
seeks to develop a network of technology developers and energy users who will collectively 
define the needs of this nascent industry and bring together the required technology, capital, 
infrastructure, and human resources to implement ocean-based renewable energy in the most 
economically, environmentally, and socially sustainable manner for the region. 

MREC has also proposed a National Offshore Renewable Energy Innovation Zone (NOREIZ) 
and is working with state and federal agencies to designate an area off of Nantucket and 
Martha’s Vineyard for this purpose. The proposed project would provide demonstration and 
training sites for marine renewable energy, particularly offshore wind, and is envisioned as a 
critical asset for training, technology development, and small scale energy generation. 

In addition to UMass/Dartmouth, MREC’s university research consortium partners include: 

• the University of New Hampshire (UNH); 
• the University of Rhode Island (URI); 
• the University of Maine (UMaine); 
• the Massachusetts Institute of Technology (MIT); 
• the Woods Hole Oceanographic Institution (WHOI); 
• the Massachusetts Maritime Academy (MMA); 
• Roger Williams University (RWU); and 

• other schools within the University of Massachusetts system. 


MREC corporate partners include: 

• Battelle; 
• Alden; 
• Raytheon; 
• National Grid; 
• NStar; 
• Lockheed/Martin; 
• the New England Clean Energy Council; and 

6-22
 



 

 

 
 
 

 

 
 

 
 

 

 
 
 
 
 

 

 
 
 

 

 
 

 
 

Clean Energy Center Port and Infrastructure Analysis for Offshore Wind Energy Development 

•	 the Ocean Renewable Energy Coalition. 

Understanding that the offshore energy industry is evolving within the United States and New 
England, MREC joined forces with Cape Wind, Resolute Marine Energy, Ocean Renewable 
Power Company, Local 56 Pile Drivers Union, the MMA, the New Bedford Department of 
Workforce Development, and the community college system to form the Ocean Energy Training 
Task Force. The Task Force meets regularly to identify issues and to discuss how best to meet 
the needs of offshore energy developers, and draws on the expertise of each of its members. 

Under the MREC/Task Force umbrella, significant education and training programs related to 
offshore renewable energy are being developed and some are currently offered. It is anticipated 
that these courses will evolve significantly to address future development needs. The Task 
Force, in discussions with the European Marine Energy Center (EMEC) and the New and 
Renewable Energy Center (NaREC) UK, have developed framework for education and training 
that encompasses three elements: 

1) University level education to produce a cadre of researchers, engineers, and other 
professionals for the development of new technologies. 

2) 	Construction skills training by unions and Workforce Investment Boards to support the 
construction and installation of ocean based turbines. 

3) Operation and Maintenance (O&M) technician training and certification following the 
NaREC model of instruction at community colleges and training/certification at the MMA 
and MREC-developed ocean test sites. 

At the University level, Oceanography and Ocean Engineering programs are in place with 
MREC Research University Consortium members. UMass/Dartmouth offers masters and 
doctorates in marine science and technology through the School for Marine Science and 
Technology (SMAST), has a range of sustainability courses that can be tailored to address 
ocean renewable energy, and offers a masters degree in public policy with concentrations in 
economic development, marine science, and technology policy. As with other MREC members, 
UMass/Dartmouth is very much interested in the national effort to establish a certificate program 
aimed at training oceanographic science and technology operations personnel to service ocean 
observatories, many of the skills that are transferable to offshore energy projects. 

The MMA is well-known for its traditional courses in seamanship for maritime officers, which are 
essential to the construction and maintenance of offshore energy facilities. MMA also offers 
established training for power plant operations and has aggressively implemented renewable 
energy on campus with wind, solar, tidal, and geothermal projects. Located at the west end of 
the Cape Cod Canal, MMA will be a key asset in any training program that would require water 
access. As with other MREC partners, MMA will revise, as appropriate, existing energy-related 
courses to address ocean energy needs and issues. 

Two MREC partners, Cape Cod Community College and Bristol Community College, have 
joined forces to provide clean energy workforce training, have a proven track record of providing 
targeted training to their local communities, and have offered training programs in the marine 
technology subject area. Bristol Community College currently has a grant with the National 
Science Foundation to offer certificates in environmental technology, marine technology and 
geographic information systems and offered a pilot tidal energy technician training program in 
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2009 that will be expanded in the future. The MMA is a partner in this effort and has tailored 
existing energy-related courses to address ocean energy, as appropriate. 

At the construction skills level, Massachusetts trade unions have been very active in identifying 
offshore energy construction needs and developing appropriate training courses. For example, 
Local 56 of the Massachusetts Pile Drivers is a statewide organization that has been at the 
forefront of training workers for offshore energy. Targeting vocational technical school students, 
Local 56 either currently offers, or is planning to offer, training in the following areas: 

•	 Four-year apprenticeships in pile driving and marine construction, including rigging, 
welding burning and fitting, and marine construction safety; 

•	 Commercial diving training, for the inspection, trenching, and maintenance of sub-sea 
electrical cables; 

•	 Pile driving and welding for wind turbine towers; 
•	 Rigging and material handling for loading and unloading; and 
•	 Rigging for tower, nacelle, and blade assembly. 

Local 56 has a proven track record in responding to industry needs by providing high-quality 
training. Since January, 2007, Local 56 has offered training for commercial divers and pile 
drivers to work in the offshore natural gas industry, with 60 commercial divers working on four 
different offshore pipeline jobs along the Massachusetts coast. Its training programs have 
expanded to include underwater welding, with successful graduates completing over 
60,000 hours on eight different construction contracts since May, 2007. Local 56 is currently 
working with the Occupational Safety and Hazards Administration (OSHA) and the Carpenters 
International Training Fund to develop a course on Marine Construction Safety. 

Similarly, the International Brotherhood of Electrical Workers (IBEW) Local 103 has 
demonstrated its leadership in support of the renewable energy industry through the erection of 
a publicly visible 100 kilovolt (kV) wind turbine and the installation of a 5.4 kV solar roof at its 
headquarters and Apprentice Training Facility in Dorchester. As the IBEW increases its focus on 
renewable energy, it uses working non-fuel energy systems for training and will open its “Big 
Green Room” in 2010 to present a variety of different training tools that relate to hydro, wind, 
and solar generation technologies. The union’s strong commitment to safety, and current 
training certifications in tower climbing, working in confined spaces, and scuba proficiency, all 
have direct applications in the emerging offshore wind generation industry. Currently one half of 
IBEW local workers are trained in scuba and wind technology. In addition, the IBEW has been 
working with the MMA on wind generation construction and marine training. 

With the state aggressively supporting the development of offshore wind energy through policy 
initiatives, expertise, and financial support, and with academic institutions and trade unions 
actively developing and improving training opportunities, Massachusetts is well situated to 
respond to a wide variety of technologies used to harness renewable energy in offshore waters. 
Given its broad geographic coverage, extensive research facilities, in-depth industry expertise, 
and a trained, flexible work force, Massachusetts is in a unique position to successfully meet the 
needs of the offshore wind energy industry. 

Soft criteria also include regulatory considerations. Port facility upgrades may require 
Massachusetts environmental review if the project meets or exceeds certain thresholds 
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established by the Massachusetts Environmental Policy Act (MEPA). A variety of federal, state 
and local permits also may be required, including, but not limited to: 

•	 U.S. Army Corps of Engineers (USACE) Section 10 permit for structures in navigable 
waters; 

•	 USACE Section 404 permit for discharge of dredged or fill materials into waters of the 
U.S.; 

•	 Federal Aviation Administration (FAA) Determination of No Hazard; 
•	 Environmental Protection Agency (EPA) National Pollutant Discharge Elimination 

System (NPDES) permit; 
•	 EPA Air Emission permit; 
•	 Massachusetts Coastal Zone Management (MCZM) Consistency Determination; 
•	 Massachusetts Department of Environmental Protection (MassDEP) Water Quality 

Certificate; 
•	 MassDEP Chapter 91 License for work in, under, or over flowed or filled tidelands; 
•	 Massachusetts Department of Transportation (MDOT) oversize/overweight vehicle 

permit; 
•	 Local Conservation Commission Order of Conditions for alteration of “any bank, fresh 

water wetland, coastal wetland, beach, dune, flat, marsh, meadow, or swamp bordering 
on the ocean or on any estuary (a broad mouth of a river into which the tide flows.), 
creek, river, stream, pond, or lake, or any land under said waters or any land subject to 
tidal action, coastal storm flowage, or flooding”; and 

•	 Local zoning, building or utility permits.  
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7.0 	 ECONOMIC AND TAX EFFECTS OF CONSTRUCTION AND OPERATING 
EXPENDITURES  

Based on the criteria presented above, the New Bedford South Terminal and Boston Dry Dock 
#4 were selected for further evaluation and analysis. This section discusses the economic and 
fiscal effects of construction and operation of these ports to support a ROWEI 130-turbine wind 
farm. See Appendix J for a more detailed analysis of economic and tax effects. 

7.1 Construction and Operating Period Economic Effects 

Data in Table 7-1 show the estimated total direct, indirect, and induced economic effects of 
expenditures made to construct the New Bedford South Terminal port facility, Boston Dry Dock 
#4, and the ROWEI 130-turbine installation. These are one-time, non-recurring projected 
economic effects that are expected to accrue within the Massachusetts economy during a 3 to 
5 year period that includes port facility construction and the ROWEI offshore wind turbine 
installation.  

Table 7-1 also shows the annually recurring economic effects of maintaining a ROWEI and of 
handling, storing, and transshipping non-offshore wind related cargo at a multi-use South 
Terminal port facility in New Bedford. In the case of the Boston and New Bedford port facilities, 
economic effects during construction are shown for Suffolk and Bristol counties, respectively. 
The annually recurring economic effects of new non-offshore wind-related cargo operations at 
the South Terminal are shown for Bristol county as well as Massachusetts overall. 

The measures of economic effects are: 

•	 Output – which comprises business sales less the costs of materials and equipment 
produced outside Massachusetts;  

•	 Employment – the full-time equivalent jobs expected to be held by Massachusetts 
residents; 

•	 Income – the payroll and self-employment earnings of households; and 
•	 GDP (Gross Domestic Product) – which measures the value added to the 

Massachusetts economy in terms of labor and proprietors’ income, corporate profits, 
dividends, interest, rent and taxes. 

The county-level economic effects in Table 7-1 are a subset of the Massachusetts totals and 
show the amounts of local and state direct, indirect, and induced economic effects that would 
accrue within communities in Bristol and Suffolk counties. 
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Table 7-1 
Total Direct, Indirect, and Induced Economic Effects of Offshore Wind Installation and  

Related Port Facilities Construction and Operation 
(Sources: FXM Associates, R/ECON™ Input Output Model, Tetra Tech Team,  

City of Boston, City of New Bedford, Cape Wind) 

Output Employment Income GDP 
(000 $) (Jobs) (000 $) (000 $) 

Construction Period Effects 
South Terminal Port Facility 

Bristol County 
Massachusetts 

$ 
$ 

44,100 
65,500 

380 
540 

$ 
$ 

19,200 
26,100 

$ 
$ 

26,100 
36,200 

Boston Port Facility 
Suffolk County $ 19,800 110 $ 9,100 $ 12,400 
Massachusetts $ 30,100 190 $ 12,500 $ 17,200 

Representative Offshore Wind Installation 
Massachusetts $ 457,300 1700 $ 162,900 $ 200,100 

Annual Operating Effects 
South Terminal Port Cargo Operations 

Bristol County $ 15,700 130 $ 5,900 $ 9,700 
Massachusetts $ 20,200 170 $ 7,400 $ 11,900 

ROWEI O&M 
Massachusetts $ 27,500 110 $ 6,800 $ 11,000 

7.2 Construction and Operating Period Fiscal Effects 
The total direct, indirect, and induced tax effects shown in Table 7-2 correspond to the 
economic effects shown in Table 7-1. Local taxes include property and excise taxes paid to 
municipalities by workers in the jobs generated by the construction and operating period 
employment reflected in Table 7-1, as well as property and other local taxes by the companies 
employing those individuals. State taxes include income and sales taxes paid by individuals as 
well as payroll, income, and other taxes paid by the companies that employ those individuals. 
The taxes are thus proportional to the total direct, indirect and induced economic effects shown 
in Table 7-1. However, these totals do not represent all taxes paid by companies whose output 
is only partly affected by the changes in demand attributable to construction and operating 
periods of offshore wind energy installation and maintenance, port construction and terminal 
operation. 
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Table 7-2 
Total Direct, Indirect, and Induced Tax Effects of Offshore Wind Installation 

and Related Port Facilities Construction and Operation 
(Sources: FXM Associates and R/ECON™ Input Output Model ) 

Local Taxes State Taxes Federal Taxes 
(000 $) (000 $) (000 $) 

Construction Period Effects 
South Terminal Port Facility 

Bristol County 480 $ 440 $ 1,820 $ 
Massachusetts 1,190 $ 1,440 $ 7,280 $ 

Boston Port Facility 
Suffolk County 190 $ 220 $ 1,290 $ 
Massachusetts 500 $ 640 $ 3,540 $ 

Representative Offshore Wind Installation 
Massachusetts 8,850 $ 10,090 $ 45,940 $ 

Annual Operating Effects 
South Terminal Port Operations   

Bristol County 300 $ 240 $ 730 $ 
Massachusetts 480 $ 500 $ 2,180 $ 

ROWEI O&M 
Massachusetts 390 $ 430 $ 2,230 $ 

As shown in Table 7-2, nearly $9 million in taxes to be paid to municipalities throughout 
Massachusetts are estimated to be attributable to the direct, indirect and induced economic 
effects shown in Table 7-1 over the projected 3-year construction (assembly and installation) 
phase of the ROWEI. More than $10 million in taxes paid to the Commonwealth of 
Massachusetts and almost $46 million in federal taxes over this same 3-year period would be 
attributable to the economic effects of construction. Servicing and maintaining the ROWEI is 
projected to generate an annual amount of $390,000 in municipal tax receipts throughout 
Massachusetts, $433,000 in state taxes, and $2.2 M in federal taxes. The county-level tax totals 
in Table 7-2 are a subset of the Massachusetts totals and show the amounts of local, state and 
federal tax effects that would accrue within communities in Bristol and Suffolk Counties. 

7.3 Summary 

As can be seen from these projections, the economic and fiscal effects of port development and 
use are roughly comparable for both ports. Therefore, the selection of one port over the other is 
more likely to be determined by the balancing of the soft criteria. 
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8.0 SUMMARY AND RECOMMENDATION 
There are no port facilities in Massachusetts that are currently ready to provide staging, 
installation, and operations and maintenance support to a commercial scale offshore wind farm 
development project in the region. However, if investment in targeted port upgrades is made, 
the opportunity to attract offshore wind developers exists. 

Table 8-1 provides a summary of the side-by-side comparison between Dry Dock #4 at the Port 
of Boston and the South Terminal at the Port of New Bedford based on the hard and soft 
evaluation criteria developed for this study. With specifically targeted upgrades, both Dry Dock 
#4 and the South Terminal would have acceptable harbor access and the navigational 
parameters needed to accommodate wind turbine delivery and installation vessels (based on a 
comparison of port characteristics to the 1st Tier Hard Criteria).  

For the most part, both ports also are capable of accommodating the assembly and installation 
of offshore wind turbines and foundations (based on a comparison of port characteristics to the 
2nd Tier Hard Criteria). An exception at the present time may be Rail and Highway Access. The 
Boston Redevelopment Authority (BRA) has a “shovel-ready” design for modifications to expand 
the existing rail line to Dry Dock #4. New Bedford has submitted a TIGER application to extend 
the existing rail line to the State Pier, but not to the South Terminal (Mayor Scott Lang, 2009). 
Highway Access to both port areas is adequate. The Boston Haul Road currently has several 
bridges that would impose limitations on the transport of large turbine and/or foundation 
components. However, Massport and the BRA have plans to expand the freight roadway 
network at the Port. Despite the relative advantages and disadvantages associated with current 
rail/highway access at each port, neither port becomes a clear frontrunner based on these two 
criteria. Because rail and highway delivery of offshore wind generation components would be 
constrained by the weight and dimensions of the foundations and turbines, it is unlikely that this 
means of delivery would be used for these large primary components. And the distinction 
becomes less of an issue as the larger next generation wind turbine components currently in 
development will only be able to be transported by water. 

Table 8-1 
Comparison of the Two Short-Listed Ports 

Port of 
Boston Dry 

Dock #4 

New Bedford 
Harbor South 

Terminal Comments 
1st TIER HARD CRITERIA 
Protected Harbor z z Both ports are acceptable. 
Shipping Channel Depth z z Both ports are acceptable. 
Overhead Clearance z z Both ports are acceptable. 
Horizontal Clearance z z Both ports are acceptable. 
24/7 Operational Ability z z Both ports are acceptable. 
Exclusive Use of Port Facility z z Both ports are acceptable. 
2nd TIER HARD CRITERIA 
Berth Length z z Both ports are acceptable. 
Shipping Vessel Water Depth z z Both ports are acceptable. 
Total Wharf and Yard Upland Area  z z Both ports are acceptable. 
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Port of 
Boston Dry 

Dock #4 

New Bedford 
Harbor South 

Terminal Comments 
Rail Access z ~ BRA has a design to expand rail access to 

Dry Dock #4. New Bedford has submitted 
TIGER application to extend rail line to 
State Pier, but not to South Terminal. 

Highway Access ~ z Despite adequate highway access to port 
area, the Boston Haul Road currently has 
vertical/ horizontal limitations; however, a 
new freight roadway system is planned. 

Proximity to Construction Site ~ z South Terminal is closer to the planned 
offshore sites than Dry Dock #4 (as of 
January 2010). 

SOFT CRITERIA 
Workforce Availability z z

Education and Training Facilities ~ ~ In U.S., education and training programs 
are now being developed for nascent 
offshore renewable energy industry. Given 
extensive research facilities, in-depth 
industry expertise, and trained, flexible 
work force, Massachusetts will be able to 
successfully meet education and training 
needs. 

Political Climate/Community 
Acceptance 

Regulatory Considerations 

~

~

z

z

New Bedford has a Green Port initiative in 
place, has done study on South Terminal 
development, has submitted various 
proposals for infrastructure grants, and 
has the goal of strengthening its economy 
by focusing on renewable energy such as 
offshore wind. 
The BRA has emphasized a commitment 
to sustainability but may not be focused on 
the seaport. Dry Dock #4 currently has a 
tenant. 
Required permits could include, but are 
not limited to: MEPA review; CZM 
Consistency Certification; USACE Section 
404 and 10 Permits, FAA approval; 
Chapter 91 License/Permit; Water Quality 
Certification; NPDES Permit; Order of 
Conditions. 
Certain circumstances at each port may 
eliminate or reduce regulatory process.  
FAA approval at Dry Dock #4 may be 
problematic. 

LEGEND: 
z  Acceptable / Most Supportive of offshore wind farm development 
~  Qualified Acceptability / Degree of Supportiveness of offshore wind farm development 
{  Unacceptable / Not Supportive of offshore wind farm development 

The proximity of a port to prospective offshore wind farm sites is important in terms of 
minimizing cost and controlling transportation-related risk. These considerations indicate an 
advantage to the closer staging port. Based on available public information as of January 2010 
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regarding proposed offshore wind farm sites, the South Terminal at New Bedford Harbor is 
closer to these potential installation sites than is Dry Dock #4 at the Port of Boston. 

A key soft criterion is Political Climate/Community Acceptance of the cities and towns 
associated with each port. The City of New Bedford has established a goal of strengthening its 
economy by focusing on supporting the renewable energy industry. New Bedford already has 
completed a study on development of the South Terminal as a port facility to support renewable 
energy technology companies (Port of New Bedford Massachusetts, South Terminal 
Development, Renewable Energy Marine Park, dated March 2009). The New Bedford HDC has 
received grant money from the Governor’s Seaport Council for navigational dredging, identifying 
port infrastructure needs, and evaluating potential markets for the Port of New Bedford, among 
other projects. New Bedford has applied for a TIGER grant of approximately $36M for integrated 
intermodal transportation infrastructure improvements, which include expansion of the South 
Terminal. In Boston, the BRA has demonstrated its commitment to environmental sustainability 
by launching a pilot program to help small businesses improve their energy efficiency and 
sustainability practices. However, this initiative is not focused specifically on the seaport. 

Another soft criterion, Regulatory Considerations, involves the environmental review and 
permitting processes that may be required for the port projects. Work in and around 
Massachusetts waters may require state environmental review, if one or more MEPA review 
thresholds is met or exceeded. Installing and operating an offshore wind farm also will require 
obtaining a number of federal, state, and local permits. MEPA review of a major port 
improvements project could take between six months and one year, depending on the type of 
MEPA review triggered and the amount and intensity of political and community support for the 
project. Permitting such a project may require a similar amount of time, depending on (among 
other factors) the complexities of the project, the number and length of public comment periods, 
and the duration of mitigation negotiations that must be conducted between the project 
proponent and the regulatory agencies. 

Since some of the environmental impacts of the South Terminal site have already been 
assessed by the Commonwealth as part of the Superfund cleanup response for the site, MEPA 
review of the South Terminal expansion may be streamlined or limited. The permits required for 
this project are contingent on its projected impacts on regulated resources. The dredging 
component of the port expansion project may be covered under the State Enhanced Remedy 
CAD Cell Dredge Disposal Approval for the cleanup. However, other permits/approvals may still 
be required. 

If the required upgrades to Dry Dock #4 at the Port of Boston can be defined as maintenance 
activities authorized under existing permits, the regulatory process may be circumvented or 
limited. Nevertheless, because of its proximity to Logan International Airport, obtaining FAA 
approval of crane heights at Dry Dock #4 could prove to be a lengthy process. The level of 
MEPA review required for the Dry Dock #4 improvements also would depend on which 
thresholds were exceeded, if any. Other permits/approvals may be required.  

Determining the permits applicable to either project was not within the scope of this report. 
Additional research would be required to verify which, if any, permits would be needed. If 
support of renewable energy and immediate job creation are important political objectives in the 
Commonwealth, it would follow that the port project with the shortest regulatory track and the 
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greatest political and community support would emerge as the best project to meet those 
objectives. 

Upon review of the side-by-side comparison of the two short-listed ports presented in Table 8-1, 
it is seen that: 

•	 Both ports and highlighted wharf areas are equally acceptable with regard to the 1st Tier 
Hard Criteria relating to navigation. 

•	 The South Terminal at the Port of New Bedford displays a slight advantage over Dry 
Dock #4 at the Port of Boston with respect to the 2nd Tier Hard Criteria associated with 
Highway Access and Proximity to Construction Sites. 

Both ports are equally acceptable with regard to the Soft Criteria relating to Workforce 
Availability and Education and Training Facilities. In addition, the comparison of the projected 
economic and fiscal impacts (Section 7) indicated that the two short-listed ports also were very 
comparable relative to these projections as well. 

•	 The South Terminal at the Port of New Bedford is indicated to be advantageous relative 
to Dry Dock #4 with respect to the Soft Criteria of Political Climate/Community 
Acceptance and Regulatory Considerations. 

Based on this comprehensive side-by-side comparison, the Team has concluded that the 
expansion of the South Terminal at the Port of New Bedford represents the best opportunity for 
a Massachusetts port facility to accommodate assembly and installation of offshore wind energy 
projects. In addition, the new facility will provide sufficient economic and fiscal benefits to Bristol 
County and the Commonwealth of Massachusetts to make the investment attractive and 
worthwhile. This recommendation does not preclude and should not discourage possible future 
upgrades to Dry Dock #4 at the Port of Boston to service the offshore wind industry as the level 
of offshore construction activities increases and other roles become available. However, at this 
time, the political support, advanced planning effort, proximity to offshore sites, and absence of 
FAA obstacles have led the Team to recommend the South Terminal expansion.  
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9.0 PATH FORWARD – HIGH-LEVEL SOUTH TERMINAL BUSINESS PLAN 
Based on the recommendation presented above, the Team prepared portions of a preliminary 
business plan for a multi-use cargo facility at the South Terminal in the Port of New Bedford 
(see Appendix K). Some specific objectives of this effort were to establish an initial path forward 
and identify: 

(1) 	 potential cargoes and revenues for the South Terminal facility, in addition to those 
associated with the staging, installation, and operations and management of a ROWEI;  

(2) 	 independent estimates of costs for facility upgrades; 

(3) 	 an appropriate governance model for multi-use terminal ownership and management; 
and 

(4) 	 preliminary standards of operation for the expanded facility.  

Toward this end, the Team examined:  

•	 prospective cargo demand;  
•	 port governance/terminal management options; 
• potential capital and operating costs;  

• overall development feasibility; and  

•	 potential economic effects associated with developing and operating a multi-use 

renewable energy terminal and general cargo facility at the South Terminal in the Port of 
New Bedford. 

Sources for the analysis included: prior and ongoing studies (conducted by the New Bedford 
HDC and others); information obtained from offshore wind energy developers; and the relevant 
experience and related work of consultant team members and outside logistics experts. The 
following bullets summarize the findings of this effort: 

•	 A new multi-use cargo facility at the South Terminal site represents the best option at the 
Port of New Bedford for servicing offshore wind energy development projects during the 
assembly and installation phases. 

•	 A new multi-use port facility at the South Terminal can capture container, break-bulk 
(e.g., drums or crates), and bulk cargoes not now handled in New Bedford or other 
Massachusetts ports, and can generate economic development benefits and net 
operating income to the HDC with or without offshore wind energy development projects.  

•	 The optimal model for governance of a new facility at the South Terminal would be 
ownership by the New Bedford HDC, which would lease offshore wind energy staging 
and other cargo handling, storage, and related facility operations to a qualified private 
operator. 

•	 Capital costs for a new multi-use port facility at the South Terminal are estimated to total 
about $44 million ($44M) (in 2009 dollars). Approximately $32M of this total investment 
would be for land acquisition, bulkhead construction and dredging, and the buildings and 
site improvements that would be functionally necessary to attract and support offshore 
wind energy development projects (not including the Optional Fabrication Building for 
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offshore wind installation use). Approximately an additional $5M in capital expenditures 
would be for improvements necessary to attract and support new bulk, break-bulk, and 
container cargoes. Capital costs are shown in Table 9-1: 

Table 9-1 
South Terminal Capital Costs 

(Source: FXM Associates, RECON™ Input Output Model) 

Offshore Wind Non-Offshore 
SOUTH TERMINAL CAPITAL COSTS Installation Wind Cargoes 
Bulkhead and Dredging $ 19,990,977 $ 19,990,977 
Site Acquisition $ 2,100,000 $ 2,100,000 
Backland Site Improvements (drainage, utilities, surfacing) $ 6,000,000 $ 6,000,000 
SUBTOTAL Basic Infrastructure	 $ 28,090,977 $ 28,090,977 
Buildings and structures (35,000 SF) $ 3,500,000 $ 3,500,000
 
Crane $ 3,000,000
 
Ground Equipment (fork lifts, trucks, etc.) $ 1,500,000
 
Other Equipment & Fencing, Security $ 485,000 $ 485,000
 
SUBTOTAL with Support Facilities & Equipment $ 32,075,977 $ 36,575,977 
 Optional Fabrication Building  (75,000 SF)	 $ 7,500,000 $ 7,500,000 

TOTAL with Fabrication Building	 $ 39,575,977 $ 44,075,977 

•	 Average net operating income to the HDC from a fully-developed South Terminal port 
facility is expected to total approximately $1.2M per year during a projected 3-year 
ROWEI and about $622,000 per year with full cargo operations. Projected operating 
revenues and costs are shown in Table 9-2 below: 

Table 9-2 
South Terminal Operating Income and Expenses 

(Source: FXM Associates) 

Offshore Wind Non-Offshore 
SOUTH TERMINAL OPERATING INCOME & EXPENSES Installation Wind Cargoes 
Average Year Annual Operating Income 
Offshore Wind Energy Development  (ROWEI) $ 1,500,000 
Container Service $ 280,000 
Break Bulk Program $ 240,000 
Bulk Cargo $ 432,500 
Total Non-ROWEI Cargo $ 952,500 
Average Year Annual Operating Expenses 
HDC Personnel (contract/lessee management) $ 140,000 $ 140,000 
HDC Capital/maintenance reserve at 20% income $ 190,500 $ 190,500 
Average Year Annual Expenses	 $ 330,500 $ 330,500 
Average Year NET Operating Income 
Offshore Wind Energy Development  (ROWEI) $ 1,169,500 
Total Non-ROWEI Cargo $ 622,000 

•	 Based on the net operating income projected for the South Terminal, annual operating 
subsidies for either offshore wind energy development support or long term cargo 
operations are not anticipated to be required. 
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•	 The South Terminal can cover all of its operating expenses during the ROWEI use of the 
facility and annually thereafter based on non-ROWEI cargo operations. Approximately 
$12M of the capital costs for the new facility can be supported by annual net operating 
income combined with income from the 3 year ROWEI use of the facility. This leaves 
$32M of debt that would require financing from other sources. 

•	 Construction of the South Terminal port facility is estimated to expand business output in 
Bristol County by approximately $44.1M over the projected 2-year construction period of 
the terminal, and provide 380 person years of employment and $19.2M in household 
income over the construction period. These projected economic impacts include total 
direct, indirect and induced economic effects within Bristol County. These effects are 
summarized in Table 9-3. 

Table 9-3 
Construction and Annual Direct, Indirect and Induced Economic Effects 

Associated with South Terminal Construction 
(Source: FXM Associates) 

Output Employment Income 
(000 $) (Jobs) (000 $) 

Construction Period Effects 
South Terminal Port Facility 

Bristol County $ 44,100 380 $ 19,200 
Massachusetts $ 65,500 540 $ 26,100 

Annual Operating Effects 
South Terminal Port Cargo 
Operations 

Bristol County $ 15,700 130 $ 5,900 
Massachusetts $ 20,200 170 $ 7,400 

•	 Construction of the South Terminal port facility is estimated to expand business output in 
Massachusetts overall (including Bristol County) by about $65.5M over the projected 
2-year construction period of the terminal, and provide 540 person years of employment 
and $26.1M in household income over the construction period. These projected 
economic impacts include total direct, indirect and induced economic effects within 
Massachusetts over the construction period (see Table 9-3). 

•	 The handling of cargoes not related to an offshore renewable wind energy installation 
(non-ROWEI), including container, break-bulk, and bulk cargoes, is estimated to expand 
business output in Bristol County by $15.7M annually, and provide 130 permanent jobs 
and $5.9M per year in new household income. These projected economic impacts 
include total direct, indirect, and induced economic effects within Bristol County 
estimated to recur annually following facility construction and do not include support of 
offshore wind energy projects (see Table 9-3). 
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•	 The handling of non-ROWEI container, break-bulk, and bulk cargoes at the South 
Terminal is estimated to expand business output in Massachusetts overall (including 
Bristol County) by approximately $20.2M annually, and provide 170 permanent jobs and 
$7.4M in new household income each year. These projected economic impacts include 
total direct, indirect, and induced economic effects within Massachusetts estimated to 
recur annually and do not include support of offshore wind energy projects (see 
Table 9-3). 

•	 During the construction period for the South Terminal facility about $480,000 in 
local/municipal revenues within Bristol County communities would be attributable to the 
total projected direct, indirect and induced economic effects of construction. Within 
Massachusetts communities approximately $1.2M in municipal receipts (including Bristol 
County) would be attributable to the construction period economic effects (see Table 9
4). 

Table 9-4 
Construction and Annual Direct, Indirect and Induced Tax Effects 

(Source: FXM Associates) 

Local Taxes State Taxes Federal Taxes 
(000 $) (000 $) (000 $) 

Construction Period Effects 
South Terminal Port Facility 

Bristol County 480 $ 440$ 1,820$ 
Massachusetts 1,190 $ 1,440$ 7,280$ 

Annual Operating Effects 
South Terminal Port Operations 

Bristol County 300 $ 240$ 730$ 
Massachusetts 480 $ 500$ 2,180$ 

•	 During the construction period for the South Terminal facility about $1.4M in tax 
revenues to the Commonwealth of Massachusetts and approximately $7.3M in federal 
taxes would be attributable to the construction period economic effects (see Table 9-4).  

•	 The handling of non-ROWEI container, break-bulk, and bulk cargoes at the South 
Terminal is expected to generate about $300,000 in new tax receipts annually for 
municipalities in Bristol County and $480,000 annually for municipalities statewide 
(including Bristol County) based on the projected annual economic effects attributable to 
cargo operations (see Table 9-4).  

•	 The handling of non-ROWEI container, break-bulk, and bulk cargoes at the South 
Terminal is projected to generate about $500,000 in new tax receipts annually for the 
Commonwealth of Massachusetts and approximately $2.2M in federal taxes each year 
(see Table 9-4). 

These components of a “path forward” relative to the development of an expanded multi-use 
cargo facility at the South Terminal address the key findings of preliminary business plan for 
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port expansion. (Appendix K provides a more detailed financial analysis of port expansion and 
operation.) This study demonstrated that the South Terminal at the Port of New Bedford meets 
the necessary requirements and possesses a number of the advantageous characteristics 
needed to successfully support a developing offshore commercial wind farm. The study also 
identified some areas where this port could make modifications and improvements to its harbor 
or wharf facilities that would further enhance the port’s ability to support offshore wind energy. 
The path forward would continue the process outlined here, more fully develop the elements 
that were addressed in this study, and consider other important aspects of the port’s 
development that were not considered to be critical to the scope of this study. 
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Apex Companies, LLC 

Memo 
To: File
 

From:  Chet Myers, P.E., LSP 


Date: April 8, 2010 


List of Attendees: 

Kristin Decas, Executive Director, NBHDC 
Matt Morrissey, Executive Director, NBEDC 
Craig Olmstead, Vice President, Projects, Cape Wind 
David G. Inman, Key Account Manager, Siemens Energy, Inc., Power Systems  
Jesper Pedersen, Tender Manager, Siemens Power Generation  
Poul Martin Wael, Director Offshore Projects & Logistics, Siemens Wind Power 
Preben Straarup, Tender Manager, Siemens Wind Power 
Lars Humlebaek, Technical Project Manager, Siemens Wind Power 
Jay Borkland, Division Manager, Apex Companies, LLC 
Chet Myers, Senior Engineer, Apex Companies, LLC 

Re: Summary of Meeting with Cape Wind and Siemens Personnel 

Meeting was held at New Bedford City Hall at approximately 1 PM.  NBHDC and 
NBEDC presented the plans for the expansion of South Terminal to support the 
offshore renewable energy industry. Cape Wind and Siemens described the needs 
of the offshore renewable energy industry for a shore-side support facility, based 
upon the needs of similar projects in Europe.   

The following information was provided by Cape Wind and Siemens as crucial for the 
new facility to be feasible.    

•	 There are a few types of vessels that would be used to transport wind turbine 
components from the manufacturer to the support facility.  However, the 
approximate range in sizes of an international vessel is between 140 - 150 
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meters (460 – 490 feet) in length, 30 - 35 meters (98 - 115 feet) in width and 
requires 7 – 9 meters (23 – 29.5 feet) of draft.   

•	 The international vessel would only carry components for 6 turbines. 
Therefore, for constructing an offshore wind energy facility for 130 turbines, 22 
separate shipments from international vessels would need to be received at the 
support facility. The international vessel will require 3-4 days of docking for 
unloading each trip. 

•	 Offshore renewable energy facility installation ships would consist of jack-up 
barges that would be approximately 91 meters (300 feet) in width and 30 
meters (100 feet) in width. 

•	 In order to keep the installation vessels stable during dockside loading, the 
barges would be deploy their spuds to “jack-up” the vessel for stability.  This is 
to prevent the vessel from tipping over from uneven loading.  Due to the loads 
anticipated to be borne by the spuds, it is necessary to ensure that the harbor 
floor at the quae-side is of a stable material.  An unstable harbor bottom could 
cause the spuds to sink unevenly, which could tip the vessel and sink it. 
Harbor bottoms consisting of a thick layer of silt or clay could also cause the 
spuds to sink too deeply as it is loaded, and prevent the spuds from being 
withdrawn, which will trap the vessel at the facility.  

•	 In order to efficiently run construction of the offshore renewable energy facility, 
multiple installation vessels must be utilized.  At a minimum, one installation 
vessel will be at the construction site, one installation vessel will be loading at 
quae-side, and one installation vessel will be returning from the construction 
site. During much of construction, at least two installation vessels will be at 
quae-side either being loaded or arriving from the construction site and 
awaiting loading. Therefore, it is required that berthing space for the 
international vessel and two installation vessels be available. 

•	 Vertical restrictions of any kind are not acceptable.  This criteria is primarily in 
place due to the extremely large cranes (600 ton crawler cranes, which have 
boom lengths of up to 475 feet) necessary for loading and unloading of vessels 
and pre-assembly of wind turbines prior to delivery, the large spuds that are 
integral to the functioning of jack-up barges, which, as stated before, have 
multiple spuds that extend up to 250 feet above the barges when they are 
mobile) that will be utilized to transport pre-assembled wind turbines to the wind 
farms during construction, as well as the pre-assembled wind turbines 
themselves that will extend up to 250 feet into the air above the barges as they 
are transported to the construction site. 

•	 The anticipated loading requirements for the entire facility will be 20 
tonnes/square meter (4,000 pounds/square foot), due to the use of 600 ton 
crawler cranes (an example of which is a Lieberr 750 Crane) anticipated to be 
utilized throughout the facility to transport, stack, load, and unload renewable 
energy facility components. 

•	 Due to the anticipated loading requirements, an asphalt or concrete surface 
would not work. The heavy cranes would demolish such a surface in very 
short order. Therefore, the preferred surface is crushed stone.   
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•	 If possible, it is preferred to have a facility closer to 35-40 acres in size (the 
specific request was for 150,000 square meters for an ideal facility); however, 
20 acres is the minimum amount of space required for the staging, 
preconstruction, and storage of renewable energy components for the 
construction of a 130 wind turbine offshore renewable energy facility.      

•	 The heavy cranes must be able to reach within a meter of the target loading 
area on the installation vessels. 

•	 Interest was expressed for an area (outside of the 20 acre facility) for parking 
for up to 200 people.  A 20 acre facility would not be large enough to 
accommodate parking as well as storage, assembly, etc.  

•	 A high priority is to find a location within which vessels can dock and exit the 
harbor without waiting for other vessels.   
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SIEMENS Energy 

Cape Wind 
Name 
Department 

Thomas Mousten 
ERWPAM 

At!.: Craig Olmsted Telephone 
Mobile 
E-mail 

Date 

+1 (617) 943·8043 
tmo@siemens.com 

August24, 2010 

Pre-construction stating area for offshore wind turbines 

Dear Sirs, 

Over the past several years, Siemens has routinely identified, managed and utilized staging areas for offshore 
wind projects. This letter summarizes some of the key specifications that are necessary for a staging area to be 
adequate and practicable, and comments on whether the proposed South Terminal meets these specifications. 

The following activities summarize the anticipated operations on the site: 

o Delivery of all wind turbine parts and material by international cargo vessel. This comprises 
tower sections, electronics components, nacelles, hubs and blades. These items will be off 
loaded by shore-based cranes to the quayside, for movement to their designated smrage 
locations. 

o Assembly of the electronic components inside a building, and transfer outside for installation of 
the assembled electronics in the lower tower sections. 

o Final assembly of nacelle components, including attachment of the hub and installation of 
aviation lighting etc. 

o Assembly all components in complete sets for loading onto the assembly vessel. 

o Loading assembled components onto the installation vessel, using both on-shore and vessel
mounted cranes as appropriate . 

It is critically important that the staging area be dedicated to the wind farm activities with unrestricted access 
on a 24-hour per day basis during pre-assembly and installation operations. Locations that would require 
Siemens to share space with other unrelated ongoing uses would not be feasible or practicable. The South 
Terminal meets these criteria, because it can be made available for wind farm use on a 24 hour exclusive basis. 

Siemens Energy, Inc. 

Cape Wind - Preassembly stagging area - Letter 24th of August 

4S Fairfield st. 
Boston, MA 0211ij 
United States 



SIEMENS Letter of August 24, 2010 to Cape Wind 

It is also vital that a minimum of 1200 linear feet of quayside at required depths be dedicated to the wind farm 
activities. Efficient operation requires the continuous access to three vessels. This is because, among other 
reasons, due to weather and other variables, arrivals and departures cannot be scheduled with precision, and we 
need to have enough space so that all three vessels can operate on the site simultaneously, so that they are not 
turned away when they arrive. This will likely be one international cargo vessel and two installation vessels. 
These vessels would be approximately 480 feet in length (requiring -30 foot depth) and 300 feet in length 
(requiring -20 foot depth) respectively. In addition, the vessels require about 60 linear feet between them for a 
total of 1200 feet minimum. It is not possible to use fewer vessels and install a 100+ turbine project in one 
construction season. Siemens understands that the proposed South Terminal will meet these criteria. 

Available land contiguous to the quayside is a third important asset of an efficient staging area. For economic 
operations, to construct a 100+ turbine project in one season will require a minimum area of 25 to 30 acres 
contiguous with the quayside. The exact size depends on many variables, but as an example, Siemens has 
carefully considered the proposed build out ofthe South Terminal at New Bedford and determined that 28 
acres is a minimum requirement for efficient operation at that location. We have carefully considered the way 
we would utilize a parcel ofthis size and shape, and have worked with the city and it's consultants to consider 
all feasible options for use of the site to minimize the amount of dredging and filling. In order to perform the 
operations listed above, we need storage space for an absolute minimum of 40 complete sets of turbine 
components (consisting of3 tower sections, I nacelle, I hub, 3 blades and 2 electrical components per turbine). 
This is because we need to have a certain backlog of complete sets to ensure that when the installation vessels 
are present, there are complete sets to load on to them. Again, due to weather variables that are particularly 
problematic during the winter, we need to ensure that these installation vessels are not delayed for use in their 
intended purpose whenever they arrive. To ensure sufficient space for the storage, assembly, and loading of 
forty turbines, we need 7 acres for tower lay down, 2 acres for hub and nacelle lay dawn, 5 acres for loading 
and unloading operations, 5 acres for pre-assembly activities and I acre for buildings and services, and an 
additional 8 acres of contiguous, or directly accessible land for wind blade lay down. Attached is a conceptual 
diagram showing how Siemens would use the 28 acres for this purpose. Note that the diagram includes no 
vacant or idle space. It also details an arrangement of how 40 full sets of components are stored and worked 
on. For illustration purposes, note that we have shown some tower sections upright, ready to placed on bol!!'~ 
the installation vessel. 

Vertical clearance is also an issue in the long run. As the offshore industry matures in the US, for Siemens to 
operate efficiently and competitively, we must begin to assemble the towers fully on shore. This would require 
250 feet or more of vertical clearance both at the pre-assembly area and the transit route to the wind farm site. 
If the South Terminal is built out as proposed, it will be suitable for the staging of multiple projects along the 
East coast because there are no vertical restrictions of any kind. In the coming years, larger turbines, 6 MW or 
greater, will become available and the South terminal will be suitable for their pre-assembly. Limited vertical 
access either at the pre-assembly area or the route to the installation site would cause an unacceptable 
impediment to future installations. 

zu~ 
~~ousten 

Cape Wind - Preassembty stagging area - Letter 24th of August (3) Page 20f2 
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July 23, 2009 

Jack-Up Barge installs Germany's first offshore wind turbine  
Jack-Up Barge B.V. recently marked a major milestone. On its maiden assignment, the 
company's newbuild monohull jack-up platform JB-114 completed the installation of 
Germany's first offshore wind turbine. 

After mobilization in Eemshaven, the Netherlands, the JB-114 was towed to the offshore 
location, about 45 km north of the island of Borkum in the North Sea. Within 36 hours of 
arrival it installed the tower, turbine and rotor blades of the first wind turbine in the Alpha 
Ventus wind farm. 

Ronald Schukking, Managing Director of Jack-Up Barge B.V., said: "The installation could 
not have gone any better. This project once again proves that our jack-up platforms are 
extremely suitable for utilization in the offshore wind turbine construction industry."  

The JB-114 and twin sister the JB-115 were both delivered last month by Drydocks 
World Nanindah (former Labroy Shipyard) at Batam, Indonesia as part of an extensive 
newbuild program. 

Both jack-ups will be working on the construction of the Alpha Ventus wind farm this 
summer. The JB-114 is chartered by German company Prokon Nord, which is responsible 
for the installation of six 5 MW Multibrid wind turbines on tripod foundations. The JB-115 is 
chartered by DOTI and will be installing the slots and templates on the seabed in 
preparation for the jacket foundations of the six remaining 5 MW REpower turbines. 

The Alpha Ventus wind farm, with a total capacity of 60 MW, is expected to be completed 
before the end of this year, making it the first operational wind farm in German waters. 

Jack-Up Barge B.V. specializes in the manufacturing, sales and rental of standard and 
modular self-elevating platforms and is a member of the Van Es Holding Group. 

7/9/2010 
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a Dubai World company 

For Immediate Release 

Drydocks World delivers two self-elevating 
platforms for wind farm installation 

Singapore, 10 June 2009 – Drydocks World – Southeast Asia (“DDW-SEA”), the 

Southeast Asian subsidiary of Drydocks World, has announced the recent delivery of 

JB-114 and JB-115 from it’s Drydocks World – Nanindah yard on Batam Island, 

Indonesia, to Self Elevating Platforms N.V. The unit will be operated by subsidiary 

company, Jack-Up Barge B.V., a leading supplier to the oil & gas, wind farm and civil 

construction industries and wind turbines market, as well as for the heavy civil 

construction market. 

Ronald Schukking, Managing Director of Jack-Up Barge B.V. said, “Drydocks 
World has once again met our expectations – the quality and finish of JB-114 
and JB-115 is excellent. We definitely look forward to working closely with 
Drydocks World in the future. ”  
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Designed by Holland’s GustoMSC and of the SEA 2000 design, JB-114 and JB-115 

are the third and fourth of this type successfully built by DDW-SEA. Similar to the first 

and second vessels, which have now been renamed ‘Sea Worker’ and ‘Seafox 7’ 

respectively; the monohull jack-up barges JB-114 and JB-115 will be deployed in 

European waters involved in wind farm installations and related activities. 

Designed with a 55.5 m x 32.2 m x 5 m hull, a 300 tonnes-capacity mounted pedestal 

crane together with four cylindrical legs, 3.0m in diameter and 78.85m in length, each 

platform is designed for operations in water depths up to 40m - in and around the 

Southern North Sea. 

Mr. Denis Welch, CEO of Drydocks World – Southeast Asia said, “Both JB-114 
and JB-115 are part of a series of sophisticated barges contracted by Self 
Elevating Platforms N.V., and we are pleased to have successfully delivered 
four of them to date. These barges will be used specifically for wind farm 
installation activities, which is one of the industries (alternative energy or 
power generation) that we are actively pursuing, given that ––our ship repair, 
conversion and new building capabilities can be easily extrapolated to suit this 
growing industry’s requirements.   

I would like to express my appreciation to our team in Drydocks World-
Nanindah, the client’s site team and our vendors and partners throughout the 
world for the successful delivery of this project.” 

Drydocks World - Southeast Asia, established in April 2008, is a member of the 

Drydocks World group of companies and a sister operation to Drydocks World – 

Dubai (formerly known as Dubai Drydocks). The Drydocks World Group has an 

esteemed heritage of providing a full spectrum of integrated maritime and offshore 

solutions in strategic locations in the Middle East and Far East. Currently housing 

four of Asia’s premier shipyards in one of the world’s busiest seaways, Drydocks 

World - Southeast Asia specialises in rig and shipbuilding as well as conventional 

ship repair and conversion, wholly supported by world-class engineering and design 

capabilities. With quality workmanship and competitive pricing, Drydocks World is 

one of the most prominent names in the maritime industry today. 

- Ends -
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About Drydocks World 

Drydocks World, a Dubai World company, is one of the most prominent names in the 
maritime industry. Over the past 25 years, Drydocks World has established itself as a leading, 
and fast growing international player in ship repair, shipbuilding, rig building, FPSO 
conversion, offshore fabrication and fleet operations with facilities in the Middle East and 
Southeast Asia. 

Drydocks World - SE Asia, brings together established offshore rig construction, shipbuilding, 
conversion, and ship repair expertise located at crossroads of the world’s busiest shipping 
lanes and close to major offshore oil & gas field developments. Marine activities are focused 
on 4 shipyards, namely, Drydocks World – Graha / Nanindah / Pertama / Singapore, which 
house 29 building berths, 8 floating docks, and a specialized rig building yard. Extension 
plans are in place to expand operations further on Batam Island with the construction of a 
new yard PT Batam Maritime Centre. 

For more information, please refer to the www.drydocks-sea.com, www.drydocks.gov.ae 

Issued for and on behalf of Drydocks World - Southeast Asia Pte Ltd 

Media contact: 

Joyce Goh 
DID: +65 6551 5968 
Fax: +65 6377 4468 
Mob: +65 9277 7987 
Email: joyce@drydocks-sea.com 

Drydocks Worlds – SE Asia 
1 Maritime Square #03-23 
HarbourFront Centre 
Singapore 099253 
Tel: +65 6551 5900 
Fax: +65 6377 4414 
Email: enquiries@drydocks-sea.com 
Website: www.drydocks-sea.com 

Parisa Chum 
Group PR Manager 
DID: +971 4 404 4072 
Fax: +971 4 345 0116 
Mob: +971 56 603 1950 
Email: parisa.chum@drydocks.gov.ae 

Financial PR Pte Ltd 
Tel: +65 6438 2990 
Fax: +65 6438 0064 

Mark Lee 
Executive Director 
Email: marklee@financialpr.com.sg 
Mob: +65 9272 9601 

Looi Jo-Anne 
Consultant 
Email: joanne@financialpr.com.sg 
Mob: +65 8233 2810 
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Picture 1: Picture of New Car Storage on Pier 1. Note concrete surface of Pier 1. 

Picture 2: Photo of new car staging/storage on Pier 2. 



 

                                  

 

  

                          

Photo 3: Photo of car importation vessel docked at Pier 2. Note concrete surface of Pier 2. 

Photo 4: Photo of car storage within upland areas at Port of Davisville. 
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Airspace Issues in Wind Turbine Siting 


Wind turbine projects need to clear many hurdles before they can proceed to construction. One of the 
most important milestones in any wind project is securing a determination from the Federal Aviation 
Administration (FAA) that the project does not adversely affect air traffic or radar systems. This can be 
a complicated and uncertain process, and many projects have run into unexpected delays. The primer 
below explains how anticipate and avoid some of these conflicts, and how the FAA review process 
works. Several case examples are presented. 

The FAA’s Role and Procedures 
The FAA has oversight of any object that could have an impact on the navigable airspace or 
communications/navigation technology of aviation (commercial or military) or Department of Defense 
(DOD) operations. The FAA requires that a Notice of Proposed Construction (Form 7460-1) be filed for 
any object that would extend more than 200 feet above ground level (or less in certain circumstances, for 
example if the object is closer than 20,000 feet to a public-use airport with a runway more than 3,200 
feet long). As wind turbine heights have increased during the past couple of decades, this filing 
requirement has applied to increasing numbers of projects. 

For any filed project, the FAA undertakes an initial aeronautical study within the relevant FAA region, 
and issues either a Determination of No Hazard to Air Navigation (DNH) — the “green light” for the 
project — or a Notice of Presumed Hazard (NPH). If an NPH is issued, the FAA will then initiate an in-
depth technical analysis (commonly called an extended study), which will explain the cause of the NPH 
and evaluate impacts on air operations.  If after the extended study, which may include a public 
comment period, there remains an operational impact, the FAA will try to negotiate an acceptable height 
for a project that has received a DNH. If no agreement can be reached, FAA will issue a Determination 
of Hazard (DOH). A DOH can be appealed to FAA Washington Headquarters.  If the appeal does not 
secure a DNH, the proponent’s main recourse is to bring the issue before a Federal Court.     

The FAA analysis considers several types of airspace impacts: (1) imaginary surface penetration, (2) 
operational impacts, and (3) electromagnetic interference. A primer is helpful: 

(1) Imaginary Surfaces: Both aircraft flight routes and the airspace near airports require great swaths of 
defined space dedicated to the takeoff, travel, and landing of aircraft. We might imagine these spaces as 
giant rooms and tunnels of airspace with very specific boundaries. The walls, ceilings, and floors of 
those rooms and tunnels are defined as imaginary surfaces. If an imaginary surface is penetrated by a 
constructed object (e.g., a turbine), the FAA then does an extended study to determine whether the 
turbine poses an operational problem for the relevant airport or for a specific visual flight route between 
airports. If the penetration does not pose an operational impact it may be determined not to be a hazard. 

(2) Operational Impacts: The thousands of flights that leave and arrive each day at large airports, such 
as Boston’s Logan International Airport (Logan), are possible because of very complex and exacting 
protocols known as visual flight rules (VFR) and instrument flight rules (IFR). Operational impacts are 
those that affect VFR and IFR operations.  Examples of operational impacts include increasing the 
minimum flight altitude in a specific area (either for “enroute” air traffic or for circling at an airport), 
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diverting air traffic away from an obstacle, increasing the minimum climb gradient (steepness) for 
airport departure, or increasing the minimum descent altitude at the obstacle location for airport arrivals.  
For obvious reasons, the air transport industry is generally resistant to operational changes that would 
increase workload in the cockpit during critical takeoff and landing periods or impose non-standard 
flight restrictions. 

(3) Electromagnetic Interference (EMI): Experience has shown that wind turbines can degrade 
performance of air traffic control (ATC) or air defense radar.  The phenomenon can include sudden or 
intermittent appearance of radar contacts at the location of the wind turbine because of blade motion or 
rotation of the turbine to face the wind.  For ATC radar the interference is generally limited to wind 
turbines that are within the radar line of sight.  Studies indicate that this problem may be minimal for 
turbines more than 5 nautical miles from the radar. 

A September 27, 2006 Department of Defense (DOD) report titled The Effect of Windmill Farms on 
Military Readiness identifies similar conflicts with air defense radar.  These conflicts can extend for tens 
of miles from the radar facility due to atmospheric refraction).  

And finally, interference with microwave transmissions is another form of EMI that is of concern 
because public safety radio systems typically use microwave-based technologies. 

Resolving Adverse Impacts. As part of a Notice of Presumed Hazard or Determination of Hazard, the 
FAA may suggest modifications that could render the project acceptable – for example, a change in the 
height of a proposed turbine or the re-siting of a turbine at a greater distance from an airport. Such 
modifications can make a project possible while accommodating regulatory needs and preserving the 
quality of airspace or navigational operations at the nearby airport. For wind project proponents, these 
modifications often represent a tradeoff of efficiency for safety.  In rare cases the FAA might agree to a 
procedural change that would sidestep the problem. 

For conflicts with radar systems, there are technologies, such as geosensor mapping and “masking” that 
may prevent air traffic control (ATC) radar from picking up wind turbines as targets. However, masking 
also renders the radar ineffective in the subject area. DOD’s recent report concludes that the only way to 
prevent signal degradation of air defense radar is to keep wind turbines out of the radars’ lines of sight.  

Identifying Potential Conflicts Early. Wind project developers may find it beneficial to consider how 
the FAA evaluates potential airspace obstruction as they screen potential sites for wind projects.  MTC 
has found it useful to obtain an “Airspace Obstruction Report and Opinion Letter” from a qualified 
consultant at an early stage in a project. This relatively low-cost effort can help project proponents 
identify potential airspace conflicts early and avoid wasting time and effort on a dead-end project.  It is 
important to note that the FAA’s evaluation of potential conflicts with air traffic is significantly more 
predictable than its evaluation of radar issues.  At present, the only reliable approach to identifying radar 
issues is to have the FAA conduct a “propagation study” as part of its formal review of a Notice of 
Proposed Construction. 

Case Examples: Learning by Doing  
MTC’s understanding of airspace siting issues has evolved through experience with some early wind 
projects in Massachusetts. The following case examples provide some history and context for current 
conversations about securing approval for wind turbine sites, especially in the Boston Harbor area. 
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Hull and the IBEW: Early Successes 

•  The Hull Municipal Light Plant installed Massachusetts’ first large scale wind turbine, a 164-foot 
turbine located at Windmill Point, in 2001.  Five years later, it installed a 340 foot turbine on the site of 
a town landfill. Happily, both received DNH status from the FAA and are operational. It is unclear 
whether the FAA will ultimately conclude that these turbines have some effect on Logan Airport air 
traffic control radar. 

•  In 2005, Local 103 of the International Brotherhood of Electrical Workers received a DNH for a 150-
foot wind turbine at their Dorchester office site. Today the turbine spins away.  It is unclear whether the 
FAA will ultimately conclude that this turbine has some effect on Logan Airport air traffic control radar. 

Boston Harbor: Airspace Concerns 

Wind projects in the vicinity of Logan Airport raise special concerns, since Logan is one of the nation’s 
busiest and most compact airports.  MTC and project proponents filed Notices of Proposed Construction 
near the beginning of the development process for several Boston Harbor area projects so that any 
airspace or radar problems would be known early in the development process. For the Deer Island, Long 
Island, and Lynn projects (see below), the FAA had initial concerns about the heights of turbines. 

•  In late 2005 the Massachusetts Water Resource Authority (MWRA) filed a Notice of Proposed 
Construction for 394-foot turbines at five possible locations at the wastewater treatment plant on Deer 
Island in Boston. When the FAA concluded that turbines at the proposed heights were a potential hazard 
to aviation, the MWRA and MTC revised the project to use 190-foot turbines. As of February 2007, 
FAA has not issued an official determination on that plan.  It is possible that the FAA will issue a DOH 
for any Deer Island turbines, regardless of height, because of radar impacts on Logan. 

•  The City of Boston, with support from MTC’s Community Wind Collaborative, proposed a series of 
up to four 394-foot turbines on Long Island in Boston Harbor, a bit more than three nautical miles from 
Logan airport. Notices of proposed construction were filed on October 15, 2005.  On February 10, 2006 
the FAA issued initial NPH designations for all four locations based on its finding that “the structure[s] 
as described exceed[s] obstruction standards and/or would have an adverse physical or electromagnetic 
interference effect upon navigable airspace or air navigation facilities.” (The FAA identified reduced 
heights at which the turbines may have been acceptable as 190, 233, 256, and 247 feet.) At that point, 
MTC hired an airspace specialist to determine whether there were options for overcoming the FAA’s 
concerns. That specialist proposed a “step-down fix” by which minimum aircraft heights over Long 
Island would be increased. The FAA conducted an extended study of this proposal including a public 
comment process. In September of 2006, the FAA issued a DOH for the Long Island sites, saying that 
the “cumulative impact of the proposed structure[s] . . . is considered to be significant.” It cited, among 
its reasons: the turbines would be in the only remaining quadrant around Logan that is not currently 
impacted by obstructions; building a step down fix would increase cockpit workload during final 
approach; and that, without complex geosensor mapping for each turbine, interference with air traffic 
control radar was likely. MTC and the City of Boston elected not to appeal those FAA determinations.   

•  The City of Lynn Community Wind Collaborative wind turbine project is slated for a regional 
wastewater treatment plant site. The initial FAA filing for the 397-foot structure resulted in a NPH, in 
part because of turbine height. Subsequent evaluation by an airspace specialist under contract to MTC 
indicated that the FAA would be unlikely to accept a modification of minimum aircraft altitudes for the 
Lynn location. Informal contact with the FAA indicated that there might also be conflicts with Logan 
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Airport air traffic control radar. MTC and the City then accepted a lower wind turbine height (254 feet) 
and asked that the FAA investigate the radar issue in greater depth. After further FAA study, the FAA 
issued a DNH in January 2007. 

Outside the Boston Area: Barnstable and Paxton 

•  MTC is collaborating with Cape Cod Community College on a wind project to be built on the 
College’s campus in West Barnstable.  Initially, the project involved a 397-foot turbine on the east side 
of the campus.  Early in the project development process, MTC and the college discussed the project 
with authorities at the local airport, and received informal assurances that the project should not raise 
airspace concerns. However, a subsequent filing with the FAA resulted in, first, a NPH, and then, a 
DOH. In response to the FAA’s evaluation, the College modified the proposal to a 253-foot turbine on 
the west side of the campus. As of February 2007 the College and MTC are waiting for final FAA 
approval of this smaller turbine in the alternate location. 

•  In mid-2005 MTC filed a Notice of Proposed Construction for two wind turbine locations on 
Asnebumsket Hill in Paxton, Massachusetts.  There are currently several telecommunications and radio 
transmitter towers at the site, one of which is 366 feet above ground level.  In December 2005 the FAA 
issued NPH’s for the two locations indicating that any object greater than 200 feet above ground level 
would result in a DOH. Subsequent evaluation by MTC airspace consultants led us to the conclusion 
that there was little change of mitigating FAA concerns.  (This evaluation also concluded that the 
minimum height for one turbine location should have been 125 feet above ground level.)  An important 
aspect of the Paxton situation is that the proposed wind turbine locations were closer to Worcester 
airport than the existing radio/telecommunications towers.  Thus, wind turbines at the proposed heights 
would have constituted an additional deterioration of navigable airspace which was unacceptable to the 
FAA. 

Guidelines and “Best Practice” Recommendations 
It is not possible to predict perfectly the outcome of an FAA determination on a given project. However, 
from the above project experiences (and others), MTC has generated the following recommendations for 
the planning and development of wind turbine projects. 

(1) Review airspace considerations early in the project development process; this increases efficiency, 
saving time, money, and stress. 

(2) Be aware of the following general guidelines: a turbine under 200 feet in height is rarely problematic 
for navigable airspace, and a turbine site more than five nautical miles from an airport runs the least risk 
of a NPH or DOH on radar issues. 

(3) Conduct, as early as possible, due diligence with local authorities, proponents, and stakeholders. This 
avoids, among other challenges, unanticipated opposition at the public comment stage of an FAA study.  

(4) Enlist the services of professional aviation consultants, and bring them into the process early to 
advise on the technicalities of FAA regulations, which can be daunting. (A report commissioned by 
MTC states that FAA criteria “are highly complex, especially as they relate to operational impacts on air 
traffic. There are many instances where[in] FAA operational criteria . . . are modified on a case-by-case 
basis . . . . only an experienced airspace analyst should attempt to apply the Operational Impact 
criteria.”). The consultant’s analysis is relatively inexpensive (approximately $500) and results will be 
available quickly, whereas the FAA review process takes considerable time. 
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With this information in hand, you will be better prepared to tackle the exhilarating (and sometimes 
cumbersome) task of bringing a wind turbine project to life. At MTC we are constantly striving to 
provide accurate and current information regarding your wind turbine siting and permitting needs — 
please do not hesitate to contact us! 

Resources/Links 
This summary of FAA considerations in the siting of wind power projects draws on numerous resources 
and technical reports, available below: 

Airspace Obstruction and Electromagnetic Interference Considerations for Wind Power Projects, 
prepared by Aviation Systems, Inc. for MTC, January 2007. 

Filing with the FAA 
� FAA Obstruction Evaluation / Airport Airspace Analysis web site. 
� Notice of Propose Construction (form 7460-1). This form must be submitted for any structure 

that exceeds 200 feet above ground level, no matter where it is located.   
� Advisory Circular – Proposed Construction or Alteration of Objects that May Affect the 


Navigable Airspace
 
� Part 77 Airspace Obstruction Analysis – This webpage provides contact information, contains 

links to form 7460-1 and provides a concise description of how the FAA application & 
notification process works. 

� All determined and proposed air obstruction cases filled with the FAA can be found here. You 
can also file your 7460-1 form electronically from this webpage.  However, you do need to 
register as a new user. 

Table 1 – Summary of Wind Projects in Massachusetts and FAA Determinations 

Project/Location 
Proposed 
Structure 

Height (feet)1 

Distance from 
Airport Center 
(Nautical Miles) 

Status 

Eastern Massachusetts 

Boston (IBEW) 150 4.2 
Logan DNH 

Boston 
(Long Island2) 394 3.47 

Logan 
Determination of 
Hazard (DOH) 

Boston (MWRA3 

Deer Island) 

1st Filing – 394 
2nd Filing - 190 

2.19 
Logan 

1st - DPH 
2nd - Pending 

Cape Cod 
Community College 

1st Filing – 397 
2nd Filing – 253 

2.75 
3.1 

Barnstable 

1st - DOH 
2nd - Pending 

Falmouth 394 3.8 
Otis DNH 

Gloucester (Varian) 480 12.0 
Beverly DNH 
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Project/Location 
Proposed 
Structure 

Height (feet)1 

Distance from 
Airport Center 
(Nautical Miles) 

Status 

Hull - 1 241 5.5 DNH not available 

Hull - 2 340 9.05 
Logan 

Determination of No 
Hazard (DNH) 

Lynn 1st Filing - 397 
2nd Filing - 254 

5.7 
Logan 

1st – Determination of 
Presumed Hazard 

(DPH) 
2nd - DNH 

Orleans 340 4.9 
Chatham DNH 

Central Massachusetts 

Paxton 397 2.24 
Worcester DPH 

Western Massachusetts 
Florida and Monroe 

(Hoosac Wind 
Project) 

340 
6.3 

Harriman  
(North Adams) 

DNH 

Hancock 
(Berkshire Wind 

Project) 
338 

8.6 
Harriman  

(North Adams) 
DNH 

Hancock 
(Jiminy Peak) 394 7.0 

Pittsfield DNH 

1 – This includes the height of the turbine only (blade tip at highest point) and not the elevation of the site which FAA analysts include in their study. 

2 – The City of Boston considered 4 different locations, all of which received a DOH. 

3 – MWRA considered 5 locations at the wastewater treatment plant on Deer Island, all of which received a DPH. 


X:\Green Power Program\Community Wind\Airspace - Logan\Web language - Debra Simes\MTC FAA website text v4.doc 

26 January 2007 MTC.FAA.website.text.doc 



 

 

 

 

 

 

 

APPENDIX 8 




 

 

 

 

 

 

PORT OF BOSTON ANALYSIS 

An analysis was conducted to assess the magnitude of cost and logistical 

inefficiencies associated with utilizing the Port of Boston as a location for a support 

facility for offshore renewable energy. The basis for preparing this analysis were 

determinations made by the developers of the two closest proposed offshore renewable 

energy developers. However, beyond the opinion of the developers, there are elements 

which can be used to quantifiably disqualify a port for use as a staging facility.  These 

are: Cost and Logistics, Increased Carbon Dioxide Emissions, Speed Restrictions, 

Potential Right Whale Ship Strikes, and Risks to Personnel and Material.  These 

considerations are outlined in more detail below.   

WIND ENERGY DEVELOPER’S DETERMINATIONS 

The most important consideration for determining the Port of Boston’s viability is 

the opinion of the developers who intend to undertake the development of offshore 

renewable energy projects. If the offshore renewable energy developers would not utilize 

a facility within the Port of Boston, construction of a facility at that location would be 

infeasible. Each offshore renewable energy project has specific requirements based on 

the conditions known to exist at the development site. The project proponents spend 

considerable time formulating plans which rely on carefully prepared schedules to solve 

complex logistical problems.  Often the developers will not divulge all of the reasons that 

factor into their determination as to why a particular port is not viable for their project 



 

 

 

 

 

 

 

 

because it reveals information and investments which are considered proprietary, 

nevertheless a developer’s reasoned opinion is the most critical element in determining a 

ports’ viability for use as a land side staging facility.  During the assembly of the Tetra 

Tech report, officers from two of the proposed offshore renewable energy projects 

nearest to the Port of Boston, were asked about the potential use of the port as a staging 

area. Cape Wind’s Vice President of Development, Craig Olmstead, told the Tetra Tech 

team that “Boston is too far away” to be used as a staging port (interview conducted by 

Tetra Tech on Tuedsy July 28, 2009). Subsequent to this interview, Tetra Tech 

interviewed Deepwater Wind’s Chief Operating Officer, Chris Wissemann, who stated 

that the “major constraint for Boston is proximity.”   

COST AND LOGISTICS 

For the purposes of evaluating the increased costs associated with the logistics of 

utilizing the Port of Boston, a simplified scenario was evaluated wherein wind turbine 

parts would be shipped to the Port of Boston for partial assembly prior to sortie to the 

Horseshoe Shoal site within Nantucket Sound (which the proposed location of the Cape 

Wind project).  The Cape Wind project was utilized for this analysis because of the 

currently proposed off-shore wind development sites in Southeastern Massachusetts, 

Rhode Island, Connecticut and further South, the Horseshoe Shoal site is the closest 

project site to the Port of Boston; therefore, if costs and logistical concerns make the Port 

of Boston infeasible for the Horseshoe Shoal site, the Port of Boston would be infeasible 

for the other above-mentioned sites as well.    For the purposes of this assessment, costs 

were compared with comparable costs from an alternate location (in this case a facility 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

located within New Bedford, Massachusetts).  Certain assumptions were made in the 

preparation of this scenario including that each jack up barge would transport enough 

material to complete the installation of an entire Wind Turbine.  Overtime rates for the 

barge crew and prevailing wage differences for the two ports were not considered or 

included in the evaluation. The cost of transport from the Port of Boston is contrasted 

with the costs associated with delivery and partial assembly into New Bedford in the 

table below: 

Travel Logistics and Costs 

Distance 

and 

Fuel 

• Distance between NBH and Horseshoe Shoals – 45 nautical miles 

• Distance between Boston and Horseshoe Shoals –  130 nautical 

miles 

• Average push speed for a tug is 10 knots/11.5 mph 

• Average Fuel consumption for a EMD 12-567C 

1,200 HP (average barge pushing tug) is 68 Gallons/Hour 

• Price today for fuel at Sea Fuels in NBH is $2.83/gallon 

New Bedford 

Harbor 

to 

Horseshoe 

• Trip from NBH to Horseshoe Shoals – One way at an average of 

10 knots 

• Trip would take approximately 4.5 hours, 

• One way trip would use 306 gallons of fuel costing $865.98 

• A crew of 4 members would cost approximately $773.40 at 

prevailing wage.   

• Total for fuel and crew one way from NBH to Horseshoe Shoals 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

= $1,639.38Shoals 

• Round trip = $3,279.00 

• Equipment cost for 10-hour trip = estimated to be $20,000. 

• Total Fuel and Transport Estimate (each Barge) = $23,279 

•	 Trip from Boston to Horseshoe Shoals – One way at an average 

of 10 knots 

• Trip would take approximately 13 hours 

Port of Boston • One way trip would use 884 gallons of fuel costing $2,502.00 

to • A crew of 4 members would cost approximately $2011.00 at 

Horseshoe prevailing wage.   

Shoals •	 Total for fuel and crew one way from NBH to Boston = 

$4513.00 

• Round trip = $9,026.00 

• Equipment cost for 26-hour trip = estimated to be $52,000. 

•	 Total Fuel and Transport Estimate (each Barge) = $60,026 

Based on the travel and logistical considerations noted, the round trip additional 

expense for each barge of material for transportation alone is approximately: 

• $36,747 for the round trip to Horseshoe Shoal from Boston. 

The additional transport costs associated with partial assembly in the Port of Boston 

would amount to $4,777,110 over the course of the 130 barge trips required to construct 

the proposed Cape Wind energy project evaluated in this scenario.  In order to maintain 

the same shipping schedule as could be attained by locating the shore facility in New 
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Bedford, the project would need to add at least 2 additional tugs and jack-up barges.  This 

would triple equipment costs during the project resulting in a total project cost increase of 

$18,297,110, without considering the additional personnel costs.    

INCREASED CO2 EMISSIONS 

The same set of assumptions in the above table can also be used to estimate the 

potential increase in carbon dioxide emissions generated from locating the shore side 

staging facility further from the installation area.  Using the fuel consumption figures 

calculated above, the transport of the wind turbine sections from Boston to Horseshoe 

Shoal, would require 496.4 gallons more fuel than the trip from New Bedford, resulting 

in the production of 11,020 pounds of carbon dioxide, per one way trip (U.S. 

Environmental Protection Agency, Office of Transportation and Air Quality. (2005) 

“Average Carbon Dioxide Emissions Resulting from Gasoline and Diesel Fuel”. 

EPA420-F-05-001). Over the course of the project this would add up to 2,865,220 

pounds of additional carbon dioxide emitted to the atmosphere. 

SPEED RESTRICTIONS 

In addition to the additional distance and time associated with transporting the 

partially assembled windmills from Boston to the assembly site, the international delivery 

vessel will travel through a NOAA Mandatory Speed Restriction Area on its way past 

Cape Cod to Boston Harbor. This will require the delivery vessel to reduce its velocity to 

10 knots or less, during specific dates, through a portion of the shipping channel.   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

•	 Trip from Great South Channel Precautionary Area to the Port of 

Boston = 166 nautical miles 

• Average international vessel speed = 19 knots 

Great South • Anticipated 22 vessel trips to complete project 

Channel • Portion of year when NOAA 10 knot Mandatory Speed 

Precautionary Restriction is in effect along the route of the Great South Channel 

Area to Port of = 41.6% and approximately half of the distance is subject to 

Boston speed restrictions. 

• Trip would take 8.75 hours 58.3% of the time. 

•	 Trip would take 12.7 hours 41.6% of the time. 

•	 Total Project time =  (22 vessel trips x 58.3% x 8.75 hours) + (22 

vessel trips x 41.6% x 12.7 hours) = 238.7 hours 

•	 Trip from Great South Channel Precautionary Area to the Port of 

New Bedford = 155 nautical miles 

Great South • Average international vessel speed = 19 knots 

Channel • Anticipated 22 vessel trips to complete project 

Precautionary • Trip would take approximately 8.16 hours 

Area to New •	 Total Project Time =  (22 vessel trips x 8.16 hours) = 179.5 hours 

Bedford 

Based on the travel details noted in the table above, travel though the Mandatory 

Speed Restriction Area (MSRA) for the offloading of wind turbine equipment in the Port 

of Boston will add an additional 59 hours of international vessel travel time during the 

project. A survey of off-shore wind developers  suggests that operating costs for the 



 

 

 

 

 

 

international delivery vessels are approximately $40,000 per day, assuming that the only 

delay along this congested route is the speed restriction area, the MSRA’ scan be 

expected to add $98,333 to the cost of the project.  The actual cost of this change is 

difficult to quantify especially when compared with the potential for additional traffic 

delays within the Port of Boston caused by the 3,500 vessels which are already serviced 

by the Port and its shipping lanes (NOAA Press Release, “Changes in Vessel Operations 

May Reduce Risk of Endangered Whale Shipstrikes”, May 26, 2009).  These delays 

could also be compounded by the uncertain delays resulting from Liquified Natural Gas 

tanker arrivals (for which all traffic within the Port of Boston is stopped). 

POTENTIAL RIGHT WHALE SHIP STRIKES 

The Mandatory Speed Restriction Areas (and the associated Area To Be Avoided) 

established by NOAA were put in place in order to reduce the frequency of ship strikes to 

the endangered North Atlantic Right Whale.  Although the speed restrictions and the 

Area to be Avoided do reduce the chances of a ship strike, they do not eliminate the 

chances of such an event. According to information published by NOAA reducing vessel 

speeds from 19 knots to 10 knots reduces the mortality rate of ship strikes of whales from 

90 to 50 percent. Certainly from the perspective of protecting the endangered Right 

Whale reducing the volume of traffic which passes through its seasonal feeding grounds 

along the Great South Channel would provide greater benefit than reducing the speed of 

those vessels. Use of the Port of New Bedford for the receipt and partial assembly of 

wind turbines, will reduce the chances of a fatal ship strike within this critical habitat by 

both reducing the volume of traffic passing through this critical habitat, and also by 



 

 

 

 

 

 

 

 

 

 

 

reducing the time and distance that vessels will be operating in waters which are outside 

of the habitat. 

RISKS TO PERSONNEL AND MATERIAL 

The time that each delivery vessel spends transporting the Wind Turbines to the 

construction site exposes the personnel, vessel and equipment to potential inclement 

weather. The use of jack-up barges allows the contractor to mitigate some of the risk of 

damage or loss during loading and unloading, however the loaded barges are not 

designed for long open ocean crossings.  While transiting from the harbor to the 

construction site, the barge and tugboat are more vulnerable to dangerous sea conditions 

than when the barge is in port or jacked above the level of the water during installation of 

the turbine. The less time the barge spends in transport, the less risk of encountering 

dangerous weather conditions.  

Placing hard dollar costs on the value of proximity for mitigating potential loss 

due to weather or rough seas is difficult because the variable nature of weather, and 

because the value of an unassembled turbine varies by manufacturer, size and project.  In 

order to partially quantify the economic benefit of locating the shore side facility near to 

the installation site, a scenario in which a turbine is lost during transport to the 

installation point after partial assembly at the shore facility.  Although each developer 

negotiates their own purchase price for a wind turbine from a selected manufacturer 

published costs for an installed on-shore 1.8 mega-watt turbine are approximately $3 

million (T.Brenner, “Four more wind turbines planned off Nantasket”, Patriot Ledger, 

Jan 15, 2008), and estimates for a 2.3 mega-watt turbine are in the range of $5.5 million, 



 

 

 

 

 

 

 

published costs for off-shore turbines were unavailable.  Since the unit is partially 

assembled when it is placed on the jack-up barge for transport to the construction site, a 

portion of the installation cost has already been expended, and so the loss at this stage 

would include the manufacture and transportation costs, and a portion of the installation 

cost. If an assumption that three quarters of the installation cost have been expended and 

that the negotiated installed cost equals $5.5 million, then the loss of a turbine at the 

partially assembled transport stage would amount to $4.13 million.  The value does not 

include any damage to the transport vessels, which may also result during such an event. 

The risk of loss or interruption due to sea conditions is dependent on the time of 

transport and the expected sea conditions along the transport route.  Although there is no 

data available on the frequency of losses or interruptions in the installation of off-shore 

wind turbines caused by sea or weather conditions, there is reliable historic sea condition 

data available from NOAA buoys in the area of the Great South Channel and between 

Buzzards Bay and Horseshoe Shoals.  The use of the historic buoy data allows relative 

comparisons of conditions between the shipping routes from Boston and New Bedford to 

Horseshoe Shoals. Data available from Buoy 44018 which is located 30 miles East of 

Nantucket, showed that average wave heights were 50% higher on average than heights 

recorded between Buzzards Bay and Vineyard Sound (1.5 meters compared to 1.0 meters 

respectively) (NOAA, National Buoy Data Center, Stations BUZM3 and 44018.13 July, 

2010). Additionally the Maximum Significant Wave height was 36% higher East of 

Nantucket and Cape Cod than those recorded between Buzzards Bay and Vineyard Sound 

(8.6 meters compared to 6.3 meters respectively)(ibid).  In order for a developer to ensure 

the safety of the crew and cargo, transportation of wind turbines will have to be 

http:44018.13


 

 

 

 

  

scheduled during calm weather windows, and the longer the route the longer the opening 

in this weather window will have to be.  With sea conditions 36% to 50% more severe 

East of Nantucket and Cape Cod, and the transportation route more than twice the 

distance, it is more likely that sea or weather conditions will cause delays or losses if 

partially assembled turbines are transported from Boston to Horseshoe Shoals. 

CONCLUSION 

The 130 mile distance from the Post of Boston to the nearest currently proposed 

off-shore renewable energy development site, makes its use as a shore side support site 

infeasible. The critical reason for this is a determination by both of the initial offshore 

renewable energy developers that the Port of Boston would present too many 

transportation inefficiencies to be a practicable alternative due to its proximity to the 

proposed construction sites; however, the basis for the decisions made by the renewable 

energy developers has been illustrated within the previous sections.  The Port of Boston 

is revealed as an infeasible location for a support facility and the least desirable location 

for a off-shore wind energy support terminal due to the proximity criteria. 



 

    

                

 

 

 

SUB-COMMITTEE ON SAFETY OF  NAV 54/3/xx 
NAVIGATION         15 March 2008 
54th session  Original:  ENGLISH  
Agenda item 3 

ROUTEING OF SHIPS, SHIP REPORTING, AND RELATED MATTERS 


Area to be Avoided “In the Great South Channel” 
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SUMMARY 

Executive summary:	 This document sets forth a proposal to establish a recommendatory, 
seasonal area to be avoided “In the Great South Channel” off the east coast 
of the United States for consideration and approval, and forwarding to the 
Maritime Safety Committee for adoption.  The objective of this proposal is 
to significantly reduce the likelihood of ship strike deaths and serious 
injuries to North Atlantic right whales during the time when a large 
percentage of right whales are in the Great South Channel and are engaged 
in activities that make them particularly susceptible to ship strikes.  

Strategic Direction: 	 5.2 

High-level Action: 	 5.2.4 

Planned Output: 	 5.2.4.1 

Action to be taken:	 Paragraph 21. 

Related documents:	 General Provisions on Ships’ Routeing, Eighth Edition, Regulation 10 of 
Chapter V of the International Convention on the Safety of Life at Sea, 
MSC 83/28, MSC 82/24, MSC 76/23, MSC 70(23), MSC 69/Inf. 21, 
MEPC 56/Inf.10, MEPC 55/22, MEPC 40/Inf. 9, NAV 54/3/xx (Note to 
IMO Secretariat: TSS proposal), NAV 53/3/13, NAV 52/18, NAV 52/3/3, 
NAV 48/3/5, NAV 47/Inf. 2, NAV 44/3/1.   

Introduction 

The United States proposes to establish a recommendatory, seasonal area to be avoided 
(ATBA) “In the Great South Channel” for ships 300 gross tons and above as set forth in annex 1. A 
chartlet of the area is attached to annex 11. This proposal is related to the U.S. proposal to amend the 
Boston Traffic Separation Scheme (TSS), NAV 54/3/x, because the western boundary of the ATBA 
is directly adjacent to the Traffic Separation Scheme.   

1 The charlet and Annexes 2 and 3 include the proposed change to the Boston Traffic Separation Scheme set forth in 
NAV 54/3/XX. 

1 

http:56/Inf.10


                                                             

 

 

 
 

 

2 NAV54/3/X 

2 The primary area proposed for the establishment of the ATBA is one of the most important 
feeding habitats for right whales within the species’ range and has thus been designated by the 
United States as “critical habitat” under domestic law necessary for the survival and recovery of the 
highly endangered North Atlantic right whale. Extensive data show the need for establishing this 
ATBA (annex 2). The United States proposes that it have a seasonally limited effective period for 
four months each year (April 1st – July 31st) when a large percentage of the right whale population is 
in the area. The configuration and limited seasonal duration will minimize the impact on the 
shipping industry. Maritime safety considerations have also been taken into account in determining 
the boundaries of the proposed ATBA. 

3 Right whales have long been the subject of international protection.  The species is listed 
internationally as endangered on Annex I of the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora and in the International Union for the Conservation of Nature’s 
Red Book. Additionally, a group of international scientists, convened by the International Whaling 
Commission (IWC) to evaluate the global status of all right whale species, has recognized the urgent 
need for protective measures to prevent the demise of this species in the North Atlantic.  Moreover, 
most recently, the report of the Ship Strikes Working Group of the IWC’s Conservation Committee 
was submitted to the October 2006 meeting of the Marine Environment Protection Committee 
(MEPC)(MEPC 55/22). The MEPC agreed with the IWC’s Working Group that the International 
Maritime Organization is the competent body to address ship strikes of cetaceans and invited 
delegations to submit proposals to relevant Committees and Sub-committees for consideration.  This 
proposal is in accordance with that invitation. 

Background 

4 The North Atlantic right whale is one of the world’s most endangered large whale species 
and is in serious jeopardy of extinction. Ship collisions are the greatest known source of human-
induced mortality of this whale; such collisions are a major contributing cause to the decline of the 
right whale and a significant obstacle to the species’ recovery.  The right whale population is 
estimated to consist of less than 350 individuals2 and has either declined in size or remained static 
since the 1980s. 

5 Right whales are especially vulnerable to ship strikes due to their distribution, behavior, and 
physical attributes. Right whales have a largely coastal, continental shelf distribution, thereby 
bringing them into contact with human population centers and major shipping lanes.  They are 
highly buoyant and spend long periods resting at or just below the water’s surface.  Right whales 
may occur in surface active groups (i.e., four to twenty individuals engaging in frequent physical 
contact and courtship behavior), and engage in skim feeding, in which they gather plankton by 
swimming slowly near the surface with their mouths open.  During resting, feeding and surface 
active situations, whales may be unaware of approaching ships.  Mothers nursing calves are 
frequently observed at the surface, and calves have limited diving capacities so they are the most 
vulnerable to ship strikes. Right whales are slow-moving, with occasional speeds of up to only five 
to six knots. They are also difficult for mariners to see, especially in rough seas and at night, due to 
their low profile and dark coloration. They are black in color, have a broad back, and no dorsal fin. 

2 Waring GT, Josephson E, Fairfield CP, Maze-Foley K, editors. 2007.  See 
www.nmfs.noaa.gov/pr/pdfs/sars/ao2006_whnr-w.pdf. U.S. Atlantic and Gulf of Mexico Marine Mammal Stock 
Assessments (2006); NOAA Tech Memo NMFS NE 201, 378  See www.nmfs.noaa.gov/pr/sars/species.htm. 

www.nmfs.noaa.gov/pr/sars/species.htm
www.nmfs.noaa.gov/pr/pdfs/sars/ao2006_whnr-w.pdf


                                                             

        

 

 

 

 

 

  
 

3 NAV54/3/X 

6 The Great South Channel off the U.S. east coast is one of the most important habitats for 
right whales within the species’ range, including mothers and nursing calves.  More than a third of 
the world’s population of these whales aggregate there from April through July each year to feed on 
dense patches of their preferred prey, copepods, which are concentrated in this area because of sea 
floor bathymetry, water convergences driven by coastal and tidal currents, and other oceanographic 
features. Some individually identified right whales observed in the Great South Channel are seen 
rarely or not at all in other areas such as the Bay of Fundy, emphasizing the importance of the Great 
South Channel to the population. Annex 2 provides a map of right whale sighting densities from 
1999-2005. In the Great South Channel, the distribution and movements of the whales coincide with 
substantial commercial ship traffic, leading to a serious risk of collision. This risk is likely 
exacerbated by right whales engaging in feeding and courtship behavior in this area, because these 
activities appear to render right whales less aware of sources of impending danger, such as 
approaching ships.  Given the critical importance of this area to right whales and the high percentage 
of the population that occur there during the four month period from April through July, it is 
imperative that action be taken to reduce the threat of ship strikes. 

7 The risk of ship strikes of right whales has been well demonstrated.  Massive wounds (e.g., 
fractured skulls, severed tails) found on right whale carcasses suggest that collisions with large ships 
were responsible for the deaths. Two right whales, on average, are known to be killed or seriously 
injured each year as a result of collisions with ships.  During a 15 month period from February 2004 
to April 2005, at least four adult females—three of which were carrying near term fetuses—were 
killed by ship strikes. The loss of these reproductive females is significant, particularly because two 
of them were at the beginning of their calf-bearing years.  Necropsies performed on right whales 
have shown that over 50% of deaths can be attributed to ship strikes; however, the actual number of 
deaths from ship strikes may even be higher because many deaths likely go unrecorded as carcasses 
drift out to sea or the cause of death is undetermined. 

8 The proposed ATBA “In the Great South Channel” is an integral part of the United States’ 
approach to reducing the risk of ship strikes.  The United States has held a significant number of 
consultations, public hearings, workshops, and industry and stakeholder meetings on this issue with 
representatives of the shipping industry, master mariners, harbor pilots, environmental interests, 
marine mammal researchers, and representatives of national and local governments.  These 
stakeholders’ concerns were carefully considered and taken into account in the development of this 
ATBA proposal, including the impact on industry and the protection of right whales.  The United 
States Coast Guard also conducted a Port Access Route Study in which various options for routing 
measures were considered as well as the impact on maritime safety of this proposed measure. 
Additionally, by using information gained from the U.S. Northeast Mandatory Ship Reporting 
System (MSR),3 it was possible to take into account the burden on, and practical navigation aspects 
for, the shipping industry. 

3 In 1998, the Maritime Safety Committee approved the establishment of two Mandatory Ship Reporting systems off the 
U.S. east coast, one in the northeast United States (off the coast of Boston and Cape Cod) and one in the southeast 
United States (off the coasts of Georgia and Florida).  Ships of 300 gross tons and above are required to participate in 
these systems when they cross into the reporting system and report such things as course, speed, entry into system, 
destination, and route.  In response to a ship’s report, the shore-based authority sends information to assist mariners 
navigating through the area, such as the latest known location of the whales and other guidance on ways to avoid a ship 
strike. GPSR, Part G, I/13-1. 
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Traffic considerations 

9 The Great South Channel is the passage between the easternmost point of the Nantucket 
Shoals and the westernmost shoals of Georges Bank.  The channel is approximately 27 miles wide 
and has depths of 19 fathoms and greater throughout, with lesser depths along the eastern and 
western edges. The bottom topography and related features in the area contribute to the presence of 
the right whales’ preferred prey, copepods. 

10 Container ships, bulk carriers, passenger ships, cargo ships, and tankers pass in and around 
the area of the proposed ATBA. Although the exact number of ships that actually transit the area is 
difficult to determine,4 extrapolation from the data obtained from the MSR provides an estimate that 
around 200 vessels of 300 gross tons and above transit through the proposed ATBA each year during 
the four month period from April 1st - July 31st. Vessels bound for the port of Boston to and from 
points to the east, follow the Great Circle route to and from Europe and transit just north of Georges 
Bank to enter the Boston TSS well north of the proposed ATBA.  Using data from the MSR for the 
period of April-July 1999-2005, it is estimated that there were approximately 1,400 voyages that 
passed through the proposed area during the four month season over this seven year period.  The 
routes that will be affected by the proposed ATBA can be divided into three major categories:   

a.	 Vessels that enter or leave points south of Cape Cod appear to follow the Ambrose-
Nantucket TSS and then steer a northeasterly course into or out of the associated 
precautionary area to Europe.  These vessels may transit from the southwest to the 
northeast, cutting across a small portion of the southeastern portion of the proposed 
area (526 vessel voyages or, if averaged over the 7 year period of the available data, 
approximately 75 voyages per season).  See Annex 3, the area between points A and 
B; 

b.	 Vessels coming from Cape Hatteras, Chesapeake Bay, Delaware Bay, or New York 
usually pass Nantucket Shoals Lighted Whistle Buoy N, and then go though the Great 
South Channel to Cape Cod or the Gulf of Maine. Some of these vessels transit just 
east of the Boston TSS (171 vessel voyages or approximately 24 voyages per season) 
while others use the Boston TSS (335 inbound voyages or approximately 48 inbound 
voyages per season). These numbers are based on an assumption that only those 
vessels inbound to Boston from the south through the TSS are reporting and, since the 
MSR does not require that vessels report in twice, these vessels would not report in 
on their outbound voyage. Therefore, based on this assumption, the number of actual 
voyages through the TSS over the seven year period may be double that reported into 
the MSR or 670 voyages or 96 voyages per season). See Annex 3, the area between 
points C and D; and 

c.	 Some vessels proceed from east to west or vice versa across the proposed area (21-28 
vessel voyages or approximately 3-4 voyages per season).  See Annex 3. 

4 These difficulties include that some of the reports from ships are duplicative, some ships are simply in transit while 
others transit the reporting area both inbound and outbound, and, while compliance is increasing each year, it can be 
expected that some ships do not comply with the MSR.  In developing this proposal, the United States attempted to take 
into account these difficulties by providing a higher estimate of the number of ships that might be impacted by the 
proposed ATBA.  



                                                             

 

 
 

 

 

  

 

 

5 	 NAV54/3/X 


11 There are adequate surveys and charts of the area and, with modern navigation equipment, 
mariners are able to determine their positions in relation to the proposed area to be avoided.  There 
are appropriate aids to navigation in place and there is also complete differential GPS coverage and 
LORAN-C coverage. With respect to environmental conditions during the time of applicability for 
the proposed ATBA, the weather is highly variable, fluctuating from fair to cloudy to stormy. 
During April and May, low-pressure systems pass fairly regularly and produce precipitation on an 
average of one day in three. Much of the rainfall in June and July comes from showers and 
thunderstorms.  The heaviest gales are usually from the northeast or east.  The predominant wind 
direction is west through northwest.  Fog is prevalent throughout the year, particularly so in the 
months of April through July. 

Proposal 

12 The United States proposes to establish a recommendatory, seasonal ATBA for ships of 300 
gross tons and above for the four month period from April 1st– July 31st to significantly reduce the 
risk of ship strikes of right whales in the Great South Channel. As noted above, this area is of vital 
importance to right whales, and the whales engage in behavior in this area that makes them 
particularly susceptible to ship strikes. Right whales face their highest risk of ship strikes in this area 
during this four month period because of the significant seasonal whale aggregations that occur and 
their close proximity to ship traffic.  Moreover, it is important to note that there are right whales in 
this area that are rarely, if ever, seen elsewhere.  This was one of the bases for establishing right 
whale critical habitat in this area under U.S. domestic law. 

13 The United States has carefully considered the impact on ship traffic that would result from 
the proposed ATBA. First, the time that the ATBA would be operational has been constrained to 
address an industry concern that the measure should be limited to that which is strictly necessary to 
accomplish the biological objectives of protecting the remaining right whales while minimizing the 
adverse impact on shipping.   

14 Second, the ATBA has been configured to minimize adverse impacts on shipping and to take 
into account maritime safety considerations.  For instance, the eastern boundary of the proposed 
ATBA aligns with part of the MSR boundary.  The United States deviated from the right whale 
critical habitat boundary in this area to avoid mariner use of dangerous waters of the Cultivator 
Shoals. Additionally, the southern boundary of the proposed ATBA also deviates from the critical 
habitat boundary to provide an additional margin of protection to the greatest density of right whales 
and to safeguard maritime safety by aligning the ATBA boundary so that ships will enter the 
precautionary area at the seaward terminus of the traffic separation scheme. 

15 Third, the ship tracks through the proposed ATBA have been carefully examined.  The 
proposed ATBA affects the three major routes differently: 

a.	 Ships cutting across the proposed area in a southwest to northeasterly direction would 
have to adjust their bearing to avoid this area for the applicable four month period. 
The boundary is configured to accommodate ships on this bearing and to reduce the 
adverse impact on this traffic.  The increase in distance is estimated to be 
approximately 7 nautical miles;   

b.	 For ships navigating to the east of the Boston TSS, they would presumably not join 
the TSS until approximately a point south of the major turn in the TSS, where they 
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would then continue their journey north or south. Since there are clear navigational 
and operational rules applicable for ships operating in the TSS, maritime safety would 
be safeguarded and possibly improved for these ships.  Additionally, it is estimated 
that only approximately 24 vessels per season would be moved from navigating in the 
proposed ATBA to navigating in the TSS. It is not expected that this slight increase 
in the number of ships per year would adversely affect maritime safety.  The increase 
in distance is estimated to be approximately 14 nautical miles; and 

c.	 The relatively small number of ships that travel from east to west or vice versa (e.g., 
3-4 voyages per season) would be impacted the most by the proposed ATBA.  The 
increase in distance is estimated to be approximately 55 nautical miles. 

16 Maritime safety considerations have been carefully taken into account in the development of 
this proposal, in particular through a Port Access Route Study conducted by the U.S. Coast Guard 
which considered various alternatives and scenarios.  Maritime safety should be enhanced because of 
a decrease in the potential for any damage to a ship from hitting these large whales.  Also, if there is 
a decrease in ship encounters with whales, there will be a decreased risk of collisions between a ship 
taking avoidance action and another vessel. 

Additional Actions 

17 In recognition of the significance of this area to right whales, the United States has taken 
several measures under domestic law to protect this endangered species.  In 1994, the United States 
designated the area as “critical habitat” for right whales.  Under U.S. law, critical habitat is a 
geographically defined area that is designated because it has physical and biological features 
essential to the survival and recovery of threatened or, as in the case of the right whale, endangered 
species. In designated critical habitat, special management considerations apply and special 
protections can be adopted. In the Great South Channel Right Whale Critical Habitat, the United 
States has adopted several restrictions to protect right whales, including measures applicable to U.S. 
fishermen.  Examples include:  closing the area to gillnet fishing during the spring to reduce the 
potential for entanglement in gillnet gear; in other times and places there are required gear 
modifications such as breakaway buoys, weak vertical lines, or sinking lines designed to allow 
whales to break through encountered gear or reduce the severity of an entanglement; and periodic 
workshops are conducted to increase awareness of fishing practices and gear technology that reduce 
entanglements of right whales.  

18 The United States has also taken a number of steps internationally to identify and implement 
measures to reduce ship strikes of right whales.  Importantly, the United States sought—and 
achieved—approval by this Sub-committee of its proposals to amend the Boston TSS to significantly 
reduce ship strikes of right and other large whales (COLREG.2/Circ. 58) and to establish two 
mandatory ship reporting systems which educate mariners about the threat of ship strikes and 
provide them with the last known location of right whales (GPSR, Part G, I/13-1). 

19 Other steps that the United States has taken include the examination and identification of 
relevant information and management options.  These options have formed the basis for the 
development of the U.S. Right Whale Ship Strike Reduction program, which addresses such issues 
as research and development of technologies to reduce the risk of ship strikes, a merchant mariner 
education and outreach program, and targeted operational measures.  Guidelines for measures that 
mariners may take to avoid right whales are now published in various navigational aids such as U.S. 
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Coast Pilots, Notices to Mariners, Sailing Directions, and Admiralty Publications and broadcast over 
VHF radio by NOAA weather radio and U.S. Coast Guard facilities. Information brochures, 
placards, and computer CDs are also being distributed to mariners.  Additionally, a combination of 
aerial and vessel surveys are conducted seasonally to attempt to locate right whales and this 
information is provided via various telecommunication networks to mariners operating in the 
vicinity of whales.  While these surveys cannot result in a comprehensive picture of whale locations 
due to whale movement and weather limitations, they are the best means currently available for 
detecting the location of right whales and thus provide valuable information to mariners.  

20 In addition to the actions taken by the United States, Canada—as the other State where the 
North Atlantic right whale occurs—has taken extensive measures to protect right whales, in 
particular from ship strikes.  It sought—and achieved—approval by this Sub-committee and 
adoption by the Maritime Safety Committee of its proposal to amend the Bay of Fundy Traffic 
Separation Scheme (COLREG.2/Circ.52) and the establishment of a recommended, seasonal area to 
be avoided in Roseway Basin to reduce the risk of ship strikes (SN.1/Circ. 263). 

Action requested of the Sub-Committee 

21 The Sub-Committee is asked to approve this proposal for the establishment of a 
recommendatory, seasonal area to be avoided “In the Great South Channel” as set forth in the annex 
and forward the proposal to the Maritime Safety Committee for adoption.  The United States also 
requests that the effective date of implementation be six months after adoption. 

*** 

http:COLREG.2/Circ.52
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ANNEX 1 

IN THE GREAT SOUTH CHANNEL 

(Reference charts: United States 13009, 2007 edition; 13200, 2007 edition. Note: These charts are 
based on North American 1983 Datum which is equivalent to WGS 1984 datum.) 

Description of the Area to be Avoided 

In order to significantly reduce ship strikes of the highly endangered North Atlantic right whale, 
ships of 300 gross tons and above—during the period of April 1st through July 31st —should avoid 
the area bounded by lines connecting the following geographical positions: 

(1) 41° 44'.08 N - 069° 34'.97 W  
(2) 42° 10'.00 N - 068° 31'.00 W  
(3) 41° 24'.89 N - 068° 31'.00 W  
(4) 40° 50'.47 N - 068° 58'.67 W 
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Chartlet 
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ANNEX 2 


Northern right whale sighting densities (whales/km2) in the Great South Channel during 
April-July, 1999-2005. 
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ANNEX 3 


Mandatory ship reporting system boundaries and densities of ship track (km of ship 
track/km2) through the proposed ATBA and existing TSS for April-July, 1999-2005. 



 
       

  
  
 

 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 

 
 

 

Contact: Teri Frady, NOAA 774-263-8711 FOR IMMEDIATE RELEASE 
Connie Barclay, NOAA 301-713-2370      May 26, 2009 
Carlos Diaz, USCG 202-372-4632 

Changes in Vessel Operations May Reduce Risk of Endangered Whale Shipstrikes  

Years of study and effort by NOAA and the U.S. Coast Guard will pay off this summer 
when two changes to shipping lanes into Boston are implemented. Both changes significantly 
reduce the risk of collisions between large ships and whales. 

Beginning on June 1, ships 300 gross tons and above will be asked to avoid an area in 
the Great South Channel from April through July, when right whales face the highest chance of 
being struck by ships. The channel is a feeding area for the endangered North Atlantic Right 
Whale. 

Also, ships transiting primarily from the south and entering Boston Harbor in shipping 
lanes will travel a slightly different path.  The north-south traffic lanes have been modified to 
reduce the threat of ship collisions with endangered right whales and other whale species. 

The width of the north-south portion of the lanes will narrow from a total of four miles to 
three miles. The width of the east-west portion of the lanes was narrowed and modified in 2007. 

Implementing the “Area To Be Avoided” and narrowing the “Traffic Separation Scheme” 
by one nautical mile will reduce the relative risk of right whale ship strikes by an estimated 74 
percent during April-July (63 percent from the area to be avoided and 11 percent from the 
narrowing of the Traffic Separation Scheme). 

Slow moving North Atlantic right whales--among the most endangered whales in the 
world--are highly vulnerable to ship collisions, since their primary feeding and migration areas 
overlap with major East Coast shipping lanes. Along with existing measures to prevent 
entanglement of right whales in fishing gear and regulations to reduce ship strikes by slowing 
ships, these changes in vessel operations are a part of the comprehensive approach that NOAA 
has taken in its effort to help right whales recover. 

 “Through years of study we have determined that these changes will likely provide a 
safer environment for whales and mariners, and at the same time, provide the least amount of 
disruption and impact to the economy,” said Jim Balsiger, NOAA’s acting assistant administrator 
for NOAA’s Fisheries Service. “NOAA and our partners are working extremely hard to do all we 
can to help save this critically endangered species, while helping mariners stay safe and 
productive.” 

Approximately 3,500 ships move through the entire Boston shipping lanes area every 
year, and more than half of the world’s North Atlantic right whales are known to be in this area 
during the spring. NOAA researchers used more than 20 years of sighting data to determine the 
risk of whales being struck by ships in and around the Boston shipping lanes to help develop 
these changes. Working with the Coast Guard, which assessed safety and navigational effects 
of ship lane modification to the shipping industry, NOAA proposed the changes to the 
International Maritime Organization in March 2008.  

The International Maritime Organization adopted both of these changes, so they will be 
reflected on all charts globally and used by the international shipping industry. NOAA’s Fisheries 
Service is working with NOAA’s Ocean Service and the U.S. Coast Guard to have these 
changes added to nautical charts and to the U.S. Coast Pilot as well. 



 
 

 

 

 

 
 

 

“NOAA's scientific expertise and their investment in research into the seasonal 
distribution of right whales provided the Coast Guard with valuable data and information and 
helped identify shipping lanes that reduce the likelihood of vessel interactions with this protected 
species. Fewer collisions involving commercial shipping vessels and right whales will be a great 
outcome for the agencies, for mariners and coastal commerce and for the public," said Steven 
Tucker, deputy chief for marine protected species, U.S. Coast Guard Law Enforcement Office. 

Existing protective actions also include seasonal and dynamic vessel speed restrictions 
in selected areas, mandatory lanes into certain ports, surveying whale migration routes by 
aircraft and mandatory ship reporting systems that provide advisories and information on right 
whale locations to mariners. 

NOAA understands and predicts changes in the Earth's environment, from the depths of 
the ocean to the surface of the sun, and conserves and manages our coastal and marine 
resources. Visit http://www.noaa.gov. 

- 30 -

http://www.noaa.gov


 
 

 
 
 

 
 

Southeastern U.S. Area
 
Mandatory Speed Restriction November 15th through April 15th
 

Calving and Nursery Grounds 




 

 

 
 

 
 
 

 Mid-Atlantic U.S. Area 

Mandatory Speed Restriction November 1 through April 30
 

Migratory Route 


Vessel speed is restricted around each of the port or bay entrances identified and the 
designated area around Block Island Sound (a box with a 30 nm width extending south 
and east of the mouth of the Sound--reference points: Montauk Point and the western 
end of Martha’s Vineyard). The areas are defined as the waters within a 20-nm area 
with an epicenter located at the midpoint of the COLREG demarcation line crossing the 
entry into the designated ports or bays.  



 

 
 

 
 

 
 

 
      

 
  

 

Final Northeastern U.S Area 

Mandatory Speed Restriction Times Vary 


Feeding Areas 


Right whales occupy and forage in four distinct areas in the NEUS from January through 
July: Cape Cod Bay; the area off Race Point at the northern end of Cape Cod; the Great 
South Channel; and the northern Gulf of Maine.  Little is known about recurring whale 
presence or density, and vessel traffic patterns (besides Portland transits) are not 
consistent or predictable, in the northern Gulf of Maine.  No seasonal speed restrictions 
are imposed in the northern Gulf of Maine.  For the other three areas: 

Cape Cod Bay Off Race Point Great South Channel 

January 1st through 
May 15th 

March 1 through April 30 April 1st through July 31st 
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# OBS 

556 

-

- 555 714 711 741 733 711 712 
687 

697 6817 

2006 MEAN 21.8 23.0 18.6 17.3 15.4 14.2 12.0  12.5 14.0 19.1 15.8 21.2  17.0 

MAXIMUM 

48.2 50.5 43.2 37.1 40.6 41.8 43.2  27.0 32.1 50.2 37.9 38.5  50.5 

DAY-HR 

18-20 13-00  01-03 24-05 14-08 07-14 21-09  07-12 11-14 29-14 23-19  08-22  FEB 

MINIMUM 

4.5 
1.9 

0.6 2.3 2.3 4.1 0.2 2.5 1.9 3.7 
2.3 

3.3 0.2 

DAY-HR 

03-00 21-11  29-10 27-16 28-20 15-00 16-00  18-13 27-10 08-23 07-05  07-22  JUL 

# OBS 

703 
623 

705 690 716 715 735 732 689 675 
642 

644 8269 

2007 MEAN 22.7 25.0 21.5 19.7 12.4 15.0 11.0  11.3 13.6 15.8 19.8 21.8  17.5 

MAXIMUM 

44.9 51.5 44.7 42.2 18.1 33.0 29.4  26.8 36.4 33.0 62.2 50.2  62.2 

DAY-HR 

21-02 14-20  06-22 16-04 31-07 13-20 05-14  08-19 15-12 20-06 03-23  04-08  NOV 

MINIMUM 

4.1 
3.1 

4.7 0.2 6.8 1.9 1.9 2.1 1.7 3.3 
3.9 

1.4 0.2 

DAY-HR 

07-22 28-13  26-02 12-00 31-12 01-03 17-09  30-07 21-08 30-23 20-20  26-17  APR 

# OBS 

604 
590 

617 325 24 707 734 725 708 719 
687 

703 7143 

2008 MEAN 21.8 20.3 20.5 14.9 16.4 11.9 10.9  11.5 15.1 18.4 17.9 22.7  16.8 

MAXIMUM 

53.5 46.3 46.7 34.0 36.9 27.8 27.0  23.7 36.9 46.3 39.7 51.1  53.5 

DAY-HR 

28-00 14-01  09-09 02-05 12-20 01-00 28-02  12-02 07-05 29-02 16-07  22-04  JAN 

MINIMUM 

2.7 
1.9 

1.7 1.7 1.2 2.1 1.2 2.3 1.9 2.3 
2.3 

3.3 1.2 

DAY-HR 

24-15 04-18  24-20 25-22 06-14 14-18 11-21  01-20 18-04 05-12 04-11  06-14  JUL 

# OBS 

707 
662 

724 704 739 712 739 736 711 737 
690 

699 8560 

POR MEAN 22.7 23.4 19.9 17.2 14.7 13.0 11.5  11.9 13.5 17.9 19.2 22.9  16.9 

MAXIMUM 

53.5 51.5 46.7 51.7 42.6 42.4 43.2  49.0 44.9 53.3 63.4 60.5  63.4 

YEAR 
MINIMUM 

2008 
1.2 

2007 

1.9 

2008 
0.6 

2003 
0.2 

2005 
1.2 

2003 
0.8 

2006  
0.2 

2003 
1.2 

2004 
1.6 

2005 
1.2 

2005 

2.1 

2004  
1.4 

NOV/2005
0.2 

YEAR 
# OBS 

2005 
3315 

2008 
2542 

2006 
2780 

2007 
2988 

2008 
3216 

2003 
4283 

2006  
4453  

2003 
5151 

2005 
4967 

2004 
5059 

2004 
4854 

2007  
4953  

APR/2007
48561 

STATION: 44018 -- POR (7/2002 - 12/2008) 

2 - MEANS & EXTREMES BASED ON HOURLY (GMT) OBSERVATIONS -- MONTHLY & ANNUAL BY YEAR 

ELEMENT: SIGNIFICANT WAVE HEIGHT (METERS) 

YEAR ELEMENT JAN 
FEB 

MAR APR MAY JUN JUL AUG SEP OCT 
NOV 

DEC ANN 

2002 MEAN -

-

- - - - 0.8 0.8 1.2 1.7 
2.0 

2.3 1.6 

MAXIMUM 

-

-

- - - - 0.9 2.3 5.1 5.4 
6.6 

8.2 8.2 

DAY-HR 

-

-

- - - - 31-08  31-20 12-08 16-21 07-05  26-13  DEC 

# OBS 

-

-

- - - -
20 

738 717 732 
716 

732 3655 

2003 MEAN 2.2 
2.2 

1.7 2.0 1.3 1.1 1.0 0.9 1.5 1.6 
1.8 

2.5 1.7 

MAXIMUM 

6.5 
6.6 

4.4 4.9 4.2 4.8 2.4 2.2 3.8 4.2 
5.7 

7.6 7.6 

DAY-HR 

02-17 18-04  03-17 08-15 03-17 02-02 23-23  06-07 29-01 16-04 29-18  06-21  DEC 

# OBS 

733 
665 

733 712 708 720 742 743 710 734 
715 

731 8646 

2004 MEAN 1.5 

-

- - 1.0 0.9 1.0 0.9 1.4 2.0 
1.8 

2.1 1.4 

MAXIMUM 

2.6 

-

- - 1.6 2.7 2.7 2.7 4.9 5.8 
6.0 

8.6 8.6 

DAY-HR 

07-13 

-

- - 29-22 01-22 20-04  31-13 30-00 24-09 14-04  27-08  DEC 

# OBS 

68 

-

- - 309 717 742 742 715 740 
709 

730 5472 

2005 MEAN 2.2 
2.1 

2.0 1.7 1.5 0.9 0.8 0.9 1.3 1.9 
1.5 

1.9 1.5 

MAXIMUM 

8.6 
4.0 

6.0 5.3 5.9 2.2 2.2 2.4 2.8 6.9 
6.5 

5.3 8.6 

DAY-HR 

23-19 04-22  09-10 03-20 25-02 15-11 01-21  16-00 27-11 25-15 22-23  09-23  JAN 

# OBS 

719 
652 

720 675 683 710 731 731 700 672 
672 

671 8336 

2006 MEAN 2.1 
2.0 

1.6 1.6 1.6 1.2 1.1 0.8 1.4 1.6 
1.6 

1.6 1.5 

MAXIMUM 

5.7 
6.6 

3.8 3.7 4.5 3.2 4.9 2.1 4.1 5.4 
5.3 

4.4 6.6 

DAY-HR 

04-03 12-15  26-22 24-09 02-04 07-20 21-09  29-19 12-17 29-05 09-09  02-09  FEB 

http://www.ndbc.noaa.gov/data/climatic/44018.txt 7/13/2010 
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# OBS 

669 
599 

673 678 703 711 729 718 676 647 
583 

595 7981 

2007 MEAN 

MAXIMUM 
DAY-HR 
# OBS 

1.8 
4.3 

21-06 
558 

2.1 
6.1 14-20  

544 

1.9 
4.8 

17-03 
559 

1.7 
4.1 

16-04 
302 

0.6 
0.8 

31-15 
24 

1.1 
3.5 

05-03 
687 

1.0 
2.4 

21-07  
704 

1.0 
2.8 

18-18 
705 

0.9 
2.2 

29-02 
686 

1.1 
3.0 

29-06 
651 

1.8 
8.5 04-04  

602 

1.9 
5.7 

17-06  
606 

1.4 
8.5 
NOV 

6628 

2008 MEAN 

MAXIMUM 
DAY-HR 
# OBS 

2.0 
8.1 

28-08 
605 

1.9 
5.9 14-06  

588 

2.0 
5.8 

09-12 
632 

1.6 
3.6 

07-15 
662 

1.5 
4.9 

10-19 
708 

0.9 
2.5 

01-09 
701 

1.1 
2.4 

22-15  
704 

0.9 
2.0 

26-11 
715 

1.5 
4.3 

07-09 
687 

1.7 
5.7 

29-02 
701 

1.8 
4.8 26-10  

622 

2.0 
5.2 

20-05  
622 

1.6 
8.1 
JAN 

7947 

POR MEAN 

MAXIMUM 
YEAR 
# OBS 

2.1 
8.6 

2005 
3352 

2.1 
6.6 2006 
3048 

1.8 
6.0 

2005 
3317 

1.7 
5.3 

2005 
3029 

1.4 
5.9 

2005 
3135 

1.0 
4.8 

2003 
4246 

1.0 
4.9 
2006  
4372  

0.9 
2.8 

2007 
5092 

1.3 
5.1 

2002 
4891 

1.7 
6.9 

2005 
4877 

1.8 
8.5 2007 
4619 

2.1 
8.6 
2004  
4687  

1.5 
8.6 

JAN/2005
48665 

STATION: 44018 
                    3 - PERCENT FREQUENCY OF AVERAGE WIND SPEED(KNOTS) VS AVERAGE WIND DIRECTION(TENS OF DEGREES) 
Month: JAN 

WIND DIRECTION 

WIND SPEED 
CALM 35-01 02-04 05-07 08-10 11-13 14-16 17-19 20-22 23-25 26-28 29-31 32-34 TOT % TOT N 

0 

0.1 0.1 

-

* - * - 0.1 - 0.1 

-

0.1 0.1 0.5 18 

1  -
3 0.5 

0.3 
0.4 0.4 0.2 0.2 0.2 0.2 0.3 

0.3 
0.3 0.5 3.7 129 

4  -
6 0.5 

0.7 
0.2 0.5 0.4 0.4 0.2 0.6 0.7 

0.6 
0.4 0.3 5.5 191 

7  -  10 
0.8 

0.7 
0.5 0.6 0.5 0.8 0.7 1.3 1.3 

1.8 
1.1 1.0 11.1 387 

11 
- 15 1.7 

1.3 
0.9 0.7 0.6 0.7 2.0 2.6 2.8 

3.4 
3.0 2.4 22.2 776 

16 
- 20 1.5 

1.2 
1.4 0.7 0.5 0.8 1.5 2.5 3.0 

3.6 
4.4 2.8 23.9 834 

21 
- 24 1.4 

0.5 
0.5 0.7 0.5 0.6 0.6 0.9 0.8 

2.6 
4.5 4.1 17.9 625 

25 
- 33 1.8 

0.9 
0.8 0.9 0.1 0.5 0.3 0.3 0.4 

1.5 
3.8 3.3 14.5 506 

34 
- 47 0.1 

0.3 
* - - - - - -

-

* - 0.5 18 

> 48 

-

-

- * - - - * -

-

- 0.1 0.1 4 

TOTAL % 
TOTAL N 
(* < 0.05%) 

0.1 
2 

8.4 
293 5.7 

200 

4.8 
169 

4.6 
160 

2.8 
99 

3.9 
137 

5.5 
193 

8.5 
295 

9.4 
328 13.9 

485 

17.7 
618 

14.6 
509 

100.0 
3488 

STATION: 44018 
                    3 - PERCENT FREQUENCY OF AVERAGE WIND SPEED(KNOTS) VS AVERAGE WIND DIRECTION(TENS OF DEGREES) 
Month: FEB 

WIND DIRECTION 

WIND SPEED 
CALM 35-01 02-04 05-07 08-10 11-13 14-16 17-19 20-22 23-25 26-28 29-31 32-34 TOT % TOT N 

0 

0.0 -

-

- - * * 0.1 - -

-

- - 0.2 5 

1  -
3 0.1 

0.2 
0.3 0.2 0.3 0.2 0.2 0.2 0.3 

0.2 
0.2 0.3 2.6 69 

4  -
6 0.6 

0.3 
0.4 0.2 0.3 0.3 0.5 0.8 0.6 

1.4 
0.5 0.6 6.4 171 

7  -  10 
0.9 

0.6 
0.6 0.7 0.6 0.5 0.9 1.1 1.0 

1.8 
2.1 1.4 12.2 325 

11 
- 15 0.5 

0.9 
1.4 1.2 1.1 0.5 1.1 1.0 3.7 

3.8 
3.6 2.6 21.3 567 

16 
- 20 1.1 

0.8 
0.7 0.8 1.1 0.9 0.7 1.1 3.0 

4.9 
4.3 3.1 22.4 596 

21 
- 24 0.8 

0.6 
0.9 0.4 0.3 0.6 0.8 0.4 1.0 

3.3 
5.7 2.2 16.9 451 

25 
- 33 0.7 

0.2 
0.9 0.4 0.2 0.1 0.5 0.5 1.3 

4.0 
6.3 1.8 17.0 452 

34 
- 47 0.1 

-

0.1 0.1 0.1 - - * * 
0.2 

0.2 0.1 0.9 25 

> 48 

-

-

* - - - - - -

-

- - 0.0 1 

TOTAL % 
TOTAL N 
(* < 0.05%) 

0.0 
1 

4.6 
123 3.5 

93 

5.4 
143 

3.9 
104 

3.9 
105 

3.2 
86 

4.7 
126 

5.2 
138 

10.9 
290 19.5 

520 

23.0 
612 

12.1 
321 

100.0 
2662 

http://www.ndbc.noaa.gov/data/climatic/44018.txt 7/13/2010 
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MAXIMUM 

53.5 49.4 47.2 51.7 47.8 43.4 35.4  30.3 50.3 47.0 52.9 51.9  53.5 

DAY-HR 

13-19 11-07  10-11 26-03 02-16 17-01 24-09  23-19 11-23 26-16 18-23  26-03  JAN 

MINIMUM 

4.5 
3.1 

3.1 3.9 1.9 2.5 1.7 3.1 3.7 5.6 
2.7 

1.4 1.4 

DAY-HR 

06-20 17-09  13-05 28-07 27-05 21-05 21-13  27-14 29-19 25-05 03-23  13-17  DEC 

# OBS 

740 
670 

742 711 736 717 732 677 720 736 
720 

740 8641 

2003 	MEAN 24.2 22.3 18.2 20.1 16.2 14.3 14.8  15.0 15.4 20.9 21.4 25.8  19.0 

MAXIMUM 

52.9 45.1 39.3 48.2 36.2 33.6 34.2  28.2 41.8 50.3 56.6 50.0  56.6 

DAY-HR 

02-08 12-16  03-10 26-20 26-22 22-19 27-19  17-20 23-21 15-17 14-05  07-01  NOV 

MINIMUM 

1.4 
2.5 

1.6 2.7 1.7 1.2 1.2 2.3 1.0 2.9 
1.7 

1.9 1.0 

DAY-HR 

06-01 26-20  28-17 25-11 07-05 26-16 20-12  12-15 22-06 09-18 27-19  20-00  SEP 

# OBS 

744 
672 

744 716 743 719 743 743 709 742 
720 

739 8734 

2004 	MEAN 25.8 19.5 20.9 19.2 15.4 15.5 14.2  15.0 16.0 19.4 21.1 22.9  18.7 

MAXIMUM 

57.5 49.4 48.2 41.0 34.2 32.1 34.2  41.4 52.1 42.2 51.3 59.5  59.5 

DAY-HR 

14-00 06-22  12-18 14-02 08-05 06-14 13-18  15-12 29-12 17-01 05-05  01-19  DEC 

MINIMUM 

4.5 
1.6 

3.9 2.9 1.2 2.1 2.5 1.4 1.7 1.6 
2.3 

2.7 1.2 

DAY-HR 

02-10 02-18  09-15 21-08 20-04 16-16 03-15  25-08 24-08 07-15 18-06  03-08  MAY 

# OBS 

744 
689 

742 719 738 718 742 740 720 743 
717 

741 8753 

2005 	MEAN 22.1 18.9 19.6 18.4 18.3 15.5 14.3  13.4 15.1 22.1 22.5 23.0  18.6 

MAXIMUM 

68.0 43.0 57.0 50.9 54.2 30.7 29.9  36.5 38.9 57.9 50.2 69.4  69.4 

DAY-HR 

23-13 15-10  09-03 03-07 07-17 30-15 25-17  31-22 29-21 25-15 03-20  09-20  DEC 

MINIMUM 

2.5 
2.5 

2.1 2.1 1.7 3.9 2.7 3.1 0.8 2.5 
3.7 

1.9 0.8 

DAY-HR 

08-08 02-00  21-15 01-06 04-14 04-17 05-04  25-02 07-08 01-04 19-16  25-06  SEP 

# OBS 

744 
670 

741 720 731 720 735 742 718 742 
718 

743 8724 

2006 	MEAN 22.4 24.5 19.9 18.7 18.8 17.5 16.4  13.9 16.2 22.6 18.3 21.8  19.7 

MAXIMUM 

53.5 56.4 45.7 40.4 42.2 46.3 35.4  33.2 38.1 57.2 48.4 53.8  57.2 

DAY-HR 

19-01 12-15  16-03 04-23 02-04 07-18 03-03  20-13 02-22 28-18 23-23  02-00  OCT 

MINIMUM 

2.1 
1.7 

1.7 3.7 3.3 3.1 4.1 2.9 2.7 3.1 
3.5 

0.0 0.0 

DAY-HR 

02-17 23-08  29-09 15-05 28-04 02-22 07-16  18-14 13-05 14-13 30-00  31-23  DEC 

# OBS 

740 
668 

743 717 732 706 276 300 640 657 
712 

735 7626 

2007 	MEAN 18.0 

-

17.8 19.9 16.4 17.5 14.1  13.9 16.0 18.6 22.7 22.3  17.9 

MAXIMUM 

43.9 

-

35.2 62.6 39.9 44.7 36.5  46.9 39.7 42.4 58.5 53.3  62.6 

DAY-HR 

08-11 

-

28-23 12-20 19-01 02-00 05-12  08-15 15-18 20-04 03-21  17-05  APR 

MINIMUM 

0.0 

-

3.7 1.7 1.7 1.9 2.1 0.8 2.9 1.9 
3.5 

3.3 0.0 

DAY-HR 

16-07 

-

28-02 11-14 13-12 03-15 17-15  19-15 02-04 03-03 14-07  19-16  JAN 

# OBS 

320 

-

168 701 735 712 736 736 709 741 
717 

669 6944 

2008 	MEAN 21.9 21.3 21.5 16.5 18.9 14.5 14.0  12.6 16.0 19.9 20.8 25.0  18.6 

MAXIMUM 

50.7 56.4 56.2 43.2 42.2 35.6 50.9  39.9 45.3 51.9 42.0 55.6  56.4 

DAY-HR 

30-20 11-05  09-07 02-01 13-15 24-20 27-20  11-15 07-09 29-04 16-14  22-05  FEB 

MINIMUM 

3.9 
2.1 

2.5 2.9 3.1 1.9 2.3 1.9 1.6 2.9 
2.7 

4.5 1.6 

DAY-HR 

26-18 26-11  27-13 17-04 05-14 19-15 06-08  21-16 13-17 16-02 08-07  26-20  SEP 

# OBS 

737 
688 

735 708 738 719 739 740 714 734 
701 

727 8680 

POR 	 MEAN 22.8 21.3 20.9 18.8 17.4 15.9 14.9  14.2 16.2 20.3 21.8 23.1  18.9 

MAXIMUM 

75.4 56.4 58.1 62.6 54.2 48.0 52.9  52.9 57.2 57.9 66.3 69.4  75.4 

YEAR 

1999 2008 1999 2007 2005 2000 2001  1998 1999 2005 1997 2005  JAN/1999

MINIMUM 

0.0 
1.6 

1.6 1.7 1.2 1.2 1.2 0.8 0.8 1.6 
1.7 

0.0 0.0 

YEAR 

2007 2004 2003 2007 2004 2003 2003  2007 2005 2004 2003 2006  JAN/2007

# OBS 

7373 6735 7521 7828 8488 8574 7656  8279 8489 8618 8571 8782  96914 

http://www.ndbc.noaa.gov/data/climatic/BUZM3.txt	 7/13/2010 

STATION: BUZM3 -- POR (10/1990 - 5/2006) 


2 - MEANS & EXTREMES BASED ON HOURLY (GMT) OBSERVATIONS -- MONTHLY & ANNUAL BY YEAR 


ELEMENT: SIGNIFICANT WAVE HEIGHT (METERS) 


http://www.ndbc.noaa.gov/data/climatic/BUZM3.txt


                                                   

                                                                    
                                                                 

                                                                        
                                                                  

                                                                    
                                                                 

                                                                
                                                                   

                                                                  
                                                               

                                                                
                                                                  

                                                          
                                                       

                                                    
                                                         

                                                      
                                                   

                                            
                                                    

                                                        
                                                     

                                                        
                                                      

                                                      
                                                   

                                                    
                                                    

                                                      
                                                   

                                                    
                                                    

                                                      
                                                   

                                                    
                                                    

                                                              
                                                           

                                                        
                                                            

                                                            
                                                         

                                                            
                                                          

                                                              
                                                           

                                                        
                                                             

                                                       
                                                   

  

  

  

  

  

  

  

  

  

  

  

  

  

Page 29 of 54
 

YEAR ELEMENT JAN 
FEB 

MAR APR MAY JUN JUL AUG SEP OCT 
NOV 

DEC ANN 

1990 MEAN -

-

- - - -
-

- - 1.1 
1.1 

1.4 1.2 

MAXIMUM 

-

-

- - - -
-

- - 3.0 
4.1 

3.3 4.1 

DAY-HR 

-

-

- - - -
-

- - 19-14 11-04  24-16  NOV 

# OBS 

-

-

- - - -
-

- - 506 
679 

633 1818 

1991 MEAN 1.2 

-

- - - -
-

- - -

-
-

1.2 

MAXIMUM 

2.8 

-

- - - -
-

- - -

-
-

2.8 

DAY-HR 

13-00 

-

- - - -
-

- - -

-
-

JAN 

# OBS 

290 

-

- - - -
-

- - -

-
-

290 

1992 MEAN -
1.1 

1.5 1.1 - -
-

- - -

-
-

1.3 

MAXIMUM 

-
2.9 

4.4 1.6 - -
-

- - -

-
-

4.4 

DAY-HR 

- 16-18  12-05 03-23 - -
-

- - -

-
-

MAR 

# OBS 

-
457 

400 29 - -
-

- - -

-
-

886 

1997 MEAN -

-

- 1.3 1.1 0.7 0.7 0.7 0.8 0.8 
1.2 

-
0.8 

MAXIMUM 

-

-

- 2.6 3.7 1.5 1.7 2.5 3.1 2.6 
3.9 

-
3.9 

DAY-HR 

-

-

- 29-11 03-22 22-09 25-23  21-22 29-23 28-02 02-00        
-

NOV 

# OBS 

-

-

- 75 702 700 709 723 692 685 
507 

-
4793 

1998 MEAN 1.2 
1.2 

1.3 1.0 0.9 0.5 0.4 0.6 0.4 0.5 

-
-

0.8 

MAXIMUM 

3.6 
3.3 

4.4 2.9 3.3 1.9 1.2 2.1 1.4 1.5 

-
-

4.4 

DAY-HR 

25-01 13-08  10-10 23-23 02-14 01-02 01-11  26-08 02-12 10-11 

-
-

MAR 

# OBS 

340 
588 

621 567 551 576 598 634 410 429 

-
-

5314 

1999 MEAN -
0.9 

1.3 0.8 0.7 0.7 0.8 0.8 1.1 1.0 
1.2 

1.2 0.9 

MAXIMUM 

-
2.5 

5.1 2.2 2.3 2.0 2.7 1.8 2.7 2.8 
4.1 

3.6 5.1 

DAY-HR 

- 13-03  04-17 08-22 25-19 28-23 02-19  14-13 30-15 19-04 03-08  30-11  MAR 

# OBS 

-
389 

691 692 707 695 699 418 202 276 
369 

548 5686 

2000 MEAN 1.3 
1.2 

1.0 1.3 0.8 0.8 0.7 0.8 0.8 0.7 
0.9 

1.3 1.0 

MAXIMUM 

5.9 
4.2 

3.0 3.9 3.5 2.0 0.8 1.8 2.8 1.9 
2.7 

6.3 6.3 

DAY-HR 

26-09 14-21  29-12 09-20 19-01 07-03 01-02  07-11 20-17 11-14 27-03  18-06  DEC 

# OBS 

558 
513 

487 426 352 314 
9 

591 684 658 
614 

611 5817 

2001 MEAN 0.9 
1.1 

1.2 0.8 0.7 0.7 0.8 0.8 0.7 1.0 
1.0 

1.0 0.9 

MAXIMUM 

2.7 
3.7 

3.8 1.9 1.5 1.6 2.2 1.9 2.1 2.8 
2.2 

2.2 3.8 

DAY-HR 

31-15 10-13  22-10 01-00 30-21 12-11 05-22  14-02 30-16 17-17 20-08  29-12  MAR 

# OBS 

529 
464 

487 400 342 550 512 610 503 557 
718 

738 6410 

2002 MEAN 1.3 
1.2 

1.3 0.9 0.9 0.9 0.7 0.6 0.8 0.9 
1.3 

1.2 1.0 

MAXIMUM 

2.9 
3.1 

3.7 2.3 2.4 1.8 1.6 1.4 2.9 3.3 
3.2 

3.1 3.7 

DAY-HR 

14-05 13-00  04-04 29-10 15-03 28-18 24-09  23-09 16-16 20-00 30-20  22-02  MAR 

# OBS 

740 
664 

732 699 721 676 683 683 566 683 
585 

654 8086 

2003 MEAN 1.1 
1.1 

0.9 0.9 0.7 -
-

- - -

-
-

1.0 

MAXIMUM 

2.6 
3.5 

2.3 2.1 1.1 -
-

- - -

-
-

3.5 

DAY-HR 

20-18 05-08  22-02 27-06 03-16 -
-

- - -

-
-

FEB 

# OBS 

720 
607 

653 557 121 -
-

- - -

-
-

2658 

2005 MEAN -

-

- - 0.7 0.7 0.6 0.6 0.9 1.1 
1.3 

1.3 0.9 

MAXIMUM 

-

-

- - 2.0 1.3 1.7 2.0 2.6 3.4 
4.5 

3.6 4.5 

DAY-HR 

-

-

- - 26-02 30-15 25-19  31-23 27-08 26-08 22-17  16-16  NOV 

# OBS 

-

-

- - 498 707 709 730 718 731 
717 

736 5546 

2006 MEAN 1.3 
1.3 

0.9 0.9 1.1 -
-

- - -

-
-

1.1 

MAXIMUM 

4.6 
3.7 

2.4 2.2 1.6 -
-

- - -

-
-

4.6 

DAY-HR 

19-04 06-13  11-01 04-21 02-05 -
-

- - -

-
-

JAN 

# OBS 

739 
668 

736 707 46 -
-

- - -

-
-

2896 

POR MEAN 1.2 
1.1 

1.2 0.9 0.9 0.7 0.7 0.7 0.8 0.9 
1.1 

1.2 1.0 

MAXIMUM 

5.9 
4.2 

5.1 3.9 3.7 2.0 2.7 2.5 3.1 3.4 
4.5 

6.3 6.3 

http://www.ndbc.noaa.gov/data/climatic/BUZM3.txt 7/13/2010 



 

 

 

 
 

  

 

 

Port Statistics Page 1 of 3 

http://www.massport.com/port-of-boston/About%20Port%20of%20Boston/PortStatistics.aspx 

Port Statistics 
CARGO VOLUMES AT MASSPORT FACILITIES 

Containerized Cargo (Conley Terminal) 

Category 

Containerized 
Cargo 
Import TEUs * 
(Fulls) 

Containerized 
Cargo 
Export TEUs * 
(Fulls) 

Containerized 
Cargo 
Empty TEUs * 

Containerized 
Cargo 
Total TEUs* 

Containerized 
Import 
Short Tons 

Containerized 
Export 
Short Tons 

Total 
Containerized 
Short Tons 

Mar 08 – Feb 
09

100,013 

60,535 

43,479 

204,027 

1,039,035 

540,578 

1,579,613 

 Mar 07 – Feb % 

08 Change
 

107,559 -7.0% 

70,681 -14.4% 

44,853 -3.1% 

223,093 -8.5% 

1,117430 -7.0% 

631,181 -14.4% 

1,748,612 -9.7% 

Non-Containerized Cargo (Massport Marine Facilities) 

7/9/2010 

http://www.massport.com/port-of-boston/About%20Port%20of%20Boston/PortStatistics.aspx


 

 
  

 

 

  

   
 

   

   

  

       
   

  

 

 

 

Port Statistics 

28,974 9,769 

272,548 234,284 

169,613 194,804 

Mar 08 – Feb Mar 07 – Feb 
Category 

09 08 

Automobiles 

Processed
 

Cruise Passengers
 

Cement Short Tons
 

* TEU (20-foot equivalent unit) 
* Totals do not include Over-the-Road containers 

Port Of Boston Activity 

All Volumes in Metric Tons Unless Otherwise Indicated 
Volumes Reported for Public & Private Terminals* 

2008 2007 

Containerized Cargo 

Public & Private Terminals

 Import Metric Tons 
973,409 1,113,654 

Export Metric Tons 
496,311 620,303 

Total Containerized Cargo 
1,469,720 1,733,957 

Container Ships (includes 
barges) 

242 281** 

Auto Vessels 32 20 

Bulk Cargo Imports in 
Metric Tons

 Petroleum Products 
6,837,017  7,679,205  

Liquefied Natural Gas 
2,556,039 3,154,858 

Salt 
688,695 715,339 

Cement *** 
161,656 257,508 

    Automobiles(Autoport) 29,150 10,971 

Gypsum 
27,692 159,055 

Other 
2,105,133 1,223,565 

Page 2 of 3 

% 

Change
 

196.6% 

16.3% 


-12.9% 


http://www.massport.com/port-of-boston/About%20Port%20of%20Boston/PortStatistics.aspx 

% 
Change 

-13% 


-20% 


-15% 


-14% 

60% 

-11% 

-19%    

-4% 

-37% 

166% 

-83% 

72% 

7/9/2010 

http://www.massport.com/port-of-boston/About%20Port%20of%20Boston/PortStatistics.aspx


   

     

     

     

    

 

  

  

  

  
 

 

 

 

Port Statistics Page 3 of 3 

http://www.massport.com/port-of-boston/About%20Port%20of%20Boston/PortStatistics.aspx 

Sub-total Bulk Imports 
12,405,382 13,200,501 -6% 

Bulk Cargo Exports in 
Metric Tons 

Scrap Metal 643,217 539,966 19% 

Automobiles (Autoport) 21,736 2,804 675% 

Other 135,571 29,659 357% 

Sub-total Bulk Exports 800,524 572,429 40% 

Total Bulk Cargo 13,205,906 13,772,930 -4% 

Bulk Cargo Vessels/Arrivals 435 481 -10% 

Total Port of Boston Cargo 14,675,626 15,506,887 -5% 

Container TEUs (Fulls Only) 164,548 177,013 -7% 

Automobiles Processed 
(units) 

26,779 10,079 166% 

Cruise Passengers 269,911 234,284 15% 

Cruise Vessel Sailings 113 101 12% 

NOTES: 

Container TEUs do not include Over-the-Road boxes
 
* Private Terminal Volumes are as reported by PIERS.
 
**Vessel arrivals for 2007 were previously reported in error as 361.  

*** Cement includes barge volumes at Massport facilities.  

Other bulk import cargoes include chewing gum, dyes, vegetable oil, putty
 
and caulk, and adhesives. 

Other bulk export cargoes include steel and used automobiles.
 

7/9/2010 

http://www.massport.com/port-of-boston/About%20Port%20of%20Boston/PortStatistics.aspx


 

 

 

 

 

 

 

APPENDIX 9 




 

 

 

 

 

 

The properties surrounding Fall River State Pier were carefully looked at to determine 
ownership, location and use. These properties from plot maps N-13, N-15, N-16, and T-03 were 
compared from the MassLandRecords 20/20 system to the Massgov PatriotProperties to ensure 
proper accuracy. Noted in the map below are the plot and lot numbers for the area surrounding 
Fall River State Pier. 

•	 Map ID 1 N-13-0020 is owned by the Commonwealth of Massachusetts.  This property 
encompasses State Pier.  This property contains 7.180 acres; with one warehouse style 
building that is noted ‘Fall River State Pier’.  The area of State Pier is used for cargo 
shipment container storage.   

•	 Map ID 2 N-13-0021 is owned by the Commonwealth of Massachusetts.  This property 
contains 2.020 acres and is located to the northeast of the State Pier property.  This 
property was also referred to as Steamship Dock; sign on property image states 
‘Battleship Massachusetts – Welcome Aboard’.  

•	 Map ID 3 N-16-0016 is owned by Nasser Real Estate Trust.  This property encompasses 
0.744 acres; the property image states Waterfront Café.   

•	 Map ID 4 N-15-0002 is owned by Borden & Remington F R LLC.  This property is 
classified as industrial with 14 mill style buildings on 29.220 acres.  This land is used for 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

industrial waterfront for textile rubber and chemical manufacturing.  This property 
encompasses from 63 Water Street west to the north side of Ferry Street.   

•	 Map ID 5 N-16-0030 and T-03-0019 are both owned by New York Central Lines LLC.  
These properties combined are 2.013 acres southeast of State Pier.  These properties are 
noted to be undeveloped. 

•	 Map ID 6 N-13-0003 is owned by the Commonwealth of Massachusetts C/O Department 
Environmental Management.  This property is to the north of State Pier – opposite the 
195 bridge. This property contains 2.060 acres; with one museum style building that is 
noted ‘Fall River State Pier’. 

•	 Map ID 7 N-13-0001 is owned by Jobs For Fall River Inc.  This property encompasses 
the land beneath the 195 bridge directly north of State Pier.  It is not noted how much 
land is contained only a museum style building.   

•	 Map ID 8 N-16-0011 is owned by Azar Jeanne Etali.  This property is classified as 
Restaurant/Bar and is located on 0.396 acres.   

•	 Map ID 9 N-16-0001 is owned by Fall River Inc. Marine Museum.  This property 
contains 0.438 acres and is noted as being the Marine Museum at Fall River.      



 

 

 

 

 

 

 

APPENDIX 10 
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nnnDun UtUt~UrMtNI #(J705 P 002/01B 
I 

I , 
:: , 

:, 

19Q6 by and betw 

l,.on elltabli·sh.d 

: I lietts, by and th 

:' Afte:!: "OIfer.red t 
. , 
. i INC., II MassAch1.l 
:j 

.\ in Fairhaven, Ma 
d 
; il'J"BlSSEE'· • 
,I 

jiH<:MAS. tb 
'I 

LEASlii AGRl!;!MENt 

day ot March 

11 the CITY OF NEW BEDFQRD. a. m1.lnic1pal corpm:ll· 

nd((ot the laws of thG COmmOnW6i11th of )(as;;.'.chu· 

ugh ita lIARSOR DMLO!?MEN'I' Com1+SS:rON, herein

iI:ii the "LiSSOn", .lnd 1l!l:'l.!U>1l MELVt\:.LE SH!PYA!I.P • 

tt5 QCrporation having a 1.111.141 place .o~ busine~s 

achuilletts, hereinafter l:6ferred 1:0 .1 t1·(;: 

:!ment II certain p rcel of land in New aedf~rd, Massachusetts 1 And 
il 
., WllF.REA$, th LESS!E is desirous of leasing' .md developinilJ a 

; portion of said 

WHEREAS, t 
l 

ioccupy and deve 

ipaSQ of operati 

I fitting of vess 

il NOW r THi£RE 
:i 
1\ covenants, lind· 

il il.grl'!e as follow 

I 
I 
I 

II Th.. Lli:SSOa 

a certain paree 

Ilereto .md here 

an~ in New Bedford; and 

LESSOR ,\.& aware of the desire of the t.U:!!SEE 1:0 

p said land in New aedford for the primary pur-

3. shipyard inelu4ing the sale, rlllpair, ar,d OUI:.' 

&, 

RF., .i.n QOnsideration of th ... i:r: mutuAl pl::Omi.SQIil, 

AR'l'!CLE I 

PRl!!MISES 

oes her.by let. lease, and demise unto·the LESS!E, 

of land as fUlly desQribed in Scnedule A &ttaQh.~ 

ARTICLE tI 
'l']1;ll.M OF LEASE 

TO HAVE AN TO aOtO the demised p.rernises unto the LES8iE 

the term of ninety-nil'll (99) years cOIlUllencing on .JMI'IA,wrciLlbl-__ ••• 
II 
)1 fo."C 

i.1 ___ ~3~1~ _______ , 1986. Th~ term of this lease is subject to eh. 
i 
I 

I 

I 

I 

~i!:;;;'1:i:l&",J~rn;;:;L':'!..r"''''::. ~....;". ""'. . ·.~,~$...t!!lZ'~i,..;~~~~lil1ill'f~,i'i~~~:"',. 



.. 
'J..l.I::IUL... .......... t.1'~ +<.1..,01; ....... 

I' 
,If' 

.... ....... + ....... -~, ... ........... "'-:;1- -_. «0705 P 003/016 

,i lont or alJY $1.\(;0 

il'that til.:) LESS!::.: B 

j in wrlUnq at 

i 
ecting twenty-five (~Sl yea~ term. In the eve~t ! 
ec~", to $0 te*ll1;i.nate. he s\'II.l1- notify tlw I.I'lSSOR I 
t tw~lv8 month~ prior to the end of the respect-

'I 

:ive term. 1n event that the LESSEE does not notify the 
I 
):t..I!SSOR of ion, the p.~t;i.es he~eto shall b. boundeaeh to 

" I :the othel' n~~t succeeding term of twenty-five years e~aQPt 

for the last to! Which shill be twenty-four yeare. , 

.: ArtTICt.E III 

., 

.1 ~ 

The LESSEIi: 

:iHall in New Bedf 

venants and aqrees to pay the LESSOR at City 

d, Massachu~ett$, or at suah other place ~s the 

nate in writing, rent as ha~e1naftQr set forth: 
" 
': U;SSOR ~hall dail 
.j 

i 
., 
" 

'I I. 
il 
II 
II 
" I' ,I 

il 
II 
II 

i 
Ii 
II 
" 'j 

i 
1 

i 
II 

....... " • ,..;. ,-•. ,!,,~' 

a) 

b) 

For the 

Thousan 

irst tW$nty (20) years at the term her.ot Ei9ht 

FQur Hundred Thirty-one and 20/100 !Xll~s ($8,431.;10) 

in equal monthly installment. of Seven Hundred 

a/lOa Dollars ($70~.60), I 
ext suooeeding five (5) years of the term he~eof, 

the sum f ~i;ht Thousand four Hundred Thirty-one and 

20/100' llarm ($8,431.20) per annum payable in equal 

monthly installments Of Seven Hundred TWO and 60/100 

per ann 

Two and 

l'or the 

Dollars ($70:;1.60) I 

0) For the succeeding fifteen (15) years of the term he~Qof, 

the par i.. shall use their best efforts to agree to the 

annual ental applicable thereto at least eighteen {lSI 

months ~ior to the ~~encement of said te~m. In the 

.vent t at the parties cannot agree to the rental the 

:LeSSOR hall ,,$laot one ax:p.itrator and the LESSEE shall 

prior t the ~ommenoement of the lnstant term and snal~ 

The two so noti y the other of their respective choice. 
i 

arbitra ors 60 seleoted .hall determine a third arbitrator 

. ';'-.:: ~". ' 
• !l.:..i!'rJi' ....... ,: 
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n 
;i 
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I 

il 
:1 ., 

q I, 
,I , 
!i 
I 

i1 

ii 
" Ii 
:1 
,I 
!I ,. 
" " 'I 

" 

'I 

" 

(1) 

e) 

n"noun UCUCLUfMtNI .0705 P,004/018 

that th 

to a th 

arbierators l'lelect8d by the, parties cannot ilgree i 
d arbitratOr, the arbitrators shall IQlect a I 

third a itratQ. frOID a panel of three Q~sinter$ated 

nominee to ba $eleot~d by the American Arbitration 

AssQoia on. If at the end of one week after the al$iq-

nation 3uch p~nel there remains disa9r~~roent as to 

whicn 0 said norn~nees shall .erve, the LESSOR'S and 

• LESSEE' arbitrator'll, 1n that orda¥' , sha'U each Itrike 

the nam Of one of the nOIilj,nees a!'le! the reroaininq n.ominee 

all .. n b the third arbit,u~"r. The l:ent. .. l ~biilj; mhall be 

determi d by a majority of the arbitr~tor~ in a 

decisio of the arbitrators made at least fourteen (14) 

months rior to the commenc.ment of the inet .. nt fifteen 

(15) ye r term ::.hdl. );it< bind. ins on aU pilrdes ,,'.'<o,,"p1o 

that th r~ntal so det~rmin$d. shall not exceed. that ot 
I 

compa.):a le land of thl\> LESSOlt leased for' -similar, purJ>O$IIIl; 
i 

~nd in 0 @vent shall the r..ntfor said tatlll eX!:l!iled Twelv(> 
t 

ThOU$an I 
($12.,64 .ao) per annum, $ub:jeot'to 5uhparagraph l!' hen:i.n. i 
'rhe ar 

rul. .. i; 

For th 

the pa 

annual 

ft'I.C):':I.thQ 

evant 

th ... $ 

$h<ll.l. 

rental 

tration prooteding shall be conducted under the 

the Amerioan kthitration Association. 

6ucceed.in9 twenty (20) years of the term hereof, 

ie,S shall \.11,,,,, their best efforts to agu. to the 

ental applicable the~.to at least eighteen (lS) 

rior to tha oOmm@ncement af said t.~~~ Xn tb. 

at the partie5 cannot agree to the rental, then 

pt'ocedure as set out in (0) of thi.s AR'l':tC;t.ll: UX 

applicable, except that in no event shall the 

or .1\; d l!iI!t'm exceed 1'wel ve Thousand S ile Hundl:ed 

Ji'ort.:t~ 'x and aO/l00 ($12,646. aQ)D:>Uar~ ~ aMlm\ for the f~t 

ten (1 years of said twenty (20) yaa~ term. 

Fo~ th 5~cQ~.d~ng twenty (2Q) year and ningtsan (19) 
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year ~~ al periods, th~ rental shall be de~6~~neQ ~n 

" 

:1 the sam manner as set for~h in p&~agraph (e) an~ (d) 

'I 
H 

of this RTicLE IXt. exoept that the arbitrators Shall not 

be limi d to tho maximum of Twelve ThoU$end Six Ku~dred 

Forty-s' and SO/lOO Doll~rs ($12,646.80) per ann~ SQt 

fOrth t rein. 

fl In ilQ,di 

out:. in 

said re 

I?eriod 

aureau 

",ost of 

consume 

);)y the 

during 

ragraph~ (c), (ell. and (e) 0: this ARTtCtE III. 

ill Shall b .. adju5ted upwa~Q; at the .. nd of eaeh 

ecified. if the cost ¢f living index of the 

Lapor Statistics disclo$es an increase in the 

lving index, Aocordinq to th. United Statss 

f~1~e Index. SAid ~en~al shall be adju@ted upwa~d 

rcentage Which saiC price index hal moved upwAr4 

he PAst rental periOd or past year, whichever 

.t i5 agreed and understood that said 
'I II I. 

I 
rental 1~ure may therefo~., with application of the cost, 

ii of livi q increase, exoeed the Cap set out in paragraphs I 
I' 
Ii (e) an<! (d). 

II g) Xt is 5 ecifio",lly underst.ood th",1:; sai.d rental is el¢ol\1·· 

siVa of taxes on the structures on the ~~m1sed premises 

which. all be treated al realty for taxation purposes, 

which t xes shall be assessed by the City of New Sedford, 

" 

': 

The LESSEE 
'i 
I! on the damililed 
.! 

': ;and eql.1J.pmo'!n t " .. 
,; cperatinq a shi 

:: 0 I! V!I'illel.lII anal 

'i for any pU"i'0U 

.: re9ulilt.i.Ona "PI? 

ARTICLE' tv 
LESSEE'S USE OF ?RgUt§IS 

hall have unrestrlcted risht to Quild and install 

he may desire. but solely for the purpoBc of 

ard. incluainq the a.~Q, rapair. and outfitting 

other water dependent ilctivitie5, And use i~. 

n conformance witn all ~oning and build~nq 

'remain the prop ty of the' t.lSSSli:J:l. A buach of said use $0<111 be ., 
: cause for t:lllrmi 1:ion hereunder by the L!!!SOR. In the event that: 

II 
II 

,~~.l""""""". ,. , .... '" .,~.,.,"' ~''t'''.'~'''''''''''.' ,~,~ ... ~~ •..• _ .• ,''',~ .',""''''':'' ..•. 1,1. """". , .. --'1 .. -.""""" ....... -'f""'"''''''W ......... --_~~, ................ , ..... _~-...-. ..... ..::it---...fIIr.~'~ .. "',,,;-.;,,,.. .~ 01 ... ·.-.'·· ." ,,~!'" ' .. ,,~ •. ,',t,; ... , .. : •• -~ ,':'.' ... ' .. '.~.i".' ... ' ....•... ;"T·· _ """-,:;; '. ,. :0' ',..." ...• ;, ........ ; ... ;.'/' , 
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j 

,thi. Agreement i termin~ted fQ~ any teason, said ceructures, i 
:: !mprovemefits. I1lll. hina.t"y otnd equipment ."'¥ l:>e ..-emoved by the Ll.!!Ss1i:1i: J 

i 

provided the pre 15.5 are p~t back in the Game condition a~ they 

wera at the time cf! the' el(.c~tion CIt: the ""'ISle an'; provide.:!!" that 

all taxes and mo ies ~ue to the City of New 6ed£otd, the ~sson, 

have been paid. 

The tESSEI hal~ commence con.truction 0; the bu11~inq on the 

demised premises within 180 days fz;om the d~te of the e:,c."cul.;i.On 

of the Lease. n5truotiOll shall p~ac.Qd, without delay, and be 

completed 1n ac rdance With th. t.ESS~E·S Appl1~atiQn Plan, as 

submitt.d to th Sarbor Development Commission. 

AR'l'ICLj2 V 

LESSOR'S PRESt~'l'AT!ON AS TO THE OEMtSED P~MISES 

Section 1. The tES50R herel:>y jointly and severally warrants 

and represents O\t: 
II II il) l:t hal;! 9"'OQ, clear, and me;rchAnt;able t"i tlQ to the de

has i.t the execution of this Agrt;lemen"t ad;i.verea., 

ompl¢te physical property s~rvey of the a.m~sed 

and certified by"a land G~rv.yor registered by 

'Ii mised prem;l.se a 

to the LeSS£!;: a 

I premises prepar 

, th. Oommonwealt 

b) The de sed premipes are free and clear of all .ncwmPran-
'I 

,oes ~d liens a that upon notice by the LESSEE ~t any time of 

I, 8n~ undisolosed iens or def@ots the LESSOR will cause said liens 
, 
: to be removed 0 cl@ared. 

" 

: edge of any cir whiQj} would prohibi t construction. 
i 
; support or uti1 Ation of the demised premises or any portion 

i thereof. liowev ,th .. Ll!:SSEE ehall. ,0",1< .. hi. own liIi\9ineering 
": 
• determil\at.f.ons to the structural. suitability, tne ~and having 

, been cre"ted. by the depositing of uncl<l:;;a~fi$d fUl. 

d) It has ood and proper power and authority to enter ineo 

" and to perform t$ warranties, representations and undertakings, 

all as set tore in this Agreement and will exec:ut. and ael~v8r 
"i 

il 
Jo 

• 



· .i to the LESSEE an further written oe~ti£icat$s and authariaations 
" .j reasonably requi .,d by ~ounsel for th .. ):.ESSl'll!! at ilnl! t.,illlQ &~ lUI 

'tp further 8vide c" its ~ower and author1ty. 

ARTtCLlil III 
LES EE'S R1GHT ~O ASSIGN OR SUaLEA$a 

5ect1on 1. Notwithstanq~n9 any prov1.ion of thi. Agreement, 

the LtSSEE anAl at all times have tbe right, !n uts sale di,-

,gretion, to ass' n the lease or sublease the demised premises, 

'llubjec1: to all 

or assign~n1:. 

the payment of 

MlY sublease or 

,liabiJ.;i. tiea her 

Section 2. 

any part of the 

and &1)'1:''''''' that 

premiliBS. shall 

I renhl then bei 

II portion 50 subl 

'tho!! provisions 
i 

!lent1tY owneC! by 

Ii , 
!! 
" '! 

Section l.. 
:i 
:1 the LESSOR from 
.: 
:!ttom ilny aot, 0 
i l 

:1 ,.ub~" .. ",'iI'iI r 0;; 

if 
llemplolleas r or 
d 
: <;;aused to l!Iny 

'1 ' "Qurlong ., 
'l 
:or any , 

:1 
il 
il 

,,, ... ult,, from th 

Se<;;tion ~. 

pvis10n5 hereunder. In the event of suoh ~ublea5e 

e LESSEE shall at all. times be usponsible fol' 

e rental. due hereunder and all otber provisions, 

5signment shall not telieve the LESSEE of any 

oder. 

In the eVent that the LESSEE does suhlease all or 

amtsed premiseli. the L1:1S5E.E henby represents 

h_ l'Qnt to be reco!!ivaa by h1m for thedemi._d 

at exceed one hundred ten percent (110')' of the 

pdd by the LESS):;! to tne LESSOR fort-hat 

sed. It is expre~sly undurstood and agr.od that 

Artic~e VI, Seotion 2 shall not ~ppl¥ to any 

be LESSEE hereunder. 

AI'!.'l'XCL:e VII 

NITY ANn PUBLIC LIABILITY lNSURANCE 

Th. LESSEE agrees to inaemni!y an~ hold harmless 

nd against al:l, r;;l;I;l.ms of whatever nature arising 

55ion, or negligence of the LESSEE or LESSEE'S 

;ing from any acr;;ident, lnjury or 4amagl whatsoavar 

son, or to the property of Any person occurring 

.reof in or about the LESSEE'S demised p):em.iIUIG 

ts ther~on except to the extent that $uch olaim 

LESSO~'~ n~9l~gen~m ar fault. 

The LESSEE agrees to maintain in full force, 



I· ., , 
.1 

,during the term, 
i 
!damage inauranae , 
·a$ ar6 in priori 
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reof, policies of public liability and property 

nder which the ~~SSOg (and such other p*r$ons 

of e5tat~ with ~~SSOR AS may ba set out from 

tim.. 1;;0 tim .. ) an the LESS:e;E are n!lllled as aillsur.eas ilnd under which 

the 1nGurer Ag... - to indemnify and hold harml'$s the LESSOR !rQm 

any liability ar ing out of Qr based upon any ~nd «11 claims, 

accidents, injur s and damages 5e~ forth in Section 1_ of this . 
ARTIe]:.!! VII. Ei!I. 

.tespect to the SSOR ~nd the LESSOR'S deaiqnees'without ten (10) 

daYil pt'io. noh.:: to LESSOR, and a duplicate o:ciginal 01:' c;:ertifi"" 

Qat~ th~~$of sha 1 be de~iv$rad to tssSOR. The.minimum ~imit~ 

i 
I 
I ,. 

Shall be one Mil ion DOllars ($1,OPO.OOO.OO) comb~nad single limit 

coval:'~ng persona inju.y liabtlity and prope.ty damage. ,Certificat.~ 

of SUOh insurenc coverage sh~ll be deliv.r~d to LESSQR not later 

than ten (10) ,d~ s afta. ~S$EE ha& fil:'st taken pos~essionof 

il demised p.emises 
II iJ LESSEE shall be 

II insurance cover 

I 
'i 

In the eve 

i or observe any 
~ ~ 

i ot t.1'I1111 Agreeme 
'i 
.~ w:dt~"'n notice 
,i 
" failure without 
,j 
i i or th.. cure the 
'i 
:: after, the LESS 

:I . 
.; thl.!! A<;!l:'lu,mant 
ii 
'i and liabilities 

. i U:SSZE shall CO 

; ti.ons of the LE 

I ed, Iloweve., th 

I be f;>ubordina te , 
trust and other 

It is expressly understood and agreed that 

espon~ible for the payment of all premiums for 

iii nereunder. 

ARTICLt "In 

DEFAULT 

a! f~ilure by tile Liis~E to perform, tulfill, 

the term~, covenRnts, eqreements and conditions 

cont~n"inq for a period of ~2D d«¥s after 

0111 tne LESSOR to tn. LESSEE. I!Ipecifyin9 such 

uen failure being waived or its effect oured 

of oomm~neQd and d1liqentl¥ progeeuted th.re-

may, by written nOtiCe totns LESSEE, terminate 

ereupon all of the LESSEE'S riqhts, obligations, 

nClar this Aqreement Shall cease except that the 

iuue to be liable to the LESSOR for the Obl19~-

EE whioh arose prior to such termination; pro~id

the·):;i.gh1:B Qf tht LESSOR unCle! thi.S Article !ihill1 

CI $ubjeot to any and all mort~'geS, deeds of 

nstrurnents in the n~tu~. of a mortQage or 



'I :;t.ESSl!!t, includin 
iI 
': obli91i1tions hsu 

through its 1.II.<'I.U 

atherwi.lse, to .f1 

#0705 P t)08/01B 

any riqht$ of the hold@ra of ~Qnds or other 

~y the Gity of New Beatord, act~nq by ond 

rial OeveloP"''''nt l!'in .. ncing Altthor1ty,6r 

nee faoilitt •• or equi~ment for use py the 

L~SSEE on tn. de 'sed premises, includin9 the ri9~t of any suoh 

holders to cure y default by the L!SS~~ wi~hin thirty (30) days 

,aft~~ the receip by ~Uch holders of notice by the LESSOR of 

suoh defau~tl an , prov~ded furtner, that the L~aSOR will pe.mit 

any purchaser at a foreclosure or other sale or disposition of " 

-tile demised pram sail OJ:" any of the facilitie:ll Or 'equipment uSIiCl or 

made a part of t Ii demised premises by or cn behalf of any 

SUOh holders to ully pertorm, fulfill, and observe all of the 

: tel:11l'" , covenants 

,this Agreement a 

I: to aU the right 

.~reement$ ana oonditions of the LESSEE und.r 

d in suoh case SUCh purohaser shall be entitled 

of the ~i5SEE und~r this Aqreement, 

M'.l'~C.l.ll: IX 

MISCELLANEOUS p~OVIstONS 

Ii Section 1. LESSEE, subject to tl\6 t",rms anI'!. prOvision" of 

':this Agreement paying of rent and keeping and performing all 

of the terms.an prOVisions of this Agreement on his part to be 
I 
, observed, kept, nd performed shall 4awfully, peaoeably, and 
I: 

I 

quietly hold OQ p~ncy ana enjoy the =em1sed premises during thm 

term l1ereof wi ut hindrance or ejection hy the persons or 

~i entitities al.i ns under the LeSS.OR. 
~ i 
" Section 2. LES6££ ag~ees to make every reasonable effort 
!! 
i. to dischal:"gQ an mechanics, mat.erial-man or othel: liens against 
I 

" 

the demise.;! pre 
:1 
,! mlly arise out 0 
:j 

aes and/or the LESSOR'S interest therein, which 

any payment dUB for or p~rported to be due for 

.' any labor, serv' 85, materials, supplie8 or equipment. alleqsd to 
:1 

have been furn! ed for th_ LSSSSS in, ~pon, or about the demised 

premises. 

SectiOn J. In addition to the rents and covenants contained 

: ~QrQin ~o DO pa ~nd performed by the L!SS~~, the ~~SS~~ ag~ces 
; 

I 
I 

.. 



:1 #0105 P010/018 

·to pay, when due all real estate taxes on the d~mised premise$ 

anq any imptovem nt$ the~6to and any uti11ty ¢h~ges petta1ning 

thl!trttto. 

Section 4. ex~ept as herein otherwise .. x~ressly provided, 

the terms hereof shall be binding u~on and inure to the benefit 

of the successor and assigns respectively of the LESSOR and 

LilSSEt. 

Section 5. This Lease Agreemant shall ~~ qoverned·e~clusive·· 

1y by the provi Ons hereof ana by the laws of the Commonwealth of 

. Massachusotts. 

Section 6. The p~rt~e~ hereto ~9rQQ. upon request of the 

other, to exeou a notice of· a lease or short torm hase in 

recordilole form 

section 7. 

shall cr may be 

'I shall be in wri 

i mail, p0l5t!l.ge p 

11 

II 
New Be 
l?ier 3 
N.8W Be 

and if to I!hlij r.. 

Herman 
42 Wat 
""irha 

section B. 

nd gqmplying w;i.th applicable 19c~J. laws, 

Whenever by the terms of this l\.qreelll<lnt., l'Iotice 

n9 and shall be 59n1:. by registered 0: certified 
• 

paid, and!f to the LESSOR: 

o~d Harbor Development commission 
Wharfinger Bu~lding 

ora, MA 02740 

lvill.e Shipyard, Inc. 
Str<!;et 

II, MA 02719 

The r..~55aE shall be aubjact tc the followin~ 

1. Any ad 'tional structures within the waterways shall be 
i 

,; <luloj.,,,t to all 
'; 
'i ganses and requ 
:: 

ement.:ii .. 

2. Saie:! P mises shall be suhject to th<l .~l\I'I co:.::ps of 
'i 
! Engineers Permi , inclue:!ing compliance for Contribution to Miti-

'I "ation. Said c ntribution shall be qetermined by the Harbor 

: Development Con ;i.s"ion . 

. ' 



APt 
:! 1. In the 
,r 
I shown on the pla 
" 

for sal" any po.(' 

nnnoun uCUCLurMlNI 
t'I.,ri,''''' ... \..J.oI,I;, "" 
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rONAL L!ASE AND PURCHASE PROVISIONS 

~nt th~ ~~ssoa ~~b$tanti~lly imprQv~s tile &:1:'6 .. 

ml'lntione4 1n :;;r;:nag~le A ot thi. lease _till offers 

;ion of the bnd in the are/). Shown On lohe pla", 

ment.l.oned in, Sch ule A, it 2ha11 forthwith notify the LESSEE 

'of the te.('ms and oonditions of slid sale Ind such notice shall 

autom~tically 9r t the LESSEE the right to purChase for the same 

cost per square ot as required of any third party purchaaar •. 

'Tha area shown 0 the plAn mentioned in Schedule A shall mean that 

'area of land of hieh the demised premise. are a pa~t. The ~~SStt 

shall have one h n4red twenty (l20) days from the date of reoeipt 

'of said notice t a~eroise hiS right to pUrchase, by ~ending 

writte~ notice t LESSOR. In the event Of the LESSEE'S decision 

·to 5Q purch~$~, he LESSOR ~nd LSSSEE ~h~ll ~$e their Q~~t etfort3 

to complete the ale and purchase in a proper and orllerly fashion. 

I 

I 
2. The LES !t shall hava an option of tirst refusal to 

,obtain any futur 
: 

land to be or@ated or davBloped directly 

abutting his lap This option is subjeot to the LESSEE present-

ing an acceptabl development plan to the Harbor Development 

Commillion showi g ~ oontinuation at or extension of h1s then 

,! edstinq busine. and is furthilr subject to the salt or leasE! 

.term~ then bein ottered by the Harbor De~elopment Commission. 

~i' 3. Anyad tional filled land ar .... ted as a result ot future 

': bulkheadin9 aha 
II 

~ I 
Any im 

.: mean high wIte.!:' 

Plan referred t 

iLESSEE and no 0 

I 
,i event of the IJr 

rl 
i 

iI 

. i 

.; 

.r 

il 

The LESSEE 

re~.in solely the property of the LESSOR. 

ovement$ ~adM tQ tn~ land 5eaward of the prssmnt 

in" Q~ the Acushnet River as indiQRted on th~ 

in SchedUle A, .h4l! be at the sole riSK of the 

pensation shall be due from the LESSOR in the 

tion of said additional filled land. 

AR'I'tCLl!: )(t 

CONS'I'RI1CTtON 

grass tbat in the event that construction of a 

. """"_', '.~ ,:oJ ' . 
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, 

:I 
-I 
): 

to Qbposselis a I:'l!move therefrom any anQ all O¢<;:1,\panr.s a/'ld t:h",1:t 

effects without e1ng liahl~ to any prosecution therefor, and to 

held pr"'llIi","1i a U this L .. qu had not been rna4e. LESSEE II!ltpres$"> 

Iy Wa1VElB, in 

,presents to 

their ", .... :!, .. 

!~f of himself and all pe~son$ ~~aiminq under 

f nQt:J.ce to ql.\;l.t or intent.i.on t;Q re-enter 

an~ statute or of this LeesQ, in case at sueh 

construction. 

the parties have hereun~o c&l.\sed these 

their dul~ a~tho~iaQd officers and 

affixet\, ol,l'ly attlilsted 1\5 at tl'U! day an(l year 

This lea,. and $xecution thereo~ being 

the City Council of the City of New 

val ot the Mayor, anQ Vote of \:hI!' N$W a"dfQrQ 

t Commission, clrtified copies, ot suc~: O:41r and 

of the New Bedford Harbor oevel.opment:.;CommissiO): 

ana mA4e a part hereof. 

CITY OF NEW BEDFORD 
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SCHEDULE "A" 

.BOUNDARY DESCR!PTION 

A eerhin pa of land sItuated In th~' City of 11610' Bedford, County of 

BrlstQl, and the onwealth of Massachusetts. being parHcu14rTy oownded .o:~ 
descri bed as fall s: 

IIEGltlrH 
Souievi 
inte~Q 
Hehm 

Thence 
a point 

Thence 
~ paint 

Thence 
a point 

Thence 
~ point 

Thence 
in a ~o 
with a 
1 ine of 

Thence 
the eas 
/lllint II 

4t i paint in the easterly line of He~an Melville 
• said point fQrming the sQutheasterly pOint in the 
ion of North Front Strut. Wallliutti; street and Hltnnan 
Boulevard; 

rth 820 S3' 29" east for i\ total af 465..00 feat tQ 

uth 7° 31' 59" h$t for a tote I of 251LOO feet to 

uth 26° 18' 45" wast for a total of 3J.4..00 feet to 

rth saO 04' 00" west for a to~a 1 of 310..00 ff;e t: to 
n the enter),)' line of said HIIrm~n Mehti-lle SouleviN; 

oog th. outerly lioe of $iid HennanMnlvllle BouhlVard 
hwesterl y di rect.i on a total of 173. 7~ ,feet on a curve 
4ius of 960,00 feet to i point in the ,$4id easter'jy 
annan Melville Boulevard; 

rth 7° 31' ~9" west a towl of l!90,47' faet along 
rly 1 ine Qf said Hennlln MIl,vl111t Boulevard to the 
beginning: 

CONTAINl G twa hUnQrecl nine tMuSMd. ii9ht huodreQ sixty
six squ e feet. more or less (209.aGG tl • a total of four 
paint ej ht one tight (4.818) acres. more or less. 

Seine pa t of lot 248 on Assessors Plot 72. as shown on a 
plan ent tIed "Pliln Of L.nd i~ New Seaford belonging to 
City of ew lledfor<;f". dated Mareh 30, 19a6, 
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, 

I 
I 

KNO]o,' ALL }IEN BY T 

I Holly Drive, Fe.irhaven 

SE PRESENTS, TIlAT WB, tlONAL:) GREEN of 26 

Massachusetts, and SHERMAN C. SMITH 0' 
oad, So. Dartmouth, Hamsichusetts, in 

I
I 1136 

oonsideration of ONE 

I I!'.SS ign 

Russells Hills 

and transfer to ACUSHNET RIVER SftlfYA~D, ~NC .• a 

corporation duly organ zed under the laws of the Conmon~ealth of 

Masmachusetts, a cer a~n lease dated June 20, 1988 made by 

HERMAN MELVILLE SHIPYA P, INC., to DONALD GREEN ani SHERMAN C. 

SMITH or the following ,remises: 

BEGINNING at a 
Melville &oulevar 
corne~ of Lot *2 
in New Be4iord, 
Shipyard, Scale 
Benchmark Surve 
Cott.age lSt.reet, 

point in th~ east ~ine of Herman 
, said point being the ngrthwest 
• shown on "Subdivision Plan of Land 

M ... "". located at l1ermarl ~"lvill .. 
"~ 30' dated 1 June 1988" drawn by 
ng and Bnginee:rins Assoc., S67 
w Bedford, ~A; th~nce 

NORTH S2 a 2S' 3· east one hundred twenty and 42/100 
1120.42) feet to n angle; 

Thence prooeedin 
forty-ti v .. and 
o f t.h.. AQ \.IIi' nne t 

Thence tu.rnin. 
forty-one and 6/ 

Thence proceedi 
a.nd 1/10 (73.1) 

Thence proceedin 
9/100 (87.9) fee 

Thenc. proceedin 
(70.2) feet to a 

Thence prooeedin 
5/10 (1l6.5) fe.t 

Thence proceedin 
8/10 (26.8) feet 

Thenee proceed ill 
7/10 (21.7) feet 

Then"' .. »l'oceedLn 
6/10 (81.6) feet 

Thene • prQQeedin 
6/10 (65.6) feet 

north 86° 56' 27" east thre~ hundred 
1100 (346.46) feet t.o the ~est pank 
Vt9.T:'; 

nd proceeding south 24" 
a (41,6) feet to an angle: 

south 37" 38' west seVer.ty-three 
et to an ansi.; 

south 45°· 1/i' 
to an angle. 

Eo~th 72° 36' west seventy and 2/10 
e.nllel 

south 1'16 a 44' west fift:,~six anti 
t.o an a.nsle; 

north 84· 41' w/J> .. t twentf~$ix and 
to a.n anglei 

south 69 0 2'1' west twentr-one and 
to an anl'lle; 

south 85 P 52' west eight!,-one and 
to an apgle; 

north ago 23' W81!t sixty-five and 
to an a.nllle ; 



, 
\ 

\ 
\ 
\ 

\ 
\ 
I, 

\. 

\ 

Thence proceeding 
0/100 (23.0) feet 
Herman H&lville B 

1h~nce along the 
Boulevard in a n 
hundred forty-fiv 
with a raolus of 
line of Rerma.n 
beginning, 

CONTAlNINO si~tv 
(66, 703;t) square 

nn~ou~ utUt~UrMtNI #0705 P015/01B 

north 55 Q 

to a point. 
ul .. vard; 

32' west twenty-thrf,!1!! ano 
1n the ea~terly line ~Q 

asterly line of said Herman lIelvil..l. .. 
~therly direction a total of one 

and 19/100 (145.19) feet on a curve 
60' to a point in the aaid ,~a.sterlY 
Melville BoulevArd to tha ;)oint of 

six thoU5$nd sevan 
eet =ore or leaa. 

hundre! three 

and recorded in Bri tol County (S.D.) R.i~stry ~f needs Book 

~t91, page 0242 with &11 and singular the preni.ec therein 

TO HAVE AND TO 

INC. and it& assigns 

the rest and ~em~ind 

OLD the same to ACUSHNET RIV~R SHIpYARD, 

om Septembe~ I, 19S2 fo~ a~d during all 

yet to come of the le&$e •• ubject to the 

rents, agree~ents, an oonditions contained in the lease. 

IN WITNESS WHERE the parties have hereur~o set their 

• .:, .... z:Ct )l I J' v day of t:'?t::nvv...." \- H BIl. hands and seals th~s 

.Lfu#:A'iu-
DOlllALP GREEN 

A£;. 'M p..tJ-~-J:_ 
SHERMAN C. s~~ 
ACUSHNET aIVEa SHI~YARP, INC. 

Title 

CONSENTED TO; 
HERMAN MELVILLE SHIP RD. INC. 

Title 



, . 

Q0705 P r)18/018 

............................ -- ....... --- .. .. 

'the CITY OF B!DFOIW, a municipal "on;-oration 

ws Cl f the Commonwealth of '1as""l;:husett~ 

a.ct 1n, by And throll,h . h HARBOR DEVELOPMENT COHHI ,SION, hueb:,' 

le~.ed by it to HiRM Hi~VILLi SHIPYARD, INc., on March 31, 

1986 to nONALD GREEN, 26 Holly Drhe, Fairhaven ,iassachl.lut.ts 

and SHERMAN SMITH, 136 Russella Mills Road, $~. Dartmouth, 

Mass&.ehusetts. 

In ¢ons~deratiQn f OQn~~nt to this a~signment of lease 

(partial) by the City ! New Bedford, LESSEE/ASSIGNOR suarantee. 

performance by ASSIG £its, or by their 

administrators, sUCc~ sors, or assigns of all esre.mentB and 

cond~tion5 conta1ned' sald lease as applies to that portion 

a~~ilned, on the part f ASSIGNEES to be performed. 

WITNESS om' han and seals thh ,;{, ~~ i::(. tll.r of November 

1988, 

APPROVED li\ 

and. ht!lf1H 
........ -""":') /f' . 

t:a&,K", 

'Asst. Ci ' 
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New Bedford State Pier Excerpt from the New Bedford Harbor Plan  

The State Pier program represents another of the major initiatives proposed along 
the New Bedford waterfront.  Numerous individual projects are proposed that 
collectively form the basis for a programmatic modification to the form and use of 
the Pier. This effort began with the new Ferry Terminal and roll-on/roll-off freight 
ramps added in the early 2000’s, the establishment of a waterfront visitor center, 
and the startup of the annual Working Port Festival.  Further improvements 
anticipated will enhance the Pier’s ability to handle import and export cargo, service 
cruise ships and support tourism initiatives such as an open air seasonal market, 
facilities for Schooner Ernestina, an area to view the fishing fleet, and other facilities 
of public accommodation.    

The projects range from replacing the pile supported portion of the Pier with a solid 
fill structure to improving buildings and other support facilities so that they can 
support new uses. 

Specific infrastructure work includes pier rehabilitation and building 
reconfiguration. The plan is for the north, south, and east faces of State Pier to be 
demolished and replaced by a new filled-pier structure.  The filled-pier structure will 
be comprised of a bulkhead that will be filled and capped by a concrete slab.  With 
a few exceptions, the edge of the bulkhead will generally follow the edge of the 
existing pier. The two exceptions are: 

•	 The northeast corner of the north and east faces of the Pier, which will be 
squared in order to accommodate the turning radius of future truck traffic; 

•	 The southwest corner of the south face of the Pier, at which the bulkhead will 
be installed further north to accommodate, proposed floating excursion piers 
in that area. 

The plans also call for building reconfiguration.  A portion of the east side of 
Building 1 would be demolished.  The remainder of Building 1 would be 
rehabilitated. Building 2 would be expanded to the south.  A second floor would 
be added to Building 2. The former Coast Guard Building would be demolished. 
Building 3, previously demolished, would be replaced with a new, two story 
building with a larger footprint. An elevated walkway would be installed between 
Building 2 and Building 3. A floating excursion pier would be added in the 
southwest corner. The excursion pier would consist of two sets of multiple floating 
pier structures, the outer edge of which would be aligned with the former southern 
edge of the Pier. 



 

  
 

 

 

 

 
 
 

 
 

 

 

 

 

 
 

           

The new building structure would allow the separation of public and cargo areas by 
keeping public areas primarily on the second floor of most buildings.  Cargo would 
be handled and stored primarily on the first floor of most site buildings.  Future 
public use of the Pier would be maximized by keeping cargo areas isolated from 
public areas. Flexibility goals would be met by creating multiple-use facilities in site 
buildings, by using pier structures for multiple types of vessels (cruise ship vessels, 
fishing vessels, and shipping vessels), by preserving space in the southwest corner of 
the facility to potentially add finger piers in the future, and by maximizing the 
flexibility of the types of cargo (roll-on/roll-off, break-bulk, and load-and-go/inter-
modal) that can be accommodated at the Pier.  The north, south, and east faces of 
the Pier would be replaced to prevent the gradual collapse of those structures.  Site 
security and site safety concerns would be met by installing a filled pier structure 
when rehabilitating the north, south, and east faces of the Pier.    

Proposals have also been made to establish the southwest corner of the State Pier as 
a publicly accessible waterfront destination space with berthing for commercial 
charter fishing and excursion vessels, interpretive facilities associated with the 
Schooner Ernestina and the National Park combined with other visitor facilities 
including an open air market incorporated within temporary structures. 

Ferry Terminal/North Side 

The Ferry Terminal was constructed in 1999 with service commencing in 2000. The 
Ferry Terminal currently provides passenger ferry service to Martha’s Vineyard and 
Cuttyhunk Island. It is currently anticipated that this ferry service will continue. 
This Plan supports the further expansion of ferry service as opportunities are 
presented including possible service to Block Island, Providence, Nantucket and/or 
Woods Hole. 

Cargo Shipments/East Side 

The East Side (as well as portions of the North and South sides) of the State Pier will 
continue to be primarily used for cargo shipments.  The City wishes to maximize the 
flexibility of the types of cargo (roll-on/roll-off, break-bulk, and load-and-go/inter-
modal) that can be accommodated at the Pier.  The City of New Bedford has 
completed a Memorandum of Understanding, along with the Cities of Fall River, 
Salem, and Gloucester, with the City of Cape Canaveral in Florida to facilitate the 
creation of a Short-Seas Shipping corridor in order to by-pass shipping along the 
eastern coast of the United States.  Specific needs for accommodation of short-seas 
shipping vessels will need to be taken into account during the redevelopment of 



                                     
                         

                           
                 

 

 

 

 
 

 
 

 
 

 

 

 

the pier. In order to facilitate the flow of truck traffic on the pier that will be 
involved in loading and unloading of cargo, this Plan supports the extension of 
the Harbor Line located proximate to the northeast corner of the State Pier, in 
order to square the corner off during rehabilitation. 

Storage Facilities 

This Plan supports the expansion of warehouse and storage space on the eastern 
end of State Pier, particularly on the first floor of the building.  The existing 30,000 
square foot cooler storage facility on the State Pier was too small to attract 
significant cargo to the State Pier, as the storage space is smaller than the size of 
typical vessels that would transport goods and services to the City.  Ultimately, the 
coolers were removed, and the facility now accommodates general cargo.  New 
refrigerated facilities will need to be sufficiently large to accommodate typical cargo 
loads. Therefore, expansion of these facilities wherever possible will allow 
increased cargo shipments to arrive to the City and will allow for increased 
economic activity. 

Cruise Ship Terminal/East Side and South Side 

Cruise ship operations were first accommodated at the New Bedford State Pier in 
July of 2002, at which time the Regal Empress docked at State Pier.  The visit was a 
success, but revealed the problems associated with the existing pile-supported 
structure of the south side of State Pier, when exposed to significant lateral loads 
from a large vessel. 

Since 2002, a vessel of the size of the Regal Empress has docked only rarely at the 
State Pier (due to the damage such a vessel would cause); however, multiple smaller 
cruise ships have arrived and been serviced.  DCR intends to upgrade the facilities 
at the pier such that cruise ship operations with larger vessels, such as the Regal 
Empress, can continue in the future.   

Pursuant to the Cruise Ship Initiative, the City and the HDC have been actively 
marketing the Port of New Bedford as a full service port of call for appropriate 
cruise and other transient vessels. For the coming year, the City has signed a 
contract with American Cruise Lines for up to 25 cruise vessels per year to arrive in 
the Port. As a result of this increase in Cruise Ship activity and marketing efforts by 
the State to attract more cruise ships to the region under Historic Ports of 
Massachusetts initiative, the HDC would like to see the redevelopment of State Pier 
to include a Cruise Ship Terminal that will allow for waiting areas, refreshments, 
and tourist-themed areas that would allow for increased economic activity 
associated with the arrivals. 



 

 

 

 

 

 

 
 

 

 

Southwest Corner/National Whaling Historical Park 

The Harbor Plan designates an area on the southwest corner of the State Pier to 
function as a waterfront destination area for harbor visitors. The Harbor Plan 
supports continued use of the central berthing area in the southwest corner of the 
pier for commercial excursion and charter vessels, and the Ernestina, the official 
vessel of the Commonwealth (see below). The south wharf building will include a 
center for visitor services, programs, and support for the Schooner Ernestina, 
ticketing facilities for the excursion vessels, offices and classrooms to help support 
education of commercial and marine industrial uses of the Harbor, and will also 
include a fish market that will serve as a centralized location for Citizens to 
purchase fish for consumption at home. The south wharf will also include a harbor 
viewing area, allowing visitors to view the fishing fleet berthed on Steamship Wharf. 
This initiative will attract substantial numbers of visitors to the waterfront, enhancing 
its vitality and providing direct benefits to the downtown area as a whole.   

Schooner Ernestina 

The Schooner Ernestina is a National Historic Landmark and the official vessel of the 
Commonwealth; it was a gift from the Cape Verde government and is owned by the 
Department of Conservation and Recreation. It is currently berthed on the southwest 
corner of the State Pier. A center for visitor services, programs and support for the 
Schooner Ernestina will be developed on the southwest corner of the State Pier. The 
Harbor Plan concept for the southwest corner of the State Pier includes a berth for 
the Ernestina adjacent to its proposed visitor service facilities. The Ernestina 
anticipates a need for 5,000 square feet of support space onshore, some portion of 
which including interpretive facilities and storage space will be provided on the 
State Pier. 

Floating Dock for Excursion/Charter Boats and Water Taxi/Shuttles 

A substantial floating dock system is proposed to be placed adjacent to a portion of 
the Southwest Side of the State Pier to serve the Ernestina, and to establish an 
accessible central berthing area for charter fishing boats, excursion vessels, and 
other commercial boating services. These services have strong market support and 
will be the catalyst that establishes the waterfront as a visitor destination attracting 
visitors to the community and contributing directly to downtown revitalization 
goals. Establishing a critical mass of vessels in a central location will also bring 
tangible benefits to boat owners based on shared ticketing, shared advertising, and 
an established destination. Several such services currently exist around the harbor 
but they are dispersed and lack critical mass. Development of the proposed floating 



 

 

 

 

  

 
 

 

 
 

 

 

 

dock system would be subject to any applicable leases and would require approval 
from the Commonwealth or its designee. 

A similar opportunity exists on the northwest (inland) corner of State Pier including 
Tonnesson Park and adjacent to the existing Waterfront Visitor Center, where 
docking facilities should be improved to adequately support excursion boats and 
water shuttle/taxi services. Currently New Bedford/Fairhaven Harbor lacks the 
ability to provide adequate berthing for water taxis and launch service, excursion 
boats and space to berth security and port operational vessels.   

The City of New Bedford has requested $75,000 from the Massachusetts 
Seaport Council to build two (2) launch/berthing facilities that would support 
maritime operations and tourism on the waterfront.  One site would support 
access from launch and excursion services to a newly built waterfront 
restaurant in the working port and access to the historic downtown area.  The 
other site would support access by launch and excursion service to the historic 
down town area as well as berthing for the Port’s security vessels (police 
patrol, harbor master, and fire boat). The project is considered critical to 
support commercial and recreational boating activities in the Harbor.  Studies 
sponsored by the Maritime Trades Association indicate that for each $1 spent 
by a boater there is an $8 economic return to the community.  By not having 
an adequate water/land interface to support water taxi, excursion, and 
recreational boating operations, the Port loses the opportunity for this 
economic spin-off. Further and equally important, this project would meet 
some of the security goals critical to the maritime operations of this Port.  

Water Taxi/Launch Dock 

A water taxi/launch dock will be provided on the northwest corner of the State Pier,  

Use of the State Pier for Special Events 

As efforts proceed to revitalize the State Pier through development of freight ferry 
service and with renewed efforts to attract break bulk cargoes, full use will be made 
of the Pier on an interim basis for special events, waterfront festivals, and related 
activities including parking. These activities may make use of exterior Pier areas, the 
Cooler Storage Facility and both levels of the Transit Shed to the extent that they are 
not otherwise in use. Incorporation of these activities will not require any significant 
alterations to Pier facilities and will not impede use of the Pier for its primary users. 
Temporary uses will be limited to activities that are fully compatible with the needs 
of other Pier users and consistent with any applicable leases.  
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08/24/2010 TUE 15:15 FAX 508 991 7372 NEW BEDFORD ECONOMIC DEV 1di002/004 

August 23, 2010 

Mr.Roland Letendre 
Owner 
Hathaway Mills LLC 
84 Gifford Street 
New Bedford MA, 02740 

Mr. Matthew Morrissey 
Executive Director 
New Bedford Redevelopment Authority 
1213 Purchase Street 
New Bedford MA 02740 

Dear Mr. Morrissey: 

I write to state at I am aware ofthe City and the Commonwealth's plans to establish an 
intermodal facility in the south terminal area of New Bedford. As a real estate owner in the 
immediate area, and one who is operating an existing business, I support and endorse the 
efforts to create such a facility. As we discussed, I anticipate working out a temporary access 
easement across a portion of my property bordering Gifford Street. 

Do not hesitate to call me with any questions. 

Sincerely, 

!<~Q~£L £19J<JA6;»
Roland Letendre 



08/24/2010 TUE 15:16 FAX 508 991 7372 NEW BEDFORD ECONOMIC DEV 1dl003/004 

August 23, 20 I 0 

Mr. Matthew A. Morrissey 
Executive Director 
New Bedford Redevelopment Authority 
1213 Purchase Street 
New Bedford, MA 02740 

Dear Mr. Morrissey: 

I am writing to state that at I am aware of the City of New Bedford and the Commonwealth's 
plans to establish an intermodal facility in the south terminal area of New Bedford. As a real estate owner 
in the immediate area) and one who is operating an existing business, I support and endorse the efforts to 
create such a facility. 

Do not hesitate to call me with any questions. 

Mr. Robert K.Gardner III 
Bayline inc. Boatyard and Transport / DMD Development 
109 Gifford Street / 4 Silva Street 
New Bedford, MA 02744 
508-994-2944 



08/24/2010 TUE 15:16 FAX 508 991 7372 NEW BEDFORD ECONOMIC DEV 

NEW BEDFORD HARBOR DEVELOPMENT COMMISSION 

August 26, 2010 

Cmt Spalding 
Regional Administrator for New England 
US Environmental Protection Agency 
5 Post Office Square 
Mail Code: ORAOI-4 
Boston, MA 02109 

Dear Mr. Spalding, 

1dl004/004 

This letter is enclosed herein to express our full support of the South Terminal Marine Park project that will enable 
New Bedford to emerge as a leading hub for import /export trade and provide a state of the atl port facility for the 
emerging offshore energy industry. 

An important component of the existing proposal includes the use of the Gifford Street Boat Ramp to stage wind 
blade equipment. The Harbor Development Commission, as the governing entity for the Harbor, and manager of 
this city owned property agrees to make the acreage available at this site for this specific purpose, a total of I acre. 
To accommodate commercial haulers that currently use the boat ramp, a 36 foot wide aecessway will be delineated 
apart fi'om the staged wind blades. Use of the facility will be made via appointment with the Harbor Development 
Commission. 

Recreational boaters will be directed to the City's boat ramps at East Rodney French Blvd. and West Rodney Blvd, 
boat ramps within minutes of Gifford Street. East and Rodney French Blvd. Boat Ramps are currently being 
rehabilitated and will be in superior condition to meet the use requirements of the recreational boating community. 
These ramps will also support the demands of commercial haulers. 

It is important to note that the Gifford Street Boat Ramp is an underutilized facility in much need of repair. Given 
the low use of the facility and its inferior condition, we do not anticipate any problems with the temporary lise of the 
site for staging wind blades. Engineering and permitting for the repair work is underway. We will proceed with 
construction after the temporary use of staging wind blades is no longer required. 

I am happy to answer any questions and can be reached at (508) 961-3000. Thank you for your consideration of the 
South Terminal Marine Park Project that promises to bring thousands of jobs to our region as well as restore the 
environmental health of the Harbor through the removal of contaminated sediments. 

Sincerely, 

Kristin Decas 
Executive Director 

106 Co-Op Wharf P.O. Box 50899 New Bedford, MA 02745 Tel: 508-961-3000 Fax: 508-979-1517 
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MEMORANDUM
 
Project: Proposed South Terminal CDF 


Regarding: Input From Shipping Industry  

Memo Date:  January 28, 2011 

The following is a summary of  input received from Port Professionals, whose input was 
solicited in conjunction with design of the proposed South Terminal CDF.  These port 
professionals typically work with (or in) the shipping industry, and were able to present 
their analysis of the facility in association with potential future use of the facility as a 
cargo terminal.  Information was received from:   

Ken Parkinson 
North American Port Infrastructure LLC 
2604 Alamanda Court 
Fort Lauderdale, Florida 33301 
Tel: 305.206.0849 
kenneth.parkinson@napinfrastructure.com 

Bruce McCellan 
North American Port Infrastructure LLC 
1021 Woodland Avenue 
Plainfield, NJ 07060 USA 
Tel 908.472.9186 
bruce.mcclellan@NAPInfrastructure.com 

Pierre Bernier, Manager-Freight Forwarding 
Maritime International Incorporated 
Whalers’ Wharf 
PO Box 7745 
New Bedford, Massachusetts 02742 
Tel: 508.996.8507 
pierreb@maritimeinternational.org 

Capt. Jeffrey W. Monroe, MM 
Senior Maritime and Transportation Consultant 
HDR ONE COMPANY | Many Solutions 
11 Katahdin Road, Cape Elizabeth, Maine 04107-2828 
Tel: 207.799.5141 
mirage@maine.rr.com 

The original proposed dredge footprint was reviewed by the shipping personnel listed 
above. The dredge footprint was reviewed in the context of anticipated uses of the 
facility associated with non-offshore wind activities, such as break-bulk cargo, container 
shipping, and bulk cargo. The following input was received:   
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Item 1: The port professionals stated that conventional cargo vessels will typically 
require 500 to 600 feet of berth in deep water.  It was requested that the quantity of deep-
draft area at the bulkhead be increased from the anticipated 500 linear feet to 600 linear 
feet or more of deep-draft length to be able to accommodate the full range of future 
potential shipping vessels at the facility. The port professionals requested a draft of -32 
MLLW at the berth within deep draft areas.   

Item 2: The port professionals felt that the 150 foot width of the channel would not be 
sufficient to accommodate maneuvering of future cargo vessels (which will likely be 
bigger than offshore wind international vessels) into port.   

Item 4: The port professionals expressed concern that the orientation of the channel may 
need to be reviewed by the Northeast Marine Pilots for any potential concerns that may 
impact vessel traffic.  

Item 5: The port professionals noted that dredge design restricted access of tug vessels, 
and that any alterations to the design to allow greater access and flexibility of use for tug 
vessels to guide ships into port would be very helpful to the operation of the facility.  

Item 6: The port professionals noted that the nearest turning basin is in front of the New 
Bedford State Pier, and all effort should be made to make sure that the dredge footprint 
allow swift access to this turning area; preferably with a minimum of maneuvering.   

2 
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Meeting Minutes 

Project: Proposed South Terminal CDF 


Meeting No.: Marine Pilots 

Meeting Date: February 11, 2011 

Attendees: Captain Clinton L. Walker, Board Member, Northeast Marine Pilots, Inc. 
Captain Paul Costabile, Executive Director, Northeast Marine Pilots, Inc.  

  Jay Borkland, Apex 
  Chet Myers, Apex 

The following is a record of the above meeting held on February 11, 2011. 

Item 1: The proposed dredge footprint was discussed for the proposed South Terminal 
CDF, as well as the dimensions and the proposed direction of vessel traffic.  The pilots 
reviewed the proposed dredge footprint and stated that the alignment of the proposed 
channel connecting South Terminal to the Federal Turning Basin needed to be changed, 
that there was insufficient room in the channel to accommodate tugs, and that the overall 
channel width should be increased. 

Item 2: The pilots indicated that there are significant logistical difficulties in guiding a 
large cargo vessel into a port area in anything other than the exact minimum number of 
straight channel lines.  The channel shown on the existing drawings would require at least 
two turns of more than 45-degrees, as well as multiple re-positioning of the vessel.  One 
of the turns would be immediately adjacent to the existing South Terminal turning basin, 
would likely block existing traffic, and would also be extremely difficult to maneuver. 
The turn would require a high degree of channel knowledge by the vessel operator (which 
would be unlikely since the vessel operator would most often be an international 
operator) or the Marine Pilot, and would increase the risk of the vessel accidentally 
straying out of the channel or turning basin.  

Item 3: The most efficient method for maneuvering vessels into port is to find a straight 
channel that connects to your facility and also intersects with the Federal Channel in an 
area where there is sufficient maneuvering room for one turn to allow entry into either 
channel. Altering the angle of the existing channel only slightly (only 2 to 4 degrees) to 
the northeast would allow intersection of the South Terminal Channel with the Federal 
Channel in the vicinity of the New Bedford State Pier, which is immediately in front of 
the Federal Turning Basin. This would allow the vessels to enter along the Federal 
Turning Basin, turn in front of State Pier, and run straight to the South Terminal Boat 
Basin. The vessels would only need to stay in the channel once turned.  They would be 
able to do this via channel markers and guide poles at the end of the channel (which 
could likely be placed at the facility itself).   

Item 4: Cargo vessels anticipated to utilize the Port of New Bedford at the South 
Terminal CDF will be very large and will be unable to maintain their way within the 
channel unaided. The vessels will have their own power, but side-to-side motion will be 
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difficult within the confines of the harbor. It is likely that, due to currents, wave-action, 
and wind, that some drifting of the vessels will occur in some situations.  Therefore, it is 
extremely likely that cargo vessels would be transported to the South Terminal CDF with 
tug assistance. The number and size of tugs would depend upon the vessel; however, 
larger harbor tugs (rather than ocean-going tugs) would be needed for larger vessels.  The 
existing channel does not leave enough room for tugs, and a tug channel will be 
necessary. The tug would operate perpendicular to the vessel, and would help keep the 
vessel on line in the channel.  The tug would then maneuver the vessel into position at the 
terminal once the vessel has reached its berth.  The pilots suggested that the tug channel 
be 100 feet in width, to accommodate the type of tugs needed to maneuver a cargo vessel.  

Item 5: The typical size of the largest cargo vessels that would dock at the new terminal 
is approximately 600 feet in length and 90 feet in width.   

Item 6: The existing channel noted on the plans is 150 feet in width.  The pilots stated 
that this width is likely not sufficient to accommodate the anticipated cargo vessels that 
are expected, as additional room for the vessels within the channel would be needed for 
maneuvering and safety (the vessels are not allowed to ever touch the harbor bottom).  A 
width of 175 feet was suggested to the pilots.  The pilots stated that they would like as 
much channel width as possible, and that a width of 200 feet for the channel with a 100 
foot tug channel would be better.  

2 
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Meeting Minutes 

Project: Proposed South Terminal CDF 


Meeting No.: New Bedford Harbor Tug Operators 

Meeting Date: February 18, 2011 

Attendees: Conrad Roy, Tucker-Roy Marine Towing  
Charles Mitchell, Mitchell Towing and Salvage 
Bruce Beebe , Toscana Corporation 
Jack Aruda, Cape Wind 

  Jay Borkland, Apex 
  Chris Morris, Apex 
  James Bowen, MassCEC 

The following is a record of the above meeting held on February 18, 2011. 

Item 1: The original proposed dredge footprint was discussed for the proposed South 
Terminal CDF, as well as the dimensions and the proposed direction of vessel traffic.  An 
adjusted dredge footprint was also proposed to the tug operators.  The adjusted footprint 
re-aligned the channel such that the channel extended to an area in front of State Pier, 
where a turning basin would allow access to the South Terminal Channel as well as the 
Federal Channel. The proposed width of the South Terminal Channel was increased from 
150 feet to 175 feet and also included a 100 foot wide tug channel.   

Item 2: The tug operators reviewed the proposed dredge footprint and stated that they 
would like as much channel width as possible, but generally agreed that the adjusted 
footprint could work with the facility.  Discussions held with the Marine Pilots on 
2/11/11 were discussed with the tug operators.  The tug operators generally agreed with 
the statements of the Marine Pilots.  

Item 3: The following basic tug information was obtained during the meeting: 

Mitchell Towing and Salvage 
PO Box 471 
Fairhaven, MA 02719-0471 
508.994.9003 
Tug Jaguar 
Length – 63’ 
Beam – 19.5’ 
Draft – 8’ 
Horse Power – 1000 

Toscana Corporation 
19 Arrowhead Drive 
Nantucket, MA 02554 
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508.228.1418 

Tug Buckey 

Length – 65’ 

Beam – 25’
 
Draft – 6’ 

Horsepower – 900(2x450) 


Tucker Roy Marine Towing 

56 Ocean Drive 

Mattapoisett, MA 02739 

508-992-2229 

Tug Tucker Roy 

Length – 100’ 

Beam  – 24’
 
Draft – 13’ 

Horsepower – 2880 


Tug Janice 

Length – 57’ 

Beam – 18’
 
Draft – 6’ 

Horsepower – Not reported. 


Item 4: The tug operators agreed that there would be some variety with regard to which 

tugs would be guiding the vessels; however, it would likely be one of the local tugs 

(likely one of the companies at the meeting) or a combination of local tugs.  As a result, 

the tug channel should be wide enough such that the largest of the tugs (Tug Tucker Roy) 

could be accommodated in the tug channel.  Conrad Roy (Tug Tucker Roy’s Operator) 

requested that the tug channel be 105 feet wide, if possible.    


Item 5: It was discussed that the draft of the deepest tug would drive the needed depth 

within the tug channel and the shallow draft areas of the facility.  The deepest draft local 

tug is Tug Tucker Roy, which drafts 13 feet.   


Item 6: It was discussed that the dimensions of two of the transport vessels that may be 

utilized for offshore wind installations was: 


Vessel 1: 

Length – 195’ 

Beam – 129’
 
Draft – 10’ 


Vessel 2: 

Length – 200’ 

Beam – 135’
 
Draft – 15’ 
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Massachusetts Port-Wind Energy Project 
Technical Memorandum 
Port of New Bedford South Terminal Business Plan 

To: Ken Fields, Project Manager via e-mail:  ken.fields@tetratech.com
 TetraTech 

From: FXM Associates  
Date: December 22, 2009 (Revised January 5, 2010) 

I. Introduction 
This technical memorandum summarizes the analysis and findings of work accomplished by 
FXM Associates in preparing a preliminary business plan for a multi-use cargo facility at South 
Terminal in the Port of New Bedford.  The context for the business plan is three-fold: 

•	 The concurrent “Port and Support Infrastructure Analysis for Offshore Energy 
Development Study,” commissioned by the Massachusetts Renewable Energy Trust, and 
being prepared by the TetraTech consultant team of which FXM Associates is the 
economic consultant; 

•	 2009 New Bedford/Fairhaven Municipal Harbor Plan, prepared by the New Bedford 
Harbor Development Commission (HDC) which describes port assets, needs, and market 
opportunities with recommended port development initiatives and infrastructure projects 
to sustain, grow, and diversify the local maritime economy; and 

•	 City of New Bedford’s “Integrated Intermodal Transportation Infrastructure 
Improvements Plan” description of the South Terminal Renewable Energy Marine Park 
development in its recent application for US DOT TIGER Grant ARRA funding.  

FXM’s specific assignment is to (1) identify potential revenues and cargoes for the South 
Terminal facility, in addition to a Representative Offshore Wind Energy Installation (ROWEI); 
(2) identify an appropriate governance model for multi-use terminal ownership, development, 
and management; and (3) prepare a preliminary terminal business plan with operating pro forma. 
This Technical Memorandum incorporates portions of the draft report prepared by Captain 
Jeffrey Monroe that describes port management and terminal operation models, optimum and 
cost-effective models for support of offshore wind energy installation projects as well as other 
cargo types; the capital cost estimates for the South Terminal facility developed by Childs 
Engineering based on critical review of the City’s TIGER Discretionary Grant application and 
other sources; and other capital and operating cost estimates prepared by the consultant team.1 

1 Comparison of Selected Northeast Ports for Potential Handling of Wind Power Offshore Energy Installations, 
Captain Jeffrey Monroe, MAI  (Draft October 2009); South Terminal Capital and Maintenance Costs Spreadsheets, 
Dave Porter, Childs Engineering (November 30, 2009). 
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FXM also considered input from its specialized affiliates regarding other potential cargo uses at 
the expanded South Terminal facility for the long term financial sustainability of the project. 

FXM examined prospective demand, port governance/terminal management, overall 
development feasibility, and potential economic effects associated with developing and operating 
a multi-use Renewable Energy Terminal and General Cargo facility at South Terminal in the Port 
of New Bedford. This assessment was based on information obtained from the client/project 
consultant team, public and secondary data sources as referenced, as well as FXM independent 
research on potential cargo types and revenues to the facility owner other than those that are 
related to a representative offshore wind energy installation project(s).  An essential question to 
be answered in this report was whether and to what extent the South Terminal facility could be 
self-sufficient (that is, not require annual operating subsidies) during or after its use for offshore 
wind energy development2.  As such, this report focuses specifically on the proposed South 
Terminal project and does not address “quick response” or other possible options for handling 
Cape Wind’s proposed project, or other prospective wind energy development projects that 
might be staged from New Bedford. 

The following assumptions, drawn from related work of the consultant team, discussions with 
Cape Wind and City of New Bedford officials, underlie FXM’s analysis: 

•	 South Terminal represents the best option for the Port of New Bedford to capture off-shore 
wind developers, as well as other international and I-95 Coastal Highway cargo shipments. 

•	 North Terminal may be useful for off-shore wind related or other cargo shipments to the port 
by rail until the Route 6 Bridge is replaced to eliminate current navigation/vessel 
impediments. 

•	 The City of New Bedford or HDC will acquire an approximate 15-acre site in the South 
Terminal Area referenced in their TIGER grant application, finalize state/federal permit 
approvals in conjunction with the SER regulatory process, and complete final design and 
construction for a new, expanded South Terminal bulkhead, pier and dredged berthing areas, 
and other landside improvements to accommodate offshore wind energy installations and 
other potential cargo shipments/handling/storage/transshipments. 

•	 Prospective South Terminal offshore renewable energy installation (OREI) users will have 
the technical capacity, permits, and financial capability to assemble/fabricate and ship to an 
offshore construction site OREI equipment and materials from a South Terminal facility.  
The South Terminal facility will include suitable depth of water, pier facilities, and 
backland/storage space to handle offloading, storage, assembly and loading of machinery and 
equipment to the offshore construction site.  It is FXM’s understanding, based on input 
received from other study team members, that all terminal operations, including contracted 
shipping, stevedoring and other labor, maintenance, insurance, equipment, and supplies will 
be borne by the Developer and that – based on ROWEI filings to date – the owner of the 

2 Cape Wind is the “representative” project example (ROWEI) used throughout this report but is not the only 
potential offshore wind energy development project that could be staged from South Terminal 
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South Terminal facility will receive approximately $1.5 million in lease payments for each 
year of the ROWEI’s 3-year projected construction/installation period ($4.5 million total). 

•	 A ROWEI may require the Developer to lease the entire South Terminal project area during 
the peak construction period, but the terminal facilities will accommodate other break-bulk, 
bulk, and container cargo as identified in this report.  The Terminal owner will use suitable 
contracting/leasing and other arrangements as noted in this report to manage an effective 
multi-use terminal facility.  Other prospective port calls related to reported HDC contacts 
with shipping companies, Port of Jacksonville, Port of Bayonne, and other American 
Maritime Highway (AMH) ‘port pair’ cities may represent additional cargo handling 
opportunities and potential revenue at the new South Terminal facility, although the cargo 
opportunities, business plan and operating pro forma developed in this report are sufficient to 
answer the questions FXM was contracted to address for this study. 

This technical memorandum subsequently includes Summary Findings (Section II, page 4); and 
sections reporting the research and analyses accomplished on Potential Cargo and Revenues 
(Section III, page 8); South Terminal Ownership, Development, and Management (Section 
IV, page 12); South Terminal Development Costs, Operating Income and Expenses (Section 
V, page 19); and Economic and Tax Effects of South Terminal Construction and 
Operation (Section VI, page 22). It should be noted that economic effects of the ROWEI 
project’s development and annual maintenance are NOT included in the economic and tax 
effects attributable specifically to South Terminal since at least one other Massachusetts port 
(Boston) may be capable of accommodating potential offshore wind energy development 
projects. Annual operating and maintenance economic and tax effects of the ROWEI are also 
not included in this report since they can be handled at other ports.  In the event that the South 
Terminal facility represents an option for offshore wind energy developers that enables them to 
choose a Massachusetts port over a non-state facility – that is, Massachusetts facilities other than 
South Terminal are not competitive for a specific offshore wind energy development project – 
then the construction period effects of that project could be attributable to construction and 
operation of the South Terminal facility.  Economic and tax effects of the ROWIE are discussed 
in FXM’s technical memorandum “Economic Effects of Offshore Wind Energy and Related 
Construction and Operating Expenditures”. 
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II. Summary Findings 
� A new multi-use cargo facility at the South Terminal site represents the best option in the 

Port of New Bedford for servicing offshore wind energy development projects during 
assembly and installation phases. 

� A new multi-use port facility at South Terminal can capture container, break bulk, and bulk 
cargoes not now handled in New Bedford or other Massachusetts ports, and can generate 
economic development benefits and net operating income to the HDC with or without 
offshore wind energy development projects.   

� The optimal model for governance of the proposed new facility at South Terminal will be 
ownership by the New Bedford Harbor Development Commission (HDC) which would lease 
offshore wind energy installations and other cargo handling, storage, and related facility 
operations to a qualified private operator. 

� Capital costs for a new multi-use port facility at South Terminal are estimated to total about 
$44 million (in 2009 dollars).  Approximately $32 million of this total investment is for land 
acquisition, bulkhead construction and dredging, buildings and site improvements that are 
considered functionally necessary to attract and support offshore wind energy development 
projects, with an additional $5 million in capital expenditures ($37 million total) considered 
functionally necessary to attract and support new bulk, break bulk, and container cargoes.  
Capital costs are shown in the text table below: 

Offshore Wind Non-Offshore 
SOUTH TERMINAL CAPITAL COSTS Installation Wind Cargoes 
Bulkhead and Dredging 19,990,977 $ 19,990,977$ 
Site Acquisition 2,100,000 $ 2,100,000 $ 
Backland Site Improvements (drainage, utilities, surfacing) 6,000,000 $ 6,000,000 $ 
SUBTOTAL Basic Infrastructure 28,090,977 $ 28,090,977$ 
Buildings and structures (35,000 SF) 3,500,000 $ 3,500,000 $ 
Crane $ 3,000,000 
Ground Equipment (fork lifts, trucks, etc.) $ 1,500,000 
Other Equipment & Fencing, Security 485,000 $ 485,000 $ 
SUBTOTAL with Support Facilities & Equipment 32,075,977 $ 36,575,977$ 
  Optional Fabrication Building  (75,000 SF) 7,500,000 $ 7,500,000 $ 
TOTAL with Fabrication Building 39,575,977 $ 44,075,977$ 
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� Net operating income to the HDC from the fully-developed South Terminal port facility 
would total about $1.2 million per year during a projected 3-year representative offshore 
wind energy development project.  Absent other wind energy developers use of the site, 
which might contribute higher net operating income, net income to the HDC is projected to 
average about $620,000 per year with full cargo operations.  Potential operating revenues 
and costs are shown in the text table below: 

Offshore Wind Non-Offshore 
SOUTH TERMINAL OPERATING INCOME & EXPENSES Installation Wind Cargoes 
Average Year Annual Operating Income 
Offshore Wind Energy Development  (ROWEI)	 $ 1,500,000 
Container Service $ 280,000 
Break Bulk Program $ 240,000 
Bulk Cargo $ 432,500 
Total Non-ROWEI Cargo	 $ 952,500 
Average Year Annual Operating Expenses 
HDC Personnel (contract/lessee management) $ 140,000 $ 140,000 
HDC Capital/maintenance reserve at 20% income $ 190,500 $ 190,500 
Average Year Annual Expenses	 $ 330,500 $ 330,500 
Average Year NET Operating Income 
Offshore Wind Energy Development  (ROWEI) $ 1,169,500 
Total Non-ROWEI Cargo $ 622,000 

� Based on the net operating income projected for South Terminal, annual operating subsidies 
for either wind energy development support or long term cargo operations at South Terminal 
are not anticipated to be required. 

� Net income from South Terminal operations could be used to stimulate additional economic 
development (jobs, income, business sales in the fishing and seafood or other industries) in 
the port of New Bedford as well as to finance some portion of South Terminal’s capital cost. 

� Construction of the South Terminal port facility is estimated to expand business output in 
Bristol County by about $44.1 million over the projected 2-year construction period, 
providing 380 person years of employment and $19.2 million in household income over the 
construction period. These economic impacts include total direct, indirect and induced 
economic effects within Bristol County. 

� Construction of the South Terminal port facility is estimated to expand business output in 
Massachusetts overall (including Bristol County) by about $65.5 million over the projected 
2-year construction period, providing 540 person years of employment and $26.1 million in 
household income over the construction period.  These economic impacts include total direct, 
indirect and induced economic effects within Massachusetts over the construction period. 

� The handling of cargoes not related to an offshore renewable wind energy installation (OREI) 
-- including container, break bulk, and bulk cargoes projected for South Terminal -- is 
estimated to expand business output in Bristol County by $15.7 million annually, providing 
130 permanent jobs and $5.9 million in new household income each year.  These economic 
impacts include total direct, indirect, and induced economic effects within Bristol County 
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estimated to recur annually following facility construction and do not include support of 
offshore wind energy projects. 

� The handling of non-OREI container, break bulk, and bulk cargoes projected for South 
Terminal is estimated to expand business output in Massachusetts overall (including Bristol 
County) by $20.2 million annually, providing 170 permanent jobs and $7.4 million in new 
household income each year.  These economic impacts include total direct, indirect, and 
induced economic effects within Massachusetts estimated to recur annually, not including 
offshore wind energy projects. Both construction period and annually recurring direct, 
indirect, and induced economic effects noted in the preceding bullet points are summarized in 
the text table below: 

Output Employment Income 
(000 $) (Jobs) (000 $) 

Construction Period Effects 
South Terminal Port Facility 

Bristol County $ 44,100 380 $ 19,200 
Massachusetts $ 65,500 540 $ 26,100 

Annual Operating Effects 
South Terminal Port Cargo 
Operations     

Bristol County $ 15,700 130 $ 5,900 
Massachusetts $ 20,200 170 $ 7,400 

Source: FXM Associates, RECON™ Input Output Model 

� During the construction period for the South Terminal facility about $480,000 in municipal 
revenues within Bristol County communities would be attributable to the total direct, indirect 
and induced economic effects of construction, and within Massachusetts communities overall 
$1.2 million in municipal receipts (including Bristol County) would be attributable to the 
construction period economic effects. 

� During the construction period for the South Terminal facility about $1.4 million in tax 
revenues to the Commonwealth of Massachusetts and $7.3 million in federal taxes would be 
attributable to the construction period economic effects. 

� The handling of non-OREI container, break bulk, and bulk cargoes projected for South 
Terminal would generate about $300,000 in new tax receipts annually to municipalities in 
Bristol County and $480,000 to municipalities statewide (including Bristol County) each year 
based on the annual economic effects attributable to cargo operations. 

� The handling of non-OREI container, break bulk, and bulk cargoes projected for South 
Terminal would generate about $500,000 in new tax receipts annually to the Commonwealth 
of Massachusetts and $2.2 million in federal taxes each year.  Both construction period and 
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III. Potential Cargo and Revenues 

In a study comparing Northeast ports for OREI cargo handling, the Port of New Bedford is 
described as already an active freight seaport and a major logistical connection for agricultural 
products entering the New England market.3  Highway connections are good and the port would 
benefit from expanded and improved rail connections to meet freight needs.  New Bedford is a 
small niche port that can continue to expand activities with some infrastructure improvements 
and investment.  The port has sufficient deep water access for the size and type of vessel 
common to most break-bulk and other cargo available to niche ports, and has available property 
for backland storage and expansion. 

Related Reports by Others 

In the City’s TIGER Grant application, the HDC anticipates that the Renewable Energy Marine 
Park at the extended South Terminal will become a construction staging facility for offshore 
wind farm energy production in New England. The first offshore wind farm that is expected to 
be developed in New England (Cape Wind) is anticipated to generate up to 420 megawatts of 
clean, renewable energy.  The planned infrastructure improvements and facility development 
could enable South Terminal Marine Park to become a key connection and marine terminus for 
renewable energy development projects on the coastline of New England, in addition to the Cape 
Wind project.  Movement of container shipping from ports south of New Bedford will also help 
to reduce truck traffic on the heavily traveled I-95 corridor.   

The HDC envisions development of South Terminal, a new deep water berth and cargo facility, 
to enhance and modernize the Port of New Bedford’s vessel handling ability.  The proposed 
development program for a multi-use South Terminal facility will service the Cape Wind 130 
wind turbine project’s assembly and installation phase and possibly foster additional local 
economic development.  Following the completion (construction and installation) of the Cape 
Wind project, South Terminal will be available to other deep sea cargo operations for port 
services.  The new customers will bring additional dockage, wharfage, and lease income to 
support HDC’s long term port infrastructure investments.  This section of the business plan 
identifies market opportunities and prospects for the new South Terminal facility which offer 
reasonably foreseeable cargo options for which the facility can be used after the completion of 
the proposed Cape Wind (and/or other) offshore renewable energy projects.    

The City’s TIGER Grant application references HDC’s business development contacts with the 
Port of Jacksonville, the Port of Bayonne, and shipping companies as indicative of demand for 
AMH/SST (American Marine Highway/Short Sea Transport) services at the Port of New 
Bedford. The HDC has been approached by multiple shipping companies, some of which say 
they are willing to manufacture vessels especially for shipping to the Port of New Bedford.  One 
shipping company indicated its willingness to transport up to 500 Container Equivalent Units 
(TEUs) per day to New Bedford once the proper facility improvements are in place to facilitate 
moving forward with shipping. The Reeve & Associates March 29, 2006 report estimated that 

3 Comparison of Selected Northeast Ports for Potential Handling of Wind Power Offshore Energy Installations, 
Captain Jeffrey Monroe, MAI  (November 2009) 
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$45 million of direct income and $72 million indirect income per year in the New Bedford region 
would be generated by short-sea shipping. While AMH services have been slower than expected 
to materialize (based on unanticipated drops in oil prices compared to projections just 2 to 3 
years ago), over the next several years these opportunities are expected to rekindle shipper 
interest. 

Consultant Team Cargo and Revenue Projections 

The following tables summarize three types of cargo potential based on the experience and 
judgment of existing operators in New Bedford and other port logistics experts.  The types of 
cargoes projected for a fully developed South Terminal facility (see subsequent discussion in 
Section IV) include containers, break bulk, and bulk cargoes that are not now handled at the Port 
of New Bedford, and do not include the transfer of any cargo handling operations currently being 
carried out at other facilities in New Bedford (State Pier, Maritime Terminal, Fish Island, and 
North Terminal) or at other Massachusetts ports.  Thus their economic and fiscal effects will be 
net new to New Bedford and to the State overall (see Section VI).  The tables also identify the 
revenue implications for the facility owner assuming a public ownership/private lessee operating 
model (see subsequent discussion of port governance/management options in Section IV).  
Revenues shown are net to the facility owner and the lessee is assumed to cover all operating, 
maintenance, insurance, and related costs of handling, storing, and transshipping the cargoes.  
Data in Table 4 (page 19, Section V) summarize potential operating income and expenses, as 
well as capital costs, for South Terminal including the handling of a representative offshore wind 
energy installation project. 

It is important to keep in mind that, in the experience of both niche and larger port operators, 
obtaining cargo for a port is a complex matching of pier and landside facilities and equipment, 
stevedoring and other labor costs, and point-to-point logistics involving specific shippers, 
carriers, and receivers.  Cargoes can be won or lost to a port on very small variations in cost and 
delivery times, and success is largely driven by the motivation and skill of individual business 
entrepreneurs and public officials.  Macro projections of commodity demands or cargo potential 
are not reliable for forecasting niche port operations. 
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annually recurring direct, indirect, and induced tax effects noted in the preceding bullet 
points are summarized in the text table below: 

Local Taxes State Taxes Federal Taxes 
(000 $) (000 $) (000 $) 

Construction Period Effects 
South Terminal Port Facility 

Bristol County 480 $ 440$ 1,820 $ 
Massachusetts 1,190 $ 1,440 $ 7,280 $ 

Annual Operating Effects 
South Terminal Port Operations 

Bristol County 300 $ 240$ 730 $ 
Massachusetts 480 $ 500$ 2,180 $ 

Source:  FXM Associates, RECON™ Input Output Model 
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Table 1 – Potential Container Service at South Terminal 
Program: Container Service 
Mission:  Developing a terminal capable of handling a regular shipping service 

for a small container route 
Goal: Marketing a small container terminal which can bring 4,800 

equivalent units (TEUs) per year  
Objectives: Increase revenues for the South Terminal  

   Provide jobs and sales for local/regional/state businesses 
Revenues 
User fees per TEUs $ 35 TEU 
Yearly TEUs 4,800 
Total revenue $168,000 

Dockage daily rate $ 1,000 Daily 
24 port calls at 2 days each 48 
Total dockage $ 48,000 

Cross docking, wharfage $ 2 Net ton 
2,500 

$ 3,750 

Monthly licensing fees $ 5,000 Monthly 
Container yard  12 
Yearly revenue $ 60,000 

Container revenue $279,750 
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Table 2 – Potential Break-Bulk Cargo at South Terminal 
Program: Break-bulk Program 
Mission: Developing a terminal capable of handling refrigeration of dry
   break-bulk cargo 
Goal: Marketing a port terminal and warehouse which can bring 50,000 

net metric tons of general break-bulk cargo per year 
Objectives: Increase revenues for the South Terminal 

   Provide jobs and sales to local/regional/state businesses 
Revenues 
Wharfage per net metric ton $ 2 Net ton 
Yearly tonnage  50,000 
Total revenue $ 75,000 

Dockage daily rate $ 1,000 Daily 
20 port calls at 2 days each 40 
Total dockage $ 40,000 

Warehouse licensing fees $ 2,500 Monthly 
12 

Yearly revenue $ 30,000 

Storage revenue $ 3 Net ton 
50,000 

 $125,000 

Break-bulk revenue $240,000 

Table 3 -- Potential Bulk Cargo at South Terminal 
Program: Bulk cargo 
Mission: Developing a terminal capable of handling bulk cargo including 
   aggregates and salt 
Goal: Marketing a port terminal suitable for 150,000 metric tons of salt and 
   aggregates per year 
Objectives: Increase revenues for the South Terminal 

   Provide jobs and sales to local/regional/state businesses 
Revenues 
Wharfage per net metric ton $ 2 Net ton 
Yearly tonnage  150,000 
Total revenue $ 300,000 

Dockage daily rate $ 1,000 Daily 
10 port calls at 2 days each 20 
Total dockage $ 20,000 

Gate fees per truck $ 15 Per truck 
20 tons per load  7,500 
Total gate fee $112,500 

Bulk revenue $432,500 
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IV South Terminal Ownership, Development, and Management 

Port Governance & Management 

Ports need to function in a manner whereby they can control their finances, development, and 
management outside of unrelated political forces.  The most effective port agencies are those that 
are self governing and self funding, and port management revolves around one essential factor: 
the ownership of property, which in most cases is retained for some public benefit.  Quasi-
governmental ports or commissions are created by State legislatures to allow separate 
governance but are dependent on the local or state government for funding and project approvals.  
Public port authorities are entities also created by state legislative action with independent 
management and bonding authority to focus on commercial marine terminal activities and can 
include other operations such as airports, marinas, real estate development, and rail or highway 
infrastructure.   

Harbor Development Commission 

The New Bedford Harbor Development Commission (HDC) was created by the Massachusetts 
General Court under Chapter 762 of the Acts of 1957 to serve as the governing entity for the Port.  
Chaired by the Mayor, the Commission consists of 7 members as appointed by the Mayor and 
approved by City Council. The crucial day-to-day operation and decision making are the 
responsibility of the HDC staff headed by the Executive Director.  The HDC has jurisdiction 
over all the waters in New Bedford including the entire coastline of the peninsula, the harbor, 
and north along the Acushnet River to the City’s boundaries.  The HDC manages 20 commercial 
properties, a 198-slip marina on Pope’s Island, the ferry terminal on State Pier and its supporting 
Whales Tooth Parking Lot, 5 piers and wharves, 10 mooring fields, and enforces rules regarding 
the use of piers, wharves, and adjacent parking areas under its jurisdiction.  Being autonomous 
from City government, user fees, rents, and all other revenue streams do not go to the General 
Fund, but rather are reinvested by the HDC to support its operations, properties, infrastructure 
needs, and economic development initiatives.  The HDC may borrow and issue municipal bonds 
for capital improvements.  The goal of the HDC is to “support the maritime businesses of the 
Port, seek out new opportunities, and maximize the natural competitive advantage the Port 
provides to the New Bedford economy.” 

Optimal Port Governance Model 

The HDC structure is an optimal management model for the Port of New Bedford governance, 
and the City of New Bedford and Town of Fairhaven have a long established inter-municipal 
approach to sustaining and growing the port.  The 2009 New Bedford/Fairhaven Municipal 
Harbor Plan identifies key port infrastructure/facility projects and port development priorities.  
The Port of New Bedford governance and management have many of the characteristics 
associated with optimal port models which are summarized below. 

•	 Separately Enabled: An effective port agency is established as a separate incorporation with 
its own management, bonding authority, and ability to secure and retain revenue.  
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•	 Community Connections: Communities with port entities are best served when they have the 
ability to appoint governing boards with members who are committed to the vision and 
effective operation of the port. 

•	 Professional Staff:  Ports must hire and task professional port managers and staff who are 
trained and familiar with the port industry and its numerous complexities. 

•	 Effective Administration: Agency administration should not be expansive but should be 
capable of supporting the mission of the port, including financial and legal services.  

•	 Optimized Assets: Seaports are among several shared community assets, including airports, 
freight rail lines, public transit, and other transportation networks and services.  Communities 
can optimize effectiveness by combining administration of some or all of these assets into an 
integrated system or into a single transportation authority. 

•	 Effective Marketing and Development: Commercial growth is the result of an effective 
marketing plan coupled with an investment strategy that supports flexible development of 
assets. Many ports languish because they have limited staffs that are expected to manage, 
maintain, and market facilities. In most cases these efforts are unsuccessful because of 
insufficient resources. 

•	 Strategic Planning: Port agencies need to have a concise strategic and business plan which is 
developed in cooperation with the local community and port stakeholders and has focused 
implementation.  

South Terminal Ownership 

Agency ownership includes port authorities or other agencies that are quasi-governmental and 
created by an act of a legislative body.  Private ownership facilities are those that are fully in the 
control and ownership of a private corporation.  Public ownership of the expanded South 
Terminal and OREI terminal facility is an underlying premise of this business plan, and the HDC 
will own and develop the terminal facility, and also may own/lease/rent terminal equipment such 
as mobile harbor cranes and load stackers. 

South Terminal Development 

The South Terminal Renewable Energy Marine Park is a component of the City’s Integrated 
Intermodal Transportation Infrastructure Improvements Plan 2 for which the HDC has requested 
about $20 million of USDOT TIGER Discretionary Grant funds.4  New Bedford seeks to emerge 
as a leader in alternative energy and build its Port and landside infrastructure to support the 
operations of renewable energy technology companies.  Renewable energy industrial companies 
require waterfront support facilities for the manufacture, assembly, shipping, and maintenance of 
products such as wind blades, turbines, solar panels, wave energy turbines, and related products.  

4 Integrated Intermodal Transportation Infrastructure Improvements, New Bedford Harbor Development 
Commission (September 15,2009) 
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The HDC seeks to develop the southern portion of South Terminal to accommodate the nascent 
energy industry, with the long term goal of attracting a significant number of skilled 
manufacturing and operator jobs to the City of New Bedford.  The project as proposed utilizes 
existing infrastructure which is to be enhanced and/or reconfigured.  In-water and waterside 
development in New Bedford Harbor are afforded a unique permitting status so long as they are 
related to enhancements of the U.S. Environmental Protection Agency’s ongoing superfund 
cleanup of the harbor. The expansion of South Terminal would require the filling of wetland 
resource area to create additional bulkhead space within the Harbor; however, portions of these 
resource areas are inundated daily with water and suspended sediment from the harbor which 
have elevated levels of heavy metals and PCBs.  The bulkhead would allow for the construction 
of a Confined Disposal Facility (CDF), described by the City as a “Waterfront Development 
Facility (WDF).”  The construction of the WDF would allow for continued confinement, 
monitoring and maintenance of contaminated sediments. 

The City’s TIGER Grant application characterized the southern portion of South Terminal as 
currently severely underutilized, and lacking sufficient space to utilize the area as a RO/RO 
terminal for prospective AMH cargo shipments.  However, extension of the bulkhead will allow 
use of the contiguous 15-acre site as a multi-use marine terminal and potentially invite future 
renewable energy industry services, as well as provide additional storage and staging for 
containers and trucks at other port terminals (State Pier, North Terminal, Maritime Terminal).  
The new South Terminals facility also could be suitable for temporary relocation of maritime 
operations to expedite planned State pier reconstruction. 

HDC procurement of heavy-lift cranes to unload containers and bulk goods and installation of 
RO/RO ramps are identified as very important steps in improving existing port facilities to be 
able to take advantage of anticipated AMH shipping as well as other container, break-bulk, and 
bulk cargoes.  The multi-use South Terminal facility must also meet the OREI developer 
specifications, and be flexible and adaptable to short-sea shipping services, including the 
transport of ocean containers, aggregates, bulk, and dry break-bulk cargo as well as berth and 
vessel limitations with these requirements5. The development program outlined below will 
accommodate the longer term cargo opportunities identified earlier in this report. 

Development Program   

•	 An expanded 1,000 linear-foot bulkhead with a 50’ apron to accommodate one large vessel 
and two small cargo vessels or barges simultaneously. 

•	 Vessel operations involving container, bulk, break-bulk cargo, and sea barges need a 
depth of minimum 25’ LLMW, and 30’ LLMW is recommended for a maximum potential 
yield at this new facility in the years to come.  The existing Federal channel and road from 
and to the port is at 30’ of depth which allows any vessel and large barges to come into New 
Bedford Harbor with up to a 28’ draft (8.50 meters) including a minimum allowance of 2’ 
under the keel for safe navigation that accounts for the propeller wash.  If the berth and the 
channel are dredged at only 25’ (7.60 meters) a safe allowance for sailing would be 23’ (7.0 

5 At the writing of this report, it is FXM’s understanding that the development program specified also meets Cape 
Wind requirements. 
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meters) and at 22’ (6.7 meters) the safe allowance is at 20’ (6.0 meters).  Additional details 
and guidance concerning vessel transit into New Bedford harbor can be obtained from the 
Northeast Marine Pilot Association. 

•	 A 50’ apron would be ideal to offload containers and other break-bulk commodities 
including over-dimensional cargoes.  Container chassis could safely jockey under the vessel 
crane or a shore crane for the pickup and delivery of ocean containers.   

•	 A 35,000 square feet (SF) building with office, shop, and storage spaces providing 5,000 SF 
of office and shop area, and a 30,000 SF cargo storage shed (about 20% larger than the 
existing State Pier building No. 2 building).  A 35,000 SF facility with a minimum roof 
height of 27’ would be ideal.  It is imperative that this building design accommodate break-
bulk cargo operations, and that the eastern end of the shed be at the same level as the berth 
apron. The western end should be where the loading docks are located at the standard 4’ 
elevation. Roll-on and roll-off (RO/RO) transport units, trucks, and forklifts must be able to 
travel freely from the pier apron to the northern and southern entrances of the building.   

•	 A building of 250’ x 140’ at a distance of no more than 100’ from the berth fenders will be 
ideal for handling of break-bulk cargoes. The building must be built length parallel to the 
berth with the offices being located on a second level at the northwest corner, above a 60’ x 
40’ shop for optimum space utilization.  A loading dock with a least ten loading bays is to be 
located on the west side of the building. Doors at the north and south end of the cargo shed 
would allow for over-dimensional pieces to travel inside the cargo shed.  

•	 The cargo shed’s location to the 600’ berth needs to be precise if the intent for the South 
Terminal is to be an efficient multi-purpose facility.  The cargo shed’s optimal position 
would be at the northeast section of the berth allowing for the southeast to be available for 
the handling of bulk aggregates or bulk salt. 

Acreage 

The expanded multi-use South Terminal facility will encompass a 15-acre terminal (about 
653,400 SF) with the following land use allocations: 

•	 5 acres -- cargo shed operation including parking for 30 trucks and the needed space for 
maneuvering tractor trailers and the loading dock for 10 trucks is estimated to use about 5 
acres of land. 

•	 10 acres -- available for paved container yard or to store bulk salt and aggregates and/or for 
other found purposes including additional cargo facilities. 

A small container service of 200 forty-foot equivalents per vessel call will require about 2.5 
acres of space for single stacked storage and less when the boxes are double stacked with a top 
pick forklift (empties stack three high).  The concurrent inbound and outbound movement of 
containers, including the storage of empty boxes, would thus require 5 acres of land in total. 
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The vessels that carry bulk salts can no longer economically unload in New Bedford at a facility 
on the north side of the New Bedford-Fairhaven Bridge.  The space allocation for this cargo 
assessed on the angle of repose can be supplied by the shipper, Morton Salt, which typically 
drops 50,000 MT or more per vessel call.  For the purpose of this business plan, FXM has 
allocated 5 acres for all aggregates. 

Development Schedule 

The City of New Bedford TIGER Grant application presents a 24-month construction schedule 
for the South Terminal Renewable Energy Marine Park, with project closeout (availability to an 
OREI developer/terminal operator) targeted during the first quarter of 2013 (January to March).6 

As described in Section 7.0 and Appendix A of the City’s TIGER Grant application the project 
may be authorized under a special expedited regulatory process referred to as the State Enhanced 
Remedy (SER) –Under the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA), commonly known as Superfund, a SER project comes under the 
umbrella of a program where traditional local, State and Federal environmental permitting is not 
required for the waterways infrastructure portions of the project, relieving the project of 
conventional permitting process uncertainties.   

The Application also states that the HDC is preparing specifications which will be completed in 
November 2009 for the project, and HDC will initiate project organization, construction bidding, 
and logistics to begin construction within two months of receiving the project funds.   

South Terminal Operations 

Consultant team research for this business plan indicated the level of direct control that a facility 
owner has over a terminal determines the level of income, expense, and liability the owner 
assumes.  In the maritime industry, most private facility owners operate their own terminals 
while many public facility owners contract the facility out to the private sector.  Generally, 
terminal operations are divided into several categories including: 

• Facility Management 
• Marine Operations 
• Vessel Services  
• Stevedoring Services 
• Shoreside Terminal Operations 
• Support and Maintenance Functions 

A public entity that is also a terminal operating company may undertake all of the service areas, 
contract some services or lease the terminal to a third party operating entity.  As the industry 
strengthened, many public entities that initially operated ports began leasing facilities to private 
sector firms, which are partners in both development and investment of publicly owned marine 

6 Integrated Intermodal Transportation Infrastructure Improvements, New Bedford Harbor Development 
Commission (September 15, 2009) 
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facilities.  A major reason for third party involvement is the limitation of liability for operating 
entities. Marine and terminal operations involve large numbers of personnel, and injuries, 
damage to facilities, cargo damage, and environmental issues pose a potential significant cost to 
terminal operators. 

Terminals that operate with multiple operators often face conflicts and control issues.  Some 
terminals lease a portion of the facility out to a stevedore or terminal operator but this can often 
limit the port’s utilization of space.  The most effective models have a single entity handling all 
marine operations at the port and generally under license.  The port has the right to set the terms 
of any license it issues and it can elect to control rates and limit cargo types.  The terminal can 
also separate the marine component from the shoreside component particularly if the shoreside 
component involves a specialized field of cargo activity.  The marine activities are contracted 
and the third party held responsible for performance, regulatory compliance, and liability. 

Public entities that are ‘landlord ports’ often have a third party operator for cargo and marine 
operations, generally terminal operating companies that also serve as the terminal stevedore and 
handle all aspects of marine activities including administration.  A terminal management 
company is the fully functional form of stevedoring operation that handles both the vessel and 
terminal cargo handling activities.  To accomplish this successfully, a port needs to shift the cost 
center to the new operating entity.  Many ports have structured agreements with operators in the 
following manner: 

1.	 Contract Operator - The facility owner contracts a terminal operator to manage and 
control the facilities on a cost plus basis.  All revenue and expenses are retained by the 
owner. Liability is assumed by the operator. 

2.	 Cost Share Operator - The facility owner contracts a terminal operator to manage and 
operate the facilities based on a cost share formula.  The owner assumes a portion of the 
infrastructure cost while the operator assumes the operating cost.  The revenue is shared 
on a prorated basis and liability is assumed by the operator. 

3.	 Third Private Operator - A private operator assumes full responsibility for the facilities 
and pays a fixed lease cost to the facility owner.  This is only successful if there is 
adequate business revenue to justify the offsetting costs.  In many cases, this is not 
generated solely by the marine activity. 

A stevedore is an individual or firm employing longshoremen for the purpose of loading and 
unloading a vessel. Longshoremen are the personnel who handle the cargo aboard the vessel and 
ashore including yard and often ship equipment, as well as sort, check, stage, and manhandle 
when necessary all commodities in transit.  The stevedore is the employing management firm 
while the longshoremen are employed on a regular or casual basis. While stevedoring is 
generally limited to cargo handling, line handling and other dockside services are generally 
handled by the same labor force.  The stevedoring firm can either have regular employees or use 
contract labor. Personnel are often members of a longshoremen’s union in the United States but 
there are also a number of non-union operations.  The stevedore is responsible for all salaries, 
benefits, and care if a longshoreman is injured.   
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•	 When cargo (OREI components are considered to be project cargo) is received, the 
stevedore can act as the responsible receiving party or the cargo can be received by the 
terminal and handled on their behalf by the stevedore.  Stevedoring arrangements can 
vary according to the practice and work arrangements in a port.  The stevedore can have 
an exclusive or non-exclusive agreement for all cargo handling, may only handle one 
type of cargo on a terminal or may have leasehold on a portion of the terminal for a 
specific type of cargo handling, commodity, or operation.  

•	 Based on the arrangement, a license fee, percent of gross, fixed leased area fee or per 
unit/tonne fee is collected by the port from the stevedoring company.  Ports may also 
have the stevedore handle all billings and collections depending on the operation.  In 
most cases, the stevedore will provide all ground equipment which includes forklifts, 
reach stackers or top loaders, yard hustlers, small cranes, and other basic pier handling 
equipment.  Large cranes and similar equipment are generally provided by the port.  Use 
time and a fuel surcharge are generally charged to the vessel along with other fees.  

Terminal Lease 

Most cargo terminals at US ports are leased or licensed to private operators for the purpose of 
economic development and the creation of local and regional jobs related to the logistics field.  
However, the port infrastructures are built with public funds as social/economic investment 
similar to the road system.  For the governments to recover the financial investments in port 
facilities, infrastructure is considered payback in terms of job creation, taxes, etc., planned on a 
long term basis of 25 to 50 years.  This regional investment and return to a region is compounded 
with the development of parallel business arising for the initial harbor investment.  

In addition to the basic lease fees for the terminal, port authorities may also charge fees for 
activities associated with cargo handling.  These include fees for wharfage, tonnage or container 
or user fees, lease rents, storage, dockage, equipment rental and other ancillary services and 
activities.   

Security and US Customs 

The HDC South Terminal will have to be in full compliance with the US Coast Guard, Customs 
and Border Protection, and any other governmental agency’s laws and regulations. 
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V. South Terminal Development Costs, Operating Income and Expenses 

The following Tables 4 and 5 show data that represent a composite and synthesis of detailed 
capital costs, income and expense estimates prepared by FXM Associates, other project team 
members, and outside logistics experts.  It assumes that the optimal management model will be 
for the HDC to develop and own the South Terminal facility and then to lease its use to a 
qualified terminal operator(s) for offshore wind energy development and for the handling of non-
OREI container, break bulk, and bulk cargoes.  This approach is most likely to assure cargo 
opportunities will be realized, optimize net revenue to the HDC, and minimize liability and 
contingency costs, but it is not the only potential operating pro forma possible.   

Table 4 
Estimated Capital Costs of South Terminal Facility 

Offshore Wind Non-Offshore 
SOUTH TERMINAL CAPITAL COSTS Installation Wind Cargoes 
Bulkhead and Dredging 19,990,977 $ 19,990,977$ 
Site Acquisition 2,100,000 $ 2,100,000 $ 
Backland Site Improvements (drainage, utilities, surfacing) 6,000,000 $ 6,000,000 $ 
SUBTOTAL Basic Infrastructure 28,090,977 $ 28,090,977$ 
Buildings and structures (35,000 SF) 3,500,000 $ 3,500,000 $ 
Crane $ 3,000,000 
Ground Equipment (fork lifts, trucks, etc.) 
Other Equipment & Fencing, Security 
SUBTOTAL with Support Facilities & Equipment 
  Optional Fabrication Building  (75,000 SF) 
TOTAL with Fabrication Building 

1,500,000 $ 
485,000 $ 485,000 $ 

32,075,977 $ 36,575,977$ 
7,500,000 $ 7,500,000 $ 

39,575,977 $ 44,075,977$ 

Capital Costs 

As data in Table 4 indicate, capital costs for the multi-use South Terminal facility have been 
estimated by the consultant team to total approximately $44 million.  Of this total, approximately 
$32 million is considered functional for servicing the offshore wind energy development cargo 
handling, assembly, and storage requirements required for a staging operation of similar scope to 
that shown for the Representative Offshore Wind Energy Installation (ROWEI).  Approximately 
$20 million of this capital investment has been requested of the Federal government by the City 
of New Bedford in its TIGER grant application, which represents pier, bulkhead, and dredging 
cost estimates but does not include site acquisition or backland site improvements.  The $6 
million estimated for backland site improvements includes costs for drainage, utilities, surfacing, 
and mitigation.  Experience of wind energy developers indicates that a fully paved backland area 
may not be necessary, but these costs have been included because of uncertainty over the 
condition of the site and whether or not paving or other mitigation measures may be required if 
contaminated soils or poor drainage areas are an issue.  The $2.1 million acquisition costs 
assumes $150,000 per acre, a conservative high estimate given the $125,000 per acre costs 
reported by the New Bedford Economic Development Council (NBEDC)7 for recent sales in this 

7 Conversation with Matthew Morrissey, Executive Director, NBEDC, November 2009. 
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area. Additional capital costs to competitively service offshore wind energy installation projects 
are estimated to include $3.5 million for a 35,000 SF building to provide interior storage and 
terminal operations space, and approximately $500,000 for security fencing and miscellaneous 
equipment. 

Additional capital costs of approximately $4.5 million are estimated by the consultant team for 
the South Terminal facility to be able to competitively attract the container, break bulk, and bulk 
cargoes projected following the completion of offshore wind energy development operations.  
These include purchase of a 300-ton mobile crane ($3 million), other ground equipment ($1.5 
million). Both the mobile crane and other ground equipment, if purchased prior to the facility’s 
use for offshore wind energy development, could represent sources of net income to HDC.  
Currently, all equipment necessary for the offshore wind energy operation are assumed to be the 
cost of the developer and potential rental fees for such equipment are not included in the 
operating income shown in Table 5, below.  A large transit shed/fabrication building has also 
been included in the multi-use facility building program at a cost of $7.5 million, primarily to 
handle break-bulk cargo storage or fabrication/assembly operations for offshore wind energy 
developers and could also represent a source of net income to the HDC not included in the Table 
5 income estimates shown below. 

Table 5 
Potential Income and Expenses to the New Bedford Harbor Development Commission 

(HDC) Assuming Leasing of Terminal Operations 

SOUTH TERMINAL OPERATING INCOME & EXPENSES 
Average Year Annual Operating Income 
Offshore Wind Energy Development  (ROWEI) 
Container Service 
Break Bulk Program 
Bulk Cargo 
Total Non-ROWEI Cargo 
Average Year Annual Operating Expenses 
HDC Personnel (contract/lessee management) 
HDC Capital/maintenance reserve at 20% income 
Average Year Annual Expenses 
Average Year NET Operating Income 
Offshore Wind Energy Development  (ROWEI) 
Total Non-ROWEI Cargo 

Offshore Wind 
Installation 

Non-Offshore 
Wind Cargoes 

1,500,000 $ 
280,000 $ 
240,000 $ 
432,500 $ 
952,500 $ 

140,000 $ 140,000 $ 
190,500 $ 190,500 $ 
330,500 $ 330,500 $ 

1,169,500 $ 
622,000 $ 

Operating Income and Expenses 

During the assembly/installation phase of Cape Wind’s offshore wind farm development the 
HDC is expected to receive at least $1.5 million per year net of operating or maintenance costs 
for the developer’s use of the facility ($4.5 million over the three year estimated construction 
period). In addition, the developer/facility operator under terms typical of such leases would 
assume all liability (insurance) costs, homeland security costs, and so forth.  The HDC would be 
expected to receive about $950,000 per year in net income from the lease, dockage, wharfage, 
storage, equipment rental and so forth charges to a private facility operator shown by cargo type 
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in Section II of this report. As with the lease expected with the offshore wind developer (s), 
liability, homeland security, and maintenance costs would also be the responsibility of the 
private facility operator. The annual expenses to the HDC are estimated at $140,000 for 
personnel to administer and oversee the private lessee operations.  Contributions to a 
capital/maintenance cost reserve fund by the HDC are shown as a $190,000 annual expense.   

Net Income 

As shown by the data in Table 5, annual income to the HDC net of projected expenses is 
estimated at about $1.2 million per year for the projected 3-year ROWEI and about $620,000 per 
year for the additional cargo handling, storage, and transshipment operations.  The South 
Terminal port facility can thus cover its operating expenses during the offshore wind energy 
developer(s)’ use of the facility and on an average annual basis without a wind energy 
installation project based on the container, break bulk, and bulk cargo opportunities identified.  
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VI. Economic and Tax Effects of South Terminal Construction and 
Operation 

Data in Table 5 show the estimated economic effects attributable to the construction of the South 
Terminal port facility and the handling of non-offshore wind project related container, break bulk, 
and bulk cargoes identified in prior report sections.  A complete discussion of the assumptions, 
data sources, and analytic methods used for the South Terminal project economic assessment, as 
well the economic assessments of offshore wind energy projects and other potential port 
construction in Massachusetts, is included in a separate FXM technical memorandum: 
“Economic Effects of Offshore Wind Energy and Related Construction and Operating 
Expenditures”. 

Table 6 
Direct, Indirect and Induced Economic Effects of South Terminal Facility Construction 

and Annual Operations 

Output Employment Income GDP 
(000 $) (Jobs) (000 $) (000 $) 

Construction Period Effects 
South Terminal Port Facility 

Bristol County 44,100 $ 380 19,200$ 26,100 $ 
Massachusetts 65,500 $ 540 26,100$ 36,200 $ 

Annual Operating Effects 
South Terminal Port Cargo 
Operations     

Bristol County $ 15,700 130 $ 5,900 $ 9,700 
Massachusetts $ 20,200 170 $ 7,400 $ 11,900 

Source:  FXM Associates and RECON™ Input Output Model 

The construction period economic effects shown in Table 5 include a $65.5 million expansion in 
business output statewide ($44.1 million of that would accrue within Bristol County), 540 person 
years of employment statewide (380 person years in Bristol County), and $26.1 million in 
household income ($19.2 million in Bristol County) over the estimated 2-year construction 
period. Economic impacts attributable to construction expenditures are correctly interpreted as 
one-time, non-recurring economic effects. 

Annually recurring economic effects of the non-OREI cargo handling operations at South 
Terminal, as shown in Table 5, include $20.2 million in expanded business output statewide 
($15.7 million of that within Bristol County), 170 permanent jobs (130 within Bristol County), 
and $7.4 million in additional income each year to Massachusetts households ($5.9 million to 
households in Bristol County). 
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Data in Table 6 show the estimated tax effects attributable to the construction of the South 
Terminal port facility and the handling of non-offshore wind project related container, break bulk, 
and bulk cargoes identified in prior report sections.   

Table 7 
Direct, Indirect and Induced Tax Effects of South Terminal Construction and Operation 

Local Taxes State Taxes Federal Taxes 
(000 $) (000 $) (000 $) 

Construction Period Effects 
South Terminal Port Facility 

Bristol County 480 $ 440$ 1,820 $ 
Massachusetts 1,190 $ 1,440 $ 7,280 $ 

Annual Operating Effects 
South Terminal Port Operations 

Bristol County 300 $ 240$ 730 $ 
Massachusetts 480 $ 500$ 2,180 $ 

Source:  FXM Associates and RECON™ Input Output Model 

The construction period tax effects shown in Table 6 include $1.2 million in receipts to 
municipalities statewide ($480,000 of that would accrue to communities within Bristol County), 
$1.4 million in tax revenues to the Commonwealth of Massachusetts, and $7.3 million in federal 
taxes. These tax receipts are attributable to the economic impacts shown in Table 5 and are 
correctly interpreted as one-time, non-recurring tax effects. 

Annually recurring tax effects attributable to the non-OREI cargo handling operations at South 
Terminal, as shown in Table 6, include $480,000 in receipts to municipalities statewide 
($300,000 to communities within Bristol County), $500,000 in new tax revenues each year to the 
Commonwealth of Massachusetts, and $2.2 million in federal taxes annually. 
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Appendix A -- Port of New Bedford Description8 

The Port of New Bedford is a deepwater commercial port with easy access to the maritime 
corridor from the Massachusetts coast, located on the northwestern side of Buzzard’s Bay 
approximately 9 nautical miles from the Cape Cod shipping canal, 83 miles south of Boston and 
166 miles north of New York.  The Port serves as the City’s greatest natural resource and most 
critical asset to stimulate investment, attract new industry, create jobs, and develop a healthy 
economy.  Over 4,400 people are employed by the commercial port.  New Bedford is the number 
one value fishing port in the nation generating economic activity in excess of $1 billion.  The 
fishing fleet lands over 145 million pounds of product annually, leveraging $241 million in direct 
sales. New Bedford is connected to the world market through its port and can capitalize on 
unique import/export distribution opportunities developing rapidly in the free global marketplace. 
Currently, the Port of New Bedford supports a diverse market of cargo transport handling over 
$230 million in shipping of bulk commodities and break-bulk cargo.  Barge operations move 
aggregate and break-bulk cargo to the Islands of Martha’s Vineyard and Nantucket.  Shipments 
of break-bulk cargo consisting primarily of household goods are exported to Cape Verde and 
Angola. 

The Port of New Bedford has the largest throughput tonnage of break-bulk perishable 
commodities in New England. The Port handles reefer (refrigerated) vessels which handle fresh 
fruit as well as fresh and frozen fish.  Fresh fruit is imported from North Africa, primarily 
clementines, and vessels are regularly loaded with New Bedford export herring product, direct 
call service from Norway handling product for Massachusetts fish processors and distributors.  
Each vessel load creates a $100,000 - $150,000 direct impact employing approximately 30 ILA 
for offloading and 20 teamsters for warehouse operations.  Those vessels that include export fish 
product cargo generate a $3 million direct economic impact.  Each shipment brings 100 to 150 
truckloads of product through the Port. The Port currently sees up to 25 freighters per year and 
is implementing a rigorous marketing initiative to expand import/export opportunity looking at 
opportunities to support offshore energy farm developments and the emerging American Marine 
Highway. The maturing nexus between marine science and the fishing industry puts 
New Bedford on the forefront as a leader in marine education, research, and technology.  

The Port also serves as an important land/sea intermodal center for ferry, cruise, excursion, water 
taxi, and other passenger operations bringing over 100,000 people through the Port annually.  It 
is the charter of the HDC to support the maritime businesses of the Port, seek out new 
opportunities, and maximize the natural competitive advantage the Port provides to the New 
Bedford economy.  Intermodal connections among port cargo facilities, rail, highway, and air 
freight are increasingly important as highways continue to become overly congested and the 
volume of East Coast ports goods movement is expected to realize exponential growth.  The 
funding requested herein would be used to provide the intermodal connector infrastructure 
critical to supporting the existing significant fishing, bulk, and break-bulk cargo industries, 
expanding international trade, and capturing coastal trade opportunities from the emerging AMH 
market sector.  Project elements incorporated into this work would seek to upgrade existing 

8 Integrated Intermodal Transportation Infrastructure Improvements, New Bedford Harbor Development 
Commission (September 15, 2009) 
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infrastructure to allow for full scale intermodal transport of goods. The proposal herein enables 
the Port to expand operations to include containerized cargo and oversized transport in addition 
to augmenting existing bulk and break-bulk shipping business. 

Port of New Bedford Profile in Northeast Port Mix 

The “Comparison of Selected Northeast Ports” study provides a description of New Bedford 
Harbor, and the Port of New Bedford in the terms of potential handling facilities for Offshore 
Renewable Energy Installation (OREI).9  The report identifies a number of key ports in the 
Northeast with potential for handling wind generation units, including importing components, 
storage, assembly and exporting to the construction site.  Massachusetts has a varied mix of 
marine activities in its five key port areas, and a number of ports that because of their existing or 
proposed marine terminals, geographic location and surrounding market area already have 
substantive marine activity including a wide range of freight activity.  These ports serve as 
transition points where cargo moves to and from marine modes including ship and barge to land 
based modes, in particular truck or rail.  This connection is being made to both international and 
domestic markets.  The state has one major tonnage and diversified seaport and four smaller 
niche ports that operate in the marine network: Boston is the major seaport: and, the niche ports 
include Gloucester, Salem, New Bedford and Fall River.  

Facilities 

The New Bedford waterfront has a number of large and small piers and wharves which are 
primarily used by the commercial cargo and fishing industry.  Most facilities have good highway 
connections as well as rail connections. Harbor regulations and berthing are enforced by the 
Harbor Development Commission (HDC) and the Port Maritime Security Unit except berthing 
for private terminals.   

•	 New Bedford South Terminal Wharf has a 1,600 foot berth with 30 feet of depth and 
serves as the major offloading center for fish product.  The wharf has 250,000 cubic feet 
of refrigerated storage on site and handles primarily seafood.  The most southern portion 
of the facility has the potential to build out a 400 foot solid fill bulkhead and act as 
potential terminal.  The site has 10 acres of backland. 

•	 Sprague Terminal just North of South Terminal works off a 740 foot berth with 27 foot 
depth alongside. The pier primarily handles petroleum products.   

•	 At the center of the inner Harbor is the State Pier Terminal which has three berths 
measuring 450 feet, 600 feet and 775 feet with 30 foot depth alongside.  There is 125,000 
square feet of covered storage for general cargo.  Cargo service out of state pier includes 
the movement of break-bulk cargo to Cape Verde and Angola.  The facility can support 
freighter service and store over 135 containers.  American Cruise Lines operates out of 
the facility bringing in a minimum of 20 ports of call on an annual basis and up to 89 
passengers per trip. Ferry services also operate out of State Pier, including passenger and 

9 Integrated Intermodal Transpiration Infrastructure Improvements, New Bedford Harbor Development 
Commission (September 15,2009) 
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cargo service to Cuttyhunk Island and passenger service to Martha’s Vineyard. Ferry 
service brings over 115,000 passengers through the Port annually.  The Quick Start Ferry 
facility on New Bedford State Pier allows intermodal transfers of waterborne freight and 
freight carried by truck and rail. The terminal features a 27-foot pier depth, roll on-roll 
off capability, offsite cold storage, and easy access to the interstate highway system. The 
ramp is 100 feet long and 18 feet wide and will hold up to 200 tons.  

•	 Above the Route 6 Bridge are Maritime Terminal, Bridge Terminal and North Terminal.  
The Maritime Terminal Wharf, operated by Maritime Terminal International, has a 600 
foot berth with 31 foot depth alongside.  The facility has 3 million cubic feet of 
refrigerated storage and is one of the largest U.S. Department of Agriculture-approved 
cold treatment centers on the East Coast for the use of controlled imported agricultural 
products. The terminal receives approximately 25 vessels a year, each carrying between 
1,500 and 4,000 tons of fish or approximately 2,000 to 3,000 tons of fruit.  

•	 The Bridge Terminal Wharf, on the northeast side of the harbor, is 450 feet long with 28 
foot depth alongside. The wharf has a 500,000 cubic foot refrigerator warehouse and 
handles frozen and chilled food products. The facility is owned and operated by Bridge 
Terminal Inc. 

•	 American Pride Seafood is a private facility operating out of North Terminal and one of 
the world’s leading seafood product processors.  The bulkhead supporting their operation 
is 580 feet long with 25 foot depth alongside.  The facility has 63,400 square feet of 
refrigerated warehouse space, 57,500 square feet of freezer space and 34,700 square feet 
of covered warehouse space. 

•	 Within the New Bedford North Terminal Wharf are commercial properties managed by 
the HDC. These properties cover 25 acres of land. Tenants include the seafood 
processors Eastern Fisheries and Seawatch International, barge operators, ship repair 
facilities, and other maritime service businesses.  A 2 acre terminal site is proposed to 
come on-line over the next 5 years.  This facility is currently operated by the EPA as part 
of the superfund clean-up and will revert back to City in the next few years.  The facility 
has rail connections that lead directly to the water’s edge. 

The port is considered a full service port and associated maritime industries include vessel 
maintenance and repair conducted at dockside or at repair facilities in New Bedford or in 
Fairhaven. The port has two moderate size shipyards, and equipment and provisions to support 
commercial and recreational vessels 

Harbor Profile 

The Port of New Bedford is considered a moderate deep-water port with overall depths of 30 feet 
at mean high water. The harbor is protected by a hurricane barrier that is constructed across the 
harbor entrance and equipped with a gate that can be closed during hurricane conditions and 
severe coastal storms. The port is considered a harbor of refuge for vessels in the region. 
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The Harbor approach is characterized by a number of ledges and shoals.  The approach channel 
allows for safe navigation and avoids most of the obstructions.  The hurricane barrier entrance is 
150 feet wide and opens up to a 350 foot wide channel, at a depth of 30 feet, extending to a 
turning basin 350 yards (1,000 feet) just above the New Bedford-Fairhaven Bridge.  The range of 
the tide is 3.5-4.0 feet and harbor currents are overall considered weak.  Maximum ebb and flood 
tide currents are under 2.5 knots average. 

There are vessel limitations due to the hurricane barrier and the highway bridge in the inner 
harbor. The hurricane barrier opening width is 150′ (45.7 meters), the New Bedford – Fairhaven 
Bridge is 92′ (28.0 meters) wide.  All vessel transit from and to the New Bedford – Fairhaven 
Bridge are subject to daylight-only restrictions for vessels with overall length above 400′ (121 
meters) and/or beam above 59′ (18 meters) and are subject to wind velocity restrictions. 

Advantages 

The port is well protected by the Hurricane Barrier and has support mechanisms in place for 
commercial and industrial vessel activity including OREI processing.  The port is has good road 
and rail access, and adaptable warehouse capacity is significant.  The port has excellent road and 
rail connections to its northern terminals and has several opportunities for expansion including 
OREI fabrication. 

The harbor is challenged by a significant pollution problem due to local industries which up until 
the 1970’s discharged wastes containing polychlorinated biphenyls (PCBs) and toxic metals into 
New Bedford Harbor.  There are high levels of contamination throughout the waters and 
sediments of the Harbor which extends into Buzzards Bay. Hundreds of acres of marine 
sediment were highly contaminated. Biological effects of the contamination include reproductive 
impairment and death of marine life throughout the estuary, along with loss of marine 
biodiversity in areas of high contamination and gave New Bedford status as a Superfund Site.  
Since 2004 the EPA has been dredging to remove the PCBs through a complex process for 
dealing with contaminated sediments.  The EPA is expected to explore new technologies 
(confined aquatic disposal) that will reduce the demand for land-side facilities bringing the 
terminal facility under City control and opening other waterfront parcels up for development. 

Due to high levels of harbor contamination, no maintenance dredging had occurred for over 50 
years and had become critical.  The port faced the loss of waterfront businesses unless 
maintenance dredging could be implemented.  In 2005, the first navigational maintenance 
dredging was conducted restoring portions of the harbor to useable depths.  This has allowed 
business to increase and larger commercial vessels are returning to the harbor. 

Disadvantages 

Vessel draft is limited to 30 foot overall depth and the turning basin can only handle small cargo 
ships. The Route 6 Bridge limits the size vessel that can access the north terminal portion of the 
harbor and being an outmoded swing bridge causes delays in travel time.  Some of the most 
critical infrastructure in the port is aging and in need of repairs and improvements. 
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Potential 

There are several port areas adaptable for marine terminal expansion capable of supporting OREI 
processing. The State pier requires a significant amount of investment to bring it up to industry 
standards for cargo handling and there are several other facilities that require infrastructure 
improvements including bulkheads, piers and wharves. The rail corridor needs to be extended 
and track improved to accommodate increased and oversized shipments.  Commuter rail 
improvements are being planned and the engineering of commuter rail should include freight 
adaptable considerations. Development and of staging areas for trucks is also critical for 
increased activity in the port.  

The North Terminal owned by the Harbor Development Commission can be improved for 
handling of OREI fabrication and processing. Terminal facilities including the State Pier and 
North Terminal site should be equipped with a versatile mobile harbor crane and ground support 
equipment.  This equipment can be used for both cargo handling and wind farm components. 
Additional dredging to provide better access to all deepwater berths should be completed and the 
turning basin should be lengthened to accommodate longer, higher tonnage cargo vessels.  
Improvements to the Route 6 Bridge are critical to the passage of vessels to North Terminal and 
maximizing vessel access.  The suggested plan is to construct a double bascule bridge. 
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Appendix B -- Port Management and Governance Models10 

Port Management Models 

There are multiple models for port management which range from simple terminal management 
within a port to combined or collective port management which encompass multiple facilities or 
waterfront properties. Port management revolves around one essential factor, the ownership of 
property, which in most cases is retained for some public benefit.  The amount of port property 
and jurisdictional locations often dictate how the management will be structured. 

Ports or regions that manage their collective facilities cooperatively, or under the same 
management authority, often sustain growth more effectively.  This is primarily because 
competition for public financial resources is limited.  Over the last 50 years, public entities have 
taken over large expanses of waterfront property, including terminals and similar marine 
facilities, to insure the infrastructure was protected and allowed to provide public benefit.  This 
was most significant during the transition from break-bulk to container operations in the 
maritime industry which stranded many waterfront properties and left many facilities with 
marginal use.  In the United States, public entities include several types of management 
organizations: 

•	 Municipal ports -- Municipal ports are more common in small port areas.  The local 
municipal entity, town or city, provides management of the port’s facilities.  In most cases, 
the managers are a department of the local government, funded as part of the municipal 
budget. The advantage is cost effective management, the disadvantage is the port competes 
for funding with schools and community services.  Portland, Maine is an example of a 
municipal port. 

•	 State ports -- State ports are operated under the transportation department of a State and are 
managed or staffed with State employees.  Many communities have State owned facilities 
which are either promoted by the State or leased to a public or private entity.  In most cases 
State port management is limited to port promotion or infrastructure investment.  The 
advantage is coordinated transportation programs under a single State entity.  The 
disadvantage is funding competition.  Connecticut has a program under its Department of 
Transportation similar to this model.  

•	 Federal ports - Federal ports are owned and operated by the Federal government.  They are 
used for specific purposes such as handling of military cargo.  Earle, New Jersey is an 
example of a federal port.  

•	 Quasi-governmental ports or commissions -- Quasi-governmental ports or commissions are 
ports created by State legislatures that have a form of separate governance but are dependent 
on the local or State government for funding and project approvals.  They are intended to 
allow the local governmental entities to exert a level of local control over waterfront property 

10 Comparison of Selected Northeast Ports for Potential Handling of Wind Power Offshore Energy Installations, 
Captain Jeffrey Munroe, MAI  (Draft October 2009) 
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in a community.  The advantage is the involvement of local government in decision making.  
The disadvantage is that the waterfront issues can be so diverse that progress is often slow for 
industrial or commercial development.  New Bedford’s Harbor Development Commission is 
an example of this type of structure. 

•	 Public port authorities -- Public port authorities are entities that are created or enabled by 
State legislative action and have independent management and bonding authority.  They 
focus on commercial marine terminal activities but can often include other operations such as 
airports, marinas, real estate development, rail or highway infrastructure.  The advantage is 
that they have the ability to promote their business activities with limited involvement from 
local government processes.  The disadvantage is that they can have diverse policy from their 
host communities.  The Massachusetts Port Authority (Massport) is an example of this type 
of entity. 

•	 Regional Ports -- The regional port council concept includes independent port agencies that 
work together to achieve common regional goals.  An effective model for a regional port 
cooperative is the Massachusetts Governor’s Seaport Council.  In this model each port is 
represented along with the key secretaries who have regulatory or development 
responsibilities for port areas, under the Office of the Governor.  Acting similar to a 
Metropolitan Planning Office (MPO), the council reviews projects, coordinates State’s 
response and allocates funding.  The council also provides a policy development forum that 
is coordinated with other State objectives. 

Ports themselves are a collection of marine terminals with associated landside transportation 
infrastructure. They are generally a collection of both publicly and privately owned facilities 
that have common interests in the growth and development of a port area.  Public entities often 
have leadership roles in the port and work with private entities to foster growth and development.  
In many cases, public entities operate marine terminals in a similar fashion as the private entities.  
The primary difference is that public entities are generally willing to handle all types of 
operations including cargo, industrial activities, and other similar operations, where private 
terminals only handle their own cargoes or activities.  

•	 Terminal ownership and management, public or private, along with their associated 
operational structures differ according to their location, historic staffing structure, and 
labor agreements.   

A public entity that is also a terminal operating company may undertake all of the service areas, 
contract some out or in some cases lease the terminal out to a third party operating entity.  
Occasionally, the terminal owner will contract a third party management firm who will manage 
terminal staff and personnel on behalf of the owner.  There was also a realization that ports 
needed to engage professional management and partner with the private sector to expand 
opportunities and create efficiencies.  Rail and marine terminal operators began venturing into 
becoming transportation companies handling every aspect of cargo transportation “door to door.”  
As the industry strengthened, many public entities that initially operated ports began leasing 
facilities out to the private sector who are becoming partners in both development and 
investment of publicly owned marine facilities.    
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Port Governance Models 

To highlight how port governance might be best achieved for a potential port activity, several 
examples are available for review. 

The Port of New Bedford is the first example. The New Bedford Harbor Development 
Commission (HDC) was created by the Massachusetts General Court under Chapter 762 of the 
Acts of 1957 to serve as the governing entity for the Port.  Chaired by the Mayor, the 
Commission consists of 7 members as appointed by the Mayor and approved by City Council. 
The crucial day-to-day operations and decision making is the responsibility of the HDC staff 
headed by the Executive Director.  The HDC has jurisdiction over all the waters in New Bedford, 
including the entire coastline of the peninsula, the harbor, and north along the Acushnet River to 
the City’s boundaries. The HDC manages 20 commercial properties, a 198 slip marina on 
Pope’s Island, the ferry terminal on State Pier and its supporting Whales Tooth Parking Lot, 5 
Piers and Wharves, 10 mooring fields, and enforces rules regarding the use of piers, wharves, 
and adjacent parking areas under its jurisdiction.  Being autonomous from City Government, 
user fees, rents, and all other revenues streams do not go to the General Fund, but rather are 
reinvested by the HDC to support its operations, properties, infrastructure needs and economic 
development initiatives.  The HDC may borrow and issue municipal bonds for capital 
improvements.  The goal of the HDC is to “support the maritime businesses of the Port, seek out 
new opportunities, and maximize the natural competitive advantage the Port provides to the New 
Bedford economy”.  Progress has been steady in achieving this goal.  

Massport is another example. The Massachusetts Port Authority was created in 1956, when a 
politically encumbered and ineffective, locally-controlled port commission was replaced by the 
autonomous, self-supporting authority.  Massport bought and rehabilitated abandoned or 
deteriorated property, began rebuilding rail and road connections and, invested in new facility 
development.  In 1966 after the advent of containerization, Massport's built one of the first 
container terminals in the country at Castle Island in South Boston.  In 1971, a second container 
terminal (Moran Terminal) was built by Massport in Charlestown. In 1980 and 1996, Massport 
rebuilt the container facility in South Boston expanding its footprint and upgrading its crane 
equipment.  The terminal is now known as the Paul W. Conley Container Terminal.   

In 1996, the process of optimizing Massport’s marine terminals in Boston also began to occur. 
All of the container operations were shifted to Conley Terminal and Moran Terminal was 
converted to an auto import and processing facility.  The newly expanded Conley Container 
Terminal and Boston Autoport were opened in 1997-1998.  As a result of focused investment 
and dedicated efforts, marine traffic at Massport’s terminals has increased substantially in the 
last thirty years. Container traffic has tripled and the cruise ship industry has also expanded from 
28 ships in 1994 to over 100 ship calls in the last several years.  Massport also operates two 
airports, a bridge and real estate development division in addition to port facilities.  In general, 
port revenue covers most of the port’s expenses, supplemented by revenue from other activities 
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applied to administrative expenses.  Massport has bonding authority for financing of all capital 
improvements and repairs. 

Portland, Maine, provides a third model.  The port is municipally owned and operated and 
management was combined with the Portland International Jetport under the City’s Department 
of Ports and Transportation. Port properties include a 15 acre cargo facility, 12 acre cruise ship 
and ferry facility and 12 acre fishing based industrial park. The fishing facility is managed by the 
Portland Fish Pier Authority while the other facilities re managed by the City.  It just completed 
a State and federally funded $22 million ferry facility intended to be expanded into a new cruise 
ship terminal. All revenue from operations went into the City’s general fund; all expenses were 
tax payer assessed. The port generated marginal income and recently, facing high infrastructure 
expenses, the City eliminated the marine division of the department and turned over control of 
the freight facilities to the Maine Port Authority. The City also had a process to offer 
development rights to a commercial developer for the former State pier, now the primary cruise 
ship terminal, which failed.  Financial challenges and funding competition within the City have 
led to stagnant development in the port. 
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DOT Maritime Administration - America's Marine Highway Program Page 1 of 2 

Printed on Thu Sep 08 10:37:08 EDT 2011. 

America's Marine Highway Program 
• Click here for Marine Highway Corridor (map) 
• Click here for Marine Highway Corridor Descriptions 
• Click here for Marine Highway Project Descriptions 
• Click here for Marine Highway Initiative Descriptions 
• Click here for Guidance on Applying for Marine Highway Grants 
• Click here for America's Marine Highway Program - Report to Congress - April 2011 

Department of Transportation Announces Selection of Marine Highway Corridors, Projects, Initiatives, and 
Grants as Part of America’s Marine Highway Program 

On August 11, 2010, U.S. Transportation Secretary Ray LaHood identified 18 marine corridors, 8 projects, and 6 
initiatives for further development as part of “America’s Marine Highway Program.”  In addition, the Maritime 
Administration made available $7 million for which these projects will be able to compete through a Notice of Funding 
Availability.  Please see the entire press release at www.marad.dot.gov 

http://www.marad.dot.gov/ships_shipping_landing_page/mhi_home/mhi_home.htm?printab... 9/8/2011 

http://www.marad.dot.gov/ships_shipping_landing_page/mhi_home/mhi_home.htm?printab
http:www.marad.dot.gov


  

  

     
   

 

    
  

   
  

 
  

 
   

  
 

  
   

 

   
  

 

  
 

    

 

   

 
  

 

   
   

 
  
 

 

 
 

 

 

DOT Maritime Administration - America's Marine Highway Program Page 2 of 2 

The Marine Highway Program was fully implemented in April 2010 through publication of a Final Rule in the Federal 
Register (http://edocket.access.gpo.gov/2010/pdf/2010-7899.pdf). The Secretary’s designations were made pursuant to 
the Final Rule, as required by the Energy Independence and Security Act of 2007. 

Marine Highway Corridors: These all-water routes consist of 11 Corridors, 4 Connectors and 3 Crossings that can serve 
as extensions of the surface transportation system. These corridors identify routes where water transportation presents 
an opportunity to offer relief to landside corridors that suffer from traffic congestion, excessive air emissions or other 
environmental concerns and other challenges.  Corridors are generally longer, multi-state routes whereas Connectors 
represent shorter routes that serve as feeders to the larger Corridors.  Crossings are short routes that transit harbors or 
waterways and offer alternatives to much longer or less convenient land routes between points.  By designating these 
Marine Highway Corridors, Connectors and Crossings, Secretary LaHood is taking the first step to focus public and 
private efforts to use the waterways to relieve landside congestion and attain other benefits that waterborne 
transportation can offer in the form of reduced greenhouse gas emissions, energy savings and increased system 
resiliency.   Please click on this link to view the Marine Highway Corridors, Connectors and Crossings: Click here for 
Marine Highway Corridor Descriptions 

Marine Highway Projects:  The Secretary has also selected eight Marine Highway Projects for designation under the 
program.  These projects represent new or expanded Marine Highway Services that offer promise of public benefit and 
long-term sustainability without future Federal operational support.  These projects will receive preferential treatment for 
any future federal assistance from the Department and MARAD.  The projects will help start new businesses or expand 
existing ones to move more freight or passengers along America’s coastlines and waterways.  The services have the 
potential to reduce air pollution and traffic congestion along surface corridors as well as provide jobs for skilled mariners 
and shipbuilders.  The projects were selected from among 35 applications from ports and local transportation planning 
agencies received by the Department’s Maritime Administration (MARAD).  Please click on this link to view the 
designated Marine Highway Projects:  Click here for Marine Highway Project Descriptions 

Marine Highway Grants: Sponsors of Marine Highway Projects are eligible to compete for a share of up to $7 million in 
Marine Highway Grants.  Please click on the attached Notice of Funding Availability for additional information concerning 
Marine Highway Grants: Click here for Guidance on applying for Marine Highway Grants 

Marine Highway Initiatives: In addition to Projects, the Secretary has selected six applications that, while not developed 
to the point of proposing specific services and routes required of Project designation, they offer promise of potential in the 
future.  While not eligible to compete for upcoming Marine Highway Grants, these “Marine Highway Initiatives” will 
receive support from the Department of Transportation in the form of assistance in further developing the concepts 
through conduct of research, market analysis and other efforts to identify the opportunities they may present.  Please 
click on this link to view the Marine Highway Initiatives: Click here for Marine Highway Initiative Descriptions 

The Final Rule (MARAD-2010-0035) for America’s Marine Highway Program was published April 9, 2010. The 
Solicitation of Applications for Marine Highway Projects was published in the Federal Register on April 15, 2010. 

Latest News! 
The Maritime Administration's Office of Marine Highways & Passenger Services continues to work in Canada and Mexico 
through the Trilateral Working Group.  Also, see additional latest news for stories and media reports related to the Marine 
Highway. 

Additional Resources 
America's Marine Highways are supported in several ways, including through reports and publications from Government 
and academia. Refer to the Program's Reference Library for more information. 

In addition, the Marine Highways Cooperative is a consortium of public (Maritime Administration), private, and academic 
organizations committed to improving transportation mobility through domestic short sea shipping. Other marine highway 
resources include the National Waterways Conference, MTS Matters, the Waterways Council, and Inland Rivers Port & 
Terminals. 

Additional Information 
For additional information, please contact Noel P. Comeaux in the Office of Marine Highways and Passenger Services at 
202-366-5527. 

http://www.marad.dot.gov/ships_shipping_landing_page/mhi_home/mhi_home.htm?printab... 9/8/2011 

© Maritime Administration. All rights reserved. 

http://www.marad.dot.gov/ships_shipping_landing_page/mhi_home/mhi_home.htm?printab
http://edocket.access.gpo.gov/2010/pdf/2010-7899.pdf
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M-95 Marine Highway Corridor 
Sponsor: Interstate-95 Corridor Coalition Sponsor: Interstate 95 Corridor Coalition 
Supporters: Council of State Governments' Eastern Regional Conference, 
Commonwealth of PA, NJDOT, CT DOT, CT Maritime Commission, Florida DOT, East 
Central FL RPC, Space Coast Transportation Planning Authority, Economic Development 
Commission of Florida's Space Coast, DE Valley RPC, DE River & Bay Authority, SE 
Regional Planning & Economic Dev Commission, Richmond Regional RPC, NJ 
Transportation Planning Authority NY Metropolitan Transportation Council NYCDOTTransportation Planning Authority, NY Metropolitan Transportation Council, NYCDOT, 
NYSDOT, Port of Baltimore, NC Ports, Port of Mass., Port of New Bedford, MA, City of 
New London, CT, Philadelphia Regional Port Authority, MD Port Commission, Philadelphia 
Regional Port Authority, ME Port Authority, Port Authority of NY & NJ, Port Canaveral, FL, 
SC State Port Authority, VA Port Authority, Port of Davisville, RI, Jaxport, FL, and the 
Maritime Association of the Port of New York & New Jersey. 

Landside Corridor Served: Interstate-95 
Corridor Description: 
The M-95 Corridor includes the Atlantic Ocean coastal waters, 
Atlantic Intracoastal Waterway, and connecting commercial 
navigation channels, ports, and harbors. It stretches from 
Miami, FL to Portland, ME and spans 15 states. It connects toMiami, FL to Portland, ME and spans 15 states. It connects to 
the M-87 Connector and the M-90 Corridor near New York City; 
and the M-64 Connector at Norfolk, VA. 

Attributes: 
The 1,925 mile-long I-95 Corridor is the major North-South 
landside freight corridor the E C The U S landside freight corridor on the East Coast. The U.S. 
Department of Transportation identified more than a dozen 
major freight truck bottlenecks along this route, along with 
significant critical rail congestion along the upper portions.  
Projections of future freight volumes indicate increasing freight 
congestion challenges, with limited opportunity to increase 
landside capacitylandside capacity. 

The Corridor is home to 15 of the largest 50 marine ports in the United States (as 
ranked by total throughput).  These ports handle approximately 582 million short tons 
of cargo, or 26 percent of the national total.  Much of this freight begins or ends its 
journey with an I-95 transit.  Fortunately, the East Coast also possesses a host of 
waterways, bays, rivers, and the Atlantic coast itself.  The Corridor is also lined with 
less congested maller iche that ld pla ital i he de eloping arineless congested, smaller niche ports that could play a vital part in the developing marine 
highway service network.  While several Marine Highway operations already serve this 
corridor, there is significant opportunity for expansion to help address growing 
congestion, reduce greenhouse gas emissions, conserve energy, and lower landside 
infrastructure maintenance costs. 



  

    

       

       
     

      
       

   
     
      

      

      
        
      

           
    

      
      

        
   

       
       
    

          
      

      
       

     
  

East Coast Marine Highway Initiative 

Sponsors: Ports of New Bedford, Baltimore, & Canaveral 

Corridor: M-95 Marine Highway Corridor (Sponsor: I-95 Corridor 
Coalition) 

Project Snapshot: The East Coast Marine Highway Initiative 
proposes to develop a service utilizing a fleet of existing and new-
build U.S. flag vessels to transport both international containers and 
trailers along the I-95 Corridor. The service would utilize ports near 
I-95, including New Bedford, Baltimore and Canaveral, offering 
multiple medium and long-haul options for shippers along the 
corridor. Each of these three ports has or is developing the 
infrastructure necessary to accommodate the proposed service. 

Attributes: This Initiative is a corridor focused public-private effort 
that has considerable support. The I-95 Corridor accounts for 35 
percent of the nation’s vehicle miles and accommodates over 5.3 
billion tons of freight annually. By proposing to construct new 
vessels as part of the initiative, sponsors can achieve greater 
emissions and efficiency benefits and help sustain the Nation’s vital 
shipyard industrial base. A Marine Highway service along this 
corridor could provide public benefits such as reduced congestion 
and greenhouse gas emissions, energy conservation and increased 
safety for the vehicles transiting the corridor . Additionally, a service 
of this type could add valuable resiliency to this vital component of 
the surface transportation network. 

The U.S. Department of Transportation will work with sponsors of 
both the Corridor and Initiative to better understand the feasibility, 
benefits and potential efficiencies of the East Coast Marine Highway 
Initiative. Analysis and research can help identify specific 
opportunities that could advance this Initiative to a regularly 
scheduled service. 



 

    

      

      
         

           
     

         
       

      

     
      

      
        

     
       

      
   

     
  

         
       

     
         

         
   

New Jersey Marine Highway Initiative 

Sponsor: New Jersey Department of Transportation 

Corridor : M-95 Marine Highway Corridor (Sponsor: I-95 Corridor 
Coalition) 

Initiative Snapshot: Home to significant freight-related industries, 
including a major international East Coast seaport, the State of New 
Jersey seeks to develop a network of Marine Highway services as 
components of the New Jersey Marine Highway Platform Initiative. 
The Platform would consist of a system of waterborne freight 
projects between five New Jersey hubs and the States of New York, 
Massachusetts, Rhode Island, Connecticut, Maryland and Virginia. 

Attributes: In developing the New Jersey Marine Highway 
Platform, multiple agencies are collaborating with private sector 
groups in a statewide effort to seek environmentally and financially 
sustainable solutions. Developing Marine Highway projects can 
improve New Jersey’s multi-modal freight system by adding capacity 
in this densely populated state, while helping to reduce emissions, 
address fuel consumption and increase highway safety.  This 
initiative can capitalize on existing container-on-barge and other 
surface transportation freight systems while exploring options to 
bring new services on line. 

The U.S. Department of Transportation will work with the New 
Jersey DOT and the I-95 Corridor Coalition to better understand the 
feasibility, benefits and potential efficiencies that can be derived 
from this initiative. Analysis and research will further help develop 
the concept and identify specific opportunities where the 
Department of Transportation can provide support. 
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Analysis of the Potential Market for Short Sea Shipping 
Services into the Ports of Fall River and New Bedford 

I. Executive Summary 

This reports contains the findings and conclusions from a project funded by the 
Massachusetts Department of Business and Technology and Seaport Advisory Council 
(MSAC) to assess the market potential for short sea shipping operations (coastal 
shipping) to connect the ports of Fall River and New Bedford (ports of Bristol County) 
with other U.S. ports that would provide a new mode of transportation for freight that is 
currently moving over the highway. 

This report specifically addresses six key issues concerning the prospects for short-sea 
shipping services over the Bristol County ports: 

� What is the status of the emerging short sea network and its outlook for the future? 

� What is the potential impact of this network and the factors driving its development on 

the ports of Fall River and New Bedford?
 

� What is the potential cargo hinterland for the ports? 

� What highway freight is currently moving into and out of this hinterland? 

� What type of freight is moving on these lanes and who is carrying it? 

� What is the likelihood of different segments of this highway freight market being 

diverted to short sea shipping through the two ports and the consequent prospects for 

the two ports becoming successful short sea shipping hubs for the region? 


The following are the conclusions of the project team on each of these issues based on
 
the research and analyses that is described in the following pages of this report: 


Probability of Success for Bristol County Ports as Short-Sea Shipping Hubs 

� Several factors point to a strong probability of success for short-sea shipping services 

being developed to serve the ports of Fall River and/or New Bedford: 


– 	 There are substantial cargo volumes of truck traffic moving along the Atlantic 

seaboard with origins or destinations within the hinterland served by the Bristol 

County ports – options for such services include a short haul operation connecting 

with northern New Jersey and a longer haul operation connecting with ports in the 

South Atlantic such as Jacksonville, FL, Wilmington, NC, and/or Norfolk, VA. 


– 	 Truckers, particularly truckload operators, are becoming increasingly aware of the 

short-sea shipping option, and view it as an additional intermodal opportunity that may 

offset constraints on their ability to continue to grow pure truck transportation services
 
due to increasing highway congestion and driver shortages as well as limits on hours 

of driver operation and rising fuel costs. 


– 	 The economics of short-sea shipping appear to be competitive with alternative modes, 

particularly on long haul lanes provided that “best in class” practices can be 

implemented in terms of vessel costs and manning levels as well as stevedoring 

operations that will enable short-sea shipping to achieve its full potential in terms of 

both cost and service efficiency. 


– 	 The primary competition to the Bristol County ports as short-sea hubs will come from
 
the Rhode Island ports of Providence and Davisville (Quonset Point).  Although these 
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ports are well positioned in terms of physical facilities, they are at a greater distance 
from the central and northern New England hinterland that may potentially be served 
by the Bristol County ports. 

� However, there are also a number of factors that need to be addressed in order for 
short-sea shipping operations to be effectively realized in the ports of Bristol County: 

– 	 Current port capacity in both Fall River and New Bedford is limited in its ability to 
accommodate a major short-sea shipping operation such as envisioned in this project. 

– 	Fall River’s State Pier could accommodate short-sea operations moving the equivalent 
of 140 trailers into and out of the port on a daily basis but that would entail adding 
more trailer parking area to that within the current State Pier footprint and also 
possibly displacing some current users of the facility – in addition, the large volume of 
truck traffic into and out of the facility projected for the short-sea operation must be 
balanced with the needs of the adjoining Battleship Cove tourist facilities and other 
planned recreation activities in the area. 

– 	 New Bedford’s current cargo facilities in terms of berth and yard capacity need to be 
improved to effectively support a short-sea service.  In the long term, if the North 
Terminal is developed as a RoRo berth and adequate access to it is provided by 
reconstructing or relocating the Route 6 bridge, New Bedford would be an ideal 
location for a short-sea shipping operation. 

� In addition, factors that add to the cost of short-sea shipping such as Harbor 
Maintenance Tax (HMT) and the extremely high cost of commercial vessels built by 
U.S. shipyards must be addressed: 

– 	 The elimination of HMT on coastal domestic shipping services may prove to be 
revenue neutral as any foregone tax may be offset by funds saved in highway 
construction and repair as trailers are removed from the highways by short-sea 
shipping services. 

– 	 The high cost of U.S.-built commercial vessels may be addressed by increasing 
the percentage of such vessels that may be built overseas, by improved purchasing 
and sourcing practices by U.S. shipyards, by the application of modern vessel 
construction practices and technologies by the shipyards, and/or by a waiver of the 
U.S. Jones Act restriction on domestic operators using foreign-built vessels. 

Status of the emerging short sea network and its future outlook 

� Despite a number of efforts to develop short-sea shipping services along the U.S. 
coasts, there have been few successes to date – high costs on both the vessel and port 
side and slow acceptance of this alternative transport mode were primary factors that 
undercut these efforts. 

� Most of these earlier short-sea initiatives were carried out prior to the current conflux 
of highway congestion, driver shortages, and high fuel costs that are creating a more 
favorable environment for short-sea shipping transport alternatives. 

� Successful “short-sea” operations in the noncontiguous U.S. domestic trade lanes 
such as between the continental United States and Puerto Rico, Alaska, and Hawaii 
provide a business model that is applicable to coastal routes. 
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� There appears to be a significant opportunity that short-sea shipping services may be 
successfully launched in the near future if the cost issues are solved on the basis of 
current best practices within the U.S. and carefully planned partnerships between 
marine and ground transportation operators are developed to provide a true short-
sea/land intermodal service option. 

Potential Impact on the Ports of Fall River and New Bedford 

� Both ports are well positioned to be significant players as short-sea shipping hubs 
although constraints on their capacity need to be addressed.  The proximity of the 
two ports to each other may be a plus in terms of sharing labor and services. 

� The total economic impact of the development of short-sea shipping services over 
the ports of Bristol County could be as high as $120 million, creating up to 800 jobs 
– at least fifty percent of this impact would occur in the immediate area of the Bristol 
County ports. 

Potential Cargo Hinterland for the Ports of Bristol County 

� The potential cargo hinterland for the ports of Bristol County extends a relatively 
short distance to the south by approximately 50-miles including much of Rhode 
Island, but a significant distance to the north and west to include most of central and 
northern New England up to 250-miles. 

Volume of Highway Freight into and out of the Bristol County Ports’ Hinterland 

� A total of 1.9 million trailer loads of highway freight move to destinations within the 
Bristol County ports’ hinterland annually from origins within 200-miles of a port 
along the U.S. Atlantic and Gulf Coasts seaboard – a total of 1.4 million trailer loads 
moves out of the Bristol County ports’ hinterland to destinations within 200-miles of 
a port along the U.S. Atlantic and Gulf Coasts seaboard. 

� The major port-pair partners for the Bristol County ports for short-sea shipping 

services appear to be Bayonne, NJ (total volume of 787,000 trailer loads) and 

Jacksonville, Florida (total volume of 418,000 trailer loads). 


Type of Freight and Carriers on these Routes 

� A broad assortment of manufactured goods, foodstuffs, and basic commodities move 
by highway freight on these potential short-sea shipping lanes. 

� Truckload carriers play a predominant role in these potential markets and also appear 
to have the greatest interest in short-sea shipping as an alternative mode to direct over 
the road transport. 

In summary, the ports of Bristol County appear to have a significant opportunity to 
become terminuses for short-sea shipping services.  Focusing on implementation 
strategies that address both the positive and negative factors listed above should enable 
this opportunity to be achieved. 
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II. The Emerging Short Sea Network 

Background 

The highway transportation system of the United States is coming under increasing 
pressure as growth in over the road traffic is exceeding the growth of capacity at the 
same time as truck driver shortages, restrictions on driver hours of service, and rising 
fuel prices are increasing the cost of trucking services. Coincident with these 
developments, many American companies’ supply chains have become more complex 
as they have internationalized much of their sourcing and reduced inventory levels 
through such strategies as “Just in Time” parts delivery to manufacturing plants.  This 
has had the effect of increasing these companies’ reliance on fast reliable freight 
transport.  The resultant strain from growth in freight transport activity has impacted all 
modes of transport, but none more than trucking.  Significantly increased highway 
congestion has come from the compound influences of the growth in freight and 
passenger traffic, especially in densely populated regions such as along the U.S. 
Atlantic Coast, particularly on the I-95 corridor.  

Given the current limited plans for new highway construction and likely ongoing 
federal and state fiscal constraints, it is likely that congestion on U.S. highways will 
continue to increase.  This will have the virtually inevitable effect of degrading the 
productivity of the nation’s businesses in terms of their transportation and logistics 
performance.  At the same time, the traveling public will be inconvenienced by further 
increases in traffic delays and the environment will be subject to additional damage 
from vehicle emissions (especially freight diesel emissions) that reduce air quality.  

One potential avenue that offers to relieve some of this strain on the nation’s transport 
infrastructure is the diversion of truck traffic from congested highways to the open sea – 
that is, to use what is termed “short-sea shipping” operations along the nation’s coasts 
as well as on inland waterways to absorb a significant part of the projected growth in 
highway freight traffic. These short-sea shipping operations would move freight on an 
intermodal basis by combining a relatively short overland “drayage” move by truck to 
transport goods from their origin to a nearby port from which a vessel would carry the 
freight to another port where a second truck would transport the load over another 
relatively short distance to its ultimate destination.  This short-sea model for domestic 
freight has already had some success through such operators as Osprey Lines in the U.S. 
Gulf and inland waterways. However, its application on the Atlantic Coast has been 
very limited and with no real success stories to date. 

Nevertheless, with the recent significant shift in the nation’s transportation equilibrium 
– highway capacity not keeping pace with the growth in demand, labor shortages for 
truck drivers becoming increasingly acute, and fuel prices rising dramatically – it is 
timely to take an objective and pragmatic look at whether short-sea shipping can 
provide a means to relieve some of the pressure on the nation’s highways and provide 
new business for shipping services and ports such as Fall River and New Bedford in 
Massachusetts. 
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The Potential Market 

The great majority of U.S. intercity truck freight travels only a relatively short distance, 
and is thus not conducive to an intermodal transportation mode such as short-sea 
shipping. Likewise, many freight movements occur in volumes and at frequencies not 
generally appropriate for intra or inter-coastal ocean service. Consequently, successful 
market penetration by short-sea shipping will be a function of two primary factors: (1) 
relative length of haul, and (2) the level of concentration of volume in specific traffic 
lanes. As the distance between freight origin and destination increases and lane volume 
(density) grows, intermodal services – such as short-sea shipping – become more 
competitive relative to highway transport, and their cost advantage increases.  Where 
significant highway congestion exists, such as in the U.S. Northeast corridor, the 
distance at which short-sea shipping may be competitive with pure highway traffic may 
decrease. Consequently, analyzing the relative lengths-of-haul and lane densities of 
truck traffic moving into and out of various regions of the U.S. with access to coastal 
ports was the first step in quantifying transportation market prospects for short-sea 
shipping services that may utilize the ports of Fall River and New Bedford (“Bristol 
County ports”). 

The key potential port partners of the Bristol County ports that were selected to be the 
focus of the market analysis were the following: 

� Bayonne, NJ � Tampa, FL 
� Norfolk, VA � Pensacola, FL 
� Wilmington, NC � Mobile, AL 
� Charleston, SC � New Orleans, LA 
� Savannah, GA � Port Arthur, TX 
� Jacksonville, FL � Galveston, TX 
� Port Canaveral, FL � Corpus Christi, TX 

These ports were selected on an indicative basis only. Other neighboring ports (such as 
Fernandina Beach, Florida in the case of Jacksonville) that would have essentially the 
same cargo hinterland may be substituted for the selected port if so desired.  

Cargo flows between the respective “hinterlands” of the various port-pairs were 
identified. The traffic flows were segmented at intervals of 50-miles as shown in the 
example of Exhibit II-1 below for traffic between the hinterlands of the Bristol County 
ports and the port of Jacksonville Florida. The analysis of potentially divertible traffic 
then focused on a “skewed” hinterland to reflect the key assumption that trucks would 
not backtrack very far to a port in the opposite direction of their desired direction of 
travel. Consequently, the scope of potentially divertible traffic was restricted to cargo 
moving between the respective port-pair hinterlands extending only 50-miles in the 
direction of travel (requiring a backtracking movement) and up to 250-miles in the 
opposite direction. 
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Exhibit II-1 

Prospective Cargo Hinterlands for Short-Sea Shipping Traffic
 

between Bristol County Ports and the Port of Jacksonville, Florida 


Methodology 

The purpose of the market-sizing task was to identify the U.S. East and Gulf Coast ports 
that, as trading partners of the ports of Fall River and New Bedford, may have the 
greatest potential for diverting current freight traffic from the highways to a short-sea 
shipping service between the respective port-pairs.  Global Insight’s TRANSEARCH ® 
database and ground freight analytical capabilities were used to size the potential short-
sea shipping market for Bristol County ports. 

TRANSEARCH is a commodity flow database that is produced annually from sample data 
provided by over 100 public and private data sources that is then subject to rigorous 
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economic modeling in order to develop an estimate of the total ground freight market on 
a county to county basis for North America.  For this project, the starting point was truck 
traffic (truckload, private, less-than-truckload, and Canadian/Mexican movements) from 
the 2003 edition of county-level TRANSEARCH. A detailed description of TRANSEARCH 
and the methods used to create it is attached as Appendix 1.  Traffic flow data from 
TRANSEARCH was analyzed for each port and its particular drayage hinterland, by 
direction for northbound and southbound traffic.   

The key port-pair partners for the Bristol County ports were matched to corresponding 
Federal Information Processing Standards (FIPS) county definitions (as shown in 
Exhibit II-2 below). This geocoding process provided consistent geographic analysis 
regions for the various source data. 

Exhibit II-2
 
Federal Information Processing Standards (FIPS) County Definitions 


for Selected Bristol County Port Partners
 

Port State FIPS 
Bayonne NJ 34017 
Norfolk VA 51710 
Wilmington NC 37129 
Charleston SC 45019 
Savannah GA 13051 
Jacksonville FL 12031 
Port Canaveral FL 12009 
Tampa FL 12057 
Pensacola FL 12033 
Mobile AL 1097 
New Orleans LA 22071 
Port Arthur TX 48245 
Galveston TX 48167 
Corpus Christi TX 48355 

A sustainable short-sea shipping operation was assumed to provide a less expensive 
service alternative to other means of transportation, with the understanding that low costs 
may equate with longer cargo transit times.  Reflecting this assumption, unique port 
catchment areas for a short-sea shipping service were determined using restrictions that 
take into account the characteristics of a short-sea shipping operation that must compete 
with the over the road transportation option. 

The key assumption behind the determination of cargo hinterlands was that a viable short 
sea-shipping market may exist when sea/land intermodal transport is significantly 
cheaper than pure land transport.  In our analysis, this was defined using the following 
criteria: a competitive market may exist when distance by land is greater than distance by 
sea (including land drayage) and the unique aspects of sea/land intermodal transport are 
considered. As mentioned, ocean transport is typically less expensive than truck 
transport. This means that, for the same price, goods transported by ship can travel 
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further than goods transported by truck.  To capture these savings, the cost advantage 
accredited to sea travel is quantified by applying a factor of 0.6 to each port's Ocean 
Miles (i.e., the estimated transport miles by sea from each port to Bristol County, MA). 
Sea/land intermodal transportation may also have inherent disadvantages, such as 
additions to overall transit time due to marine terminal vessel loading and discharge and 
cargo receiving and delivery operations.  In the potential market analysis, this 
disadvantage is accounted for by adding a 200-mile penalty (approximately four hours of 
drive time) to the calculated ocean miles for all ports except for Bayonne, which has a 
unique situation because of the highway congestion surrounding New York City.  The 
application impact of quantifying these unique characteristics is shown in Exhibit II-3, in 
which Adjusted Ocean Miles are equal to 200 miles + (Ocean Miles × 0.6). 

Exhibit II-3 

Calculation of Adjusted Ocean Miles 


Port Ocean Miles Adjusted Ocean Miles 
Bayonne 223 134 
Norfolk 408 445 
Wilmington 644 586 
Charleston 710 626 
Savannah 784 670 
Jacksonville 868 721 
Port Canaveral 1,068 841 
Tampa 1,477 1,086 
Pensacola 1,682 1,209 
Mobile 1,716 1,230 
New Orleans 1,785 1,271 
Port Arthur 1,945 1,367 
Galveston 1,947 1,368 
Corpus Christi 2,052 1,431 

Under these restrictions, a county was included as part of a port's catchment area if the 
distance by truck to/from Bristol County, MA was greater than the distance of Adjusted 
Ocean Miles plus drayage distance (miles to/from port to ultimate origin/destination). 

For each port catchment area, TRANSEARCH 2003 flow data for truck traffic, including 
origin, destination, mode, sub-mode, commodity, tons, and units, were extracted at the 
county level.  The multiple layers of detail in the dataset provide the basis for a 
comprehensive analysis and for data and volume validations at a port-specific level. 
These extractions yielded a preliminary dataset of over one million records. 

Once eligible flows were selected, flows that had a drayage distance of greater than 500
miles were eliminated, meaning if the flow originated or terminated within 500-miles of 
an eligible port, it was considered traffic available to that port.  At this point, a 
commodity filter at the 2-digit Standard Transportation Commodity Code (STCC) level 
was applied to remove bulk commodities from the analysis.  Specifically, STCCs 10, 11, 
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13, 14 representing Ores, Coal, Crude Oil, and Minerals were excluded, as those are not 
commodities likely to move in a short-sea shipping liner service and are likely to travel 
by water only in large bulk ships. In addition, traffic consisting of empty vehicles (STCC 
4221) and secondary traffic (STCC 50) were also removed.  

The database at this point contained "eligible flows," representing the traffic that could 
conceivably be captured by short-sea shipping services if certain other conditions were 
met.  The other conditions, which were not analyzed in this assessment, would include 
scheduling concerns, transit time, commodity value, and other considerations. 

Double-counting between port-pair flows was permitted, meaning one flow may be 
assigned as "available" to more than one port in the case where port hinterlands may 
overlap, for example between the ports of Jacksonville and Savannah, Georgia.  This 
enables the comparison of traffic volumes between particular port-pair combinations in 
order to select those that may offer the greatest market.  Of course, the port-pair 
combinations are not then additive if one were to seek to identify the total market. 

A distinction should be drawn between the measurements of domestic truck volumes 
versus international container shipments. In the case of international traffic, volume is 
typically measured in Twenty-foot Equivalent Units (TEUs), which correspond to 
multiples of a standard twenty-foot ISO container.  In contrast, domestic traffic is 
represented in truckloads as would be operated for a given commodity.  For dry van 
traffic, this would typically be either a 48 or 53-foot long trailer.  This difference in 
capacity must be taken into account when ship capacity requirements are examined.  The 
traffic measures included in the market analysis in this report are in “truckloads.” 

Findings on the Potential Market 

The results of the port-pair traffic flow analysis are provided below in Exhibit II-4. 
Among the preselected prospective port partners, the largest single potential short-sea 
shipping market for the Bristol County ports is Bayonne, NJ followed by Jacksonville, 
FL and Corpus Christi, TX.  It is noteworthy that traffic in all of the port-pairs is 
significantly imbalanced with northbound traffic invariably being the headhaul flow. 

Exhibit II-4 
Truckload Freight Movements between Bristol County Hinterland and Other Ports 

Southbound Northbound Total 
Bayonne, NJ
 
Norfolk, VA
 
Wilmington, NC
 
Charleston, SC
 
Savannah, GA
 
Jacksonville, FL
 
Port Canaveral, FL
 
Tampa, FL
 
Pensacola, FL
 
Mobile, AL
 
New Orleans, LA
 
Port Arthur, TX
 
Galveston, TX
 
Corpus Christi, TX
 

190,342 596,972 787,314 
24,409 47,038 71,447 
20,909 91,637 112,546 
41,517 222,536 264,053 
66,267 218,970 285,237 

140,773 277,086 417,859 
109,935 160,907 270,842 
56,677 149,828 206,505 
24,711 113,975 138,686 
70,539 307,285 377,824 
53,824 212,519 266,343 
52,059 206,148 258,207 
94,100 284,813 378,913 

158,594 258,382 416,976 
11 

Source: Global Insight Inc. TRANSEARCH database.  See tables in the Appendix for supporting detail. 
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The TRANSEARCH data was also used to identify the type of commodities moving by 
truck on the selected Bristol County port-pairs.  For example, as shown in Exhibit II-6 
below, foodstuffs (no doubt, including large volumes of seafood) are the single largest 
commodity group moving from the Bristol County hinterland to the Jacksonville area. 

Exhibit II-6 

Commodities Shipped from Bristol County Hinterland to Jacksonville Hinterland
 

SOUTHBOUND 
Port Name Jacksonville 

Loads To South 
STCC 2 50 miles 100 miles 150 miles 200 miles 250 miles Grand Total 
Apparel Or Related Products 56 2 - 338 1,425 1,820 
Chemicals Or Allied Products 90 658 1,959 3,385 5,764 11,856 
Clay, Concrete,Glass Or Stone 156 1,078 555 1,502 5,957 9,248 
Electrical Equipment 276 875 139 203 1,464 2,957 
Fabricated Metal Products 712 697 2,870 2,641 4,368 11,288 
Farm Products 4 8 4 - 31 47 
Food Or Kindred Products 999 2,451 343 5,220 12,712 21,724 
Forest Products - - - - 0 0 
Fresh Fish Or Marine Products - - - - 83 83 
Furniture Or Fixtures 20 378 10 82 2,117 2,607 
Instrum, Photo Equip, Optical Eq 217 77 171 319 909 1,692 
Leather Or Leather Products 64 92 80 146 130 513 
Lumber Or Wood Products 3 49 2 500 2,565 3,119 
Machinery 264 791 1,158 1,985 5,411 9,609 
Misc Manufacturing Products 31 164 108 370 603 1,275 
Petroleum Or Coal Products 3,162 11,288 14 2,564 1,099 18,127 
Primary Metal Products 847 4,123 1,295 1,513 5,046 12,823 
Printed Matter 1,866 584 43 1,821 1,515 5,830 
Pulp, Paper Or Allied Products 172 2,286 333 3,121 5,817 11,729 
Rubber Or Misc Plastics 965 4,228 2,173 3,626 863 11,855 
Textile Mill Products 335 188 120 138 419 1,200 
Transportation Equipment 6 49 120 15 1,179 1,368 
Grand Total 10,243 30,066 11,497 29,488 59,479 140,773 

Source: Global Insight Inc. TRANSEARCH database.   

In the reverse “headhaul” direction, chemicals are the major single item moving from the 
Jacksonville hinterland to the Bristol County hinterland with foodstuffs (including citrus 
and beef) also accounting for a significant share as shown in Exhibit II-7 below. 

12
 



 
 

 

 
 

 
                                                             

                                                 
                                                   

                                                                  
                                                                   

                                                                    
                                                      

                                                                                    
                                                                                    

                                                                
                                                                   

                                                                                  
                                                         

                                                         
                                                                         
                                                                              
                                                                  
                                                                   

                                                      
                                                                      

                                                                  
                                                                                    
                                                        

                                                                                     
                                              

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
 
 

   
                                                                                                                                               
                                                                                                                                      
                                                                                                                                          
                                                                                                                                                                  
                                                                                                                                                       
                                                                                                                                

   
                                                                                                                                        
                                                                                                                                
                                                                                                                                          
                                                                                                                                               
                                                                                                                                            
                                                                                                                                                                          
                                                                                                                                

   

Analysis of the Potential Market for Short Sea Shipping 
Services into the Ports of Fall River and New Bedford 

Exhibit II-7 

Commodities Shipped from Jacksonville Hinterland to Bristol County Hinterland 


NORTHBOUND 
Port Name Jacksonville 

Loads To Bristol County 
STCC 2 50 miles 100 miles 150 miles 200 miles 250 miles Grand Total 
Apparel Or Related Products 1,085 1,051 731 254 3,441 6,563 
Chemicals Or Allied Products 10,280 25,752 5,404 15,113 25,253 81,802 
Clay, Concrete,Glass Or Stone 12,190 3,187 6,828 32,845 11,687 66,739 
Electrical Equipment 238 1,013 583 349 757 2,940 
Fabricated Metal Products 404 574 1,038 363 586 2,966 
Farm Products 474 597 50 786 1,341 3,247 
Food Or Kindred Products 8,043 9,421 3,720 5,531 9,093 35,808 
Forest Products - - - - 6 6 
Fresh Fish Or Marine Products - - - - 0 0 
Furniture Or Fixtures 394 1,069 163 482 1,707 3,815 
Instrum, Photo Equip, Optical Eq 117 253 317 1,025 220 1,932 
Leather Or Leather Products 26 23 41 47 12 149 
Lumber Or Wood Products 6,896 2,866 2,013 1,961 643 14,378 
Machinery 669 1,978 1,178 1,174 1,393 6,392 
Misc Manufacturing Products 117 505 91 24 673 1,410 
Petroleum Or Coal Products 25 173 49 45 358 650 
Primary Metal Products 562 524 382 439 2,668 4,575 
Printed Matter 74 98 762 2,307 2,323 5,565 
Pulp, Paper Or Allied Products 1,278 7,232 4,304 3,668 3,519 20,002 
Rubber Or Misc Plastics 941 948 623 348 835 3,695 
Textile Mill Products 725 1,182 246 168 875 3,196 
Tobacco Products 5 - - - - 5 
Transportation Equipment 505 2,244 1,926 2,272 4,297 11,243 
Waste Or Scrap Materials - - - - 9 9 
Grand Total 45,050 60,690 30,449 69,202 71,695 277,086 

Source: Global Insight Inc. TRANSEARCH database.   

Given the type of commodities moving in the Bristol County/Jacksonville corridor, it is 
not surprising that tank and reefer trailers account for a significant share of the trailer 
loads in addition to the largest equipment type of dry vans as described in Exhibit II-8. 

Exhibit II-8 

Commodities Shipped from Jacksonville Hinterland to Bristol County Hinterland
 

SOUTHBOUND 
Port Name Jacksonville 

Loads To South 
Equipment Type 50 miles 100 miles 150 miles 200 miles 250 miles Grand Total 
Flat 
Dry Van 
Tank 
Bulk 
Reefer 

724 
6,151 
2,793 

8 
568 

2,499 
16,031 
10,817 

335 
384 

1,623 
8,274 
1,200 

5 
395 

2,675 
21,141 

3,728 
287 

1,656 

6,993 
44,716 

3,092 
1,345 
3,333 

14,513 
96,313 
21,630 
1,980 
6,336 

Grand Total 10,243 30,066 11,497 29,488 59,479 140,773 

NORTHBOUND 
Port Name Jacksonville 

Loads To Bristol County 
Equipment Type 50 miles 100 miles 150 miles 200 miles 250 miles Grand Total 
Flat 
Dry Van 
Tank 
Bulk 
Reefer 
Auto 

8,516 
26,551 
4,165 
1,390 
4,296 

132 

6,645 
32,019 
15,963 

2,046 
3,912 

106 

3,884 
21,119 

3,180 
758 

1,414 
93 

22,340 
29,418 

7,662 
6,622 
3,160 

1 

10,030 
42,612 

8,498 
2,640 
7,907 

8 

51,414 
151,718 

39,468 
13,456 
20,689 

340 
Grand Total 45,050 60,690 30,449 69,202 71,695 277,086 

Source: Global Insight Inc. TRANSEARCH database.   
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Short-Sea Shipping Case Studies 

Several recent examples of U.S. short-sea shipping operations were analyzed in order to 
identify key factors that contributed to their success or failure and their implications for 
the ports of Fall River and New Bedford. The examples are not intended to be a 
comprehensive listing of all recent short-sea shipping initiatives but were selected, rather, 
to reflect a range of type of operations and situations.  The results of this analysis that 
was based on publicly available information as well as interviews with the companies 
involved are described in the following case studies. 

Matson Navigation Company1 

Background: 
� Matson began operations in the U.S. mainland/Hawaii trade in 1882 
� Matson has a major share of the U.S./Hawaii shipping market estimated at 70 

percent 
� Between 1994 and 1999 Matson ran a single surplus 2100 TEU container vessel 

on a Los Angeles/Seattle/Vancouver/Los Angeles weekly service 
� Matson has recently taken delivery of two 2400 TEU U.S.-built container ships at 

a cost of $110 million each from Kvaerner Philadelphia Shipyard and another two 
2400 TEU vessels on order at $140 million each from the same yard 

Key Business Parameters: 
� Service carried both international cargoes (as feeder vessel), empty containers 

requiring repositioning, and domestic loads (approximately 30 percent of total 
containers carried) 

� Domestic loads increased from 25,000 to 45,000 annually between 1994 and 1997 
� Service was priced at a discount to prevailing truck rates 

Status: 
� Service was discontinued in 1999 due to poor financial performance 

Conclusions: 
� Service failed primarily due to high stevedoring costs – ILWU was unwilling to 

provide concessions to enable the service to be economically viable 
� Matson was able to gain a number of key accounts (e.g. Anheuser Busch) 
� The service was difficult to sell to traffic managers – “required going further up 

the management chain” 
� Matson was not successful in selling the service to truckers – many saw it as a 

“threat” 

1 Interview with Phil Grill, Vice President 
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Totem Ocean Trailer Express (TOTE)2 

Background: 
� Started roll-on/roll-off (RoRo) service between Tacoma, WA and Anchorage, AK 

in 1975 
� Provides two sailings per week on 1,000-mile route 
� Competes with AlCan Highway and container vessel and barge operators 
� Took delivery of two new U.S.-built 600 trailer capacity RoRo vessels in 2003 at 

reported cost of $180 million each 

Key Business Parameters: 
� RoRo vessels complete cargo discharge and load (up to 1,200 trailer moves plus 

auto traffic) within eight hours at each port 
� Primarily transports shipper-owned highway trailers 

Status: 
� Company has been consistently profitable 
� Parent is also majority owner of Sea Star Line in U.S./Puerto Rico trade 
� Possibly interested in other U.S. domestic shipping opportunities 

Conclusions: 
� Company gained strong market position by working closely with truckers and 

freight forwarders in the Alaska market 
� RoRo operation provides truck-competitive transit times and costs for all types of 

cargo 

Osprey Lines3 

Background: 
� Started business in 2000 as spin-off from Maersk’s acquisition of Sea-Land in 

order to provide U.S. flag container feeder operation in the Gulf for mostly 
international cargoes 

� Initially focused on shipping containers on barge between New Orleans and 
Houston 

� Have recently expanded into domestic cargoes in containers – operating Sea 
Trader 13.5 knot 124 FEU containership (converted from an offshore service 
vessel) on weekly Houston/Tampa/ New Orleans deployment carrying a 
combination of domestic and international cargoes in containers 

Status: 
� Kirby Marine recently purchased majority holding in company – Osprey Lines 

founder has departed to form new company “Couch Lines” 

2 Interview with Bob Magee, CEO 
3 Interview with Rick Couch, CEO 
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� Couch reports he is currently working on a vessel newbuilding program with U.S. 
shipyards for four 125 FEU (13.5 knots) containerships and looking to enter new 
coastal markets on U.S. Gulf and East Coasts 

Key Business Parameters: 
� Loads/discharges containers in port using boom cranes  

� Transported a total of 65,000 containers in 2004 (both international and domestic) 


Conclusions: 
� Domestic business built on incremental basis on top of international feeder loads 
� Marketing focus on heavy and out of gauge cargoes – carry both in containers and 

as breakbulk 
� Osprey seeks to control own terminals and trucking operations 
� Sells service reliability and value – sees as more important than transit time 
� However, believes still able to offer shippers truck-competitive transit time and 

significantly better transit time than rail intermodal 

New England Fast Ferry4 

Background: 
� Operates passenger ferries (with limited cargo capacity) between New Bedford 

and Nantucket/Martha’s Vineyard 
� Subsidiary of Moran Towing 
� Considering start-up of New Jersey (e.g. Bayonne)/New Bedford RoRo cargo 

service with medium speed vessels (catamaran hull design) 

Key Business Parameters: 
� Value proposition of new service is to provide truckers with overnight bypass of 

congested New York City/Connecticut area – e.g. depart New Jersey at 8 pm./ 
arrive New Bedford by 5 am next morning 

� Two catamaran vessel designs under consideration 
– 260’ RoRo with 24 trailer capacity at estimated capital cost of $25 million 
– 320’ RoRo with 42 trailer capacity at estimated capital cost of $30 million 

� Estimates economics of port to port move at $350 per trailer – key to holding 
down cost is using crew to load/discharge trailers 

Status: 
� Service still in planning stage 

Conclusions: 
� Looking for “cornerstone” contract with major trucker or truckers to provide base 

cargo volume 
� Prefers New Bedford to Fall River as Massachusetts terminus due to perception of 

better highway access and terminal capacity at New Bedford (NEFF already 
operates over New Bedford’s State Pier) 

4 Interview with James Barker, VP 
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� Proposed service offers opportunity for short-sea shipping start-up within 

relatively short term (2-3 years) if vessels are newbuilds in U.S. shipyard 


� Service could build credibility with truckers before expanding into longer haul 

markets
 

� Question whether service economics can be achieved with small size of vessels – 

vessel with 150-trailer capacity may be able to operate at $300-350 per trailer 

load; smaller vessels may lack scale necessary to offset high fuel costs 


Trailer Bridge5 

Background: 
� Runs both RoRo and LoLo container barges between U.S. mainland (New York 


and Jacksonville) and Puerto Rico 

� Operated “Atlantic Highway” container barge service between Port Newark and 


Jacksonville from January to September, 1999 – service was terminated when 

hurricane delayed barge by four days leading to the loss of a major account 

(ToysRUs) 


Key Business Parameters: 
� Cargo on New York/Jacksonville service was entirely domestic
 
� Weekly capacity: 265 53’ containers 

� Major source of cargo was diversion from rail intermodal 

� Pricing per container load was around $500 

� New York/Jacksonville transit time was three days – comparable with rail 


intermodal but slower than truck 

� Major southbound shippers included GM for cars relayed through Jacksonville to 


Puerto Rico
 
� Major northbound shippers included forest product shippers (packaging materials, 


lumber, and pulp) 


Status: 
� Service discontinued – no plans to restart 

Conclusions: 
� Service was sold primarily on price 
� Relatively slow transit time was not a major disadvantage to a shipper such as 

Toys RUS but unreliability was 

� Operating out of Port Newark added cost despite a “reasonable” deal with the ILA 


The case studies lead to a number of important overall findings on the current state of 
short-sea shipping in the United States: 
� Despite a number of recent efforts, domestic sort-sea shipping operations on the 

U.S. coasts have had only moderate success to date (e.g. Osprey Lines) 
� Nevertheless, a number of major shippers have elected to support short-sea 


shipping services (e.g. ToysRUs, Anheuser Busch, General Motors) 


5 Interview with John McCown, CEO 
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� Osprey appears to have benefited from a dual marketing focus on selling domestic 
transportation to both shippers and truckers  

� Truckers may be interested in the overall value proposition of adding short-sea 
shipping as an alternative mode, but they need to have the potential benefits 
clearly spelled out 

� Close cooperation with trucking companies is essential in successfully developing 
and operating a short-sea service – a key asset is building base cargo support 
through commitments from major truckers on a particular route 

� Schedule reliability may be at least as important a service factor in effectively 
marketing the service as door-to-door transit time 

� Labor buy-in is critical to creating a cost-competitive short-sea service in terms of 
both vessel and marine terminal operations 

� Short-sea shipping can be particularly competitive for heavy and/or hazardous 
shipments currently moving over the road such as chemicals 

� Service frequency needs to be at least 2-3 sailings per week on relatively long 
haul routes – daily is probably not necessary except on short-haul routes (e.g. 
Bayonne/Bristol County) 

In conclusion, there appear to be a number of factors that promote the emergence of a 
U.S. domestic coastal short-sea shipping network including increasing highway 
congestion (particularly in the Northeast), rising fuel costs, restrictions on truck driver 
hours of operation, and a shortage of drivers.  In addition, there is a great deal of truck 
cargo moving to and from the Bristol County port hinterland along the Eastern seaboard, 
some of which may potentially be divertible to short-sea shipping services.  However, 
despite the positive signs of a market opportunity, there is scant evidence of successful 
business plans being put in place to meet that market need.  As both the Matson and 
Trailer Bridge attempts to put a short-sea service in place failed for economic reasons – 
primarily due to high costs – the next section of this report will analyze the economics of 
short-sea shipping, particularly as they relate to potential services utilizing the ports of 
Fall River and/or New Bedford. 

The Economics of Short-Sea Shipping versus Alternative Modes 

The market analysis of trucking movements into and out of the Bristol County ports’ 
hinterland indicated that the prospective port partners of Bayonne, NJ and Jacksonville, 
FL had substantial potentially divertible traffic volumes.  Consequently, an economic 
model was developed to calculate the cost to the shipper of moving a trailer load of 
freight on each of these corridors using a short-sea mode versus over the road trucking or 
rail intermodal where appropriate. 

The economics of a short-sea shipping service include both direct vessel operating 
costs, capital costs, and other costs associated with the movement of a trailer-load of 
freight. Direct vessel operating costs include vessel manning, maintenance and repair, 
insurance (Hull & Machinery and P&I), capital, and vessel management costs, fuel and 
consumables, and port charges.  These costs were developed based on information 
developed from ocean carrier and port operator interviews, and general industry 
knowledge of the project team.  
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Non-vessel operating costs for the short-sea shipping service include stevedoring and 
marine terminal operations, container, trailer, and chassis leasing and maintenance, 
drayage operations, and sales and general administrative overhead.  These were 
developed from carrier and port operator interviews and the professional experience of 
the project team. In addition, the cost to shippers of Harbor Maintenance Tax (HMT) 
charged on shipments moving in and out of U.S. ports was also added as a line item in the 
model for short-sea shipping operations as would be applicable under the current U.S. tax 
regime. 

The key assumptions concerning vessel operations for ships to be deployed on the short 
haul Bayonne potential service and the long haul Jacksonville service are summarized in 
the following Exhibit II-9. 

Exhibit II-9 

Key Assumptions on Potential Short-Sea Service Vessels 


Vessel Operating Costs for Coastal Vessels 

Container Ship RoRo Vessel 
Cargo capacity 
Key assumptions: 

Capital cost: 
Vessel speed: 
Fuel consumption: 
Crew size: 

Vessel expense per day 
Crew 
Maintenance & Repair 
Consumables 
Insurance & Other 

Depreciation 
Total 

*Assumes 25 years vessel life 

200 Trailers 140 Trailers 

$38 million $44 million 
25 knots 25 knots 
30 TPD 30 TPD 

10 10 

$6,500 $6,500 
$875 $875 
$600 $600 
$625 $625 

$8,600 $8,600 
$4,164 $4,822 
$12,764 $13,422 

RoRo Ferry 
40 Trailers 

$30 million
 

20 knots
 

4,300 gals MDO
 

8
 

$3,500
 

$700
 

$250
 

$400
 

$4,850
 

$3,288
 

$8,138 

The economics of the short-sea shipping option used in the transportation model are based 
on a theoretical level of costs that reflect some significant changes in current working 
practices that would need to be instituted by industry, labor, and government specifically for 
short-sea shipping but that are nevertheless reasonably achievable in the near term.  The key 
areas for which such theoretical cost levels were used include vessel capital costs, vessel 
crew costs and manning levels, and port stevedoring costs.  Although these cost levels are 
lower than those for most current Jones Act shipping operations, they should be attainable 
based on an analysis of current “best in class” industry practices within the U.S. today and 
U.S. and international benchmarks.   

The following are the key assumptions made concerning the operations and costs for a 
prospective short-sea shipping service: 
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� Both RoRo trailer vessels and LoLo container vessels were tested for the long 
haul Jacksonville service but only a RoRo vessel was evaluated for the short 
haul Bayonne service given the relatively short steaming distance (less than 200
miles) and the consequent premium put on minimizing port time both for 
expediting vessel turnaround and cargo despatch 

� Crew sizes of 10 for the larger container and RoRo vessels and 8 for the smaller 
RoRo vessel were based on the assumption that new manning agreements with 
the seafarer unions and the Coast Guard would be developed for a two-watch 
system for self-propelled vessels operating along the contiguous coasts of the 
U.S. 

� Marine terminal loading and discharging costs are on an “all-in basis” and 
reflect current best practices that would require labor agreements specially 
designed for coastal short-sea shipping 

� An average vessel operating speed of 25 knots was used for the Jacksonville 
service and 20 knots for the Bayonne service – this relatively high speed for 
conventional RoRo or container vessels on the Jacksonville service was deemed 
necessary to provide a “truck-competitive” transit time  

� The vessel capital costs used are lower than current prices from U.S. shipyards 
but still substantially higher than international prices – the lower U.S. prices 
reflect the assumption that long vessel-building runs, more aggressive 
purchasing practices, and improved productivity by U.S. shipyards would bring 
down the cost of U.S.-built vessels 

Similarly, the cost of trucking and rail intermodal operations on the respective Bayonne 
and Jacksonville corridors were also developed.  For a truck operator, fully allocated 
cost data provided by a major motor carrier was used as the starting point in developing 
the truck economics.  Truck operations were based on a single driver operating within 
current hours of service (HOS) restrictions. Future road congestion was not addressed – 
service and cost parameters are reflected as "current steady state". Additional highway 
cost data was developed using the TTS Blue Book of Trucking Companies (2004-2005 
Edition) and allowed for the disaggregation of wages and benefits, equipment, 
insurance, fuel and other expenses. Global Insight's Intermodal Cost Analysis Model 
(ICAM) was used to prepare estimates of the rail intermodal door-to-door delivery costs 
for each of the pilot project corridors.  

The key cost elements for motor carriers include pick-up and delivery, over the road 
vehicle operations, fuel, driver costs, dispatching, insurance, as well as other factors that 
would be directly affected by the choice of transport mode between the origin and 
destination markets in the particular lanes.  Highway tolls are reflected as a separate 
cost item in the model, and are estimated based on average toll costs per mile and 
average toll miles adjusted for specific corridors. Sales and administrative overhead are 
also included. Source information was developed from public data, carrier interviews, 
and general industry knowledge of the project team.   

Rail intermodal direct operating cost elements include locomotives and fuel, track and right-
of-way, yard and terminal operations, lift-on and lift-off movements, railcar, crew, 
trailer/container, and drayage expense.  Sales and administrative overhead are also included. 
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Again, this information was developed from public data, carrier interviews, and general 
industry knowledge of the project team.   

The cost of repositioning trailers or containers in a particular corridor was also built into the 
model for each mode.  Trucking and rail intermodal operations have an advantage in this 
area as they have greater latitude to search for return loads than the short-sea service that was 
assumed to be tied to a particular port-pair.  In this case, the short-sea service was charged 
with the cost of vessel loading and discharging for all empty trailers/containers in the 
backhaul direction of each particular corridor. 

A short-sea shipping carrier’s cost of moving a trailer load of freight between Bristol 
County, MA and Jacksonville was calculated at approximately $1,100, as described in 
Exhibit II-10 below. 

Exhibit II-10 

Short-Sea Shipping Costs Between Bristol County and Jacksonville, Florida 


US Coastal Liner Shipping Service Economic Model
 
Origin:
 
Destination:
 
Ocean Transit (Nautical Miles):
 
Vessel type:
 
Vessel speed: (Knots)
 
One Way Steaming Time (Hours)
 

Frequency in R/T voyages per week:
 
No. R/T voyages per year:
 

R/T Ocean Transit Days:
 
TTL Terminal Days:
 
Total Ship Days
 

TTL Drayage Days
 
Total Container Days
 

Total Volume of Lane Traffic (Truckloads):
 
Northbound:
 
Southbound:
 

Share of Total Lane Traffic: 
Northbound:
 
Southbound:
 

Vessel Capacity (truckloads): 
NB capacity payload utilization:
 
SB capacity payload utilization:
 

Freight Volumes (truckloads) 
Northbound Loads
 

Northbound Empties
 

Southbound Loads
 

Southbound Empties
 

Total Volumes 

Service Economics 
Variable Costs 

Marine Terminal Cargo-Handling
 

RoRo cost per unit (load & discharge): $100
 

LoLo cost per unit (load & discharge): $200
 

Mean terminal cargo handling cost per load 

Land Transportation
 

Origin Dray
 

Destination Dray
 

Long haul drays
 

Mean Truck Dray Expense 

Equipment Costs 

Container/Trailer 

Chassis 

Mean Equipment Costs 

Total Variable Costs 
Fixed Costs 

Vessel

Vessel fuel*
 
Port Charges
 

Sales & Administration
 

Non-Vessel Depreciation
 

Total Fixed Costs 
Total Operating Expenses 

Operating Expense per Revenue Load: 

Jacksonville/Bristol County Jacksonville/Bristol County 
Jacksonville, FL Jacksonville, FL 
Bristol County, MA Bristol County, MA 

993.00 993.00 
RoRo Container 

25 25 
40.0 40.0 

3.00 3.00 
144 144 

3.50 3.50 
1.50 1.50 
5.00 5.00 

2.00 2.00 
7.00 7.00 

Truckloads Truckloads 
277,000 277,000 
141,000 141,000 

Base Freq. Adj Net Share Base 
7% 100% 7% 10.0% 
8% 100% 8% 11% 

140 200 
96.2% 96.2% 
56.0% 53.9% 

Per Unit Per Voyage Per Year Percent Per Unit 

135 19,390 50% 
- - 0% 
78 11,280 29% 
56 8,110 21% 

Freq. Adj Net Share 
100% 10.0% 
100% 11% 

Per Voyage Per Year Percent 

192 27,700 50% 
- - 0% 
108 15,510 28% 
85 12,190 22% 

269 38,780 100% 

$ 120 $ 32,317 $ 4,653,600 
$ - $ -

$ 152 

$ 193 $ 41,141 $ 5,924,290 
$ 228 $ 48,455 $ 6,977,549 
$ 70 $  3,739 $ 538,374 

$ 438 $ 93,335 $ 13,440,213 

$51 $ 10,862 $ 1,564,170 

$ - $ - $  -

$ 51 $ 10,862 $ 1,564,170 

$ 641 $ 136,514 $ 19,657,983 

$  315 $ 67,110 $ 9,663,840 28% 
$ 89 $ 18,900 $ 2,721,600 8% 
$ 19 $ 4,000 $ 576,000 2% 
$ 38 $ 8,000 $ 1,152,000 3% 
$ 5 $ 1,000 $ 144,000 0% 
$ 465 $ 99,010 $ 14,257,440 42% 
$ 1,106 $ 235,524 $ 33,915,423 100% 

$ 1,106 

385 55,400 100% 

$ - $ - $ -
$ 200 $ 76,944 $ 11,080,000 

$ 256 

$ 193 $ 57,962 $ 8,346,547 
$ 228 $ 68,267 $ 9,830,450 
$ 70 $  5,267 $ 758,498 

$ 438 $ 131,496 $ 18,935,495 

$ 53 $ 15,904 $ 2,290,130 

$ 18 $  5,386 $  775,600 

$ 71 $ 21,290 $ 3,065,730 

$ 766 $ 229,731 $ 33,081,225 

$ 213 $ 63,820 $ 9,190,080 20% 
$ 63 $ 18,900 $ 2,721,600 6% 
$ 13 $ 4,000 $ 576,000 1% 
$ 27 $ 8,000 $ 1,152,000 2% 
$ 3 $ 1,000 $ 144,000 0% 
$ 319 $ 95,720 $ 13,783,680 29% 
$ 1,085 $ 325,451 $ 46,864,905 100% 

$ 1,085 

Operating Statistics 
Number of Ships 
Door-to-Door Transit (days) 
Vessel Turns per Week 

Jacksonville/Bristol County Jacksonville/Bristol County 
2.00 2.00 
6.00 6.00 
1.40 1.40 
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Analysis of the Potential Market for Short Sea Shipping 
Services into the Ports of Fall River and New Bedford 

The cost of moving a trailer load of freight between Bristol County, MA and Northern 
New Jersey by short-sea shipping service was calculated at over $500 per trailer for a 40
trailer RoRo vessel and at around  $260 for a 140-trailer RoRo vessel, similar to that 
tested for the Jacksonville run.  The significant difference in the costs per trailer is due to 
the much greater scale economies that the larger vessel is able to achieve as well as its 
substantially greater fuel efficiency per unit of cargo.  Given the volume of truck cargo 
moving in the Bayonne/Bristol County hinterlands corridor, the larger vessel would 
require a penetration rate of 7 percent of the total market versus 2 to 3.5 percent for the 
smaller vessel to achieve its projected cost per load as described in Exhibit II-11 below. 

Exhibit II-11 
Short-Sea Shipping Costs Between Bristol County and Bayonne, NJ 

US Coastal Liner Shipping Service Economic Model
 
Origin:
 
Destination:
 
Ocean Transit (Nautical Miles):
 
Vessel type:
 
Vessel speed: (Knots)
 
One Way Steaming Time (Hours)
 

Frequency in R/T voyages per week:
 
No. R/T voyages per year:
 

R/T Ocean Transit Days:
 
TTL Terminal Days:
 
Total Ship Days
 

TTL Drayage Days
 
Total Container Days
 

Total Volume of Lane Traffic (Truckloads):
 
Northbound:
 
Southbound:
 

Share of Total Lane Traffic: 
Northbound:
 
Southbound:
 

Vessel Capacity (truckloads): 
NB capacity payload utilization:
 
SB capacity payload utilization:
 

Freight Volumes (truckloads) 
Northbound Loads
 

Northbound Empties
 

Southbound Loads
 

Southbound Empties
 

Total Volumes 

Service Economics 
Variable Costs 

Marine Terminal Cargo-Handling
 

RoRo cost per unit (load & discharge): $100
 

LoLo cost per unit (load & discharge): $200
 

Mean terminal cargo handling cost per load 

Land Transportation
 

Origin Dray
 

Destination Dray
 

Long haul drays
 

Mean Truck Dray Expense 

Equipment Costs 

Container/Trailer 

Chassis
 

Mean Equipment Costs
 

Total Variable Costs 
Fixed Costs 

Vessel

Vessel fuel*
 

Port Charges
 

Sales & Administration
 

Non-Vessel Depreciation
 

Total Fixed Costs 
Total Operating Expenses 

Operating Expense per Revenue Load: 

Bayonne, NJ/Bristol County Ocean Service Only 
Bayonne, NJ 
Bristol County, MA 

178.00 
RoRo 

21 
8.5 

7.00 
350 

0.70 
0.30 
1.00 

2.00 
3.00 

Truckloads 
597,000 
190,000 

Base Freq. Adj Net Share 
2.0% 100% 2.0% 
3.5% 100% 3.5% 

40 
85.3% 
47.5% 

Per Unit Per Voyage Per Year 

34 11,940 

19 6,650 

53 18,590 

$ 100 $ 5,311 $ 1,859,000 
$ - $ - $ -

$ 100 

$ 

$ 
$ 
$ 

- $ 

- $ 
- $ 
- $ 

- $ 

-
-
-

-

$ 

$ 

$ 

- $ 

- $ 

- $ 

-

-

-

$ 

$ 

$ 

-

-

-

$ 100 $ 5,311 $ 1,859,000 

$  153 $ 8,138 $ 350 
$ 154 $ 8,170 $ 2,859,500 
$ 19 $ 1,000 $ 350,000 
$ 94 $ 5,000 $ 1,750,000 
$ 6 $ 300 $ 105,000 
$ 426 $ 22,608 $ 5,064,850 
$ 526 $ 27,919 $ 6,923,850 

$ 526 

Bayonne, NJ/Bristol Larger Ship (140 Trailers) 
Bayonne, NJ 
Bristol County, MA 

178.00 
RoRo 

21 
8.5 

7.00 
350 

0.70 
0.30 
1.00 

2.00 
3.00 

Truckloads 
597,000 
190,000 

Base 
7.0% 
7.0% 

Freq. Adj 
100% 
100% 

Net Share 
7.0% 
7.0% 

140 
85.3% 
27.1% 

Percent Per Unit Per Voyage Per Year Percent 

64% 
0% 
36% 
0% 

100% 

119 
-
38 

-

157 

41,790 
-

13,300 
 28,490

83,580 

50% 
0% 
16% 

 34% 

100% 

100 $ 15,740 $ 5,509,000 $ 
-$ -$ -$ 

100$ 

$ 
$ 
$ 

$ 

- $ 
- $ 
- $ 

- $ 

-
-
-

-

$ 
$ 
$ 

$ 

-
-
-

-

$ 

$ 

$ 

- $ 

- $ 

- $ 

-

-

-

$ 

$ 

$ 

-

-

-

100 $ 15,740 $ 5,509,000 $ 

0% 
41% 
5% 

25% 
2% 
73% 
100% 

85 $ 13,422 $ 350 $ 
25 $ 4,000 $ 1,400,000 $ 
10 $ 1,500 $ 525,000 $ 
32 $ 5,000 $ 1,750,000 $ 
4$ 600 $ 210,000 $ 

156$ 24,522 $ 3,885,350 $ 
256$ 40,262 $ 9,394,350 $ 

0% 
15% 
6% 

19% 
2% 
41% 
100% 

256 $ 

Operating Statistics 
Number of Ships 
Door-to-Door Transit (days) 
Vessel Turns per Week 

Bayonne, NJ/Bristol County Ocean Service Only Bayonne, NJ/Bristol County Full Service 
1.00 1.00 
0.50 2.00 
7.00 7.00 
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Analysis of the Potential Market for Short Sea Shipping
 
Services into the Ports of Fall River and New Bedford 


In addition to the carrier’s costs for the respective modes on each corridor, the total cost 
for moving a trailer-load of freight on the particular corridor that would be incurred by 
the shipper of that freight was also calculated.  The cost to the shipper would include any 
“mark-up” or profit margin that the carrier would add to its costs as well as the 
incremental inventory carrying costs caused by the slower transit times of the rail 
intermodal and short-sea shipping service options versus trucking. In addition, Harbor 
Maintenance Tax (HMT) would apply to only the short-sea option.  Carrier mark-ups 
were estimated based on current practices and conditions in the U.S. domestic freight 
markets for each of the modes.   

As shown in Exhibit II-12 below, the short-sea shipping option on the Bristol 
County/Jacksonville Corridor is projected to achieve a significant cost advantage against 
both the truck and rail intermodal options, although with a longer transit time.6 

Exhibit II-12
 
Comparative Performance of Short-Sea Shipping versus 


Alternative Modes on the Bristol County/Jacksonville Corridor  


Truck Rail  Short-Sea   
  Intermodal   Shipping 

Total miles (door to door) 1,183 1,340 1,342 

Transit hours (door to door)  54.5 66.5  72.0 

Carrier cost per highway mile $1.59 $1.04 $0.90 

Shipper cost per highway mile $1.73 $1.26 $1.02 

Differential versus Truck -- -27% -41% 

In the case of the short haul Bayonne/Bristol County corridor, rail intermodal was not 
considered to be a viable option from a service viewpoint, so the service options were 
restricted to truck and short-sea shipping.  A distance of 498 miles was used for the truck 
movement in order to represent traffic moving between the two port hinterlands, not 
simply between the ports.  The impact of Harbor Maintenance Tax (HMT), an ad valorem 
duty, is immediately apparent when the short-sea costs for the Bayonne corridor are 
compared to truck as shown in Exhibit II-13 below.  The cost advantage for short-sea 
service is increased from 17 percent to 31 percent with the simple exclusion of HMT. 

6 Details behind these calculations are included in Appendix VI-3. 
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Exhibit II-13
 
Comparative Performance of Short-Sea Shipping versus 


Alternative Modes on the Bristol County/Bayonne Corridor  


Truck  Short-Sea  
 Shipping 

Total miles (door to door)  498 558 

Transit hours (door to door)  12 17.5 

Carrier cost per highway mile  $1.49 $1.17 

Shipper cost per highway mile  $1.62 $1.35 

Shipper cost per highway mile (without HMT)  $1.62 $1.11 

Differential versus Truck (with HMT)  -- -17% 

Differential versus Truck (without HMT)  -- -31% 

The results of the economic analysis demonstrate that short-sea shipping can be 
extremely competitive with other transportation options on key corridors into and out of 
the Bristol County ports’ hinterland if certain key assumptions on vessel, crew, and 
stevedoring costs are met.  This competitiveness is further enhanced by the waiving of 
HMT. 

In order to further evaluate the commercial feasibility of short-sea shipping operations 
using the Bristol County ports, the competitiveness of short sea shipping economics and 
service levels versus alternative modes were tested in a number of interviews with 
prospective users. The results of this market research are described in the following 
chapter. 
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III. Market Feedback on Short-Sea Shipping Services over Bristol County Ports 

Interviews were conducted in person and by phone with a total of seventeen prospective 
users of short-sea shipping services through the Bristol County ports that are described in 
Exhibit III-1.  The interviewees consisted of twelve ground carriers (primarily truckers) 
and five shippers.  The outline of the questionnaire as followed is included in Appendix 
VI-4. The output from the interviews is summarized in Exhibit III-2 (3 pages). 

The following are the principal findings obtained from the interviews: 

� All of the carriers interviewed, but only one of the shippers, professed some 
familiarity with short-sea shipping as a potential mode of transportation – a 
number of the carriers mentioned that they had been approached within the past 
year by groups looking for carrier support for a potential short-sea service start-up 

� The potential level of possible support for a short-sea service over the ports of 
Bristol County varied widely – from a possible 150 trailer loads a day out of the 
Raritan Industrial Center (Raritan Central Railway) on the Bayonne/Bristol 
County overnight shuttle to a few trailers a week.  In aggregate, however, the 
potential level of support based on this relatively small sample was very strong. 

� In terms of the key requirements that a short-sea service must have in order to be 
considered a viable transportation option, the most frequently cited were the 
following: 

– 	 Fast transit and reliable scheduling 

– 	Competitive price 

– 	 Seamless service – “just like trucking…no port hang-ups” 

� In probing on the issue of transit time for a short-sea service, the responses varied 
significantly 

– 	LTL operators tended to think that the multiple stages in a short-sea 
intermodal movement would not enable them to provide the “next day” 
delivery that their customers required, particularly on a regional basis 

– 	 TL operators were less concerned over short-sea being able to match trucking 
transit times but required absolute schedule reliability and a competitive price 
– they tended to see short-sea as another intermodal option 

– 	 The quoted transit times for both the Bayonne and Jacksonville short-sea 
prospective operations (10 hours port to port for Bayonne, 50 hours for 
Jacksonville) were generally acceptable to TL operators and most shippers 

� Respondents’ chief concerns varied widely  

– 	 One carrier (US Express) that is well-informed on short-sea shipping felt that 
Jacksonville was not a good southern port partner and that Wilmington, NC or 
Norfolk, VA were better situated to service large volumes of truck freight 
from the Southeast, particularly Atlanta 
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Exhibit III-1 

Commercial Feasibility of Short-Sea Shipping Interviewees 


Ground Carriers 
Company 
US Express 

Truckload operator 

Location 
4080 Jenkins Road 
Chattanooga, TN  37421 

Person 
Craig Fuller 

Position 
President, Xpress Global 
Systems 

Phone 
(817) 829-5098 

J.B. Hunt 
Truckload operator 

615 J.B. Hunt Corporate Drv. 
Lowell, Arkansas 72745 

Paul Bergant EVP (800) 643-3622 

Schneider National 
Truckload & intermodal 
operator 

Swift Transportation Co. 
Truckload operator 

3101 South Packerland Drive 
Green Bay, WI 54306 

HQ in Phoenix, AZ 

Brian Bowers 

Mark Martin 

VP & GM of Intermodal 
Services 

EVP - East Coast 

(920) 592-3584 

(602) 269-9700 
ext. 17523 

Wyatt Transfer 
Truckload operator 

3035 Bells Road 
Richmond, VA 23234 

Chick Rosemond VP Sales (804) 389-7299 

Southeastern Freight Lines 
Primarily LTL operator 

420 Davega Road 
Lexington, SC  29073 

Bob Bullock VP International Business 
& Partnerships 

(704) 597-9828 

Trimac 
Truckload bulk carrier 

3663 N. Sam Houston Pkwy. 
Houston, TX 77032 

David Perry VP Business Development (285) 981-0000 

New England Motor Freight 
Regional LTL/TL carrier 

1-71 North Avenue East 
Elizabeth, NJ 07201 

John Karlberg President & COO (570) 386-4876 

Werner Enterprises 
Truckload operator 

14507 Frontier Road 
Omaha, NE  68138 

Steve Phillips SVP - Van Division (800) 228-2240 

DiSilva Transportation 
TL Specialist in Grocery Prod. 

50 Middlesex Avenue 
Somerville, MA  02415 

Tom DiSilva CEO (781) 229-6380 

Heartland Express 
Regional TL operator 

2777 Heartland Drive 
Coralville, IO 52241 

Rich Meehan VP Operations & Marketing (800) 451-4621 

Raritan Central Railway 
Short line RR & Warehouse 
operator 

One Gateway Center 
Newton, MA  02458 

Eyal Shapira President (617) 243-0137 
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Exhibit III-1 
Commercial Feasibility of Short-Sea Shipping Interviewees 

Shippers 
Company Location Person Position 
Quaker Fabric 1082 Davoll Street Mark Helwig Supply Chain Manager 

Uphostlery fabric Fall River, MA 02721 

Lightolier 631 Airport Road Bill Torrens 
Lighting fixtures Fall River, MA 02720 Bill Poole Traffic Manager 

Titleist 333 Bridge Street Jim Day Footjoy Traffic Manager 
Golf equipment Fairhaven, MA 02719 

Maritime International 276 MacArthur Drive Pierre Bernier Manager Shipping Ops 
Seafood New Bedford, MA 02740 and Logistics 

Weyerhaeuser Federal Way, WA 98063 Craig Lawrence CEO Westwood Shipping 
Forest Products Mike Ocepek Logistics Planner 

Phone   
(508) 678-1951 

(508) 679-8131 
(860) 886-2621 

(508) 979-2000 

508 996-8500 
ext. 233 

(253) 924-4349 
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Exhibit III-2 
Summary of Results from Market Research 

Ground Carriers 

Company 
US Express 

TL operator 

Familiarity 
with SSS

High 

Volume of 
 Potential Traffic 

Most traffic from 
W ilmington NC/ 

Norfolk area to NE 

Key 
Requirements 

Seamless service 
Excellent systems 
to track/manage 

freight 

Chief 
Concerns 

Jax may not be 
best southern 
port-does not 

serve Atlanta well 

Interest in Short-
Haul Service 

Very high-price 
is competitive, 
particularly on 
NB headhaul 
Maybe stop in 
Long Island 

Interest in Long-
Haul Service 

Also very high, 
although prefer 

service from NC or 
VA-weekly service 

with Friday NB 
departure would 

work 

Key Success 
Factors 

"Freight doesn't care 
about mode" - just 
make it work and 
SSS will succeed 

Perceptions of 
Fall River/New Bedford 

No views 

Swift Transportation 
Largest US TL operator 

(18,500 trucks) 

High Will not disclose Most hauls less 
than 600 miles

Question feasibility 
 "intermodal doesn't 

work well with 
short legs" 

Low - too 
many handoffs 

Low - don't 
have much 

longhaul freight 

Focus on longer 
haul lanes-"intermodal 
doesn't work well with 

short legs" 

No views 

Wyatt Transfer 
Long distance TL operator 

High Low Minimize trailer 
dwell time in port 

Longer transit 
time with SSS 

Low - sees 
cost about same 

Higher - SSS 
cost is comp. 

Make cost 
competitive 

No views - thinks SSS 
will happen due to 

hwy congestion 

Southeastern Freight Lines 
Primarily LTL operator with 
some TL as backhauls 

High Low 
Mostly shorthaul 

and limited in 
Atlantic corridor 

Depends on 
customer 

requirements 

Most of their 
traffic is LTL 

Might work -
need to minimize 

dray cost and 
time 

Limited - little 
traffic with New 

England 

Makes sense in 
NE due to congestion 

No views 

Raritan Central Railway 
Short line RR and 
warehouse/terminal
operator 

High Possibly 150 
TL's per day from 
 Raritan Industrial 

Center 

Reliable service 
Right economics 

Availability of 
right vessels in 
Jones Act fleet 

Very high-sees 
opportunity to cross-
dock from NJ DC's 

to trailers run on 
overnight vessel 

SSS cost is comp. 
Working with truckers 

on concept 

Medium-little freight 
in this lane 

Cost and transit 
time appear to be 

competitive 
Truck transit is 3 days 
and cost at $1.50/mile 
Rail intermodal cost 

is $1700 per TL 

Need to get major 
truckers involved 
Deliver service at 
cost as estimated 

Prefers FR location to NB -
closer to NY and "less 

political" 
Has 10 acres site in 

Raritan for potential SSS 
terminal - next to Raritan 

Industrial Center 

Werner Enterprises 
Truckload operator 

Some familiarity 9,000 trucks 
Active in 

Atlantic corridor 
Started intermodal 

in 2004 

Customer's 
needs for both 
transit time & 

reliability 

Reliability is key -
more important 
than transit time 

Medium - price 
is in ballpark but 
does not offer 

major advantage 

Higher - price is 
competitive 

Transit time is 
okay 

"Absolute 
dependability" - then 

price advantage 

No views 

New England Motor Freight 
Regional LTL/TL carrier 

Some familiarity 5 TLs/day in 
NE/Jax lane 

40 TLs/night in 
NE/NY lane 

Fast transit 
and absolute 

reliability necessary 
for LTL business 

SSS may be most 
suitable for TL 

business, not LTL 

Low-SSS cost is 
too high. NEMF 
does Pawtucket/ 
Plainfield NJ for 

$300/TL door to door 
Long Island service 

of more interest 

Higher-cost and 
transit time are 

competitive 
Likes Jax as port-
serve Puerto Rico 

Focus on TL sector No views 

Heartland Express 
Short to medium haul TL 
carrier 

Medium 
Feasible concept-

depends on 
shipper's transit 

time requirements 

86% freight is 
JIT - 30% volume 

is foodstuffs 

Transit time Driver shortage 
going to get 

worse 

Low - likely 
to cost more 

"Looks good on 
paper but may not 
work in practice" -
concern about ILA 

slowing transit 

Truck (single driver) 
costs need to rise by 
over 50% (from $1.45 

per mile to $2.25) 
Mimimize port time 

Prove service reliability 

No views 
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Exhibit III-2 

Summary of Results from Market Research 


Ground Carriers (con tinued) 


DiSilva Transportation High 25-30 truc ks/ Economics need Increasing delays ttractive" High-"very a Lower-little freight Key is to be able Both ports have good 
TL Grocery Specialist day to NY metro to work in CT and NY area SSS cost and in this lane to deliver service locations-fit well into 

overnight transit Cost and transit at costs as current  truck movements 
are competitive time appear to be estimated 

competitive 
Truck transit is 3 days 
and cost at $1.50/mile 

Trimac Very familiar "Very active" Competitive price Increasing driver Moderate-transit time No interest-very little ISO containers may No views 
Truckload bulk carrier along Eastern and fast relaible shortage okay but SSS price chemical traffic from work for chemical 

seaboard-currently transit Also concern that needs to be lower at Jax hinterland traffic by SSS 
not using intermodal hazmat regs $250-$300 

J.B. Hunt Very familiar High volumes of Traffic density - Driver shortage Pending review Pending review Motor carrier should No views 
National truckload operator traffic along Eastern ability to schedule Highway play key role 

seaboard-currently and cost congestion - 
major user of Consistency of particularly on I-95 

intermodal service 
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Exhibit III-2 

Summary of Results from Market Research  


Shippers 


Familiarity Volume of Key Chief Interest in Interest in Key Success Perceptions of 
with SSS  Potential Traffic Requirements Concerns Short-Haul Svc Long-Haul Svc Factors Fall River/New Bedford 

Company 
Quaker Fabric Not familiar Inbound: 10 TLs/wk Need service Driver shortage Limited interest- High - but thinks Service must be Prefers FR-good access 

Uphostelry fabric from NC frequency 2-3/wk Increasing hwy not much freight in Wilmington NC door to door - from 195 and 24 
Outbound: Aprox congestion the lane would be best sold by truckers Although NB a little 
same volume but port further away, not a big 

consignee-controlled Price at $2200 difference 
roundtrip very 

competitive 

Lightolier Not very 3-4 TLs/wk from CT Fast transit Ocean may not be Cost sounds okay Cost sounds okay Ocean transits Not sure ports have 
Lighting fixtures to Fall River Safe handling fast enough Jax could serve all competitive with enough capacity 

90% of outbound Reliable service SSS does not fit Florida truck-adding any 
from FR is LTL well with LTL - significant port 

too many handoffs time will kill 
competitiveness 

Maritime Moderate Ship total of 100 Need to make Additional steps High interest-use Also interested- Get ships and port Either port okay 
International TLs/wk ex NB to service operate in process for Port Newark price should work ops to function at Interested in participating 

Seafood processor all destinations just like trucking Costs of Jones exports for drays up to 200 competitive cost in developing business-
Cold storage operator ~5 TLs/day to NY Act vessels-need Useful for over- miles level possibly in staging cargo 

~1 TL/week to Fla "proper vessel", not weight conts. Service frequency or terminal ops 
barge Price okay-paying of 3/wk is okay 

$800 NB and Good service for 
$550 SB overweight TLs 

Jax is "good choice" 

Weyerhaeuser High - just Large vols lumber, Match current Lot of traffic No real interest Would consider- Get major retailers No views 
Forest products implemented pulp ex New Bern NC intermodal service controlled by Not much traffic in currently using rail to support-possibly 

Canada/USWC Also large vols Service frequency major retailers (eg this lane intermodal and by providing 
short-sea service lumber ex Valdosta GA of weekly for Home Depot)-need rates "not good" logistics services 

Total traffic to NE longhaul is okay to integrate consol/ SSS price is in addition to basic 
region in area of 25- deconcolidation very competitive transportation 

40 TLs per week in service product Transit time is 
acceptable 

Titleist Not familiar Inbound shipments Must be All outbound No real interest No real interest Get ocean NB is convenient 
Sports equipment are containerloads via competitive with shipments are LTL carriers to use location 

Port Newark-ocean current service or parcel service- from Port Newark 
carriers arrange ground SSS may not be 
transport (18 TEU/wk) fast enough 
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– 	 A number of interviewees believed that short-sea shipping services over 
Bristol County ports would be an important remedy to increasing road 
congestion in the New York and Connecticut metropolitan areas 

� Although several of the carriers interviewed (primarily TL operators) voiced a 
strong interest in the Bayonne short haul service option, only one of the shippers 
(Maritime International, a seafood shipper) indicated a strong level of interest 

– 	 Concerns over price competitiveness of the short-sea service (quoted at $300
$350 per trailer port to port) indicates that the service needs to be at the lower 
end of this range to be competitive with overnight truck prices 

– 	 Late cut-offs and early deliveries will be important to make the short-sea 
service competitive – e.g. take deliveries up to 7pm in Bayonne, sail vessel at 
8pm, arrive Bristol County at 5-6 am, commence deliveries at 7am 

� For those with significant volumes of freight moving in the long haul Eastern 
seaboard truck market, the general feeling was that the economics of a Bristol 
County/Jacksonville short-sea service were very good ($1200 on a port to port 
basis) 

� While daily frequency was considered necessary to be a credible player in the 
Bayonne short haul market, a frequency of 2 to 3 sailings a week was considered 
adequate in the long haul Jacksonville lane and two respondents (US Express and 
Weyerhaeuser) believed that one sailing per week, departing the South on a 
Friday evening in the headhaul direction, would be sufficient 

� In terms of key success factors, several respondents noted that the service should 
be sold by truckers – that it was important to get the truckers involved at an early 
stage. The support of major retailer/shippers such as Home Depot and Stop and 
Shop was also noted as a potential major contributor to a successful launch, 
particularly if short-sea transportation operations could be effectively integrated 
with the shipper’s total supply chain involving such steps as consolidation/ 
deconsolidation of loads at distribution centers at each end of the short-sea 
movement 

� Of the interviewees that felt able to express an opinion between the ports of Fall 
River or New Bedford as a northern terminus of a short-sea service (over half the 
interviewees had no opinion between the two ports), the results were split fairly 
evenly 

� Several interviewees expressed a strong interest in being involved in further steps 
on developing short-sea shipping services over the ports of Bristol County 
including US Express, Raritan Central Railway, DiSilva Transportation, and 
Maritime International 
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IV. Potential Impact on the Ports of Fall River and New Bedford 

The short-sea potential market analysis, the economic analysis of short haul and long haul 
service options, and the market research with prospective service users, collectively 
demonstrate three key findings: 

� There is substantial truck traffic they may be diverted to short-sea services over 

the Bristol County ports given the right economics and service levels 


� The economics of long haul short-sea shipping operations over the Bristol County 

ports is very competitive with alternative modes and the short haul service
 
economics are “in the ball park” of being competitive 


� Service levels at least in terms of transit time are also within acceptable ranges of 

most of the prospective users interviewed, particularly among truckload carriers 


Given these findings, it appears feasible that short-sea shipping services could be 
developed to operate over the Bristol County ports in the event that the contingency 
factors noted earlier in the economic analysis are effectively addressed, namely that 
vessels may be procured and manned on a cost-effective basis and that marine terminal 
operations are also carried out at a cost and productivity level consistent with high 
standards of performance currently being achieved at ports along the Atlantic seaboard.   

Based on the findings of this project, the operational “footprint” of short-sea services 
over the ports of Bristol County would likely have the following characteristics: 

� Short haul Bayonne RoRo shuttle service moving around 120 full trailers per 

voyage on average northbound and 40 full and 60 to 80 empty trailers southbound 

on a daily basis (may operate only 5-6 days per week depending on weekend 

demand)  


� Long haul Jacksonville (or Wilmington NC/Norfolk VA depending on demand)
 
RoRo service 2 to 3 times per week moving around 138 full trailers northbound 

and 78 full and 58 empty trailers southbound per voyage  


The size of the vessels likely to be involved in such services would be similar with the 
following general characteristics: 

� Length overall: 190-200 meters (623-656 feet) 

� Beam: 24 meters (79 feet) 

� Draft: 6.4 meters (21 feet) 

� Deadweight: 12,000 DWT 

� Road trailers: 140 –150 (primarily 48’ and 53’) 

� Stern ramp or quarter ramp 

Consequently, the key factors determining whether the ports of Fall River and New 
Bedford would be able to effectively handle one or more short-sea services as described 
above would be the following: 

� Parking area for at least between 240 to 280 trailers requiring around 5.5 to 6.5 

acres of open paved ground 
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� Local street access to the highway system that is able to accommodate a flow of 
up to 140 trailers into the terminal and out of the terminal (each direction) within 
a three to four hour period 

� Vessel berthing facilities able to accommodate a RoRo vessel of the size noted 
above 

The Port of Fall River 

The primary facility being considered for use as a short-sea shipping facility within the 
port of Fall River is the State Pier.  The current plans for the State Pier are for a multi-use 
facility combining marine cargo transportation, cruise ship visitation, and other public 
uses such as restaurants (see Exhibit IV-1 below).  Proposed conversions to the State Pier 
facility that would convert current shed space into an open cargo apron and the available 
parking area within the existing marine terminal would provide approximately 2.5 acres 
of parking area for trailer staging.  Use of the current CSX railroad area and 
Commonwealth of Massachusetts lots across Water Street would add close to another 2.5 
acres of trailer parking area, bringing the Fall River facility close to the minimum 
requirement to handle one of the projected short-sea services.  The space demands from 
either the short or long haul services would likely preclude the operation of other 
significant marine cargo businesses such as the current Atlantic Shipping tenant within 
the same facility.  

Exhibit IV-1 

Proposed Conversions to the Fall River State Pier 


Source: Massachusetts Seaport Advisory Council 
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The South Berth appears to be suitable for RoRo vessel berthing and operations of the 
type projected, although the operational capability of the existing RoRo ramp is not 
known. However, high frequency/time sensitive calls of the type envisioned for a short-
sea shipping operation may make it infeasible to berth cruise ships in the same location.7 

Although access to Routes 195 and 24 is by local roads, the distance is relatively short at 
less than a mile.  It is likely that the bulk of trailer traffic into and out of the marine 
terminal at Fall River would occur in the early morning (before 8:00 am) and/or in the 
evening (after 7:00 pm), so the disruption to local traffic should not be high despite the 
potentially large number of trailer movements into and out of the State Pier area. 

The Port of New Bedford 

Unlike Fall River, the port of New Bedford has extensive waterfront land that could 
potentially be used for a short-sea shipping terminal.  However, use of this land in the 
near term (2-4 years) appears to be significantly inhibited by a number of factors: 

� The existing State Pier facility is reportedly not in good condition,8and has 
minimal immediately adjacent RoRo trailer parking areas – the limited available 
parking areas are primarily required for current passenger and cargo ferry services 
(up to nine departures daily) to the Massachusetts Islands (see Exhibit IV-2 for a 
plan of the New Bedford State Pier) 

� Substantial additional parking area is available in the North Terminal area of the 
port (future proposed Intermodal Transportation Center) but use of that facility 
would require trailers to be relayed over public roads approximately three-
quarters of a mile, adding significantly to the cost of loading/discharging the 
vessels as well as road congestion 

� There are substantial demands for existing port facilities from current users of the 
port including the fishing and fish processing industries as well as the ferry 
operators 

The North Terminal itself appears to be an ideal long term solution as a short-sea 
shipping facility in view of its location in close proximity to Route 195 that could enable 
a direct roadway link to be built to carry trailer traffic removing the necessity of moving 
it over city streets – however, development of this facility  as a major marine cargo 
terminal will require relocation of the current Route 6 swing bridge as the existing bridge 
openings are too narrow for vessels such as those considered for short-sea operation to 
safely pass through (see Exhibit IV-3). 

7 The reconfigured West Berth may be suitable for such a purpose. 
8 New Bedford/Fairhaven harbor Plan, 2002 
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Exhibit IV-2 
New Bedford State Pier 
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Exhibit IV-3 
Inner New Bedford Harbor 

State Pier 

North 
Terminal 

Competitors to the Bristol County Ports 

Although the Bristol County ports are well positioned geographically to serve the 
surrounding communities of greater Boston, Providence, and most of central and northern 
New England, neighboring ports in Rhode Island also have competitive locations and 
facilities: 

� Providence is currently primarily a specialist in handling bulk and breakbulk 
cargoes – however, it has the basic infrastructure to serve as a short-sea terminus 
with six berths of 3,500 linear feet of berthing area and 20 acres of open paved 
storage area as well as onsite rail tracks.  It also has good direct highway access to 
Routes 95 and 195. 

� Davisville/Quonset Point is located at the entrance of Narragansett Bay and also 
offers deep-water cargo facilities.  The port is currently handling large volumes of 
RoRo cargo (e.g. 80,000 automobiles per year) as well as bulk (e.g. quarried 
stone), and breakbulk general cargo. The port has three major piers with over 
6,800 linear ft. of deep-water dockage with onsite rail tracks.  

Further expansion of Davisville as a cargo facility faces major opposition from local 
environmentalists, which could inhibit the development of short-sea shipping operations 
at that port. There do not appear to be such limiting factors at Providence. 
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Ports further to the south in Connecticut such as New London, Bridgeport, and New 
Haven are potential short-sea terminuses as well, but they are better located to serve the 
southern New England market  rather than the central and northern New England markets 
that are the natural hinterland of the ports of Bristol County.  Longer highway times over 
the relatively highly congested roads of central Connecticut will substantially increase the 
drayage times and costs for short-sea cargoes moving over these ports to/from locations 
in central and northern New England 

Economic Impact of Short-Sea Shipping Services over the Ports of Bristol County 

The establishment of two short-sea shipping services operating over the ports of Bristol 
County as the northern terminus of (1) a daily short haul shuttle to a port in the northern 
New Jersey area, and (2) a twice weekly long haul service to ports in the South Atlantic 
such as Jacksonville or Wilmington, NC would have the following projected impact on 
local business activity and employment: 

� The two short-sea services would generate an estimated total direct income of 
around $45 million per year – at least 50 percent of this would be generated 
within the Bristol County immediate area9 

� Indirect income of $72 million would further be created by secondary spending by 
the companies and employees involved in short-sea shipping – at least 50 percent 
of this would be generated within the Bristol County immediate area.10 

Consequently, the total economic impact of the two short-sea services would be 
around $117 million per year, with at least 50 percent of this ($59-$60 million) 
generated within the Bristol County immediate area 

� The creation of 300 jobs directly employed in short-sea shipping operations – at 
least 255 of these jobs would likely be in the Bristol County immediate area 

– 	 60 jobs manning the vessels (at least 50 percent within Bristol County region) 

– 	 30 jobs in shoreside and vessel management (at least 50 percent within Bristol 
County region) 

– 	 180 jobs in regional drayage operations as drivers and vehicle maintenance 
(100 percent within Bristol County region) 

– 	 30 jobs in longshore gangs (100 percent within Bristol County region) 

� Another 500 jobs would be created in industries that provide goods and services 
to those directly involved in short-sea shipping – these additional jobs would 
include services such as shipbuilding and repair and financial services11 

� Personal income for those directly employed in the short-sea shipping operations 
would be around $22.5 million and $35 million for those jobs that are indirectly 
created by the short-sea shipping operations12 

9 See details of economic analysis in the Appendix. 
10 Indirect economic multiplier for U.S. domestic shipping is 1.6 – source: Reeve & Associates, 
Economic Impact of the U.S. Jones Act, 2006 
11 Ibid 
12 Ibid 
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Of course, given that the intent of short-sea shipping is to remove trailers from the 
nation’s highways, it can be argued that there will be a loss of jobs among long distance 
truck drivers that may partially offset the economic gains listed above.  However, in view 
of the fact that there is an increasing shortage of long distance truck drivers within the 
U.S. and that trucking companies will be the primary marketers and operators of the 
overall door-to-door short-sea intermodal service, it is likely that any such job losses will 
be minimal, if they exist at all.  In fact, it could rather be argued that the addition of 
transportation capacity through the provision of short-sea shipping traffic corridors will 
provide an economic stimulus by enabling the economy to continue to grow through the 
transport of goods that would otherwise be constrained by highway capacity limits. 
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V. 	Probability of Success of Short Sea Routes Serving Bristol County Ports 

Several factors point to a strong probability of success for short-sea shipping services being 
developed to serve the ports of Fall River and/or New Bedford: 

� There are substantial cargo volumes of truck traffic moving along the Atlantic 

seaboard with origins or destinations within the hinterland served by the Bristol 

County ports – options for such services include a short haul operation connecting 

with northern New Jersey and a longer haul operation connecting with ports in the 

South Atlantic such as Jacksonville or Wilmington, NC and Norfolk, VA 


� Truckers, particularly truckload operators, are becoming increasingly aware of the 

short-sea shipping option, and view it as an additional intermodal opportunity that may  

offset constraints on their ability to continue to grow pure truck transportation services
 
due to increasing highway congestion, increasing driver shortages and limits on hours 

of operation, and rising fuel costs  


� The economics of short-sea shipping appear to be competitive with alternative modes, 

particularly on long haul lanes – provided that “best in class” practices can be 

implemented in terms of vessel costs and manning levels and stevedoring operations
 
that will enable short-sea shipping to achieve its full potential in terms of cost and 

efficiency 


� The primary competition to the Bristol County ports as short-sea hubs will come from
 
the Rhode Island ports of Providence and Davisville (Quonset Point).  Although these 

ports are well positioned in terms of physical facilities, they are at a greater distance 

from the central and northern New England hinterland that may potentially be served 

by the Bristol County ports. 


However, there are also a number of factors that need to be addressed in order for short-sea 
shipping operations to be effectively realized in the ports of Bristol County: 

� Current port capacity in both Fall River and New Bedford is limited in its ability to 

accommodate a major short-sea shipping operation such as envisioned in this project 


– 	 Fall River’s State Pier could accommodate a single short-sea operation but that would 

entail adding more trailer parking area to that within the current State Pier footprint 

and also possibly displacing some current users of the facility – in addition, the large
 
volume of truck traffic into and out of the facility projected for the short-sea operation 

must be balanced with the needs of the adjoining Battleship Cove tourist facilities and
 
other planned recreation activities in the area
 

– 	 New Bedford lacks berth and yard capacity to effectively support a short-sea service in 

its current configuration.  In the long term, if the North Terminal is developed as a
 
RoRo berth and adequate access to it is provided by reconstructing or relocating the
 
Route 6 bridge, New Bedford would be an ideal location 


� In addition, factors that add to the cost of short-sea shipping such as Harbor
 
Maintenance Tax (HMT) and the extremely high cost of commercial vessels built by
 
U.S. shipyards must be addressed 
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– 	 The elimination of HMT on coastal domestic shipping services may prove to be 
revenue neutral as any foregone tax may be offset by funds saved in highway 
construction and repair as trailers are removed from the highways by short-sea 
shipping services 

– 	 The high cost of U.S.-built commercial vessels may be addressed by increasing 
the percentage of such vessels that may be built overseas, by improved purchasing 
and sourcing practices by U.S. shipyards, by the application of modern vessel 
construction practices and technologies by the shipyards, and/or by a waiver of the 
U.S. Jones Act restriction on domestic operators using foreign-built vessels 

In summary, the ports of Bristol County appear to have a significant opportunity to 
become terminuses for short-sea shipping services.  Focusing on implementation strategies 
that address both the positive and negative factors listed above should enable this 
opportunity to be achieved. 
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VI. Appendices 

VI.1: Global Insight TRANSEARCH Methodology 

VI.2: Port-Pair Truckload Volumes from TRANSEARCH 

VI.3: Economic Analysis of Alternative Modes on the Jacksonville and Bayonne  
Lanes 

VI.4: Market Research Questionnaire 
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VI.1: Global Insight TRANSEARCH Methodology 

Transearch Database 

Building from the original TRANSEARCH, the national database of freight traffic flows that 
Reebie Associates (and now Global Insight, Inc.) created and has maintained and 
provided to the transportation industry for 18 years and drawing on its experience with 
custom database development, the team researched information needs and data sources in 
the government and commercial markets and the capabilities of state-of-the-art software. 
The results of the effort have been to make available a national county-to-county and zip 
code-to-zip code data product.  Key user needs like currency of the data, its reliability, 
flexibility in terms of seeing details of the traffic composition or relatively broad data 
summaries, and affordability can be satisfied. 

Issued annually, the data can cover all modes and commodities, including empty truck 
movements, international shipping, and truck shipments of non-manufactured goods. 
Features like external trip ends, vehicle miles traveled, gross ton-miles, and forecasts can 
be provided, and traffic routed along major modal corridors can be displayed. 

The database maps commodity flows (2, 3 and 4 digit STCC) in short tons between 
geographic entities (states, counties, BEAs) by mode (rail car, rail intermodal, truck load, 
less than truck load, private truck, air and water) for current year and forecast years.  All 
volumes shown in tons are in short tons, for 2003. 

A variety of data sources are used to compile the database ranging from government 
agencies to private sector industry associations and the carriers themselves, as shown in 
Figure A1.1. 

The data sources vary by the different modes of transportation.  The primary source for 
railroad data is the Carload Waybill Samples gathered from about 4% of total rail car 
traffic. Global Insight, Inc.  sources this data from the Surface Transportation Board. 
This data is compiled to provide both volumes and patterns of flow. 

The primary source for waterborne commodity flows is the Waterborne Commerce 
Statistics compiled by the Army Corps of Engineers.  This data tracks the flow of 
commodities along domestic lakes, rivers and canals, and is used to develop both 
volumes and patterns of flow. 
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Figure A1.1 
TRANSEARCH DATABASE DATA SOURCES 

Agency/Organization 

Rail − Carload Waybill Sample − Surface Transportation Board 

Water − Waterborne Commerce Statistics − U.S. Army Corps of Engineers 

Air − 

− 

− 

− 

FAA Airport Originating Tonnages 
Airport to Airport Flows 
Commodity Flow Survey 
TRANSEARCH 

− 

− 

− 

− 

Office of Airline Statistics (DOT Form 
41) 
BTS Office of Airline Information 
Bureau of Transportation Statistics 
Global Insight, Inc. 

Truck − 

− 

− 

− 

− 

− 

Carrier Data Exchange Program 
TRANSEARCH 

Annual Survey of Manufactures 
Freight Locater Data Service 
General Statistics for Verification 
Commodity Flow Survey 

− 

− 

− 

− 

− 

− 

Global Insight, Inc. 
Global Insight, Inc. 
U.S. Census Bureau 
Global Insight, Inc. 
Industry Associations 
Bureau of Transportation Statistics 

The air data is compiled from four major sources.  The first is FAA (Federal Aviation 
Administration) airport originating tonnages primarily from Form 41 reports and 
compiled by the Office of Airline Statistics (Federal).  This source establishes volume 
estimates at airports.  The second source is airport-to-airport (ATA) flows compiled by 
the BTS Office of Airline information.  These data are used to establish flow patterns. 
The third source is from Commodity Flow Survey (CFS) data, used to define the 
commodity types. The fourth source is Global Insight’s TRANSEARCH Database, which 
supplements the CFS data. 

The trucking data process is more complex and comes from a wide variety of sources 
developed over the course of 20 years. However, there are four primary sources.  The 
first is a data exchange program Global Insight has with motor carriers, which is used to 
estimate patterns and volumes.  The second source is a variety of industry associations 
(timber, plastics, chemical, automotive, etc.), which provide overall volume information 
for the respective industry sectors. The third major source is from the Annual Survey of 
Manufactures, primary employment and output data by industry, distributed at the state 
and local level. This data maps production and consumption of commodities and is used 
to calibrate the trucking flows.  The Freight Locater data service is a database of 
industrial facilities and their exact location.  This data supplements the previously 
mentioned sources to help calibrate the flows of goods between specific geographic 
entities. 

TRANSEARCH Data Issues and Limitations – Reebie Associates recently developed a 
finer detailed version of its TRANSEARCH database in an FHWA sponsored project known 
as the Intermodal Freight Visual Database.  It breaks down origin and destination market 
areas to the county level and is compatible with GIS applications.  It has been 
incorporated into TRANSEARCH, with its most current base year as 2003.    
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For this study, TRANSEARCH data were identified at varying levels of detail.  It is 
generally understood that large databases of this kind are never perfect, and TRANSEARCH 
is not an exception to the rule.  It is, however, the best available source of its kind in the 
cognizance of the study team.  TRANSEARCH is in use by virtually all major U.S. 
railroads and by more than a hundred motor carrier companies and several container 
shipping lines and air cargo carriers.  State and federal planning agencies, as well as port 
authorities, equipment suppliers, investment banks and judicial and regulatory bodies also 
use it. 

TRANSEARCH reports provide a broad picture of freight traffic movements in the United 
States. Various publicly available sources, as well as Global Insight’s proprietary motor 
carrier data exchange information, are used in the development of the TRANSEARCH 
database. Understanding the nature of particular sources when using TRANSEARCH data 
is important to interpret the information correctly.  The following guidelines should be 
helpful in gaining that understanding. 

Freight Rehandled By Truck From Warehouse and Distribution Centers Is Identified as 
STCC 5010 and Referred to as Secondary Traffic at a 4-digit STCC level or STCC 50 at 
a 2-digit STCC level. Many of these types of facilities handle a wide range of different 
types of commodities, and outbound shipments may also be of mixed consists.  For 
example, shipments from a supermarket chain distribution center are likely to contain a 
broad range of packaged food products and other consumer items. 

The Truck Portion of Truck/Rail Intermodal Activity Is Shown as STCC 5020 at a 4-digit 
STCC level or STCC 50 at a 2-digit STCC level. This activity includes two segments: 
the truck shipment, by trailer or container, from true origin to the intermodal railhead, 
and from the intermodal railhead to final destination.  The Rail Intermodal mode reveals 
the origin and destination points on the rail system, not the ultimate origin and 
destination. 

STCC 5030 Is Used to Identify the Truck Drayage of Air Freight Traffic 5020 at a 4-digit 
STCC level or STCC 50 at a 2-digit STCC level. Both the true origin to airport, and 
airport to final destination are included.  Origins and destination for movements classified 
in the air mode are airports.  Volumes that are transloaded from one aircraft to another 
are not shown at the transloading point. 

Large Portions of Today’s Intermodal (TOFC or COFC) Traffic Are Reported In Non-
Commodity Categories. Commercial arrangements in the railroad industry have fostered 
the use of “third parties” such as consolidators and forwarders.  Such traffic typically is 
labeled as “Freight Forwarder Traffic”, “FAK” (Freight: All Kinds), or “Miscellaneous 
Mixed Shipments”.  The specific commodities moving under these arrangements are not 
identified in the public use data sources. 

Shipments Made Up Of Several Commodities Will Be Credited To The Dominant 
Commodity. This occasionally occurs in the commodity identification of rail shipments. 
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In these instances, the tonnage attributed to the predominant commodity is greater than it 
should be, and the other commodities in the shipment are understated. 

To Provide Maximum Product Identification, Commodities Are Shown At the Greatest 
Level of STCC Detail For Each Code. Truck data is available and shown at the 4-digit 
level for the manufacturing sector.  Rail data, however, can be shown at 5-digits. 
Because of the desire to include the greatest amount of detail possible, commodities in a 
traffic lane may be identified at different levels of detail for each mode.  When this 
occurs, tonnages shown at the more detailed levels should be combined with those 
displayed at the more aggregate levels to gain a complete picture of modal share for the 
commodity. All freight traffic flow information in the study is expressed at the 4-digit 
STCC commodity code level, or consolidated to a 2-digit, or no commodity detail level. 

Tonnage Data in Each Cell Should Be Used as an Indicator of Relative Value—since 
many of the sources for traffic flow information use sample data.  Consequently, the 
more specific the definition of a particular flow, the greater its sampling variability.  The 
more aggregated the definition of the Geography/Mode/ Commodity combination, the 
more reliable the results. 

State-To-State Movements Of “Primary” Freight At The 2-Digit STCC (or SIC) Level 
Provide The Best Picture Of Primary Freight Moves In The Data Base. Analysts and 
planners, however, want and need more disaggregate pictures of the flow activity.  Not 
all of the data used in TRANSEARCH comes into the process beneath the state level or with 
more than 2-digit commodity/industry classification. 
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VI.2: Port-Pair Truckload Volumes from TRANSEARCH 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name Bayonne 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles Grand Total 
50 miles 
100 miles 
150 miles 
200 miles 
250 miles 

27,058 
9,751 
9,330 
4,112 
9,851 

49,881 
9,745 
7,507 
8,155 

10,213 

7,209 
803 
263 

1,029 
1,858 

7,713 
1,845 

712 
1,224 
3,403 

8,895 
4,604 
1,660 
1,795 
1,726 

100,756 
26,747 
19,471 
16,315 
27,052 

Grand Total 60,103 85,501 11,162 14,897 18,680 190,342 

NORTHBOUND 
Port Name Bayonne 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles Grand Total 
50 miles 
100 miles 
150 miles 
200 miles 
250 miles 

78,780 
34,435 
39,426 
29,505 
13,667 

87,694 
34,290 
30,490 
25,793 
23,370 

94,587 
9,831 
2,271 
9,248 
4,919 

18,218 
6,606 
5,474 
8,597 
5,245 

12,463 
6,116 
4,047 
6,603 
5,298 

291,741 
91,277 
81,707 
79,748 
52,499 

Grand Total 195,813 201,637 120,856 44,141 34,526 596,972 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name Charleston 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 255 1,138 490 164 443 
100 miles 1,590 2,352 2,163 716 626 
150 miles 1,922 2,769 5,393 1,411 1,405 
200 miles 1,508 5,260 1,068 718 637 
250 miles 2,650 3,224 939 773 1,903 
Grand Total 7,925 14,743 10,053 3,783 5,014 

NORTHBOUND 
Port Name Charleston 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 3,312 14,234 5,299 5,900 5,591 
100 miles 8,680 10,087 4,823 1,195 2,875 
150 miles 6,850 16,443 14,576 4,503 6,060 
200 miles 17,535 15,386 14,750 9,328 8,260 
250 miles 10,253 18,367 6,152 3,047 9,028 
Grand Total 46,631 74,517 45,600 23,973 31,815 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name Corpus Christi 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 227 327 457 2,650 1,365 
100 miles 5,523 14,738 6,030 12,965 36,485 
150 miles 3,802 5,600 3,682 6,084 23,459 
200 miles 872 2,927 3,069 3,228 5,877 
250 miles 1,154 4,974 2,408 6,389 4,301 
Grand Total 11,579 28,565 15,647 31,316 71,488 

NORTHBOUND 
Port Name Corpus Christi 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 3,924 2,954 1,909 5,220 12,145 
100 miles 1,217 5,635 1,883 6,149 21,630 
150 miles 3,315 6,267 3,830 92,475 12,764 
200 miles 7,779 5,010 2,383 861 1,739 
250 miles 15,536 20,657 13,540 4,829 4,730 
Grand Total 31,771 40,523 23,546 109,535 53,008 
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Port-Pair Truckload Volumes from TRANSEARCH 
Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name Galveston 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 428 2,826 1,325 2,058 7,893 
100 miles 1,231 3,608 1,525 1,130 5,772 
150 miles 2,157 2,241 899 2,494 7,166 
200 miles 4,721 2,796 3,408 3,058 6,434 
250 miles 2,219 8,946 3,854 6,833 9,079 
Grand Total 10,757 20,417 11,011 15,572 36,343 

NORTHBOUND 
Port Name Galveston 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 18,111 17,014 15,853 31,979 76,919 
100 miles 5,236 6,710 4,178 7,391 3,162 
150 miles 11,828 7,128 3,012 2,408 4,260 
200 miles 2,435 1,620 678 756 773 
250 miles 13,580 15,457 5,654 12,967 15,702 
Grand Total 51,191 47,930 29,376 55,501 100,816 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name Jacksonville 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 1,146 4,588 440 2,529 6,870 
100 miles 1,446 2,694 2,437 3,958 9,128 
150 miles 1,318 6,888 4,593 8,178 15,239 
200 miles 2,904 8,346 2,406 6,715 15,001 
250 miles 3,429 7,550 1,620 8,107 13,241 
Grand Total 10,243 30,066 11,497 29,488 59,479 

NORTHBOUND 
Port Name Jacksonville 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 2,117 5,137 4,119 35,471 10,267 
100 miles 3,472 1,088 1,446 2,066 7,143 
150 miles 7,609 25,837 7,351 12,158 21,574 
200 miles 16,206 13,398 12,195 7,146 16,634 
250 miles 15,647 15,229 5,337 12,362 16,077 
Grand Total 45,050 60,690 30,449 69,202 71,695 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name Mobile 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 184 245 26 18 10 
100 miles 364 581 60 332 331 
150 miles 955 1,223 293 347 83 
200 miles 1,380 5,878 1,138 12,839 101 
250 miles 4,999 3,530 14 264 77 
Grand Total 7,882 11,457 1,530 13,800 601 

NORTHBOUND 
Port Name Mobile 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 1,513 14,757 15,717 429 126 
100 miles 6,144 5,204 1,464 3,806 21 
150 miles 11,247 16,951 6,137 718 5,506 
200 miles 21,978 25,089 2,837 1,650 3,969 
250 miles 3,999 3,920 216 211 34 
Grand Total 44,881 65,921 26,371 6,814 9,656 
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Analysis of the Potential Market for Short Sea Shipping 
Services into the Ports of Fall River and New Bedford 

Port-Pair Truckload Volumes from TRANSEARCH 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name New Orleans 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 1,142 4,658 2,481 4,185 35 
100 miles 4,016 7,700 3,423 9,700 151 
150 miles 2,854 2,901 95 253 120 
200 miles 1,857 1,942 526 1,594 15 
250 miles 2,033 1,084 839 68 151 
Grand Total 11,903 18,285 7,364 15,801 471 

NORTHBOUND 
Port Name New Orleans 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 19,603 55,397 25,347 1,742 8,026 
100 miles 14,982 36,728 13,137 2,289 2,422 
150 miles 4,162 4,540 509 903 28 
200 miles 951 762 2,999 1,226 29 
250 miles 7,786 5,825 1,086 625 1,417 
Grand Total 47,483 103,251 43,078 6,786 11,921 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name Norfolk 

dsLoa Bristol County, MA Catchment 
outhern Port Catchment S 50 miles 100 miles 150 miles 200 miles 250 miles 
0 miles 5 1,532 1,568 1,559 1,136 634 

100 miles 1,387 1,643 422 292 227 
150 miles 1,316 1,016 579 297 356 
200 miles 1,017 2,751 500 1,254 982 
250 miles 641 1,428 309 792 772 
Grand Total 5,894 8,406 3,369 3,771 2,970 

NORTHBOUND 
Port Name Norfolk 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 7,511 3,957 328 1,771 1,422 
100 miles 1,391 2,437 158 100 138 
150 miles 2,422 2,194 694 1,415 208 
200 miles 2,813 2,191 954 1,429 735 
250 miles 6,104 4,337 1,019 943 365 
Grand Total 20,241 15,116 3,153 5,658 2,869 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name Pensacola 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles

 miles 50 116 675 93 17 47 
0 miles 10 219 389 12 194 57 
0 miles 15 218 104 19 282 127 
0 miles 20 701 964 86 166 12 
0 miles 25 1,140 4,919 1,352 12,755 51 

nd Total Gra 2,394 7,049 1,562 13,414 293 

NORTHBOUND 
Port Name Pensacola 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 1,637 686 955 594 21 
100 miles 2,228 8,700 1,034 475 210 
150 miles 2,182 3,150 1,167 113 8 
200 miles 7,309 10,544 4,777 3,448 4,178 
250 miles 24,498 26,013 3,292 1,808 4,949 
Grand Total 37,854 49,094 11,225 6,438 9,364 
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Analysis of the Potential Market for Short Sea Shipping 
Services into the Ports of Fall River and New Bedford 

Port-Pair Truckload Volumes from TRANSEARCH 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name Port Arthur 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 274 2,111 710 574 9 
100 miles 3,653 2,422 1,708 1,228 847 
150 miles 1,983 7,326 1,221 2,761 273 
200 miles 3,016 4,059 2,020 1,711 92 
250 miles 4,194 3,166 3,414 1,634 1,655 
Grand Total 13,121 19,083 9,072 7,908 2,876 

NORTHBOUND 
Port Name Port Arthur 

dsLoa Bristol County, MA Catchment 
outhern Port Catchment S 50 miles 100 miles 150 miles 200 miles 250 miles
 miles 50 4,604 4,791 2,649 2,840 1,448 
0 miles 10 22,219 20,358 15,971 27,430 43,209 
0 miles 15 10,529 7,005 3,072 6,507 2,823 
0 miles 20 4,503 4,845 3,218 1,657 552 
0 miles 25 6,760 3,547 1,655 1,615 2,340 

rand Total G 48,615 40,546 26,565 40,049 50,372 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
ort Name P Port Canaveral 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 493 6,243 517 2,484 4,539 
100 miles 1,705 2,638 3,293 7,753 9,715 
150 miles 4,152 11,907 3,762 6,055 7,495 
200 miles 2,247 5,632 1,622 7,740 14,150 
250 miles 647 917 36 995 3,198 
Grand Total 9,244 27,337 9,230 25,028 39,097 

NORTHBOUND 
Port Name Port Canaveral 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 2,097 5,260 2,500 2,491 2,527 
100 miles 8,355 21,636 6,078 6,000 12,384 
150 miles 3,817 7,586 3,711 20,213 12,271 
200 miles 6,465 8,212 8,613 4,269 10,143 
250 miles 506 2,177 2,258 323 1,015 
Grand Total 21,238 44,871 23,160 33,296 38,342 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name Savannah 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles

 miles 50 740 1,251 1,030 1,635 381 
0 miles 10 626 1,986 1,552 759 1,295 
0 miles 15 2,413 3,900 1,000 1,001 1,907 
0 miles 20 2,363 7,944 5,605 3,600 3,926 
0 miles 25 2,198 8,068 3,847 3,692 3,548 

nd Total Gra 8,341 23,149 13,035 10,686 11,056 

NORTHBOUND 
Port Name Savannah 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 6,659 11,858 2,603 3,869 4,776 
100 miles 6,623 3,757 4,005 3,873 5,699 
150 miles 13,063 26,692 19,027 12,635 16,227 
200 miles 8,438 7,960 9,435 6,348 4,805 
250 miles 11,957 9,971 7,324 4,430 6,935 
Grand Total 46,740 60,238 42,395 31,155 38,443 
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Analysis of the Potential Market for Short Sea Shipping 
Services into the Ports of Fall River and New Bedford 

Port-Pair Truckload Volumes from TRANSEARCH 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name Tampa 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 739 5,932 1,705 1,272 904 
100 miles 2,100 2,681 816 538 386 
150 miles 1,580 3,145 203 216 558 
200 miles 2,077 956 84 179 43 
250 miles 370 1,127 307 72 349 
Grand Total 6,867 13,840 3,115 2,277 2,240 

NORTHBOUND 
Port Name Tampa 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 3,251 7,424 5,389 6,529 5,018 
100 miles 6,214 7,786 979 667 397 
150 miles 5,015 4,374 1,058 371 527 
200 miles 663 967 370 14 215 
250 miles 2,958 3,678 5,520 812 4,716 
Grand Total 18,101 24,230 13,317 8,392 10,873 

Truckload Volumes by Drayage Distance 

SOUTHBOUND 
Port Name Wilmington, NC 

Loads Bristol County, MA Catchment 
Southern Port Catchment 50 miles 100 miles 150 miles 200 miles 250 miles 
50 miles 418 1,012 114 172 277 
100 miles 915 1,631 297 382 652 
150 miles 1,569 863 176 117 484 
200 miles 832 2,019 156 410 834 
250 miles 1,485 1,656 3,092 637 709 
Grand Total 5,219 7,182 3,835 1,717 2,956 

NORTHBOUND 
Port Name Wilmington, NC 

dsLoa Bristol County, MA Catchment 
outhern Port Catchment S 50 miles 100 miles 150 miles 200 miles 250 miles
 miles 50 2,801 2,382 635 462 172 
0 miles 10 2,900 4,026 951 1,038 395 
0 miles 15 3,154 5,756 1,749 927 2,417 
0 miles 20 7,728 22,572 6,245 3,709 2,822 
0 miles 25 7,229 8,460 754 1,016 1,336 

rand Total G 23,812 43,197 10,334 7,152 7,143 
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Analysis of the Potential Market for Short Sea Shipping 
Services into the Ports of Fall River and New Bedford 

VI.3: Economic Analysis of Alternative Modes on the Jacksonville/Bristol County Lane 

Jacksonville, FL to Bristol County, MA 
Truck Rail Intermodal 

OPERATING STATISTICS OPERATING STATISTICS OPERATING STATISTICS 
Ocean and Dray Miles 1341.95 

Transit Hours 26.5 
Highway Miles 1182.6 Rail and Dray Miles 1340.2 

Transit Hours 72.0 
Projected Door-to-Door Transit (Hours) 54.5 

Transit Hours 66.5 
Projected Door-to-Door Transit (Hours) 72.0 Projected Door-to-Door Transit (Hours) 66.5 

ESTIMATED OPERATING COSTS (Per Load) ESTIMATED OPERATING COSTS (Per Load) ESTIMATED OPERATING COSTS (Per Load) 
Vessel Costs $ 213 

Equipment (Tractor & Trailer) $ 121 
Driver - Wages & Benefits $ 738 Locomotives & Fuel $ 207 

Fuel Costs $ 63 
Fuel - Tires - Oil - Maint. $ 435 

Track & R.O.W $ 144 
Port Charges $ 13 

Insurances $ 81 
Yard & Terminal / Lift On/Lift Off $ 129 

All Other $ 30 
Repositioning $ 85 

Railcar Costs $ 57 
Marine Terminal Costs $ 256 

Tolls $ 71 
Crew & Other $ 108 

Trailer/Container Costs $ 51 
All Other $ 251 

Trailer/Container Costs $ 57 
Drayage Expense $ 438 

Depreciation $ 99 
Drayage Expense $ 421 

Depreciation (included in vessel costs) $ -
Total $ 1,881 

 Depreciation $ 112 
Total $ 1,065 Total $ 1,235 

Estimated Operating Cost per HWY Mile $ 0.90 
Estimated Markup $ 0.14 
Estimated Operating Cost per HWY Mile $ 1.59 Estimated Operating Cost per HWY Mile $ 1.04 

Estimated Markup $ 0.09 Estimated Markup $ 0.21 

SHIPPER COSTS SHIPPER COSTS SHIPPER COSTS 
Shipper HMT Expense $ 24 

Incremental Inventory Carrying Cost $ 11 Incremental Inventory Carrying Cost $ 15 
Total $ - Total $ 40 Total $ 11 

Estimated Shipper Cost per HWY Mile $ 1.02 
Discount vs. Highway Transport 27% 

Estimated Shipper Cost per HWY Mile $ 1.73 Estimated Shipper Cost per HWY Mile $ 1.26 
Discount vs. Highway Transport 41% 

Short Sea Shipping 
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Analysis of the Potential Market for Short Sea Shipping 
Services into the Ports of Fall River and New Bedford 

Economic Analysis of Alternative Modes on the Bayonne/Bristol County Lane 

Bayonne, NJ/Bristol County, MA 
Truck Short Sea Shipping 

OPERATING STATISTICS OPERATING STATISTICS 
Highway Miles 498.4 Ocean and Dray Miles 558.00 
Transit Hours 12.0 Transit Hours 17.5 
Projected Door-to-Door Transit (Hours) 12.0 Projected Door-to-Door Transit (Hours) 17.5 

ESTIMATED OPERATING COSTS (Per Load) ESTIMATED OPERATING COSTS (Per Load) 
Driver - Wages & Benefits $ 334 Vessel Costs $ 85 
Equipment (Tractor & Trailer) $ 55 Fuel Costs  (25 TPD) $ 25 
Fuel - Tires - Oil - Maint. $ 197 Port Charges $ 10 
Insurances $ 37 All Other $ 32 
Repositioning $ 30 Marine Terminal Costs $ 100 
Tolls $ 20 Trailer/Container Costs $ -
All Other $ 32 Drayage Expense $ 333 
Depreciation $ 38 Depreciation (Vessel included in vessel costs) $ 4 
Total $ 742 Total $ 585 

Estimated Operating Cost per HWY Mile $ 1.49 Estimated Operating Cost per HWY Mile $ 1.17 
Estimated Markup $ 0.13 Estimated Markup $ 0.12 
Estimated Operating Margin 10% Estimated Operating Margin 10% 

SHIPPER COSTS SHIPPER COSTS 
Shipper HMT Expense $ 24 
Incremental Inventory Carrying Cost $ 5 

Total $ - Total $ 29 

Estimated Shipper Cost per HWY Mile $ 1.62 Estimated Shipper Cost per HWY Mile $ 1.35 
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Analysis of the Potential Market for Short Sea Shipping 
Services into the Ports of Fall River and New Bedford 

VI.4: Market Research Questionnaire 

Massachusetts Seaport Advisory Council: 
Study of Potential Market for Domestic Coastal Shipping 

Shipper/Carrier Interview Guide 

Interviewer 

Firm 

Phone 

Contact 1 

Contact 2 

Contact 3 

Cold Calling - Getting to the right person 
For Shippers 
Hello, my name is ____________________.  I’m calling on behalf of the Massachusetts Seaport 
Council. We are conducting a study of freight transportation options in the Eastern United States and 
would like to speak for a few minutes with the manager of your firm that handles shipping decisions.   

For Carriers 
Hello, my name is ____________________.  I’m calling on behalf of the Massachusetts Seaport 
Council. We are conducting a study of freight transportation options in the Eastern United States and 
would like to speak for a few minutes with the manager of your firm that develops and evaluates new 
services and market opportunities.    

When you reach the key individual 

Name, Title and 

Phone 


Date and Time 

Good Day, my name is ____________________ 
I am working on a project for the Massachusetts Department of Business and Technology and Seaport 
Council. The study is evaluating the market potential for domestic coastal shipping services that 
would connect ports in Massachusetts such as New Bedford and/or Fall River with other U.S. ports on 
the east coast that would provide a new mode of transportation for freight that is currently moving over 
the highway.  I would like to discuss this opportunity with you and get your reaction to how your firm 
might use this type of service.  I expect that the conversation might require 20-30 minutes of your time.  

Background Information to be used as necessary to advance conversation and define terms 
What is Short Sea Shipping?  Many in the transportation industry are concerned that growing 
highway congestion will continue to increase the costs and reduce the reliability of shipping by truck. 
Short Sea Shipping provides an opportunity to relieve some of this strain on the nation’s transport 
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Analysis of the Potential Market for Short Sea Shipping 
Services into the Ports of Fall River and New Bedford 

infrastructure by diverting truck traffic from highw ays to the open sea.  With “short sea shipping” 
operatio ns along the nation’s coasts portions of th e projected growth in highway freight traffic would 
move via an “ocean highway” with consequent reduced demand for land highway capacity as well as 
drivers. 

Short sea shipping op erations would move freight on an intermodal basis by combining a relatively 
short overland “drayage” move by truck to transport goods from their origin  to a nearby port from 
which a vessel would carry the freight to another port where a second truck would transport the load 
v	 ly short distance to its ultimate destination.  This mode of operation for domestic o er another relative
 

freight has alre dy a had some success through such operators as Osprey Lines in the U.S. Gulf.  

However, its application on the Atlantic Coast has been very limited to date.  We are working for the 

Massachusetts Seaport Council to explore how such a service may work for Massachusetts.  


Begin  the inte vie r w……………………….. 
All topics below should be addressed but as the interviews are expected to be with fairly senior people, 
the  interview shou ld be allowed to proceed on a fairly unstructured basis enabling the interviewee to 
provide as much of their perspective on an “unscripted” basis wherever possible.  

1. 	 Basic fam lia i rity with “short-sea shipping” concept:  Ask open question – probe on relative 
level of interest 

2. 	 Background on interviewee’s current freig ht operations: 

� Determine volume of road and rail intermodal traffic (trailer loads and type of freight) that could 

potentially be moved by SSS 


� Identify key requirements in terms of cost and service levels (e.g. transit time, schedule 

reliabili ty, safety, etc.) 


3. 	Concerns: Probe on any concerns that they may have on being able to meet key shipping 
requirements (e.g. restrictions on driver hours, driver shortages, highway congestion, rising fuel 
costs, etc.) 

4. 	 Opportunity for short-haul SSS: 

� Describe Short Haul Service – Daily  roll on/roll off (RoRo) service for truck trailers would be 

offered between a Northern New Jersey port (say, Bayonne) and a port on the Southeastern 

Coast of M a sachusetts, say Fall River or New Bedford.  Northbound service would depart 
s
New Jerse y each afternoon at approximately 5 pm and arrive in Massachusetts at 2 am.  
Southboun d service would depart Massachusetts for New Jersey at 6 am, arriving in New 
Jersey by 3 pm. Trailers could be dropped off at the port terminals up to one hour before 
vessel depa ure and would be ready for pick up within one hour of the vessel’s arrival at the rt 
other end.  Service would be by roll-on/roll-off vessel carrying standard highway trailers.  It is 
anticipated that the charge for the service wo uld be approximately $300 - $350 per trailer on a 
port-to-port basis not including local truck transportation at both ends of the trip.  

� Probe on reaction to daily Bayonne/FR-NB service – type of service, frequency, points served,
 
pricing, etc. 


� Preference for door-to-door service (ocean plus drayage) or ocean only 

5. 	 Opportunity for long- haul SSS: 

� Describe Long Haul Service – Three departures per week service between Northern Florid a
 
(say Jacksonville) and a port on the Southeastern Coast of Massachusetts, say Fall River or 
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Analysis of the Potential Market for Short Sea Shipping 
Services into the Ports of Fall River and New Bedford 

New Bedford, is envisioned.  The service would utilize roll-on/roll-off vessels that can handle 
any highway trailer.  Northbound service would depart Florida on a Monday, Wednesday or 
Friday afternoon and arrive in Massachusetts two days (50 hours) later (e.g. Monda y 
departure would arrive on Wednesday).  Again, trailers could be dropped off at the port 
terminals up to one hour before vessel departure and would be ready for pick up within one 
hour of the vessel’s arrival at the other end.  It is anticipated that the charge for the ser vice 
would be around $1,200 on a port-to-port basis not including local truck transportation a t both 
ends of the trip.   

� Probe on reaction to Florida service or similar service to other East Coast ports (please spe cify
 
any other preferences) – type of service, frequency, points served, pricing, etc. 


� Preference for door-to-door service (ocean plus drayage) or ocean only 

6. Key factors for success and obstacles: 

� What has to happen for SSS to be a real modal choice for their business? 

7. Massachusetts ports: 

� Probe on perceptions of Fall River and New Bedford as prospective SSS gateways – 

advantages/disadvantages, respective strengths/weaknesses in terms of road access, port
 
facilities, labor, etc. 


8. Close: 

Thank inte rviewee and determine if i nterested in participating in further analysis of the SSS 
opportunity 
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APPENDIX 24 




•	 Water and sewer connections

Supporting ServiceS
•	 Civil/Marine	Engineers
•	 Crane	Services
•	 Customs	Brokers
•	 Diesel	Fuel
•	 Engines/Diesel	Repair
•	 Environmental	Cleanup
•	 Exporters
•	 Food	Distributors
•	 Fuel	Lightering
•	 Importers

Special ServiceS
•	 Trash	

	 	 	

•	 Marine	Electronic	
	 Equipment
•	 Marine	Insurance
•	 Marine	Surveyors
•	 Pilotage	Services
•	 Railway	Service
•	 Shipyards
•	 Stevedoring	Contractors
•	 Tugboats/Docking	Masters
•	 US	Customs

	 	 	 	
	 	 	 	 	

	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	 	
	 	

	 	 	 	 	 	

	 	 	 	 	 	
	 	 	 	

	 	 	 	 	 	 	 	
	 	 	 	

	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	
	 	

	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	
	 	 	 	

 

 
	 	 	 	

	 	 	 	

	 	 	 	 	 	 	

	 	

	 	 	

labor 
•	 Strong, experienced, and diverse workforce 

•	 ILA and Teamster crews available 24/7 

pilotage 
•	 Pilotage is compulsory for foreign vessels of 350 

gross tons or more and US vessels under register 
of 350 gross tons or more. 

•	 Pilotage is provided by Northeast Marine Pilots. 

customs 
•	 The port is designated as a US Customs port 
of entry. 

•	 Excellent tug, stevedore, and repair services. 

new Bedford Harbor - vessel parameters 
•	 Hurricane Barrier Width: 150’ (45.7 meters) 
(Access to Southern Terminals) 

•	 New Bedford – Fairhaven Bridge 95’ (29 meters) 
(Access to Northern Terminals) 

•	 All vessel transit from and to the New Bedford 

– Fairhaven Bridge are subject to daylight-only 

restrictions for vessels with overall length above 

400’ (121 meters) and / or beam above 59’ 
(18 meters) 

•	 Any vessels in excess of the above stated 

restrictions will be allowed to enter the 

New Bedford Harbor subject to approval from 

Northeast Marine Pilots Association 

www.portofnewbedford.org 

contacts: 

Kristin Decas, Port of New Bedford 
(508) 961-3000 

Rick Cunio, New Bedford State Pier 
(508) 993-1646 

Tom Flarety, Sprague Terminal 
(603) 431-1000 

Steven Shuster, South Terminal 
(508) 999-3261 

Pierre Bernier, Maritime Terminal 
(508) 996-8500 x 233 

USCG New Bedford Office 
(508) 999-6478 

New Bedford Police Port Security Team 
(508) 989-2925 

Northeast Marine Pilots 
(401) 847-9050 

www.portofnewbedford.org 

new Bedford.iS 

reliability, Speed and 
efficiency, connectability 
•	 Meets Your Supply Chain Needs 

•	 Intermodal (Sea, Highway, Rail, Air) 

•	 No Congestion By Land or By Sea 

•	 Safe and Secure 

•	 Cost Efficiencies and Optimization 

connecting 
SHipperS 
to tHe port of 
new Bedford & 
new england 
marketS 



	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	
	 	 	 	 	 	 	

	 	 	 	 	 	 	 	 	
	 	 	 	 	 	

	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	

	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	 	

	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	

	 	 	

 
	 	 	 	
	 	 	 	 	 	

	 	
	 	 	 	 	

	 	
	 	 	 	

	 	
	 	 	 	 	 	

	 	 	

 
	 	 	 	

	 	 	 	

 
	 	 	 	

	 	 	 	
	 	 	 	 	 		

	 	 	 	
	 	 	

 
	 	 	 	

	 	 	 	
	 	

  
	 	 	 	

	 	 	
	 	 	

	 	 	 	 	 	 	
	 	 	 	 	 	 	

	 	 	 	 	 	 	 	
	

	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	

	 	 	 	

	 	 	 	 	
	 	
	 	 	 	
	
	 	 	 	

	 	 	 	
	 	

	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	

	 	 	 	 	 	
	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	

	 	 	 	 	 	
	 	 	 	 	

new Bedford terminals 

State pier 
•	 Harbor depth: 30’ (9 meters) 
•	 Berthing – Maximum length overall 557’ 
(170 meters) 

•	 Maximum ship beam allowable 70’ 
(21 meters) 

•	 Maximum draft allowable 27’ 
(8.22 meters) 

•	 Dock height at mean low tide: 
Approx. 12’ 

SpraQue terminal 
•	 Berthing Space: 740’ (226 meters) 
•	 Pier Draft: 27’ (8.22 meters) 

maritime terminal 
•	 Berthing Space: 600’ (183 meters) 
•	 Pier Draft: 30’ (9 meters) 
•	 Dock height at mean low water: 
Approx. 15’ (4.5 meters) 

•	 Now takes foreign freighters 

future Sites 

SoutH terminal 
•	 Berthing Space: 400’ (121 meters) 
•	 Pier Draft: Dredge to 30’ 
•	 10 acres backland 

nortH terminal cargo terminal 
•	 Berthing Space: 205’ (62.5 meters) 
•	 Pier Draft: 27’ (8.22meters) 
•	 Active Rail (intermodal connections) 

an exit off the marine Highway 
The Port of New Bedford is a deep-water port 
with overall depths of 30 feet at mean low 

water. The Port of New Bedford is located on 

the northwestern side of Buzzard’s Bay and is 
approximately 83 nautical miles south of Boston 

and 166 miles north of New York. The harbor 
entrance is approximately 10 nautical miles 
from the beginning of the west entrance of the 

Cape Cod Canal, a major shipping route. The 

approach channel allows for safe navigation. The 

Port entrance is 150 feet wide and opens up to 

a 350 foot wide channel, at a depth of 30 feet, 
extending to a 350 yard/1,000 foot wide turning 

basin just above the New Bedford-Fairhaven Bridge. 

Safety 
The port is one of the safest on the east coast 
being well-protected by a hurricane barrier (150 

foot entrance) that is constructed across the 

harbor entrance. It is equipped with an opening 

that can be closed during hurricane conditions 
and severe coastal storms. The average range 

of the tide is 3.5-4.0 feet and harbor currents are 

overall considered weak. 

Security 
The US Coast Guard, State Environmental Police, 
New Bedford Port Security Unit have strong 

presence in the Port protecting the interests of 
maritime commerce. 

intermodal connections 
The port has excellent highway (I-95, I-93, Rte 

128, Rte 140 and Rte 195, Rte 24), rail, and air 
connections (New Bedford Regional Airport) 

distribution 
New Bedford offers excellent freight manage-
ment services including: 
•	 local and regional distribution centers 
•	 shipping agencies 
•	 freight forwarding and stevedore services 
•	 warehousing and cold storage capacity 

•	 truck-brokering facilities. 

foreign trade Zone 
The City of New Bedford is the grantee and 

holder of Foreign Trade Zone (FTZ) #28 offering 

a competitive advantage to foreign businesses 
looking to trade in US markets. The Port, Regional 
Airport, and adjacent areas form the New Bedford 

FTZ #28, which provides duty-free manufacturing 

opportunities for importers and exporters. 
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SPRAGUE 
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TERMINAL 
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TERMINAL 

RAIL 
 YARD 

PORT OF NEW BEDFORD MASSACHUSETTS 

MAYOR SCOTT W. LANG 

Port Infrastructure Assets 
Contact: Kristin Decas, Port Director 

     (508) 961-3000 wk (508) 989-0103 cell 

Staging and Lay–down areas at the Marine Terminals 
and within the Port Area 

• North Terminal / Rail-yard = 33.5 acres 
• Paved Staging Area 7.5 acres 
• Unpaved Storage Area  14 acres 
• On Rail Railcar Storage = 12 acres 
• Staging for more than 100 Railcars 

• State Pier / Fisherman’s Wharf 
• 4 acres at State Pier 
• Room for 500 Stacked Containers 
• Staging for 70 Trucks 
• 1,000 lineal feet of bulkhead for vessel berthing 

• New Bedford Industrial Park 
• 30 acres of staging and lay-down area 

• New Bedford Regional Airport 
• 20 acres of staging and lay-down area outside the Terminal areas. 

• (Future) South Terminal 
• 20 acres of paved staging and lay-down area 
• 1,000 lineal feet of bulkhead for vessel berthing 

New Bedford Industrial Park: 
Within 6-miles of the docks, 
over 30-acres of Staging and 
Lay-down Area is available. 
New Bedford Regional 
Airport:  Located only 3.5 miles 
from the docks, the Airport has 
30 additional acres of Staging 
and Lay-down Area. 

(Future) South Terminal:  The 
future planned expansion of the 
existing South Terminal calls for the 
development of over 20-acres of 
paved staging and storage area to 
support multiple uses. 
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New Bedford Is: Local Connections = National Markets = International Trade. 
With Three full service Marine Terminals to support shipping, a strong Import/Export business, Rail Connections 

from the Port to all major Rail Corridors in the Northeast and to the rest of the Nation, and a major Regional
Airport within 3.5 Miles of the Marine Terminals; The Port of New Bedford is Ideally Suited to play a major 
Intermodal Shipping Role. 

NEW BEDFORD 
INDUSTRIAL PARK 

NEW BEDFORD  
REGIONAL 
AIRPORT 

NEW 
BEDFORD 

RAIL YARD 

NORTH  
TERMINAL 

STATE 
PIER 

SOUTH 
TERMINAL 

DEDICATED 
CARGO/TRUCK 
STAGING AREA 

RAIL ROUTE 

RAIL 
ROUTE 



 

 

 

 

 

 

 

 

 
 

    

 

 

 

Apex Companies, LLC 

Memo 
To: File
 

From:  Chet Myers, P.E., LSP 


Date: April 14, 2010 


List of Attendees: 

Ronald A. Klempner, Managing Principal, Jersey Harborside  
Daniel J. Wahle, Vice President Marketing, Mass Coastal 
Chet Myers, Senior Engineer, Apex Companies, LLC 
Jessica Fernandes, Assistant Port Director, NBHDC 

Re: Summary of Meeting with Jersey Harborside Personnel 

Meeting was held at New Bedford Harbor Development Commission at 
approximately 12 PM. NBHDC was marketing the port to Jersey Harborside, which 
plans to import containers to southeast Massachusetts.  Jersey Harborside was 
particularly interested in the new South Terminal extension, which is anticipated to 
create a significant amount of potential loading and unloading area.   

Containers would be shipped into the harbor on a very large vessel (Panamax-sized 
vessels) that are approximately 500 tons.  They anticipate shipping of 3,000,000 tons 
of cargo per year. Ideal space requirements are between 10 and 20 acres for 
staging of materials. Of particular interest to Jersey Harborside was the potential to 
capture shipment of seafood processing output on their out-bound trips (i.e. a cargo 
being shipped from New Bedford could double the profitability of the operation, rather 
than just shipping to New Bedford).   

Ideal warehousing corridors for material shipped through New Bedford are along the 
128 corridor, along the Route 95 Corridor south of Boston, and the 495 Corridor north 
of Route 90 and Worcester. Shipping containers would require between 15 ft and 
30 ft of draft, depending upon the vessel utilized.  
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NBHDC took Jersey Harborside on a tour of available resources within the Harbor, 
including the New Bedford Railyard, North Terminal, State Pier, South Terminal, and 
the NSTAR facility. Jersey Harborside restated that South Terminal was the ideal 
location for their shipping operation once it was completed.   

Currently the team is evaluating multiple ports, but once settled on a port, would take 
apporoximately 18-24 months to ramp up the operation.  Therefore, construction of 
the facility, and use of the facility (initially) by offshore renewable wind energy would 
not prevent its future use by Jersey Harborside.    
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Vision and Mission 
The Realization of America's Marine Highway 

AFL will build, own, and operate 100% U.S. built, flagged, and AFL’s Mission 
manned Jones Act compliant container vessels. 

Our thesis is simple: Build, own, and operate the first fully 
compliant Jones Act Short Sea/Feedering container liner AFL’s fleet of ships will: 



    
  

  

   
  

  

 

 
   

 
  

  

   

 
 

  
   

 

 

 

 

 

   

 

 

 

American Feeder Lines	 Page 2 of 3 

service in the United States. AFL will build ships based on 
proven European designs and deploy its vessels into a fully 
integrated container Short Sea/Feedering operation based on 
systems now in operation in Europe, Asia and South America. 

AFL’s Operational Management Team will be sourced from the 
pool of professional European managers who are currently 
running feedering operations and a unique team of American 
professionals. 

AFL’s Vision 

AFL is the United States’ first Short Sea/Feeder Shipping liner 
service with a business model based on successful 
International Short Sea/Feeder operations in existence today. 

■	 Introduce and establish the Hub and Spoke container 
network in the U.S., 

■	 Be a logical replacement for the existing aging and obsolete 
Jones Act fleet, 

■	 Facilitate the deployment of the fleet of "Super Ships" now 
being delivered to the International liner companies along 
the U.S. East and Gulf coasts. In the future, AFL’s feeders 
will seamlessly distribute large numbers of containers 
unloaded at one time from the Super Ships that will soon be 
able make direct Asian/U.S. East/Gulf coast calls via the 
widened Panama canal, and 

■	 offer a "green" coastal seaborne transportation solution to 
U.S. importers and exporters who rely on the international 
container liner system to move their goods around the 
world. 

Follow American Feeder Lines 

Studies: 

"Building America’s Future Educational Fund" 

Building America’s Future Educational Fund (BAF Ed Fund) 
is a bipartisan coalition of elected officials dedicated to 
bringing about a new era of U.S. investment in 
infrastructure. >> Read more - PDF-Format. 

"Failure to Act - The economic impact of current 
Investment Trends in surface Transportation Infrastructure" 

"Failure to Act - The economic impact of current Investment Trends in surface 
Transportation Infrastructure" illustrates how different types of surface transportation 
infrastructure deficiencies affect the U.S. economy. >> Read more - PDF-Format. 

"We have a task before us to rebuild America. As a nation, we 

need to continue to be the world leader in infrastructure 

development. We cannot stand by while our infrastructure ages 

and crumbles." 

Ray LaHood (Dec. 19, 2008), U.S. Secretary of Transportation since 2009 

http://www.american-feeder-lines.com/en/home/index.html 

@AmericanFeeder 

38Like 
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Feeder Shipping 
The Realization of America's Marine Highway 

Feeder ships are common throughout the world in virtually all Approximately 50 percent of the transshipment volume was 
regions and on every continent except North America, where feeder related volume. Accordingly, total 2006 worldwide short 
there is container on barge feeder service operating on limited sea/feeder volume equaled approximately 57,500,000 TEUs. 
routes in the Northeast-Mid Atlantic region. Feeder service has 
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become an established operation over the last 30 years 
elsewhere in the global marketplace. 

In 1980, worldwide feeder volume was approximately 
2,200,000 TEUs or six percent of the total combined market. 
By 1990, feeder volumes were constantly above ten percent of 
a growing total market. By 2006, the world transshipment 
market was about 115,000,000 TEUs or 26 percent of the 
world’s TEU total throughput of 487,800,000 TEUs. 

Feedering is deeply integrated into the deep sea container 
carrier networks in the competitive global marketplace. 

The total U.S. feeder volume during the last several decades 
was and continues to be insignificant relative to the potential. 
AFL will address this shortcoming by providing capacity to shift 
more than one percent of total U.S. TEU shipments to the 
marine highway in a single marine highway project. 

"Our current transportation model is broken. We need fresh approaches like new technology, 

congestion pricing, and greater private-sector investment to get America moving again." 

Mary E. Peters, U.S. Secretary of Transportation 2006 - 2009 

9/8/2011 
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American Feeder Lines Page 3 of 3 

VISION & MISSION STRATEGY COMPANY MEDIA FEEDER SHIPPING ROUTES JONES ACT CONTACT 

Ship Design - Ship Yards - Green Shipping 

Home Legal Disclaimer Imprint Contact/Newsletter Subscription 

http://www.american-feeder-lines.com/en/feeder-shipping/index.html 9/8/2011 

http://www.american-feeder-lines.com/en/feeder-shipping/index.html


 

  
   

   

 

American Feeder Lines Page 1 of 2 

9/8/2011http://www.american-feeder-lines.com/en/routes/index.html 

Ports, Routes and Schedules 
The Realization of America's Marine Highway 

Our thesis is simple: Build, own, and operate the first fully compliant Jones Act Short Sea/Feedering container liner service in the 
United States. AFL will build ships based on proven European designs and deploy its vessels into a fully integrated container 
Short Sea/Feedering operation based on systems now in operation in Europe, Asia and South America. 
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184 High Street, Suite 502, Boston, MA 02110 

(617) 728-0070

   DATE:	 Tues. Aug. 10th, 2010 

TIME:  3:33pm 

Incoming Call X  Outgoing Call       Return Call 

CONTACT:

 Name: US Coast Guard   Project Name: New Bedford Harbor Phase IV

 Address: 918 S Rodney French Blvd Project No.: 6690 

New Bedford, MA 02744  Phone: 508-991-6812 

SUMMARY OF CONVERSATION: 

Contacted the U.S. Coast Guard to determine whether there were any restrictions upon the size 
of vessels that can enter or exit New Bedford Harbor due to the New Bedford Hurricane Barrier.   
Administrator on duty that answered the phone discussed the issue with other personnel available at the 
facility and answered that the Coast Guard does not impose these restrictions. She gave me the number 
for the U.S. Army Corps of Engineers in New Bedford (508-994-4243) and directed me to contact them 
instead. 



 
                                               

 
                    
  
                

    
 
                   
 

                                                             
 
 

 
 
                    
  
                    
     

         
 
 
 
 

 
 
 

  

 

 

184 High Street, Suite 502, Boston, MA 02110 

(617) 728-0070

   DATE: Fri. Aug. 13th, 2010 

TIME:  12:20pm 

Incoming Call X   Outgoing Call      Return Call 

CONTACT:

 Name: Sgt. Jill Simmons  Project Name: New Bedford Harbor Phase IV 

Address: Port Security Team  Project No.: 6690 
New Bedford Harbor 
New Bedford, MA 02746  Phone: 508-989-2925 

SUMMARY OF CONVERSATION: 

Unable to get in contact with representatives from the US Army Corps of Engineers. Instead 
spoke with Sgt. Jill Simmons, a member of the Port Security Team in New Bedford Harbor. I asked her 
about any restrictions imposed on vessels by the Hurricane Barrier (length, width, and draft of vessels) 
coming into New Bedford Harbor. She stated that there is no regulation on the length of a vessel coming 
through the barrier, and that draft and width are the deciding dimensions. 

Additionally, she stated that the maximum vessel draft that the channel through the Hurricane 
Barrier allows is between approximately 30 and 35 feet, depending upon the tide. She also stated that 
the width of the opening in the hurricane barrier is 150 feet, and that any vessel with a width smaller than 
this is allowed through the barrier.  When requested to evaluate whether a vessel with a width of 115 feet 
would be allowed through the barrier, she concurred. 

Sgt. Simmons stated that the Hurricane Barrier manager for the US Army Corps of Engineers 
New Bedford could be reached at: 508-994-4243. She also stated that Mr. Bill Norman could be 
contacted for additional information: 978-318-8609, Willam.F.Norman@usace.army.nil. 

mailto:Willam.F.Norman@usace.army.nil


 
                                               

 
                    
  
                

    
 
                
 

                                                             
 
 

 
 
                
  
            
       

                                      
  
 
 
 

 
 

 

184 High Street, Suite 502, Boston, MA 02110 

(617) 728-0070

   DATE:	 Mon. Aug. 16th, 2010 

TIME:  3:00pm 

Incoming Call X   Outgoing Call      Return Call 

CONTACT:

 Name: Marine Traffic Control Center Dispatcher Project Name:  New Bedford Harbor Phase IV 

Address: 	 Marine Traffic Control Center  Project No.: 6690 

US Army Corps of Engineers
 
Academy Drive Phone: 978-318-8500
 
Buzzards Bay, MA 02532 


SUMMARY OF CONVERSATION: 

Spoke with Maurice Beaudoin, Resident Engineer at the U.S. Army Corps of Engineers’ New 
Bedford Resident Office.  Mr. Beaudoin told me to call the dispatcher at the Marine Traffic Control Center 
to get information concerning restrictions on vessels going through the Hurricane Barrier in New Bedford.  

Called the dispatcher at the Marine Traffic Control Center of the US Army Corps of Engineers and asked 
him about the Hurricane Barrier restrictions on the length, width, and draft of vessels coming into New 
Bedford Harbor. He told me that the US Army Corps of Engineers manages the hurricane barrier in New 
Bedford and that they have no specific restrictions on vessels passing through the barrier. He told me 
that the opening in the hurricane barrier is 150 feet wide and that any vessel with a width smaller than 
150 feet the U.S. Army Corps of Engineers allows through. He then told me that the depth of the channel 
through the hurricane barrier fluctuates with the tide, and that any vessel with a draft small enough to 
pass through the barrier at that given time the U.S. Army Corps of Engineers allows through. He also told 
me that the U.S. Army Corps of Engineers does not restrict the length of vessels traveling through the 
hurricane barrier. He made it clear that any vessel that can physically fit through the hurricane barrier is 
allowed to navigate though, and that any other specific restrictions would come from the destination of 
the vessel in New Bedford Harbor. 
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Date: 9/14/2010 
Time: 8:00 AM 

BORING LOG 
Project: Project No: 6690.005 Phase IV Dredging X:  816198.2 

Y:  2688154.5 Location: South Terminal Expansion 
-23.15' Datum:                    MLLW Elevation at mudline: 

Boring No: A-2010-B1 Casing Type: Steel Boring Depth: -38.5' MLLW 
4" Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GCD Todd Pentacost 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2  6"  
24" 

11,2,11,13 Dark Grey, fine to coarse SAND, some silt, some fine to coarse gravel. 
-25.15 

4 
24" 
5" 

19,33,39,18 Grey SILT and fine to coarse SAND, some fine to coarse gravel - TILL 
-27.15 

4.75 4" 

9" 
15, 100/3" Grey SILT some fine to coarse sand, some fine to coarse gravel.               

Refusal at -27.9 MLLW.                      
-27.9 

5.35 Cleaned hole for coring run, start core run at -28.5 MLLW. -28.5 

11 50% 

5' 

4.6' 
7,6,6,10,14 Rock Core #1: -28.5 to - 33.5 MLLW -  Intensely to moderately fractured grey 

Granitic Gneiss 
-33.5 

16 97% 

5' 

4.85 
6,6,6,9,11 Rock Core #2: -33.5 to -38.5 MLLW - Moderately fractured grey Granitic Gneiss 

-38.5 

Comments: Core run was completed at less revolutions per minute than recommended by core barrel 
manufacturer, so drill time is not a good indicator of rock competency. 



 

  

 

 

 
 

 

  

 
 

   

 

 

Date: 9/15/2010 
Time: 11:30 AM 

BORING LOG 
Project: Project No: 6690.005 Phase IV Dredging X:  816277.4 

Y:  2688458.0 Location: South Terminal Expansion 
-6.3' Datum:                    MLLW Elevation at mudline: 

Boring No: A-2010-B2 Casing Type: Steel Boring Depth: -39.4' MLLW 
4" Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GCD Todd Pentacost 
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Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Description 

El
ev

at
io

n 
(M

LL
W

) 

2 15" 
24" 

1,1,1,1 Black to dark grey, Organic SILT, some fine sand, little shell hash, becomes grey in 
nose of spoon -8.3 

4 
24" 
15" 

2,5,10,14 Dark Grey fine SAND, some organic silt grades to fine SAND, some inorganic silt, 
trace fine to coarse gravel -10.3 

6 

24" 

21" 
12,14,14,19 

-10.3 to -10.8 MLLW Grey fine SAND some fine to coarse gravel, trace coarse 
-10.8 to -12.0 MLLW Grey fine SAND grading to inorganic SILT and fine SAND 
-12.0 to -12.3 MLLW Grey Coarse SAND and fine to coarse GRAVEL -12.3 

8 
24" 
15" 

9,17,16,20 Grey, medium to coarse SAND, little fine to coarse gravel 
-14.3 

10 
24" 
14" 

5,15,15,12 Grey, medium to coarse SAND, little fine to coarse gravel, grades to fine to 
medium SAND -16.3 

12 21" 
24" 

3,4,10,12 
10 - 11 Grey, fine SAND, trace silt, grades to fine to medium SAND. 

11-12 Grey, fine to coarse SAND, trace fine gravel, grading to coarse SAND -18.3 

14 
24" 
21" 

6,7,9,12 Grey, fine to medium SAND, little fine to coarse gravel 
-20.3 

16 
24" 

12.5" 
14,16,24,24 Grey fine to coarse SAND, some silt, some fine to coarse gravel, mottle at 15.0 to 

15.4 red/orange tan. -22.3 

18 11" 
24" 

8,10,3,3 Grey and Tan mottled, fine to coarse SAND, some silt, some fine to coarse gravel, 
grades to fine to medium SAND and SILT in nose of spoon -24.3 

19.75 16" 
21" 23,32,34, 

100/3" 
Grey and tan mottled, fine to coarse SAND, and SILT, some fine to coarse gravel.  

Refusal at -26.2' MLLW. -26.05 

23.6 

Drilled with button tooth roller bit through cobbles, drove casing to refusal and 
began core run at -29.9 MLLW 

-29.9 

28.1 
48% 

60" 

47" 
6,8,8,10, 
5min/6" 

Rock Core #1: -29.9 to -34.4 MLLW - Moderately to intensely fractured grey 
Granitic Gneiss, core barrel jammed at 4.5 feet into core run. 

-34.4 

33.1 50% 

60" 

44" 
7,8,10,10, 

10 
Rock Core #2: -34.4 to -39.4 MLLW - Moderately to intensely fractured grey 

Granitic Gneiss -39.4 

Comments: Core run was completed at less revolutions per minute than recommended by core barrel 
manufacturer, drill time is not a good indicator of rock competency. 



 

  

 

 
 

 

 

 

  

 
 

 

 

   

Date: 9/16/2010 
Time: 11:20 AM 

BORING LOG 
Project: Project No: 6690.005 Phase IV Dredging X:  816365.6 

Y:  2688161.5 Location: South Terminal Expansion 
-1.1' Datum:                    MLLW Elevation at mudline: 

Boring No: A-2010-B3 Casing Type: Steel Boring Depth: -35.7' MLLW 
4" Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GCD Todd Pentacost 

D
ep

th
 b

el
ow

m
ud

lin
e 

(ft
)

R
Q

D
 

Pe
ne

tra
tio

n/
 

R
ec

ov
er

y

Bl
ow

s 
pe

r 6
"

/ D
ril

l M
in

.
pe

r F
oo

t 
Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
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at
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n 
(M
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W

) 

2 

24" 

18" 
7,5,5,4 Dark Grey, very fine to fine SAND, little organic silt, trace shell hash, one juvenile 

clam. -3.1 

7 5" 
24" 

10,13,20,17 Grey, fine to coarse SAND, trace silt, charp color change to tan, fine to medium 
SAND, little silt.  Gravel caught in nose of spoon -8.1 

12 

24" 

6" 
16,19,20,23 

4" of Grey, fine to coarse GRAVEL and fine to medium  SAND, trace silt. 

2" of Grey tan, SILT, some fine to coarse SAND, some fine to coarse gravel. TILL. -13.1 

17 
24" 
4" 

17,18,14,14 Grey, SILT and fine SAND, some fine to coarse gravel, little medium to coarse 
sand, gravel stuck in tip of split spoon. -18.1 

22 5" 
24" 

80,60,40,61 Tan, fine SAND, some silt, some fine to coarse gravel, trace medium to coarse 
sand, gravel stuck in top of split spoon.  -23.1 

24.6 
Refusal while advancing casing to next interval.  Cleaned hole with button toothed 

roller bit, flushed hole and began coring at -25.7' MLLW 
-25.7 

29.6 25% 3.3' 
5' 5,6,19 

(Jams) 
Rock Core #1: -25.7 to -30.7 MLLW -  Very intensely fractured grey Granitic 

GNEISS, with pegmatic intrusions (pink and grey). -30.7 

34.6 37% 
5' 

4.6' 
(Frequent 

Jams) 
Rock Core #2: -30.7 to -35.7 MLLW - Intensely fractured grey Granitic GNIESS 

with pegmatic (pink and grey) intrusions. -35.7 

Comments: Core run was completed at less revolutions per minute than recommended by core barrel 
manufacturer, drill time is not a good indicator of rock competency, drill times were not recorded 
after the first 3 feet of penetration, due to frequent starts and stops of coring process as barrel 
jammed and was cleared. 



  

 

 

 

 
 

 
 

 
 

 

 

 
 

 

 
 
 

 

 
 

  
  

 
 

  

 

Date: 9/20/2010 
Time: 8:05 AM 

 BORING LOG 
Project: Project No: 6690.005 Phase IV Dredging 

Y:  2687856.3 
X:  816439.9 

Location South Terminal Expansion 
-2.5'Elevation at mudline:   Datum:                    MLLW 

Boring No: A-2010-B4 Casing Type: Steel Boring Depth: -43.75' MLLW 
4"Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GCD Todd Pentacost 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2 
24" 
24"

WOH, WOH, 
WOH, WOH Black, Organic SILT, little shell hash, little fine to medium sand. 

-4.5 

4 N/A 
N/A N/A No split spoon this interval. 

-6.5 

6 
24" 
3.5" 

1,1,1,1 Dark Grey to Black, fine to medium SAND and SILT, little shell hash. 
-8.5 

8 
24" 
13" 

13,6,8,9 Grey, fine to medium SAND, some Silt, little fine to coarse gravel 
-10.5 

10 
24" 
12" 

9,17,20,20 Grey, fine GRAVEL, some coarse sand, little coarse gravel. Coarse gravel stuck in 
nose of spoon. -12.5 

12 11" 
24" 10,8,10,12 Grey, fine SAND, some silt, some fine to coarse gravel, trace medium to coarse 

sand. -14.5 

14 
24" 
8" 

8,14,16,11 Grey, fine SAND, some fine to coarse gravel, trace silt. 
-16.5 

16 

24" 

9" 49,9,8,13 Grey SILT, some fine sand, little fine to coarse gravel, little medium to coarse sand.  
Mottled interval approx 0.25 to 0.5' becomes brown, then back to grey. -18.5 

18 
24" 
10" 24,20,18,16 SILT, some fine to coarse sand, some fine to coarse gravel, Color changes: 0.0-

0.25' grey, 0.25-0.55' light grey,0.55-0.80' brown . -20.5 

20 10" 
24" 13,12,21,14 Tan SILT and GRAVEL, some fine to coarse sand 

-22.5 

21.66 

20" 

10" 
17,10,15, 

100/2" 
Tan, SILT, some fine to coarse gravel, some fine to coarse sand.  3" of grey, 

completely weathered Granitic Gneiss in nose of spoon.  Refusal at -24.16 MLLW. 
-24.16 

22.7 
Drilled with button tooth roller bit, cleaned hole, and began core run at -25.2 MLLW. 

-25.2 

26.7 
0% 

48" 

20" 
10,12,19, 

(Jam) 

Rock Core #1: -25.2 to -29.2 MLLW - Shattered greenish Grey Granitic Gneiss (11" 
in pieces none longer than 3") Potassium Feldspar rich Pegmatic intrusion (9" in 

pieces none longer than 3"), core barrel jammed at 1.5, water return stopped 
intermittently through core run, drilling paused each time -29.2 

29.7 
0% 

25" 

36" 
6,6,14, 
(Jam) 

Rock Core #2: -29.2 to -32.2 MLLW - Interface of Pegmatite and Granitic Gneiss 
(2"), highly fractured grey Granitic Gneiss (23") No unfractured pieces greater than 

4" -32.2 

31.7 
0% 

16" 

24" 
(Frequent 

Jams) 
Rock Core #3: -32.2 to -34.2 MLLW - Highly fractured grey Granitic Gneiss (16") 

No unfractured pieces greater than 4" 
-34.2 

36.7 0% 
60" 

36" 
(Frequent 

Jams) 

Rock Core #4: -34.2 to -39.2 MLLW -  Highly fractured pink and greenish grey 
Granitic Gneiss (36") No unfractured pieces greater than 4", shattered between 18" 

and 25" includes quartz vein 19"-20" -39.2 

41.7 82% 58" 

60" 
(Frequent 

Jams) 

Rock Core #5: -39.2 to -43.75 MLLW - Highly fractured pink and greenish grey 
Granitic Gneiss (21") Grades to grey Granitic Gneiss until sharp increase in 

potassium feldspar content at 56" changes hue back to pink and grey Granitic 
Gneiss. -43.75 

Comments: Core run was completed at less revolutions per minute than recommended by core barrel 
manufacturer, drill time is not a good indicator of rock competency. Drill times were not recorded 
on portions of Rock Cores 1 and 2 as well as Rock Cores 3, 4, and 5, due to frequent starts and 
stops of coring process as barrel jammed and was cleared. 



                        

 

  

 

 
 

 

   

 

 

 
  

 
 

 

 
 

 

 

 

  

   

Date: 3/7/2011 
Time: 8:30 AM 

BORING LOG 
Project: Project No: 6690.008 Phase IV Dredging X:  816478 

Y:  2687708Location: South Terminal Expansion 
-3.7 Elevation at mudline: Datum:                    MLLW 

Boring No: A-2011-B5 Casing Type: Steel Boring Depth: -45.30' MLLW 
4"Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GAD Norman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

3 
36" 
24" 

WOR,WOR, 
WOR,WOR Black, organic SILT, trace shell hash. 

-6.7 

5 
24" 
24" 

WOR,WOR, 
WOR,WOR Black, organic SILT, trace shell hash, trace gravel. 

-8.7 

7 12" 
24" 3,1,5,10 Black, organic SILT, trace shell hash, trace fine gravel, grades to greenish-grey, fine 

to medium SAND, trace fine gravel. -10.7 

9 18" 
24" 

16,29,26,28 Greenish grey, fine to coarse SAND, some fine to coarse gravel, trace silt 
-12.7 

11 
24" 
6" 

17,8,7,10 Greenish grey, fine SAND some fine to medium sand, little fine gravel 
-14.7 

13 
24" 
6" 

37,31,20,30 Greenish grey, fine to medium SAND, some coarse sand, some fine gravel, trace silt 
-16.7 

15 12" 
24" 

14,10,12,17 Greenish grey, fine to medium SAND, some coarse sand, some fine gravel, trace silt 
-18.7 

17 
24" 
0 

25,9,8,11 No Recovery 
-20.7 

19 
24" 
2" 

20,18,21,17 Greenish grey, fine to medium SAND, some coarse sand, some fine gravel, trace silt 
-22.7 

21 
24" 
10" 

16,16,19,22 Olive grey, medium to coarse SAND, some fine sand, some fine gravel 
-24.7 

23 
24" 
12" 

7,9,11,8 Olive grey, medium to coarse SAND, some fine sand, some fine gravel 
-26.7 

25 12" 
24" 

23,24,21,15 Olive grey, medium to coarse SAND, some fine sand, some fine gravel, transitions to 
olive grey, fine to medium SAND, trace silt -28.7 

26.25 7" 
15" 17,16, 

100/3" 
Olive grey, fine to medium SAND, some silt, some gravel.  Refusal at -

29.95. -29.95 

26.60 
Drilled with mill tooth roller bit, cleaned hole, and began core run at -30.30. -30.3 

31.60 
48% 

5.0' 

4.4 
6,6,7,6,6 

Rock Core #1 -30.30' to -35.30' MLLW.   0.0-4.0' intensely to moderately fractured 
grey, GRANITE, 4.0 to 4.4' intensely fractured moderately weathered grey 

GRANITE 
-35.3 

36.60 
49% 

4.35 

5.0' 
8-7-8-7-7 

Rock Core #2 -35.30' to -40.30' MLLW.   0.0' - 0.6' moderate to heavily weathered, 
moderately fractured grey, granitic GNEISS, 0.6' - 3.4' fresh, moderately fractured, 

grey, granitic GNEISS, gneissic banding progressively decreases, 3.4'-4.4' grey 
GRANITE  -40.3 

41.60 
74% 

4.9' 

5.0' 
7-8-8-7-7 

Rock Core #3 -40.30' to -45.30' MLLW.   0.0-2.2' intensely to moderately fractured 
grey, granitic GNEISS. 2.2-3.6' gradual transition into and out of intensly to 

moderately fractured pink and grey granite PEGMATITE, 3.6-4.9' intensely to 
moderately fractured grey granitic GNEISS -45.3 

Comments: 
The descriptions of the rock in the cores above are descriptions of the sampled rock in each 
recovered core length. 



 

  

   

 

   

 
 

 

  

 
 

   

 

Date: 9/23/2010 
Time: 9:30 AM 

BORING LOG 
Project: Project No: 6690.005 Phase IV Dredging 

Y:  2687561.6 
X: 816518.5 

Location: South Terminal Expansion 
-9.4 Datum:                    MLLW Elevation at mudline: 

Boring No: A-2010-B6 Casing Type: Steel Boring Depth: -31.6' MLLW 
4" Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GAD Todd Pentacost 
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Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2 6" 
24" WOR,WOR, 

WOR,WOR 
0-1' Black, organic SILT 

1'-2' Olive grey, medium to coarse SAND, some fine sand, trace silt -11.4 

6 
24" 
12" 

20,22,41,30 Greenish grey, medium to coarse SAND, some fine gravel 
-15.4 

10 
24" 
12" 

12,16,22,15 Greenish grey, medium to coarse SAND, some fine gravel. 
-19.4 

12.2 
Drove casing to refusal, cleaned hole, and began core run at -21.6 MLLW 

-21.6 

17.2 
73% 

51" 

60" 
7,7,6,5,7 

Rock Core #1: -21.6 to -26.6 MLLW - Intensely to moderately fractured grey 
granitic Gneiss. 

-26.6 

22.2 
27% 

50" 

60' 
8,12,6,7,6 

Rock Core #2: -26.6 to -31.6 MLLW - Intensely fractured grey Granitic Gneiss (0"-
36"), intensely fractured pink and grey Granite Pegmatite (36" to 50"). 

-31.6 

Comments: Core run was completed at less revolutions per minute than recommended by core barrel 
manufacturer, drill time is not a good indicator of rock competency. 



 

  

 

   

 

  

 
 

 
 

 

 

Date: 9/24/2010 
Time: 12:15 PM 

BORING LOG 
Project: Project No: 6690.005 Phase IV Dredging 

Y:  2687710.6 
X: 816781.1 

Location: South Terminal Expansion 
-5.5 Elevation at mudline: Datum:                    MLLW 

Boring No: A-2010-B7 Casing Type: Steel Boring Depth: -28.0' MLLW 
4" Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GAD Todd Pentacost 
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Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Description 

El
ev

at
io

n 
(M

LL
W

) 

2 
24" 
12" 

WOR,6,8,8 
0-1' Black, organic SILT 

1'-2' Olive Grey, fine to medium SAND, some shell hash, trace silt -7.5 

4 
24" 
12" 

9/11/12/16 Olive Grey, fine to medium SAND, some shell hash, trace silt 
-9.5 

6 
24" 
12" 

7/5/7/5 
4'-4.5' Olive Grey, fine to medium SAND, some shell hash, trace silt 

4.5'-6' Greenish grey, fine SAND and SILT -11.5 

8 
24" 
17" 

15/23/100-
5" 

6'-7' Olive Grey, fine to medium SAND, some shell hash, trace silt 
7'-7.4' Olive grey, fine SAND and SILT -13.5 

10 

24" 

24" 
18/14/12/17 

9.5'-10' Greenish grey, fine SAND and SILT 

8'-8.5' Greenish grey, fine to medium SAND and fine angular GRAVEL 
8.5'-9.5' Light grey, fine to medium SAND, some coarse SAND 

-15.5 

12 
24" 
24" 

15/18/24/58 
10'-11.5' Greenish grey, fine SAND and SILT, trace fine angular gravel 

11.5'-12' Olive grey, medium to coarse SAND, trace rock fragments at tip. -17.5 

12.5 
Drove casing to refusal, cleaned hole, and began core run at -18.0 MLLW 

-18 

17.5 88% 
60" 
56" 

11/10/12/15/ 
12 

Rock Core #1: -18.5to -23.5 MLLW - Highly to moderately fractured grey and pink 
Granitic Gneiss   -23 

22.5 61% 40" 
60" 

8/8/7/8/9 Rock Core #2: -23.5 to -28.5 MLLW - Highly to moderately fractured grey and pink 
Granitic Gneiss -28 

Comments: Core run was completed at less revolutions per minute than recommended by core barrel 
manufacturer, drill time is not a good indicator of rock competency. 



 

  

 

   

 

  

 
 

 

 

 
 

Date: 9/27/2010 
Time: 11:50 AM 

BORING LOG 
Project: Project No: 6690.005 Phase IV Dredging 

Y:  2688656.0 
X: 816477.0 

Location: South Terminal Expansion 
-17.4 Datum:                    MLLW Elevation at mudline: 

Boring No: A-2010-B8 Casing Type: Steel Boring Depth: -46.2' MLLW 
4" Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GAD Todd Pentacost 
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Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2 0" 
24" WOR,WOR, 

WOR,WOR No recovery sample taken 
-19.4 

4 
24" 
18" 

WOR,WOR, 
WOR,WOR Black, organic SILT 

-21.4 

6 
24" 
12" 

8/13/24/31 
4'-5' Black, organic SILT 

5'-6' Lt. grey, fine to medium SAND and SILT, trace rock fragments -23.4 

8 
24" 
12" 

26/21/56/48 Lt. grey, fine to medium SAND and SILT, trace rock fragments 
-25.4 

10 
24" 
0" 

100-0" No recovery sample taken, drilled with button tooth roller bit through cobbles 
-27.4 

13 
Drilled with button tooth roller bit through cobbles 

-30.4 

15 
24" 
12" 

46/39/23/24 13'-15' Olive grey, coarse SAND, trace fine sand, trace fine gravel 
-32.4 

17 
24" 
12" 

13/17/14/21 Olive grey, coarse SAND, some fine sand, trace rock fragments 
-34.4 

18 
Drove casing to refusal, cleaned hole, and began core run at -36.2 MLLW 

-34.5 

23 53% 54" 

60" 14/13/18/11/ 
13 

Rock Core #1: -36.2 to -41.2 MLLW - Intensely fractured dark grey Basalt(0-9.5"), 
moderately fractured pink and grey Granitic Gneiss (9.5-27"), dark grey intensely to 

moderately fractured Basalt (27"- 54"). -39.5 

28 
50% 

60" 

50" 
12/15/11/12/ 

14 

Rock Core #2: - -41.2 to -46.2 MLLW - Intensely fractured dark grey Basalt (0-
13"), moderately to intensly fractured pink and grey Granitic Gniess (13"-19"), dark 

grey intensely to moderately fractured Basalt (19"-50"). -44.5 

Comments: Core run was completed at less revolutions per minute than recommended by core barrel 
manufacturer, drill time is not a good indicator of rock competency. 



 

  

 
  

 

  

 
 

   

 

 

 

Date: 9/28/2010 
Time: 11:10 AM 

BORING LOG 
Project: Project No: 6690.005 Phase IV Dredging 

Y:  2689415.8 
X: 816215.8 

Location: South Terminal Expansion 
-21.25 Datum:                    MLLW Elevation at mudline: 

Boring No: A-2010-B9 Casing Type: Steel Boring Depth: -38.83' MLLW 
4" Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GAD Todd Pentacost 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2 
24" 
12" 

WOR,WOR, 
WOR,WOR Black, organic SILT 

-23.25 

4 

24" 

12" 
10/24/22/19 

2'-2.5' Black, organic SILT 

2.5'-4' Olive grey, fine to medium SAND, some silt, some angular fine gravel. -25.25 

6 12" 
24" 

56/33/27/52 Lt. grey, coarse sub rounded SAND, trace rock fragments in tip 
-27.25 

6.58 
7" 
7" 

53/100-1" Lt. grey, fine to medium SAND, trace silt, trace rock fragments 
-27.83 

11.58 35% 
60" 
37" 

6/7/7/6/9 
Rock Core #1: -27.83 to -32.83 MLLW - Intensely fractured pink and grey Granitic 

Gneiss. -32.83 

12.58 
Drilled with button tooth roller bit through fractured rock 

-33.83 

17.58 0% 26" 
60" (Frequent 

Jams) Rock Core #2:  -33.83 to -38.83 MLLW - Intensely fractured grey Gneiss 
-38.83 

Comments: Core run was completed at less revolutions per minute than recommended by core barrel 
manufacturer, drill time is not a good indicator of rock competency. On second run, core barrel 
was jammed in the boring. Decision was made to move 20' north in order to obtain confirmation 
cores. 



 

  

 

 

   

 

 

 

  

 
 

 
 

 

Date: 9/29/2010 
Time: 12:18 PM 

BORING LOG 
Project: Project No: 6690.005 Phase IV Dredging X: 816207.2 

Y:  2689452.9 Location: South Terminal Expansion 
-21.05 Elevation at mudline: Datum:                    MLLW 

Boring No: A-2010-B9ACasing Type: Steel Boring Depth: -42.05' MLLW 
4" Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GRM Todd Pentacost 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev
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io

n 
(M
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W

) 

6 

Boring A-2010-B9A located 20 feet to the north along the South Terminal Bulkhead 
from Boring A-2010-B9.  See boring log for Boring A-2010-B9A for overburden 

information. Advanced casing to refusal, cleaned hole, and began core at -27.05' 
MLLW. 

-27.05 

11 65% 
60" 
57" 

5/6/8/10/11 
Rock Core #1: -27.05 to -32.05 MLLW - Intensely to moderately fractured dark 

grey Gneiss. -32.05 

16 44% 
60" 
48" 

3/7/8/5/7 
Rock Core #2: -32.05 to -37.05 MLLW - Intensely to moderately fractured dark 

grey Gneiss. -37.05 

21 37% 

60" 
33" 

3/5/6/2/4 
Rock Core #3: -37.05 to -42.05 MLLW - Intensely to moderately fractured dark 

grey Gneiss. 
-42.05 

Comments: 

Core run was completed at less revolutions per minute than recommended by core barrel 
manufacturer, drill time is not a good indicator of rock competency. Overburden sampling not 
completed on this hole.  For representative information of overburden material, see boring log for 
Boring A-2010-B9 



 

  

 

 

 
 

 

 

 

  

 
 

 

   

 

Date: 2/21/2011 
Time: 8:20 AM 

BORING LOG 
Project: Project No: 6690.008 Phase IV Dredging 

Y:  2688299 
X:  816322 

Location: South Terminal Expansion 
-0.9 Datum:                    MLLW Elevation at mudline: 

Boring No: A-2011-B10 Casing Type: Steel Boring Depth: -50.79' MLLW 
4" Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GCD Norman 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2 
24" 
12" 

2,4,4,4 Dark grey, very fine SAND, little organic silt, trace shell hash. 
-2.9 

7 
24" 
18" 

2,1,1,1 Black to dark grey, organic SILT, little inorganic silt, trace fine sand. 
-7.9 

12 20" 
24" 

33,33,30,32 
4" - Black to dark grey, organic SILT, little inorganic silt, trace fine sand. 

-12.9Grey, fine to coarse SAND, little silt, trace to little fine to coarse gravel. 

17 
24" 
14" 

17,23,20,20 Grey, fine SAND, little medium to coarse sand, trace fine to coarse gravel, trace 
silt, TILL -17.9 

19.05 
Boulder encountered approx. elev.= -18.75 to -19.95 MLLW. -19.95 

22 
24 
12" 

16,41,46,35 Grey, fine to coarse SAND,some fine to coarse gravel, little silt, TILL 
-22.9 

27 
24" 
8" 

98,36,44,57 Grey, becoming tan, fine to coarse SAND, some silt, some fine to coarse gravel, 
TILL. -27.9 

30.89 Drilled with mill tooth roller bit.  Boulder encountered approx. elev. -29.60 to -30.40 
MLLW.  Cleaned hole and began core run at -31.79 MLLW. -31.79 

35.89 
13% 

2.9' 

5.0' 

5-5-5-5-15 

Rock Core #1 -31.79 to -36.79 MLLW. Grey, intensely fractured to very intensely 
fractured Granitic GNEISS, sand filled seams throughout. Return water color 

changes at 2.3, 2.5, 2.8, 3.5-3.7, 3.9, 4.2.  Barrel jamming last foot of run drilling 
time does not reflect hardness of rock. -36.79 

39.89 
22% 

3.0' 

5.0' 
4-3-3-10 

Rock Core #2 -36.79 to -40.79 MLLW. Grey, intensely fractured to very intensely 
fractured Granitic GNEISS, with sand filled seams, Barrel jamming last foot of run 

drilling time does not reflect hardness of rock. -40.79 

44.89 
50% 

5.0' 

5.0' 

3-3-4-4-6 Rock Core #3 -40.79 to -45.79 MLLW. Grey, intensely to moderately fractured 
Granitic GNEISS, 

-45.79 

49.89 
75% 

4.9' 

5.0' 

5-4-3-3-3 Rock Core #4 -45.79 to -50.79 MLLW. Grey to pink, moderately to slightly 
fractured, Granite PEMATITE 

-50.79 

Comments: 



 

  

 

 

   
  

 
 

 

 

 

 

 

Date: 2/22/2011 
Time: 12:42 PM 

BORING LOG 
Project: Project No: 6690.008 Phase IV Dredging 

Y:  2688013 
X:  816397 

Location: South Terminal Expansion 
-1.5 Datum:                    MLLW Elevation at mudline: 

Boring No: A-2011-B11 Casing Type: Steel Boring Depth: -40.65' MLLW 
4" Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GCD Norman 
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Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2 9" 
24" 

2,3,4,4 Dark grey, fine to medium SAND, little organic silt, little shell hash. 
-3.5 

7 

24" 

15' 
1,WOH,WOH, 

2 

3" Black organic SILT, little shell hash. 

-8.5
12" Dark grey to black, fine SAND and organic/inorganic SILT, trace shell hash. 

12 14' 
24" 

39,36,38,30 Grey, inorganic SILT and fine to medium SAND, trace fine to coarse gravel, Till like 
-13.5 

16 
12" 
5" 

57, 100/6" Dark grey to black with brown, micacious fine SAND and fine to coarse GRAVEL, 
little silt. -17.5 

17.2 Boulder encountered approx. elev.= -17.5 MLLW to -18.7 MLLW.  -18.7 

22 
24" 
12" 

15,16,25,19 Tan grey, fine to medium SAND, little to trace silt, trace coarse sand, trace fine 
gravel. -23.5 

25.83 4" 
10" 

55,100/4" Tan, medium to coarse SAND, some fine to coarse gravel, trace silt.  Cobble 
encountered at approximate elevation -27.33 MLLW. -27.33 

26.75 Drilled with mill tooth roller bit to approx. elevation -28.25 MLLW. 
-28.25 

29.15 
Drove casing to refusal, drilled with mill tooth roller bit into rock and flushed casing 

before start of core run.  Began first core run at -30.65 MLLW. -30.65 

31.75 
74% 

5.0' 

4.9' 
6-4-7-4-5 Rock Core #1 -30.65 to -35.65 MLLW Grey, moderately fractured Granitic 

GNEISS 
-35.65 

36.75 
88% 

5.0' 

5.0' 
4-4-5-5-5 Rock Core #2 -35.65 to -40.65 MLLW Grey, intensely to moderately fractured, 

Granitic GNEISS 
-40.65 

Comments: 



 

  

 

 

   

 
 

 

  

  

  

 

Date: 2/23/2011 
Time: 10:32 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y:  2687989 
X:  816344 

Location: South Terminal Expansion 
-1.2 Datum:  MLLWElevation at mudline: 

Boring No: A-2011-B12Casing Type: Steel Boring Depth: -49.15' MLLW 
4"Casing Diameter: Drill Rig: CME 4 5 

Sheet:  1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GADNorman 
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Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2 
24" 
3" 

4,1,WOH,2 Dark grey, very fine SAND, little organic silt, little shell hash. 
-3.2 

7 
24" 
6" 

1,1,1,30 Greenish dark grey, SILT, little fine to coarse gravel. 
-8.2 

12 0" 
24" 

36,22,25,23 No Recovery in Split Spoon 
-13.2 

17 15" 
24" 

15,10,12,25 Grey, fine to medium SAND and GRAVEL, trace silt. 
-18.2 

22 
24" 
6" 

33,37,29,81 Light grey, fine to medium SAND and SILT, some medium gravel. 
-23.2 

27.35 
Drilled with mill tooth roller bit through cobbles with multiple sand seams. 

Encountered obstruction at approx. elev. -24.35 MLLW. Drilled through 1' boulder. 
Cleaned hole, and began core run at -26.15 MLLW. -26.15 

27.95 
63% 

3.0' 

2.2' 
no drill time 

available 
Rock Core #1A -26.15 to -29.15 MLLW Grey and pink, moderately to intensely 

fractured, fresh to slightly weathered GRANITE pegmatite 
-29.15 

30.95 
75% 

2.0' 

1.9' 
no drill time 

available 

Rock Core #1B -29.15 to -31.15 MLLW Grey and pink, moderately to intensely 
fractured fresh to slightly weathered granite PEGMATITE, shattered granite 

PEGMATITE -31.55 to -32.15 MLLW. -32.15 

34.95 82% 5.0' 

5.0' 
7-7-7-6-6 

Rock Core #2 -31.15 to -36.15 MLLW Grey and pink, moderately to intensely 
fractured fresh to slightly weathered granite PEGMATITE, shattered granite 

PEGMATITE -35.65 to -36.15 
-36.15 

37.95 25%25% 

3.0' 

1.7' 
4-4-5 Rock Core #3A -36.15 to -39.15 MLLW Grey and pink, intensely fractured, slightly 

weathered, granite PEGMATITE 

-44.15 

-39.15 

42.95 
78% 

5.0' 

5.0' 
4-3-4-4-4 Rock Core #3B -39.15 to -44.15 MLLW Grey, moderately fractured, fresh to 

slightly weathered, granitic GNEISS 

47.95 
92% 

5.0' 

5.0' 
4-4-3-5-4 Rock Core #4 -44.15 to -49.15 MLLW Grey, intensely to moderately fractured, 

fresh to slightly weathered, granitic GNEISS 
-49.15 

Comments: 



 

  

 

 
  

 
 

   

 

 

 

 
 

 
     

 

Date: 2/24/2011 
Time: 12:30 PM 

BORING LOG 
Project: Project No: 6690.008 Phase IV Dredging 

Y:  2687691 
X:  816419 

Location: South Terminal Expansion 
-1.3 Datum:                    MLLW Elevation at mudline: 

Boring No: A-2011-B13 Casing Type: Steel Boring Depth: -46.6' MLLW 
4"Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GAD Norman Stuttard 

D
ep

th
 b

el
ow

m
ud

lin
e 

(ft
) 

R
Q

D
 

P
en

et
ra

tio
n/

R
ec

ov
er

y 

B
lo

w
s 

pe
r 6

"
/ D

ril
l M

in
.

pe
r F

oo
t 

Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 3" 
24" WOH, WOH, 

WOH, WOH Black, organic SILT, little shell hash. 
-3.3 

7 
24" 
15" 

WOR,1,5,6 Greenish grey, fine SAND and SILT, trace shell hash.
-8.3 

12 0" 
24" 

30,45,53,63 No Recovery in Split Spoon, piece of Granitic GNEISS in nose cone. 
-13.3 

17 
24" 
0" 

54,58,61,71 No Recovery in Split Spoon, piece of Granitic GNEISS in nose cone.  Encountered 
obstruction at approx. 18.5' below mudline - apparent 1'  boulder. -18.3 

22 
24" 
2" 

16,18,17,18  Grey, SILT, some fine to coarse gravel. 
-23.3 

27 
24" 
3" 

18,21,23,20 Tan, coarse SAND and GRAVEL, trace fine sand, trace silt. 
-28.3 

28.3 Casing advanced to refusal at  -29.6 MLLW.  Cleaned hole, and began core run at -
29.6 MLLW. -29.6 

35.30 
42% 

7.0' 

5.0' 

4-5-6-5-4 Rock Core #1 -29.6' to -30.6' MLLW highly fractured Granitic GNEISS (potential 
cobble layer or obstruction).  At approximate elev. -30.6' MLLW, core barrel 

penetrated potential cobble layer or obstruction and entered a 2' layer of apparent 
sediment.  Wash changed color from milky white to tan, and contained sand. 

Continued coring from -32.6 MLLW to -36.6 MLLW - fractured Granitic GNEISS. 
-36.6 

40.30 
79% 

5.0' 

5.0' 
5-4-3-4-5 Rock Core #2 -36.6 to -41.6 MLLW fractured Granitic GNEISS 

-41.6 

45.30 
51% 

4.8 

5.0' 
6-5-7-7-6 Rock Core #3B -41.6 to -46.6 MLLW fractured Granitic GNEISS 

-46.6 

Comments: 



 

  

 

  

 

 
 

 

 

   

 

Date: 2/24/2011 
Time: 12:30 PM 

BORING LOG 
Project: Project No: 6690.008 Phase IV Dredging 

Y:  2687402 
X:  816360 

Location: South Terminal Expansion 
-1.85 Datum:                    MLLW Elevation at mudline: 

Boring No: A-2011-B14 Casing Type: Steel Boring Depth: -31.95' MLLW 
4" Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GAD Norman Stuttard 

D
ep

th
 b

el
ow

m
ud

lin
e 

(ft
) 

R
Q

D
 

Pe
ne

tra
tio

n/
 

R
ec

ov
er

y 

Bl
ow

s 
pe

r 6
"

/ D
ril

l M
in

.
pe

r F
oo

t 
Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2 6" 
24" WOR, WOR, 

WOR, WOR Black, organic SILT. 
-3.85 

7 
24" 
15" 

51,48,49,55 
6" of Light grey, fine SAND and SILT. 

 Light grey, fine to medium SAND, trace silt. -8.85 

12 10" 
24" 

63,58,52,58 8" Lt grey, fine to medium SAND, trace silt, becomes lt. grey, fine to coarse SAND, 
trace silt, trace gravel, 0.8' boulder encountered -14.2' MLLW -13.85 

17 
24" 
4" 

24,9,10,14 Grey, fine to coarse SAND and fine GRAVEL. 
-18.85 

20.1 Casing advanced to -20.45 MLLW.  Drilled with mill-tooth roller bit to -21.95 MLLW, 
cleaned hole, seated casing, and began core run. -21.95 

25.10 
67% 

5.0' 

4.9' 
6-8-8-7-8 Rock Core #1 -21.95 to -26.95 MLLW 4.5' fractured grey Granitic GNEISS, 0.4' 

pink Granite PEGMATITE 
-26.95 

30.10 
60% 

5.0' 

5.1 
5-5-5-5-5 Rock Core #2 -26.95 to -31.95 MLLW 0.5' pink Granite PEGMATITE, 0.3' 

shattered interface, grey fractured Granitic GNEISS 
-31.95 

Comments: 



 

  

 

 

 

   

 
 

 

 

 
 

 
  

 

 

 
 

 

 

  

Date: 3/2/2011 
Time: 7:15 AM 

BORING LOG 
Project: Project No: 6690.008 Phase IV Dredging 

Y:  2687498 
X:  816254 

Location: South Terminal Expansion 
-0.6 Datum:                    MLLW Elevation at mudline: 

Boring No: A-2011-B15 Casing Type: Steel Boring Depth: -40.55' MLLW 
4"Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GAD Norman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 
24" 
18" 

WOR, WOR, 
WOR, WOR Black, organic SILT 

-2.6 

7 
24" 
18" 

3,3,3,10 
12" Black, organic SILT 

6" Black, fine SAND and organic SILT -7.6 

12 6" 
24" 33,40,34,56 Light grey, fine to coarse SAND, some fine gravel. 

-12.6 

17 8" 
24" 

31,76,40,27 Grey, medium to coarse SAND, trace fine sand, trace silt. 
-17.6 

19.5 
6" 
6" 

100/6" Blue grey, fine to coarse SAND, trace rock fragments.  Refusal at -20.10' MLLW. 
-20.1 

19.95 Casing advanced to -20.55 MLLW.  Cleaned hole, and began core run at -20.55 
MLLW. -20.55 

24.95 
44% 

5.0' 

5.0' 
6-5-7-6-5 

Rock Core #1 -20.55 to -25.55 MLLW 0.0 -1.0' moderate to intensely fractured dark 
grey DIABASE, 1.0-4.6 moderately to intensely fractured grey granitic GNEISS, 4.6'-

5.0' interface of grey granitic GNEISS and dark grey DIABASE 
-25.55 

29.95 
59% 

5.0' 

5.0' 
5-6-6-5-6 

Rock Core #2 -25.55 to -30.55 MLLW 0.0-0.75' intensely to moderately fractured 
grey granitic GNEISS, 0.75-1.75 intensely to moderately fractured dark grey 

DIABASE, 1.75'-4.8' moderately fractured grey granitic GNEISS showing reoriented 
gneissic banding, 4.8'-5.0 DIABASE -30.55 

34.95 
68% 

5.0' 

5.0' 
6-5-6-7-6 

Rock Core #3 -30.55 to -35.55 MLLW 0.0-0.9' moderately fractured green grey 
DIABASE, 0.9-5.0 moderately fractured contact metamorphic and igneous mixing 

zone Gneiss and Diabase Xenoliths in GRANITE PEGMATITE. 
-35.55 

39.95 
38% 

5.1' 

5.0' 
7-6-7-7-8 Rock Core #4 -35.55 to -40.55 MLLW moderately fractured contact metamorphic 

and igneous mixing zone Gneiss and Diabase Xenoliths in GRANITE PEGMATITE. 
-40.55 

Comments: 
DIABASE in this boring is moderately to highly weathered. 



 

  

 

 
  

 

 

 

 

 
  

 

 

 
 

  

 
 

 

   

 

Date: 3/3/2011 
Time: 8:20 AM 

BORING LOG 
Project: Project No: 6690.008 Phase IV Dredging 

Y:  2688283 
X:  816262 

Location: South Terminal Expansion 
-0.4 Datum:                    MLLW Elevation at mudline: 

Boring No: A-2011-B16 Casing Type: Steel Boring Depth: -50.45' MLLW 
4"Casing Diameter: Drill Rig:  CME 45  

Sheet:  1 of 1 Drill Co: Method: Drill and Wash NH Boring 
Driller: Log By: GCD Norman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 14" 
24" 

11,12,10,2 Grey, fine SAND, little silt, trace shell hash. 
-2.4 

7 
24" 
12" 

2,2,3,4 Dark grey, organic SILT, trace shell hash, grades to grey, inorganic and organic 
SILT, and very fine SAND, trace shell hash. -7.4 

12 14" 
24" 60,33,29,48 Grey brown fine to coarse SAND and SILT trace fine to coarse gravel, TILL 

-12.4 

17 
24" 
9" 

13,20,47,25 Grey, fine SAND, some medium to coarse sand, little fine to coarse gravel, little silt. 
-17.4 

22 
24" 
14" 

50,43,46,29 Grey, SILT, some fine to coarse sand, little fine ot coarse gravel, TILL, obstruction 
encountered -22.65' to approx. -24.05 MLLW (see comments). -22.4 

27 
24" 
6" 

16,23,57,27 Grey and yellow brown, SILT and fine to coarse gravel, little fine to coarse sand, 
TILL. -27.4 

28.05 Drilled with mill tooth roller bit until obstruction encountered -27.95' MLLW.  Cleaned 
hole, and began core run at -28.45 MLLW. -28.45 

33.05 
72% 

5.0' 

4.9 
5-7-8-22-7 Rock Core #1 -28.45 to -33.45 MLLW 0.0 -1.0' moderate to intensely fractured grey 

granitic GNEISS 
-33.45 

38.15 
60% 

5.0' 

5.0' 
5-5-7-7-7 

Rock Core #2 -33.45 to -38.55 MLLW 0.0'-5.0' intensely to moderately fractured 
granitic GNEISS, shattered pegmatic intrusion 0.4'-0.9', high angle fractures @ 1.9-

2.2' and 4.5-5.0' 
-38.55 

43.15 
30% 

5.0' 

5.0' 
7-16-6-8-7 

Rock Core #3 -38.55 to -43.55' MLLW 0.0-1.4' intensely to moderately fractured 
grey, granitic GNEISS, 1.4-4.3' intensely to moderately fractured grey GRANITE, 4.3-

5.0' intensely to moderately fractured grey granitic GNEISS, core jammed in barrel 
1.4' -43.55 

48.15 
77% 

5.0' 

4.8 
6-15-7-6-7 Rock Core #4 -43.55 to -48.55 MLLW moderately fractured grey, granitic GNEISS 

-48.55 

50.05 
100% 

1.9 

1.9 
7-15 Rock Core #5 -48.55 to -50.45' MLLW slightly fractured grey, granitic GNEISS 

-50.45 

Comments: 
Obstruction encountered at -22.65 MLLW was not penetrated by roller bit, began coring at -23.25 
MLLW, core barrel exited boulder at -24.05 MLLW, and soil cuttings in wash suggest till material 
encountered in interval above. 



                  
  

 
 

 

Date: 3/8/2011 
Time: 8:40 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2689671 
X: 816220 

Location: South Terminal Expansion 
-20.8 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B17Casing Type: Steel Boring Depth: -36.4 MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GADNorman Stuttard 

D
ep

th
 b

el
ow

m
ud

lin
e 

(ft
) 

R
Q

D
 

Pe
ne

tra
tio

n/
 

R
ec

ov
er

y 

Bl
ow

s 
pe

r 6
"

/ D
ril

l M
in

.
pe

r F
oo

t 
Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2 8" 
24" WOR,WOR, 

WOR,WOR Black, organic SILT 
-22.8 

6.25 9" 
15" 30,23, 

100/3" Greenish grey, fine to coarse SAND, some fine gravel 
-27.05 

8.5 

Encountered Obstruction -28.9' MLLW, drilled with roller bit to -29.3' MLLW, then 
attempted core run. 

-29.3 

9.5 
N/A 

1.0' 

1.0' 
7 Rock Core #1 -29.3 to -30.3 MLLW - Penetrated obstruction (boulder). One foot 

of recovery in core barrel. 
-30.3 

15.6 

Wash water indicates a series of nested boulders or highly fractured rock below 
obstruction. Unable to advance casing past obstruction. Drilled with roller bit 

through obstruction until top of competent rock (interpreted from cuttings in wash 
water). Final elevation at -36.4 MLLW. -36.4 

Comments: 



                  

   

  
 

 
  

Date: 3/9/2011 
Time: 8:15 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2688603 
X: 816257 

Location: South Terminal Expansion 
-20.9 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B18Casing Type: Steel Boring Depth: -48.4' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 
24" 
3" 

WOR, WOR, 
WOR, WOR Black, organic SILT, trace shell hash. 

-22.9 

7 
24" 
10" 

7,9,15,19 First 6" - Gray, medium to coarse SAND and GRAVEL, some shell hash. Last 4"
Light brown, fine to coarse SAND, trace silt. 

-
-27.9 

10 
Obstruction encountered -28.1' MLLW. Drilled with mill tooth roller bit through 

obstruction (approximately 8" thick). Collected split spoon from 10-12 feet. -30.9 

11.75 8" 
24" 

19,27,22,44 Light brown to gray, fine to coarse SAND, trace silt. 
-32.65 

12.5 
Obstruction encountered -32.65' MLLW. Cleaned hole and began core run at -33.4 

MLLW. -33.4 

17.5 
68% 

5.0' 

4.75' 
10-8-8-9-8 

Rock Core #1 -33.4 to -38.4 MLLW 0.0 -2.7' Intensely to moderately fractured 
moderate to slightly weathered grey granitic GNEISS. 2.7' to 4.75' moderately to 

slightly weathered dark grey DIABASE. 
-38.4 

22.5 
20% 

5.0' 

5.0' 
8-9-8-8-9 

Rock Core #2 -38.4 to -43.4 MLLW 0.0'-5.0' Intensely fractured moderately to 
slightly weathered dark grey DIABASE, iron stained vertical fractrues from 3.4' to 

5.0'. 
-43.4 

27.5 
46% 

5.0' 

5.0' 
8-9-8-8-8 

Rock Core #3 -43.4 to -48.4' MLLW 0.0-2.6' Intensely fractured moderately fracture 
dark gray DIABASE. 2.6' - 4.4' moderately fractured granitic GNEISS, 4.4' - 5.0' 

moderately fractured gray DIABASE. 
-48.4 

Comments: 



  

                  
 

  

 
 

 

Date: 3/10/2011 
Time: 8:00 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2689000 
X: 816372 

Location: South Terminal Expansion 
-19.5 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B19Casing Type: Steel Boring Depth: -39.85' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 6" 
24" WOR, WOR, 

5, 5 Black, organic SILT. 
-21.5 

5.25 
3" 
3" 

100-3" Gray, medium to coarse SAND, trace fine sand. 
-24.75 

7.45 

Obstruction encountered at -24.7 MLLW. Drilled with roller bit through obstruction. 
After penetration of obstruction, tool dropped approximately 0.5 feet. Obstruction 

encountered at -26.9 MLLW. -26.9 

10.4 

Drilled with roller bit through obstruction. After penetration of obstruction, tool 
dropped approximately 0.3 feet. Roller bit then advanced another 0.6 feet. Clean 

hole and prepared for core run at -29.85 MLLW. 
-29.85 

15.4 
65% 

5.0' 

5.0' 
8-8-8-9-8 

Rock Core #1 -29.85 to -34.85 MLLW - 0"-37"Moderately to intensely fractured grey 
Granitic GNEISS, 37"-60" Moderately to intensely fractured pink grey Granite 

PEGMATITE. 
-34.85 

20.4 
54% 

5.0' 

4.42' 
8-9-8-8-9 

Rock Core #2 -34.85 to -39.85 MLLW - 0"-20" Moderately to intensely fractured pin 
grey Granite PEGMATITE, 20"-53" Moderately to intensely fractured grey Granitic 

GNEISS. 
-39.85 

Comments: 



                  

  
 

 
  

Date: 3/14/2011 
Time: 8:50 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2687940 
X: 816746 

Location: South Terminal Expansion 
-5.1 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B20Casing Type: Steel Boring Depth: -46.65' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 
24" 
7" 

3,3,3,6 First 5" - Black fine to coarse SAND and organic SILT. 
Next 2" - Grey fine to coarse SAND, some inorganic silt. -7.1 

7.5 
30" 
0" 

8,2,2,WOH No Recovery 
-12.6 

12 13" 
24" 

25,26,21,28 Grey, fine to coarse SAND, some silt, little fine to coarse gravel. 
-17.1 

16.1 7" 

13" 13,25, 
100/1" Grey fine SAND and SILT, little fine to coarse gravel. 

-21.2 

17.7 

Obstruction encounterd at -21.2 MLLW. Penetrated obstruction (8" thick) with roller 
bit to -22.8 MLLW. 

-22.8 

19.7 

24" 

7" 

110,67,60, 
27 

Encountered second obstruction at -22.8 MLLW. Advanced roller bit through 
second obstruction and encountered coarse sand in drill cuttings. Advanced split 

spoon from -22.80 to -24.80 MLLW - Dark grey fine to coarse GRAVEL and SILT, 
little fine to coarse sand (TILL). -24.8 

25.07 0" 

2" 
110/2" No recovery. Dark grey granite in light grey silty drill wash. 

-30.17 

29.9 0" 

0" 
100/0" No recovery. 

-35 

31.55 

Roller bit advanced to elevation -36.65 MLLW. Cleaned hole and prepared for core 
run. 

-36.65 

36.6 
40% 

5' 

5' 
5-5-6-6-6 Rock Core #1 -36.65 to -41.65 MLLW 0.0'-4.0' Intensely to very intensely fractured 

grey GNEISS, moderately to intensely fractured pink grey Granite PEGMATITE. 
-41.65 

41.6 

40% 

4.0' 

5' 
6-2-6-6-10 

Rock Core #2 -41.65 to -46.65 MLLW - 0.0' - 3.1' Intensely to very intensely 
fractured pink grey Granite PEGMATITE, 3.1-4.0' intensely to very intensely 

fractured moderately weathered grey Granitic GNEISS. Core barrel penetrated a 
sediment-filled seam from between 1.3 to 2.0 feet. -46.65 

Comments: 



                  
 

  

 
 

 

Date: 3/15/2011 
Time: 8:00 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2688336 
X: 816566 

Location: South Terminal Expansion 
-7 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B21Casing Type: Steel Boring Depth: -47.7' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 18" 
24" WOR, WOR, 

WOR, WOR Black, organic SILT and fine SAND. 
-9 

7 
24" 
12" 

16,16,18,20 Greenish-gray, fine to medium SAND, trace silt. 
-14 

12 11" 
24" 

36,27,38,35 Gray, fine to medium SAND, trace silt, trace fine gravel. 
-19 

12.1 
Obstruction encounterd at -19.1 MLLW. Penetrated obstruction with roller bit. 

-19.1 

15.9 

11" 

2" 
36,100/5" Gray, fine to coarse SAND and SILT, trace fine gravel. 

-22.9 

22.35 

5' 

3' 
9,7,8,8,8 

Encountered second obstruction at -23.95 MLLW. Roller bit advanced to elevation -
24.35 MLLW. Cleaned hole and prepared for core run. Core run revealed nested 
boulders with seams of sediment. 1st Boulder estimated at 1.6 feet in length, 2nd 

Boulder at 0.3 feet in length, and 3rd boulder at 1.1 feet in length. 
-29.35 

27.6 

24" 

6" 
25,20,12,10 Light gray, fine to coarse SAND and GRAVEL, trace silt. 

-34.6 

29.9 

0" 

0" 
100/0" Roller bit advanced to elevation -36.9 MLLW. Split spoon attempted at this elevati

was 100/0". Cleaned hole and prepared for core run. 
on 

-36.9 

31.9 
28% 

1.33 

1.8' 
7,14 Rock Core #1 -36.9 to -38.7 MLLW 0.0'-1.33' Intensely to moderately fractured pink 

grey Grantite PEGMATITE with xenoliths of granite, diabase and granitic gniess. 
-38.9 

35.9 
63% 

4' 

4' 
8,7,6,9 Rock Core #2 -38.7 to -42.7 MLLW 0.0'-4.0' Intensely to moderately fractured grey 

Granite PEGMATITE with xenoliths of granite, gneiss, and diabase. 
-42.7 

40.9 

50% 
5' 

5' 

6,8,9,6,6 Rock Core #3 -42.7 to -47.7 MLLW 0.0'-5.0' Intensely to moderately fractured grey 
Granite PEGMATITE with xenoliths of granite, gneiss, and diabase. 

-47.7 

Comments: 



 

 

                  
 

  

 
 

 

Date: 3/16/2011 
Time: 10:00 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2689220 
X: 816496 

Location: South Terminal Expansion 
-5.7 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B22Casing Type: Steel Boring Depth: -50' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 3" 
24" WOR, WOR, 

WOR, WOR Black, organic SILT and shell hash. 
-7.7 

7 
24" 
18" 

14,14,16,15 Greenish gray, fine SAND, trace silt, trace shell hash. 
-12.7 

12 6" 
24" 

10,10,10,10 Gray, fine to medium SAND, trace coarse sand. 
-17.7 

16.9 

23" 

5" 
7,7,14, 
100/5" Gray, fine to coarse SAND. 

-22.9 

19.55 

0" 

0" 
100/0" No Recovery. 

-25.55 

24.92 

5' 

3' 
9,7,8,8,8 

Encountered obstruction at -25.55 MLLW. Roller bit advanced to bottom of 
obstruction at -26.3 MLLW. Roller bit advanced to -27.45 MLLW. Telescope set up 

to advance casing through obstruction to -30.62 MLLW. 

-30.62 

25.92 

11" 

0" 
35,100/5" No recovery. 

-31.62 

29.45 

0" 

0" 
100/0" Roller bit advanced to elevation -35.15 MLLW. Cleaned hole and began core run a 

36.25 MLLW. 
-35.15 

34.30 1.55' 

1.8' 
8,5,7 Rock Core #1 -36.25 to -38.05 MLLW - Core run revealed a series of nested 

boulders and/or fractured rock. Roller bit advanced to -40 MLLW. 
-40 

39.3 
48% 

4.3' 

5' 
5,3,5,6,6 Rock Core #2 -40 to -45 MLLW 0.0'-5.0' Intensely to moderately fractured dark grey 

granitic GNEISS, Slightly to moderately weathered in fractures 2.5'-4.2' and 1.9' 
-45 

44.3 

44% 
5' 

4.85' 

5,7,6,7,8 Rock Core #3 -45 to -50 MLLW 0.0-1.5' Intensely to moderately fractured dark grey 
GNEISS, 1.5' - 4.8' Moderately fractured pink grey granite PEGMATITE. 

-50 

Comments: 



                                                                                 

                  

   

  
 

 
  

Date: 3/17/2011 
Time: 1:00 PM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2687892 
X: 816606 

Location: South Terminal Expansion 
-10.65 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B23Casing Type: Steel Boring Depth: -38.65' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 
24" 
8" 

WOR, WOR, 
WOR, WOR 

Top 4": Black, organic SILT. La
4": Dark gray, fine to medium SAND and SILT, trace shell hash. 

st 
-12.65 

7 
24" 
12" 

13,13,17,21 Light gray, fine to coarse SAND. 
-17.65 

10 0" 
0" 

100/2" No recovery. 
-20.55 

18.25 

Obstruction encountered at -23.4 MLLW. Advanced roller bit through a series of 
obstructions, believed to be either a series of boulders or rock fragments to -28.

MLLW. 
85 

-28.85 

18.25 

0" 

0" 
100/0" No recovery. 

-28.85 

18.25 
Cleaned hole and began core run at -28.85 MLLW. 

-28.85 

23 
65% 

4.55' 

4.8' 
8,9,9,10,11 Rock Core #1: -28.85 to -33.65 MLLW 0.0'-4.8' Intensely to moderately fractured 

pink grey GRANITE. 
-33.65 

28 
85% 

5' 

5' 
8,8,7,9,9 Rock Core #2: -33.65 to -38.65 MLLW 0.0'-5.0' Moderately fractured pink grey 

granitic GNEISS. 
-38.65 

Comments: 



                  

 
 

 
  

 
 

 

 

Date: 3/21/2011 
Time: 8:00 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2688166 
X: 816632 

Location: South Terminal Expansion 
-6.85 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B24Casing Type: Steel Boring Depth: -45.05' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 18" 
24" WOR, WOR, 

1, 1 
Top 12": Black, organic SILT, trace shell hash. Next 3": Gray, fine SAND and SILT 

trace shell hash. Last 3": Light brown fine SAND and SILT, trace shell hash. -8.85 

7 
24" 
12" 

14,10,10,12 Gray, fine to medium SAND, trace coarse sand, trace shell hash. 
-13.85 

12 10" 
24" 

21,20,12,10 Light gray, medium to coarse SAND, trace fine sand, trace shell hash. 
-18.65 

15 
Obstruction encountered at -21.3 MLLW. Advanced roller bit through obstruction t

21.85 MLLW for next split-spoon. 
o -

-21.85 

17 

24" 

12" 
44,54,40,30 Light gray, fine to coarse SAND, some silt, trace fine gravel. 

-23.85 

22 

24" 

18" 
13,12,23,16 Light gray, fine to coarse SAND, some silt and some fine gravel. 

-28.85 

25.92 

11" 

5" 
46, 100/5" Light gray, medium to coarse SAND, trace silt, trace fine gravel. 

-32.76 

28.2 

Advanced casing to -33.25 MLLW. Advanced roller bit to -35.05 MLLW, cleaned 
hole and began core run. 

-35.05 

33.2 
64% 

5' 

5' 
6,6,6,6,6 Rock Core #1: -35.05 to -40.05 MLLW 0.0'-5.0' Intensely to moderately fractured 

grey granitic GNEISS. 
-40.05 

38.2 
83% 

4.85' 

5' 
7,6,6,6,6 Rock Core #2: -40.05 to -45.05 MLLW Intensely to moderately fractured grey 

granitic GNEISS. 
-45.05 

Comments: 



                  
 

  

 
 

 

 

Date: 3/22/2011 
Time: 9:45 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2687745 
X: 816289 

Location: South Terminal Expansion 
-1.2 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B25Casing Type: Steel Boring Depth: -34.74' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 0" 
24" WOR, WOR, 

WOR, WOR No recovery. 
-3.2 

7 
24" 
6" 

WOR, WOR, 
WOR, WOR Black fine SAND and SILT, some shell hash. 

-8.2 

10 12" 
24" 

7,14,30,38 Gray, fine to coarse SAND, trace silt, trace fine gravel. 
-11.2 

15 

24" 

5" 
29,31,36,43 Light gray fine to coarse SAND, trace silt. 

-16.2 

20 

24" 

10" 
36,65,31,41 Light gray, fine to coarse SAND, trace silt, trace fine gravel 

-21.2 

22.54 

Obstruction encountered at -22.35 MLLW. Advanced roller bit through obstruction 
(0.8 feet in length) to -23.15 MLLW. Advanced roller bit to -23.74 MLLW. Cleaned 

hole and began core run. 

-23.74 

25.54 
31% 

3' 

2.35' 
7,6,7 Rock Core #1: -23.74 to -26.74 MLLW Intensely to very intensely fractured grey 

granitic GNEISS. 
-26.74 

28.54 
58% 

3' 

2.7' 
6,5,5 Rock Core #2: -26.74 to -29.74 MLLW Intensely to moderately fractured grey 

granitic GNEISS. 
-29.74 

33.54 
72% 

5.0' 

5.0' 
7,6,7 Rock Core #1: -29.74 to -34.74 MLLW Intensely to moderately fractured pink grey 

granitic GNEISS. 
-34.74 

Comments: 



                  
 

  

 
 

 

Date: 3/23/2011 
Time: 11:15 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2688815 
X: 816522 

Location: South Terminal Expansion 
-16.75 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B26Casing Type: Steel Boring Depth: -47.65' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 5" 
24" WOR, WOR, 

WOR, WOR Black, fine SAND and organic SILT, trace shell hash. 
-18.75 

7 

24" 

12" 
53,43,41,52 

Top 6": Gray, fine to medium SAND. Middle 3": Black, fine to medium SAND, trace 
fine gravel. Bottom 3": Light gray fine to coarse SAND and fine GRAVEL, some 

ping stone fragments. -23.75 

10.25 
Obstruction encountered at -24.8 MLLW. Advanced roller bit through boulder to 

elevation -27.0 MLLW. -27 

13.4 

24" 

6" 
64,37,32,49 Light gray, fine to coarse SAND, trace silt, trace fine gravel. 

-30.15 

14 

Obstruction encountered at -30.15 MLLW. Advanced roller bit through obstruction 
to -30.75 MLLW. 

-30.75 

18.2 

10" 

4" 
34, 100/4" Light gray, coarse SAND and fine GRAVEL, trace stone fragments. 

-34.98 

20.9 

Advanced roller bit thru cobbles or fractured bedrock to -37.65 MLLW. Cleaned ho 
and began core run. 

-37.65 

25.9 
47% 

5' 

5' 
5,5,6,6,6 

Rock Core #1: -37.65 to -42.65 MLLW 0.0' - 3.6' Intensely to moderately fractured 
dark grey DIABASE, 3.6'-5.0' Intensely to very intensely fractured dark grey 

DIABASE. 
-42.65 

30.9 
26% 

4.2' 

5' 
6,4,5,6,6 

Rock Core #2: -42.65 to -47.65 MLLW 0.0'-1.3' Intensely to very Intensely fractured 
dark grey DIABASE highly weathered at interface, 1.3'-4.0' Intensely to moderately 

fractured grey granitic GNEISS 
-47.65 

Comments: 



                  
 

  

 
 

 

 

Date: 3/25/2011 
Time: 12:30 PM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2689759 
X: 816356 

Location: South Terminal Expansion 
-13.75 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B27Casing Type: Steel Boring Depth: -42.05' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 6" 
24" WOR, WOR, 

WOR, WOR Black, fine SAND and SILT, trace shell hash. 
-15.75 

7 

24" 

16" 
9,9,12,16 

Top 3" - Gray, fine SAND, trace silt, trace fine gravel. Next 1/2" - Black, fine SAND, 
trace silt. Next 3" - Orange-brown, fine to coarse SAND, trace silt. Last 3" - Gray, 

fine to coarse SAND, trace silt. -20.75 

12 15" 
24" 

15,20,22,21 Top 10" - Gray, fine SAND and SILT, trace coarse sand and shell hash. Bottom 5" -
Orange-brown, fine to coarse SAND and SILT, trace fine gravel. -25.75 

17 

24" 

4" 
12,12,14,14 Gray, fine to coarse SAND and SILT, trace fine gravel, trace shell hash. 

-30.75 

21 

12" 

4" 

62,80, 
100/0" Gray, fine to coarse SAND, trace silt and fine gravel. 

-34.75 

25 

Obstruction encountered at -35.2 MLLW. Advanced roller bit through obstruction to 
elevation -38.30 MLLW. 

-38.3 

26.5 

18" 

16" 

50,125, 
172/6" Tan, coarse to medium SAND, trace silt. 

-40.25 

28.3 
Advanced roller bit to elevation -42.05 MLLW. 

-42.05 

End of Boring 

Comments: 



                  

 

 

 
 

 
  

Date: 3/28/2011 
Time: 9:29 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2687636 
X: 816775 

Location: South Terminal Expansion 
-5.2 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B28Casing Type: Steel Boring Depth: -24.0' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 
24" 
14" 

WOR, WOR, 
WOR, WOR Black, organic SILT, trace fine to coarse sand, trace shell hash. 

-7.2 

4 

24" 

16" 
10,6,10,12 Grey, fine to medium SAND, little shell hash. 

-9.2 

6 16" 
24" 

9,12,11,13 Tan to grey, very fine SAND, trace inorganic silt. 
-11.2 

8 7" 

24" 
10,18,17,18 Grey, fine SAND, little inorganic silt, little medium to coarse sand, trace gravel. 

-13.2 

10 

24" 

9" 
10,20,29,32 Grey fine SAND, little silt, trace coarse gravel. 

-15.2 

12 

24" 

12" 
20,27,29,43 Grey fine to coarse SAND, little silt, little fine to coarse gravel. 

-17.2 

13 6" 

12" 
24,37, 
100/0" Grey, fine to coarse SAND, little silt, little fine to coarse gravel. 

-18.2 

14.3 
Encountered obstruction at -19.5 MLLW. Cleaned hole and began core run. 

-19.5 

18.8 
36% 

4.5' 

4.5' 
5,4,5,5 Rock Core #1: -19.5 to -24.0 MLLW - Intensely to moderately fractured pink grey 

granitic GNEISS. 
-24.0 

Comments: 
Intervals 0-2, 2-4. and 4-6 Sampled using a 3" diameter split spoon sampler, all of the other 
intervals were sampled using a standard 2" diameter split-spoon. 



                  
 

  

 
 

 

Date: 3/29/2011 
Time: 7:00 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2689857 
X: 816162 

Location: South Terminal Expansion 
-27.75 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B29Casing Type: Steel Boring Depth: -40.3' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le
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tio

n 
(M
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W

) 

2 9" 
24" WOR, WOR, 

WOR, WOR Black, organic SILT, trace fine sand, thin, hair-like filiments. 
-29.75 

6.25 

15" 

3" 
WOR, WOR, 

100/3" Tan to grey, fine to medium SAND, some silt. 

-34 

7.55 
Advanced roller bit through gravel/cobbles. Cleaned hole and prepared to core at -

35.3 MLLW. -35.3 

12.55 
82% 

5' 

4.2' 
5,6,6,7,6 Rock Core #1: -35.3 to -40.3 MLLW - Moderately to slightly fractured grey and pink 

granitic GNEISS. -40.3 

Comments: 



                  

  
 

 
  

Date: 3/29/2011 
Time: 1:00 PM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2688559 
X: 816617 

Location: South Terminal Expansion 
-7.8 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B30Casing Type: Steel Boring Depth: -36.6' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le
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tio

n 
(M

LL
W

) 

2 
24" 
6" 

WOR, 2,2,2 Black, organic SILT and very fine SAND, little shell hash. 
-9.8 

7 

24" 

10" 
10,12,10,13 Grey fine SAND, little medium to coarse sand. Grades to grey-tan medium SAND, 

little fine to coarse SAND. 
-14.8 

12 10" 
24" 

20,29,25,23 Grey fine to coarse SAND, some silt, little fine to coarse gravel. 
-19.8 

17 3" 

24" 
33,25,27,32 Grey fine to coarse SAND, some silt, little fine to coarse gravel (TILL). 

-24.8 

21.6 

24" 

5" 

57,27,59, 
126 Grey, fine to coarse GRAVEL and fine to coarse SAND, little silt (TILL). 

-29.4 

25.95 

24" 

2.5" 
21,15,67,29 Coarse GRAVEL, some fine to medium sand, some silt (TILL). 

-33.75 

28.8 

Refusal at -33.75 MLLW. Advanced roller bit through obstruction to -35.15 MLLW. 
Advanced roller bit to -36.60 MLLW. No rock core conducted. 

-36.6 

End of Boring 

Comments: 



                  
 

  

 
 

 

Date: 3/30/2011 
Time: 10:05 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2689246 
X: 816259 

Location: South Terminal Expansion 
-20.85 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B31Casing Type: Steel Boring Depth: -57.65' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 3" 
24" WOR, WOR, 

WOR, WOR Black, organic SILT trace shell hash. 
-22.85 

7 

24" 

4" 
16,27,31,40 Gray, medium to coarse SAND and fine GRAVEL, trace silt. 

-27.85 

8.35 
Obstruction encountred at -28.3 MLLW. Advanced roller bit through obstruction unt 

-29.2 MLLW. -29.2 

12 

24" 

6" 
47,22,23,18 Gray, fine to coarse SAND, little fine gravel, trace silt. 

-32.85 

14.5 

Obstruction encountered at -34.4 MLLW. Advanced roller bit through obstruction 
until -35.35 MLLW. 

-35.35 

16.8 
Advanced roller bit to -37.65 MLLW. Cleaned hole and began core run. 

-37.65 

21.8 
64% 

5' 

4.8' 
5,3,4,5,5 Rock Core #1: -37.65 to -42.65 MLLW - Intensely to moderately fractured grey to 

dark grey granitic GNEISS. 
-42.65 

26.8 
73% 

5' 

4.9' 
6,5,4,4,4 

Rock Core #2: -42.65 to -47.65 MLLW - 0.0-1.25' Intensely to moderately fractured 
pink grey GRANITE, 1.25-4.9' Intensely to moderately fractureed dark grey granitic 

GNEISS. 
-47.65 

31.8 
58% 

4.9' 

5' 
5,5,5,5,5 Rock Core #3: -47.65 to -52.65 MLLW - Intensely fractured dark grey GNEISS 

-52.65 

36.8 
78% 

5' 

5' 
5,5,5,5,5 Rock Core #4: -52.65 to -57.65 MLLW - Intensely to moderately fractured dark grey 

GNEISS 
-57.65 

Comments: 



                  
 

  

  
 

Date: 3/31/2011 
Time: 11:00 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging 

Y: 2688225 
X: 816364 

Location: South Terminal Expansion 
-0.8 Datum: MLLWElevation at mudline: 

Boring No: A-2011-B32Casing Type: Steel Boring Depth: -46.6' MLLW 
4"Casing Diameter: Drill Rig: CME 45 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDNorman Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

25.8 3" 
24" WOR, WOR, 

WOR, WOR 
Encountered first obstruction at -25.7 MLLW. Advanced roller bit to -26.6 MLLW, 

cleaned hole and began core run. -26.6 

30.8 
58% 

5' 

4.8' 
4,4,4,4,4 

Rock Core #1: -26.6 to -31.6 MLLW - 0.0'-3.25' Slightly fractured pink grey granitic 
GNEISS 3.25'-4.8' Intensely fractured highly weathered grey granitic GNEISS 

grades to unweathered quartz rich GRANITE. 
-31.6 

35.8 
32% 

5' 

4.3' 
6,5,5,5,4 Rock Core #2: -31.6 to -36.6 MLLW - 0.0'-4.2' Intensely fractured pink grey granitic 

GNEISS becomes very intensely fractured at 1.75' 
-36.6 

40.8 
8% 

3.2 

5' 
5,5,6,5,7 Rock Core #3: -36.6 to -41.6 MLLW - Intensely fractured pink grey granitic GNEISS 

-41.6 

45.8 
47% 

5' 

5' 
no drill time 

recorded 
Rock Core #4: -41.6 to -46.6 MLLW - 0.0'-2.5' Intensely fractured grey granitic 

GNEISS 2.5'-4.9' moderately fractured grey granitic GNEISS 
-46.6 

Comments: 
Partial collapse of hole after withdrawal of Rock Core #4, due to presence of highly fractured rock 
falling into hole. Elevation of collapse approximately -38.85 MLLW. 
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184 High Street, Suite 502, Boston, MA 02110 

(617) 728-0070

   DATE: Wed. Aug. 11th, 2010 

TIME:  12:45pm 

Incoming Call X   Outgoing Call         Return Call 

CONTACT:

 Name: Ed DeWitt, Manager Project Name: New Bedford Harbor Phase IV 

Address: New Bedford Airport  Project No.: 6690 
1569 Airport Road 
New Bedford, MA 02746 Phone: 508-991-6161 

SUMMARY OF CONVERSATION: 

Spoke with Ed DeWitt, the manager of the New Bedford Airport.  Asked him whether there are 
any height restrictions surrounding the New Bedford Airport. He said that the New Bedford Airport’s 
height restrictions involve a radius around the airport, and only reach as far south as Popes Island within 
New Bedford Harbor.  

Specifically asked about the location within which the South Terminal CDF project is to occur.  Mr. 
DeWitt stated that the proposed South Terminal CDF location does not lie within New Bedford Airport’s 
height restricted area, and Mr. DeWitt agreed that since the South Terminal project will be located south 
of Popes Island, the New Bedford Airport will cause no overhead restrictions on the height of objects (i.e. 
cranes or spuds) on the South Terminal Project site. 
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Twenty-foot equivalent unit - Wikipedia, the free encyclopedia Page 1 of 3 

Twenty-foot equivalent unit
From Wikipedia, the free encyclopedia 

The twenty-foot equivalent unit (often TEU or teu) is an 
inexact unit of cargo capacity often used to describe the capacity 
of container ships and container terminals.[1] It is based on the 
volume of a 20-foot-long (6.1 m) intermodal container, a 
standard-sized metal box which can be easily transferred 
between different modes of transportation, such as ships, trains 
and trucks.[1] 

One TEU represents the cargo capacity of a standard intermodal 
container, 20 feet (6.1 m) long and 8 feet (2.4 m) wide.[1] There 
is a lack of standardisation in regards to height, ranging between 
4.25 and 9.5 feet (1.30 and 2.9 m), with the most common height 
being 8.5 feet (2.6 m).[2] Also, it is common to designate 45-foot 
(14 m) containers as 2 TEU, rather than 2.25 TEU.[3] 

A 20-foot-long (6.1 m) ISO container 
equals 1 TEU. 

Contents 
1 Equivalence■ 
2 See also■ 
3 Footnotes■ 
4 References ■ 

Equivalence 

As noted above, the TEU is 
an inexact unit, and hence TEU capacities for common container sizes 
cannot be converted 
precisely into other units. 
The related unit forty-foot 
equivalent unit (often 
FEU or feu) however is 
defined as two TEU. The 
most common dimensions 
for a 20-foot (6.1 m) 
container are 20 feet 
(6.1 m) long, 8 feet (2.4 m) 
wide, and 8.5 feet (2.6 m) 
high, for a volume of 
1,360 cubic feet (39 m3). 
However, both 9.5-foot-tall 
(2.9 m) High cube and 4.25 

Length Width Height Volume TEU 

20 ft (6.1 m) 8 ft (2.4 m) 8.5 ft (2.6 m) 989 cu ft (28.0 m3) 1 

40 ft (12 m) 8 ft (2.4 m) 8.5 ft (2.6 m) 1,980 cu ft (56 m3) 2 

45 ft (14 m) 8 ft (2.4 m) 8.5 ft (2.6 m) 3,060 cu ft (87 m3) 2[3] or 2.25 

48 ft (15 m) 8 ft (2.4 m) 8.5 ft (2.6 m) 3,264 cu ft (92.4 m3) 2.4 

53 ft (16 m) 8 ft (2.4 m) 8.5 ft (2.6 m) 3,604 cu ft (102.1 m3) 2.65 

High cube 

20 ft (6.1 m) 8 ft (2.4 m) 9.5 ft (2.9 m) 1,520 cu ft (43 m3) 1[2] 

Half height 

20 ft (6.1 m) 8 ft (2.4 m) 4.25 ft (1.30 m) 680 cu ft (19 m3) 1[2] 

5/6/2011http://en.wikipedia.org/wiki/Twenty-foot_equivalent_unit 



 

 

 

  
   

  

   

Twenty-foot equivalent unit - Wikipedia, the free encyclopedia	 Page 2 of 3 

The MV Emma Mærsk officially 
carries 11,000 TEU (14 tons gross 
each), Maersk tells 14,770 TEU 
(space) and a loading plan 15,212 
TEU.[5][6] 

-foot (1.30 m) half height containers are also reckoned as 1 TEU.[2][3] This gives a volume range of 
680 cubic feet (19 m3) to 1,520 cubic feet (43 m3) for one TEU. 

While the TEU is not itself a measure of mass, some conclusions can be drawn about the maximum 
mass that a TEU can represent. The maximum gross mass for a 20-foot (6.1 m) dry cargo container is 
24,000 kilograms (53,000 lb).[4] Subtracting the tare mass of the container itself, the maximum amount 
of cargo per TEU is reduced to approximately 21,600 kilograms (48,000 lb).[4] 

Similarly, the maximum gross mass for a 40-foot (12 m) dry 
cargo container (including the 9.5-foot-high (2.9 m) cube 
container) is 30,480 kilograms (67,200 lb).[4] After correcting for 
tare weight, this gives a cargo capacity of 26,500 kilograms 
(58,000 lb).[4] 

Twenty-foot, "heavy tested" containers are available for heavy 
goods such as heavy machinery. These containers allow a 
maximum weight of 67,200 pounds (30,500 kg), an empty 
weight of 5,290 pounds (2,400 kg), and a net load of 
61,910 pounds (28,080 kg). 

See also 

■	 Container ship 
■	 Container terminal 
■	 Containerization 
■	 Panama Canal toll system 

Footnotes 

1.	 ^ a b c Rowlett, 2004. 
2.	 ^ a b c d "Container Shipping" (http://www.damovers.com/container-shipping/) . damovers.com. 


damovers.com. http://www.damovers.com/container-shipping/. Retrieved 2008-03-22.
 
3.	 ^ a b c businesspeek.com (2006). "Shipping Container 

Basics" (http://businesspeek.com/manufacturing/shipping-containers.html) . businesspeek.com. 
businesspeek.com. http://businesspeek.com/manufacturing/shipping-containers.html. Retrieved 2008-03-22. 

4.	 ^ a b c d "Shipping containers" (http://www.emase.co.uk/data/cont.html) . Emase. 

http://www.emase.co.uk/data/cont.html. Retrieved 2007-02-10.
 

5.	 ^ Odense Steel Shipyard (2006-12-08). "Namegiving of newbuilding L 

203" (http://media.maersk.com/en/PressReleases/2006/namegiving+L203.htm) . Press release. 

http://media.maersk.com/en/PressReleases/2006/namegiving+L203.htm.
 

6.	 ^ Koepf, Pam (2006). "Overachievers We Love". Popular Science 269 (6): 24 
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List Symbols 
Ae Effective shear Area 
Agross Gross cross-sectional area 
Asc Total area of dowel bars in the connection 
Asp Area of confining reinforcement 

B Width of a wharf unit 

BE Berthing Load 
BU Buoyancy Load 
D Dead Load 
D′ Diameter of confining reinforcement core, measured to the centerline of the 

confinement 
Dc.g. The distance from the deck soffit to the center of gravity of the deck 
Dp Pile Diameter 
DMF Dynamic magnification factor 
E Earth Pressure Load 
Ec Modulus of elasticity of concrete 
Eps Modulus of elasticity for prestressing steel 
Es Modulus of elasticity of steel 
EQ Earthquake Load 
F Base shear of the wharf strip obtained from a pushover analysis 
Fi Lateral force per pile in row i from pushover analysis 
Fp Prestress compressive force in pile 
Gc Shear modulus (modulus of rigidity) for concrete 
H The distance between the center of the top hinge and center of the in-ground 

hinge 
H′ The distance from the maximum in-ground moment to the center of gravity of 

the deck 
I Impact Load 
Ieff Effective moment of inertia 
Igross Gross moment of inertia 
J Polar moment of inertia 
Jeff Effective polar moment of inertia 
K Factor applied to dead load to account for the effects of vertical ground 

acceleration 
Ke Confinement effectiveness coefficient 
L Live Load 
Lc The distance from the critical section of the plastic hinge to the point of contra-

flexure 
LB Lower Bound 
LL Length of the shortest exterior wharf unit 
Lp Plastic hinge length 
Ls Equivalent depth to fixity 
M Mooring Load 
Mdl Unfactored dead load moment 
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R,L	 pileM eq	  The portion of M eq and Vo × Dc.g . (moment due to overstrength shear) 
distributed to the adjacent right or left deck span 

M eq
pile	 The pile moment due to seismic loads that combines with the pile dead load 

and 10% live load moment to equal the pile overstrength moment, Mo. 
Mll	 Unfactored live load moment due to 10% of the live load on the deck 
Mn	 Nominal moment capacity 

deck ,R,LM n	 The nominal moment capacity of the adjacent right or left deck span 
Mo	 The pile overstrength moment capacity 
Mp	 Idealized plastic moment capacity 
My	 Moment at first yield 
N 	 Number of pile rows 
Nu	 External axial compression on pile including seismic load 
P 	 Mooring line loads 
PGA 	 Peak ground acceleration 
R 	 Creep/Rib Shortening Load  
RF	 Force perpendicular to the fender panel due to berthing loads 
S 	Shrinkage Load 
T 	Temperature Load 
Tcrane	 Period of the crane mode with the maximum participating mass 
Tn	 Effective period for iteration n 
Tw	 Effective elastic stiffness of the wharf system 
Twi	 Initial period of the wharf based on cracked section properties 
U	 Pile unsupported length from the soffit to the ground 
UB 	Upper Bound 
Va	 Shear strength due to axial load 
Vc	 Shear strength from concrete 
Vdesign	 Design shear, equal to Vo 
VF	 Fender Shear Force 
Vn	 Nominal shear strength 
Vo	 The pile overstrength shear demand 
Vp	 The pile plastic shear  
Vs	 Transverse reinforcement shear strength 
Vw	 Wind speed at elevation 33 ft. 
V⊥	 The ship approach velocity perpendicular to the wharf 
W 	Wind Load 
WDL	 Dead load of the wharf segment 
WW	 Waterside crane wheel loading 
WL 	 Landside crane wheel loading 
c	 Depth from extreme compression fiber to neutral axis at flexural strength 
co	 Concrete cover width to the center of hoop or spiral 
dbl	 Diameter of longitudinal reinforcement 
dgap	 Distance between the top of the steel shell pile and the soffit 
e	 Eccentricity between the center of mass and the center of rigidity 
f′ c	 28-day unconfined concrete compressive strength  
f′ cc	 Confined concrete compressive strength 
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f′ ce Expected compressive strength of concrete 
fl′ Effective lateral confining stress 
fpu Specified maximum prestressing steel tensile strength 
fpue Expected maximum tensile strength of prestressing steel 
fpy Yield strength of prestressing steel 
fpye Expected yield strength of prestressing steel 
fs Steel stress 
fu Specified maximum steel tensile strength 
fue Expected maximum tensile strength of steel 
fy Yield strength of longitudinal reinforcing steel or structural steel 
fye Expected yield strength of the longitudinal reinforcement steel 
fyh Yield strength of confining steel 
fyhe Expected yield strength of transverse reinforcement 
g Acceleration of gravity 
h Elevation above water surface of wind data in feet 
i Pile row 
k Curvature ductility factor as a  function of μφ 

ke System secant stiffness 
ki Initial stiffness of the structure taken from the pushover analysis 
k1,2 Stiffness of the wharf 
la Actual embedment length provided 
lsp Strain penetration length 
m Seismic mass of the wharf segment 
mcrane,deck Part of the crane mass positioned close to wharf deck level 
mwharf Mass of wharf portion occupied by the crane 
ni Total number of piles in row i for length LL 
r Ratio of the second slope over the elastic slop of the pile stiffness curve. 

Center to center spacing of confining reinforcement along pile axis 
xi Distance of row i from the landside pile row 
xL Distance of landside super-piles from the landside pile row 
xW Distance of the waterside super-piles from the landside pile row 
α Angle between the line joining the centers of flexural compression in the 

deck/pile hinge and in-ground hinge and the pile axis 
β Axial pile shear strength reduction factor 
γ Displacement Capacity Factor 
Δc Pile displacement capacity 
Δd Pile demand displacement for three-dimensional response 
Δp,m The plastic displacement capacity due to rotation of the plastic hinge at the 

OLE, CLE, or DE strain limits 
Δt Displacement demand based on transverse response 
Δt,0 Initial assumed displacement demand for Substitute Structure method 
Δt,n Displacement demand based on transverse response for iteration  
ΔX1, ΔX2 Combined X-axis displacement from motions in the transverse and longitudinal 

directions 
ΔXL X-axis displacement due to structure excitation in the longitudinal direction 
ΔXT X-axis displacement due to structure excitation in the transverse direction 
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ΔY1, ΔY2 	 Combined Y-axis displacement from motions in the transverse and longitudinal 
directions 

ΔYL	 Y-axis displacement due to structure excitation in the longitudinal direction 
ΔYT	 Y-axis displacement due to structure excitation in the transverse direction 
Δy	 Pile yield displacement  
Δy,i	 Yield displacement of a pile in row i from pushover analysis 
εc	 Concrete compression strain 
εcc	 Confined concrete compressive strain at maximum compressive stress 
εco	 Unconfined concrete compression strain at maximum compressive stress 
εcu	 Ultimate confined concrete compression strain 
εp	 Total prestressing steel tensile strain 
εpi	 Initial prestressing steel tensile strain after losses 
εpue	 Expected ultimate strain for prestressing steel 
εpye	 Expected yield strain for prestressing steel 
εs 	 Total steel tensile strain 
εsmd	 Strain at maximum stress of dowel reinforcement 
εsh	 Steel tensile strain at the onset of strain hardening 
εspall	 Ultimate unconfined compression (spalling) strain 
εye	 Expected yield tensile strain for steel 
φ 	 Reduction factor for nominal moment capacity according to ACI-318 
φm	 Curvature at the OLE, CLE, or DE strain limit 
φp,dem	 Plastic curvature at demand displacement 
φp,m	 Plastic curvature for the OLE, CLE, or DE strain limit 
φu	 Ultimate curvature of the section 
φy	 Idealized yield curvature 
φyi	 Curvature at first yield 
Φ Reduction factor for shear, taken as 0.85 

Δ −t ,n 1μΔ,i,n	 Displacement ductility for row i at iteration n, defined as 
Δ y ,i 

μφ Pile curvature ductility 
μf Coefficient of friction 
θ Angle of critical crack to the pile axis 
θm Total rotation at the OLE, CLE, or DE strain limit 
θp,m Plastic rotation for the OLE, CLE, or DE strain limit 
θp,dem Plastic rotation at demand displacement 
θu Ultimate rotation 
θy Idealized yield rotation 
ρ Effective volumetric ratio of longitudinal reinforcing steel 
ρs Effective volumetric ratio of confining steel 
ξeff,i Effective damping for a pile at row i 
ξeff,system Effective damping of the entire wharf system 
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1 Introduction 
This handbook contains design guidelines and criteria for pile supported wharf 
construction. It is published by the Port of Long Beach (POLB) to assist engineering staff 
of the Port of Long Beach, as well as consulting firms providing consulting services 
related to the design of wharves for the Port of Long Beach. Any deviation from the 
criteria listed herein will require specific prior written approval from the Port. 

Design guidelines and reference materials cited throughout this handbook will be revised 
from time to time as required. Updates and revisions occurring during design shall be 
followed as directed by the Port. The latest published editions of all references including 
all addenda shall be used in the design. 

This document is Version 2.0 of the “Port of Long Beach Wharf Design Criteria” and it 
updates and supersedes the previous Version 1.0 that was published on March 20, 2007. 

This document was prepared for the POLB under the leadership of Cheng Lai with the 
POLB and by a team of consultants consists of Moffatt & Nichol, PBS&J, Earth 
Mechanics, Inc. and P2S Engineering. The expert review team included Dr. Nigel 
Priestley, Emeritus Professor, Department of Structural Engineering, University of 
California, San Diego and Dr. Geoffrey Martin, Professor, Department of Civil 
Engineering, University of Southern California. 
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2 Geotechnical Considerations 
Geotechnical evaluations identified in this section shall use methodologies that are 
considered acceptable standards of practice in the industry. 

For seismic evaluations, ground motion criteria provided in Section 2.1 shall be used. 
Ground motions and response spectra are provided in the “Port-Wide Ground Motion 
Study, Port of Long Beach, California” (Ref. 21) and “Addendum to Port-wide Ground 
Motion Study, Port of Long Beach, California” (Ref. 22).  No deviation from these 
ground motions shall be allowed unless prior approval by the Port is granted. 

These guidelines are specific to pile-supported marginal wharves with engineered sloping 
ground conditions located under the wharf structure comprising dredged soils or cut 
slopes protected or stabilized by quarry run rock material. Applicability of these 
guidelines to other structures may be allowed upon review and approval by the Port. 

2.1 Ground Motions 
Three earthquake levels shall be used in the analysis and design of wharf structures: the 
Operational Level Earthquake (OLE), the Contingency Level Earthquake (CLE), and the 
Code-Level Design Earthquake (DE). The OLE and CLE correspond to different 
probabilities of occurrence (different average return periods). The DE corresponds to a 
larger and rare earthquake than the OLE and CLE.  The three levels of ground motions 
are defined below: 

Operating Level Earthquake (OLE) 
The OLE is defined as the seismic event that produces ground motions associated with a 
72-year return period. The 72-year return period ground motions have a 50% probability 
of being exceeded in 50 years. The OLE event occurs more frequently than the CLE and 
DE events and has a lower intensity.  

Contingency Level Earthquake (CLE) 
The CLE is defined as the seismic event that produces ground motions associated with a 
475-year return period. The 475-year return period ground motions have a 10 percent 
probability of being exceeded during 50 years. The CLE event occurs less frequently than 
the OLE event, but more frequently than the DE event. CLE has a higher intensity than 
OLE but lower intensity than DE. 

Code-Level Design Earthquake (DE) 
The DE shall comply with the Design Earthquake requirements by the 2007 California 
Building Code (Ref. 17) and ASCE 7-05 (Ref. 11). The DE event occurs less frequently 
than the OLE and CLE events and has a higher intensity than the other two events.   

Recommended design acceleration response spectra for OLE, CLE and DE for different 
ground conditions are shown in Figure 2-1 and Figure 2-2. Further details are provided in 
References 21 and 22. 
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2.2 Site Characterization 
Site characterization shall be based on site-specific information. Reviewing and 
cataloging of available geotechnical information from past Port projects shall be 
performed to maximize the use of available data and to avoid conducting additional 
explorations where information already exists.  

The presence of known active faults shall be verified using the available geological 
information such as the California Geological Survey (Ref. 25). If a known fault is found 
at the project site, a peer review is required per Section 4.14.  
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Adequate coverage of subsurface data, both horizontally and vertically, shall be provided 
to develop geotechnical parameters that are appropriate for the project. An adequate 
number of explorations should extend to depths of at least 20 ft. below the deepest 
anticipated foundation depths and should be deep enough to characterize subsurface 
materials that are affected by embankment behavior. Particular attention should be given 
during the field exploration to the presence of continuous low-strength layers or thin soil 
layers that could liquefy or weaken during the design earthquake shaking or cause 
embankment failure during dredging or other construction activities. Cone penetration 
tests (CPT) provide continuous subsurface profile and therefore, should be used on large 
projects to complement exploratory borings. When CPTs are performed, at least one 
boring shall be performed next to one of the CPT soundings to check that the CPT-soil 
behavior type interpretations are reasonable for the project site.  Any differences between 
CPT interpretations and subsurface conditions obtained from borings shall be reconciled 
prior to developing geotechnical design parameters. 

An appropriate and sufficient number of laboratory tests shall be performed to provide 
the necessary soil parameters for geotechnical evaluations. Guidelines for site 
characterization can be found in “Soil Mechanics” (Ref. 36) and “Design and 
Construction of Driven Pile Foundations” (Ref. 24) or other appropriate documents. 

2.3 Liquefaction Potential 
Liquefaction potential of the soils in the immediate vicinity of or beneath the wharf 
structure and associated embankment or rock dike shall be evaluated for the OLE, CLE, 
and DE. Liquefaction potential evaluation should follow the procedures outlined in 
“Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 
NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils” (Ref. 43), 
“Recommended Procedures for Implementation of DMG Special Publication 117, 
Guidelines for Analyzing and Mitigating Liquefaction Hazards in California” (Ref. 34), 
“Chapter 31F, 2007 California Building Code” (Ref. 18), “Liquefaction Susceptibility 
Criteria for Silts and Clays” (Ref. 16), and “Soil Liquefaction During Earthquakes” (Ref. 
26) or other appropriate documents. 

If liquefaction is shown to be initiated in the above evaluations, the particular liquefiable 
strata and their thicknesses (including zones of liquefaction induced in the backland area) 
should be clearly shown on site profiles. Resulting hazards associated with liquefaction 
should be addressed, including translational or rotational deformations of the slope or 
embankment system and post liquefaction settlement of the slope or embankment system 
and underlying foundation soils. If such analyses indicate the potential for partial or gross 
failure of the embankment, adequate evaluations shall be performed to confirm such 
conditions exist. In these situations and for projects where more detailed numerical 
analyses are performed, a peer review may be required by an engineering team selected 
by the Port. 

2.4 Slope Stability and Seismically Induced Lateral Spreading 
The surcharge loading values for different loading conditions and the required minimum 
factors of safety values are discussed in Sections 2.4.1, 2.4.2, and 2.4.3 and in Table 2-1. 
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The surcharge loading values recommended in the following subsections may be revised 
based on project-specific loading information, upon prior approval by the Port. 

Table 2-1: Minimum Requirement for Slope Stability Analyses 

BACKLANDp p2 1 

WHARF DECK 

X2 X1 

p1
a p2

aLoading Conditions Min.X1 X2 

(psf) (ft) (psf) (ft) F.O.Sb 

Remaining Static Condition 250 75 ft 1,200 1.5Backland 

Temporary Condition Entire250 - - 1.25Backland(See Section 2.4.1) 

Pseudo-Static Seismic Remaining 250 75 ft 800 - c 
Condition Backland 

Post-Earthquake Static Remaining 250 75 ft 800 1.1Condition Backland 

a  Loading values may be revised based on project-specific information, upon prior 
approval by the Port. 
b F.O.S. – Factor of Safety. 
c Yield acceleration shall be obtained from the analysis to determine lateral 
deformations per Section 2.9.2. 

2.4.1 Static Slope Stability 
Static stability analysis shall be performed for the slope or embankment system. 
Backland loading shall be considered in the analyses. Slope stability analyses should 
follow guidelines outlined in “Recommended Procedures for Implementation of DMG 
Special Publication 117, Guidelines for Analyzing and Mitigating Landslide Hazards in 
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California” (Ref. 13), or other appropriate documents. Backland loading shall be 
represented by 250 psf for the first 75 ft. from the back end of the wharf deck and 1,200 
psf for the remaining backland area. The long-term static factor of safety of the slope or 
embankment shall not be less than 1.5. 

For temporary conditions, the static factor of safety shall not be less than 1.25. The 
loading considerations shall be based on project-specific information (such as terminal 
operation, construction staging etc.). The surcharge loading value shall not be less than 
250 psf for the entire backland area. 

2.4.2 Pseudo-static Seismic Slope Stability 
Pseudo-static seismic slope stability analyses shall be performed to estimate the 
horizontal yield acceleration for the slope for the OLE, CLE, and DE. During the seismic 
event, the backland loading shall be represented by 250 psf for the first 75 ft. from the 
back end of the wharf deck and 800 psf for the remaining backland area.  

If liquefaction and/or strength loss of the site soils is likely, residual strength of liquefied 
soils, strengths compatible with the pore-pressure generation of potentially liquefiable 
soils, and/or potential strength reduction of clays shall be used in the analysis. The 
residual strength of liquefied soils should be estimated using guidelines outlined in 
“Recommended Procedures for Implementation of DMG Special Publication 117, 
Guidelines for Analyzing and Mitigating Liquefaction Hazards in California” (Ref. 34), 
“Recent Advances in Soil Liquefaction Engineering: A Unified and Consistent 
Framework” (Ref. 41), “Soil Liquefaction During Earthquakes” (Ref. 26), or other 
appropriate documents. 

Using a seismic coefficient of one-third of the PGA or 0.15g, whichever is greater, in the 
pseudo-static seismic slope stability analyses the factor of safety shall be estimated 
without considering the presence of wharf piles. If the estimated factor of safety is greater 
than or equal to 1.1, then no further evaluation for deformations or kinematic analysis as 
outlined in Sections 2.4.4 and 2.9.2 is necessary. 

2.4.3 Post-Earthquake Static Slope Stability 
The static factor of safety immediately following a design earthquake event shall not be 
less than 1.1 when post-earthquake residual strength of liquefied soils, strengths 
compatible with the pore-pressure generation of potentially liquefiable soils, and/or 
potential strength reduction of clays are used in the static stability analysis. The backland 
loading for post-earthquake stability analyses shall be represented by 250 psf for the first 
75 ft. from the back end of the wharf deck and 800 psf for the remaining backland area. 

2.4.4 Lateral Spreading – Free Field 
The earthquake-induced lateral deformations of the slope or embankment and associated 
foundation soils shall be determined for the OLE, CLE, and DE using the peak ground 
acceleration at the ground surface (not modified for liquefaction) based on the “Port-
Wide Ground Motion Study, Port of Long Beach, California” (Ref. 21) and “Addendum 
to Port-wide Ground Motion Study, Port of Long Beach, California” (Ref. 22). If 
liquefaction and/or strength loss of the site soils is likely, residual strength of liquefied 
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soils, strengths compatible with the pore-pressure generation of potentially liquefiable 
soils, and/or potential strength reduction of clays should be used in the analysis. The 
presence of the wharf foundation system should not be included in the “free field” 
evaluations. 

For the OLE and CLE, initial lateral spread estimates should be made using the Newmark 
curves provided in “Port-Wide Ground Motion Study, Port of Long Beach, California” 
(Ref. 21). For the DE, initial lateral spread estimates should be made using the Newmark 
displacement curves provided in “Seismic Analysis and Design of Retaining Walls, 
Buried Structures, Slopes and Embankments” (Ref. 43) or other appropriate documents. 
Additional analyses may be performed with prior approval by the Port.   

2.5 Settlement 

2.5.1 Static Consolidation Settlement 
Long-term static consolidation settlement of sites that are underlain by continuous or 
large lenses of fine-grained soils shall be evaluated. The long-term static settlement 
should be estimated following guidelines outlined in “Foundation and Earth Structures” 
(Ref. 35) or other appropriate documents. If long-term settlement is anticipated, the 
resulting design impacts shall be considered, including the potential for development of 
downdrag loads on piles (See Section 2.7.1). 

2.5.2 Seismically Induced Settlement 
Seismically induced settlement shall be evaluated. The seismically induced settlement 
should be based on guidelines outlined in “Recommended Procedures for Implementation 
of DMG Special Publication 117, Guidelines for Analyzing and Mitigating Liquefaction 
Hazards in California” (Ref. 34) or other appropriate documents. If seismically induced 
settlement is anticipated, the resulting design impacts shall be considered, including the 
potential development of downdrag loads on piles (See Section 2.7.1).  

2.6 Earth Pressures 

2.6.1 Earth Pressures Under Static loading 
The effect of static active earth pressures on wharf structures resulting from static loading 
of backfill soils shall be considered where appropriate. Backfill sloping configuration, if 
applicable, and backland loading conditions shall be considered in the evaluations. The 
loading considerations shall be based on project-specific information, with a minimum 
assumed surcharge loading value of 250 psf. The earth pressures under static loading 
should be based on guidelines outlined in “Foundation and Earth Structures” (Ref. 35) or 
other appropriate documents. 

2.6.2 Earth Pressures Under Seismic loading 
The effect of earth pressures on wharf structures resulting from seismic loading of 
backfill soils, including the effect of pore-water pressure build-up in the backfill, shall be 
considered. The seismic coefficients used for this analysis should be based on the 
earthquake magnitudes, peak ground accelerations, and durations of shaking provided in 
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“Port-Wide Ground Motion Study, Port of Long Beach, California” (Ref. 21) and 
“Addendum to Port-wide Ground Motion Study, Port of Long Beach, California” (Ref. 
22). 

Backfill sloping configuration, if applicable, and backland loading conditions shall be 
considered in the evaluations. The loading considerations shall be based on project-
specific information, with a minimum assumed surcharge loading value of 250 psf. 
Mononabe-Okabe equations may be used to estimate earth pressures under seismic 
loading, if appropriate [See “Foundation and Earth Structures” (Ref. 35); “Seismic 
Analysis and Design of Retaining Walls, Buried Structures, Slopes, and Embankments” 
(Ref. 43)]. If Mononabe-Okabe equations are not appropriate, methods outlined in 
“Seismic Analysis and Design of Retaining Walls, Buried Structures, Slopes, and 
Embankments” (Ref. 43) or other appropriate methods may be used. 

2.7 Pile Axial Behavior 
These guidelines are based on the assumption that piles are driven into the dense to very 
dense soil layer that is generally present throughout the Port area at elevations 
approximately -80 ft. to -100 ft. MLLW. If piles are not embedded into this layer, 
additional guidelines may be applicable and the geotechnical engineer should provide 
recommendations for review and approval by the Port. 

2.7.1 Pile Capacity 
Axial geotechnical capacity of piles shall be evaluated using the load combinations in 
Table 3-3. Guidelines for estimating axial pile capacities are provided in “Foundation and 
Earth Structures” (Ref. 35), “Recommended Procedures for Planning, Designing, and 
Constructing Fixed Offshore Platforms” (Ref. 7), and other appropriate documents. A 
minimum factor of safety of 2.0 shall be achieved on the ultimate capacity of the pile 
when using the largest of the service load combinations provided in Table 3-1. In 
addition, piles supporting the waterside crane rail should have a minimum factor of safety 
of 1.5 on ultimate capacity when using the broken pile load combinations provided in 
Table 3-1. 

If long-term soil settlement is anticipated (See Section 2.5.1) above the pile tip, the 
effects of downdrag on axial geotechnical and structural capacity of piles shall be 
evaluated. The geotechnical capacity when evaluating the effects of downdrag loads 
should be estimated by considering only the tip resistance of the pile and the side friction 
resistance below the lowest layer contributing to the downdrag. Due to the short-term 
nature of transient loads (loads other than dead load), the factor of safety for the 
downdrag load evaluation may be reduced when downdrag loads are combined with 
transient loads. A minimum factor of safety of 1.5 should be achieved when combining 
the downdrag with the maximum of the service load combinations estimated from Table 
3-3. For the earthquake load case in Table 3-3, an additional 10% of the design uniform 
live load should be included, per Section 4.6.4. However, the factor of safety should not 
be less than 2.0 when downdrag loads are combined with dead loads only. The 
geotechnical engineer should provide the magnitude of the downdrag load and its extent 
along the pile to the structural engineer. 
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An alternate approach to the evaluation of long-term settlement induced downdrag loads 
is to estimate the pile top settlement under the downdrag plus service load combinations 
and to design the structure to tolerate the resulting settlement. 

If liquefaction or seismically-induced settlement are anticipated (See Section 2.5.2), the 
ultimate axial geotechnical capacity of piles under seismic conditions shall be evaluated 
for the effects of liquefaction and/or downdrag forces on the pile. The ultimate 
geotechnical capacity of the pile during liquefaction should be determined on the basis of 
the residual strength of the soil for those layers where the factor of safety for liquefaction 
is determined to be less than 1.0. When seismically-induced settlements are predicted to 
occur during design earthquakes, the drag loads should be computed, and the 
combination of drag load and service load should be determined. Only the tip resistance 
of the pile and the side friction resistance below the lowest layer contributing to the 
downdrag should be used in the capacity evaluation. The ultimate axial geotechnical 
capacity of the pile should not be less than the combination of the seismically induced 
downdrag force and the maximum of the service load combinations. 

2.7.2 Axial springs for Piles 
The Geotechnical Engineer shall coordinate with the Structural Engineer and develop 
axial springs (t-z) for piles. The t-z springs may be developed either at the top or at the tip 
of the pile, see Figure 2-3. If the springs are developed at the pile tip, the tip should 
include both the frictional resistance along the pile (i.e., side springs [t-z]) and tip 
resistance at the pile tip (i.e., tip springs [q-w]), as illustrated in Figure 2-3. If t-z springs 
are developed at the pile top, the appropriate elastic shortening of the pile should also be 
included in the springs. Linear or nonlinear springs may be developed if requested by the 
structural engineer. 

During development of the axial soil springs, the ultimate capacity of the soil resistance 
along the side of the pile and at the tip of the pile should be used. Normally, it is assumed 
that the soil resistance along the side of the pile is developed at very small displacement 
(e.g., less than 0.5 inches) while the resistance at the tip of the pile will require large 
displacements (e.g., 5% of the pile diameter). 

2.7.3 Upper and Lower Bound Springs 
Due to the uncertainties associated with the development of axial springs, such as the 
axial soil capacity and load distributions along the piles and the simplified spring 
stiffnesses used, both upper-bound and lower-bound limits should be used for the axial 
springs. The upper-bound and lower-bound springs should be developed by multiplying 
the load values estimated in Section 2.7.2 by 2 and 0.5, respectively, for use in the 
analysis. Different values may be acceptable if supported by rational analysis and/or 
testing and upon approval by the Port. 
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Figure 2-3: Axial Soil Springs 

2.8 Soil Behavior under Lateral Pile Loading 

2.8.1 Soil Springs for Lateral Pile Loading 
For design of piles under loading associated with the inertial response of the 
superstructure, level-ground inelastic lateral springs (p-y) shall be developed. The lateral 
springs within the shallow portion of the piles (generally within 10 pile diameters below 
the ground surface) tend to dominate the inertial behavior. Geotechnical parameters for 
developing lateral soil springs may follow guidelines provided in “Recommended 
Practice for Planning, Designing, and Constructing Fixed Offshore Platforms” (Ref. 7) or 
other appropriate documents. 

2.8.2 Upper and Lower Bound Soil Springs 
Due to uncertainties associated with the development of p-y curves, including 
uncertainties arising from rock properties, rock placement method, and sloping rock dike 
configuration, upper-bound and lower-bound p-y springs shall be developed for use in the 
superstructure inertial response analyses. For typical marginal container wharf 
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slope/embankment/dike system at the Port, the stiffness of the upper-bound and lower-
bound springs shall be 2 times and 0.3 times the stiffness of the lateral spring developed 
in Section 2.8.1. Upon approval by the Port, rational analysis and/or testing may be 
performed to justify the use of different values. For other wharf types, the upper-bound 
and lower-bound springs should be developed on a site-specific basis. 

2.9 Soil-Pile Interaction 
Two separate loading conditions for the piles shall be considered:  (1) Inertial loading 
under seismic conditions, and (2) Kinematic loading from lateral ground spreading. 
Inertial loading is associated with earthquake-induced lateral loading on the wharf 
structure, while kinematic loading refers to the loading on wharf piles from earthquake 
induced lateral deformations of the slope/embankment/dike system.  

For typical marginal container wharves at the Port (vertical pile wharf configurations 
with typical slope/embankment/dike system), the inertial loading condition induces 
maximum moments in the upper regions of the pile, and the kinematic loading condition 
induces maximum moments in the lower regions of the pile. The locations of the 
maximum moments from these two loading conditions are sufficiently far apart so that 
the effects of moment superposition are normally negligible. Furthermore, maximum 
moments induced by the two loading conditions tend to occur at different times during 
the earthquake. Therefore, for typical marginal container wharves at the Port, these 
loading conditions can be uncoupled (separated) from each other during design. For other 
wharf types, this assumption should be checked on a project-specific basis. 

2.9.1 Inertial Loading Under Seismic Conditions 
The evaluation of inertial loading response under seismic conditions is discussed in detail 
in Section 1. The lateral soil springs developed following the guidelines provided in 
Section 2.8 shall be used in the inertial loading response analyses. The evaluation of 
inertial loading can be performed by ignoring the slope/embankment/dike system 
deformations (i.e., one end of the lateral soil spring at a given depth is attached to the 
corresponding pile node and the other end is assumed fixed). 

2.9.2 Kinematic Loading from Lateral Spreading 
Kinematic loading from permanent ground deformation in the deep seated levels of the 
slope/embankment/dike foundation soils shall be evaluated. The lateral deformations 
shall be restricted to such amounts that the structural performance of wharf piles is not 
compromised, as defined by the pile strain limits outlined in Section 4.4 (Table 4-1). The 
lateral deformation of the embankment or dike and associated wharf piles and foundation 
soils shall be determined using proven analytical methods as outlined below. 

Analysis for kinematic loading may not be required if it can be shown that a previously 
conducted dynamic soil-structure interaction analysis of a similar wharf representing a 
conservative upper bound solution results in higher pile curvature demands than the 
wharf under consideration, and still satisfies the strain limits for the pile. 

Where analysis is required, initial estimates of free field dike deformations (in the 
absence of piles) may be determined using the simplified Newmark sliding block method 
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using the curves provided in “Port-Wide Ground Motion Study, Port of Long Beach, 
California” (Ref. 21) for the OLE and CLE, as discussed in Section 2.4.4. For the DE, 
initial estimate of the free field dike deformations should be made using the curves 
provided in “Seismic Analysis and Design of Retaining Walls, Buried Structures, Slopes 
and Embankments” (Ref. 43) or other appropriate documents as discussed in Section 
2.4.4. For the 24-inch octagonal, precast, prestressed concrete piles and pile 
configurations that are typically used for Port wharf projects, deformations are generally 
considered acceptable (in terms of pile strain limits and performance criteria) when the 
permanent free field dike deformations are less than about 3 inches for the OLE 
condition, less than about 12 inches for the CLE and less than about 36 inches for DE 
conditions. 

In cases where dike deformations estimated using the simplified Newmark sliding block 
method exceed the displacement limits, site-response evaluations may be necessary to 
revise the free-field dike deformation analyses. Upon approval by the Port, one-
dimensional site response analyses may be performed to incorporate local site effects in 
developing site-specific acceleration-time histories at the base of the sliding block 
(“within motions”) for Newmark analyses. For the OLE and CLE, the firm-ground time 
histories provided in “Port-Wide Ground Motion Study, Port of Long Beach, California” 
(Ref. 21) should be used as the basis for determining input in the site-response 
evaluations. Sensitivity analyses should also be performed on factors affecting the results. 
The site-specific time histories representing the “within motions” should then be used in 
the simplified Newmark sliding block method to revise the dike deformation estimates. If 
the revised dike deformations still exceed the acceptable values, more detailed numerical 
soil-structure interaction evaluations may be necessary. 

A full soil-structure-interaction numerical analysis for kinematic loading may not be 
required if it can be shown by structural analysis that reduced displacement demands 
estimated by simplified Newmark evaluations incorporating pile “pinning” effects are 
structurally acceptable, as discussed in the following publications: “Recommended LRFD 
Guidelines for the Seismic Design of Highway Bridges” (Ref. 10) and “Seismic Analysis 
and Design of Pile Supported Wharves” (Ref. 15). The geotechnical engineer should 
provide the structural engineer with level-ground p-y curves for the weak soil layer and 
soil layers above and below the weak layer using appropriate overburden pressures for 
performing a simplified pushover analysis to estimate the OLE, CLE and DE 
displacement capacities and corresponding pile shear within the weak soil zone. For the 
pushover analysis, the estimated displacements may be uniformly distributed within the 
thickness of the weak soil layer (i.e., zero at and below the bottom of the layer to the 
maximum value at and above the top of the weak layer). At some distance above and 
below the weak soil layer, see Figure 2-4, the pile should be fixed against rotation, and 
also against translation relative to the soil displacement. Between these two points (+/- 
10D from the soil layer), lateral soil springs are provided, which allow deformation of the 
pile relative to the deformed soil profile. The geotechnical engineer should perform 
pseudo-static slope stability analysis (Section 2.4.2) with the “pinning” effects of piles 
arising from pile shear in the weak zone incorporated and estimate the displacement 
demands using simplified Newmark analysis. If the estimated displacement demands are 
less than the displacement capacities as defined by the structural engineer, no further 
analysis for kinematic loading will be necessary. 
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Figure 2-4: Sliding Layer Model 

In cases where subsurface conditions indicate the presence of continuous, thin (less than 
2 ft.), liquefiable and/or soft soils beneath the dike that could result in concentrated 
deformations within these layers, more detailed numerical analyses may be necessary. 
Such analyses shall not be performed without prior approval of the Port. 

If more detailed numerical analyses are deemed necessary to provide input to the 
structural engineers, two-dimensional dynamic soil-structure interaction analysis of the 
wharf-pile-dike-soil system using numerical finite element or finite difference analyses 
should be performed. Sensitivity analyses should also be performed on factors affecting 
the results. As a minimum, deformation profiles along the length of the various pile rows 
should be provided to the structural engineer to estimate strains and stresses in the piles 
for the purpose of checking performance criteria. Such analyses should be coordinated 
with the structural engineer and shall not be performed without prior approval of the Port. 
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2.10 Ground Improvement 
In the event that all the requirements set forth in the above sections cannot be met for the 
project, ground improvement measures may be considered to meet the requirements. 
Prior approval from the Port should be obtained before performing ground improvement 
evaluations. Ground improvement design recommendations should incorporate 
construction considerations including constructability, availability of contractors and 
equipment, schedule impact, and construction cost.  Alternatives such as use of additional 
piles, or accepting greater damage due to larger displacements shall be discussed. 

Version 2.0 2-13 1/30/2009 



   

 

 

 

3 Structural Loading Criteria 
3.1 General 
All wharves shall be designed for the loading requirements provided herein. Where 
loading conditions exist that are not specifically identified herein, the designer should 
rely on accepted industry standards. However, in no case shall other standards supersede 
the requirements provided herein. For purposes of this document, the terms piers and 
wharves can be used interchangeably, and mean an engineered structure for the purpose 
of docking and mooring a vessel for cargo operations. 

3.2 Dead Loads (D) 

3.2.1 General 
Dead load consists of the weight of the entire structure, including all the permanent 
attachments such as mooring hardware, fenders, light poles, utility booms, brows, 
platforms, vaults, sheds, service utility lines, and ballasted pavement. A realistic 
assessment of all present and future attachments should be made and included. 

3.2.2 Unit Weights 
Actual and available construction material weights shall be used for design. The 
following are typical unit weights: 

Steel or cast steel 490 pcf 
Aluminum alloys 175 pcf 
Timber (untreated or treated) 50 pcf 
Concrete, reinforced (normal weight) 150 pcf 
Concrete, reinforced (lightweight) 120 pcf 
Compacted sand, earth, gravel, or ballast 150 pcf 
Asphalt paving 150 pcf 

3.3 Vertical Live Loads (L) 

3.3.1 Uniform Loading 
The wharf shall be designed for a uniform live load of 1000 psf, except for areas 
outboard of the waterside crane rail, which shall be designed for 500 psf. When combined 
with crane loading, the uniform live load in all areas should be 300 psf, with no uniform 
loading within 5 feet of either side of the crane rails. For the design of wharf piles, the 
uniform live load may be reduced by 20%. All uniform live loads shall be distributed to 
produce maximum forces. At predetermined locations, the outboard deck slab will also be 
checked for the loads imposed during loading and unloading of container cranes or other 
large equipment from their transport vessel. This loading will be obtained from the 
equipment manufacturer and/or transporting company. Under some loading 
circumstances, a specified area may be designed into the wharf structure to accommodate 
those extreme loads. 
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3.3.2 Truck Loading 
Truck loading shall be in accordance with the American Association of State Highway 
and Transportation Officials (AASHTO) Standard Specification for Highway Bridges 
(Ref. 1). All piers and wharves shall be designed for HL-93 loading shown in AASHTO, 
increased by a factor of 1.25. Lane loads need not be considered for the deck structure. 
Impact will be in accordance with Section 3.4. When truck loading is transferred through 
2.0 feet or deeper ballast fill, the impact factor need not be considered in design. 

3.3.3 Container Cranes 
In the absence of actual crane load data from the manufacturer, the following values shall 
be used: 

Crane Rail Loads 
All crane rail beams and supporting substructures shall be designed for the container 
crane loads shown in Table 3-1 below. These rail loads are unfactored, and include both 
dead and live loads. The Table also indicates the load factors used for the various 
operating conditions, as well as the allowable stress and factors of safety for pile bearing 
in the soil. The uniform loading shown is based on eight wheels spaced at 5'-0" O.C. at 
each corner of crane. 

The factored crane loads shall be used in combination with other loadings (Table 3-3) on 
the wharf deck for the design of the crane rail beam and piling. 

The waterside crane rail beam shall be designed to span over interior pile(s) that may be 
damaged or broken. The load factors associated with a crane transiting over broken piles 
are shown in Table 3-1. 

Lp/2 

Corner Pile Top hinge
Interior Pile Δp,m 

Figure 3-1: Broken Pile 
Both waterside and landside crane rail beams shall be designed for a lateral load of 3.0 
kips per linear foot applied at the top of rail. 

Crane Stowage Pin 
Crane stowage pins shall be designed for a horizontal force of 250 kips per rail at each 
location for strong wind conditions. For wind load see Section 3.10. 
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Crane Stop Loads 
Crane stops shall be designed to resist a horizontal runaway wind blown crane impacting 
force of 350 kips per rail applied 6.0 feet above the top of the rail, and in a direction 
parallel to the rail. 

Table 3-1: Vertical Container Crane Loading 

Load Case 

Crane Rail Loads 
Load 

Factora 
Flexural 

Capacityb 

Pile Soil 
Capacity Factor 

of SafetycWW 
Waterside 

WL 
Landside 

Normal Operatingd 50 klf 50 klf 1.3 φMn 2.0 

One interior pile brokene 50 klf N/A 1.3 1.1φMn 1.5 

Two adjacent interior piles brokene,f 20 klfg N/A 1.2 1.1φMn 1.5 

a These factors represent the combined dead and live load factors applied to the crane loading.  
b φMn is the reduced nominal moment capacity of the crane rail beam or supporting pile head, 

calculated based on ACI-318. 
c This factor of safety is for service load design combinations. 
d Crane rail loads are based on 3,000 kips crane dead load with 60 long ton lifting beam, 

servicing 22 box wide vessels. 
e Use for exterior waterside crane girder only. If truck lane exists the broken pile criteria are not 

applicable. 
f Only wharf dead load and the waterside crane dead weight rail load specified above need be 

considered for the case of two adjacent interior piles broken.  
g This value represents the crane dead load for transiting crane over broken piles only.  No 

crane operations permitted. 
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3.3.4 Container Handling Equipment Loading 
Wharf decks slabs shall be checked for container handler wheel loads shown in Figure 
3-2. Wheel load distribution shall be determined in accordance with AASHTO. For 
equipment with hard rubber wheels or other wheels not inflated, the wheel contact area 
shall be designed as a point load. If handling equipment load needs to be higher than the 
load shown in Figure 3-2, load values and distribution shall be provided to the port for 
approval. 

Figure 3-2: Design Wheel Loads 

3.3.5 Railroad Track Loading 
Piers and wharves accessible by freight car shall be designed for railroad loading. Wheel 
loads shall correspond to Cooper E-80 designation of “American Railway Engineering 
and Maintenance-of-Way Association (AREMA) Manual” (Ref. 33). 

3.4 Impact (I) 
The impact factors shown in Table 3-2 shall be applied to uniform live loads and wheel 
loads for the design of deck slab, crane beams and pile caps. Impact factors should not be 
considered for the design of the piles and other types of substructures. 

Table 3-2: Impact Factors 

Loading Impact 

Uniform Load 0% 

Truck Load 10% 

Forklift & Container handler loading 10% 

Railroad loading 20% 
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3.5 Buoyancy (BU) 
Typically, piers and wharf decks are not kept low enough to be subjected to buoyancy 
forces. However, portions of the structure, such as utility lines and vaults and bent caps, 
may be low enough to be subjected to buoyancy forces. These are essentially uplift forces 
applied at the rate of 64 pounds per square foot of plan area for every foot of 
submergence below water level. 

3.6 Berthing Loads (BE) 
Berthing loads shall be based on the following vessel characteristics, unless otherwise 
specified. The approach velocity called out below includes the factor for abnormal 
berthing and assumes a favorable site condition. The berthing energy shall be determined 
by the deterministic approach as shown in “Guidelines for the Design of Fender Systems, 
2002” (Ref. 28). 

LOA (Length Overall) 1,300 feet 
Maximum Displacement 220,000 metric tons (1 metric ton ≈ 2,205 lbs) 
Beam 185 feet 
Draft (Max) 48 feet 
Allowable Hull Pressure 4 ksf 
Approach velocity normal to fender line, V⊥ 0.35 foot/second 

Smaller container vessels may berth with increased approach velocity normal to the 
fender line, but the kinetic energy of the vessel should not exceed the energy of the vessel 
with the maximum displacement, as stated above. Fender shear forces may be computed 
using a friction coefficient, μf = 30%, at the fender face/ship hull interface. The berthing 
energy of the rubber fender shall be based on a fender panel deflected angle of 10˚. 

0.35 ft/sV
⊥ = 

Fender Line 

5° 

Figure 3-3: Berthing Load 

where: 

VF 

RF 

FfF RV ×= μ

= Fender shear force 
= Force perpendicular to the fender panel due to berthing 

(3.1) 
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3.7 Mooring Loads (M) 
For the design of the wharf or pier structure, mooring line loads (P) shall be equal to the 
mooring hardware capacity. These line loads shall be applied at angles between 
horizontal and a maximum of 30° from horizontal in a vertical plane outboard of the 
wharf face, as shown in Figure 3-4. These load directions represent possible bow and 
stern breasting line loads. In applying these loads to the wharf or pier structure, 
consideration should be given to bow and stern breasting line separations as well as 
distances to possible adjacent vessel breasting lines. Where applicable, mooring line 
loads shall also be considered adjacent to expansion joints and/or the end of the structure. 

Mooring hardware for container ships shall have a minimum capacity of 200 metric tons. 
For other types of vessels, which may require higher mooring hardware capacities, a 
more detailed mooring analysis shall be performed.  For mooring analysis use 75 mph 
design wind speed (30 seconds duration with 25 years return period), for more details 
refer to 2007 CBC Section 3103F.5 (Ref. 18). 

Face of 

30° max. 

Wharf 

Deck 

P 
P 

P 

Elevation Plan 

Figure 3-4: Mooring Lines Forces 

3.8 Earth Pressure (E) 
Detailed requirements for static and dynamic earth pressures are discussed in Section 2. 

3.9 Earthquake (EQ) 
All wharf structures shall be designed to resist earthquake motions by considering the 
relationship of the site to active faults, the seismic response of the soils at the site, and the 
dynamic response characteristics of the total structure and its individual components in 
accordance with the Seismic Design Criteria described in Section 1. 

To account for the effect of vertical ground acceleration on the pile and deck, upper 
bound and lower bound dead load combinations shall be considered with seismic load. 
This shall be accomplished using a “K” factor as a function of PGA (Peak Ground 
Acceleration). 

 D(1 ± K) (3.2) 

K = 0.5(PGA) (3.3) 
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The lower bound and upper bound of the dead load shall be applied to the deck, as in 
Figure 3-5. 

Equivalent Static Positive Vertical Load 

Equivalent Static 

Negative Vertical Load 


Equivalent Positive Vertical Moment Equivalent Negative Vertical Moment 

Figure 3-5: Equivalent Static Loads and Vertical Moments 

3.10 Wind Load on Structure (W) 
The wind load calculations should be based on 2007 CBC (Ref. 17) and  ASCE7-05 (Ref. 
11) with basic wind speed of 85 mph (3-second gust with 50 years return period).   

3.11 Creep (R) 
Creep is a material-specific internal load similar to shrinkage and temperature, and is 
critical only to prestressed concrete construction. The creep effect is also referred to as 
rib shortening and shall be evaluated using the PCI Design Handbook (Ref. 38). 

3.12 Shrinkage (S) 
Open pier and wharf decks, which are usually constructed from concrete components, are 
subject to forces resulting from shrinkage of concrete from the curing process. Shrinkage 
loads are similar to temperature loads in the sense that both are internal loads. For long 
continuous open piers and wharves and their approaches, shrinkage load is significant 
and should be considered. However, on pile-supported pier and wharf structures, the 
effect is not as critical as it may seem at first because, over the long time period in which 
shrinkage takes place, the soil surrounding the piles will slowly “give” and relieve the 
forces on the piles caused by the shrinking deck. The Prestressed Concrete Institute PCI 
Design Handbook (Ref. 38).is recommended for design of shrinkage. 
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3.13 Temperature (T) 
Thermal stresses in structural elements shall be based on a temperature increase or 
decrease of 25° F. 

3.14 Application of Loadings 

Concentrated Loads 
Wheel loads and outrigger float loads from container handling equipment may be applied 
at any point on a wharf deck except outboard of the waterside crane rail. The equipment 
may be oriented in any direction, and the orientation causing maximum forces on the 
structural members shall be used in the design. Trucks are permitted to operate outboard 
of the waterside crane rail. Power trench covers and utility vault covers outboard of the 
waterside crane rail shall be designed for wheel loads of trucks only; no other 
concentrated loads shall be used. Loaded containers shall not be stacked on the wharf 
deck. However, empties may be stacked inboard of the waterside crane rail, and the 
resulting corner casting compression or punching shear forces for empty containers 
stacked six high should be checked. 

Simultaneous Loads 
Uniform and concentrated live loads should be applied in a logical common sense 
manner. Designated uniform live loads and concentrated live loads from pneumatic-tired 
equipment shall not be applied simultaneously in the same area. However, a uniform live 
load shall be used between crane rails as described in Section 3.3.1. When railroad tracks 
are present between crane rails, both crane and railroad track loads shall be applied 
simultaneously, and no uniform load between crane rails shall be applied. 

Loading for Maximum Stress 
For determining the shear and bending moments in continuous members, the designated 
uniform loads shall be applied to produce the maximum effect. 

Critical Loads 
Concentrated loads are generally critical for punching shear and the design of short spans 
such as deck slabs, power trench covers and utility vault covers. Uniform loading, mobile 
crane floats, rail-mounted crane loading, and railroad loading are generally critical for the 
design of beams, pile caps, and supporting piles. 

3.15 Load Combinations 

3.15.1 General 
Piers and wharves shall be proportioned to safely resist the load combinations represented 
in Table 3-3. Each component of the structure and the foundation elements shall be 
analyzed for all the applicable combinations. 
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Load Symbols 
D = Dead Load 
L = Live Load 
I = Impact Load 
BU = Buoyancy Load 
BE = Berthing Load 
E = Earth Pressure Load 
EQ = Earthquake Load 
W = Wind load  
R = Creep/rib shortening Load 
S = Shrinkage Load 
T = Temperature Load 
M = Mooring Load 

3.15.2 Service Load Design 
Load combinations used for service load design are presented in Table 3-3. The service 
load approach shall be used for designing and checking vertical foundation capacity and 
long-term vertical wharf loading, such as dead load. Timber structures for piers and 
wharves shall be designed using the service load combinations and allowable stresses. 
Mooring hardware and fittings (bolts and anchor plates) shall be designed using service 
load procedures. 

3.15.3 Load Factor Design 
Load combinations and load factors used for load factor design are presented in Table 
3-3. Concrete and steel structures shall be designed using the load factor design method. 
However, they shall also be checked for serviceability (i.e., creep, fatigue, and crack 
control as described in ACI-318 (Ref. 2 )), and temporary construction loads. 
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Table 3-3: Load Factors for LFD and LD  

LOAD FACTOR DESIGN (LFD)a 

Case 
LOAD COMBINATION FACTORS 

D L+Ib E W BE R+S+T EQ BU M 

I 1.2 1.6 1.6 — — — — 1.3 — 

II 1.2 1.0 1.6 1.6 — 1.2 — 1.3 — 

IIIc 0.9 — 1.6 1.6 — 1.3 — 1.3 — 

IV 1.2 0.1d 1.6 1.0 1.6 — — 1.3 — 

V 1.2 1.0 1.6 1.3 — — — 1.3 1.3 

VI 1±Ke 0.1d 1.0 — — — 1.0 — — 

SERVICE LOAD DESIGN (SLD) 

Case 
LOAD COMBINATION FACTORS 

Allowable 
StressD L+ I E W BE R+S+T EQ BU M 

I 1.0 1.0 1.0 — — — — 1.0 — 100% 

II 1.0 1.0 1.0 1.0 — 1.0 — 1.0 — 133% 

III 1.0 — 1.0 1.0 — 1.0 — 1.0 — 125% 

IV 1.0 0.1d 1.0 0.3 1.0 — — 1.0 — 100% 

V 1.0 1.0 1.0 1.0 — — — 1.0 1.0 125% 
aThe Load Factor Design require the strength reduction factors, φ as specified in ACI-318 

2005. 
b For the load factor of crane load case see Table 3-1 
c Reduce load factor to 0.9 for dead load (D) to check members for minimum axial load and 

maximum moment. 
d For uniform live load only. 
e K = 0.50 (PGA), to account for the affects of the vertical component of ground 

acceleration. The K-factor shall be applied to the vertical dead load (D) only, not to the 
inertia mass of the wharf. 
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4 Seismic Design Criteria 
4.1 Introduction 
The following criteria identify the minimum requirements for seismic design of wharves 
and piers. The criteria, which are performance based, require the displacement capacities 
of the structural members to be greater than the displacement demand imposed by the 
seismic loads. Where required, structural members are intentionally designed and detailed 
to deform inelastically for several cycles without significant degradation of strength 
under earthquake demand. 

4.2 General Design Criteria 
All wharf designs shall consider the following items: 

Ductile Design 
The wharf structure shall be designed as a ductile system. The pile to deck interface 
forms an integral part of the wharf structure, and shall be designed for ductile behavior.  

Structural System 
The structural system shall be based on the strong beam (deck), weak column (piles) 
frame concept. The pile-deck structural system shall be designed to develop plastic 
hinges in the piles and not in the deck. This concept is different from the strong column-
weak pile structural system concept that is used for the design of buildings. Capacity 
design is required to ensure that the dependable strengths of the protected locations and 
actions exceed the maximum feasible demand based on high estimates of the flexural 
strength of plastic hinges. 

Pile Connections 
The pile shall be connected to the deck with mild steel dowels. Moment-resisting 
connections created by extending the prestressing tendons into the wharf deck shall not 
be permitted. 

Vertical Piles 
An all-vertical (plumb) pile system shall be used, with an appropriate connection at the 
pile to deck interface to ensure ductile performance of the structure. Battered piles shall 
not be used for the design of new wharves without prior written approval from the Port. 
Refer to Section 5.5.4 for the appropriate use of batter piles. 

Crane Rails 
Beams supporting crane rails shall be supported by vertical piles only. The gage between 
crane rails shall be maintained by structural members or a wharf deck that spans the two 
rails to prevent spreading or loss of gage due to earth movements. 
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Bulkheads 
Bulkheads shall be designed for dynamic earth pressures induced during seismic events. 
Cut-off wall is mainly used to prevent loss of soil from backland and shall not be 
designed to provide seismic lateral resistant. 

Slope Stability 
A slope stability analysis, including seismic induced movements, shall be performed; see 
Section 2. 

Utilities & Pipelines 
Utilities shall be designed with flexible connections between the backland area and the 
wharf capable of sustaining expected wharf movements under CLE response. Flexible 
connections shall also be provided across expansion joints. 

4.3 Performance Criteria 
The ground motions levels provide in Section 2.1 shall be used for the seismic design. 
The permitted level of structural damage for each ground motion is controlled by 
concrete and steel strain limits in the piles. The performance criteria of the three-level 
ground motions are defined below: 

Operating Level Earthquake (OLE) 
Due to an OLE event, the wharf should have no interruption in operations. OLE forces 
and deformations, including permanent embankment deformations, shall not result in 
significant structural damage. All damage, if any, shall be cosmetic in nature and located 
where visually observable and accessible. Repairs shall not interrupt wharf operations.  

Contingency Level Earthquake (CLE) 
Due to a CLE event, there may be a temporary loss of operations that should be 
restorable within a few months. CLE forces and deformations, including permanent 
embankment deformations, may result in controlled inelastic structural behavior and 
limited permanent deformations. All damage shall be repairable and shall be located 
where visually observable and accessible for repairs. 

Code-Level Design Earthquake (DE) 
Due to a DE event, forces and deformations, including permanent embankment 
deformations, shall not result in the collapse of the wharf and the wharf shall be able to 
support the dead load including the cranes. Life safety shall be maintained. 

4.4 Strain Limits 
The strain limits for the OLE, CLE and DE performance levels shall be defined by the 
following material strains for concrete piles and steel pipe piles. Steel sheet piles and tie
back systems shall be designed to remain elastic under all three earthquake levels. Strain 
values computed in the analysis shall be compared to the following limits:  
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Table 4-1: Strain Limits 

Component Strain 
Design Level 

OLE CLE DE 

Solid 
Concrete 

Pilea 

Top of pile hinge 
concrete strain cε ≤ 0.005 0.0251.10.005 ≤+= sc ρε Νο limit 

In-ground hinge 
concrete strain cε ≤ 0.005 0.0081.10.005 ≤+= sc ρε 

0.0251.10.005 ≤+= sc ρε 

Deep In-ground 
hinge (>10Dp) 
concrete strain 

cε ≤ 0.008 ≤ 0.012cε Νο limit 

Top of pile hinge 
reinforcing steel 
strain 

sε ≤ 0.015 0.060.6 ≤≤ smds εε 0.080.8 ≤≤ smds εε 

In-ground hinge 
prestressing 
tendon strain 

pε ≤ 0.015 ≤ 0.025pε ≤ 0.035pε 

Deep In-ground 
hinge (>10Dp) 
prestressing 
tendon strain 

pε ≤ 0.015 ≤ 0.025pε ≤ 0.050pε 

Hollow 
Concrete 

Pileb 

Top of pile hinge 
concrete strain cε ≤ 0.004 ≤ 0.006cε ≤ 0.008cε 

In-ground hinge 
concrete strain cε ≤ 0.004 ≤ 0.006cε ≤ 0.008cε 

Deep In-ground 
hinge (>10Dp) 
concrete strain 

cε ≤ 0.004 ≤ 0.006cε ≤ 0.008cε 

Top of pile hinge 
reinforcing steel 
strain 

sε ≤ 0.015 0.040.4 ≤≤ smds εε 0.060.6 ≤≤ smds εε 

In-ground hinge 
prestressing 
tendon strain 

pε ≤ 0.015 ≤ 0.025pε ≤ 0.025pε 

Deep In-ground 
hinge (>10Dp) 
prestressing 
tendon strain 

pε ≤ 0.015 ≤ 0.025pε ≤ 0.050pε 
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Table 4-1: Strain Limits (Continued) 

Component Strain 
Design Level 

OLE CLE DE 

Steel 
Pipe 
Pilesc 

Top of pile 
hinge concrete 
strain 

≤ 0.010cε ≤ 0.025cε Νο limit 

Top of pile 
hinge 
reinforcing steel 
strain 

≤ 0.015sε 0.060.6 ≤≤ smds εε 0.080.8 ≤≤ smds εε 

In-ground hinge 
hollow pipe 
steel strain 

≤ 0.010sε ≤ 0.025sε ≤ 0.035sε 

In-ground hinge 
pipe in-filled 
with concrete 
steel strain 

≤ 0.010sε ≤ 0.035sε ≤ 0.05sε 

Deep In-ground 
hinge (>10Dp) 
hollow pipe 
steel strain 

≤ 0.010pε ≤ 0.035pε ≤ 0.050pε 

a For solid round or octagonal piles. 
b If a hollow concrete pile is in-filled with concrete, the strain limits are identical to solid concrete 

piles. 
c Steel pipe pile deck connection shall be accomplished by concrete plug with dowels. 

Definitions: 
εc = Concrete compression strain. 
εs = Total steel tensile strain. 
εsmd = Strain at maximum stress of dowel reinforcement; see Section 4.6.2. 
εp = Total prestressing steel tensile strain. 
εpi = Initial prestressing steel tensile strain after losses. 
Dp = Pile diameter. 
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4.5 Analysis Methods 
Analysis of wharf structures shall be performed for each performance level to determine 
displacement demand and capacity. The capacity will be based on the pile strain limits 
defined in Table 4-1. The following analysis methods may be used: 

• Nonlinear Static Pushover 
• Equivalent Lateral Stiffness Method 
• Initial Stiffness Method 
• Substitute Structure Method 
• Modal Response Spectra 
• Time-History Analysis.  

The flow chart in Figure 4-1 shows the typical steps a designer should follow to complete 
the seismic design and analysis for a wharf structure. After the design for non-seismic 
loads has been completed, the performance design shall be completed for OLE, CLE and 
DE. The seismic design may require additional pile rows or a modified pile layout. A 
model including the effective section properties, seismic mass, and soil springs shall be 
prepared. An Equivalent Lateral Stiffness method may be used for preliminary design, if 
desired. Nonlinear static pushover analysis is always required, and will provide the 
displacement capacity limits for all methods. The structural analysis shall account for 
wharf torsional plan eccentricity, soil structure interaction, multi-directional effects of the 
ground motion and the interaction between adjacent segments. Displacement demand for 
regular wharves shall be estimated by the Initial Stiffness method, the Substitute 
Structure method, or Modal Response Spectra. For wharves with irregular geometry, 
special cases, or when demand/capacity ratios from Response Spectrum Analysis are too 
high, Time-History methods may be employed for the global model to verify the analysis 
results. Time-History analyses, however, shall not be conducted without prior approval 
from the Port. 

The maximum pile displacement shall be determined from the demand analysis, and 
compared to the displacement capacity. The demand determined using the Initial 
Stiffness and Substitute Structure methods shall be adjusted for torsional effects using the 
Dynamic Magnification Factor. If the demand is greater than the capacity, the design 
must be revised. If the demand is less than the capacity, the pile shear, the beam/deck pile 
joint and P-Δ effects shall be checked. If geotechnical analyses indicate a potential for 
sliding failure of the dike, kinematic analysis of the deep in-ground pile hinge shall be 
performed in accordance with Section 4.12. 
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Design for Service 

Static Loading 


(See Section 3)
 

Determine Performance Criteria 
(OLE, CLE, DE) 

(See Section 4.3) 
• Calculate effective Section & Material 

Properties (A, Ieff, E) 
• Soil Springs (Upper Bound, Lower Bound) 
• Seismic Mass 
• Nonlinear Properties (M-φ, θp, Lp) 
(See Section 4.6) 

Displacement Capacity ΔC 

(See Section 4.10.1) 

Nonlinear Static 
Pushover 

(See Section 4.7) 

Irregular 

Structures or
 

Initial Stiffness Method 

(See Section 4.9.3.1) 

Substitute Structure 
Method 

(See Section 4.9.3.2) 

Modal Response Spectra 
Analysis 

(See Section 4.9.4.2) 

Nonlinear Time-History 
Analysis 

(See Section 4.9.4.3) 

Special Cases 

(See Section 4.8) 

No 

Yes 

Preliminary Design: 
Equivalent Lateral 
Stiffness Method 

(See Section 4.9.1) 

Check 
(Optional) 

Displacement Demand, ΔD 

DMF 
ΔD = ΔD x DMF 

(See Section 4.9.2) 

ΔC>ΔD 

Revise Design 
No 

Yes 

Figure 4-1: Flow Diagram for Seismic Analysis 

Component Capacities 

(See Section 4.10) 

Expansion Joint 

(See Section 4.11) 

Kinematic Loading 

(See Section 4.9.1) 

Seismic Detailing 
Requirements 

(See Section 4.13) 
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4.6 Structural Model 

4.6.1 Modeling 
Due to the general uniformity and symmetry along the longitudinal axis of regular 
marginal wharves, the wharf may be modeled as a strip for pure transverse analyses. The 
number of piles considered in the strip should be modeled to reflect the pile spacing in 
each row, as shown in Figure 4-2. 

Piles 

C Waterside 

C Landside L 

L 
Piles 

Strip Width 

Figure 4-2: Pile Spacing for Typical Modeling Strip (Plan View) 

The structural model shall incorporate components for the lateral resisting system. All 
members shall be modeled at the center of gravity of the section. A minimum of two 
members for the pile unsupported length from the soffit to the first soil spring shall be 
used in the modeling. The ratio of the stiffness between the rigid links and the 
surrounding elements should be no more than 100 to stabilize the stiffness matrix. Soil 
springs shall be used to model soil-structure interaction, and shall be spaced at each layer 
to accurately capture the soil behavior. Two distinct models shall be created to model 
upper bound and lower bound soil springs; see Section 0. 

The interface between the deck and the pile should not be considered entirely rigid. The 
effective top of the pile should be located a distance lsp into the deck to account for strain 
penetration. This additional length applies only to displacements. The strain penetration 
of the pile section into the deck shall be modeled as a member with properties equivalent 
to the top of the pile. The member between the strain penetration and the center of gravity 
(c.g.) of the deck shall be a rigid link. The length of the strain penetration member shall 
be equal to: 

lsp = 0.12 f yedbl (4.1) 

where, 
dbl = The diameter of the longitudinal reinforcement 

fye = Expected yield strength of the longitudinal reinforcement; see Section 
4.6.2. 
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top of deck 

First soil spring 

lsp 

Rigid 

soffit 

c.g. of deck 

Reinforced Concrete 
Section Properties 

Prestressed Concrete 
Section Properties 

16" in  

Top of Soil 

Figure 4-3: Pile Strain Penetration Length (Cross-Section) 
For prestressed piles, the reinforced concrete effective section property shall be used for 
the first 16”of the pile below the soffit to account for development of the prestressing 
strands. Below the first 16” of the pile, the prestressed concrete effective section 
properties shall be used, see Section 4.10.  Maximum moment shall be considered to 
develop at the soffit. Maximum in-ground moments will normally occur at between 50 
and 100 inches below the dike surface for 24 inch diameter piles. This value depends on 
the soil stiffness and strength, and the clear height between the deck and dike. To insure 
adequate precision in modeling the pile moment profile, it is thus important that the soil 
springs be closely spaced in the upper region of the pile.  For typical 24 inch diameter 
piles it is recommended that the first soil spring be located 6 inch below the dike surface, 
then springs be spaced at 12 inches to a depth of about 126 inches.  Below this, the 
spacing can be increased to 24 inches to a depth of a bout 246 inches, then to 48 inches to 
a depth of about 390 inches.  It will not normally be necessary to model the soil below 
this depth and the pile can generally be considered fixed against displacement and 
rotation at a depth of about 500 inches. 

4.6.2 Material Properties 
The capacity of concrete components to resist all seismic demands, except shear, shall be 
based on the most probable (expected) material properties to provide a more realistic 
estimate for design strength.  

The expected concrete compressive strength, f′ ce, recognizes the typically conservative 
nature of concrete batch design, and the expected strength gain with age. The expected 
yield stress for reinforcing steel and structural steel, fye, is a “characteristic” strength and 
represents a low estimate of probable strength of the material, which is higher than the 
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specified minimum strength. Expected material properties shall be used to assess capacity 
and demands for earthquake loads. Seismic shear capacity shall not be based on the 
expected material strength, see Section 4.10.3. For the evaluation demand on of capacity-
protected members, an additional overstrength factor shall be used when determining the 
capacity of pile plastic hinges as described in Section 4.10. Except for shear, the expected 
seismic material strengths shall be: 

f ce ′ = 1.3 f c ′ (4.2) 

f ye = 1.1 f y (4.3) 

f yhe = 1.0 f yh (4.4) 

f = 1.0 f (4.5)pye py 

f = 1.05 fpue pu (4.6) 

where, 

f′ c = 28-day unconfined compressive strength 
fy = Yield strength of longitudinal reinforcing steel or structural steel 
fyh = Yield strength of spiral reinforcement 
fpy = Yield strength of prestressing steel 
fpu = Ultimate strength of prestressing steel 
f ce ′ , fye, fyhe, fpye, fpue = Expected material properties 

The following stress-strain curves may be used to compute the deformation capacity of 
the structural members. Alternative stress-strain models are acceptable if adequately 
documented and supported by test results. 

Concrete 
The stress-strain curves for both confined and unconfined concrete are shown below in 
Figure 4-4. This model is based on Mander’s model for confined and unconfined concrete 
(Ref. 32). 
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Figure 4-4: Stress-Strain Relationship for Confined and Unconfined Concrete 

Unconfined Concrete: 
Unconfined concrete either has no confinement steel or the spacing of the 
confinement steel exceeds 12 inches. For these cases:  

εspall = 	Ultimate unconfined compression (spalling) strain, taken as 0.005 

εco = 	Unconfined compression strain at the maximum compressive stress, 
taken as 0.002 

Confined Concrete: 

For confined concrete, the following are defined: 

ε cu = 0.005 +1.1ρs ≤ 0.025 (4.7) 

⎡ ⎛ fcc ′ ⎞⎤
εcc = ε co ⎢1+ 5⎜⎜ −1⎟⎟⎥ (4.8)

f ′ ⎣ ⎝ ce ⎠⎦ 

⎛	 7.94 f l ′ f l ′ ⎞ 
f ′ = f ′ ⎜−1.254 + 2.254 1+ − 2 ⎟	 (4.9)cc ce ⎜ ⎟f ′ f ′ ⎝	 ce ce ⎠ 

where for circular core sections, 

fl ′= 
1 Keρs f yh	 (4.10)
2 

4Aspρ =	 (4.11)s D′s 
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ρs = Effective volumetric ratio of confining steel 
Asp = Area of confining reinforcement 
D′  = Diameter of confining reinforcement core, measured to the centerline of the 

confinement 
s = Center to center spacing of confining reinforcement along pile axis 
fyh = Yield stress of confining steel 
εcu = Ultimate concrete compression strain 
εcc = Confined concrete strain at peak stress 
fl′ = Effective lateral confining stress 
Ke  = Confinement effectiveness coefficient, equal to 0.95 for circular cores 
f′ ce = Expected concrete strength 
fcc ′ = Confined concrete strength 

Figure 4-5 plots the ratio of confined concrete strength to expected unconfined 
concrete strength ( f ′ / f ′ ) with varying volumetric transverse steel ratios (ρs). This cc ce 

graph may be used to determine the confined concrete strength f cc ′  for circular core 
sections. 
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Figure 4-5: Confined Concrete Strength Ratio versus Transverse Steel Ratio  
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For pile sections with different transverse reinforcement strengths or shapes (i.e. 
rectangular stirrups), the confined concrete strength f ′  may be approximated by 1.5 f ′ cc ce 

or calculated according to Mander’s model (Ref. 32). 

Steel 
The stress-strain curve for reinforcing steel is shown in Figure 4-6. The stress-strain 
curve for structural steel is similar to the curve for reinforcing steel. 
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Steel Strain, εs 

Figure 4-6: Stress-Strain Relationship for Reinforcing Steel 

For ASTM A706 Grade 60 steel (Ref. 19): 

0.0150  #8 bars 

0.0125  #9 bars 

Onset of strain hardening εsh = 0.0115 #10 & #11 bars 

0.0075  #14 bars 

0.0050  #18 bars 

0.120  #10 bars and smaller 
Strain at maximum stress εsmd = 

0.090  #11 bars and larger 

f = 1.4 fue ye 

fue = Expected maximum tensile strength of steel 


Es = 29,000 ksi 


εye = Expected yield strain of steel 
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Prestressing Tendons 

The stress-strain curve for prestressing steel is shown in Figure 4-7. 
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Figure 4-7: Stress-Strain Relationship for Prestressing Tendons 

Eps = Modulus of elasticity for prestressing steel, taken as 28,500 ksi 

εpye = Expected yield strain for prestressing steel 

εpue = Expected ultimate strain for prestressing steel, taken as 0.035 

fpye = Expected yield strength of prestressing steel, equal to 0.85fpue 

fpue = Expected maximum tensile strength of prestressing steel 

4.6.3 Effective Section Properties 
Elastic analysis assumes a linear relationship between stiffness and strength. Concrete 
members display nonlinear response before reaching their idealized Yield Limit State. 

Section properties, flexural rigidity EcI, and torsional rigidity GcJ, shall reflect the 
cracking that occurs before the yield limit state is reached. The effective moments of 
inertia, Ieff and Jeff shall be used to obtain realistic values for the structure’s elastic period 
and seismic demands. 

The effective moment of inertia Ieff shall be used for the structural model. Ieff can be 
estimated by the secant slope of the moment-curvature curve between the origin and the 
point of first yield: 
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M 
E I = y 

c eff φ yi 

where: 

My = Moment at first yield; see Section 4.6.6.1 for definition 

φyi = Curvature at first yield; see Section 4.6.6.1 for definition 

For reinforced concrete piles and the pile/deck connection, see Figure 4-6 the effective 
moment of inertia ranges between 0.3-0.7Igross. For prestressed concrete piles, the 
effective moment of inertia ranges between 0.6-0.75Igross. The prestressing strands at the 
top of the prestressed pile near the pile/deck connection will not be developed, so Ieff of 
the dowel connection should be used. Use 0.5Igross for the deck section. Sections that are 
expected to remain uncracked for seismic response should be represented by gross 
section properties. 

The polar moment of inertia, J, of individual piles is normally an insignificant parameter 
on the global response of wharves and piers. Where the value of J is expected to affect 
the response, the following effective polar moment of inertia, Jeff, shall be used. 

Jeff = 0.2 Jgross 	 (4.12) 

4.6.4 Seismic Mass 
The mass considered for the dynamic analysis shall include the structural self-weight of 
the entire wharf, permanently attached equipment, and 10% of the design uniform live 
load. Also, 1/3 of the pile mass between the deck soffit and 5Dp below the dike surface 
shall be considered additional mass lumped at the deck. Hydrodynamic mass associated 
with piles, where significant, should be considered. For 24” diameter piles or less, 
hydrodynamic mass may be ignored. 

The wharf mass shall include that part of the mass of supported cranes that can be 
considered rigidly connected to the wharf at deck level, mcrane,deck if:  

m > 0.05mcrane,deck wharf 

where: 

mcrane,deck = 	part of the mass of all cranes positioned close to wharf deck level on 
the wharf segment under consideration 

mwharf = 	mass of the wharf segment under consideration  

The mass of the higher part of the cranes supported by flexible members above the deck 
need not be considered when determining mcrane,deck. 

The translational elastic period of the crane mode with the maximum participating mass, 
Tcrane should be at least twice the effective elastic period of the wharf based on cracked 
section properties and effective elastic stiffness of the wharf system, Tw (T ≥ 2T ). Ifcrane w 

this requirement is not satisfied, crane-wharf interaction analysis shall be performed with 
prior approval by the Port. 
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When analysis is based on a reduced strip width, as illustrated in Figure 4-2, the crane 
mass used for analysis, if required by the above definition, should be reduced from the 
total effective mass of cranes on the wharf segment between movement joints, in 
proportion to the strip length divided by the segment length. 

4.6.5 Lateral Soil Springs 
Upper and lower bound soil springs shall be used in the model to determine the 
maximum displacement demands and the corresponding displacement capacities. This 
recognizes the inherent uncertainties associated with soil-structure interaction. The higher 
of the two demand-to-capacity ratios so determined will provide a conservative estimate 
of compliance for displacement response. See Section 2 for further discussion on soil 
spring values. 

4.6.6 Pile Nonlinear Properties 

4.6.6.1  Moment Curvature Analysis 
The plastic moment capacity, Mp, of the piles shall be calculated by Moment-Curvature 
(M-φ) analysis using expected material properties. The analysis must be capable of 
separately modeling the core and cover concrete, and must be capable of representing the 
enhanced concrete strength of the core concrete. The pile in-ground hinge section shall be 
analyzed as a fully confined section due to the soil confinement. Reinforcement and 
prestressing nonlinearity must also be realistically modeled as specified in Section 4.6.2. 
Moment curvature analysis provides a curve showing the moments associated with a 
range of curvatures for a cross section based on the principles of strain compatibility and 
equilibrium of forces.  The analysis shall include the pile axial load and the effective 
prestress force. 

The M-φ curve may be idealized by an elastic perfectly plastic response to estimate the 
plastic moment capacity as follows: 

Moment-Curvature Curve Idealization: Method A 

The idealized plastic moment capacity for typical concrete piles in the Port of Long 
Beach corresponds to the section moment associated with an extreme concrete fiber strain 
of 0.004, as shown in Figure 4-8. Typically, the M-φ curve peaks around 0.004, has a 
reduction in moment, and peaks again, depending on confinement, spalling of concrete 
cover and strain-hardening of reinforcement. If the second peak on the curve is less than 
the idealized Mp value, the moment at the lower second peak should be taken as Mp. 
However, for capacity protection analysis, the moment at the higher peak shall be used 
for Mp. The elastic portion of the idealized M-φ curve passes through the curvature at first 
reinforcing bar yield of the section or when concrete strain equals 0.002, whichever 
occurs first, and extends to meet Mp. 

Moment-Curvature Curve Idealization: Method B 

For other M-φ curves, the moment-curvature relationship may not exhibit the dramatic 
reduction in section moment capacity near the cover spalling strain. This may occur for 
larger diameter concrete piles, concrete-filled steel pipe piles with concrete plug 
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connections, and hollow steel piles. For these types, an equal area approach may be more 
appropriate. For this approach, the elastic portion of the idealized M-φ curve should pass 
through the point marking the first reinforcement bar yield or when εc = 0.002, whichever 
comes first (φyi, My). The idealized plastic moment capacity is obtained by balancing the 
areas between the actual and the idealized M-φ curves beyond the first yield point (Figure 
4-9). 

Actual Moment-

My 

Mp 

φy φu 

First Yield or 
εc = 0.002 

Strength taken at 
εc = 0.004 

M
om

en
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φmφyi 

Curvature Path 

Idealized Moment-
Curvature Path 

Curvature 

Figure 4-8: Moment–Curvature Curve and Idealization for Method A 
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Figure 4-9: Moment-Curvature Curve and Idealization for Method B 
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where: 

My = Moment at first yield, corresponding to φyi 

φyi = Curvature at first yield (first rebar yield or εc = 0.002) 
φy = Idealized yield curvature 
φm = Curvature at the OLE, CLE or DE strain limit 
φu = Ultimate curvature of the section 

4.6.6.2 Plastic Hinge Length 
The plastic hinge length needs to be determined to convert the moment-curvature 
relationship into a force-displacement or moment-plastic rotation relationship for the 
nonlinear pushover analysis. 

Table 4-2: Plastic Hinge Length Equations 

Section Top In-ground 

Concrete Pile 4.13 4.15 

Hollow Concrete Pile 4.13 4.15 

Steel Pipe Pile (hollow with concrete plug 
connection) 

4.14 4.15 

Steel Pipe Pile (infilled with concrete) 4.14 4.15 

For concrete pile dowel connections, the pile’s plastic hinge length, Lp (above ground), 
when the plastic hinge forms against a supporting member, may be taken as: 

Lp = 0.08Lc + 0.12 f yedbl ≥ 0.2 f yedbl (4.13) 

where, 

Lc = The distance from the critical section of the plastic hinge to the point of 
contra-flexure in the pile 

dbl = The diameter of the longitudinal reinforcement 
fye = Expected yield strength of longitudinal reinforcement (ksi) 

For steel pipe sections connected to the deck by a concrete plug with dowels, the plastic 
hinge length for the top of pile hinge may be taken as: 

Lp = 0.3 f yedbl + d gap (4.14) 

where, 
dgap = The distance from the top of the steel shell to the soffit 
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The plastic hinge length Lp for all in-ground hinges may be taken as: 

Lp = 2Dp (4.15) 

where, 

Dp = Pile diameter 

M
om

en
t 

4.6.6.3 Plastic Rotation 
The plastic rotation can be determined from the following equations: 

θ = L φ = L (φ −φ ) (4.16)p,m p p,m p m y 

where, 

θp,m = Plastic rotation for the OLE, CLE or DE strain limit 
φp,m = Plastic curvature for the OLE, CLE or DE strain limit 

The idealized Moment-Rotation (M-θ) diagram is shown below: 

Mp 

θp,m 

θuθy θm 

Rotation 
Figure 4-10: Idealized Moment-Rotation Curve 

θu = Ultimate rotation 
θy = Idealized yield rotation= φyLsp 

θm = Total rotation at the OLE, CLE or DE strain limit 

4.7 Nonlinear Static Pushover Analysis 
Two-dimensional nonlinear static (pushover) analyses shall be performed for all wharf 
structures. The pushover curve shall have sufficient points to encompass the system’s 
initial elastic response and predicted earthquake inelastic demand. The pushover curve 
shall also encompass the OLE, CLE and DE displacement capacities. The yield 
displacements and OLE, CLE or DE displacement capacities may be obtained directly 
from the pushover analyses when plastic rotation and hinge definitions are included in the 
model. This method incorporates soil deformation into the total displacement capacity of 
the pile. Pushover models shall use effective section properties and shall incorporate soil 
stiffness with nonlinear upper and lower bound p-y springs, as shown in Figure 4-11. The 
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results from the pushover analysis will provide the displacement capacities for OLE, CLE 
or DE earthquake levels, as well as the tools for the initial stiffness and substitute 
structure methods, see Figure 4-12. The pushover curve shall not experience a significant 
drop (greater than 20%) in base shear at the target strain limits. 

For the purpose of determining displacement demand for a specified limit state, the 
pushover curve may be approximated by a bilinear response, as illustrated in Figure 4-12 

Deck 

Soil Springs 

Figure 4-11: Pushover Analysis Model with P-y Springs 
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a) Pushover Curve b) Plastic Hinge Sequence  

Figure 4-12: Example of Pushover Curve and Plastic Hinge Sequence 
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4.8 Irregular Structures and Special Case 

4.8.1 Irregular Structures 
Horizontal irregularity occurs when wharves have unsymmetrical pile and/or dike 
layouts, and when wharves have an angle point; see Figure 4-13. Figure 4-13 a) depicts a 
regular marginal wharf structure. The wharf in Figure 4-13 b) shows an irregular 
marginal wharf constructed with a partial dike. Figure 4-13 c) shows two adjacent 
wharves with large differences in stiffness, which may occur between two adjacent 
structures with different pile stiffness or different soil stiffness. Figure 4-13 d) shows an 
irregular wharf with an angle point. 

a) Regular Wharf b) Irregular Wharf 
with Partial Dike 

k1 k2 

c) Irregular Wharf with d) Irregular Wharf 
Different Adjacent with Angle Point 

Stiffnesses: k2>1.2k1 

Figure 4-13: Horizontal Wharf Configurations 
Vertical irregularity occurs when soil profiles below the wharf have sharp variations in 
lateral soil deformation over short vertical distances under seismic response.  

4.8.2 Special Case 
A special analysis case shall be considered to exist if the crane mass impacts the wharf 
behavior according to Section 4.6.4. 

4.9 Demand Analysis 

4.9.1 Equivalent Lateral Stiffness Method 
In this approach, the equivalent depth to the point of fixity, Ls, is determined as the depth 
that produces the same top of pile displacement as that given by an individual lateral 
analysis for a given lateral load at the top of pile. For different assumed displacements 
and different pile head conditions (free-head or fixed-head), Ls will vary. The equivalent 
pile length has all soil (and associated lateral stiffness) removed above its supported base, 
as shown in Figure 4-14. 
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Figure 4-14: Equivalent Lateral Stiffness Method 
This method produces adequate response results for the global elastic response. Pile-top 
moments will be underestimated and in-ground pile moments will be over-estimated, and 
hence the Equivalent Lateral Stiffness method may be used for preliminary design, but 
shall not be used for final design. 

4.9.2 Dynamic Magnification Factor (DMF) 
Most of the seismic lateral resistance of marginal wharves is provided by landward piles. 
The seaward piles are mainly for gravity loads and might provide about 10% of the 
overall lateral resistance. This creates eccentricity between the center of mass and the 
effective center of rigidity for the wharf, which will induce torsional response in the 
structure under longitudinal excitation. An upper bound of displacement demand of the 
critical piles at the end of a segment can be established by multiplying the displacement 
response calculated under pure transverse excitation by the Dynamic Magnification 
Factor, which accounts for torsional response and simultaneous longitudinal and 
transverse excitation. An analytical study utilizing non-linear time-history analysis was 
performed to calculate the DMF (Ref 15) using OLE and CLE ground motions with 
lower and upper bound soil springs conditions.  The study was performed on 110-ft wide 
wharf with single segment, two linked segment and three linked segments.  The segment 
lengths varied between 400’, 600’, and 800’. The study results show that DMF for CLE 
case is always lower than DMF for OLE case. Therefore, DMF for DE case may 
conservatively be assumed to be equal to DMF for CLE case. 

Based on the study results, the Dynamic Magnification Factor may be calculated as 
follows: 

Single Wharf Unit: 
OLE: 

LB or UB springs: DMF = 1.80 - 0.05 LL / B ≥ 1.10 (4.17) 
CLE/DE: 

UB springs: DMF = 1.65 - 0.05 LL / B ≥ 1.10 (4.18) 
LB springs: DMF = 1.50 - 0.05 LL / B ≥ 1.10 (4.19) 
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Two or More Linked Wharf Units:  

Exterior 
OLE: 

LB or UB springs: DMF = 1.55 - 0.04 LL /B≥1.10 (4.20) 
CLE/DE: 

UB springs: DMF = 1.35 - 0.02 LL /B≥1.10 (4.21) 
 LB springs: DMF = 1.16 - 0.02 LL /B≥1.10 (4.22) 

Interior 
OLE/CLE/DE: 

LB or UB springs: DMF = 1.10 (4.23) 

Where: 

LL = length of the shortest exterior wharf unit 

B = width of a wharf unit 

LB = lower bound soil spring 

UB = upper bound soil spring 

4.9.3 Two Dimensional Response Spectra Analysis 
Reasonable estimates of displacement demand may be obtained from elastic analyses 
based on the Initial Stiffness method by using initial cracked-section elastic stiffness for 
the piles. However, improved representation of displacement demand will be obtained 
using the Substitute Structure approach. If the Initial Stiffness method described in 
Section 4.9.3.1 is used for the wharf design, the displacement demand to capacity ratio 
(DCR) shall be less than or equal to 0.85.  If the DCR is larger than 0.85, the Substitute 
Structure method described in Section 4.9.3.2 shall be used for verification.  

4.9.3.1 Initial Stiffness Method 
The Initial Stiffness method is a pure transverse analysis of a typical wharf strip (see 
Figure 4-2). This method uses the initial stiffness, ki, of the structure taken from the 
pushover curve to calculate the displacement demand (see Figure 4-12). This method 
assumes a damping ratio of 5%.  

The results shall then be modified with the Dynamic Modification Factor (DMF) to 
include the influence of simultaneous longitudinal response, interaction across movement 
joints, and torsional effects, to calculate the displacement demand Δd. The flow chart 
shown in Figure 4-15) demonstrates the analysis steps for the Initial Stiffness method. 
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Initial Stiffness from Pushover 
Curve (ki) 

Damping = 5% 

Twi = 2π 
m 
ki 

Twi = Initial period 

m = Seismic mass of the wharf segment per 
Section 4.6.4 

g = Acceleration of gravity 

Δt = Displacement demand based on 
transverse response 

DMF = Dynamic Magnification Factor 

Read displacement demand, Δt 
from displacement response 

spectra for 5% damping 

Δ d = DMF × Δ t 

Figure 4-15: Flow Diagram for the Initial Stiffness Method 

4.9.3.2 Substitute Structure Method 
The Substitute Structure method is an iterative process that uses the effective secant 
stiffness (ke) at the response displacement, and an equivalent elastic damping 
representing the combined effects of elastic and hysteretic damping to determine the pure 
transverse displacement demand for each iteration, Δt,n (see Figure 4-17). 

This approach is a single-mode pure transverse analysis, modified for simultaneous 
transverse and longitudinal excitation by the DMF. Figure 4-16 graphically shows the 
steps involved in computing the maximum displacement by the Substitute Structure 
method.  

Version 2.0 4-23 1/30/2009 



   

 

 

  
 

 
  

 

 
 

 

 

 

 

 

 

  

 

 

 

 

 

ne 
n k 

mT 
, 

2π= 

1,, −Δ=Δ ntnt 

n = n + 1 

No 

Estimate the response 

Displacement
 

Δt,0 

n = 1 

Calculate Effective Secant 

Stiffness from Wharf Pushover 


Curve, ke,n=Fn/Δt,0
 

Calculate effective system 
damping, ξeff,n using Equation 4.24 

Read displacement demand, Δt,n, 
from the displacement response 

spectra for effective system 
damping 

%3100 
1, 

, ≤
Δ 

Δ
− 

−nt 

nt 

Yes 

n = iteration 1, 2, 3… 

Δt,0 = Assumed arbitrary displacement 

Δt,n-1 = Displacement demand based on 
transverse response for iteration n-1 

Δt,n = Displacement demand based on 
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m = Seismic mass of the wharf segment per 
Section 4.6.4 
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DMF = Dynamic Magnification Factor 

Δ = DMF × Δd t ,n 

Figure 4-16: Flow Diagram for Substitute Structure Method 
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Figure 4-17: Effective Stiffness for Wharf System from Pushover Analysis 
The yield displacement is the system yield displacement, found from the intersection of 
the elastic and post-yield branches of the bilinear approximation. This will always be 
larger than the first yield of piles. The “equal energy” approach may be used to estimate 
the bi-linear approximation of the system pushover curve. The system displacement 
ductility demand is found from the bilinear approximation to the system pushover curve 
(Figure Figure 4-12 and Figure 4-17) as: 

Δ t ,nμn = (4.23)  
Δ y 

The effective system damping is then found from Equation (4.24):  
⎛ μn −1⎞

ξ , = 0.10 + 0.565⎜⎜ ⎟⎟      (4.24)  eff n μ π⎝ n ⎠ 

The wharf transverse displacement demand based on pure transverse excitation may be 
Δt ,nconsidered to have converged when 100 − ≤ 3% . Once the transverse displacement 

Δt ,n−1 

demand converges, the result is modified using the DMF. 

4.9.4 Three Dimensional Analysis 
Three dimensional demand analyses include Modal Response Spectra Analysis and 
Nonlinear Time-History Analysis. A typical wharf segment between movement joints has 
a large number of piles, which will result in unacceptable matrix sizes for analysis. As an 
alternative, the structural characteristics of a wharf segment may be modeled by using the 
“Super-Pile” concept, as explained below. 
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4.9.4.1 Super-Pile Model 
Four super-piles may be used to represent the combined properties and stiffness of the 
piles in the model for a regular wharf segment between movement joints. For the analysis 
of an irregular wharf, the super-pile concept should be used with special consideration of 
the irregular elements. 

The super-pile locations are determined by the locations of the gravity piles and the 
seismic piles. The gravity piles mainly carry vertical loads, usually carrying less than 
10% of the total lateral seismic load, and have less stringent detailing requirements. 
Seismic piles also carry vertical loads and provide most of the lateral seismic resistance 
with stringent detailing requirements. 

G3 G2 G1 S2 S1 

Deck 

Seismic 
(S) Piles 

Gravity 
(G) Piles 

Figure 4-18: Elevation View of Transverse Wharf Segment 
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Figure 4-19: Plan View of Super-Pile Locations for a Wharf Segment 
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The super-piles shown in Figure 4-19 are located at distances yL and yW from the landside 
pile row: 

S 2 G3 

∑niFi yi ∑niFi yi 
i=S1 i=G1yL = and yW = (4.24)S 2 G3 

∑niFi ∑niFi 
i=S1 i=G1 

where: 

i = Pile row (i.e. S1, S2, G1-G3 as shown in Figure 4-19 and Figure 4-18) 
ni = Total number of piles in row i for length LL 
Fi = Lateral force per pile in row i from pushover analysis 
yi = Distance of row i from the landside pile row 

The super-pile stiffness is calculated from the pushover curve for the piles represented. 
The landside super-pile stiffness is equal to the stiffness of the piles on the landside of the 
dike. The remainder of the pile stiffness goes to the waterside super-piles. For a regular 
structure, the two landside super-piles should have equal stiffness, and the two waterside 
super-piles should have equal stiffness. In order to ensure the correct torsional stiffness 
under longitudinal response, the super-piles must be located at the center of gyration of 
the wharf segment; that is, for a regular wharf segment they must be located at a distance 
of LL / 12  from the segment centroid, as shown in Figure 4-19. 

The simplified model described above is suitable for both elastic modal analysis and 
inelastic time-history analysis. 

4.9.4.2 Modal Response Spectra Analysis 
This method is essentially a linear response spectrum analysis for a stand-alone wharf 
segment. A three dimensional linear elastic modal response analysis shall be used with 
effective section properties (Section 4.6.3) applied to components to establish lateral 
displacement demands. 

Sufficient modes shall be included in the analysis such that 90% of the participating mass 
is captured in each of the structure’s principal horizontal directions. For modal 
combinations, the Complete Quadratic Combination (CQC) rule shall be used. A 
damping ratio of 5% for spectral analysis shall be used unless a higher ratio can be 
justified.  

When wharf segments are linked by shear keys at movement joints, elastic modal 
analysis will not provide adequate representation of shear key forces or displacement of 
the movement joint.  
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Figure 4-20: Wharf response from seismic motions 

Input response spectra shall be applied separately along two orthogonal global axes 
(longitudinal and transverse). Spectral responses shall be obtained by the maximum of 
the following two loading cases: 

Case 1: 	Combine the response resulting from 100% of the longitudinal 
loading with the corresponding response from 30% of the 
transverse loading.  

Δ = Δ + 0.3ΔX 1 XL XT 

ΔY1 = ΔYL + 0.3ΔYT 

Case 2: 	Combine the response resulting from 100% of the transverse 
loading with the corresponding response from 30% of the 
longitudinal loading. 

Δ X 2 = 0.3Δ XL + Δ XT 

Δ = 0.3Δ + ΔY 2	 YL YT 

where, 

ΔXL = X-axis displacement due to structure excitation in the longitudinal 
direction 

ΔXT = X-axis displacement due to structure excitation in the transverse direction 
ΔYL = Y-axis displacement due to structure excitation in the longitudinal 

direction 
ΔYT = Y-axis displacement due to structure excitation in the transverse direction 
ΔX1, ΔX2 = Combined X-axis displacement from motions in the transverse and 

longitudinal directions. 
ΔY1, ΔY2 = Combined Y-axis displacement from motions in the transverse and 

longitudinal directions. 

The magnitude of seismic demand for a node (Δd) is defined as: 

⎛ 2 2 2 2 ⎞Δ d = max⎜ Δ X 1 + ΔY1 or Δ X 2 + ΔY 2 ⎟	 (4.25)
⎝ ⎠ 
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Nonlinear time-history analysis has shown that the 100% + 30% spectral combination 
rule to be non-conservative for wharf structures (Ref. 15). If Modal Response Spectra 
Analysis method described in Section 4.9.4.2 is used for the wharf design using soil 
initial lateral stiffness, the displacement demand to capacity ratio (DCR) shall be less 
than or equal to 0.85. If the DCR is larger than 0.85 other analysis methods shall be used. 

4.9.4.3 Nonlinear Time-History Analysis 
Nonlinear time-history analysis (NTHA) is the most accurate method for determining 
displacement analysis. Since the inelastic characteristics of the piles can be directly 
incorporated in the response, the longitudinal and transverse excitation can be 
simultaneously applied, and the complexities of the movement joints can be directly 
modeled. NTHA must always be used in conjunction with another, simplified analysis 
approach (e.g. the Substitute Structure method) to check results.  When modeling 
reinforced or prestressed concrete members or steel members with concrete plugs, 
degrading stiffness models such as the Modified Takeda rule (Ref. 42) should be adopted.  

Displacement demands from NTHA shall be based on simultaneous orthogonal 
horizontal input motions, as defined in Section 2.1. Multiple time histories will be 
required to achieve a representative displacement demand for the global model.  

When three sets of spectrum-compatible Time-History records are used, the envelope 
value of each response parameter shall be used in the design. When seven sets or more of 
spectrum-compatible Time-History records are used, the average value of each response 
parameter shall be used. 

When Time-History methods are used, a peer review shall be conducted per Section 4.14. 

4.10 Structural Capacities 
For the evaluation of capacity-protected members and actions, such as shear in piles, and 
shear and flexural demand deck beams, and deck slabs, the calculated demand on the 
members or action shall be determined from equilibrium considerations assuming an 
amplified flexural strength of pile plastic hinges together with gravity loads. 

Mo = 1.25Mp 

.The pile shear demand can be determined by 

Vo = 1.25Vp 

where 

Vp = The pile plastic shear, which can be calculated based on pile plastic 
moments or as the maximum shear in the pile from both Upper Bound and 
Lower Bound pushover analyses 

Mp = The idealized plastic moment capacity of the pile calculated by M-φ 
analysis 

Vo = The pile overstrength shear demand 
Mo = The pile overstrength moment capacity 
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Deck design moments and design shear forces shall be in equilibrium with the enhanced 
pile plastic moment capacity defined in this section. 

4.10.1 Pile Displacement Capacity 
For typical piles at the Port, the top and in-ground plastic hinge moment capacities are 
similar (Mp, in-ground /Mp, top ≤ 1.25). For these cases, the distance Lc to the point of 
contraflexure is approximately the same for the top hinge and the in-ground hinge, so the 
displacement capacity, Δc, may be defined by: 

Δ = (Δ + Δ )  (4. 26) c y p,m 

Δ = θ × H (4.27)p,m p,m 

where: 

Δ y = The pile yield displacement from its initial position to the formation of 
the plastic hinge being considered (i.e. top hinge or in-ground hinge) 

Δp,m = The plastic displacement capacity due to rotation of the plastic hinge at 
the OLE, CLE or DE strain limits 

H = The distance between the deck soffit and the center of the in-ground 
hinge 

The pile yield displacements, Δy, of the top and in-ground hinges are obtained from the 
pushover analysis. Δc shall be calculated for top and in-ground hinges, and the smaller 
value shall be used for the displacement capacity. Figure 4-21 shows a graphical 
representation of the displacement capacity calculation for a top hinge. The concept is 
similar for the in-ground hinge. 

For piles with a large unsupported length, U and in-ground and top hinges with a ratio 
Mp, in-ground /Mp, top > 1.25, the displacement capacity calculation becomes more complex, 
and the procedure used above will not provide accurate results. Therefore, a more 
detailed analysis using software with hinge definition capabilities that include plastic 
curvature or rotation limits should be used to determine the displacement capacity. 
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Figure 4-21: Schematic Pile Moment and Displacement Diagrams 

4.10.2 Pile Beam/Deck Joint 
The nominal strength capacity of the pile cap or deck shall be sufficient to ensure the 
piles have reached their plastic limit prior to the pile cap or deck reaching its expected 
nominal strength. The pile cap or deck shear and flexural capacities shall be based on 
ACI-318 using strength reduction factors. The superstructure flexural capacity shall be 
greater than the largest combination of deck dead load moment, deck moment due to 10% 
of live load, and pile overstrength moment distributed on each side of the pile joint. Any 
distribution factors shall be based on cracked sectional properties.  

For the joint details shown in Figure 4-27, joint shear requirements are satisfied by 
providing adequate confinement. The effective volumetric ratio ρs of confining steel 
around the pile dowels anchored in the joint shall be: 

0.46Asc ⎡ f ye ⎤ρ s ≥ ⎢ ⎥ (4.28)
D′l fa ⎣ s ⎦ 

where: 

fs = Permitted spiral steel stress taken as 0.0015Es,where Es is the modulus of 
elasticity of the spiral reinforcement 

fye = Expected yield strength of the dowels 
la = Actual embedment length provided 
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Asc = Total area of dowel bars in the connection 
D′ = Diameter of the connection core, measured to the centerline of the spiral 

confinement 
Less conservative mechanisms for joint shear transfer are suggested in Ref. 39 If an 
alternate detail is proposed, joint shear principal stresses shall be checked according to 
ACI-318. 

4.10.3 Pile Shear 
Shear strength shall be based on nominal material strengths and shear strength reduction 
factors. Maximum overstrength shear demand, Vo established from nonlinear pushover 
analyses shall be used as the design shear: 

Vdesign = Vo (4.29) 

where Vo is defined in Section 4.10. 

Steel Pile 
The shear capacity shall be established from AISC-LRFD or API where applicable. 

Concrete Pile 

The following applies to concrete piles and to the pile-deck connection of tubular steel 
piles with dowels and concrete plug. The shear capacity, Vn, shall be calculated using the 
method described below, and is dependent upon the curvature ductility, μφ: 

μφ = φm/φy (4.30) 

where for shear strength calculations, φm is the curvature at the OLE, CLE or DE strain 
limits. 

This method is based on the modified UCSD three-parameter model (Ref. 40) with 
separate contributions to shear strength from concrete to obtain the nominal shear 
strength, Vn: 

V = V + V + V (4.31)n c s a 

where, 

Vc = Shear strength from concrete, Equation (4.33) 
Vs = Transverse reinforcement shear strength, Equations (4.35) and (4.36). 
Va = Shear strength due to axial load, Equation (4.37) 

A shear strength reduction factor Φ = 0.85 shall be applied to the nominal strength for 
OLE and CLE conditions to determine the design shear strength. A value of Φ =1.0 may 
be used for the DE case: 

Vo ≤ ΦVn (4.32) 
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Concrete mechanism shear strength: 

V = k f ' A (4.33)C c e 

where: 

k = Curvature ductility factor as a function of μφ (see Figure 4-22). 

μφ = Curvature ductility based on Equation 4.35. 

Ae = Effective shear area (80% of gross cross-sectional area for solid circular and 


octagonal piles) 

f’ce = Expected strength of unconfined concrete strength (in psi) 


The curvature ductility shall be calculated at the demand displacement, and can be found 
using the formula below: 

φ θP,dem P,demμφ = 1+ = 1+ (4.34)
φ L φy p y 

where: 

φP,dem = plastic curvature at the demand displacement 

φy = yield curvature of the pile 


θP,dem = plastic rotation at the demand displacement 

Lp = plastic hinge length, (see section 4.6.6.2) 
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Figure 4-22: Relationship between Curvature Ductility and Strength of Concrete 
Shear Resisting Mechanism. 
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Transverse Reinforcement (Truss) Mechanism Shear Strength: 

Spirals: 

π Asp f yh (Dp − c − co ) cot(θ )
Vs =  (4.35)

2 s 
where: 

Asp = Spiral cross section area 
fyh = Yield strength of transverse reinforcement 
Dp = Pile diameter or gross depth (in the case of a rectangular pile with spiral 

confinement) 
c = Depth from extreme compression fiber to neutral axis (N.A.) at flexural 

strength (see Figure 4-23) 
co = Concrete cover thickness to the center of hoop or spiral (see Figure 4-23) 
θ = Angle of critical crack to the pile axis (see Figure 4-23) taken as 30o for 

existing structures and 35o for new design 
s = Spacing of hoops or spiral along the pile axis 

Vs 

Vs 

s 

Dp 

co c 

θ 

Figure 4-23: Transverse Shear Mechanism 

Rectangular stirrups: 

Ah f yh (Dp − c − co ) cot(θ )
Vs =  (4.36)

s 
where: 
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Ah = Cross-sectional area of transverse reinforcement 

Shear strength from axial mechanism: 

V = β (N + F ) tan(α ) (4.37)a u p 

where: 

Nu = External axial compression on pile including seismic load. Compression is 
taken as positive, and tension as negative. 

Fp = Prestress compressive force in pile 
α = Angle between line joining centers of flexural compression in the 

deck/pile and in-ground hinges and the pile axis (see Figure 4-24) 
β = 1.0 for existing structures, and 0.85 for new design 

Prestress compressive force Fp in the top hinge shall be taken as zero. 

Vp = φ (Nu + Fp)tan(α) 

c 

α Nu + Fp Compression force 

Deck/Pile Hinge 

Pile 

In-ground Hinge 

Deck 

Figure 4-24: Axial Force Shear Mechanism 

As an alternative to the above method, the shear strength may be calculated in accordance 
with the provisions of ACI-318 for piles with curvature ductility μφ < 2. 
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4.10.4 P-Delta Effects 
The effects of P-Δ may be ignored when: 

F Δ
≥ 4 t (4.38)

WDL H ′ 

where: 

F = Base shear strength/total lateral force of the wharf strip (see Figure 4-2) 
obtained from a pushover analysis 

WDL = Dead load of the wharf strip considered 
Δt  = Displacement demand in the transverse direction 
H′ = Distance from the maximum in-ground moment to center of gravity of the 

deck 

4.11 Expansion Joint 
Spectral Analysis does not directly predict shear key forces between wharf segments at 
expansion joints. A series of time history analyses were conducted as part of a research 
study at UCSD (Ref. 15) to obtain shear key forces for different wharf configurations, 
soil properties and ground motion intensities. The results of the study are based on a 110’ 
wide wharf section. Different wharf segment length combinations were used for the 
analyses. The segment lengths were varied between 400’, 600’, and 800’, and the 
analysis was conducted using both lower and upper bound soil characteristics and OLE 
and CLE ground motions. 

The study results show that for two linked wharf units, the shear key should be designed 
for a seismic shear key force demand, Vsk as shown below: 

⎛VΔe ⎞Vsk = β⎜⎜ ⎟⎟ (4.39)
L⎝ L ⎠ 

where, 

VΔ = Lateral force at the maximum displacement calculated from the pushover 
analysis of a wharf transverse section 

e = Wharf eccentricity between the center of mass and center of rigidity 
L = Wharf segment length 
β = Factor calculated as a function of wharf segment length, see Figure 4-25, 

(Ref. 15). 
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Figure 4-25: β variation 

For wharf sections with different configurations, special analysis needs to be performed 
with prior approval by the port. 

For calculating expansion joint shear capacity according to ACI-318, a reduction factor 
of 0.85 should be used. 

4.12 Kinematic Loading 
Kinematic loading occurs when the dike begins at depth on a weak soil layer sliding in an 
earthquake, inducing bending moments beneath the soil surface in the pile. Deep in-
ground hinges may form due to the dike movement, as shown in Figure 4-26.  

Section 2 provides screening criteria for kinematic analysis of the dike. If a kinematic 
analysis is required, the Geotechnical Engineer shall provide displacement profiles for the 
piles under kinematic loading. The piles shall be analyzed for the given displacement 
profiles, and the material strains in the piles shall be checked according to the strain 
limits provided in Table 4-1. The shear in the pile shall also be checked.  

For the 24-inch octagonal, precast, prestressed concrete piles and pile configurations that 
are typically used for port wharf projects, kinematic loading at shallow pile embedments 
(< 20 ft.) need not be analyzed. For shallow embedments, lateral soil springs are expected 
to be softer and piles are expected to have higher displacement capacities than for deeper 
embedments. Therefore, kinematic loading at shallow embedments is not expected to be a 
controlling case. 
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Rock dike 
Inertial loading 

Weak clay or 
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Figure 4-26: Hinge Formation for Kinematic Loading 
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4.13 Seismic Detailing 
The details shown in Figure 4-27 are acceptable confinement details for the pile/deck 
connection. The volumetric ratio of longitudinal dowel reinforcement (ρ) shall be 
between 1% and 4%. The maximum dowel bar size should be No. 11.  The dowels shall 
be developed into the pile to satisfy ACI-318 requirements. The joint transverse 
reinforcement volumetric ratio shall be provided according to Section 4.10.2.  The pile 
prestressing strands shall be cut-off and removed at the top of the pile. 

Headed bond bars with bulb ends 

for beam depth less than 36” 


Cut pile to expose 1½ turns 

of spiral and embed in deck 

concrete 

Cut pile prestressing strands 

and remove 


Extra turn top & bottom 

≥ 48” 

Cut pile to expose 1½ 

turns of spiral and embed 

in deck concrete 

Cut pile prestressing 

strands and remove
 

spirals 

Extra turn top & bottom 
for anchorage 

24” precast 
pileDowels with 

bulb ends 

24” to 48” 

2” embedment 

spirals 

for anchorage 

2” embedment 

4” maximum 

Dowels without 
bulb ends 

24” precast 
pile 

Figure 4-27: Anchorage Details for Dowels  
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4.14 Peer Review 
A peer review of the analysis and design shall be performed by an engineering team 
selected by the Port for: 

1. Irregular wharf structures 
2. Time-History Analyses 
3. Presence of faults at the project site 
4. Kinematic Analysis 
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5 Structural Considerations 
5.1 Design Standards 
The following design codes shall be used where appropriate. The latest published editions 
of all references with all addenda shall be used in the design. 

1.	 California Building Code (CBC), California Code of Regulations, Title 24 
(Ref. 17). 

2.	 American Concrete Institute, Building Code Requirements for Structural Concrete 
and Commentary, ACI 318 (Ref. 2) 

3.	 ASCE 7-05, Standard, Minimum Design Loads for Buildings and Other 
Structures (Ref. 11) 

4.	 American Institute of Steel Constructions, Code of Standard Practice for Steel 
Buildings and Bridges (Ref. 6) 

5.	 ANSI/AWS D1.1, Structural Welding Code – Steel (Ref. 8) 

6.	 California Building Code “Chapter 31F [For SLC], Marine Oil Terminals”, also 
known as Marine Oil Terminal Engineering Standards (MOTEMS) (Ref. 18) 

7.	 American Petroleum Institute, Recommended Practices 2A (Ref. 7)  

5.2 Wharf Geometrics 

5.2.1 Controls 
The Engineer shall refer to the CONTROL Section of the Design Criteria and Standard 
Plans under General Criteria for specific instructions as to survey controls.  

Vertical Datum 
The tidal range for the Port of Long Beach is based on NGVD 29 (National Geodetic 
vertical Datum of 1929), with MLLW = 0.0’. The City of Long Beach uses NGVD 29 
with MSL=0.0’. As a reference, NAVD 88 (North American Vertical Datum of 1988) is 
provided in Table 5-1: 

Monuments 

The Engineer shall indicate on the Project Plans the location and type for installation of 
baseline monuments. The Port survey section shall provide to the Engineer the required 
locations and type of monuments. 
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Table 5-1: Tidal Elevations 

Abbreviation Description 
Elevation (ft) 

NGVD 29 NAVD 88 

--- Highest Observed Water Levela +7.54 +7.16 

MHHW Mean Higher-High Water +5.43 +5.05 

MHW Mean High Water +4.71 +4.33 

MSL Mean Sea Level +2.80 +2.42 

MLW Mean Low Water +0.95 +0.57 

MLLW Mean Lower-Low Water 0.0 -0.38 

--- Lowest Observed Water Level -2.56 -2.94 

a The extreme elevations should be used with caution. Irregularities in the 
predicted tide (seiches) have been known to cause variations of up to 1.0 
ft. 

5.2.2 Structure Elevations 
In general, wharf elevations shall maintain facility operations under all tidal conditions. 
Where applicable, the wharf elevation shall also match that of adjacent facilities, unless 
directed otherwise by project criteria. Wharf elevations for RO-RO, barge loading and 
unloading, and special purpose docks are to be determined by project criteria.  

5.2.3 Crane Rails 

Rail Elevations 

The top of crane rails (except for wheel flange notches) shall be level with the adjacent 
deck surface. The top of rail elevation is dictated by drainage conditions for the wharf. 
This normally results in a relative elevation difference between the waterside and 
landside crane rails, due to deck transverse cross-slope.  If cross-section elevations differ, 
crane designer shall accommodate by fabricating crane legs to match. The longitudinal 
elevation of a crane rail shall be constant. 

Typical rail elevations are +15.0 for the waterside crane rail. The landside crane rail 
elevation is based on minimum grade requirements, typically 0.75%. 

The allowable tolerances for the top of crane rail elevations shall be 1/8” for the design 
elevation, and 1/16” in any 10’ of rail length. 
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Support System 

Crane rails shall be supported by a continuous weight distributing sole plate with attached 
rail clips, a continuous flexible impact pad, and the appropriate crane rail. The assembly 
shall be galvanized and installed in a recessed pocket with an epoxy fill under the sole 
plate and AC fill around the rail assembly to match the finished grade of the wharf deck, 
with block-outs for wheel flanges. Crane rails shall be continuously welded at expansion 
joint. 

Crane Stops 
Crane stops are provided at the ends of the wharf to restrict crane motion beyond their 
intended travel limits. The crane stop bumpers shall be positioned per crane 
manufacturer’s recommendation. See Section 3.3.3 for further discussion on crane stops. 

Crane stowage pin pockets 
The number of crane pin pockets and their location is based on operational 
considerations. They are typically placed at ends of wharf, and at intermediate points for 
long wharves. Consideration should be given to the number of cranes, length of wharf, 
location of power source, and distance between pin pockets. The number and placement 
of stowage pin pockets are also based on operational considerations. 

5.2.4 Fenders and Mooring Hardware 
Fender spacing will be as required by evaluation of the prescribed design vessels. 
Mooring devices will be located so as to not cause line interference with the fenders. Due 
to the likelihood of bulbous bow vessels, a minimum distance of 8.5 feet shall be 
provided between the supporting structure piling and the face of compressed fender. This 
requirement is not applicable to fender piling, if used. 

To minimize additional crane boom reach, the maximum allowable stand off for fenders 
is 5 feet. Fenders will be located along the wharf face at a distance that will minimize the 
chance the vessel will contact the concrete face of the wharf. Vessel dimensions and 
allowable hull pressure should also be considered in positioning and sizing fenders. 

Mooring bollards will be placed at intervals based on multiples of bent spacing, but no 
more than 60’ to avoid hull/ wharf strikes. Refer to Section 3 for mooring hardware 
loads. 

Safety Ladder Spacing 

Maximum safety ladder spacing shall be 400’ along the face of wharf. 
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5.3 Construction Materials and Types of Construction 

5.3.1 Construction Materials 

Portland Cement 
Type II modified 

Reinforcing 
Grade 60 reinforcing, no epoxy coating unless approved by the Port. 

Prestressing Tendons 
270 ksi strands 

Admixtures 
Refer to specifications. 

5.3.2 Cast-in-place concrete 
Cast-in-place concrete strength ( fc ′ ) shall be 5,000 psi minimum at 28 days. Minimum 
concrete cover over reinforcing bars shall be 2” for the top of wharf face, and 3” for all 
other faces. 

5.3.3 Precast concrete 

Non-prestressed concrete 

Precast, non-prestressed concrete strength ( fc ′ ) shall be 5,000 psi minimum at 28 days. 
Minimum concrete cover over reinforcing bars shall be 2” for the top face, and 3” for all 
other faces. 

Prestressed concrete (other than piles) 

Precast, prestressed concrete strength ( fc ′ ) shall be 6,000 psi minimum at 28 days. 
Minimum concrete cover over reinforcing bars shall be 2” for the top face, and 3” for all 
other faces. 

Prestressed concrete piles 

Precast, prestressed concrete pile strength ( fc ′ ) shall be a minimum of 6,500 psi at time 
of driving, and 4,500 psi at time of tendon stress transfer. Minimum concrete cover over 
spiral reinforcing bars for piles shall be 2½”. 
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5.4 Structural Systems and Components 

5.4.1 Wharf Deck 

Beam / Slab 
This system consists of a wharf slab supported by pile caps (beams) that are supported by 
piling. When pile caps exist both longitudinally and transversely, this system is also 
called a “waffle slab”. 

Flat Slab 
The flat slab system consists of a cast-in-place concrete deck supported by piles. The 
thickness of the deck slab is normally controlled by punching shear from the pile 
reactions. The slab depth in this case can be reduced by the use of capitals or shear caps 
under the deck at the pile locations. 

Flat slab systems need to consider the larger associated seismic mass when compared to a 
beam/slab configuration. 

Precast Panels 
This system consists of precast deck slabs placed on top of cast-in-place bent caps, which 
are supported by the piles. The entire system can also be covered with a reinforced cast
in-place topping slab for continuity. Precast deck slabs have the advantage of reducing 
the amount of falsework required, which lowers both the construction cost and 
construction duration. However, the bent cap beams reduce the construction tolerance of 
the pile placement (i.e. misalignment). This can be an important factor in locations of 
existing construction, where submerged obstacles can be expected during pile driving. 
Additionally, the depth of the bent cap beams with this type of deck can become 
relatively large as the pile spacing is increased. This can place portions of the beam in the 
tidal zone, potentially increasing the corrosion potential of the superstructure. 

Ballasted Decks 
Ballasted decks are normally not a preferred system due to their high mass and associated 
higher seismic demands. However, this type of system works well when deck accessories 
such as railroad tracks are necessary, and a large number of utilities and pipelines are 
required. A dropped deck or ballasted section is necessary in utility corridors, and can be 
combined with any of the above structural systems. Ballasted decks are also useful for 
non-container and general cargo (break-bulk) wharves where point loads from odd 
shaped equipment and freight are operated. 

5.4.2 Expansion Joints 
Transverse expansion joints are determined by thermal forces, and are typically placed at 
a maximum of approximately 800’ along the wharf. 
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5.4.3 Cut-off walls 
Cutoff walls are vertical subsurface barriers designed to prevent erosion of yard materials 
under the wharf. They are normally constructed along the back edge of wharf, and are of 
sufficient depth to maintain kick-out stability, while still providing erosion protection. 
They can be of either precast or cast-in-place construction. Cut-off walls should not be 
relied on for seismic resistance. 

5.5 Piling 

5.5.1 Clearance 
An approximate minimum of 4’-0” clearance shall be used between the deck/ beam soffit 
and top of dike to allow for adequate post earthquake inception and repairs. 

5.5.2 Concrete Piles 
The standard pile is a 24” octagonal precast prestressed concrete pile. Larger size solid or 
hollow piles may be proposed for situations where the 24” octagonal pile is not a cost 
effective solution. The Port prefers to use only one size pile for the entire structure, 
varying only the length and prestress level, unless project conditions and/or cost savings 
prove otherwise. The use of piles other than the standard 24” octagonal precast 
prestressed piles shall be approved by the Port. 

5.5.3 Steel Pipe Piles 
The use of steel piles is strongly discouraged due to the corrosion potential and associated 
higher maintenance cost. Additionally, corrosion barrier coating systems and 
encasements impede routine visual pile inspections. Steel piles should only be used when 
project criteria and site circumstances dictate. 

5.5.4 Battered Piles 
The use of battered piles to support the wharf or pier shall not be used without prior 
written approval from the Port; see Section 4.2. However, battered piles may be used for 
isolated structures with low seismic mass, such as landside anchors, mooring and 
breasting dolphins. 

5.6 Structural Analysis Considerations 
Materials 

For service load analysis (dead load, live load, wind, etc.), the material properties shall be 
based on the relevant design code (Section 5.1): 

Section Properties 
For temperature or creep/rib shortening loads, the effective moment of inertia (Ieff) should 
be used for piles; see Section 4.6.3. For all other service loads, gross moment of inertia 
(Igross) shall be used. 
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Beam on Elastic Foundation Model 

For modeling the wharf structure frame as beams on elastic foundations, vertical (T-z) 
springs shall be used for the analysis. To find moments in the girder and axial force in the 
piles, the T-z springs may replace modeling the pile, as shown in Figure 5-1-a). The piles 
should be modeled to determine moments and shear in the piles, if needed, as in Figure 
5-1-b). For more discussion on vertical springs, see Section 2. 

T-z Spring 
(top of pile, 
including pile 
elastic shortening) 

Beam 

a) Model for Beam Analysis 

Beam 

Piles 

T-z Spring (bottom 
of pile, not 

including elastic 
shorteneing) 

b) Model for Beam and Pile Analysis 

Figure 5-1: Beam on Elastic Foundation 
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5.7 Miscellaneous Considerations 

5.7.1 Guard Timber 
On the waterside edges of piers and wharves, a curb or guard timber (chemically treated) 
10” high by 12” wide shall be provided. Notches shall be provided on the underside of 
the guard timber to permit drainage. The guard timber shall be anchored to the deck slab 
via recessed bolts or pins, and should include ship’s net anchor rings. 

5.7.2 Trench Cover Plates 
Galvanized steel checker plate shall be used for trench covers. Special consideration 
should be given to the hinge design due to the weight of the plates. The preferred location 
of the power trench is on the waterside of the waterside crane rail. The design loading on 
the cover plate shall be the applicable loadings specified in Section 3.3. 

5.7.3 Cable Slot 
Slots for Cable Reel cable shall be covered with a flexible material, such as reinforced 
rubber, and shall be a minimum width. 

5.7.4 Inclinometer Tubes/ Motion Instrumentation 
The decision to instrument wharf structures and provide inclinometers tubes is made at 
the time of design, and is based on the other instrumentation functioning within the Port. 
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6 Electrical Considerations 
6.1 General 
Verify and confirm as to which edition of the California Electrical Code shall be used for 
checking plans and electrical standards specifications and clearly state this requirement 
on contract documents. 

6.2 Electrical System 

6.2.1 Underground Electrical Work 
During the design stage of low voltage and high voltage cable systems, the cable 
manufacturer shall provide a set of their calculations and criteria for pulling the cables 
through the conduits. Also, the contract shall require the Contractor to provide this 
criteria and calculations as part of their submittal. The sidewall pressure of the conductors 
shall be monitored when pulling them through the conduit bends to ensure that the 
recommended limits for the cables are not exceeded. For trailing cable system, coordinate 
plans and requirements with the Port. 

6.2.2 Crane System 
Electrical power supply to the cranes shall be provided from crane substations supplying 
12,000V power via a bus collector or trailing cable system installed below grade in a 
trench along the entire length of the wharf. The trench shall be located adjacent to and on 
the waterside of the waterside crane rail. 

An analysis shall be provided for the crane bus bar and feeder calculations, voltage drop, 
and short circuit withstand rating. Isolation bars, expansion joints, and feeder connection 
points shall be staggered on all three phases, as opposed to side by side and in line. A 
weld shall be placed around the entire bracket when it is welded to the anchor plate 

Crane substations shall be designed with redundant equipment in order to provide a 
highly reliable power supply to the cranes. Redundant components of a crane substation 
(or each substation where separate redundant substations are designed) should be sized to 
carry the load of all the available cranes and those anticipated for use in the future. 

6.2.3 Shore-to-Ship Power System 

The electrical power supply for the shore-to-ship power system shall be provided from a 
7.5 MVA 6.6kV Unit Substation. If a 7.5MVA transformer is deemed inappropriate for 
the application, any deviation must be approved by the Port. The shore power feeder shall 
have a medium voltage circuit breaker with overcurrent protective relays for each 
ungrounded conductor installed in the switchgear. Protective relays shall be set to the 
maximum rating of the shore power outlet and shore power feeder. The voltage drop to 
shore power outlets shall be limited to two percent. The available fault from shore power 
shall be below the withstand rating of the ship service distribution. 

The shore power feeder shall have a grounding switch to discharge the induced voltage 
before being disconnected from the shore power outlets. A grounding switch shall have a 
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mechanical interlocking scheme between the shore power circuit breakers and shore 
power outlets to prevent the mating or un-mating of a plug and receptacle while the shore 
power feeder is energized. An indicating light shall be illuminated when power is 
available from the shore, and a multifunction meter should be present to read shore power 
voltage, current, power (kVA, kW, & kVAR), harmonics, 15-minute demand and energy 
consumption. 

A mechanical or electrical interlocking system should be implemented between the shore 
power circuit breaker and ship generator circuit breakers unless load transfer paralleling 
capability is provided. A ground check relay shall be provided to automatically open the 
shore power circuit breaker once the plug is released from the shore power outlet or once 
the ship circuit breaker provided for the shore power feeder is opened. 

A shore-to-ship connection box mounted in exposed locations shall be rated for NEMA 
4X enclosures, 14-gauge, and 304 stainless steel. It shall be properly sized to 
accommodate conductor bending radius and have provisions for bottom and end 
entrances. The Shore-to-Ship Connection Box assembly shall be rated for the maximum 
available fault and shall be designed to prevent moisture or water entrance. 

Shore-to-ship power outlets shall have current and voltage ratings. Kirk Key interlocks 
shall be provided in accordance with the approved procedure. A ground switch shall be 
provided to discharge the induced voltage of the shore power feeder before being 
disconnected from the shore power outlets. The minimum clearance for live parts shall be 
per the latest National Electrical Code. Terminals shall be properly sized and shaped to 
facilitate satisfactory connections, and the phase sequence shall be marked and arranged 
per National Electrical Code. 

6.2.4 Power Systems 
The Contractor shall submit the short circuit analysis and coordination study on the 
electrical system. A review of the short circuit analysis and coordination study with the 
Port’s engineer shall be required when the coordination study is completed and after the 
report is submitted to the Port for evaluation. 

The National Electrical Code 2002 Article 110.16 requires flash protection. Arc flash 
calculations shall be provided in accordance with IEEE Std. 1584, stamped and signed by 
a licensed electrical engineer in the State of California. Labels for arc flash and shock 
hazard shall be provided and attached to equipment in accordance with the National 
Electrical Code. 
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6.3 Detailing 

6.3.1 General 
After contract drawings and the electrical drawings are considered 99% complete, the 
plans should be checked for interference with conduit runs, gas lines, water lines, 
manholes and pull box locations, fire hydrants, lighting poles and similar structures. 

When an “existing” design is shown on plans, the reference drawing number from which 
the design originated shall be provided on the plans. This reference drawing number 
should be listed on the title sheet also. The title of a sheet listed on the title sheet shall be 
identical to the title on the individual sheet itself. Each electrical drawing shall be 
identified with an appropriate title, and titles on each drawing should be unique. 
Similarly, each detail shall have a unique title. For details, the word “Detail” should not 
be used in the title. 

Repeated callouts and details on the drawings should be avoided. All drawings that have 
the same detail shall be referenced to one sheet with the complete detail. 

The following shall be included in the Electrical Plans under “General Notes”. 

1.	 When references are made to specific code sections, standards and other similar 
guidelines, they are intended to add emphasis only. They are not in any way intended 
to relieve the Contractor of the responsibility of following other applicable references. 

2.	 The Contractor shall be responsible for the testing of the ground-fault protection 
system after installed on site, in accordance with the latest National Electrical Code. 
A written record of this test shall be made and shall be available to the Engineer. 

3.	 Conduit that is to be abandoned shall have wires removed. The conduit ends shall be 
removed to a depth of at least 12” below the finished surface. Both ends of abandoned 
conduits shall be crimped if the conduit is metallic; conduits made of non-metallic 
materials shall be capped at both ends with concrete. 

4.	 All electrical equipment and materials shall be U.L. listed and labeled. 

Instructions for removals shall clearly identify what is to be removed. The notes shall 
provide instructions on whether the item will be removed and disposed of by the 
Contractor or whether it will be salvaged. If the item is to be disposed of, clear 
instructions shall be provided on the contract drawings that the Contractor shall be 
responsible for disposal. If it is to be salvaged, clear instructions shall be provided on the 
contract drawings, including exactly where the item will be delivered and the name and 
telephone number of the contact person who has agreed to accept it. 

To be considered equal, a note shall be included in the specifications or drawings, such 
as: 

“The manufacturer to be considered as equal for a product must first submit all that is 
specified for similar work they have performed within the past five years. This submittal 
shall be complete and delivered to the Engineer in one package. This submittal will be 
first evaluated to determine if all that is listed in the contract documents is included in the 
submittal package; any missing item will be adequate reason to not approve the submittal. 
If the package is determined to be complete, it will next be reviewed to determine if the 
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information it contains can meet the requirements of the project specifications and 
industry standards. After successfully passing these two reviews, only then can the 
manufacturer be considered equal by the Engineer. The Engineer will make this final 
determination. Only after this approval is granted by the Engineer may the Contractor 
proceed with submitting shop drawings by the manufacturer determined to be equal in 
accordance with the plans and specifications.” 

If there is a charge for a service connection by the utility company that must be paid by 
the Contractor during construction, the note below shall be completed and added to the 
applicable drawing: 

"Contractor shall arrange to obtain the electrical service connection from 
Southern California Edison. Contractor shall be responsible for paying 
Southern California Edison charges for this service connection. Bids shall 
include a sum of $___ for each of these services by the Contractor. If this 
Southern California Edison charge is less than $___, the Contractor shall 
reimburse the balance to the Port. If it is more than $___, then the Port 
will reimburse this extra cost to the Contractor. The addition or reduction 
of the charge is strictly the difference between the Southern California 
Edison billing and the $___ included in this note. There will be no other 
considerations for profit, supervision, overhead, management or ANY 
OTHER similar items." 

Note: For $___ above, inquire what the approximate cost is from Southern California 
Edison and use that figure. 

The following note shall be added to drawings when a project requires new electrical 
service from the Utility Company: 

“Contractor shall be responsible for coordinating the electrical service 
connection. This includes: 

a.	 Two months prior to the required connection date, notify the Port 
of Long Beach project manager that a formal request to provide 
this service connection must be made to the utility company.  

b.	 Make sure the Port of Long Beach project manager follows Port of 
Long Beach procedures in notifying Port of Long Beach 
Accounting if Port of Long Beach is responsible for billing. 
Otherwise, notify the responsible party to request billing from the 
utility company.” 

For new electrical services, the Port of Long Beach Design Group can issue a street 
address shown on the drawing where the new electrical service meter is shown. For 
existing electrical services, the assigned address must be shown on the drawing where the 
electrical meter is shown. 

Southern California Edison requires a note on the plans to state: “The Contractor shall 
install a service feed conduit from the existing Southern California Edison Transformer to 
the Southern California Edison service pole near the transformer per Southern California 
Edison requirements. The Contractor performing this work shall be a Southern California 
Edison approved Contractor.” 
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Southern California Edison requires that manhole covers offer provisions for lifting the 
lids. Reproduce drawings that Southern California Edison has provided the Port onto the 
contract drawings. Reproduce only the manhole cover, not the lifting device, onto Port of 
Long Beach contract documents. Verify both with Southern California Edison and 
manufacturer that what is on the drawing is still valid, available, acceptable and 
applicable to the project in consideration. See “UNDERGROUND STRUCTURES - 30” 
ROUND CAST IRON MANHOLE COVER AND FRAME HS-20 LOADING” from the 
SCE Electric Distribution Manual. (An electronic copy of the drawing is filed under 
“SCEManholeCover.”) 

City of Long Beach, Planning and Building, requires separate drawings for separately 
addressed sewer lift pumps. 

6.3.2 Electrical System 

6.3.2.1 Underground Electrical Work 
For underground conduits, Schedule 40 PVC conduits shall be used in backlands and 
wharves. Type EB conduits should not be used. The top of the underground conduit bank 
shall be a minimum of 3’0” below the finished surface. Pull ropes shall be provided in all 
empty conduits, including stubbed conduits or dead end conduits. For conduits for 
communications between buildings, manholes, and structures, a minimum of 4” conduits 
should be provided. For a typical conduit at expansion joints, see Figure 6-1. 

Figure 6-1: Conduit at Expansion Joints 

Conduit stubs shall be capped with plastic caps, not with metal caps. For conduit stub 
detail, see Figure 6-2. The brass cap shall be engraved, indicating E or T, conduit 
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quantity, and size. All actual stub-out locations shall be shown on record drawings. One 
90 degree elbow conduit and engraved brass cap shall be provided per duct bank. 

Figure 6-2: Conduit Stub 
The following note shall be added to the drawings for underground duct banks to specify 
the slurry encasement:  

“Construct underground duct lines of individual conduits encased in red 
concrete slurry. The cement slurry shall consist of three sacks of Portland 
cement per cubic yard of sand with 10 pounds of red oxide or one gallon 
of red color. The slurry mix shall be allowed to solidify sufficiently to 
support a man’s weight before beginning the backfill. Compaction of the 
backfill shall not begin until at least 36 hours after placement of the slurry. 
No deformed or broken pieces of conduit shall be used. The slurry 
encasement surrounding the bank shall be rectangular in cross-section and 
shall provide at least 3-inches of slurry covering the ducts. Separate 
conduits using plastic spacers. Provide red color admixture in concrete to 
indicate the duct bank as electrical, except Southern California Edison 
duct banks. Southern California Edison design mix is required in all 
Southern California Edison duct banks.” 
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Duct banks shall be separated and the space between them shall be filled with slurry. 
From a point no more than 60 ft away from a manhole, conduits in a duct bank may begin 
deflecting to terminate into the manhole. Ampacities of conductors used for electrical 
ducts shall be calculated per the latest National Electrical Code adopted by the City of 
Long Beach. A typical duct bank section is shown on Figure 6-3. 

Figure 6-3: Duct Bank Section 

The Contractor shall be required to attach a permanent waterproof tag to all conductors in 
outdoor pull boxes and manholes. Tags shall be marked appropriately.  

If pull boxes are rectangular, a detail of the orientation of the box with respect to the 
conduits entering the box shall be clearly shown. The respective conduits shall allow 
proper bending radius for the conductors to be pulled through. 

Sump drains in pull boxes shall be opened, and clear notes shall be provided on the 
drawing for the Contractor. 
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A narrative describing the steps of operation and the function of the components of the 
control wiring shall be included whenever control wiring is included in the contract 
drawings. 

6.3.2.2 Crane System 
The Contractor shall complete installation, include bus bar alignments and elevations, 
include torque connections and bolts based on Conductix Insul-8 provided data, secure all 
caps and covers, and clean the bar system including the power trench. Inspection should 
be coordinated with the Port. 

Detail of the wharf trench and crane rail are shown in Figure 6-4, through Figure 6-7. 

Figure 6-4: Wharf Trench and Crane Rail Cross Section 
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Figure 6-5: Crane Power/ Cable Vault Cross Section 

Figure 6-6: Panzer Belt Trench and Cable Detail 
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Figure 6-7: Cable Drum Vault Detail 

6.3.2.3 Shore-to-Ship Power System 
For the shore-to-ship connection box, green and red lights shall be provided to indicate 
whether the shore power feeder is energized. A nameplate shall be provided stating that 
when the green indicator light is on, the system is de-energized; a red light indicates that 
the system is energized. An instruction plate or a sheet indicating connection procedures 
shall be provided. Warning signals shall be provided that read “Do not engage or 
disengage plug and receptacle while energized.” A nameplate indicating supply voltage, 
maximum current per outlet, and matching plug shall be provided. The shore-to-ship 
connection box assembly shall be constructed as shown on Figure 6-8 and a fiber optic 
box shall be provided. 

A minimum of two 5” and two 2” PVC 40 conduits terminating at shore-to-ship 
connection box shall be provided. Watertight PVC fittings shall be provided, and all 
conduits shall be sealed with approved foam. Provide approved drop-in anchor, threaded 
hook. Exposed non-current carrying metal parts of equipment, conductor supports or 
racks, conduits and other metal appurtenances, including any metal cover and its 
supporting ring, shall be bonded together and connected to a common ground and to the 
incoming ground conductors per the National Electrical Code. 
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Figure 6-8: Shore-to-Ship Connection Box Assembly 

6.3.2.4 Power Systems 
The note on the drawings should read as follows: 

"The latest National Electrical Code requires flash protection. The 
Contractor shall be responsible to provide arc flash calculations in 
accordance with IEEE Std. 1584, stamped and signed by a licensed 
electrical engineer in the State of California. The Contractor shall be 
responsible to provide labels for arc flash and shock hazard, which shall 
be attached to each piece of electrical equipment, in accordance with the 
National Electrical Code." 

The Arc Flash label and Calculation Results shall be followed as shown on Figure 6-9. 
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Figure 6-9: Arc-Flash and Calculation Results 
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6.4 Specifications 

6.4.1 General 
The manufacturer’s name and part numbers should be on the contract drawings, not in the 
specifications. Specifications should describe the features of the product specified on the 
plans. New products that have not been used for a Port of Long Beach project shall be 
approved by the Port and the Port tenant/operator, and shall satisfy building and safety 
requirements 

If instruments or special equipment are specified, provisions shall be added for 
appropriate training by the manufacturer for the use and maintenance of the item 
specified. This applies especially to switchgear, lighting controls, sewer pump controls, 
high voltage splices, and terminations. For specialty systems or equipment such as Fire 
Warning Systems, cranes and hoists, or dimming systems, the model number and 
manufacturer’s name shall be provided. Furthermore, the branch circuit conductor and 
overcurrent protection shall also be provided. If the Contractor makes a substitution, the 
Contractor shall be required to submit the whole system as a shop drawing. 

The Port of Long Beach Electrical Standard Specifications shall be used as a reference 
for design. If changes to these specifications are necessary, the Port of Long Beach 
Administrative Control Section shall revise and adopt the changes before they are 
included in the final design specifications. If the electrical standard specification is not 
available on a particular item from the Port of Long Beach, the Administrative Control 
Section shall be informed of the proposed specification for their review and adoption 
before it is included in the final design specifications. 

Two letters from Southern California Edison should be received and filed before the 
project is advertised. The first shall state that Southern California Edison will provide the 
new service, and it should be received from a Southern California Edison representative. 
The second letter shall state what the Southern California Edison available interrupting 
current (AIC) is at the service point. 

Southern California Edison requires the name of a contact person for correspondence. 
The contact’s name, address and telephone number should be listed on the drawing where 
the electrical service meter is shown. The cement around the duct banks shall be the 
natural gray color. Southern California Edison requires a minimum of 2-1/2” for the 
service conduit size. The electrical service design shall always be approved by Southern 
California Edison. 

The size of the service riser conduit and the weatherproof entrance cap shall be shown on 
the service poles. The detail shall be reproduced in contract drawings, and Southern 
California Edison standards shall be referenced. The risers to the poles shall be PVC 
schedule 80. 

When a wharf/terminal is developed, the address should be posted by the main gate of the 
terminal. An appropriate sign shall be provided and installed, and the sign shall meet the 
requirements and be approved by the Fire Department. 

The name and phone number of the Contractor/manufacturer, years of warranty, related 
drawing and manual/specification shall be included in the warranties.  
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The Operations and Maintenance Manual shall have a cover page that includes as a 
minimum: Title, specification number of the Port of Long Beach project, the Port of Long 
Beach base drawing number of the contract set, date the manual was prepared, person to 
contact regarding the manual and his/her telephone number. 

6.4.2 Electrical System 

6.4.2.1 Underground Electrical Work 
Megger tests for low voltage cables shall be required in the specifications. During the 
design stage, the manufacturer of the specified cables shall provide a written statement 
that cables have a 40 year warranty. High voltage cables shall be installed in the presence 
of the manufacturer's representative. The specifications and drawings shall clearly 
describe the cable splices and terminations required for the project. 

For outdoor enclosed disconnect switches, the enclosure shall be NEMA 3R. NEMA 3R 
finish shall be specified as follows: 

“The finish for outdoor, weatherproof, NEMA 3R enclosures shall have all 
covers and doors thoroughly cleaned using a phosphate wash. Apply a 
zinc-rich corrosion resistant primer and then a polyester powder coat 
suitable for a marine environment. Exterior surfaces shall be given a final 
finish coat of ANSI 61 light grey air-dried acrylic enamel, covered with a 
clear polyurethane top coat.” 

The specifications shall state that the Contractor will provide narratives describing the 
steps of operation and the function of the components of the control wiring with the 
submittal of such shop drawings. 

When alarms are designed, the consultant shall coordinate with the Port and any other 
interested parties to transmit the alarm signal to the proper area and to design an 
appropriate sign to be posted at the alarm equipment that reads “(insert telephone 
number) CALL FOR ALARM”. 

6.4.2.2 Crane System 
High potential dielectric tests of the new bus system shall be performed. Results of these 
tests are to be provided to the Port. Tests shall be conducted by a qualified high voltage 
testing Contractor using a 20kVDC (15kVAC) high potential test instrument for a 
5kVAC conductor bus and a 38kVDC (27kVAC) high potential test instrument for a 
15kVAC conductor bus. Test results shall be followed with certified test report that 
includes the make and model of the test instrument, the date of the last calibration of the 
instrument, a statement on the weather conditions, including temperature, the signature 
and electrical license number of the high voltage test technician, and the date of the test. 
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Table 6-1: Maximum Acceptable Leakage 

Conductor 
Length 

(ft) 

Maximum Acceptable 
Leakage 

(total based on system 
length) (mA) 

Test Unit Size Required 
(for AC test unit, increase size by 40% for DC units) 

(VA) 

5kVAC Conductor Bus 15kVAC Conductor Bus 
100 7.5 110 200 
200 15 220 410 
300 22.5 330 620 
400 30 440 830 
500 37.5 550 1040 
600 45 660 1250 
700 52.5 770 1460 
800 60 880 1670 
900 67.5 990 1880 

1000 75 1100 2090 
1500 112.5 1210 3130 
2000 150 1320 4170 
2500 187.5 1430 5210 

Prior to testing, people in the vicinity of the high voltage test shall be instructed to clear 
the area. The system shall be free of trash and debris. Each phase of the conductor system 
shall be tested to ground and to each of the other phase conductors. The test leads shall be 
connected according to the High-Pot test unit instructions. The voltage shall be gradually 
increased to the required level and held for one minute. If the system leakage is within 
the levels outlined in Table 6-1, then the field test is a PASS. After the test has been 
passed, power shall be energized to the bus. 

6.4.2.3 Power systems 
The review period for the short circuit analysis and coordination study should take place 
in one day and should be eight hours long, and the Contractor must have the engineer 
who prepared the report available during this review period. For smaller projects, a four 
hour review session shall be required. 

Available short circuit current shall be indicated on the plans at the service point and at 
all panelboards and switchboards. The characteristics of the first upstream protective 
device shall be indicated on the one-line diagram. If this device is a fuse, the 
manufacturer model number and ampacity shall be provided. If a relay is applied, the 
manufacturer model number and CT setting shall be provided. The one-line diagram shall 
also indicate the time margin Southern California Edison requires between its own 
protective device and the Port of Long Beach main overcurrent device at the maximum 
fault level. 

Version 2.0 6-15 1/30/2009 



 

 

 

 

6.4.2.4 Grounding 
Copper-clad steel grounding electrodes, each with ¾” diameter and 10 ft length, shall be 
used for grounding where needed. Where a ground rod is needed, a ground well set flush 
with the finished surface shall be provided as required by the City of Long Beach 
Building and Safety Department. Otherwise, the ground rod and the attached grounding 
conductor may be buried under the finished surface or terminated above the finished 
surface in accordance with the National Electrical Code. Where multiple ground rods are 
to be installed, rods shall be placed at least 15 ft from any adjacent rods. 

The ground resistance shall be measured by employing the “fall-of-potential” method 
using the Biddle “Megger Earth Tester” with two electrodes. This method shall be 
required in the specifications. The specifications shall also require that any grounding 
system test reports include the soil temperature at the time the test was conducted. The 
specifications shall require the Contractor to provide a copy of the test reports certified by 
the testing technician and the Engineer’s representative authorized to witness the test. 
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MARINE TERMINALS 

Bulk Cargo Terminal Rehabilitation
Eastern Minerals 
Chelsea, MA 
Construction Cost: $1,500,000+ 
Contact: Leo Mahoney 

Project consisted of performing design of bulk cargo terminal rehabilitation handling 
750 foot long and greater vessels. Services included design of large crane/berthing 
dolphins for 235 ton cranes used for unloading of cargo. Other services included 
design of steel sheet pile bulkheads, H-pile with lagging bulkheads, shore protection, 
dredging and permitting. Assisted owner for the preparation of construction 
documents, construction services and field inspection of work. 

Bulk Cargo Terminal Modifications
Atlantic Salt, Inc. 
Staten Island, NY 
Contact: Leo Mahoney 

Project consists of modifying existing bulk cargo terminal for unloading 750 foot plus 
long vessels containing salt for de-icing to meet the requirements of New York DEC 
requirements. Services include layout and design of crane/ berthing dolphins for 235 
ton cranes used for off loading of vessels. Other services included design of slope 
protection, design of salt containment walls and storm water runoff control. 

Derby & Central Wharf
Salem Maritime National Historic Site 
Salem, MA 
Construction Cost: $5,500,000 
Contact: Tom Donald 

Project included the design for rehabilitation of two wharfs while maintaining their 250 
feet of cellular cofferdam historical significance. Major project elements included 
design of a 700 foot steel sheet pile bulkhead, 400 feet of timber bulkhead and repairs 
to an existing steel bulkhead. Facility designed to accommodate visiting Naval vessels 
during special events. 

Terminal Street Rehabilitation 
EDIC 
Boston, MA 
Construction Cost: $2,210,000 
Contact: Paul Osborne 

Project consisted of developing repairs for the existing piles and pile caps as well as 
design of a new concrete deck. Services included field inspection, design of repairs, 
design of a concrete composite deck, preparation of contract documents and 
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construction phase services. 

North Haven Ferry Terminal
Maine DOT 
Augusta, ME 
Construction Cost: $2.5M 
Contact: Paul Pottle 

Project included field investigation, hydrographic survey and inspection of existing 
waterfront structures. In the design phase of the project BCE provided the layout and 
design of the berthing dolphins and established the critical elevations for the transfer 
bridge access for the ferries. The project allowed for phasing of construction such that 
no interruption of service was required and the project is currently under construction 
and scheduled for completion in 1995. 

I-91 Platform - Boat Access Facility
Riverfront Recapture, Inc.
 
Hartford, CT 

Construction Cost: 

Contact: Joseph Marfuggi 


Project included the design and preparation of contract drawings and technical 

specifications. The final design consisted of a sheet pile bulkhead with gangway 

access to seasonal floats. Dredging and rip rap were also required as part of the 

project. A critical element of the project was the limited space for the bulkhead and its 

tie-back/deadman structures because of other structures associated with this 

waterfront park and that all structures would be underwater during the seasonal 

flooding of the river. 


Wharf Expansion*
Eastport Port Authority 
Eastport, ME 
Construction Cost: $3,200,000 

Design of a 400 foot by 40 wharf expansion to provide 1000 pounds per square foot 
live loading and 40 foot drafts. Wharf had to accommodate Panamax vessels. Site 
was unique with standard 18 foot tide ranges and extreme tide ranges of 28 feet. Deck 
design included loading for a 100 ton mobile crane along face of wharf. 

Marine Terminal Rehabilitation* 
Cibro Petroleum 
Port of Albany 
Albany, NY 
Construction Cost: $5.3 Million 

Field inspection, design (limited) and resident engineer for the construction of a 1,500 
foot long berth with 32 foot drafts for petroleum terminal utilized by crude oil cargo 
tankers and large ocean going barges. Construction included cellular cofferdams, tied-
back and cantilever sheet pile walls. 

Marine Terminal Reconstruction* 
Ultramar Petroleum 
Chelsea Terminal 
Chelsea, MA 
Construction Cost: $250,000 

Inspection, permits, design and construction services for the construction of a 
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petroleum terminal for 700 foot plus vessels. Services included working closely with 
terminal manager to reduce costs and meet terminal requirements. 

Petroleum Terminal - Pier Inspection*
East Boston Terminal 

Mobil Oil Corporation 

East Boston, MA 


Performed above water and supervised underwater inspection of relieving platform. 
Original inspection to determine performance of pile wrapping resulted in findings of 
serious deterioration of other portions of structure. Performed feasibility analysis for 
client for determination whether facility should be repaired or replaced. 

Marine Terminal Repairs*
BP Oil Company
 
Chelsea, MA 

Construction Cost: $250,000 


Performed inspection of Tanker/Barge facility and assessed existing conditions and 
made recommendations for repairs to access Pier, berthing area and large concrete 
berthing dolphins. Work included preparation of contract drawings, bid documents, 
and construction administration. 

Pier Rehabilitation* 
IMIT - Bayonne 

Bayonne, NJ 

Construction Cost: $500,000 


Inspection of existing and design of marine terminal for berthing 700+ foot long liquid 
cargo vessel. Design included fender system, access walkways, pipe supports and 
phasing construction. 

* Individual experience of Ronald R. Bourne, PE prior to Bourne Consulting
 
Engineering. 


MISSION  | SERVICES  |  PROJECTS  |  PERSONNEL  | NEWS  |  SITE MAP  |  CONTACT US  |  JOBS
 | HOME 
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Thoroughly tested, 
utterly reliable 
Siemens Wind Turbine SWT-3.6-120 

Answers for energy.
 



 
 
 

 

 
 
 

 

 

 
 

 
 

 

Global pioneer 

In recent times, the world has seen a dramatic increase in 
the nature and scope of offshore wind power plants. With 
larger projects heading farther out to sea, the reliability of 
the wind turbine is paramount. 

Given the logistical challenges of offshore projects where 
even the smallest issue can amplify costs, having technology 
that works and continues to work under some of the harshest 
conditions on the planet is crucial. 

In the offshore wind industry, Siemens has deservedly 
earned the reputation for having the most reliable tech
nology, the broadest skill set, the deepest experience, 
and a name on which the industry can bank. 

Siemens is the undisputed market leader when it comes 
to reliable products for harnessing the power of offshore 
wind energy. From pioneering the world’s first offshore 
wind power plant at Vindeby (Denmark) in 1991 to the 
multi-gigawatt wind power plants of tomorrow, products 
like the SWT-3.6-120 continue to form the basis of a rock-
solid technology platform. 
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Evolution of the series
 

Determined to create the right machine for the right 
application, Siemens has been progressively evolving its 
wind turbines, creating more powerful generators and 
larger rotors to give its customers a greater choice of 
technologies to meet their needs. 

With the release of a new 3.6-megawatt wind turbine 
featuring a 120-meter rotor, Siemens has produced 
a machine that can generate more power than its prede
cessor could at similar wind speeds. The SWT-3.6-120 is 
based on the proven technology of the SWT-3.6-107, which 
is currently the world’s most popular offshore wind turbine. 

Basically, the only difference between the two machines’ 
core components is the rotor. The SWT-3.6-120 is equipped 
with 58.5-meter long rotor blades, giving it a swept area 
of 11,300 m2 or the equivalent to nearly two football fields. 
Tests indicate that the new machine will generate approxi
mately 10 percent more electricity in comparison to simi
lar wind turbines. 
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World’s most tested wind turbine
 

To ensure that the SWT-3.6-120 is ready for 20 years of 
ocean life, Siemens put the wind turbine through one 
of the most rigorous testing schedules on the market. All 
major components have been through highly accelerated 
lifetime tests (HALT testing) to withstand the tests of time. 

The test regime included tests on the blade, blade bearing, 
(including raceway and ring life test), generator platform, 
canopy, yaw bearing, main bearing, main bearing housing, 
bed frame, yaw system, hub components, and more. 

The SWT-3.6-120 has a rugged, conservative structural 
design, automatic lubrication systems with ample supplies, 
climate control of the internal environment, and a simple 
generator system without slip rings that provides excep
tional reliability at long service intervals. 

Superior grid compliance 
As more wind power enters the grid, there is a greater onus 
on turbine manufacturers to meet stringent grid stability 
requirements. The Siemens NetConverter® system used 
by the SWT-3.6-120 is designed for maximum flexibility in 
the turbine’s response to voltage and frequency variations, 
fault ride-through capability, and output adjustment. The 
advanced wind farm control system provides state-of-the-art 
fleet management. 

Safety first 
Safety is at the heart of all Siemens operations. From 
production to installation, operation, and service, Siemens 
strives to set the standard in safety. The fail-to-safe capa
bilities within a turbine, combined with Siemens’ superior 
lightning protection system, are designed to enhance 
security for the turbine. 

Advanced operations support 
Given the logistical challenges associated with servicing 
wind farms, Siemens has equipped its turbines with a 
turbine condition monitoring (TCM) system that reduces 
the need for on-site servicing. 

Continuous monitoring of turbines allows for the discovery 
of small faults before they become major problems. 

The TCM system continuously checks the external and 
internal condition of the wind turbine. Twenty-four hours 
a day, seven days a week, precise measurements are taken 
of vibrations in the gearbox, the generator, and the main 
shaft bearings. The system instantly detects deviations 
from normal operating conditions. 
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Using the knowledge gained from monitoring thousands 
of turbines over the years, Siemens’ experts are exceptionally 
skilled at analyzing and predicting faults within a turbine. 

This allows Siemens to proactively plan the service and 
maintenance of the turbines, as each fault can be catego
rized and prioritized based on severity. Siemens can then 
determine the most appropriate course of action to keep 
the turbine running at its best. 

General components 
The following is a brief technical description of the main 
components of the SWT-3.6-120 wind turbine. 

Rotor 
The SWT-3.6-120 rotor is a three-bladed cantilevered 
construction, mounted upwind of the tower. The power 
output is controlled by pitch regulation. The rotor speed 
is variable and is designed to maximize the aerodynamic 
efficiency. 

Blades 
The B58 blades are made of fiberglass-reinforced epoxy 
in Siemens’ proprietary IntegralBlade® manufacturing 
process. In this process, the blades are cast in one piece 
to eliminate weaker areas at glue joints. The blades are 
mounted on pitch bearings and can be feathered 80 degrees 
for shutdown purposes. Each blade has its own independent 
pitching mechanism capable of feathering the blade under 

any operating condition. The blade pitch arrangement 
allows for optimization of the power output throughout 
the operating range, and the blades are feathered during 
standstill to minimize wind loads. 

Rotor hub 
The rotor hub is cast in nodular cast iron and is fitted to the 
main shaft with a flange connection. The hub is sufficiently 
large to provide a comfortable working environment for two 
service technicians during maintenance of blade roots and 
pitch bearings from inside the structure. 

Main shaft and bearing 
The main shaft is forged in alloy steel and is hollow to 
facilitate the transfer of power and signals to the blade 
pitching system. The main shaft is supported by two self-
aligning, double spherical roller bearings that are shrunk 
onto the main shaft. The bearings are grease lubricated 
and feature labyrinth seals. 
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Gearbox 
The gearbox is a custom-built, three-stage, planetary-helical 
design. The first two high-torque stages are of a helical 
planetary design. The high-speed stage is of a normal 
helical design and provides the offset of the high-speed 
shaft that is needed to allow passage of power and control 
signals to the pitch systems. 

The gearbox is shaft-mounted and the main shaft torque 
is transferred to the gearbox by a shrink-disk connection. 
The gearbox is supported in the nacelle with flexible rub
ber bushings. 

The gearbox is fitted with an oil conditioning system. All 
bearings are lubricated with oil fed directly from a large 
in-line filter and are cleaned by an off-line filter unit. 

The gearbox is fitted with sensors for monitoring tempera
ture, oil pressure, and vibration levels. 

Generator 
The generator is a fully-enclosed, asynchronous generator. 
It has a squirrel-cage rotor without slip-rings. The genera
tor rotor construction and stator winding are designed 
for high efficiency at partial loads. The generator is pro
tected with thermal switches and analogue temperature 
measurement sensors. 

It is fitted with a separate thermostat-controlled ventila
tion arrangement. Air is recirculated internally in the 
generator and heat is transferred through an air-to-air 
heat exchanger that separates the internal environment 
in the generator from the ambient air. 

Mechanical brake 
The mechanical brake is fitted to the gearbox high-speed 
shaft and has two hydraulic calipers. 

Yaw system 
The yaw bearing is an internally geared ball bearing fitted 
with a hydraulic disc brake. Six electric planetary gear motors 
drive the yawing. 

Tower 
The SWT-3.6-120 wind turbine is mounted on a tapered, 
tubular steel tower. The tower has internal ascent and 
direct access to the yaw system and nacelle. It is equipped 
with platforms and internal electric lighting. 
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Controller 
The wind turbine controller is a microprocessor-based 
industrial controller. The controller is complete with 
switchgear and protection devices. It is self-diagnosing 
and has a keyboard and display for easy readout of status 
and for adjustment of settings. 

The NetConverter® power conversion system allows gen
erator operation at variable speed, frequency, and voltage 
while supplying power at constant frequency and voltage 
to the medium-voltage transformer. The power conversion 
system is a modular arrangement for easy maintenance 
and is water-cooled. 

SCADA 
The SWT-3.6-120 wind turbine is equipped with the Siemens 
WebWPS SCADA system. This system offers remote control 
and a variety of status views and useful reports from a 
standard Internet Web browser. The status views present 
information such as electrical and mechanical data, 
operation and fault status, meteorological data, and grid 
station data. 

Turbine condition monitoring 
In addition to the Siemens WebWPS SCADA system, the 
SWT-3.6-120 wind turbine is equipped with the unique 
Siemens TCM® condition monitoring system. This system 
monitors the vibration level of the main components 
and compares the actual vibration spectra with a set of 
established reference spectra. Result review, detailed 
analysis, and reprogramming can all be carried out using 
a standard Web browser. 

Operation systems 
The wind turbine operates automatically. It is self-starting 
when the wind speed reaches an average of about 3 to 5 
m/s (about 10 mph). The output increases approximately 
linearly with the wind speed until the wind speed reaches 
12 to 13 m/s (about 30 mph). At this point, the power is 
regulated at rated power. 

If the average wind speed exceeds the maximum opera
tional limit of 25 m/s (about 56 mph), the wind turbine 
is shut down by feathering the blades. When the average 
wind speed drops back below the restart average wind 
speed, the systems reset automatically. 
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Nacelle arrangement 

1. Spinner 

2. Blade 

3. Pitch bearing 

4. Rotor hub 

5. Main bearing 

6. Main shaft 

7. Gearbox 

8. Service crane 

9. Brake disc 

10. Coupling 

11. Generator 

12. Yaw gear 

13. Tower 

14. Yaw ring 

15. Generator fan 

16. Canopy 

Technical specifications
 

Rotor 
Type 3-bladed, horizontal axis 
Position Upwind 
Diameter 120 m 
Swept area 11,300 m² 
Nominal rotor speed 5–13 rpm 
Power regulation Pitch regulation with variable speed 
Rotor tilt 6 degrees 

Blades 
Type B58 
Blade length 58.5 m 
Root chord 4.2 m 
Aerodynamic profile NACA63.xxx, FFAxxx 
Material GRE 
Surface gloss Semi-matte, < 30 / ISO2813 
Surface color Light grey, RAL 7035 

Aerodynamic brake 

Hub Nodular cast iron 
Main bearings Spherical roller bearings 
Main shaft Alloy steel 
Nacelle bed plate Cast iron 

Type Full span pitching 
Activation Active, hydraulic 

Load-supporting parts 

Transmission system 
Coupling hub – shaft 
Coupling shaft – gearbox 
Gearbox type 
Gearbox ratio 
Gearbox lubrication 
Oil volume 
Gearbox cooling 
Gearbox designation 
Gearbox manufacturer 
Coupling gear – generator 

Mechanical brake 
Type 
Position 
Number of calipers 

Generator 
Type 
Nominal power 
Protection 
Cooling 
Insulation class 

Canopy 
Type 
Material 
Surface gloss 
Color 

Flange 
Shrink disc 
3-stage planetary/helical  
1:119 
Forced lubrication 
Approx. 750 l 
Separate oil cooler 
PZAB 3540 
Winergy AG 
Double-flexible coupling 

  Hydraulic disc brake 
  High-speed shaft 

2 

  Asynchronous 
3,600 kW 

  IP 54 
  Integrated heat exchanger 

F 

  Totally enclosed 
  Steel/aluminium 

Semi-gloss, 30–50, ISO2813 
Light grey, RAL 7035 
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2 12 14 
15 16 

1 

3 4 

56 78 109 11 

13 

Yaw system 
Type   Active 
Yaw bearing Internally-geared ball bearing 
Yaw drive Six electric gear motors 
Yaw brake Active friction brake 

Controller 
Type 
SCADA system 
Controller designation 

Tower 
Type 
Hub height 
Corrosion protection 
Surface gloss 
Color 

Operational data 
Cut-in wind speed 
Nominal power at 
Cut-out wind speed 
Maximum 3 s gust 

Weights (approximately) 
Rotor 
Nacelle 
Tower for 90 m hub height 

  Microprocessor 
WebWPS 
WTC 3 

Cylindrical and/or tapered tubular 
90 m or site-specific 
Painted 
Semi-gloss, 30–50, ISO-2813 
Light grey, RAL 7035 

3–5 m/s 
12–13 m/s 
25 m/s 
70 m/s (IEC version) 

  100,000 kg 
  125,000 kg 

Site-specific 

Sales power curve 
The power curve data are valid for 
standard conditions of 15° Celsius air 
temperature, 1,013 mBar air pressure, 
and 1.225 kg/m3 air density, clean rotor 
blades, and horizontal, undisturbed 
airflow. 
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Offshore Wind: Turbines of the multimegawatt class Page 1 of 3 

Offshore-Wind 

Multi-megawatt turbines 

High-performance turbines with a rotor more than 100 m in diameter and an installed capacity 
of 3,6 to 5 MW have been developed by different producers. A small number of these turbines 
is already in operation. 

 GE Energy Siemens Vestas 

Type 4.0-110 3.6 MW V120 
Rated Power [kW] 4000 3600 4500 
Gearbox Triple stage Triple stage Triple stage 
Generator Permanent 

Magnet 
Asynchronous Asynchronous 

Converter Full Power 
Converter 

Fully automated 
converter 

n/a 

Rotor diameter [m] 110 107 120 
Top head mass [t] 
(nacelle+rotor) 

295 215 210 

Rated wind speed [m/s] 14 12-13 12 
In operation since May 2010 Dec 2004 n/a

 REpower Systems Multibrid Enercon 

Type 5M M5000 E-126 
Rated Power [kW] 5000 5000 7500 
Gearbox Triple stage Single stage Gearless 
Generator Asynchronous 

double fed 
Synchronous 
permanent magnet 
excited 

Synchronous 

http://www.offshore-wind.de/page/index.php?id=6336&L=1 5/2/2011 
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 BARD Nordex 

 REpower Systems Multibrid Enercon 

Converter IGBT converter 4-quadrant converter DC intermediate 
circuit converter 

Rotor diameter [m] 126 116 127 
Top head mass [t] 
(nacelle+rotor) 

410 310 650 

Rated wind speed 
[m/s] 

12 12 17 

In operation since Nov 2004 Dec 2004 Aug 2007

Type VM 5 MW Offshore 
Rated Power [kW] 5200 5000 
Gearbox Triple stage n/a 
Generator Double fed asynchronous n/a 
Converter n/a n/a 
Rotor diameter [m] 122 115 
Top head mass [t] 375 n/a 
(nacelle+rotor) 
Rated wind speed [m/s] 12 n/a 
In operation since n/a n/a 

For further information on the various turbine please click on the following links: 

Enercon E-126  (7.5 MW) 

Multibrid M5000 (5 MW) 

REpower 5M (5 MW) 

GE Energy 4.0 (4 MW) 

Siemens 3.6 (3.6 MW) 

Vestas V120  (4.5 MW) 

BARD 5.0  (5.2 MW) 

Nordex N90 Offshore (5 MW) 

5/2/2011 

http://www.offshore-wind.de/page/index.php?id=6336&L=1


Offshore Wind: Turbines of the multimegawatt class Page 3 of 3
 

http://www.offshore-wind.de/page/index.php?id=6336&L=1 5/2/2011 

http://www.offshore-wind.de/page/index.php?id=6336&L=1


 

 

 

 

 

 

 

APPENDIX 33 




Crawler Crane 660 ton Lifting Capacity 

CRAWLER CRANE 



HI
GH

LI
GH

TS



1323,000 lb lifting capacity at 32’-10’’ ft radius 

Excellent lifting capacities throughout the whole 
working range 

Very simple assembly and short rigging time 

Variable Superlift radius 

Variable offset of main boom for configuration 
SW and SWSL 

Power-Kit for main boom 

Innovative Demag IC-1 crane control system 
with touchscreen 

Improved setup and rigging for boom systems 

Quadro-Drive on demand 
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SPECIFICATIONS 

WORKING SPEEDS (INFINITELY VARIABLE) 

Mechanisms Rope ø Speeds1) Single line pull Length of hoist rope 

Hoist I (H1) 13/32’’ max. 394 ft/min 35,520 lb / 31,698 lb2) 2953’ 

Hoist II (H2) 13/32’’ max. 394 ft/min 35,520 lb / 31,698 lb2) 2953’ 

Boom derricking (W2) 13/32’’ max. 394 ft/min 

Boom hoist (E) 13/16’’ max. 171 ft/min 

Jib luffing (W1) 13/32’’ max. 394 ft/min 

Slewing (rpm) 0.7 

1) top layer 
2) without / with reeving effect considered 

BASIC CRANE DIMENSIONS 

Basic crane dimensions with standard Superlift attachment 
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CRAWLER CRANE 

SPECIFICATIONS 

CARRIER PERFORMANCE WITH STANDARD DRIVE 

Mechanisms Rope ø Speeds1) Single line pull Length of hoist rope 

1st gear 0-0.37 mph 

2nd gear 0-0.75 mph 

HOOK BLOCKS 

Type Possible load Number of sheaves Number of lines Weight „D“ 

2 x 300 1323,000 lb 2 x 11 2 x 22 22,900 lb – 26,500 lb 16’-5’’ 
545,000 lb 11 17 15,700 lb – 17,400 lb 17’-9’’ 

2 x 200 882,000 lb 2 x 17 2 x 14 18,100 lb – 22,100 lb 16’-5’’ 
432,000 lb 7 13 11,700 lb – 13,700 lb 17’-9’’ 

160 353,000 lb 15 11 7,280 lb – 10,600 lb 14’-11/2’’ 

110 243,000 lb 13 17 4,190 lb – 7,940 lb 14’-11/2’’ 

150 110,000 lb 11 13 6,170 lb 13’-11/2’’ 

116 35,300 lb 1– 11 12,000 lb 9’-101/2’’ 

1
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SUPERLIFT CONFIGURATIONS 

STANDARD-SL 36.1 ft, 42.7 ft, 49.2 ft 

TELE-SL 42.7 ft – 55.8 ft 
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CRAWLER CRANE 

SPECIFICATIONS 

WEIGHTS 

Total weight incl. counterweight 353,000 lb, 78.7 ft SH boom and hook block 

Superstructure (with three drums, A-frame, reeving drum and boom backstops) 

Superstructure (without drums H1/H2, reeving winch, boom backstops and A-frame) incl. part of quick-connection 

Carbody / Carbody with assembly jacks 

Crawlers with standard drive (option: quadro drive) 

Counterweight 

794,000 lb 

121,000 lb 

81,100 lb 

57,300 lb / 61,700 lb 

2 x 97,000 lb (2 x 106,000 lb) 

353,000 lb 

1 

GROUND PRESSURE 

Ground pressure, based on 794,000 lb total weight 20.3 lb / inch 

1) With quick-connection 11’-41/2’’ 
2) optional 6’-7’’ 
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SPECIFICATIONS 

Counterweights on upper Central ballast (ZB) 

* optional 

type 2724 type 2421
 type 1813 
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CRAWLER CRANE 

KEY 

Track width 

Counterweight + central ballast (ZB) 

Superlift counterweight 

Superlift radius 

Load radius 

Main boom 

Fly jib 

Main boom angle 

Fly jib angle 

„D“ 

S: heavy 

L: light 

H: Main boom 

W: Luffing fly jib 

F: Fixed fly jib 

SL: Superlift 

SGL: Heavy base length 
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BOOM COMBINATIONS 
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CRAWLER CRANE 

BOOM COMBINATIONS 

Special combinations available on request!
 

SFVL: Configuration with 1323,000 lb heavy-duty head
 

LFVL: Fitted with 661,400 lb jib top section (load charts on request)
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-

ERECTION / LOWERING OF THE CC 2800-1 BOOM SYSTEMS TO THE GROUND 

352,700 lb – 396,800 lb ZB 0 132,300 lb 36.1 ft – 49.2 ft 

Boom combination Fly jib Main boom (ft) 
(ft) 78.7 98.4 118.1 137.8 157.5 177.2 196.9 216.5 236.2 255.9 275.6 295.3 315.0 334.6 354.3 374.0 393.7 413.4 433.1 452.8 

SH X  X  X  X  X  X  X  X  (X)  (X)  [X]  – – – – – – – – – 

SH/LH – – – – – – – X  X  X  X  (X)  [X]  [X]  – – – – – – 

SH/LH SGLmax. –  –  –  –  –  –  –  –  –  X  [X]  [X]  [X]  [X]  –  –  –  –  –  –  

SW 78.7 – X X X X (X) [X] [X] – – – – – – – – – – – – 
98.4 – X X X X (X) [X] [X] – – – – – – – – – – – – 

118.1 – X X X X (X) [X] [X] – – – – – – – – – – – – 
137.8 – X X X X (X) [X] [X] – – – – – – – – – – – – 
157.5 – X X X X X (X) [X] – – – – – – – – – – – – 
177.2 – X X X X (X) (X) [X] – – – – – – – – – – – – 
196.9 – X X X X (X) [X] [X] – – – – – – – – – – – – 
216.5 – X X X X (X) [X] [X] – – – – – – – – – – – – 
236.2 – X X X X (X) [X] [X] – – – – – – – – – – – – 
255.9 – X X X X (X) [X] [X] – – – – – – – – – – – – 
275.6 – X X X X (X) [X] [X] – – – – – – – – – – – – 

SH+LF2 39.4 –  X  X  X  X  X  X  X  X  (X)  [X]  – – – – – – – – – 

SH/LH+LF2 39.4 –  –  –  –  –  –  –  X  X  (X)  (X)  [X]  [X]  [X]  –  –  –  –  –  –  

SH/LH SGLmax. 
+LF2 

39.4 –  –  –  –  –  –  –  –  –  [X]  [X]  [X]  [X]  –  –  –  –  –  –  –  

SSL –  –  0  0  0  0  0  0  0  45  167  –  –  –  –  –  –  –  –  –  

HSSL –  –  –  –  –  0  0  0  23  56  111  122  177  221  265  –  –  –  –  –  

SSL/LSL –  –  –  –  –  –  –  –  –  –  –  133  166  188  232  276  309  353  364  408  

SSL/LSLSGLmax. – – – – – – – – – – 123 167 111 155 199 254 298 353 419 486 

LFVL –  –  –  0  0  45  100  144  210  265  309  –  –  –  –  –  –  –  –  –  

SFVL –  –  –  12  56  89  144  177  232  276  331  –  –  –  –  –  –  –  –  –  

SWSL/SFSL 78.7 – – 10 0 23 78 133 188 243 276 331 – – – – – – – – – 
98.4 – – 10 0 23 78 144 188 254 309 342 – – – – – – – – – 

118.1 – – 10 0 10 56 122 188 254 320 386 – – – – – – – – – 
137.8 – – 10 0 10 34 111 177 254 320 364 – – – – – – – – – 
157.5 – – 10 0 10 23 189 155 232 287 364 – – – – – – – – – 
177.2 – – 10 0 10 34 178 144 199 276 353 – – – – – – – – – 
196.9 – – 10 0 10 45 189 133 188 254 342 – – – – – – – – – 
216.5 – – 10 0 10 45 100 144 199 254 309 – – – – – – – – – 
236.2 – – 10 0 12 56 111 155 210 265 320 – – – – – – – – – 
255.9 – – 10 0 23 67 111 166 221 276 331 – – – – – – – – – 
275.6 – – 10 0 23 67 122 177 232 287 342 – – – – – – – – – 
295.3 – – 10 0 34 78 133 177 232 287 353 – – – – – – – – – 
315.0 – – 12 0 34 89 133 188 243 298 364 – – – – – – – – – 

SSL+LF2 39.4 –  –  0  0  0  0  0  0  0  12  56  – – – – – – – – – 

HSSL+LF2 39.4 – – – – – 0  0  0  0  23  78  111  166  210  265  – – – – – 

SSL/LSL+LF2 39.4 – – – – – – – – – – – 189 122 166 188 232 265 309 353 386 

SSL/LSLSGLmax. 
+LF2 

39.4 –  –  –  –  –  –  –  –  –  12  56  111  155  221  287  353  419  474  552  629  

Remarks 

X without assisting equipment 

(X) idler wheel supported 

[X] with additional side jack 

Values for LF with 10° jib offset; values may differ for other offsets 

All Superlift combinations can be erected or lowered to the ground without assisting equipment. The stated numbers represent the necessary SL-counter
weight in 1,000 lb. 
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CRAWLER CRANE 

SH, SH/LH WORKING RANGES 
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27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 

LIFTING CAPACITIES SH 

78.7 ft 98.4 ft 118.1 ft 137.8 ft 157.5 ft 177.2 ft 196.9 ft 216.5 ft 236.2 ft 255.9 ft 275.6 ft 
ft 

19.7 1322.8 -.0 -.0 -.0 -.0 -.0 
1,000 lb 

-.0 -.0 -.0 -.0 -.0 
ft 

19.7 
23.0 
26.2 

1236.8 
1115.5 

1221.4 
1106.7 

1250.0 
1100.1 

-.0 
1093.5 

-.0 
1089.1 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

23.0 
26.2 

29.5 
32.8 

903.9 
743.0 

899.5 
738.5 

897.3 
736.3 

895.1 
731.9 

892.9 
729.7 

890.7 
727.5 

890.7 
727.5 

-.0 
725.3 

-.0 
663.6 

-.0 
-.0 

-.0 
-.0 

29.5 
32.8 

39.4 
45.9 

544.5 
425.5 

540.1 
421.1 

535.7 
418.9 

531.3 
414.5 

529.1 
410.1 

526.9 
407.9 

526.9 
407.9 

524.7 
405.7 

522.5 
403.4 

520.3 
401.2 

467.4 
399.0 

39.4 
45.9 

52.5 
59.1 

348.3 
293.2 

343.9 
288.8 

339.5 
284.4 

335.1 
280.0 

332.9 
277.8 

330.7 
275.6 

328.5 
273.4 

326.3 
271.2 

324.1 
269.0 

324.1 
266.8 

319.7 
264.6 

52.5 
59.1 

65.6 
72.2 

253.5 
222.7 

249.1 
217.2 

244.7 
212.7 

240.3 
208.3 

235.9 
205.0 

233.7 
201.7 

231.5 
199.5 

229.3 
197.3 

227.1 
195.1 

224.9 
194.0 

222.7 
189.6 

65.6 
72.2 

78.7 
85.3 

-.0 
-.0 

192.9 
172.0 

187.4 
167.6 

183.0 
162.0 

179.7 
158.7 

176.4 
155.4 

174.2 
153.2 

172.0 
151.0 

169.8 
148.8 

167.6 
146.6 

164.2 
143.3 

78.7 
85.3 

91.9 
98.4 

-.0 
-.0 

155.4 
-.0 

149.9 
136.7 

145.5 
131.2 

141.1 
126.8 

138.9 
124.6 

135.6 
121.3 

133.4 
119.0 

131.2 
116.8 

129.0 
114.6 

125.7 
110.2 

91.9 
98.4 

111.5 
124.7 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

109.1 
92.8 

104.7 
88.0 

101.6 
84.4 

98.8 
80.9 

96.1 
77.6 

93.5 
74.5 

90.8 
71.9 

86.2 
67.2 

111.5 
124.7 

137.8 
150.9 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

75.2 
-.0 

70.3 
59.5 

66.6 
55.3 

63.3 
51.6 

60.0 
48.3 

57.1 
45.4 

52.5 
40.6 

137.8 
150.9 

164.0 
177.2 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

46.3 
39.2 

42.5 
35.1 

38.8 
31.1 

35.7 
27.8 

30.9 
22.9 

164.0 
177.2 

190.3 
203.4 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

29.1 
-.0 

24.7 
19.6 

21.4 
15.9 

16.3 
-.0 

190.3 
203.4 

216.5 
229.7 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

-.0 
-.0 

11.5 
-.0 

-.0 
-.0 

216.5 
229.7 

27.6 ft 360° DIN/ISO352,700 lb 

78.7 ft 98.4 ft 118.1 ft 137.8 ft 157.5 ft 177.2 ft 196.9 ft 216.5 ft 236.2 ft 255.9 ft 275.6 ft 
ft 

23.0 934.8 1029.6 1119.9 -.0 -.0 -.0 
1,000 lb 

-.0 -.0 -.0 -.0 -.0 
ft 

23.0 
26.2 892.9 950.2 948.0 943.6 943.6 -.0 -.0 -.0 -.0 -.0 -.0 26.2 
29.5 747.4 743.0 740.8 738.5 736.3 734.1 734.1 -.0 -.0 -.0 -.0 29.5 
32.8 612.9 608.5 606.3 601.9 599.7 597.5 597.5 595.2 590.8 -.0 -.0 32.8 
39.4 447.5 443.1 438.7 436.5 432.1 432.1 429.9 427.7 425.5 425.5 421.1 39.4 
45.9 350.5 346.1 341.7 337.3 335.1 332.9 330.7 328.5 326.3 326.3 321.9 45.9 
52.5 284.4 280.0 275.6 273.4 269.0 266.8 264.6 262.4 260.1 260.1 255.7 52.5 
59.1 240.3 235.9 231.5 227.1 222.7 220.5 219.4 217.2 215.0 212.7 209.4 59.1 
65.6 206.1 201.7 197.3 192.9 189.6 186.3 184.1 181.9 180.8 178.6 175.3 65.6 
72.2 180.8 175.3 170.9 166.4 162.0 159.8 157.6 155.4 153.2 151.0 147.7 72.2 
78.7 -.0 154.3 149.9 144.4 141.1 138.9 136.7 134.5 132.3 130.1 125.7 78.7 
85.3 -.0 137.8 132.3 127.9 124.6 121.3 119.0 116.8 114.6 112.4 108.9 85.3 
91.9 -.0 124.6 119.0 113.5 110.2 107.4 104.9 102.5 100.3 97.9 93.5 91.9 
98.4 -.0 -.0 107.6 102.3 98.3 95.5 92.8 89.9 87.3 84.9 80.2 98.4 

111.5 -.0 -.0 -.0 84.0 79.6 75.8 72.5 69.4 66.6 63.9 59.5 111.5 
124.7 -.0 -.0 -.0 70.5 65.0 60.8 57.1 54.0 50.9 48.3 43.7 124.7 
137.8 -.0 -.0 -.0 -.0 54.0 49.4 45.4 42.1 38.8 35.9 31.3 137.8 
150.9 -.0 -.0 -.0 -.0 -.0 40.6 36.2 32.6 29.1 26.2 21.4 150.9 
164.0 -.0 -.0 -.0 -.0 -.0 -.0 28.9 24.9 21.4 18.3 13.4 164.0 
177.2 -.0 -.0 -.0 -.0 -.0 -.0 23.4 19.0 15.0 11.7 -.0 177.2 
190.3 -.0 -.0 -.0 -.0 -.0 -.0 -.0 14.3 -.0 -.0 -.0 190.3 
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CRAWLER CRANE 

LIFTING CAPACITIES SH/LH 
27.6 ft 360° DIN/ISO 

216.5 ft 

352.7 klb 396.8 klb + 132.3 klb 

SH/LH 
SH/LH 

SGLmax. 

236.2 ft 

352.7 klb 396.8 klb + 132.3 klb 

SH/LH 
SH/LH 

SGLmax. 

255.9 ft 

352.7 klb 396.8 klb + 132.3 klb 

SH/LH 
SH/LH 

SGLmax. 

275.6 ft 

352.7 klb 396.8 klb + 132.3 klb 

SH/LH 
SH/LH 

SGLmax. 

ft 1,000 lb 
29.5 657.0 657.0 -.0 -.0 -.0 -.0 -.0 -.0 -.0 -.0 -.0 -.0 
32.8 608.5 657.0 -.0 549.0 549.0 -.0 445.3 445.3 489.4 -.0 -.0 -.0 
36.1 524.7 597.5 -.0 494.9 543.4 -.0 443.1 445.3 479.5 -.0 -.0 474.0 
39.4 440.9 537.9 -.0 440.9 537.9 -.0 440.9 445.3 469.6 372.6 372.6 454.2 
45.9 341.7 418.9 -.0 341.7 418.9 -.0 341.7 383.6 392.4 330.7 330.7 381.4 
52.5 277.8 339.5 -.0 275.6 339.5 -.0 275.6 337.3 337.3 273.4 293.2 326.3 
59.1 229.3 284.4 -.0 229.3 284.4 -.0 229.3 284.4 282.2 227.1 262.4 277.8 
65.6 196.2 242.5 -.0 195.1 242.5 -.0 195.1 242.5 240.3 192.9 235.9 235.9 
72.2 168.7 211.6 -.0 168.7 210.5 -.0 167.6 209.4 207.2 165.3 208.3 205.0 
78.7 147.7 185.2 -.0 146.6 185.2 -.0 145.5 184.1 181.9 144.4 181.9 178.6 
85.3 130.1 164.2 -.0 129.0 163.1 -.0 127.9 163.1 159.8 126.8 160.9 157.6 
91.9 115.7 146.6 -.0 114.6 146.6 -.0 113.5 145.5 143.3 111.3 143.3 140.0 
98.4 103.6 132.3 -.0 102.7 131.2 -.0 101.9 130.1 127.9 99.9 129.0 124.6 

111.5 84.0 109.1 -.0 83.1 108.2 -.0 82.2 107.4 104.7 80.0 105.4 101.9 
124.7 69.0 91.5 -.0 67.9 90.4 -.0 66.6 89.3 86.6 64.2 87.3 83.6 
137.8 56.7 77.4 -.0 55.3 76.3 -.0 54.2 75.2 72.1 51.6 72.8 68.6 
150.9 46.7 65.9 -.0 45.4 64.6 -.0 44.1 63.3 60.0 41.4 60.6 56.4 
164.0 38.8 56.2 -.0 37.3 54.7 -.0 35.9 53.4 50.0 33.3 50.7 46.5 
177.2 32.2 48.3 -.0 30.6 46.7 -.0 29.1 45.2 41.9 26.5 42.5 38.1 
190.3 26.9 41.7 -.0 24.9 39.9 -.0 23.4 38.4 34.8 20.7 35.5 31.3 
203.4 -.0 -.0 -.0 20.3 34.2 -.0 18.5 32.4 29.1 15.9 29.8 25.4 
216.5 -.0 -.0 -.0 -.0 -.0 -.0 14.6 27.6 24.0 11.7 24.7 20.3 
229.7 -.0 -.0 -.0 -.0 -.0 -.0 11.2 23.4 19.8 -.0 20.3 15.9 

2 

295.3 ft 

352.7 klb 396.8 klb + 132.3 klb 

SH/LH 
SH/LH 

SGLmax. 

315.0 ft 

352.7 klb 396.8 klb + 132.3 klb 

SH/LH 
SH/LH 

SGLmax. 

334.6 ft 

352.7 klb 396.8 klb + 132.3 klb 

SH/LH 
SH/LH 

SGLmax. 

354.3 ft 

352.7 klb 396.8 klb + 132.3 klb 

SH/LH 
SH/LH 

SGLmax. 

ft 1,000 lb 
39.4 339.5 339.5 438.7 302.0 302.0 350.5 -.0 -.0 -.0 -.0 -.0 -.0 
42.7 339.5 339.5 403.4 302.0 302.0 350.5 -.0 -.0 319.7 -.0 -.0 288.8 
45.9 339.5 339.5 368.2 302.0 302.0 350.5 238.1 238.1 319.7 -.0 -.0 288.8 
52.5 273.4 313.1 315.3 271.2 280.0 306.4 218.3 218.3 297.6 -.0 -.0 288.8 
59.1 227.1 280.0 275.6 224.9 260.1 266.8 200.6 200.6 257.9 -.0 -.0 251.3 
65.6 191.8 238.1 233.7 190.7 238.1 233.7 185.2 185.2 227.1 -.0 -.0 220.5 
72.2 164.2 207.2 201.7 163.1 205.0 200.6 162.0 172.0 198.4 -.0 -.0 195.1 
78.7 143.3 180.8 176.4 141.1 179.7 175.3 141.1 158.7 173.1 -.0 -.0 169.8 
85.3 125.7 159.8 155.4 123.5 158.7 153.2 123.5 149.9 151.0 -.0 -.0 147.7 
91.9 110.2 142.2 137.8 109.8 141.1 135.6 108.7 140.0 133.4 -.0 -.0 130.1 
98.4 98.5 126.8 122.4 97.2 125.7 121.3 96.3 124.6 119.0 -.0 -.0 115.7 

111.5 78.5 104.1 99.0 76.9 102.7 97.7 75.8 101.6 95.0 -.0 -.0 91.1 
124.7 62.6 86.0 80.2 60.8 84.7 78.7 59.7 83.3 75.6 -.0 -.0 71.7 
137.8 50.0 71.2 65.3 48.3 69.4 63.5 47.2 68.1 60.4 -.0 -.0 56.4 
150.9 39.9 59.1 52.9 38.1 57.3 51.4 36.8 56.0 48.1 -.0 -.0 44.1 
164.0 31.5 48.9 43.0 29.8 47.2 41.2 28.4 45.9 37.9 -.0 -.0 34.0 
177.2 24.7 40.8 34.6 22.9 39.0 32.8 21.6 37.5 29.5 -.0 -.0 25.6 
190.3 19.0 33.7 27.6 17.0 32.0 25.8 15.7 30.4 22.5 -.0 -.0 18.3 
203.4 13.9 27.8 21.6 11.9 25.8 19.6 10.6 24.5 16.3 -.0 -.0 12.1 
210.0 11.8 25.2 19.1 -.0 23.3 17.0 -.0 21.8 13.7 -.0 -.0 9.5 
216.5 9.7 22.7 16.5 -.0 20.7 14.6 -.0 19.2 11.0 -.0 -.0 -.0 
229.7 -.0 18.3 11.9 -.0 16.1 9.9 -.0 14.6 -.0 -.0 -.0 -.0 
232.9 -.0 17.3 10.9 -.0 15.1 8.8 -.0 13.6 -.0 -.0 -.0 -.0 
242.8 -.0 14.3 -.0 -.0 12.1 -.0 -.0 10.6 -.0 -.0 -.0 -.0 
255.9 -.0 11.0 -.0 -.0 8.8 -.0 -.0 -.0 -.0 -.0 -.0 -.0 

Remarks 

For SH/LH SGLmax. a boom power-kit is required 
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SSL /HSSL, SSL/LSL WORKING RANGES 
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49.2 ft

CRAWLER CRANE 

LIFTING CAPACITIES SSL /HSSL 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 

0 
1274.3 
1113.3 

941.4 
789.3 
575.4 
449.7 
366.0 
308.6 
264.6 
229.3 
203.9 
181.9 
164.2 
148.8 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
1322.8 
1322.8 
1322.8 
1320.6 
1285.3 
1144.2 
1000.9 

888.5 
800.3 
712.1 
626.1 
553.4 
502.7 
447.5 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
1322.8 
1322.8 
1322.8 
1320.6 
1285.3 
1210.3 
1062.6 

943.6 
817.9 
712.1 
626.1 
553.4 
489.4 
432.1 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

1111.1 
937.0 
784.8 
571.0 
445.3 
363.8 
304.2 
260.1 
224.9 
199.5 
177.5 
159.8 
144.4 
120.2 
103.2 

-,0 
-,0 
-,0 

0 
-,0 

1307.3 
1307.3 
1307.3 
1265.5 
1137.6 

994.3 
884.1 
793.7 
718.7 
648.2 
593.0 
540.1 
485.0 
396.8 
328.5 

-,0 
-,0 
-,0 

0 
-,0 

1307.3 
1307.3 
1307.3 
1265.5 
1177.3 
1056.0 

939.2 
842.2 
760.6 
672.4 
601.9 
540.1 
485.0 
392.4 
315.3 

-,0 
-,0 
-,0 

0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

1111.1 
939.2 
782.6 
568.8 
443.1 
359.4 
299.8 
255.7 
222.7 
196.2 
174.2 
155.4 
140.0 
115.7 

98.3 
84.7 

-,0 
-,0 

0 
-,0 

1278.7 
1278.7 
1278.7 
1278.7 
1133.2 

989.9 
879.6 
789.3 
714.3 
646.0 
588.6 
537.9 
498.2 
425.5 
354.9 
302.0 

-,0 
-,0 

0 
-,0 

1278.7 
1278.7 
1278.7 
1278.7 
1172.9 
1051.6 

932.6 
837.8 
760.6 
694.5 
626.1 
564.4 
515.9 
427.7 
354.9 
293.2 

-,0 
-,0 

0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

941.4 
780.4 
566.6 
440.9 
357.1 
297.6 
253.5 
220.5 
192.9 
170.9 
153.2 
137.8 
112.4 

94.8 
80.5 
69.0 

-,0 

0 
-,0 
-,0 

1157.4 
1157.4 
1157.4 
1128.8 

987.7 
875.2 
784.8 
709.9 
646.0 
586.4 
537.9 
493.8 
423.3 
368.2 
321.9 
271.2 

-,0 

0 
-,0 
-,0 

1157.4 
1157.4 
1157.4 
1157.4 
1047.2 

930.4 
833.3 
756.2 
690.0 
630.5 
577.6 
526.9 
445.3 
377.0 
321.9 
271.2 

-,0 

0 
-,0 
-,0 

1157.4 
1157.4 
1157.4 
1126.6 

983.3 
873.0 
782.6 
707.7 
643.8 
584.2 
535.7 
493.8 
426.2 
366.7 
315.3 
268.2 
242.5 

SSL HSSL 

36.1– 
49.2 ft 

0 lb 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

118.1 ft 

55.8 ft 

SSL HSSL 

36.1– 
49.2 ft 

0 lb 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

137.8 ft 

55.8 ft 

SSL HSSL 

36.1– 
49.2 ft 

0 lb 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

157.5 ft 

55.8 ft 

SSL HSSL 

36.1– 
49.2 ft 

0 lb 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

177.2 ft 

55.8 ft 

1,000 lbft 
23.0 
26.2 
29.5 
32.8 
39.4 
45.9 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
160.8 

0 
939.2 
780.4 
673.5 
566.6 
438.7 
354.9 
295.4 
251.3 
218.3 
190.7 
168.7 
149.9 
134.5 
110.2 

91.7 
76.7 
64.6 
55.1 
47.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
1049.4 
1049.4 
1049.4 
1049.4 
1049.4 

983.3 
870.8 
780.4 
707.7 
643.8 
584.2 
535.7 
493.8 
421.1 
363.8 
321.9 
286.6 
249.1 
215.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
1049.4 
1049.4 
1049.4 
1049.4 
1049.4 
1036.2 

925.9 
831.1 
751.8 
685.6 
628.3 
575.4 
529.1 
449.7 
388.0 
335.1 
288.8 
249.1 
212.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
1049.4 
1049.4 
1049.4 
1049.4 
1049.4 

978.9 
868.6 
778.2 
703.3 
641.5 
584.2 
533.5 
491.6 
422.6 
365.2 
319.7 
282.9 
245.4 
213.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

778.2 
671.3 
564.4 
436.5 
352.7 
293.2 
249.1 
216.1 
188.5 
166.4 
147.7 
132.3 
107.8 

88.8 
73.4 
61.1 
51.1 
43.2 
36.8 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

912.7 
912.7 
912.7 
912.7 
901.7 
855.4 
778.2 
703.3 
641.5 
584.2 
533.5 
491.6 
416.7 
361.6 
317.5 
284.4 
253.5 
227.1 
197.3 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

912.7 
912.7 
912.7 
912.7 
901.7 
855.4 
809.1 
749.6 
683.4 
626.1 
571.0 
524.7 
449.7 
388.0 
341.7 
297.6 
260.1 
227.1 
197.3 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

928.1 
928.1 
928.1 
928.1 
928.1 
864.2 
773.8 
698.9 
637.1 
579.8 
531.3 
487.2 
419.6 
362.3 
315.3 
282.9 
252.1 
222.7 
191.8 
186.3 

-,0 
-,0 
-,0 
-,0 

0 
-,0 

771.6 
666.9 
562.2 
436.5 
352.7 
293.2 
246.9 
213.8 
186.3 
164.2 
145.5 
130.1 
105.4 

85.8 
70.1 
57.8 
47.6 
39.2 
32.4 
31.0 
26.9 

-,0 
-,0 
-,0 

0 
-,0 

822.3 
822.3 
822.3 
822.3 
822.3 
798.1 
760.6 
701.1 
637.1 
582.0 
533.5 
487.2 
414.5 
359.4 
315.3 
280.0 
251.3 
227.1 
207.2 
200.9 
181.9 

-,0 
-,0 
-,0 

0 
-,0 

822.3 
822.3 
822.3 
822.3 
822.3 
798.1 
760.6 
723.1 
676.8 
615.1 
564.4 
518.1 
445.3 
388.0 
339.5 
302.0 
266.8 
235.9 
208.3 
201.7 
181.9 

-,0 
-,0 
-,0 

0 
-,0 

866.4 
866.4 
866.4 
866.4 
866.4 
859.8 
769.4 
696.7 
632.7 
579.8 
529.1 
485.0 
417.4 
360.1 
313.1 
279.3 
249.9 
224.9 
200.6 
194.6 
175.7 
159.8 

-,0 
-,0 

0 
-,0 
-,0 
-,0 

562.2 
434.3 
350.5 
291.0 
246.9 
211.6 
184.1 
162.0 
143.3 
127.9 
103.2 

83.1 
67.5 
54.7 
44.5 
35.9 
29.1 
27.6 
23.1 
19.5 
18.3 
14.6 

0 
-,0 
-,0 
-,0 

696.7 
696.7 
696.7 
694.5 
674.6 
657.0 
634.9 
582.0 
531.3 
487.2 
412.3 
357.1 
313.1 
277.8 
249.1 
224.9 
205.0 
200.6 
187.4 
171.7 
166.4 
145.5 

0 
-,0 
-,0 
-,0 

696.7 
696.7 
696.7 
694.5 
674.6 
657.0 
639.3 
601.9 
551.2 
509.3 
438.7 
381.4 
337.3 
299.8 
266.8 
238.1 
212.7 
206.7 
188.5 
172.0 
166.4 
145.5 

0 
-,0 
-,0 

802.5 
802.5 
802.5 
802.5 
802.5 
767.2 
692.3 
630.5 
577.6 
529.1 
485.0 
415.9 
357.9 
310.9 
277.0 
247.7 
222.7 
202.8 
197.9 
182.2 
166.3 
160.9 
142.2 

SSL HSSL 

36.1– 
49.2 ft 

0 lb 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

196.9 ft 

55.8 ft 

SSL HSSL 

36.1– 
0 lb 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

216.5 ft 

55.8 ft 

SSL HSSL 

36.1– 
49.2 ft 

0 lb 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

236.2 ft 

55.8 ft 

SSL HSSL 

36.1– 
49.2 ft 

0 lb 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

255.9 ft 

55.8 ft 

1,000 lbft 
29.5 
32.8 
36.1 
39.4 
45.9 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
193.6 
203.4 
213.3 
216.5 
229.7 

2 

Remarks 

For HSSL a boom power-kit is required 
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LIFTING CAPACITIES SSL /HSSL 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 

0 
557.8 
493.8 
429.9 
346.1 
286.6 
242.5 
208.3 
180.8 
158.7 
140.0 
123.5 

98.8 
78.5 
62.6 
50.0 
39.7 
31.1 
24.0 
18.1 
13.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
619.5 
619.5 
619.5 
619.5 
619.5 
612.9 
597.5 
584.2 
571.0 
529.1 
482.8 
410.1 
352.7 
308.6 
273.4 
244.7 
220.5 
200.6 
183.0 
167.6 
149.9 
132.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
619.5 
619.5 
619.5 
619.5 
619.5 
612.9 
597.5 
584.2 
571.0 
531.3 
491.6 
423.3 
370.4 
326.3 
291.0 
262.4 
233.7 
210.5 
188.5 
168.7 
149.9 
132.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
676.8 
676.8 
676.8 
676.8 
676.8 
676.8 
672.4 
626.1 
573.2 
524.7 
480.6 
411.5 
353.5 
306.4 
272.6 
243.2 
218.3 
198.4 
180.6 
163.1 
144.8 
126.8 
123.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

SSL HSSL 

36.1– 
49.2 ft 

0 lb 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

275.6 ft 

55.8 ft 

1,000 lbft 
39.4 
42.7 
45.9 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
246.1 
255.9 
262.5 
269.0 
278.9 
282.2 
295.3 
298.6 
308.4 
315.0 
334.6 

0 
637.1 
636.0 
634.9 
632.7 
630.5 
628.3 
604.1 
582.0 
560.0 
522.5 
478.4 
410.8 
353.5 
306.4 
272.6 
242.9 
217.2 
197.3 
178.6 
163.1 
147.7 
132.3 
128.4 
116.8 
110.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
560.0 
558.9 
557.8 
551.2 
546.7 
542.3 
533.5 
520.3 
509.3 
498.2 
469.6 
404.9 
349.1 
302.0 
268.2 
238.5 
212.7 
192.5 
174.9 
158.7 
144.8 
130.8 
127.3 
116.8 
109.2 
102.8 

94.8 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

480.6 
480.6 
474.0 
467.4 
463.0 
458.6 
447.5 
436.5 
425.5 
414.5 
382.1 
343.9 
299.8 
266.0 
236.6 
211.6 
191.4 
173.8 
157.6 
144.4 
131.5 
128.4 
119.0 
112.9 
106.7 

97.6 
94.7 
84.2 
82.7 

-,0 
-,0 
-,0 

0 
-,0 

421.1 
421.1 
416.7 
412.3 
405.7 
401.2 
394.6 
383.6 
374.8 
363.8 
343.2 
318.9 
291.0 
260.1 
232.6 
208.3 
187.4 
169.4 
153.2 
140.0 
127.9 
124.6 
114.6 
109.1 
103.6 

95.5 
92.8 
82.2 
79.6 
72.8 
69.7 

-,0 

HSSL 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

295.3 ft 

HSSL 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

315.0 ft 

HSSL 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

334.6 ft 

HSSL 

36.1 – 49.2 ft 

0 lb – 661,400 lb 

354.3 ft 

Remarks 

For HSSL a boom power-kit is required 
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SGLmax. SGLmax. SGLmax.

SGLmax. SGLmax. SGLmax.

CRAWLER CRANE 

LIFTING CAPACITIES SSL /LSL 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 36.1 – 49.2 ft 

ft 
39.4 
45.9 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 

0 
526.9 
445.3 
359.4 
299.8 
255.7 
220.5 
194.0 
170.9 
152.1 
136.7 
111.3 

91.9 
76.1 
63.3 
52.5 
43.7 
36.2 
29.8 
24.3 
19.4 
15.2 
11.7 

-,0 
-,0 
-,0 

0 
546.7 
546.7 
546.7 
546.7 
542.3 
531.3 
518.1 
507.1 
493.8 
467.4 
421.1 
366.0 
321.9 
284.4 
255.7 
231.5 
210.5 
192.9 
177.5 
163.1 
151.0 
134.5 

-,0 
-,0 
-,0 

0 
551.2 
551.2 
551.2 
551.2 
549.0 
531.3 
520.3 
507.1 
493.8 
451.9 
388.7 
335.8 
293.2 
260.9 
233.0 
209.4 
191.1 
174.2 
159.8 
147.3 
136.3 
126.8 

-,0 
-,0 
-,0 

SSL /LSL 
SSL /LSL 

0 lb 0 lb – 661,400 lb 

295.3 ft 

0 
456.4 
445.3 
359.4 
299.8 
255.7 
220.5 
192.9 
169.8 
151.0 
135.6 
110.2 

90.8 
74.7 
61.7 
51.1 
42.1 
34.6 
28.0 
22.5 
17.6 
13.4 

9.7 
-,0 
-,0 
-,0 

0 
474.0 
471.8 
469.6 
467.4 
465.2 
460.8 
451.9 
445.3 
438.7 
427.7 
392.4 
359.4 
319.7 
284.4 
253.5 
229.3 
209.4 
191.8 
176.4 
162.0 
149.9 
138.9 
124.6 

-,0 
-,0 

0 
496.0 
491.6 
485.0 
478.4 
474.0 
463.0 
451.9 
440.9 
429.9 
414.5 
374.8 
333.6 
291.0 
258.7 
231.1 
208.3 
190.0 
173.1 
157.6 
145.9 
134.8 
124.6 
115.7 

-,0 
-,0 

SSL /LSL 
SSL /LSL 

0 lb 0 lb – 661,400 lb 

315.0 ft 

0 
-,0 

381.4 
359.4 
299.8 
253.5 
219.4 
191.8 
169.8 
149.9 
134.5 
109.3 

89.9 
73.6 
60.6 
49.8 
40.8 
33.3 
26.7 
21.2 
16.3 
11.9 

-,0 
-,0 
-,0 
-,0 

0 
-,0 

399.0 
394.6 
392.4 
388.0 
383.6 
379.2 
374.8 
370.4 
366.0 
343.9 
319.7 
295.4 
273.4 
251.3 
229.3 
208.3 
190.7 
174.2 
160.9 
148.8 
137.8 
127.9 
115.7 
104.1 

0 
-,0 

447.5 
438.7 
432.1 
425.5 
418.9 
407.9 
396.8 
385.8 
374.8 
346.9 
318.2 
288.8 
256.5 
228.5 
205.0 
186.3 
170.1 
155.4 
142.9 
131.5 
121.3 
112.1 
102.7 

93.7 

SSL /LSL 
SSL /LSL 

0 lb 0 lb – 661,400 lb 

334.6 ft 

ft 
45.9 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 
308.4 
315.0 
321.5 
334.6 
347.8 

0 
324.1 
315.3 
297.6 
251.3 
218.3 
189.6 
167.6 
148.8 
132.3 
107.4 

87.5 
71.4 
58.2 
47.4 
38.4 
30.9 
24.3 
18.5 
13.7 

9.3 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
337.3 
330.7 
324.1 
319.7 
313.1 
306.4 
299.8 
293.2 
286.6 
273.4 
262.4 
251.3 
238.1 
227.1 
216.1 
205.0 
188.5 
173.1 
158.7 
146.6 
135.6 
126.8 
116.8 
105.8 

95.0 
-,0 
-,0 
-,0 
-,0 

0 
403.4 
399.0 
396.8 
394.6 
394.6 
390.2 
383.6 
374.8 
366.0 
338.0 
313.8 
284.4 
252.1 
224.5 
201.7 
182.3 
165.7 
151.0 
138.5 
127.3 
116.8 
108.6 
100.8 

93.3 
86.3 
82.9 

-,0 
-,0 
-,0 

SSL /LSL 
SSL /LSL 

0 lb 0 lb – 661,400 lb 

354.3 ft 

0 
284.4 
277.8 
273.4 
251.3 
217.2 
189.6 
166.4 
147.7 
132.3 
106.7 

86.6 
70.5 
57.3 
46.5 
37.5 
29.8 
23.1 
17.4 
12.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
295.4 
291.0 
288.8 
284.4 
280.0 
277.8 
273.4 
269.0 
264.6 
257.9 
249.1 
238.1 
229.3 
218.3 
209.4 
200.6 
187.4 
172.0 
157.6 
145.5 
134.5 
125.7 
116.8 
107.6 

97.7 
92.9 
88.2 

-,0 
-,0 

0 
357.1 
354.9 
352.7 
350.5 
348.3 
346.1 
341.7 
339.5 
335.1 
321.9 
304.2 
282.2 
249.9 
221.8 
198.4 
180.0 
163.1 
147.7 
136.0 
124.3 
114.6 
105.8 

97.4 
89.5 
82.7 
79.4 
76.3 

-,0 
-,0 

SSL /LSL 
SSL /LSL 

0 lb 0 lb – 661,400 lb 

374.0 ft 

0 
262.4 
257.9 
253.5 
246.9 
217.2 
189.6 
166.4 
147.7 
131.2 
106.5 

86.2 
69.9 
56.9 
45.9 
36.8 
29.1 
22.7 
17.0 
11.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
269.0 
266.8 
264.6 
260.1 
257.9 
253.5 
251.3 
246.9 
244.7 
235.9 
229.3 
220.5 
213.8 
205.0 
198.4 
189.6 
180.8 
170.9 
157.6 
145.5 
134.5 
124.6 
115.7 
108.2 

99.2 
94.8 
90.4 
81.8 
73.4 

0 
321.9 
321.9 
319.7 
317.5 
315.3 
313.1 
310.9 
308.6 
304.2 
298.4 
284.4 
266.8 
243.2 
219.0 
196.2 
177.1 
160.2 
145.5 
132.3 
121.6 
111.3 
102.1 

93.5 
85.8 
78.9 
75.4 
72.5 
66.6 
60.4 

SSL /LSL 
SSL /LSL 

0 lb 0 lb – 661,400 lb 

393.7 ft 

1,000 lb 

1,000 lb 

2 
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SGLmax. SGLmax. SGLmax.

LIFTING CAPACITIES SSL /LSL 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 36.1 – 49.2 ft 

ft 
49.2 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 
308.4 
321.5 
334.6 
347.8 
360.9 
364.2 
374.0 
380.6 
387.1 
400.3 
413.4 

0 
-,0 

233.7 
229.3 
227.1 
217.2 
188.5 
166.4 
146.6 
131.2 
105.8 

85.5 
69.2 
56.0 
45.0 
35.9 
28.2 
21.6 
15.9 
10.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

240.3 
238.1 
238.1 
235.9 
233.7 
231.5 
229.3 
227.1 
222.7 
218.3 
213.8 
207.2 
200.6 
194.0 
187.4 
180.8 
169.8 
156.5 
144.4 
133.4 
123.5 
114.6 
107.4 

99.2 
91.1 
83.1 
75.4 
67.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
284.4 
284.4 
282.2 
280.0 
277.8 
275.6 
273.4 
273.4 
271.2 
266.8 
258.7 
246.9 
232.2 
215.0 
192.9 
174.5 
157.6 
142.2 
129.6 
118.4 
108.2 

98.8 
89.9 
82.2 
75.3 
68.9 
63.1 
57.8 
51.9 
50.3 

-,0 
-,0 
-,0 
-,0 
-,0 

SSL /LSL 
SSL /LSL 

0 lb 0 lb – 661,400 lb 

413.4 ft 

0 
-,0 

202.8 
198.4 
194.0 
191.8 
186.3 
164.2 
144.4 
129.0 
103.6 

82.9 
66.6 
53.4 
42.5 
33.5 
25.8 
19.0 
13.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

211.6 
209.4 
207.2 
205.0 
202.8 
200.6 
198.4 
196.2 
191.8 
189.6 
187.4 
183.0 
180.8 
176.4 
172.0 
165.3 
160.9 
153.2 
142.2 
131.2 
121.3 
112.4 
104.7 

96.3 
88.6 
81.4 
74.1 
67.0 
65.3 
60.2 

-,0 
-,0 
-,0 
-,0 

0 
257.9 
257.9 
255.7 
253.5 
251.3 
249.1 
246.9 
244.7 
242.5 
238.1 
232.4 
224.9 
213.8 
201.4 
189.6 
171.2 
154.1 
138.9 
126.4 
114.8 
104.1 

94.5 
86.1 
78.0 
71.1 
64.7 
58.9 
53.6 
48.4 
47.1 
43.2 
39.7 

-,0 
-,0 
-,0 

SSL /LSL 
SSL /LSL 

0 lb 0 lb – 661,400 lb 

433.1 ft 

0 
-,0 

174.2 
169.8 
163.1 
158.7 
154.3 
152.1 
143.3 
127.9 
102.1 

81.1 
64.8 
51.6 
40.8 
31.5 
23.8 
17.2 
11.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

180.8 
176.4 
174.2 
172.0 
169.8 
165.3 
163.1 
160.9 
156.5 
149.9 
145.5 
138.9 
134.5 
127.9 
121.3 
114.6 
108.0 
101.4 

92.6 
86.0 
79.4 
74.7 
72.5 
70.3 
68.1 
65.7 
63.5 
61.3 
60.7 
59.1 
56.4 
53.8 
48.5 

-,0 

0 
-,0 

227.1 
224.9 
222.7 
220.5 
218.3 
216.1 
213.8 
210.5 
206.1 
201.7 
196.2 
188.1 
180.0 
172.0 
163.1 
149.9 
135.6 
122.4 
110.5 
100.1 

90.7 
82.0 
74.1 
67.2 
60.7 
54.7 
49.4 
44.5 
43.3 
39.9 
37.3 
34.3 
28.0 

-,0 

SSL /LSL 
SSL /LSL 

0 lb 0 lb – 661,400 lb 

452.8 ft 

1,000 lb 

Remarks (page 19 + 20) 

For HSSL a boom power-kit is required 
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CRAWLER CRANE 

SH+LF2, SH/LH+LF2 WORKING RANGES 10° 
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LIFTING CAPACITIES SH+LF2 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 39.4 ft 

10° 

98.4 ft 

15° 20° 10° 

118.1 ft 

15° 20° 10° 

137.8 ft 

15° 20° 10° 

157.5 ft 

15° 20° 10° 

177.2 ft 

15° 20° 

ft 
29.5 

0 
275.6 

0 
-,0 

0 
-,0 

0 
275.6 

0 
-,0 

0 
-,0 

0 
-,0 

0 
-,0 

1,000 lb 0 
-,0 

0 
-,0 

0 
-,0 

0 
-,0 

0 
-,0 

0 
-,0 

0 
-,0 

32.8 
36.1 

275.6 
275.6 

235.9 
222.7 

-,0 
178.6 

275.6 
275.6 

238.1 
231.5 

-,0 
184.1 

275.6 
275.6 

-,0 
240.3 

-,0 
-,0 

275.6 
275.6 

-,0 
240.3 

-,0 
-,0 

-,0 
275.6 

-,0 
-,0 

-,0 
-,0 

39.4 
42.7 

262.4 
244.7 

208.3 
197.3 

169.8 
160.9 

275.6 
264.6 

219.4 
207.2 

175.3 
167.6 

275.6 
275.6 

227.1 
217.2 

179.7 
173.1 

275.6 
275.6 

233.7 
224.9 

177.5 
177.5 

275.6 
275.6 

240.3 
231.5 

-,0 
179.7 

45.9 
52.5 

229.3 
205.0 

186.3 
168.7 

154.3 
141.1 

249.1 
220.5 

197.3 
179.7 

160.9 
147.7 

264.6 
238.1 

206.1 
189.6 

166.4 
154.3 

275.6 
251.3 

215.0 
197.3 

170.9 
158.7 

275.6 
264.6 

220.5 
205.0 

174.2 
163.1 

59.1 
65.6 

184.1 
167.6 

154.3 
141.1 

130.1 
121.3 

200.6 
183.0 

164.2 
152.1 

137.8 
129.0 

216.1 
197.3 

174.2 
162.0 

143.3 
134.5 

229.3 
210.5 

183.0 
169.8 

148.8 
140.0 

242.5 
222.7 

190.7 
177.5 

154.3 
145.5 

72.2 
78.7 

153.2 
141.1 

131.2 
122.4 

113.5 
106.9 

168.7 
155.4 

141.1 
132.3 

120.2 
113.5 

181.9 
168.7 

151.0 
141.1 

126.8 
120.2 

195.1 
181.9 

159.8 
149.9 

132.3 
125.7 

207.2 
192.9 

167.6 
157.6 

137.8 
131.2 

85.3 
91.9 

131.2 
122.4 

114.6 
108.5 

101.0 
95.9 

144.4 
135.6 

124.6 
116.8 

108.0 
102.7 

157.6 
147.7 

133.4 
125.7 

113.5 
108.9 

169.8 
157.6 

141.1 
134.5 

120.2 
114.6 

173.1 
155.4 

148.8 
141.1 

124.6 
119.0 

98.4 
111.5 

115.7 
103.4 

102.5 
93.0 

91.3 
84.0 

127.9 
113.5 

111.3 
101.2 

97.9 
89.9 

138.9 
122.4 

119.0 
109.1 

104.1 
95.7 

142.2 
119.0 

126.8 
115.7 

109.6 
101.0 

140.0 
116.8 

134.5 
116.8 

114.6 
105.8 

124.7 
128.0 

93.9 
92.2 

85.8 
84.4 

78.5 
-,0 

103.8 
101.2 

93.0 
91.4 

83.8 
82.6 

104.3 
100.7 

100.3 
97.8 

89.1 
87.7 

101.0 
97.4 

101.6 
98.1 

93.9 
92.4 

98.5 
94.9 

99.2 
95.6 

98.5 
95.2 

131.2 
137.8 

-,0 
-,0 

83.1 
-,0 

-,0 
-,0 

98.5 
93.3 

89.8 
86.6 

81.4 
78.9 

97.1 
89.9 

95.3 
90.4 

86.3 
83.6 

93.8 
86.6 

94.5 
87.3 

90.8 
87.7 

91.3 
84.0 

91.9 
84.7 

91.9 
85.3 

141.1 
147.6 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

90.3 
84.4 

85.5 
83.1 

78.0 
-,0 

87.1 
81.4 

87.5 
81.8 

82.5 
80.2 

83.8 
78.0 

84.4 
78.5 

84.8 
79.0 

81.1 
75.4 

81.7 
75.9 

82.3 
76.4 

150.9 
157.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

78.5 
73.9 

78.9 
74.2 

79.1 
74.1 

75.2 
70.4 

75.6 
70.9 

76.1 
71.2 

72.5 
67.8 

73.0 
68.2 

73.4 
68.6 

164.0 
173.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

69.2 
-,0 

69.4 
-,0 

-,0 
-,0 

65.7 
59.7 

66.1 
60.0 

66.4 
60.2 

63.1 
56.8 

63.5 
57.2 

63.7 
57.6 

177.2 
180.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

57.8 
56.0 

58.0 
56.2 

-,0 
-,0 

54.7 
52.9 

55.1 
53.4 

55.6 
53.7 

190.3 
196.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

47.6 
44.5 

48.1 
44.8 

48.3 
-,0 

200.1 
203.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

43.2 
-,0 

-,0 
-,0 
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CRAWLER CRANE 

LIFTING CAPACITIES SH+LF2 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 39.4 ft 

10° 

196.9 ft 

15° 20° 10° 

216.5 ft 

15° 20° 10° 

236.2 ft 

15° 20° 10° 

255.9 ft 

15° 20° 10° 

275.6 ft 

15° 20° 

ft 
36.1 

0 
275.6 

0 
-,0 

0 
-,0 

0 
-,0 

0 
-,0 

0 
-,0 

0 
-,0 

0 
-,0 

1,000 lb 0 
-,0 

0 
-,0 -,0 

0 
-,0 

0 
-,0 

0 
-,0 

0 
-,0 

39.4 
42.7 

275.6 
275.6 

238.1 
235.9 

-,0 
177.5 

275.6 
275.6 

-,0 
233.7 

-,0 
-,0 

275.6 
275.6 

-,0 
238.1 

-,0 
-,0 

-,0 
275.6 

-,0 
-,0 

-,0 
-,0 

-,0 
275.6 

-,0 
-,0 

-,0 
-,0 

45.9 
49.2 

275.6 
275.6 

227.1 
219.4 

177.5 
172.0 

275.6 
275.6 

233.7 
224.9 

174.2 
174.2 

275.6 
275.6 

238.1 
229.3 

176.4 
176.4 

275.6 
275.6 

233.7 
233.7 

-,0 
174.2 

275.6 
271.2 

229.3 
229.3 

-,0 
172.0 

52.5 
59.1 

275.6 
253.5 

211.6 
197.3 

167.6 
157.6 

275.6 
253.5 

217.2 
203.9 

169.8 
162.0 

275.6 
242.5 

222.7 
209.4 

173.1 
164.2 

264.6 
233.7 

227.1 
213.8 

174.2 
166.4 

253.5 
224.9 

229.3 
218.3 

172.0 
168.7 

65.6 
72.2 

233.7 
211.6 

185.2 
174.2 

149.9 
142.2 

227.1 
203.9 

190.7 
180.8 

153.2 
145.5 

217.2 
195.1 

197.3 
186.3 

156.5 
149.9 

209.4 
187.4 

201.7 
189.6 

159.8 
153.2 

200.6 
179.7 

202.8 
181.9 

162.0 
155.4 

78.7 
85.3 

191.8 
169.8 

164.2 
155.4 

135.6 
129.0 

184.1 
167.6 

170.9 
162.0 

138.9 
133.4 

176.4 
159.8 

176.4 
162.0 

143.3 
136.7 

169.8 
154.3 

172.0 
155.4 

146.6 
141.1 

162.0 
146.6 

164.2 
148.8 

149.9 
143.3 

91.9 
98.4 

152.1 
137.8 

147.7 
138.9 

123.5 
119.0 

149.9 
135.6 

152.1 
136.7 

127.9 
122.4 

146.6 
132.3 

147.7 
133.4 

131.2 
126.8 

140.0 
127.9 

142.2 
130.1 

135.6 
130.1 

133.4 
121.3 

135.6 
123.5 

137.8 
125.7 

111.5 
124.7 

113.5 
95.2 

114.6 
96.1 

110.2 
97.0 

111.3 
93.0 

112.4 
93.9 

113.5 
94.8 

108.5 
89.9 

109.6 
91.1 

110.2 
91.9 

106.0 
87.5 

107.4 
88.6 

108.5 
89.7 

102.5 
84.4 

104.1 
85.8 

105.6 
86.9 

137.8 
150.9 

80.9 
69.2 

81.6 
69.9 

82.2 
70.5 

78.5 
66.6 

79.4 
67.5 

80.0 
68.1 

75.4 
62.8 

76.3 
63.9 

77.2 
64.6 

72.5 
60.0 

73.6 
61.1 

74.7 
61.9 

68.8 
56.2 

70.1 
57.3 

71.2 
58.4 

164.0 
177.2 

59.3 
50.9 

60.0 
51.4 

60.4 
51.8 

56.4 
47.8 

57.1 
48.5 

57.8 
48.9 

52.7 
44.1 

53.4 
44.8 

54.2 
45.4 

49.6 
41.0 

50.5 
41.9 

51.4 
42.5 

45.9 
37.3 

47.0 
38.1 

47.8 
39.0 

190.3 
203.4 

43.7 
37.5 

44.1 
37.9 

44.5 
38.1 

40.8 
34.6 

41.2 
35.1 

41.7 
35.3 

36.8 
30.6 

37.5 
31.1 

37.9 
31.5 

33.7 
27.6 

34.4 
28.2 

35.1 
28.7 

30.0 
23.6 

30.6 
24.3 

31.5 
24.9 

206.7 
213.3 

36.2 
33.5 

36.6 
34.0 

36.8 
-,0 

33.3 
30.6 

33.7 
30.9 

33.9 
31.1 

29.3 
26.5 

29.7 
27.0 

30.1 
27.4 

26.2 
23.4 

26.8 
24.1 

27.3 
24.5 

22.3 
19.6 

22.9 
20.2 

23.5 
20.7 

216.5 
223.1 

-,0 
-,0 

32.6 
-,0 

-,0 
-,0 

29.3 
27.0 

29.5 
27.2 

29.8 
27.3 

25.1 
22.8 

25.6 
23.3 

26.0 
23.6 

22.0 
19.8 

22.7 
20.2 

23.1 
20.7 

18.3 
15.9 

18.7 
16.4 

19.4 
17.0 

229.7 
232.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

24.7 
23.6 

24.9 
23.8 

-,0 
-,0 

20.5 
19.5 

20.9 
19.8 

21.2 
20.1 

17.4 
16.4 

17.9 
16.8 

18.3 
17.3 

13.4 
12.5 

14.1 
13.1 

14.6 
13.4 

239.5 
242.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

17.5 
16.5 

17.8 
16.8 

18.1 
-,0 

14.4 
13.4 

14.7 
13.7 

15.2 
14.1 

10.5 
9.5 

11.0 
9.9 

11.2 
10.1 

246.1 
249.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

15.7 
14.8 

15.9 
15.0 

-,0 
-,0 

12.5 
11.6 

12.8 
11.9 

13.0 
12.1 

8.4 
-,0 

8.9 
7.9 

9.3 
8.4 

255.9 
262.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

9.7 
8.2 

10.1 
8.4 

10.4 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

3 
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max. max. max.+

LIFTING CAPACITIES SH/LH+LF2 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 39.4 ft 

0 
-,0 

255.7 
255.7 
251.3 
246.9 
240.3 
215.0 
194.0 
175.3 
159.8 
146.6 
134.5 
110.2 

92.2 
77.6 
65.5 
55.3 
46.7 
39.5 
33.1 
27.8 
25.5 
23.1 
22.1 
20.1 
19.0 
17.2 
16.3 
15.4 
13.0 

-,0 

0 
-,0 

275.6 
275.6 
275.6 
275.6 
273.4 
246.9 
213.8 
187.4 
165.3 
147.7 
132.3 
108.7 

89.9 
75.4 
62.8 
52.5 
43.9 
36.6 
30.2 
24.9 
22.5 
20.1 
19.1 
17.1 
16.1 
14.2 
13.2 
12.3 
10.1 

-,0 

0 
-,0 
-,0 

222.7 
222.7 
219.4 
209.4 
200.6 
190.7 
177.5 
162.0 
147.7 
135.6 
111.3 

93.3 
78.5 
66.4 
56.0 
47.4 
39.9 
33.7 
28.2 
25.8 
23.4 
22.4 
20.4 
19.4 
17.5 
16.6 
15.7 
13.3 
12.6 

0 
-,0 
-,0 

257.9 
253.5 
249.1 
235.9 
215.0 
192.9 
175.3 
158.7 
145.5 
133.4 
109.8 

91.1 
76.3 
63.7 
53.4 
44.5 
37.3 
30.9 
25.4 
22.9 
20.5 
19.5 
17.4 
16.3 
14.6 
13.7 
12.8 
10.3 

9.5 

-,0 
-,0 
-,0 

172.0 
172.0 
164.2 
157.6 
151.0 
145.5 
141.1 
136.7 
131.2 
112.4 

94.1 
79.4 
67.2 
56.7 
47.8 
40.6 
34.2 
28.7 
26.2 
23.8 
22.8 
20.7 
19.6 
17.7 
16.8 
15.9 

-,0 
-,0 

0 
-,0 
-,0 
-,0 

195.1 
195.1 
186.3 
177.5 
169.8 
163.1 
156.5 
146.6 
134.5 
110.2 

92.2 
77.2 
64.6 
54.0 
45.2 
37.7 
31.3 
25.8 
23.4 
20.9 
19.8 
17.8 
16.8 
14.9 
13.9 
13.0 

-,0 
-,0 

0 
275.6 
275.6 
275.6 
275.6 
275.6 
255.7 
229.3 
207.2 
187.4 
170.9 
152.1 
137.8 
113.5 

95.2 
80.7 
69.0 
59.1 
50.5 
43.2 
37.3 
31.7 
29.5 
27.3 
26.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

244.7 
235.9 
227.1 
219.4 
206.1 
192.9 
181.9 
173.1 
164.2 
154.3 
138.9 
114.6 

96.1 
81.6 
69.7 
59.7 
51.1 
43.9 
37.5 
32.2 
29.9 
27.6 
26.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

183.0 
177.5 
172.0 
163.1 
154.3 
147.7 
141.1 
134.5 
129.0 
123.5 
114.6 

97.0 
82.2 
70.3 
60.4 
51.6 
44.3 
37.9 
32.4 
30.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
275.6 
275.6 
275.6 
275.6 
275.6 
246.9 
220.5 
200.6 
180.8 
165.3 
151.0 
135.6 
111.3 

93.7 
79.1 
67.2 
57.1 
48.5 
41.2 
35.1 
29.5 
27.2 
24.9 
23.9 
21.9 
20.9 
19.2 

-,0 
-,0 
-,0 
-,0 

0 
-,0 

235.9 
235.9 
227.1 
220.5 
208.3 
197.3 
187.4 
178.6 
166.4 
152.1 
136.7 
112.4 

94.6 
79.8 
68.1 
57.8 
48.9 
41.7 
35.5 
30.0 
27.7 
25.4 
24.3 
22.2 
21.2 
19.4 
18.5 

-,0 
-,0 
-,0 

0 
-,0 
-,0 

175.3 
175.3 
170.9 
163.1 
156.5 
148.8 
144.4 
138.9 
133.4 
127.9 
113.5 

95.5 
80.7 
68.8 
58.4 
49.6 
42.1 
35.9 
30.4 
28.0 
25.6 
24.5 
22.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

255.9 ft 

20°10° 15° 

SH / LH+LF2 

216.5 ft 236.2 ft 

SH / LH LF2 

10° 15° 20°10° 15° 20° 

ft 
39.4 
42.7 
45.9 
49.2 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
223.1 
229.7 
232.9 
239.5 
242.8 
249.3 
252.6 
255.9 
265.7 
269.0 

1,000 lb 

Remarks 

For SH/LH+LF2 SGLmax. a boom power-kit is required 
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max. max. max.max. max. max.

max. max. max.max. max. max.

CRAWLER CRANE 

LIFTING CAPACITIES SH/LH+LF2 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 39.4 ft 

0 
200.6 
200.6 
200.6 
195.1 
189.6 
180.8 
164.2 
148.8 
136.7 
124.6 
106.3 

88.4 
73.6 
61.1 
50.7 
42.1 
34.6 
28.4 
22.9 
18.3 
14.1 
13.0 
10.4 

9.6 
8.7 
-,0 
-,0 

0 
275.6 
275.6 
275.6 
262.4 
235.9 
209.4 
181.9 
160.9 
142.2 
126.8 
103.2 

84.2 
68.6 
56.0 
45.6 
36.8 
29.5 
23.1 
17.6 
13.0 

8.8 
7.7 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

184.1 
184.1 
180.8 
176.4 
172.0 
165.3 
151.0 
137.8 
126.8 
107.6 

89.5 
74.7 
61.9 
51.6 
42.8 
35.5 
29.1 
23.6 
18.7 
14.6 
13.4 
10.8 
10.0 

9.2 
-,0 
-,0 

0 
-,0 

244.7 
244.7 
220.5 
198.4 
178.6 
160.9 
145.5 
133.4 
121.3 
102.3 

85.8 
69.9 
57.1 
46.5 
37.7 
30.2 
23.8 
18.3 
13.4 

9.3 
8.2 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

169.8 
168.7 
164.2 
159.8 
153.2 
147.7 
140.0 
127.9 
108.9 

90.6 
75.8 
63.1 
52.5 
43.7 
36.2 
29.5 
24.0 
19.2 
15.0 
14.0 
11.2 
10.4 

9.5 
7.7 
-,0 

0 
-,0 
-,0 

188.5 
188.5 
180.8 
174.2 
163.1 
147.7 
134.5 
123.5 
103.8 

86.9 
71.2 
58.2 
47.6 
38.6 
31.1 
24.5 
19.0 
13.9 

9.7 
8.6 
-,0 
-,0 
-,0 
-,0 
-,0 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

295.3 ft 

20°10° 15° 

0 
235.9 
235.9 
233.7 
227.1 
207.2 
187.4 
169.8 
154.3 
141.1 
130.1 
108.7 

90.2 
75.6 
63.1 
52.9 
44.3 
36.8 
30.6 
25.1 
20.5 
16.3 
15.4 
12.8 
12.0 
11.1 

9.5 
8.2 

0 
275.6 
275.6 
275.6 
275.6 
244.7 
211.6 
185.2 
163.1 
145.5 
130.1 
106.0 

87.3 
72.3 
59.5 
49.2 
40.6 
33.3 
26.9 
21.6 
16.8 
12.6 
11.7 

9.0 
8.2 
-,0 
-,0 
-,0 

0 
-,0 

211.6 
211.6 
207.2 
202.8 
189.6 
172.0 
156.5 
143.3 
131.2 
110.0 

91.3 
76.5 
64.2 
53.6 
45.0 
37.5 
31.3 
25.8 
20.9 
16.8 
15.8 
13.0 
12.2 
11.5 

9.9 
8.4 

0 
-,0 

246.9 
246.9 
231.5 
207.2 
186.3 
168.7 
153.2 
138.9 
127.9 
107.4 

88.6 
73.4 
60.6 
50.3 
41.4 
34.0 
27.6 
22.0 
17.2 
13.0 
12.1 

9.3 
8.4 
-,0 
-,0 
-,0 

0 
-,0 

184.1 
179.7 
172.0 
164.2 
157.6 
151.0 
144.4 
140.0 
132.3 
110.2 

92.4 
77.4 
65.0 
54.5 
45.6 
38.1 
31.7 
26.2 
21.4 
17.2 
16.3 
13.4 
12.6 
11.8 
10.1 

-,0 

0 
-,0 
-,0 

189.6 
186.3 
178.6 
170.9 
164.2 
154.3 
141.1 
129.0 
108.7 

89.7 
74.5 
61.7 
50.9 
42.1 
34.6 
28.2 
22.5 
17.6 
13.4 
12.5 

9.7 
8.8 
7.9 
-,0 
-,0 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

275.6 ft 

20°10° 15° 

ft 
45.9 
49.2 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
246.1 
255.9 
259.2 
262.5 
269.0 
275.6 

1,000 lb 

0 
159.8 
159.8 
159.8 
157.6 
153.2 
148.8 
145.5 
138.9 
126.8 
115.7 

98.1 
83.3 
69.4 
56.9 
46.5 
37.7 
30.4 
24.0 
18.5 

-,0 
-,0 
-,0 
-,0 

0 
227.1 
227.1 
227.1 
227.1 
219.4 
198.4 
177.5 
156.5 
137.8 
122.4 

98.3 
78.7 
62.8 
50.0 
39.7 
30.9 
23.4 
17.0 
11.5 

7.9 
-,0 
-,0 
-,0 

0 
-,0 

147.7 
147.7 
147.7 
144.4 
140.0 
136.7 
133.4 
129.0 
117.9 

99.6 
84.7 
70.8 
58.0 
47.4 
38.6 
31.1 
24.7 
19.2 

-,0 
-,0 
-,0 
-,0 

0 
-,0 

216.1 
210.5 
205.0 
183.0 
164.2 
147.7 
134.5 
121.3 
110.2 

92.6 
77.4 
64.4 
51.4 
40.8 
32.0 
24.5 
17.9 
12.3 

8.6 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

136.7 
136.7 
135.6 
132.3 
129.0 
126.8 
123.5 
119.0 
101.0 

85.8 
71.9 
59.1 
48.3 
39.5 
32.0 
25.4 
19.8 

-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

184.1 
184.1 
180.8 
166.4 
151.0 
136.7 
123.5 
112.4 

94.1 
78.7 
65.7 
52.7 
41.9 
32.8 
25.1 
18.7 
13.0 

9.2 
7.9 
-,0 
-,0 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

334.6 ft 

20°10° 15° 

0 
190.7 
190.7 
188.5 
186.3 
181.9 
174.2 
157.6 
143.3 
131.2 
120.2 
102.1 

86.6 
71.4 
58.9 
48.5 
39.7 
32.4 
26.0 
20.5 
17.0 
15.9 
11.7 

7.9 

0 
242.5 
242.5 
240.3 
238.1 
229.3 
206.1 
180.8 
158.7 
141.1 
125.7 
101.2 

82.0 
66.4 
53.8 
43.2 
34.6 
27.1 
20.7 
15.2 
11.8 
10.6 

-,0 
-,0 

0 
-,0 

176.4 
176.4 
174.2 
169.8 
166.4 
159.8 
145.5 
133.4 
122.4 
103.4 

87.7 
72.5 
59.7 
49.4 
40.6 
33.1 
26.7 
21.2 
17.5 
16.3 
12.1 

8.4 

0 
-,0 

227.1 
220.5 
213.8 
191.8 
172.0 
155.4 
141.1 
127.9 
116.8 

98.1 
82.7 
67.7 
54.9 
44.3 
35.5 
28.0 
21.6 
15.9 
12.2 
11.0 

-,0 
-,0 

0 
-,0 
-,0 

162.0 
162.0 
158.7 
155.4 
153.2 
147.7 
134.5 
123.5 
104.7 

88.8 
73.6 
60.8 
50.3 
41.4 
33.7 
27.3 
21.8 
18.2 
17.0 
12.6 

8.8 

0 
-,0 
-,0 

183.0 
183.0 
179.7 
173.1 
157.6 
142.2 
130.1 
117.9 

99.6 
84.0 
69.0 
56.0 
45.4 
36.4 
28.7 
22.3 
16.5 
12.9 
11.7 

-,0 
-,0 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

SH/LH+ 
LF2 

SH/LH+LF2 
SGL 

315.0 ft 

20°10° 15° 

ft 
49.2 
52.5 
55.8 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
226.4 
229.7 
242.8 
255.9 

1,000 lb 

3 

Remarks: For SH/LH+LF2 SGLmax. a boom power-kit is required 
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SSL+LF2, SSL/LSL+LF2 WORKING RANGES 10° 
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-

CRAWLER CRANE 

LIFTING CAPACITIES SSL+LF2 
27.6 ft 360° DIN/ISO396,800 lb +132,300 lb ZB 39.4 ft36.1 – 49.2 ft 0 661,400 lb 

ft 
32.8 
36.1 
39.4 
42.7 
45.9 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
157.5 
164.0 
177.2 
180.4 
190.3 
196.9 

0 
-,0 

275.6 
275.6 
275.6 
275.6 
264.6 
242.5 
222.7 
207.2 
192.9 
180.8 
169.8 
159.8 
144.4 
131.2 
120.2 
111.3 
107.7 
104.1 

97.9 
96.6 
92.6 
90.2 

0 
-,0 

275.6 
275.6 
275.6 
275.6 
266.8 
242.5 
224.9 
208.3 
194.0 
180.8 
170.9 
160.9 
145.5 
131.9 
120.2 
112.1 
108.0 
104.6 

97.9 
96.6 
92.9 
90.4 

0 
-,0 
-,0 

240.3 
231.5 
220.5 
205.0 
190.7 
177.5 
167.6 
157.6 
148.8 
141.1 
134.5 
122.4 
112.4 
105.4 

98.5 
95.7 
92.8 
88.2 
87.2 
84.2 
82.7 

\0 
-,0 
-,0 

240.3 
230.4 
220.5 
205.0 
190.7 
177.5 
167.6 
157.6 
148.8 
141.1 
134.5 
123.5 
113.8 
105.4 

98.8 
95.5 
93.0 
88.2 
87.3 
84.5 
82.7 

0 
-,0 
-,0 
-,0 

180.8 
174.2 
163.1 
154.3 
145.5 
137.8 
131.2 
124.6 
119.0 
114.6 
105.8 

98.5 
92.6 
87.3 
85.2 
83.1 
79.6 
78.9 
76.9 

-,0 

0 
-,0 
-,0 
-,0 

180.8 
174.2 
163.1 
154.3 
145.5 
137.8 
131.2 
124.6 
119.0 
114.6 
106.3 

98.9 
92.6 
87.6 
85.1 
83.3 
79.6 
78.9 
76.9 

-,0 

0 
275.6 
275.6 
275.6 
275.6 
264.6 
238.1 
216.1 
197.3 
181.9 
168.7 
157.6 
147.7 
138.9 
124.6 
112.4 
104.1 

96.3 
93.4 
90.4 

-,0 
-,0 
-,0 
-,0 

0 
-,0 

240.3 
227.1 
216.1 
206.1 
188.5 
174.2 
162.0 
151.0 
141.1 
133.4 
125.7 
119.0 
109.1 
100.3 

93.0 
87.3 
85.1 
82.9 

-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

179.7 
173.1 
166.4 
154.3 
143.3 
134.5 
126.8 
120.2 
113.5 
108.9 
104.1 

95.7 
89.1 
83.6 
79.4 
77.6 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
275.6 
275.6 
275.6 
275.6 
275.6 
251.3 
229.3 
210.5 
195.1 
181.9 
169.8 
158.7 
149.9 
134.5 
122.4 
112.4 
104.1 
100.6 

97.2 
91.5 
90.4 

-,0 
-,0 

0 
-,0 

246.9 
233.7 
224.9 
215.0 
197.3 
183.0 
169.8 
159.8 
149.9 
141.1 
133.4 
126.8 
115.7 
106.9 

99.2 
93.0 
90.4 
87.7 
83.6 
82.7 

-,0 
-,0 

0 
-,0 
-,0 

184.1 
177.5 
170.9 
158.7 
148.8 
140.0 
132.3 
125.7 
119.0 
113.5 
109.6 
101.0 

93.9 
88.2 
83.3 
81.5 
79.6 

-,0 
-,0 
-,0 
-,0 

10° 

177.2 ft 

SSL HSSL 

15° 

SSL HSSL 

20° 

SSL HSSLSSL 

137.8 ft 157.5 ft 

SSL 

10° 15° 20°10° 15° 20° 

ft 
36.1 
39.4 
42.7 
45.9 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
206.7 
213.3 
216.5 
223.1 
229.7 
232.9 
236.2 

0 
-,0 

275.6 
275.6 
275.6 
275.6 
264.6 
244.7 
229.3 
213.8 
201.7 
189.6 
179.7 
162.0 
147.7 
135.6 
125.7 
116.8 
110.2 
104.1 

98.5 
97.4 
95.1 
93.9 
91.9 
89.9 
89.1 

-,0 

0 
-,0 

275.6 
275.6 
275.6 
275.6 
266.8 
246.9 
229.3 
215.0 
201.7 
190.7 
179.7 
163.5 
149.2 
136.7 
126.4 
117.6 
110.2 
104.4 

99.0 
97.8 
95.3 
94.1 
92.2 
90.3 
89.3 

-,0 

0 
-,0 
-,0 

242.5 
233.7 
217.2 
202.8 
190.7 
180.8 
170.9 
162.0 
154.3 
147.7 
134.5 
124.6 
115.7 
109.1 
102.7 

97.2 
92.6 
88.4 
87.6 
85.9 
85.1 
83.7 
82.2 
81.8 

-,0 

\0 
-,0 
-,0 

242.5 
233.7 
217.2 
202.8 
190.7 
180.8 
170.9 
162.0 
154.3 
147.7 
136.0 
125.3 
115.7 
109.1 
103.0 

97.2 
92.7 
88.6 
87.7 
86.0 
85.1 
83.8 
82.5 
81.8 

-,0 

0 
-,0 
-,0 
-,0 

180.8 
170.9 
162.0 
153.2 
145.5 
138.9 
133.4 
127.9 
122.4 
113.5 
106.9 
100.5 

95.0 
90.2 
86.2 
82.7 
79.6 
79.0 
77.8 
77.2 
76.3 

-,0 
-,0 
-,0 

0 
-,0 
-,0 
-,0 

180.8 
170.9 
162.0 
153.2 
145.5 
138.9 
133.4 
127.9 
122.4 
114.3 
107.0 
100.5 

95.2 
90.5 
86.2 
82.8 
79.8 
79.1 
77.8 
77.2 
76.3 

-,0 
-,0 
-,0 

10° 

SSL HSSL 

15° 

SSL HSSL 

20° 

SSL HSSL 

216.5 ft 

0 
275.6 
275.6 
275.6 
275.6 
275.6 
253.5 
233.7 
218.3 
203.9 
190.7 
179.7 
169.8 
153.2 
140.0 
127.9 
119.0 
110.2 
104.1 

98.3 
93.3 
92.2 
90.2 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
275.6 
275.6 
275.6 
275.6 
275.6 
255.7 
235.9 
219.4 
205.0 
191.8 
180.8 
170.9 
154.7 
140.7 
129.0 
119.4 
111.2 
104.3 

98.7 
93.7 
92.6 
90.4 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

246.9 
235.9 
227.1 
211.6 
197.3 
185.2 
174.2 
164.2 
155.4 
147.7 
141.1 
129.0 
119.0 
110.2 
103.8 

97.9 
92.6 
88.4 
84.7 
83.9 
82.5 
81.8 

-,0 
-,0 
-,0 
-,0 

\0 
-,0 

246.9 
237.0 
227.1 
211.6 
197.3 
185.2 
174.2 
164.2 
155.4 
147.7 
141.1 
129.3 
119.0 
110.2 
103.9 

98.0 
92.6 
88.5 
84.9 
84.1 
82.6 
81.8 

-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

184.1 
177.5 
167.6 
157.6 
149.9 
142.2 
135.6 
129.0 
123.5 
119.0 
110.2 
103.0 

96.6 
91.3 
86.6 
82.9 
79.6 
77.2 
76.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

184.1 
177.5 
167.6 
157.6 
149.9 
142.2 
135.6 
129.0 
123.5 
119.0 
110.7 
103.2 

96.6 
91.4 
86.9 
82.9 
79.8 
77.1 
76.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

10° 

SSL HSSL 

15° 

SSL HSSL 

20° 

SSL HSSL 

196.9 ft 

1,000 lb 

1,000 lb 

3 

Remarks: see page 28
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LIFTING CAPACITIES SSL+LF2 
27.6 ft 360° DIN/ISO396,800 lb +132,300 lb ZB 39.4 ft36.1 – 49.2 ft 0 661,400 lb 

10° 

SSL HSSL 

15° 

SSL HSSL 

20° 

SSL HSSL 

255.9 ft 

10° 

SSL HSSL 

15° 

SSL HSSL 

20° 

SSL HSSL 

236.2 ft 

ft 0 0 0 0 0 01,000 lb 0 0 0 0 0 0 
39.4 275.6 275.6 -,0 -,0 -,0 -,0 -,0 -,0 -,0 -,0 -,0 -,0 
42.7 275.6 275.6 246.9 246.9 -,0 -,0 275.6 275.6 -,0 -,0 -,0 -,0 
45.9 275.6 275.6 238.1 238.1 183.0 183.0 275.6 275.6 242.5 242.5 -,0 -,0 
49.2 275.6 275.6 229.3 230.4 178.6 178.0 275.6 275.6 233.7 234.8 180.8 180.8 
52.5 275.6 275.6 222.7 222.7 173.1 173.1 275.6 275.6 227.1 227.1 176.4 176.4 
59.1 275.6 273.4 209.4 209.4 164.2 164.2 275.6 273.4 213.8 213.8 167.6 167.6 
65.6 255.7 255.7 197.3 197.3 156.5 156.5 264.6 266.8 201.7 201.7 159.8 159.8 
72.2 238.1 240.3 186.3 186.3 149.9 149.9 246.9 249.1 191.8 191.8 153.2 153.2 
78.7 222.7 224.9 176.4 176.4 143.3 143.3 231.5 233.7 181.9 181.9 146.6 146.6 
85.3 210.5 211.6 167.6 167.6 136.7 136.7 219.4 220.5 173.1 173.1 140.0 140.0 
91.9 198.4 199.5 159.8 159.8 131.2 131.2 207.2 208.3 165.3 165.3 135.6 135.6 
98.4 188.5 188.5 153.2 153.2 126.8 126.8 197.3 197.3 158.7 158.7 130.1 130.1 

111.5 170.9 171.6 140.0 141.5 117.9 117.9 178.6 179.7 145.5 146.2 121.3 121.3 
124.7 155.4 156.5 130.1 130.8 110.2 110.4 163.1 164.2 135.6 135.2 113.5 113.8 
137.8 143.3 143.3 121.3 121.3 104.1 104.1 149.9 151.0 125.7 125.7 107.6 107.6 
150.9 132.3 133.0 113.5 113.9 98.5 98.6 138.9 140.0 117.9 118.3 101.9 102.0 
164.0 123.5 123.8 107.4 107.4 93.5 93.7 130.1 130.4 111.3 111.7 96.8 96.9 
177.2 115.7 115.7 101.6 101.6 89.3 89.3 122.4 122.4 105.8 105.8 92.4 92.4 
190.3 109.8 109.9 96.6 96.8 85.5 85.6 114.6 115.7 100.8 100.8 88.4 88.6 
203.4 103.8 104.3 92.4 92.4 82.2 82.4 109.1 109.6 96.1 96.3 85.1 85.1 
216.5 98.8 99.0 88.6 88.6 79.6 79.6 103.8 104.1 92.2 92.2 82.0 82.0 
229.7 94.6 94.7 85.3 85.5 77.4 77.4 99.0 99.4 88.6 88.8 79.6 79.7 
239.5 91.8 91.8 83.3 83.4 76.1 76.1 96.0 96.1 86.3 86.4 77.9 78.0 
242.8 90.8 90.9 82.7 82.8 -,0 -,0 95.0 95.2 85.5 85.8 77.4 77.5 
249.3 89.1 89.3 81.6 81.6 -,0 -,0 93.1 93.3 84.3 84.4 76.5 76.6 
255.9 -,0 -,0 -,0 -,0 -,0 -,0 91.3 91.5 83.1 83.1 75.6 75.6 
265.7 -,0 -,0 -,0 -,0 -,0 -,0 89.1 89.1 81.4 81.4 -,0 -,0 

Remarks 

SSL+LF2: SL radius 55.8 ft on request. Max. capacities with minimum counterweight. 

For HSSL+LF2 a boom power-kit is required. 
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CRAWLER CRANE 

LIFTING CAPACITIES SSL+LF2 
27.6 ft 360° DIN/ISO396,800 lb +132,300 lb ZB 39.4 ft36.1 – 49.2 ft 0 661,400 lb 

ft 
42.7 
45.9 
49.2 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
272.3 
282.2 
285.4 
288.7 
295.3 
298.6 
301.8 
308.4 
318.2 

0 
275.6 
275.6 
275.6 
275.6 
275.6 
273.4 
255.7 
240.3 
227.1 
216.1 
205.0 
186.3 
170.9 
157.6 
145.5 
136.7 
127.9 
120.2 
113.5 
108.7 
103.6 

99.2 
95.2 
91.9 
90.8 
87.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
275.6 
275.6 
275.6 
275.6 
275.6 
271.2 
257.9 
242.5 
229.3 
217.2 
206.1 
187.8 
171.6 
157.6 
146.6 
136.7 
127.9 
120.5 
114.2 
108.9 
104.1 

99.6 
95.5 
91.2 
89.6 
84.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

246.9 
238.1 
231.5 
218.3 
207.2 
196.2 
187.4 
178.6 
170.9 
163.1 
151.0 
140.0 
131.2 
122.4 
115.7 
110.0 
104.5 

99.9 
95.7 
91.9 
88.6 
85.8 
83.3 
82.8 
81.4 
80.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

246.9 
239.2 
231.5 
218.3 
207.2 
196.2 
187.4 
178.6 
170.9 
163.1 
151.4 
140.7 
131.2 
123.1 
116.0 
110.0 
104.7 

99.9 
95.7 
92.0 
88.7 
85.8 
83.3 
82.8 
81.4 
80.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

183.0 
178.6 
169.8 
163.1 
155.4 
149.9 
143.3 
137.8 
133.4 
124.6 
116.8 
110.2 
104.9 

99.9 
95.2 
91.3 
87.7 
84.4 
81.8 
79.4 
77.4 
75.8 
75.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

183.0 
178.6 
169.8 
163.1 
155.4 
149.9 
143.3 
137.8 
133.4 
124.6 
116.8 
110.2 
104.9 

99.9 
95.2 
91.3 
87.7 
84.4 
81.8 
79.4 
77.4 
75.8 
75.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

10° 

SSL HSSL 

15° 

SSL HSSL 

20° 

SSL HSSL 

275.6 ft 

0 
-,0 

275.6 
275.6 
275.6 
275.6 
273.4 
266.8 
251.3 
235.9 
224.9 
213.8 
194.7 
178.2 
164.2 
153.2 
142.9 
133.4 
126.0 
119.4 
113.5 
108.5 
103.8 

99.4 
92.8 
91.2 
85.8 
83.9 
82.0 
78.3 
76.3 

-,0 
-,0 
-,0 

0 
-,0 
-,0 

242.5 
235.9 
222.7 
211.6 
200.6 
191.8 
183.0 
175.3 
167.6 
155.8 
145.1 
135.6 
127.5 
120.2 
113.5 
108.4 
103.5 

99.0 
95.2 
91.6 
88.4 
85.9 
85.3 
82.0 
80.7 
79.4 
76.7 
75.5 
74.3 

-,0 
-,0 

0 
-,0 
-,0 
-,0 

180.8 
172.0 
165.3 
158.7 
152.1 
146.6 
141.1 
136.7 
127.9 
120.2 
113.5 
108.0 
102.8 

98.1 
94.0 
90.2 
86.9 
84.1 
81.6 
79.4 
77.5 
77.0 
75.8 
75.5 
75.2 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

275.6 
275.6 
275.6 
275.6 
275.6 
273.4 
257.9 
244.7 
231.5 
220.5 
202.1 
185.6 
170.9 
159.1 
148.4 
138.9 
131.5 
124.6 
117.9 
112.8 
108.0 
103.6 

96.0 
94.1 
87.7 
85.5 
83.3 
78.9 
76.7 
74.5 
70.1 
63.5 

0 
-,0 
-,0 

244.7 
238.1 
227.1 
215.0 
205.0 
196.2 
187.4 
179.7 
172.0 
160.2 
149.2 
138.9 
131.5 
124.2 
116.8 
111.8 
107.0 
102.3 

98.3 
94.6 
91.3 
86.9 
85.8 
81.4 
79.7 
78.0 
74.7 
73.1 
71.4 
68.0 
63.1 

0 
-,0 
-,0 
-,0 

181.9 
174.2 
167.6 
160.9 
154.3 
148.8 
144.4 
138.9 
130.8 
123.1 
115.7 
110.6 
105.6 
100.8 

96.6 
92.8 
89.3 
86.3 
83.6 
81.1 
79.2 
78.7 
75.8 
74.6 
73.4 
71.0 
69.8 
68.6 

-,0 
-,0 

HSSL 

295.3 ft 315.0 ft 

HSSL 

10° 15° 20°10° 15° 20° 

1,000 lb 

3 

Remarks 

SSL+LF2: SL radius 55.8 ft on request. Max. capacities with minimum counterweight. 

For HSSL+LF2 a boom power-kit is required. 
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LIFTING CAPACITIES SSL+LF2 
27.6 ft 360° DIN/ISO396,800 lb +132,300 lb ZB 39.4 ft36.1 – 49.2 ft 0 661,400 lb 

ft 
49.2 
52.5 
55.8 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 
308.4 
318.2 
321.5 
334.6 
347.8 
351.1 

0 
275.6 
275.6 
275.6 
275.6 
275.6 
275.6 
264.6 
251.3 
238.1 
227.1 
208.7 
192.2 
177.5 
165.0 
154.0 
144.4 
136.3 
129.0 
122.4 
117.2 
112.1 
106.9 

98.5 
90.1 
81.6 
73.2 
66.7 
64.6 
56.2 

-,0 
-,0 

0 
-,0 

242.5 
235.9 
229.3 
219.4 
209.4 
199.5 
191.8 
184.1 
176.4 
163.9 
152.9 
143.3 
135.2 
127.9 
121.3 
115.4 
110.2 
105.6 
101.5 

97.7 
94.1 
90.0 
84.4 
77.4 
70.3 
65.0 
63.2 
56.0 

-,0 
-,0 

0 
-,0 
-,0 

179.7 
176.4 
169.8 
163.1 
157.6 
152.1 
146.6 
142.2 
133.4 
125.7 
119.0 
113.2 
107.9 
103.2 

99.1 
95.2 
91.7 
88.6 
85.8 
83.1 
80.9 
77.1 
71.7 
66.4 
62.2 

-,0 
-,0 
-,0 
-,0 

0 
271.2 
271.2 
271.2 
271.2 
271.2 
271.2 
271.2 
257.9 
244.7 
233.7 
215.3 
198.4 
183.0 
171.2 
160.2 
149.9 
141.8 
134.5 
127.9 
119.6 
112.0 
104.5 

96.7 
88.8 
80.9 
73.1 
67.2 
65.3 
57.3 
49.6 
47.6 

0 
-,0 

244.7 
239.2 
233.7 
222.7 
212.7 
203.9 
195.1 
187.4 
180.8 
168.3 
156.9 
146.6 
138.5 
131.2 
124.6 
118.7 
113.5 
108.9 
104.6 
100.7 

97.0 
93.8 
88.3 
80.7 
73.0 
67.3 
65.4 
57.8 
50.0 
48.1 

-,0 
-,0 

181.9 
178.6 
170.9 
165.3 
158.7 
154.3 
148.8 
144.4 
135.6 
127.9 
121.3 
115.4 
110.2 
105.6 
101.3 

97.4 
93.9 
90.7 
87.7 
85.1 
82.7 
78.8 
73.2 
67.2 
62.6 
61.1 
54.9 

-,0 
-,0 

HSSL 

334.6 ft 354.3 ft 

HSSL 

10° 15° 20°10° 15° 20° 

1,000 lb 

Remarks 

SSL+LF2: SL radius 55.8 ft on request. Max. capacities with minimum counterweight. 

For HSSL+LF2 a boom power-kit is required. 
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max. max. max.max. max. max.

-

CRAWLER CRANE 

LIFTING CAPACITIES SSL/LSL+LF2 
27.6 ft 360° DIN/ISO396,800 lb +132,300 lb ZB 39.4 ft36.1 – 49.2 ft 0 661,400 lb 

ft 
45.9 
49.2 
52.5 
55.8 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 
288.7 
295.3 
301.8 
305.1 
308.4 
318.2 

0 
-,0 

275.6 
275.6 
273.4 
271.2 
266.8 
262.4 
257.9 
244.7 
231.5 
220.5 
202.1 
185.6 
170.9 
159.8 
149.5 
140.0 
131.9 
124.9 
119.0 
113.2 
108.2 
104.1 

99.9 
94.4 
90.8 
87.3 
83.8 
82.0 
80.2 
75.0 

0 
-,0 

275.6 
275.6 
275.6 
275.6 
275.6 
275.6 
271.2 
257.9 
244.7 
231.5 
213.1 
196.2 
180.8 
169.0 
158.4 
148.8 
140.0 
132.3 
125.7 
119.8 
114.6 
110.2 
103.6 

95.6 
91.6 
87.5 
83.6 
81.6 
79.6 
73.4 

0 
-,0 
-,0 

240.3 
233.7 
229.3 
217.2 
207.2 
197.3 
189.6 
181.9 
174.2 
161.7 
150.6 
141.1 
133.0 
125.7 
119.0 
113.2 
108.0 
103.4 

99.3 
95.5 
92.2 
89.4 
86.3 
84.6 
82.9 
80.4 
79.1 
77.9 
74.3 

0 
-,0 
-,0 

264.6 
257.9 
251.3 
238.1 
227.1 
217.2 
208.3 
199.5 
191.8 
178.6 
166.4 
155.4 
146.6 
138.5 
131.2 
124.6 
118.7 
113.5 
109.7 
105.9 
102.1 

97.4 
91.5 
88.2 
84.9 
81.6 
79.9 
78.3 
73.2 

0 
-,0 
-,0 
-,0 

179.7 
176.4 
168.7 
162.0 
156.5 
149.9 
145.5 
140.0 
131.9 
124.2 
116.8 
111.6 
106.4 
101.4 

97.3 
93.5 
89.9 
87.0 
84.3 
81.8 
79.8 
77.9 
77.1 
76.3 
75.7 
75.4 

-,0 
-,0 

0 
-,0 
-,0 
-,0 

197.3 
192.9 
185.2 
178.6 
172.0 
165.3 
159.8 
154.3 
145.5 
137.1 
129.0 
123.1 
117.2 
111.3 
107.5 
103.7 

99.9 
96.5 
93.5 
90.8 
88.4 
85.1 
82.9 
80.7 
78.3 
77.2 

-,0 
-,0 

10° 15° 20° 

315.0 ft 

0 
275.6 
275.6 
275.6 
275.6 
275.6 
275.6 
266.8 
251.3 
235.9 
224.9 
213.8 
195.5 
179.3 
165.3 
153.6 
143.3 
134.5 
127.1 
120.2 
113.5 
109.0 
104.5 
100.1 

96.3 
91.8 
89.0 
86.2 
82.7 

-,0 
-,0 
-,0 

0 
275.6 
275.6 
275.6 
275.6 
275.6 
275.6 
275.6 
264.6 
249.1 
235.9 
224.9 
205.8 
188.9 
174.2 
162.4 
151.8 
142.2 
134.8 
127.9 
121.3 
115.4 
110.4 
106.3 
100.4 

92.8 
89.1 
85.3 
81.6 

-,0 
-,0 
-,0 

0 
-,0 

244.7 
238.1 
231.5 
224.9 
213.8 
202.8 
194.0 
185.2 
177.5 
169.8 
157.3 
146.2 
136.7 
128.6 
121.3 
114.6 
109.5 
104.6 

99.9 
96.0 
92.5 
89.3 
86.6 
84.3 
83.3 
82.2 
81.4 

-,0 
-,0 
-,0 

0 
-,0 

269.0 
260.1 
253.5 
246.9 
233.7 
222.7 
212.7 
202.8 
195.1 
186.3 
173.1 
161.3 
151.0 
142.2 
134.1 
126.8 
120.9 
115.4 
110.2 
106.3 
102.5 

99.0 
95.9 
90.2 
87.2 
84.2 
81.1 

-,0 
-,0 
-,0 

0 
-,0 
-,0 

181.9 
177.5 
174.2 
166.4 
159.8 
153.2 
147.7 
142.2 
137.8 
129.0 
121.3 
114.6 
108.9 
103.6 

98.8 
94.8 
91.1 
87.7 
84.8 
82.2 
79.8 
78.0 
76.4 
75.6 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

199.5 
195.1 
190.7 
183.0 
175.3 
168.7 
163.1 
156.5 
152.1 
142.6 
134.1 
126.8 
120.2 
114.3 
109.3 
104.9 
100.9 

97.2 
94.0 
91.1 
88.6 
86.4 
84.8 
84.0 

-,0 
-,0 
-,0 
-,0 
-,0 

10° 15° 20° 

295.3 ft 
SSL/LSL+ 

LF2 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+ 

LF2 
SSL/LSL+ 

LF2 
SSL/LSL+ 

LF2 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+ 

LF2 
SSL/LSL+ 

LF2 

1,000 lb 

3 

Remarks 

SSL+LF2: SL radius 55.8 ft on request. Max. capacities with minimum counterweight. 

For HSSL+LF2 a boom power-kit is required. 
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max. max. max.max. max. max.

-

LIFTING CAPACITIES SSL/LSL+LF2 
27.6 ft 360° DIN/ISO396,800 lb +132,300 lb ZB 39.4 ft36.1 – 49.2 ft 0 661,400 lb 

ft 
49.2 
52.5 
55.8 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 
308.4 
321.5 
334.6 
337.9 
347.8 
351.1 
354.3 
360.9 

0 
-,0 

208.3 
208.3 
206.1 
201.7 
197.3 
191.8 
186.3 
180.8 
176.4 
166.1 
157.3 
149.9 
142.6 
135.6 
129.0 
122.4 
116.0 
109.8 
103.9 

98.3 
93.0 
87.9 
82.7 
77.6 
72.3 
67.2 
61.9 
60.7 
56.8 
55.6 

-,0 
-,0 

0 
-,0 

273.4 
273.4 
273.4 
271.2 
269.0 
266.8 
264.6 
257.9 
246.9 
227.1 
209.4 
194.0 
181.5 
169.8 
158.7 
149.9 
142.2 
135.6 
129.4 
122.7 
114.6 
106.9 

98.8 
90.6 
82.4 
74.1 
65.9 
63.8 
57.6 
55.6 

-,0 
-,0 

0 
-,0 
-,0 

191.8 
191.8 
187.4 
183.0 
178.6 
173.1 
168.7 
164.2 
155.4 
147.7 
141.1 
135.2 
129.3 
123.5 
117.6 
111.9 
106.5 
101.2 

96.2 
91.7 
87.0 
82.4 
77.8 
73.3 
68.8 
64.2 
63.0 
59.6 
58.5 
57.3 

-,0 

0 
-,0 
-,0 

264.6 
257.9 
246.9 
235.9 
224.9 
217.2 
208.3 
200.6 
187.4 
175.3 
164.2 
154.7 
146.2 
138.9 
132.3 
126.4 
121.3 
116.0 
111.8 
108.5 
101.9 

94.8 
87.3 
79.8 
72.3 
64.8 
63.0 
57.5 
55.6 
53.8 

-,0 

0 
-,0 
-,0 
-,0 

175.3 
173.1 
166.4 
160.9 
155.4 
149.9 
145.5 
136.7 
129.0 
122.4 
116.5 
111.2 
106.5 
102.2 

98.3 
94.6 
91.3 
88.4 
85.8 
83.4 
80.3 
76.5 
72.3 
68.0 
63.7 
62.6 

-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 
-,0 

197.3 
189.6 
183.0 
176.4 
170.9 
165.3 
159.8 
151.0 
142.9 
135.6 
129.0 
122.7 
116.8 
112.4 
108.4 
104.7 
101.4 

98.2 
95.2 
90.8 
85.7 
79.8 
73.9 
68.0 
62.2 
60.6 

-,0 
-,0 
-,0 
-,0 

10° 15° 20° 

354.3 ft 

0 
240.3 
240.3 
238.1 
235.9 
231.5 
227.1 
222.7 
218.3 
212.7 
207.2 
196.9 
187.0 
177.5 
165.7 
155.1 
145.5 
137.4 
130.1 
123.5 
117.6 
112.4 
108.0 
101.0 

93.6 
86.0 
78.3 
70.7 
63.1 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
275.6 
275.6 
275.6 
275.6 
275.6 
275.6 
275.6 
264.6 
251.3 
240.3 
220.5 
202.8 
187.4 
174.9 
163.9 
154.3 
145.5 
137.8 
131.2 
125.3 
119.4 
114.6 
107.4 

99.6 
91.1 
82.4 
73.7 
65.0 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

218.3 
218.3 
216.1 
211.6 
207.2 
201.7 
192.9 
185.2 
178.6 
166.1 
154.7 
144.4 
136.3 
129.0 
122.4 
116.5 
111.3 
106.7 
102.4 

98.5 
95.0 
90.6 
85.5 
79.8 
74.1 
68.3 
62.4 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 

269.0 
261.2 
253.5 
242.5 
231.5 
220.5 
212.7 
203.9 
196.2 
183.0 
170.9 
159.8 
151.0 
142.6 
134.5 
128.6 
123.1 
117.9 
112.8 
109.1 
105.2 
100.0 

93.8 
86.4 
79.2 
72.1 
64.8 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

179.7 
177.5 
170.9 
164.2 
158.7 
153.2 
147.7 
143.3 
134.5 
126.8 
120.2 
114.3 
108.9 
104.1 

99.8 
95.9 
92.4 
89.3 
86.4 
83.8 
81.6 
79.1 
76.5 
72.7 
68.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

199.5 
195.1 
187.4 
180.8 
174.2 
168.7 
163.1 
157.6 
148.1 
139.6 
132.3 
125.7 
119.8 
114.6 
110.4 
106.3 
102.3 

98.9 
95.8 
93.0 
89.9 
85.7 
80.2 
74.9 
69.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

10° 15° 20° 

334.6 ft 
SSL/LSL+ 

LF2 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+ 

LF2 
SSL/LSL+ 

LF2 
SSL/LSL+ 

LF2 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+ 

LF2 
SSL/LSL+ 

LF2 

1,000 lb 

Remarks 

SSL+LF2: SL radius 55.8 ft on request. Max. capacities with minimum counterweight. 

For HSSL+LF2 a boom power-kit is required. 
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max. max. max.max. max. max.

-

CRAWLER CRANE 

LIFTING CAPACITIES SSL/LSL+LF2 
27.6 ft 360° DIN/ISO396,800 lb +132,300 lb ZB 39.4 ft36.1 – 49.2 ft 0 661,400 lb 

ft 
52.5 
55.8 
59.1 
62.3 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 
308.4 
321.5 
334.6 
347.8 
354.3 
360.9 
367.5 
370.7 
374.0 
387.1 

0 
-,0 

166.4 
166.4 
165.3 
164.2 
162.0 
159.8 
156.5 
154.3 
151.0 
145.1 
139.3 
133.4 
129.0 
124.6 
120.2 
115.7 
111.3 
106.7 
102.1 

97.5 
92.8 
87.8 
82.9 
78.0 
73.2 
68.3 
63.5 
58.6 
56.2 
53.8 
51.4 
50.2 
48.9 
44.1 

0 
-,0 

235.9 
235.9 
235.9 
235.9 
235.9 
235.9 
235.9 
235.9 
235.9 
227.1 
216.8 
205.0 
192.5 
180.8 
169.8 
158.0 
146.6 
135.6 
124.6 
114.5 
105.4 

96.3 
87.5 
79.1 
71.5 
64.3 
57.5 
51.4 
48.3 
45.6 
42.8 
41.5 
40.1 
35.5 

0 
-,0 
-,0 

154.3 
154.3 
153.2 
151.0 
148.8 
146.6 
144.4 
142.2 
136.3 
130.8 
125.7 
122.0 
117.9 
113.5 
109.9 
106.0 
102.1 

98.0 
93.8 
89.5 
85.1 
80.6 
76.1 
71.5 
66.9 
62.4 
57.8 
55.6 
53.4 
51.1 
49.9 
48.7 
44.3 

0 
-,0 
-,0 

231.5 
230.4 
229.3 
227.1 
222.7 
220.5 
216.1 
208.3 
195.1 
183.0 
172.0 
162.4 
154.0 
146.6 
140.0 
133.2 
125.7 
119.0 
112.9 
107.1 
100.2 

93.3 
86.2 
79.1 
72.2 
65.3 
58.2 
54.7 
51.2 
47.8 
46.0 
44.3 
37.3 

0 
-,0 
-,0 
-,0 

143.3 
143.3 
141.1 
140.0 
137.8 
135.6 
133.4 
128.2 
123.5 
119.0 
115.4 
111.9 
108.7 
105.2 
101.6 

98.1 
94.4 
90.8 
87.1 
82.8 
78.6 
74.3 
70.0 
65.8 
61.5 
57.2 
55.1 
52.9 
50.7 

-,0 
-,0 
-,0 

0 
-,0 
-,0 
-,0 

197.3 
194.0 
187.4 
180.8 
175.3 
169.8 
164.2 
155.4 
147.3 
140.0 
133.4 
127.5 
122.4 
117.9 
113.6 
109.3 
105.8 
102.5 

99.4 
96.6 
92.6 
85.8 
78.9 
72.0 
65.0 
58.2 
54.7 
51.3 
47.8 

-,0 
-,0 
-,0 

10° 15° 20° 

393.7 ft 

0 
188.5 
188.5 
187.4 
186.3 
185.2 
181.9 
178.6 
175.3 
172.0 
168.7 
162.0 
155.4 
148.8 
142.9 
137.4 
132.3 
126.4 
120.5 
114.6 
109.5 
104.1 

98.5 
93.1 
87.6 
82.0 
76.5 
70.9 
65.5 
59.9 
57.1 
54.4 
51.6 
50.3 

-,0 
-,0 

0 
253.5 
253.5 
253.5 
253.5 
253.5 
253.5 
253.5 
253.5 
253.5 
249.1 
231.5 
215.0 
199.5 
187.0 
175.3 
164.2 
155.4 
146.6 
137.8 
127.2 
118.7 
111.3 
104.0 

96.5 
88.8 
81.2 
73.6 
65.9 
58.3 
54.5 
50.8 
46.9 
45.0 

-,0 
-,0 

0 
-,0 

175.3 
175.3 
175.3 
174.2 
170.9 
168.7 
165.3 
162.0 
159.8 
153.2 
147.0 
141.1 
136.0 
131.2 
126.8 
121.6 
116.5 
111.3 
106.6 
101.6 

96.3 
91.1 
85.8 
80.5 
75.2 
69.9 
64.6 
59.3 
56.7 
54.0 
51.4 
50.0 

-,0 
-,0 

0 
-,0 

244.7 
244.7 
243.6 
242.5 
238.1 
229.3 
220.5 
212.7 
203.9 
190.7 
178.6 
167.6 
158.7 
150.3 
142.2 
136.3 
130.4 
124.6 
119.6 
115.0 
111.3 
104.3 

97.0 
89.3 
81.6 
74.1 
66.6 
58.9 
55.1 
51.3 
47.5 
45.6 

-,0 
-,0 

0 
-,0 
-,0 

162.0 
162.0 
162.0 
159.8 
157.6 
155.4 
152.1 
147.7 
138.9 
131.2 
124.6 
118.7 
113.4 
108.7 
104.4 
100.5 

96.8 
93.5 
90.4 
87.7 
85.2 
82.3 
78.9 
73.9 
68.9 
63.9 
58.9 
56.4 

-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

199.5 
195.7 
191.8 
185.2 
178.6 
173.1 
167.6 
162.0 
153.2 
145.1 
137.8 
131.2 
125.3 
120.2 
115.0 
110.7 
107.1 
103.6 
100.3 

97.2 
93.8 
88.9 
82.5 
76.0 
69.5 
63.1 
56.6 
53.4 

-,0 
-,0 
-,0 
-,0 
-,0 

10° 15° 20° 

374.0 ft 
SSL/LSL+ 

LF2 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+ 

LF2 
SSL/LSL+ 

LF2 
SSL/LSL+ 

LF2 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+ 

LF2 
SSL/LSL+ 

LF2 

1,000 lb 

3 

Remarks 

SSL+LF2: SL radius 55.8 ft on request. Max. capacities with minimum counterweight. 

For HSSL+LF2 a boom power-kit is required. 
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max. max. max.max. max. max.

-

LIFTING CAPACITIES SSL/LSL+LF2 
27.6 ft 360° DIN/ISO396,800 lb +132,300 lb ZB 39.4 ft36.1 – 49.2 ft 0 661,400 lb 

ft 
55.8 
59.1 
62.3 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 
308.4 
321.5 
334.6 
347.8 
360.9 
374.0 
383.9 
387.1 
400.3 
403.5 
413.4 
419.9 
423.2 

0 
-,0 

135.6 
135.6 
134.5 
133.4 
132.3 
130.1 
129.0 
126.8 
123.1 
119.4 
115.7 
112.8 
109.7 
106.5 
103.2 

99.9 
96.6 
93.4 
90.1 
86.9 
83.7 
80.5 
77.2 
73.9 
70.6 
67.2 
64.0 
60.7 
57.5 
54.7 
53.7 
48.9 
47.5 
43.4 
41.7 

-,0 

0 
-,0 

199.5 
199.5 
199.5 
198.4 
198.4 
197.3 
197.3 
196.2 
193.3 
189.6 
185.2 
177.8 
168.7 
157.6 
146.6 
136.0 
125.7 
115.4 
106.3 

97.4 
89.1 
80.9 
73.0 
65.6 
58.6 
52.0 
46.0 
40.3 
34.8 
31.1 
29.8 
25.2 
24.2 
20.9 
19.2 

-,0 

0 
-,0 
-,0 

127.9 
127.9 
126.8 
125.7 
123.5 
122.4 
120.2 
117.2 
113.9 
110.2 
107.4 
104.6 
101.6 

98.7 
95.8 
92.8 
89.9 
86.9 
84.0 
81.1 
78.1 
75.2 
72.2 
69.3 
66.4 
63.4 
60.6 
57.8 
54.9 
53.9 
49.2 
47.8 
43.7 
41.9 

-,0 

0 
-,0 
-,0 

197.3 
197.3 
197.3 
196.2 
196.2 
196.2 
195.1 
192.9 
187.4 
178.6 
169.8 
161.3 
153.2 
145.1 
136.2 
125.7 
116.1 
107.0 

98.3 
89.9 
81.8 
73.9 
66.7 
59.7 
52.9 
46.9 
41.1 
35.5 
31.7 
30.5 
25.8 
24.7 
21.4 
19.4 

-,0 

0 
-,0 
-,0 
-,0 

120.2 
120.2 
119.0 
116.8 
115.7 
114.6 
111.7 
108.7 
105.6 
102.7 

99.9 
97.2 
94.6 
91.9 
89.3 
86.6 
84.0 
81.4 
78.6 
75.8 
73.2 
70.5 
67.9 
65.3 
62.6 
60.0 
57.3 
54.9 
54.1 
49.6 

-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 
-,0 

190.7 
190.7 
184.1 
178.6 
174.2 
168.7 
159.8 
151.8 
144.4 
138.5 
132.6 
126.8 
122.4 
117.9 
113.5 
108.4 
102.6 

96.1 
89.9 
83.8 
77.8 
71.9 
66.0 
60.0 
54.1 
48.1 
42.1 
37.7 
36.2 
30.2 

-,0 
-,0 
-,0 
-,0 

10° 15° 20° 

433.1 ft 

0 
145.5 
145.5 
145.5 
144.4 
142.2 
140.0 
137.8 
135.6 
133.4 
128.2 
123.1 
117.9 
113.5 
109.6 
106.0 
102.1 

98.1 
94.1 
90.2 
86.3 
82.5 
78.3 
74.3 
70.3 
66.4 
62.3 
58.2 
54.3 
50.3 
46.3 
43.3 
42.3 
38.3 
37.3 

-,0 
-,0 
-,0 

0 
215.0 
215.0 
215.0 
215.0 
215.0 
215.0 
215.0 
215.0 
215.0 
211.3 
206.9 
201.7 
191.4 
179.7 
166.4 
154.7 
143.3 
132.3 
121.3 
111.1 
101.9 

92.9 
84.2 
75.8 
68.3 
61.1 
54.2 
48.2 
42.5 
37.0 
33.6 
32.5 
28.1 
27.1 

-,0 
-,0 
-,0 

0 
-,0 

136.7 
136.7 
136.7 
134.5 
132.3 
130.1 
127.9 
125.7 
121.3 
116.8 
112.4 
108.9 
105.4 
101.9 

98.3 
94.8 
91.3 
87.7 
84.2 
80.7 
76.9 
73.0 
69.2 
65.3 
61.4 
57.5 
53.6 
49.7 
45.9 
42.9 
41.9 
38.0 
37.0 

-,0 
-,0 
-,0 

0 
-,0 

212.7 
212.7 
212.7 
211.6 
211.6 
210.5 
209.4 
209.4 
197.7 
186.3 
175.3 
165.7 
157.3 
149.9 
143.3 
136.7 
127.9 
119.0 
110.5 
102.3 

94.4 
86.6 
79.1 
72.1 
65.2 
58.4 
52.2 
46.2 
40.3 
36.2 
34.8 
29.5 
28.2 

-,0 
-,0 
-,0 

0 
-,0 
-,0 

127.9 
127.9 
126.8 
124.6 
122.4 
121.3 
119.0 
114.6 
110.7 
107.1 
103.6 
100.3 

97.2 
94.0 
90.8 
87.7 
84.6 
81.5 
78.3 
74.7 
71.2 
67.5 
63.8 
60.1 
56.4 
52.8 
49.0 
45.2 
42.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

0 
-,0 
-,0 

198.4 
195.1 
188.5 
183.0 
177.5 
172.0 
166.4 
157.6 
149.5 
142.2 
136.3 
130.4 
124.6 
120.2 
115.7 
111.3 
108.0 
104.4 
100.5 

95.5 
89.1 
82.7 
76.2 
69.8 
63.3 
56.8 
50.4 
43.9 
39.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

10° 15° 20° 

413.4 ft 
SSL/LSL+ 

LF2 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+ 

LF2 
SSL/LSL+ 

LF2 
SSL/LSL+ 

LF2 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+LF2 

SGL 
SSL/LSL+ 

LF2 
SSL/LSL+ 

LF2 

1,000 lb 

Remarks 

SSL+LF2: SL radius 55.8 ft on request. Max. capacities with minimum counterweight. 

For HSSL+LF2 a boom power-kit is required. 
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max. max. max.

-

CRAWLER CRANE 

LIFTING CAPACITIES SSL/LSL+LF2 
27.6 ft 360° DIN/ISO396,800 lb +132,300 lb ZB 39.4 ft36.1 – 49.2 ft 0 661,400 lb 

10° 

SSL/LSL+ 
LF2 

SSL/LSL+LF2 
SGL 

15° 

452.8 ft 
SSL/LSL+LF2 

SGL 
SSL/LSL+ 

LF2 

20° 

SSL/LSL+LF2 
SGL 

SSL/LSL+ 
LF2 

ft 
59.1 

0 
116.8 

0 
175.3 

0 
-,0 

0 
-,0 

1,000 lb 0 
-,0 

0 
-,0 

62.3 
65.6 

116.8 
116.8 

175.3 
175.3 

113.5 
113.5 

174.2 
174.2 

-,0 
108.5 

-,0 
172.0 

72.2 
78.7 

115.7 
114.6 

174.2 
173.1 

113.5 
112.4 

174.2 
173.1 

108.5 
107.6 

172.0 
170.9 

85.3 
91.9 

113.5 
112.4 

172.0 
170.9 

111.3 
110.2 

172.0 
170.9 

106.7 
105.8 

169.8 
169.8 

98.4 
111.5 

110.2 
108.3 

169.8 
167.6 

109.6 
107.4 

169.8 
167.6 

104.9 
102.9 

168.7 
161.3 

124.7 
137.8 

106.0 
103.4 

165.3 
163.1 

105.1 
102.7 

165.3 
163.1 

100.8 
98.8 

154.0 
146.6 

150.9 
164.0 

99.9 
95.4 

159.5 
152.9 

100.1 
96.5 

160.2 
154.0 

96.6 
94.0 

140.0 
134.1 

177.2 
190.3 

89.9 
84.5 

143.3 
134.1 

91.9 
87.5 

144.4 
134.5 

91.1 
88.1 

129.0 
123.7 

203.4 
216.5 

79.0 
73.4 

124.6 
115.7 

83.0 
78.5 

125.7 
116.8 

85.1 
82.0 

118.7 
113.5 

229.7 
242.8 

68.0 
62.5 

107.7 
99.6 

74.1 
69.6 

108.6 
100.5 

79.1 
76.1 

106.2 
99.0 

255.9 
269.0 

57.1 
51.7 

91.5 
83.8 

65.0 
60.6 

92.4 
84.7 

73.2 
70.3 

91.7 
84.8 

275.6 
282.2 

48.9 
-,0 

80.0 
76.4 

58.4 
56.2 

80.9 
77.3 

68.8 
67.3 

81.4 
78.0 

295.3 
308.4 

-,0 
-,0 

69.2 
62.5 

51.6 
47.2 

70.1 
63.3 

64.2 
61.2 

71.2 
64.9 

321.5 
334.6 

-,0 
-,0 

55.9 
49.6 

42.8 
38.1 

56.7 
50.3 

58.3 
55.3 

58.7 
52.7 

347.8 
360.9 

-,0 
-,0 

43.7 
38.1 

33.7 
29.2 

44.4 
38.8 

52.2 
49.2 

46.8 
41.2 

374.0 
387.1 

-,0 
-,0 

32.6 
27.8 

24.7 
20.1 

33.3 
28.3 

46.3 
43.2 

35.7 
30.6 

400.3 
413.4 

-,0 
-,0 

23.1 
18.5 

15.7 
11.2 

23.5 
19.0 

40.3 
37.3 

25.5 
20.5 

416.7 
423.2 

-,0 
-,0 

17.5 
15.4 

10.1 
7.7 

17.9 
15.9 

36.6 
-,0 

19.4 
-,0 

426.5 
436.4 

-,0 
-,0 

14.4 
11.5 

-,0 
-,0 

14.8 
11.8 

-,0 
-,0 

-,0 
-,0 

439.6 
442.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

10.8 
-,0 

-,0 
-,0 

-,0 
-,0 

3 

Remarks 

SSL+LF2: SL radius 55.8 ft on request. Max. capacities with minimum counterweight. 

For HSSL+LF2 a boom power-kit is required. 

35 



SW WORKING RANGES 

36
 



CRAWLER CRANE 

LIFTING CAPACITIES SW 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 

98.4 ft 

458.6 
379.2 
319.7 
277.8 
244.7 
217.2 
196.2 
177.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 

203.9 
183.0 
166.4 
152.1 
140.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

130.1 
120.2 
111.3 
104.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
377.0 
317.5 
275.6 
242.5 
216.1 
194.0 
176.4 
160.9 
148.8 
136.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

180.8 
164.2 
149.9 
137.8 
126.8 
117.9 
109.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

109.1 
101.6 

94.8 
88.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

317.5 
273.4 
240.3 
213.8 
192.9 
174.2 
158.7 
146.6 
134.5 
125.1 
115.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

147.7 
135.6 
124.6 
115.7 
107.6 
100.5 

94.1 
88.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

92.2 
86.2 
80.7 
75.8 
67.7 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

271.2 
238.1 
211.6 
189.6 
172.0 
156.5 
144.4 
132.3 
122.9 
113.5 
106.7 

99.9 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

132.3 
122.4 
112.4 
105.2 

97.9 
91.5 
85.8 
80.7 
71.7 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

78.3 
73.4 
65.0 
58.0 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 

235.9 
210.5 
188.5 
170.9 
155.4 
143.3 
131.2 
121.8 
112.4 
105.3 

98.1 
92.3 
86.4 
76.9 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

120.2 
111.3 
103.2 

96.1 
89.7 
84.0 
78.7 
69.7 
62.2 
59.1 

-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

71.2 
62.8 
55.8 
52.5 
49.6 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 

207.2 
186.3 
167.6 
153.2 
141.1 
129.0 
119.6 
110.2 
103.0 

95.7 
89.8 
84.0 
74.3 
66.4 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

100.5 
93.3 
86.9 
81.1 
76.1 
67.0 
59.5 
56.2 
53.4 
47.8 

-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

59.7 
52.5 
49.2 
46.3 
41.0 
36.6 

85° 

78.7 ft 98.4 ft 118.1 ft 137.8 ft 157.5 ft 177.2 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

184.1 
166.4 
151.0 
126.8 
108.9 
101.5 

94.1 
88.3 
82.5 
72.8 
68.7 
64.6 
58.0 
52.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 

91.5 
85.1 
79.4 
74.3 
65.3 
61.3 
57.8 
51.1 
45.4 
40.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

50.0 
43.9 
38.6 
34.2 
30.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
165.3 
149.9 
125.7 
107.4 
100.1 

92.8 
86.9 
80.9 
71.2 
67.2 
63.3 
56.4 
50.5 
45.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

77.6 
72.5 
63.5 
59.5 
55.8 
49.2 
43.4 
38.6 
34.2 
30.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

41.7 
36.4 
32.0 
28.0 
24.7 
21.8 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

147.7 
123.5 
104.7 

97.4 
90.2 
84.3 
78.5 
68.8 
64.7 
60.6 
53.8 
47.6 
42.3 
37.7 
33.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

69.7 
60.6 
56.4 
52.7 
45.9 
40.1 
35.3 
31.1 
27.3 
24.0 
22.7 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

33.1 
28.7 
24.7 
21.2 
18.3 
17.0 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

122.4 
104.3 

97.0 
89.7 
83.8 
77.8 
68.1 
64.0 
60.0 
53.1 
47.0 
41.4 
36.6 
32.6 
29.1 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

59.5 
55.6 
51.8 
45.0 
39.2 
34.2 
30.0 
26.2 
22.9 
21.4 
18.5 

-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

27.3 
23.6 
20.1 
17.0 
15.7 
13.0 
11.9 

9.9 
-,0 

-,0 
-,0 
-,0 

120.2 
102.3 

94.9 
87.5 
81.7 
75.8 
66.1 
62.1 
58.0 
50.7 
44.5 
39.0 
34.4 
30.2 
26.5 
24.9 
21.9 
20.5 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

52.9 
49.2 
42.3 
36.6 
31.7 
27.3 
23.6 
20.3 
18.7 
15.9 
14.8 
12.3 

-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

20.7 
17.2 
14.3 
12.8 
10.4 

9.3 
-,0 
-,0 

85° 

196.9 ft 216.5 ft 236.2 ft 255.9 ft 275.6 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

ft 
45.9 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

105.0 
111.5 
118.1 
124.7 
131.2 
137.8 
144.4 
150.9 
164.0 
177.2 
183.7 
190.3 
203.4 
216.5 

ft 
85.3 
91.9 
98.4 

111.5 
124.7 
131.2 
137.8 
144.4 
150.9 
164.0 
170.6 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
262.5 
275.6 
282.2 
295.3 
301.8 

1,000 lb 

1,000 lb 

3 

Remarks 

Main boom angle 85°, 75° and 65°, capacities for intermediate boom positions are calculated by the crane control system IC-1
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LIFTING CAPACITIES SW 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 

118.1 ft 

374.8 
317.5 
275.6 
242.5 
216.1 
194.0 
176.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 

178.6 
162.0 
147.7 
125.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

114.6 
106.3 

98.8 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
315.3 
273.4 
240.3 
213.8 
192.9 
174.2 
159.8 
134.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

159.8 
145.5 
123.5 
113.5 
106.3 

99.2 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

96.1 
89.5 
83.8 
73.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
315.3 
271.2 
238.1 
212.7 
190.7 
173.1 
157.6 
133.4 
124.0 
114.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

143.3 
120.2 
111.3 
104.1 

97.0 
90.8 
80.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

80.9 
71.2 
63.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

269.0 
235.9 
210.5 
188.5 
170.9 
155.4 
131.2 
121.8 
112.4 
105.6 

98.8 
87.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

117.9 
109.6 
101.6 

94.6 
88.4 
77.6 
69.0 
65.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

68.6 
60.4 
56.7 
53.4 
47.6 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

233.7 
208.3 
187.4 
168.7 
154.3 
130.1 
120.7 
111.3 
104.3 

97.2 
85.5 
75.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

107.6 
99.6 
92.6 
86.4 
75.6 
67.0 
63.1 
59.7 
53.6 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

57.8 
54.2 
50.9 
45.0 
40.1 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 

206.1 
184.1 
166.4 
151.0 
126.8 
117.9 
109.1 
101.9 

94.6 
82.9 
73.4 
69.4 
65.5 
58.9 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

89.7 
83.6 
73.0 
64.2 
60.4 
56.9 
50.5 
45.0 
42.5 

-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

47.4 
41.4 
36.6 
34.4 
32.4 
28.9 

-,0 

85° 

78.7 ft 98.4 ft 118.1 ft 137.8 ft 157.5 ft 177.2 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

183.0 
165.3 
149.9 
125.7 
107.6 

93.0 
87.2 
81.4 
76.6 
71.9 
63.7 
57.1 
51.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 

81.8 
76.3 
71.2 
66.6 
62.4 
54.7 
48.3 
42.5 
37.9 
34.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

39.2 
34.2 
30.0 
26.2 
23.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
163.1 
148.8 
124.6 
106.0 

91.7 
85.9 
80.0 
75.2 
70.3 
62.2 
55.6 
49.6 
44.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

74.3 
69.4 
64.8 
60.4 
52.7 
46.1 
40.6 
35.7 
31.7 
28.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

32.0 
27.6 
24.0 
20.7 
18.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

145.5 
121.3 
103.6 

89.1 
83.2 
77.4 
72.5 
67.7 
59.7 
52.9 
46.7 
41.4 
36.8 
32.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

61.5 
57.1 
49.4 
43.0 
37.3 
32.6 
28.4 
24.7 
21.6 
20.3 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

24.3 
20.5 
17.2 
14.6 
13.2 
11.9 
11.0 

9.9 
-,0 
-,0 

-,0 
-,0 
-,0 

121.3 
103.0 

88.6 
82.7 
76.7 
72.0 
67.2 
59.1 
52.0 
45.9 
40.6 
35.7 
31.7 
28.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

56.0 
48.5 
41.9 
36.4 
31.5 
27.3 
23.6 
20.5 
19.0 
17.6 
16.3 
15.2 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

19.4 
16.1 
13.2 
11.9 
10.6 

9.5 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

119.0 
101.0 

86.4 
80.6 
74.7 
69.9 
65.0 
57.1 
49.8 
43.4 
38.1 
33.3 
29.3 
25.6 
24.0 
22.5 
21.1 
19.6 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

45.9 
39.2 
33.7 
28.9 
24.7 
20.9 
17.9 
16.3 
15.0 
13.7 
12.3 
10.1 

9.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

13.2 
10.4 

9.0 
-,0 
-,0 
-,0 
-,0 
-,0 

85° 

196.9 ft 216.5 ft 236.2 ft 255.9 ft 275.6 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

ft 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
118.1 
124.7 
131.2 
137.8 
150.9 
164.0 
170.6 
177.2 
190.3 
203.4 
210.0 
216.5 
229.7 
242.8 

ft 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
144.4 
150.9 
157.5 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
262.5 
269.0 
275.6 
282.2 
295.3 
301.8 

1,000 lb 

1,000 lb 

Remarks 

Main boom angle 85°, 75° and 65°, capacities for intermediate boom positions are calculated by the crane control system IC-1
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CRAWLER CRANE 

LIFTING CAPACITIES SW 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 

137.8 ft 

372.6 
315.3 
273.4 
240.3 
213.8 
192.9 
174.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 

173.1 
156.5 
143.3 
131.2 
121.3 
112.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

92.8 
86.6 
81.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
313.1 
271.2 
238.1 
212.7 
190.7 
173.1 
157.6 
145.5 
133.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

141.1 
129.0 
119.0 
110.2 
102.7 

95.7 
89.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

78.3 
68.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

269.0 
235.9 
210.5 
189.6 
170.9 
156.5 
144.4 
132.3 
122.9 
113.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

126.8 
115.7 
108.0 
100.3 

93.5 
87.3 
76.9 
72.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

65.7 
61.5 
57.8 
51.1 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

233.7 
208.3 
186.3 
168.7 
154.3 
142.2 
130.1 
120.7 
111.3 
104.4 

97.4 
86.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

105.4 
97.7 
90.8 
84.9 
74.3 
69.9 
65.9 
58.9 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

54.7 
48.1 
42.5 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 

206.1 
185.2 
167.6 
152.1 
140.0 
127.9 
119.0 
110.2 
103.1 

95.9 
84.4 
79.7 
75.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

95.7 
88.8 
82.9 
72.5 
67.9 
63.9 
56.7 
50.5 
47.8 

-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

45.4 
39.9 
37.5 
35.3 
31.3 

-,0 

-,0 
-,0 
-,0 
-,0 

203.9 
183.0 
164.2 
149.9 
137.8 
125.7 
116.7 
107.8 
100.6 

93.5 
81.8 
77.1 
72.3 
64.4 
57.8 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

86.0 
80.0 
69.7 
65.3 
60.8 
53.6 
47.2 
44.5 
41.9 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

36.4 
34.0 
31.7 
27.8 
24.5 

85° 

78.7 ft 98.4 ft 118.1 ft 137.8 ft 157.5 ft 177.2 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

180.8 
163.1 
147.7 
124.6 
106.3 

91.9 
86.1 
80.2 
70.8 
66.8 
62.8 
56.0 
50.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

72.8 
67.7 
58.9 
54.9 
51.4 
45.0 
39.7 
35.1 
31.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

29.3 
25.4 
21.8 
19.0 
17.6 
16.3 

-,0 
-,0 
-,0 

-,0 
162.0 
146.6 
122.4 
104.7 

90.4 
84.5 
78.7 
69.2 
65.3 
61.3 
54.5 
48.7 
43.4 
39.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

65.5 
56.7 
52.7 
49.2 
43.0 
37.5 
32.8 
28.9 
25.6 
24.0 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

27.1 
23.1 
19.6 
16.5 
15.2 
13.9 
11.7 

-,0 
-,0 

-,0 
-,0 

144.4 
120.2 
102.3 

87.7 
82.0 
76.3 
66.6 
62.6 
58.6 
51.8 
45.6 
40.3 
35.7 
31.7 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

53.1 
49.4 
45.9 
39.7 
34.2 
29.5 
25.6 
22.0 
20.5 
19.2 
16.5 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

19.4 
16.1 
13.0 
11.7 
10.4 

-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

119.0 
101.6 

87.3 
81.5 
75.6 
66.1 
62.1 
58.0 
50.9 
44.8 
39.5 
34.8 
30.6 
28.9 
27.1 

-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

48.5 
45.0 
38.6 
33.3 
28.7 
24.5 
20.9 
19.4 
17.9 
15.2 
12.8 
11.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

14.8 
11.9 
10.4 

9.3 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

116.8 
99.6 
85.1 
79.4 
73.6 
63.9 
59.9 
55.8 
48.5 
42.3 
37.0 
32.4 
28.2 
26.5 
24.7 
21.6 
18.7 

-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

42.1 
35.9 
30.6 
26.0 
21.8 
18.3 
16.8 
15.2 
12.6 
10.1 

9.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

85° 

196.9 ft 216.5 ft 236.2 ft 255.9 ft 275.6 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

ft 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

105.0 
111.5 
118.1 
124.7 
131.2 
137.8 
150.9 
157.5 
164.0 
177.2 
190.3 
196.9 
203.4 
216.5 
229.7 

ft 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
144.4 
150.9 
164.0 
170.6 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
249.3 
255.9 
269.0 
282.2 
288.7 

1,000 lb 

1,000 lb 4 

Remarks 

Main boom angle 85°, 75° and 65°, capacities for intermediate boom positions are calculated by the crane control system IC-1
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LIFTING CAPACITIES SW 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 

157.5 ft 

370.4 
313.1 
271.2 
238.1 
212.7 
190.7 
173.1 
157.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

151.0 
137.8 
126.8 
116.8 
108.7 
101.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

75.2 
70.3 
65.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
310.9 
269.0 
235.9 
210.5 
188.5 
170.9 
156.5 
144.4 
132.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

124.6 
114.6 
106.0 

98.5 
91.9 
86.0 
80.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

67.0 
62.6 
58.6 
55.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

266.8 
233.7 
208.3 
187.4 
169.8 
154.3 
142.7 
131.2 
121.8 
112.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

111.3 
103.6 

96.1 
89.5 
83.6 
78.3 
73.4 
69.2 
65.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

55.1 
51.6 
45.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

231.5 
206.1 
185.2 
167.6 
152.1 
140.0 
127.9 
119.0 
110.2 
103.3 

96.3 
90.6 
84.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

101.0 
93.5 
86.9 
80.9 
75.6 
71.0 
66.6 
62.6 
55.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

48.5 
42.3 
37.3 
35.1 
33.1 

-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 

203.9 
183.0 
165.3 
151.0 
138.9 
126.8 
117.8 
108.9 
101.7 

94.6 
88.8 
83.1 
78.4 
73.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

84.9 
78.9 
73.6 
69.0 
64.6 
60.4 
53.1 
47.2 
44.5 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

39.7 
34.6 
32.4 
30.2 
26.5 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 

180.8 
163.1 
147.7 
136.1 
124.6 
115.5 
106.5 

99.3 
92.2 
86.4 
80.7 
75.9 
71.2 
63.3 
56.9 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

76.1 
70.5 
65.7 
61.1 
57.1 
49.8 
43.9 
41.2 
38.6 
34.4 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

31.1 
28.7 
26.7 
22.9 
19.8 
17.2 

85° 

78.7 ft 98.4 ft 118.1 ft 137.8 ft 157.5 ft 177.2 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

160.9 
146.6 
122.4 
104.9 

90.6 
79.1 
74.4 
69.7 
61.7 
58.4 
55.1 
49.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 

63.5 
58.9 
54.9 
47.6 
44.5 
41.7 
36.4 
32.0 
28.2 
26.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

24.3 
20.5 
17.2 
15.9 
14.6 
12.1 

-,0 
-,0 
-,0 
-,0 

-,0 
144.4 
121.3 
103.4 

89.1 
77.6 
72.9 
68.1 
60.2 
56.9 
53.6 
47.4 
42.3 
37.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

56.7 
52.7 
45.4 
42.3 
39.5 
34.4 
29.8 
26.0 
24.3 
22.7 
19.8 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

18.1 
15.0 
13.4 
12.1 

9.7 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

117.9 
100.8 

86.4 
75.0 
70.2 
65.5 
57.5 
54.0 
50.5 
44.5 
39.2 
34.6 
32.7 
30.9 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

49.2 
42.1 
39.0 
36.2 
30.9 
26.5 
22.7 
20.9 
19.2 
16.3 
13.9 
12.8 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

117.9 
100.3 

86.0 
74.5 
69.8 
65.0 
56.9 
53.4 
49.8 
43.7 
38.4 
33.7 
31.7 
29.8 
26.2 
23.1 

-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

41.0 
37.9 
35.1 
30.0 
25.6 
21.6 
19.8 
18.3 
15.2 
12.6 
11.5 
10.4 

9.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

115.7 
98.1 
83.8 
72.3 
67.6 
62.8 
54.5 
50.9 
47.4 
41.2 
35.9 
31.3 
29.3 
27.3 
23.8 
20.5 
19.2 
17.9 

-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

35.3 
32.4 
27.1 
22.7 
19.0 
17.2 
15.4 
12.6 

9.9 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

85° 

196.9 ft 216.5 ft 236.2 ft 255.9 ft 275.6 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

ft 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

105.0 
111.5 
118.1 
124.7 
131.2 
137.8 
144.4 
150.9 
157.5 
164.0 
177.2 
190.3 
196.9 
203.4 
216.5 
229.7 
242.8 

ft 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
157.5 
164.0 
177.2 
183.7 
190.3 
203.4 
216.5 
229.7 
236.2 
242.8 
255.9 
269.0 
275.6 
282.2 
288.7 

1,000 lb 

1,000 lb 

Remarks 

Main boom angle 85°, 75° and 65°, capacities for intermediate boom positions are calculated by the crane control system IC-1
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CRAWLER CRANE 

LIFTING CAPACITIES SW 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 

177.2 ft 

366.0 
310.9 
269.0 
235.9 
210.5 
188.5 
170.9 
156.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

133.4 
122.4 
112.4 
104.3 

97.0 
90.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

68.3 
63.7 
59.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
308.6 
266.8 
233.7 
208.3 
187.4 
169.8 
154.3 
142.7 
131.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

119.0 
110.0 
101.9 

94.6 
88.0 
82.2 
76.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

56.2 
49.2 
43.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

264.6 
231.5 
206.1 
185.2 
167.6 
153.2 
141.1 
129.0 
120.2 
111.3 
104.3 

97.2 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

99.0 
91.9 
85.3 
79.8 
74.5 
69.9 
61.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

45.4 
39.9 
37.3 
35.1 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

229.3 
203.9 
183.0 
165.3 
149.9 
138.3 
126.8 
117.9 
109.1 
102.0 

94.8 
89.2 
83.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

89.3 
82.9 
77.2 
72.1 
67.2 
58.9 
52.0 
48.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

36.6 
34.2 
32.0 
27.8 
24.5 

-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 

201.7 
180.8 
163.1 
148.8 
136.7 
124.6 
116.1 
107.6 
100.4 

93.3 
87.6 
82.0 
72.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

75.0 
69.7 
64.8 
56.4 
49.6 
46.5 
43.7 
38.8 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

29.3 
25.1 
21.8 
20.3 
18.7 

-,0 

-,0 
-,0 
-,0 
-,0 
-,0 

178.6 
160.9 
146.6 
134.5 
122.4 
113.6 
104.9 

97.9 
90.8 
85.1 
79.4 
70.1 
62.2 
59.0 
55.8 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

66.1 
61.3 
53.1 
46.1 
43.2 
40.3 
35.5 
31.3 
29.3 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

21.6 
18.1 
16.5 
15.2 
12.6 

85° 

78.7 ft 98.4 ft 118.1 ft 137.8 ft 157.5 ft 177.2 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

159.8 
144.4 
121.3 
103.4 

89.3 
77.8 
68.6 
64.6 
60.6 
57.3 
54.0 
48.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 

59.1 
50.9 
47.2 
44.1 
41.0 
38.1 
33.3 
28.9 
25.4 
22.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

15.7 
12.6 
10.1 

8.8 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
143.3 
119.0 
101.9 

87.7 
76.3 
67.0 
63.1 
59.1 
55.7 
52.2 
46.3 
41.2 
36.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

48.5 
45.0 
41.7 
38.8 
35.9 
31.1 
26.7 
22.9 
19.8 
18.3 
17.2 
15.9 

-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

116.8 
99.2 
85.1 
73.6 
64.4 
60.3 
56.2 
52.7 
49.2 
43.2 
37.9 
33.5 
29.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

41.4 
38.1 
35.3 
32.4 
27.6 
23.4 
19.6 
16.3 
15.0 
13.7 
12.3 
11.2 
10.1 

9.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

115.7 
98.8 
84.7 
73.2 
63.7 
59.6 
55.6 
52.0 
48.5 
42.5 
37.3 
32.6 
28.7 
26.9 
25.1 
23.7 
22.3 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

34.2 
31.5 
26.7 
22.3 
18.5 
15.4 
13.9 
12.6 
11.2 

9.9 
8.8 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

96.6 
82.5 
71.0 
61.5 
57.3 
53.1 
49.6 
46.1 
40.1 
34.8 
30.2 
26.2 
24.5 
22.7 
21.2 
19.6 
18.3 
17.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

28.7 
23.8 
19.6 
15.9 
12.6 
11.0 

9.7 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

85° 

196.9 ft 216.5 ft 236.2 ft 255.9 ft 275.6 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

ft 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

105.0 
111.5 
118.1 
124.7 
131.2 
137.8 
144.4 
150.9 
164.0 
177.2 
183.7 
190.3 
203.4 
216.5 
223.1 
229.7 
242.8 

ft 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
170.6 
177.2 
183.7 
190.3 
203.4 
216.5 
229.7 
242.8 
249.3 
255.9 
262.5 
269.0 
275.6 
282.2 

1,000 lb 

1,000 lb 

4 

Remarks 

Main boom angle 85°, 75° and 65°, capacities for intermediate boom positions are calculated by the crane control system IC-1
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LIFTING CAPACITIES SW 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 

196.9 ft 

306.4 
264.6 
233.7 
208.3 
186.3 
168.7 
154.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

116.8 
107.6 

92.4 
86.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

52.5 
45.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
262.4 
231.5 
206.1 
185.2 
167.6 
152.1 
140.5 
129.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

104.9 
89.7 
83.6 
78.0 
68.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

42.3 
39.5 
37.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
260.1 
229.3 
203.9 
183.0 
165.3 
151.0 
139.4 
127.9 
109.8 
102.8 

95.9 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

87.1 
80.9 
75.2 
65.5 
57.5 
54.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

33.3 
29.1 
25.4 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

227.1 
201.7 
180.8 
163.1 
148.8 
136.7 
124.6 
107.4 
100.4 

93.5 
82.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

77.8 
72.3 
62.4 
54.5 
51.1 
47.8 
42.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

25.8 
22.3 
20.5 
19.2 

-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

199.5 
178.6 
160.9 
146.6 
135.0 
123.5 
105.8 

98.9 
91.9 
80.5 
71.2 
67.5 
63.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

69.7 
60.2 
52.2 
48.7 
45.4 
39.9 
35.3 
33.3 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

19.4 
17.9 
16.3 
13.7 
11.5 

-,0 

-,0 
-,0 
-,0 
-,0 

176.4 
158.7 
144.4 
132.3 
120.2 
103.4 

96.3 
89.3 
78.0 
68.8 
64.9 
61.1 
54.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

56.4 
48.7 
45.2 
42.1 
36.6 
31.7 
29.8 
27.8 
24.5 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

12.6 
9.9 
-,0 
-,0 

85° 

78.7 ft 98.4 ft 118.1 ft 137.8 ft 157.5 ft 177.2 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

157.6 
142.2 
119.0 
101.9 

87.7 
76.5 
71.9 
67.2 
63.4 
59.5 
56.2 
52.9 
49.9 
47.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

50.0 
46.5 
43.0 
39.9 
37.0 
34.4 
31.7 
29.5 
25.6 
22.0 
19.0 
17.6 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
141.1 
117.9 
100.3 

86.2 
75.0 
70.3 
65.7 
61.7 
57.8 
54.3 
50.9 
48.0 
45.0 
39.9 
35.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

40.6 
37.5 
34.6 
32.0 
29.5 
27.3 
23.1 
19.8 
16.8 
15.2 
14.1 
12.8 
11.9 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

114.6 
97.4 
83.6 
72.3 
67.7 
63.1 
59.0 
54.9 
51.4 
47.8 
44.9 
41.9 
36.8 
32.4 
28.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

34.0 
31.1 
28.4 
26.0 
23.8 
19.8 
16.3 
13.2 
11.9 
10.6 

9.3 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

110.2 
97.0 
83.1 
71.9 
67.1 
62.4 
58.3 
54.2 
50.7 
47.2 
44.2 
41.2 
36.2 
31.5 
27.6 
25.9 
24.3 
22.7 
21.2 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

30.2 
27.6 
25.1 
22.9 
18.7 
15.2 
12.1 
10.8 

9.5 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

94.8 
80.9 
69.7 
64.8 
60.0 
55.9 
51.8 
48.3 
44.8 
41.8 
38.8 
33.5 
29.1 
25.1 
23.4 
21.6 
20.1 
18.5 
15.9 

-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

22.3 
20.1 
15.9 
12.3 

9.5 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

85° 

196.9 ft 216.5 ft 236.2 ft 255.9 ft 275.6 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

ft 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

105.0 
111.5 
124.7 
131.2 
137.8 
150.9 
164.0 
170.6 
177.2 
190.3 
203.4 
210.0 
216.5 
229.7 
242.8 
249.3 

ft 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
157.5 
164.0 
170.6 
177.2 
183.7 
190.3 
196.9 
203.4 
216.5 
229.7 
242.8 
249.3 
255.9 
262.5 
269.0 
282.2 
288.7 

1,000 lb 

1,000 lb 

Remarks 

Main boom angle 85°, 75° and 65°, capacities for intermediate boom positions are calculated by the crane control system IC-1
 

42 



CRAWLER CRANE 

LIFTING CAPACITIES SW 
27.6 ft 360° DIN/ISO396,800 lb + 132,300 lb ZB 

216.5 ft 

299.8 
262.4 
231.5 
205.0 
184.1 
167.6 
152.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

111.3 
102.5 

94.8 
88.0 
76.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

39.5 
34.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
260.1 
229.3 
202.8 
183.0 
165.3 
151.0 
138.9 
126.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

91.9 
85.3 
73.4 
68.6 
63.9 
60.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

35.7 
30.9 
26.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

227.1 
201.7 
180.8 
163.1 
148.8 
137.2 
125.7 
117.0 
108.2 

94.4 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

81.8 
70.3 
65.5 
60.8 
56.9 
53.4 
47.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

27.1 
23.1 
21.4 
19.8 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

198.4 
178.6 
160.9 
146.6 
135.0 
123.5 
114.6 
105.8 

91.9 
86.3 
80.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

67.2 
62.4 
58.0 
53.8 
50.3 
43.9 
38.6 
36.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

20.1 
18.3 
16.8 
13.9 
12.6 
11.5 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 

176.4 
158.7 
144.4 
132.8 
121.3 
112.8 
104.3 

90.4 
84.8 
79.1 
74.6 
70.1 
62.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

59.7 
55.6 
51.6 
47.8 
41.7 
36.2 
34.0 
31.7 
28.0 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

13.9 
11.0 

9.9 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 

156.5 
142.2 
130.6 
119.0 
110.3 
101.6 

87.7 
82.1 
76.5 
72.0 
67.5 
59.7 
53.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

47.8 
44.3 
37.9 
32.6 
30.4 
28.2 
24.5 
22.7 
21.2 
19.8 

-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

85° 

78.7 ft 98.4 ft 118.1 ft 137.8 ft 157.5 ft 177.2 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

145.5 
140.0 
116.8 
100.3 

86.4 
75.2 
65.9 
62.1 
58.2 
54.9 
51.6 
45.6 
40.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

42.1 
38.8 
35.7 
33.1 
30.4 
26.0 
22.0 
18.7 
15.9 
14.6 

-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
127.9 
115.7 

98.5 
84.7 
73.4 
64.4 
60.4 
56.4 
53.0 
49.6 
43.7 
38.6 
34.4 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

36.4 
33.5 
30.6 
28.2 
23.8 
19.8 
16.5 
13.7 
12.3 
11.0 

9.0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

112.4 
95.9 
82.0 
70.8 
61.5 
57.4 
53.4 
49.9 
46.5 
40.6 
35.5 
31.1 
27.3 
25.7 
24.0 

-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

27.1 
24.5 
20.1 
16.3 
13.0 
10.1 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

97.0 
95.2 
81.6 
70.3 
60.8 
56.8 
52.7 
49.3 
45.9 
39.9 
34.8 
30.4 
26.5 
24.8 
23.1 
20.1 

-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

23.6 
19.2 
15.4 
11.9 

9.0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 

86.0 
79.4 
68.1 
58.4 
54.3 
50.3 
46.8 
43.4 
37.5 
32.4 
27.8 
24.0 
22.3 
20.5 
17.4 
14.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

16.3 
12.3 

9.0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

85° 

196.9 ft 216.5 ft 236.2 ft 255.9 ft 275.6 ft 

75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 85° 75° 65° 

ft 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

105.0 
111.5 
118.1 
124.7 
137.8 
144.4 
150.9 
157.5 
164.0 
177.2 
190.3 
196.9 
203.4 
216.5 
223.1 
229.7 
236.2 
242.8 

ft 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
170.6 
177.2 
183.7 
190.3 
203.4 
216.5 
229.7 
242.8 
249.3 
255.9 
269.0 
282.2 

1,000 lb 

1,000 lb 

4 

Remarks 

Main boom angle 85°, 75° and 65°, capacities for intermediate boom positions are calculated by the crane control system IC-1
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SWSL WORKING RANGES 
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CRAWLER CRANE 

27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

118.1 ft + 78.7 ft 118.1 ft + 196.9 ft 

396.8klb + 
0 t 

SWSL 
0 lb – 551,300 lb 

SFSL HSWSL 

85° 85° 

132.3klbZB 

75° 65° 55° 

352,700 lb 

85° 
ft 1,000 lb 

52.5 403.4 661.4 -,0 -,0 -,0 661.4 -,0 
59.1 341.7 661.4 -,0 -,0 -,0 661.4 -,0 
65.6 297.6 661.4 -,0 -,0 -,0 661.4 -,0 
72.2 260.1 634.9 -,0 -,0 -,0 623.9 -,0 
78.7 231.5 546.7 -,0 -,0 -,0 579.8 -,0 
85.3 209.4 471.8 535.7 -,0 -,0 542.3 -,0 
91.9 189.6 401.2 502.7 -,0 -,0 509.3 -,0 
98.4 -,0 -,0 471.8 -,0 -,0 478.4 -,0 

111.5 -,0 -,0 421.1 385.8 -,0 407.9 -,0 
131.2 -,0 -,0 -,0 337.3 -,0 331.8 -,0 
137.8 -,0 -,0 -,0 -,0 297.6 310.9 -,0 
150.9 -,0 -,0 -,0 -,0 280.0 271.2 -,0 
164.0 -,0 -,0 -,0 -,0 -,0 229.3 -,0 
177.2 -,0 -,0 -,0 -,0 -,0 198.4 -,0 
190.3 -,0 -,0 -,0 -,0 -,0 -,0 -,0 

85° 85° 

396.8klb + 
132.3klbZB 

0 t 
SWSL 

75° 65° 55° 

0 lb – 551,300 lb 

352,700 lb 

SFSL HSWSL 

85° 
ft 

85.3 198.4 295.4 -,0 -,0 -,0 
1,000 lb 

-,0 -,0 
91.9 
98.4 

179.7 
163.1 

295.4 
295.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

295.4 
293.2 

-,0 
-,0 

111.5 
124.7 

136.7 
116.8 

282.2 
262.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

293.2 
286.6 

-,0 
-,0 

137.8 
150.9 

102.1 
89.5 

242.5 
220.5 

257.9 
246.9 

-,0 
-,0 

-,0 
-,0 

273.4 
255.7 

-,0 
-,0 

164.0 
177.2 

79.1 
70.5 

198.4 
173.1 

224.9 
211.6 

-,0 
-,0 

-,0 
-,0 

231.5 
207.2 

-,0 
-,0 

183.7 
190.3 

66.9 
63.3 

162.0 
151.0 

205.0 
195.1 

190.7 
190.7 

-,0 
-,0 

198.4 
189.6 

-,0 
-,0 

203.4 
216.5 

57.1 
-,0 

129.0 
-,0 

172.0 
149.9 

176.4 
162.0 

-,0 
-,0 

178.6 
167.6 

-,0 
-,0 

229.7 
242.8 

-,0 
-,0 

-,0 
-,0 

127.9 
-,0 

151.0 
140.0 

151.0 
144.4 

154.3 
136.7 

-,0 
-,0 

249.3 
255.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

134.5 
-,0 

138.9 
134.5 

129.0 
121.3 

-,0 
-,0 

262.5 
269.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

129.0 
-,0 

114.6 
110.2 

-,0 
-,0 

282.2 
295.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

94.8 
81.6 

-,0 
-,0 

118.1 ft + 118.1 ft 

ft 
59.1 339.5 566.6 -,0 -,0 

1,000 lb 
-,0 -,0 -,0 

65.6 293.2 566.6 -,0 -,0 -,0 557.8 -,0 
72.2 257.9 557.8 -,0 -,0 -,0 549.0 -,0 
78.7 229.3 526.9 -,0 -,0 -,0 540.1 -,0 
85.3 206.1 498.2 -,0 -,0 -,0 526.9 -,0 
91.9 187.4 458.6 -,0 -,0 -,0 493.8 -,0 
98.4 170.9 412.3 438.7 -,0 -,0 458.6 -,0 

111.5 144.4 335.1 403.4 -,0 -,0 407.9 -,0 
124.7 124.6 271.2 363.8 -,0 -,0 354.9 -,0 
137.8 -,0 -,0 321.9 310.9 -,0 313.1 -,0 
150.9 -,0 -,0 260.1 282.2 -,0 277.8 -,0 
164.0 -,0 -,0 -,0 255.7 -,0 246.9 -,0 
177.2 -,0 -,0 -,0 -,0 224.9 222.7 -,0 
190.3 -,0 -,0 -,0 -,0 208.3 191.8 -,0 
203.4 -,0 -,0 -,0 -,0 -,0 167.6 -,0 
216.5 -,0 -,0 -,0 -,0 -,0 145.5 -,0 

118.1 ft + 236.2 ft 

118.1 ft + 157.5 ft 

ft 
98.4 158.7 211.6 -,0 -,0 

1,000 lb 
-,0 -,0 

-,0 
-,0 

111.5 133.4 211.6 -,0 -,0 -,0 209.4 -,0 
124.7 113.5 207.2 -,0 -,0 -,0 207.2 -,0 
137.8 97.9 200.6 -,0 -,0 -,0 205.0 -,0 
150.9 85.3 191.8 -,0 -,0 -,0 200.6 -,0 
157.5 80.1 187.4 191.8 -,0 -,0 197.3 -,0 
164.0 75.0 183.0 189.6 -,0 -,0 194.0 -,0 
177.2 66.4 174.2 185.2 -,0 -,0 183.0 -,0 
190.3 59.1 158.7 178.6 -,0 -,0 172.0 -,0 
203.4 52.7 141.1 172.0 -,0 -,0 160.9 -,0 
210.0 49.8 132.8 166.4 147.7 -,0 155.4 -,0 
216.5 47.0 124.6 157.6 146.6 -,0 149.9 -,0 
229.7 42.1 109.8 141.1 141.1 -,0 141.1 -,0 
242.8 37.9 94.4 125.7 133.4 -,0 134.5 -,0 
255.9 -,0 -,0 110.2 126.8 126.8 125.7 -,0 
262.5 -,0 -,0 103.2 123.5 122.4 120.2 -,0 
269.0 -,0 -,0 -,0 119.0 119.0 114.6 -,0 
282.2 -,0 -,0 -,0 109.8 110.2 101.4 -,0 
295.3 -,0 -,0 -,0 -,0 103.8 92.6 -,0 
301.8 -,0 -,0 -,0 -,0 100.5 87.1 -,0 
308.4 -,0 -,0 -,0 -,0 -,0 81.6 -,0 
321.5 -,0 -,0 -,0 -,0 -,0 70.5 -,0 
334.6 -,0 -,0 -,0 -,0 -,0 61.7 

Remarks 
Main boom angle 85°, 75°, 65° and 55°; capacities for intermediate 
boom positions are calculated by the crane control system IC-1 
For HSWSL a boom power-kit is required 

4 

ft 
72.2 253.5 412.3 -,0 -,0 

1,000 lb 
-,0 -,0 -,0 

78.7 224.9 412.3 -,0 -,0 -,0 410.1 -,0 
85.3 202.8 412.3 -,0 -,0 -,0 407.9 -,0 
91.9 183.0 396.8 -,0 -,0 -,0 403.4 -,0 
98.4 166.4 379.2 -,0 -,0 -,0 399.0 -,0 

111.5 141.1 343.9 -,0 -,0 -,0 361.6 -,0 
118.1 131.2 321.9 337.3 -,0 -,0 345.0 -,0 
124.7 121.3 299.8 337.3 -,0 -,0 328.5 -,0 
137.8 105.8 255.7 297.6 -,0 -,0 304.2 -,0 
150.9 93.5 219.4 264.6 -,0 -,0 277.8 -,0 
164.0 83.1 185.2 240.3 246.9 -,0 249.1 -,0 
177.2 -,0 -,0 215.0 229.3 -,0 224.9 -,0 
190.3 -,0 -,0 180.8 210.5 -,0 202.8 -,0 
196.9 -,0 -,0 -,0 201.7 190.7 194.0 -,0 
210.0 -,0 -,0 -,0 186.3 180.8 174.2 -,0 
223.1 -,0 -,0 -,0 -,0 167.6 152.1 -,0 
229.7 -,0 -,0 -,0 -,0 -,0 141.1 -,0 
255.9 -,0 -,0 -,0 -,0 -,0 108.0 -,0 
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27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

118.1 ft + 275.6 ft 157.5 ft + 118.1 ft 

85° 85° 

396.8klb + 
132.3klbZB 

0 t 
SWSL 

75° 65° 55° 

0 lb – 551,300 lb 

352,700 lb 

SFSL HSWSL 

85° 
ft 

111.5 130.1 152.1 -,0 -,0 -,0 
1,000 lb 

-,0 -,0 
124.7 
137.8 

110.2 
95.5 

152.1 
149.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

152.1 
149.9 

-,0 
-,0 

150.9 
164.0 

82.9 
72.5 

149.9 
147.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

149.9 
147.7 

-,0 
-,0 

177.2 
190.3 

63.7 
56.2 

145.5 
143.3 

138.9 
138.9 

-,0 
-,0 

-,0 
-,0 

145.5 
141.1 

-,0 
-,0 

203.4 
216.5 

49.6 
43.9 

138.9 
130.1 

136.7 
134.5 

-,0 
-,0 

-,0 
-,0 

136.7 
132.3 

-,0 
-,0 

229.7 
236.2 

38.8 
36.5 

116.8 
110.7 

132.3 
130.1 

-,0 
110.2 

-,0 
-,0 

125.7 
123.5 

-,0 
-,0 

242.8 
255.9 

34.2 
30.4 

104.5 
93.0 

129.0 
116.8 

110.2 
110.0 

-,0 
-,0 

121.3 
114.6 

-,0 
-,0 

269.0 
282.2 

26.9 
24.0 

82.0 
70.3 

105.4 
94.4 

106.7 
103.0 

-,0 
-,0 

110.2 
101.4 

-,0 
-,0 

288.7 
295.3 

-,0 
-,0 

-,0 
-,0 

88.8 
83.6 

101.0 
98.5 

97.2 
97.2 

98.1 
94.8 

-,0 
-,0 

301.8 
308.4 

-,0 
-,0 

-,0 
-,0 

77.8 
-,0 

96.1 
93.7 

96.3 
93.3 

90.4 
86.0 

-,0 
-,0 

321.5 
334.6 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

83.6 
-,0 

87.1 
81.8 

79.4 
70.5 

-,0 
-,0 

341.2 
347.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

79.1 
-,0 

65.0 
59.5 

-,0 
-,0 

374.0 
387.1 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

46.3 
-,0 

-,0 
-,0 

85° 85° 

396.8klb + 
132.3klbZB 

0 t 
SWSL 

75° 65° 55° 

0 lb – 551,300 lb 

352,700 lb 

SFSL HSWSL 

85° 
ft 

65.6 288.8 491.6 -,0 -,0 -,0 
1,000 lb 

-,0 
-,0 
-,0 

72.2 
78.7 

253.5 
224.9 

482.8 
467.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

487.2 
482.8 

-,0 
-,0 

85.3 
91.9 

202.8 
184.1 

447.5 
427.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

480.6 
476.2 

-,0 
-,0 

98.4 
111.5 

167.6 
142.2 

407.9 
350.5 

-,0 
403.4 

-,0 
-,0 

-,0 
-,0 

454.2 
405.7 

-,0 
-,0 

124.7 
137.8 

122.4 
-,0 

284.4 
-,0 

357.1 
317.5 

-,0 
-,0 

-,0 
-,0 

350.5 
306.4 

-,0 
-,0 

150.9 
157.5 

-,0 
-,0 

-,0 
-,0 

284.4 
271.2 

-,0 
257.9 

-,0 
-,0 

271.2 
255.7 

-,0 
-,0 

164.0 
177.2 

-,0 
-,0 

-,0 
-,0 

240.3 
-,0 

244.7 
224.9 

-,0 
-,0 

240.3 
216.1 

-,0 
-,0 

190.3 
203.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

197.3 
181.9 

196.2 
178.6 

-,0 
-,0 

216.5 
229.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

163.1 
147.7 

-,0 
-,0 

242.8 
255.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

125.7 
112.4 

-,0 

157.5 ft + 157.5 ft 

157.5 ft + 78.7 ft 

ft 
52.5 399.0 654.8 -,0 -,0 

1,000 lb 
-,0 657.0 -,0 

59.1 337.3 654.8 -,0 -,0 -,0 657.0 -,0 
65.6 293.2 646.0 -,0 -,0 -,0 654.8 -,0 
72.2 255.7 617.3 -,0 -,0 -,0 652.6 -,0 
78.7 229.3 584.2 -,0 -,0 -,0 621.7 -,0 
85.3 206.1 504.9 -,0 -,0 -,0 573.2 -,0 
91.9 187.4 432.1 509.3 -,0 -,0 520.3 -,0 
98.4 170.9 357.1 480.6 -,0 -,0 474.0 -,0 

111.5 -,0 -,0 412.3 -,0 -,0 401.2 -,0 
124.7 -,0 -,0 361.6 -,0 -,0 346.1 -,0 
131.2 -,0 -,0 -,0 326.3 -,0 325.2 -,0 
150.9 -,0 -,0 -,0 277.8 -,0 269.0 -,0 
164.0 -,0 -,0 -,0 -,0 -,0 240.3 -,0 
177.2 -,0 -,0 -,0 -,0 -,0 216.1 -,0 
190.3 -,0 -,0 -,0 -,0 -,0 194.0 -,0 
216.5 -,0 -,0 -,0 -,0 -,0 145.5 -,0 
229.7 -,0 -,0 -,0 -,0 -,0 -,0 -,0 

ft 
78.7 220.5 357.1 -,0 -,0 

1,000 lb 
-,0 -,0 -,0 

85.3 
91.9 

198.4 
179.7 

357.1 
352.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

357.1 
357.1 

-,0 
-,0 

98.4 
111.5 

163.1 
137.8 

346.1 
328.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

357.1 
352.7 

-,0 
-,0 

124.7 
131.2 

117.9 
110.7 

299.8 
282.2 

-,0 
308.6 

-,0 
-,0 

-,0 
-,0 

328.5 
315.3 

-,0 
-,0 

137.8 
150.9 

103.4 
91.1 

264.6 
224.9 

308.6 
280.0 

-,0 
-,0 

-,0 
-,0 

302.0 
273.4 

-,0 
-,0 

164.0 
177.2 

80.9 
-,0 

190.7 
-,0 

253.5 
231.5 

-,0 
219.4 

-,0 
-,0 

242.5 
218.3 

-,0 
-,0 

190.3 
196.9 

-,0 
-,0 

-,0 
-,0 

205.0 
187.4 

201.7 
192.9 

-,0 
-,0 

196.2 
187.4 

-,0 
-,0 

203.4 
223.1 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

186.3 
166.4 

-,0 
157.6 

178.6 
156.5 

-,0 
-,0 

229.7 
242.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

152.1 
142.2 

149.9 
136.7 

-,0 
-,0 

255.9 
269.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

125.7 
110.2 

-,0 
-,0 

282.2 
295.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

94.8 
83.8 

-,0 
-,0 

301.8 
308.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

Remarks 

Main boom angle 85°, 75°, 65° and 55°; capacities for intermediate boom positions are calculated by the crane control system IC-1 

For HSWSL a boom power-kit is required 
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CRAWLER CRANE 

27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

157.5 ft + 196.9 ft 157.5 ft + 275.6 ft 

85° 85° 

396.8klb + 
132.3klbZB 

0 t 
SWSL 

75° 65° 55° 

0 lb – 551,300 lb 

352,700 lb 

SFSL HSWSL 

85° 
ft 

91.9 175.3 264.6 -,0 -,0 -,0 
1,000 lb 

-,0 -,0 
98.4 

111.5 
159.8 
134.5 

264.6 
257.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

264.6 
264.6 

-,0 
-,0 

124.7 
137.8 

114.6 
99.4 

246.9 
233.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

264.6 
257.9 

-,0 
-,0 

150.9 
164.0 

87.1 
76.9 

216.1 
200.6 

242.5 
231.5 

-,0 
-,0 

-,0 
-,0 

251.3 
235.9 

-,0 
-,0 

177.2 
190.3 

68.3 
61.3 

177.5 
154.3 

209.4 
191.8 

-,0 
-,0 

-,0 
-,0 

216.1 
198.4 

-,0 
-,0 

203.4 
216.5 

55.1 
-,0 

132.3 
-,0 

176.4 
163.1 

179.7 
167.6 

-,0 
-,0 

178.6 
163.1 

-,0 
-,0 

229.7 
236.2 

-,0 
-,0 

-,0 
-,0 

143.3 
132.3 

155.4 
149.9 

-,0 
-,0 

149.9 
143.3 

-,0 
-,0 

242.8 
249.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

144.4 
140.0 

-,0 
132.3 

136.7 
131.2 

-,0 
-,0 

255.9 
262.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

135.6 
131.2 

127.9 
123.5 

125.7 
121.3 

-,0 
-,0 

269.0 
282.2 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

120.2 
112.4 

116.8 
108.0 

-,0 
-,0 

288.7 
295.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

110.0 
-,0 

101.4 
94.8 

-,0 
-,0 

308.4 
321.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

81.6 
72.8 

-,0 
-,0 

334.6 
347.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

61.7 
-,0 

-,0 
-,0 

85° 85° 

396.8klb + 
132.3klbZB 

0 t 
SWSL 

75° 65° 55° 

0 lb – 551,300 lb 

352,700 lb 

SFSL HSWSL 

85° 
ft 

111.5 126.8 141.1 -,0 -,0 -,0 
1,000 lb 

-,0 -,0 
124.7 
137.8 

108.0 
92.8 

141.1 
138.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

141.1 
138.9 

-,0 
-,0 

150.9 
164.0 

80.5 
70.3 

136.7 
134.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

138.9 
138.9 

-,0 
-,0 

177.2 
183.7 

61.7 
57.9 

132.3 
132.3 

-,0 
127.9 

-,0 
-,0 

-,0 
-,0 

136.7 
135.6 

-,0 
-,0 

190.3 
203.4 

54.0 
47.4 

132.3 
130.1 

127.9 
127.9 

-,0 
-,0 

-,0 
-,0 

134.5 
130.1 

-,0 
-,0 

216.5 
229.7 

41.7 
36.6 

127.9 
117.9 

127.9 
127.9 

-,0 
-,0 

-,0 
-,0 

125.7 
121.3 

-,0 
-,0 

242.8 
249.3 

32.4 
30.4 

105.8 
100.0 

127.9 
127.9 

-,0 
102.1 

-,0 
-,0 

116.8 
113.5 

-,0 
-,0 

255.9 
269.0 

28.4 
25.1 

94.1 
82.9 

124.6 
112.4 

102.1 
102.1 

-,0 
-,0 

110.2 
105.8 

-,0 
-,0 

282.2 
295.3 

22.3 
-,0 

71.4 
-,0 

101.2 
90.2 

101.2 
99.4 

-,0 
-,0 

97.0 
92.6 

-,0 
-,0 

308.4 
321.5 

-,0 
-,0 

-,0 
-,0 

79.1 
-,0 

96.8 
92.6 

89.1 
86.0 

88.2 
83.8 

-,0 
-,0 

334.6 
347.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

84.9 
-,0 

80.9 
76.5 

77.2 
68.3 

-,0 
-,0 

360.9 
374.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

72.3 
-,0 

59.5 
50.7 

-,0 
-,0 

387.1 
400.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

46.3 
37.5 

-,0 
-,0 

157.5 ft + 236.2 ft 196.9 ft + 78.7 ft 4 
ft 

111.5 130.1 191.8 -,0 -,0 
1,000 lb 

-,0 191.8 -,0 
124.7 
137.8 

110.2 
95.5 

189.6 
183.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

189.6 
189.6 

-,0 
-,0 

150.9 
164.0 

83.1 
72.8 

176.4 
169.8 

-,0 
174.2 

-,0 
-,0 

-,0 
-,0 

187.4 
183.0 

-,0 
-,0 

177.2 
190.3 

64.4 
57.1 

163.1 
156.5 

174.2 
172.0 

-,0 
-,0 

-,0 
-,0 

178.6 
169.8 

-,0 
-,0 

203.4 
216.5 

50.5 
45.0 

143.3 
126.8 

169.8 
158.7 

-,0 
-,0 

-,0 
-,0 

160.9 
149.9 

-,0 
-,0 

229.7 
242.8 

40.1 
35.7 

111.3 
96.1 

147.7 
135.6 

136.7 
135.6 

-,0 
-,0 

138.9 
134.5 

-,0 
-,0 

255.9 
269.0 

-,0 
-,0 

-,0 
-,0 

120.2 
105.4 

130.1 
122.4 

-,0 
-,0 

125.7 
114.6 

-,0 
-,0 

275.6 
282.2 

-,0 
-,0 

-,0 
-,0 

97.4 
-,0 

117.9 
114.6 

-,0 
107.8 

110.2 
105.8 

-,0 
-,0 

295.3 
301.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

108.5 
104.5 

101.4 
98.3 

99.2 
94.8 

-,0 
-,0 

308.4 
321.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

95.7 
90.4 

90.4 
79.4 

-,0 
-,0 

328.1 
334.6 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

88.2 
-,0 

73.9 
68.3 

-,0 
-,0 

347.8 
360.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

59.5 
52.9 

-,0 
-,0 

374.0 
387.1 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

44.1 
-,0 

-,0 
-,0 

ft 
55.8 -,0 -,0 -,0 -,0 

1,000 lb 
-,0 -,0 599.7 

59.1 
65.6 

330.7 
286.6 

544.5 
524.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

549.0 
544.5 

588.6 
566.6 

72.2 
78.7 

251.3 
224.9 

502.7 
480.6 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

542.3 
540.1 

540.1 
515.9 

85.3 
91.9 

201.7 
183.0 

454.2 
425.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

524.7 
498.2 

487.2 
451.9 

98.4 
105.0 

167.6 
-,0 

401.2 
-,0 

-,0 
434.3 

-,0 
-,0 

-,0 
-,0 

469.6 
433.2 

403.4 
-,0 

111.5 
124.7 

-,0 
-,0 

-,0 
-,0 

403.4 
352.7 

-,0 
-,0 

-,0 
-,0 

396.8 
341.7 

-,0 
-,0 

131.2 
144.4 

-,0 
-,0 

-,0 
-,0 

332.9 
-,0 

-,0 
280.0 

-,0 
-,0 

319.7 
280.0 

-,0 
-,0 

150.9 
164.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

266.8 
240.3 

-,0 
-,0 

262.4 
233.7 

-,0 
-,0 

177.2 
183.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
199.5 

209.4 
198.4 

-,0 
-,0 

190.3 
196.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

190.7 
183.0 

187.4 
178.6 

-,0 
-,0 

203.4 
216.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

169.8 
154.3 

-,0 
-,0 

229.7 
242.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

141.1 
121.3 

-,0 
-,0 

255.9 
269.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

103.6 
-,0 

-,0 
-,0 

Remarks: see page 46 
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27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

196.9 ft + 118.1 ft 196.9 ft + 196.9 ft 

85° 85° 

396.8klb + 
132.3klbZB 

0 t 
SWSL 

75° 65° 55° 

0 lb – 551,300 lb 

352,700 lb 

SFSL HSWSL 

85° 
ft 

65.6 282.2 399.0 -,0 -,0 -,0 
1,000 lb 

-,0 432.1 
72.2 
78.7 

249.1 
220.5 

399.0 
388.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

394.6 
392.4 

425.5 
414.5 

85.3 
91.9 

198.4 
179.7 

377.0 
363.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

392.4 
392.4 

403.4 
390.2 

98.4 
111.5 

164.2 
138.9 

352.7 
328.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

392.4 
374.8 

377.0 
350.5 

124.7 
137.8 

119.0 
104.7 

302.0 
240.3 

348.3 
308.6 

-,0 
-,0 

-,0 
-,0 

343.9 
299.8 

302.0 
240.3 

150.9 
164.0 

-,0 
-,0 

-,0 
-,0 

277.8 
251.3 

-,0 
-,0 

-,0 
-,0 

264.6 
235.9 

-,0 
-,0 

170.6 
177.2 

-,0 
-,0 

-,0 
-,0 

238.1 
-,0 

222.7 
213.8 

-,0 
-,0 

223.8 
211.6 

-,0 
-,0 

190.3 
203.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

197.3 
181.9 

-,0 
-,0 

189.6 
172.0 

-,0 
-,0 

216.5 
229.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

157.6 
146.6 

156.5 
141.1 

-,0 
-,0 

236.2 
242.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

142.2 
-,0 

135.6 
130.1 

-,0 
-,0 

255.9 
269.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

119.0 
105.8 

-,0 
-,0 

282.2 
295.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

90.4 
-,0 

-,0 
-,0 

85° 85° 

396.8klb + 
132.3klbZB 

0 t 
SWSL 

75° 65° 55° 

0 lb – 551,300 lb 

352,700 lb 

SFSL HSWSL 

85° 
ft 

91.9 172.0 224.9 -,0 -,0 -,0 
1,000 lb 

-,0 240.3 
98.4 

111.5 
155.4 
130.1 

224.9 
222.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

224.9 
224.9 

238.1 
229.3 

124.7 
137.8 

111.3 
96.8 

216.1 
209.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

224.9 
222.7 

219.4 
205.0 

150.9 
157.5 

84.7 
79.6 

200.6 
195.1 

-,0 
211.6 

-,0 
-,0 

-,0 
-,0 

220.5 
220.5 

190.7 
183.5 

164.0 
177.2 

74.5 
66.1 

189.6 
180.8 

211.6 
207.2 

-,0 
-,0 

-,0 
-,0 

220.5 
205.0 

176.4 
165.3 

190.3 
203.4 

59.1 
53.1 

160.9 
138.9 

198.4 
185.2 

-,0 
-,0 

-,0 
-,0 

191.8 
174.2 

154.3 
138.9 

216.5 
229.7 

-,0 
-,0 

-,0 
-,0 

170.9 
158.7 

158.7 
146.6 

-,0 
-,0 

158.7 
143.3 

-,0 
-,0 

242.8 
255.9 

-,0 
-,0 

-,0 
-,0 

138.9 
-,0 

136.7 
127.9 

-,0 
-,0 

132.3 
119.0 

-,0 
-,0 

269.0 
282.2 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

120.2 
112.4 

-,0 
104.1 

110.2 
101.4 

-,0 
-,0 

295.3 
308.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

97.9 
92.4 

92.6 
83.8 

-,0 
-,0 

321.5 
334.6 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

77.2 
66.1 

-,0 
-,0 

347.8 
360.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

57.3 
48.5 

-,0 
-,0 

196.9 ft + 157.5 ft 196.9 ft + 236.2 ft 

ft 
78.7 217.2 297.6 -,0 -,0 

1,000 lb 
-,0 -,0 319.7 

85.3 
91.9 

194.0 
175.3 

297.6 
297.6 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

297.6 
297.6 

317.5 
310.9 

98.4 
111.5 

159.8 
134.5 

291.0 
277.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

297.6 
297.6 

304.2 
288.8 

124.7 
137.8 

115.7 
100.8 

262.4 
249.1 

-,0 
275.6 

-,0 
-,0 

-,0 
-,0 

291.0 
280.0 

271.2 
253.5 

150.9 
164.0 

88.6 
78.5 

235.9 
201.7 

271.2 
246.9 

-,0 
-,0 

-,0 
-,0 

266.8 
238.1 

231.5 
201.7 

177.2 
190.3 

70.3 
-,0 

165.3 
-,0 

224.9 
206.1 

-,0 
-,0 

-,0 
-,0 

211.6 
191.8 

165.3 
-,0 

196.9 
203.4 

-,0 
-,0 

-,0 
-,0 

197.3 
189.6 

184.1 
176.4 

-,0 
-,0 

183.0 
174.2 

-,0 
-,0 

210.0 
216.5 

-,0 
-,0 

-,0 
-,0 

180.8 
-,0 

169.8 
163.1 

-,0 
-,0 

165.3 
156.5 

-,0 
-,0 

229.7 
242.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

152.1 
142.2 

-,0 
132.3 

143.3 
130.1 

-,0 
-,0 

255.9 
269.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

123.5 
115.7 

119.0 
110.2 

-,0 
-,0 

282.2 
295.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

101.4 
92.6 

-,0 
-,0 

308.4 
321.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

79.4 
66.1 

-,0 
-,0 

ft 
105.0 -,0 -,0 -,0 -,0 

1,000 lb 
-,0 -,0 174.2 

111.5 
124.7 

126.8 
107.6 

169.8 
167.6 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

169.8 
169.8 

173.1 
167.6 

137.8 
150.9 

92.6 
80.5 

163.1 
158.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

169.8 
167.6 

162.0 
156.5 

164.0 
177.2 

70.3 
61.9 

154.3 
149.9 

-,0 
156.5 

-,0 
-,0 

-,0 
-,0 

165.3 
163.1 

149.9 
143.3 

190.3 
203.4 

54.5 
48.1 

145.5 
138.9 

156.5 
156.5 

-,0 
-,0 

-,0 
-,0 

158.7 
152.1 

136.7 
130.1 

216.5 
229.7 

42.5 
37.7 

131.2 
115.7 

152.1 
141.1 

-,0 
-,0 

-,0 
-,0 

143.3 
136.7 

123.5 
115.7 

242.8 
255.9 

33.5 
-,0 

101.2 
-,0 

132.3 
123.5 

123.5 
122.4 

-,0 
-,0 

127.9 
119.0 

101.2 
-,0 

269.0 
282.2 

-,0 
-,0 

-,0 
-,0 

114.6 
102.7 

114.6 
108.0 

-,0 
-,0 

110.2 
101.4 

-,0 
-,0 

295.3 
308.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

101.6 
95.7 

-,0 
85.8 

92.6 
83.8 

-,0 
-,0 

315.0 
321.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

93.3 
-,0 

83.1 
80.7 

80.5 
77.2 

-,0 
-,0 

334.6 
347.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

76.1 
71.9 

70.5 
63.9 

-,0 
-,0 

360.9 
374.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

55.1 
46.3 

-,0 
-,0 

387.1 
400.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

37.5 
33.1 

-,0 
-,0

Remarks 
Main boom angle 85°, 75°, 65° and 55°; 
capacities for intermediate boom positions are calculated by the crane control system IC-1 

For HSWSL a boom power-kit is required 
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CRAWLER CRANE 

27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

196.9 ft + 275.6 ft 236.2 ft + 118.1 ft 

85° 85° 

396.8klb + 
132.3klbZB 

0 t 
SWSL 

75° 65° 55° 

0 lb – 551,300 lb 

352,700 lb 

SFSL HSWSL 

85° 
ft 

114.8 -,0 -,0 -,0 -,0 -,0 
1,000 lb 

-,0 127.9 
124.7 
137.8 

104.9 
89.9 

125.7 
125.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

125.7 
125.7 

126.8 
124.6 

150.9 
164.0 

77.8 
67.7 

123.5 
121.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

125.7 
125.7 

122.4 
120.2 

177.2 
190.3 

58.9 
51.4 

119.0 
116.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

123.5 
121.3 

116.8 
114.6 

203.4 
216.5 

45.0 
39.2 

114.6 
112.4 

114.6 
114.6 

-,0 
-,0 

-,0 
-,0 

121.3 
116.8 

111.3 
108.9 

229.7 
242.8 

34.4 
30.2 

108.0 
105.8 

114.6 
114.6 

-,0 
-,0 

-,0 
-,0 

112.4 
110.2 

104.5 
100.1 

255.9 
269.0 

26.5 
23.1 

97.0 
86.4 

114.6 
112.4 

-,0 
91.9 

-,0 
-,0 

105.8 
101.4 

95.7 
86.4 

282.2 
295.3 

20.3 
-,0 

75.4 
-,0 

105.8 
99.2 

91.9 
91.9 

-,0 
-,0 

97.0 
92.6 

75.4 
-,0 

308.4 
321.5 

-,0 
-,0 

-,0 
-,0 

88.2 
77.4 

91.7 
86.2 

-,0 
-,0 

83.8 
77.2 

-,0 
-,0 

334.6 
347.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

81.4 
76.7 

71.2 
67.0 

70.5 
63.9 

-,0 
-,0 

354.3 
360.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

74.7 
-,0 

65.0 
63.1 

60.6 
57.3 

-,0 
-,0 

374.0 
387.1 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

59.5 
56.4 

52.9 
46.3 

-,0 
-,0 

400.3 
413.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

37.5 
30.9 

-,0 
-,0 

426.5 
439.6 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

26.5 
19.8 

-,0 
-,0 

85° 85° 

396.8klb + 
132.3klbZB 

0 t 
SWSL 

75° 65° 55° 

0 lb – 551,300 lb 

352,700 lb 

SFSL HSWSL 

85° 
ft 

72.2 242.5 306.4 -,0 -,0 -,0 
1,000 lb 

-,0 359.4 
78.7 
85.3 

216.1 
194.0 

302.0 
295.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

304.2 
304.2 

350.5 
339.5 

91.9 
98.4 

175.3 
159.8 

286.6 
277.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

304.2 
304.2 

330.7 
319.7 

111.5 
124.7 

134.5 
115.7 

262.4 
246.9 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

299.8 
291.0 

299.8 
280.0 

131.2 
137.8 

108.7 
101.6 

241.4 
235.9 

284.4 
284.4 

-,0 
-,0 

-,0 
-,0 

285.5 
280.0 

269.0 
257.9 

141.1 
150.9 

-,0 
-,0 

-,0 
-,0 

280.0 
269.0 

-,0 
-,0 

-,0 
-,0 

275.0 
260.1 

242.5 
-,0 

164.0 
177.2 

-,0 
-,0 

-,0 
-,0 

242.5 
222.7 

-,0 
-,0 

-,0 
-,0 

229.3 
205.0 

-,0 
-,0 

190.3 
203.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

186.3 
172.0 

-,0 
-,0 

183.0 
165.3 

-,0 
-,0 

216.5 
223.1 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

158.7 
153.2 

-,0 
-,0 

149.9 
142.2 

-,0 
-,0 

236.2 
242.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

130.1 
125.7 

129.0 
123.5 

-,0 
-,0 

255.9 
269.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

117.9 
-,0 

112.4 
101.4 

-,0 
-,0 

282.2 
295.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

92.6 
83.8 

-,0 
-,0 

308.4 
321.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

70.5 
59.5 

-,0 
-,0 

236.2 ft + 157.5 ft 4 
236.2 ft + 78.7 ft 

ft 
59.1 324.1 407.9 -,0 -,0 

1,000 lb 
-,0 -,0 478.4 

65.6 
72.2 

280.0 
246.9 

407.9 
385.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

410.1 
405.7 

471.8 
451.9 

78.7 
85.3 

219.4 
197.3 

370.4 
357.1 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

405.7 
405.7 

434.3 
414.5 

91.9 
98.4 

178.6 
163.1 

346.1 
335.1 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

401.2 
388.0 

399.0 
381.4 

111.5 
124.7 

-,0 
-,0 

-,0 
-,0 

370.4 
343.9 

-,0 
-,0 

-,0 
-,0 

374.8 
335.1 

-,0 
-,0 

137.8 
144.4 

-,0 
-,0 

-,0 
-,0 

304.2 
288.8 

-,0 
-,0 

-,0 
-,0 

291.0 
273.4 

-,0 
-,0 

164.0 
177.2 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

229.3 
209.4 

-,0 
-,0 

227.1 
202.8 

-,0 
-,0 

183.7 
190.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

200.6 
-,0 

-,0 
-,0 

191.8 
180.8 

-,0 
-,0 

203.4 
216.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

163.1 
147.7 

-,0 
-,0 

229.7 
242.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

134.5 
121.3 

-,0 
-,0 

255.9 
269.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

110.2 
97.0 

-,0 
-,0 

282.2 
295.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

83.8 
-,0 

-,0 
-,0 

ft 
82.0 -,0 -,0 -,0 -,0 

1,000 lb 
-,0 -,0 271.2 

85.3 
91.9 

189.6 
170.9 

233.7 
233.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
233.7 

271.2 
264.6 

98.4 
111.5 

155.4 
131.2 

231.5 
222.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

233.7 
233.7 

260.1 
249.1 

124.7 
137.8 

112.4 
97.7 

213.8 
202.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

233.7 
233.7 

235.9 
224.9 

150.9 
164.0 

85.8 
75.8 

194.0 
185.2 

227.1 
222.7 

-,0 
-,0 

-,0 
-,0 

233.7 
222.7 

212.7 
200.6 

177.2 
190.3 

67.7 
-,0 

176.4 
-,0 

207.2 
196.2 

-,0 
-,0 

-,0 
-,0 

207.2 
185.2 

176.4 
-,0 

203.4 
216.5 

-,0 
-,0 

-,0 
-,0 

184.1 
169.8 

-,0 
154.3 

-,0 
-,0 

167.6 
152.1 

-,0 
-,0 

229.7 
242.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

143.3 
133.4 

-,0 
-,0 

136.7 
125.7 

-,0 
-,0 

255.9 
269.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

125.7 
-,0 

-,0 
105.8 

114.6 
103.6 

-,0 
-,0 

282.2 
295.3 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

99.2 
93.5 

94.8 
86.0 

-,0 
-,0 

308.4 
321.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

77.2 
70.5 

-,0 
-,0 

334.6 
347.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

61.7 
50.7 

-,0 
-,0 

360.9 
374.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

41.9 
-,0 

-,0 
-,0 

Remarks: see page 46 
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27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

236.2 ft + 196.9 ft 236.2 ft + 236.2 ft 

ft 
95.1 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
170.6 
177.2 
190.3 
203.4 
216.5 
219.8 
229.7 
236.2 
242.8 
255.9 
269.0 
282.2 
295.3 
308.4 
321.5 
334.6 
347.8 
360.9 
374.0 
387.1 
400.3 
413.4 
426.5 
439.6 

-,0 
151.0 
126.8 
108.5 

93.7 
81.8 
71.9 
67.8 
63.7 
56.7 
50.5 
45.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
180.8 
178.6 
174.2 
167.6 
160.9 
156.5 
154.3 
152.1 
145.5 
141.1 
122.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

174.2 
174.2 
174.2 
169.8 
163.1 
160.9 
153.2 
147.7 
143.3 
133.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

133.4 
127.9 
120.2 
112.4 
105.6 

99.6 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

86.6 
81.4 
76.7 
72.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

180.8 
180.8 
180.8 
180.8 
180.8 
179.7 
178.6 
169.8 
158.7 
149.9 
147.2 
138.9 
132.3 
125.7 
114.6 
103.6 

94.8 
86.0 
77.2 
70.5 
63.9 
57.3 
48.5 
41.9 
33.1 
28.7 

-,0 
-,0 
-,0 

206.1 
206.1 
199.5 
192.9 
185.2 
176.4 
168.7 
164.2 
159.8 
148.8 
140.0 
122.4 
115.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

ft 
108.3 
111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
262.5 
269.0 
282.2 
295.3 
308.4 
321.5 
328.1 
334.6 
347.8 
360.9 
367.5 
374.0 
387.1 
400.3 
413.4 
426.5 
439.6 
452.8 

-,0 
122.4 
104.1 

89.3 
77.4 
67.7 
58.9 
51.6 
45.4 
39.9 
35.3 
31.1 
27.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
138.9 
138.9 
134.5 
132.3 
127.9 
123.5 
119.0 
116.8 
112.4 
105.8 

99.2 
89.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

132.3 
132.3 
132.3 
130.1 
130.1 
127.9 
124.6 
120.2 
113.5 

99.2 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

105.2 
105.2 

99.9 
93.5 
87.7 
82.5 
80.2 
78.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

67.7 
65.5 
61.7 
58.2 
56.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

138.9 
138.9 
138.9 
138.9 
138.9 
134.5 
130.1 
123.5 
119.0 
114.6 
108.0 
105.8 
103.6 

94.8 
86.0 
77.2 
70.5 
66.1 
61.7 
57.3 
50.7 
48.5 
46.3 
37.5 
30.9 
24.3 
19.8 
13.2 

-,0 

154.3 
154.3 
151.0 
146.6 
142.2 
136.7 
132.3 
126.8 
121.3 
115.7 
111.3 
105.4 

89.5 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

1,000 lb 1,000 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

Remarks 

Main boom angle 85°, 75°, 65° and 55°; capacities for intermediate boom positions are calculated by the crane control system IC-1
 

For HSWSL a boom power-kit is required 
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CRAWLER CRANE 

27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

236.2 ft + 275.6 ft 275.6 ft + 118.1 ft 

ft 
118.1 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 
308.4 
321.5 
334.6 
347.8 
354.3 
360.9 
374.0 
387.1 
400.3 
406.8 
413.4 
426.5 
439.6 
452.8 
465.9 
479.0 

-,0 
101.4 

86.6 
74.7 
64.6 
56.0 
48.5 
42.3 
36.8 
32.0 
27.8 
24.0 
20.9 
18.1 
15.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
105.8 
105.8 
103.6 
101.4 
101.4 

99.2 
97.0 
94.8 
92.6 
88.2 
86.0 
83.8 
77.2 
66.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

99.2 
99.2 
99.2 
99.2 
97.0 
94.8 
92.6 
92.6 
88.2 
83.8 
74.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

77.2 
76.9 
76.9 
76.9 
73.2 
69.0 
67.0 
65.0 
61.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

54.9 
53.4 
50.0 
47.0 
44.3 
43.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

105.8 
105.8 
105.8 
105.8 
105.8 
103.6 
101.4 

99.2 
97.0 
92.6 
90.4 
83.8 
77.2 
75.0 
70.5 
63.9 
57.3 
54.0 
50.7 
46.3 
41.9 
35.3 
33.1 
30.9 
24.3 
17.6 
13.2 

8.8 
-,0 

115.7 
115.7 
112.4 
111.3 
108.9 
106.3 
103.6 
101.0 

98.3 
95.5 
92.4 
89.3 
86.4 
78.5 
66.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

ft 
75.5 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
144.4 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
236.2 
242.8 
255.9 
262.5 
269.0 
275.6 
282.2 
295.3 
308.4 
321.5 
334.6 
347.8 
360.9 
374.0 
387.1 

-,0 
209.4 
188.5 
169.8 
155.4 
131.2 
112.4 

98.1 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
231.5 
224.9 
218.3 
211.6 
200.6 
191.8 
183.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

220.5 
220.5 
209.4 
198.4 
189.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

160.9 
148.8 
138.9 
133.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

101.9 
98.8 
95.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
231.5 
231.5 
229.3 
229.3 
229.3 
227.1 
224.9 
221.6 
218.3 
202.8 
189.6 
178.6 
158.7 
143.3 
130.1 
123.5 
116.8 
105.8 
100.3 

94.8 
89.3 
83.8 
77.2 
68.3 
59.5 
50.7 
41.9 
33.1 

-,0 
-,0 

284.4 
284.4 
275.6 
269.0 
260.1 
244.7 
231.5 
218.3 
211.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

1,000 lb 1,000 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

4 
Remarks 

Main boom angle 85°, 75°, 65° and 55°; capacities for intermediate boom positions are calculated by the crane control system IC-1 

For HSWSL a boom power-kit is required 
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27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

275.6 ft + 157.5 ft 275.6 ft + 196.9 ft 

ft 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
157.5 
164.0 
177.2 
183.7 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
275.6 
282.2 
288.7 
295.3 
308.4 
315.0 
321.5 
334.6 
347.8 
360.9 
374.0 
387.1 
400.3 

176.4 
166.4 
151.0 
126.8 
108.7 

94.4 
82.5 
77.7 
73.0 
65.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

179.7 
179.7 
174.2 
167.6 
158.7 
152.1 
145.5 
143.3 
141.1 
134.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

172.0 
172.0 
169.8 
167.6 
163.1 
158.7 
149.9 
143.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

133.4 
124.6 
115.7 
109.3 
106.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

83.8 
81.1 
76.3 
74.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
178.6 
178.6 
178.6 
178.6 
176.4 
174.2 
174.2 
174.2 
165.3 
160.9 
156.5 
147.7 
138.9 
132.3 
119.0 
108.0 

97.0 
91.5 
86.0 
81.6 
77.2 
70.5 
67.2 
63.9 
57.3 
48.5 
41.9 
33.1 
26.5 
19.8 

220.5 
219.4 
215.0 
205.0 
195.1 
186.3 
177.5 
173.1 
168.7 
159.8 
156.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

ft 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
223.1 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 
308.4 
315.0 
321.5 
334.6 
347.8 
354.3 
360.9 
374.0 
387.1 
400.3 
413.4 
426.5 
439.6 
452.8 

135.6 
122.4 
104.7 

90.2 
78.5 
69.0 
60.6 
53.6 
47.4 
42.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

141.1 
141.1 
136.7 
130.1 
125.7 
121.3 
114.6 
110.2 
105.8 
101.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

132.3 
132.3 
130.1 
127.9 
125.7 
123.5 
119.0 
114.6 
108.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

102.3 
100.8 

96.3 
90.4 
85.1 
82.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

65.0 
61.1 
57.5 
56.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
136.7 
136.7 
136.7 
136.7 
136.7 
136.7 
134.5 
127.9 
123.5 
120.2 
116.8 
112.4 
105.8 

97.0 
88.2 
79.4 
70.5 
67.2 
63.9 
57.3 
50.7 
47.4 
44.1 
37.5 
30.9 
24.3 
17.6 
13.2 

-,0 
-,0 

169.8 
165.3 
159.8 
154.3 
147.7 
142.2 
135.6 
130.1 
124.6 
119.0 
115.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

1,000 lb 1,000 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

Remarks 

Main boom angle 85°, 75°, 65° and 55°; capacities for intermediate boom positions are calculated by the crane control system IC-1
 

For HSWSL a boom power-kit is required 
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CRAWLER CRANE 

27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

275.6 ft + 236.2 ft 275.6 ft + 275.6 ft 

ft 
111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
196.9 
203.4 
216.5 
229.7 
242.8 
255.9 
259.2 
269.0 
275.6 
282.2 
295.3 
308.4 
321.5 
334.6 
347.8 
360.9 
374.0 
387.1 
393.7 
400.3 
413.4 
426.5 
439.6 
452.8 
465.9 
479.0 

105.8 
100.1 

85.8 
74.1 
63.9 
55.6 
48.5 
45.4 
42.3 
37.0 
32.4 
28.4 
25.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

108.0 
108.0 
105.8 
103.6 

99.2 
97.0 
92.6 
91.5 
90.4 
86.0 
83.8 
81.6 
79.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

103.6 
103.6 
101.4 
101.4 

99.2 
97.0 
95.9 
94.8 
92.6 
90.4 
88.2 
86.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

78.0 
78.0 
77.4 
75.4 
73.0 
69.2 
65.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

50.5 
47.4 
44.5 
41.9 
40.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
105.8 
105.8 
105.8 
105.8 
105.8 
105.8 
105.8 
105.8 
101.4 

99.2 
97.0 
92.6 
90.9 
86.0 
81.6 
77.2 
75.0 
70.5 
61.7 
55.1 
48.5 
44.1 
37.5 
33.1 
29.8 
26.5 
22.0 
15.4 
11.0 

-,0 
-,0 
-,0 

129.0 
126.8 
122.4 
119.0 
115.7 
111.3 
108.0 
106.0 
104.1 
100.3 

96.3 
92.6 
88.8 
87.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

ft 
121.4 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 
298.6 
301.8 
308.4 
321.5 
334.6 
341.2 
347.8 
360.9 
374.0 
380.6 
387.1 
400.3 
413.4 
426.5 
433.1 
439.6 
452.8 
465.9 

-,0 
83.8 
80.9 
69.7 
60.2 
52.5 
45.4 
39.2 
34.0 
29.3 
25.1 
21.6 
18.5 
15.7 
13.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
88.2 
88.2 
86.0 
83.8 
81.6 
79.4 
77.2 
75.0 
72.8 
70.5 
68.3 
63.9 
61.7 
59.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

81.6 
81.6 
81.6 
81.6 
79.4 
77.2 
77.2 
76.1 
75.0 
75.0 
72.8 
68.3 
54.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

58.4 
58.4 
58.4 
57.5 
56.9 
56.2 
54.5 
52.2 
51.4 
50.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

38.1 
36.8 
34.4 
32.0 
30.0 
29.1 

-,0 
-,0 
-,0 

-,0 
-,0 

83.8 
83.8 
83.8 
83.8 
83.8 
83.8 
83.8 
81.6 
81.6 
79.4 
77.2 
75.0 
70.5 
68.3 
66.1 
61.7 
55.1 
52.9 
51.8 
50.7 
44.1 
39.7 
36.4 
33.1 
28.7 
24.3 
19.8 
16.5 
13.2 

8.8 
-,0 

98.1 
98.1 
96.6 
94.6 
92.4 
89.9 
87.3 
84.9 
82.2 
79.6 
76.9 
74.3 
71.7 
69.0 
66.6 
65.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

1,000 lb 1,000 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

4 

Remarks 

Main boom angle 85°, 75°, 65° and 55°; capacities for intermediate boom positions are calculated by the crane control system IC-1 

For HSWSL a boom power-kit is required 

53 



27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

315.0 ft + 118.1 ft 315.0 ft + 157.5 ft 

ft 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
147.6 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
223.1 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 
301.8 
308.4 
321.5 
334.6 
347.8 
360.9 
374.0 
387.1 
400.3 
413.4 
426.5 
439.6 

173.1 
173.1 
164.2 
149.9 
125.7 
108.5 

94.4 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

178.6 
178.6 
170.9 
165.3 
154.3 
144.4 
136.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

148.8 
144.4 
136.7 
130.1 
120.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

115.7 
113.5 
106.0 

97.7 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

78.9 
74.1 
71.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
176.4 
175.3 
173.1 
168.7 
164.2 
158.7 
154.6 
153.2 
146.6 
141.1 
136.7 
132.3 
127.9 
125.7 
123.5 
110.2 

98.5 
88.0 
78.3 
69.7 
65.7 
61.7 
54.5 
47.2 
39.2 
31.5 
23.8 
17.2 

-,0 
-,0 
-,0 
-,0 

219.4 
216.1 
210.5 
203.9 
191.8 
179.7 
168.7 
160.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

ft 
88.6 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
170.6 
177.2 
187.0 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 
288.7 
295.3 
308.4 
315.0 
321.5 
334.6 
341.2 
347.8 
360.9 
374.0 
387.1 
400.3 
413.4 
426.5 

-,0 
133.4 
133.4 
122.4 
104.7 

90.4 
79.1 
69.7 
65.8 
61.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
133.4 
133.4 
125.7 
119.0 
112.4 
107.1 
101.9 

99.2 
96.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

114.6 
114.6 
111.3 
110.2 
105.8 
101.4 

94.8 
90.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

89.3 
86.9 
81.6 
76.3 
73.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

61.5 
59.5 
56.0 
54.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

135.6 
133.4 
130.1 
127.9 
123.5 
119.0 
117.4 
115.7 
111.6 
110.2 
108.0 
103.6 
101.4 

97.0 
94.8 
90.4 
80.9 
76.5 
72.1 
63.9 
60.3 
56.7 
49.8 
46.7 
43.7 
37.0 
30.2 
23.6 
17.2 
10.8 

-,0 

168.7 
168.7 
166.4 
158.7 
151.0 
143.3 
135.6 
129.0 
125.1 
121.3 
116.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

1,000 lb 1,000 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

Remarks 

Main boom angle 85°, 75°, 65° and 55°; capacities for intermediate boom positions are calculated by the crane control system IC-1
 

For HSWSL a boom power-kit is required 
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CRAWLER CRANE 

27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

315.0 ft + 196.9 ft 315.0 ft + 236.2 ft 

ft 
101.7 
111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
226.4 
229.7 
242.8 
255.9 
269.0 
275.6 
282.2 
295.3 
308.4 
321.5 
328.1 
334.6 
341.2 
347.8 
360.9 
374.0 
387.1 
400.3 
413.4 
426.5 
439.6 

-,0 
101.2 

97.2 
86.4 
75.0 
65.3 
57.1 
50.3 
44.3 
39.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
101.2 

97.2 
92.8 
88.4 
84.2 
79.8 
76.3 
72.8 
68.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

90.4 
90.4 
88.2 
84.9 
83.8 
81.6 
77.2 
72.8 
63.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

65.7 
65.3 
64.6 
60.8 
56.9 
53.1 
51.6 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

45.4 
45.4 
42.5 
39.5 

-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
104.3 
102.3 
100.3 

98.3 
95.5 
94.8 
92.6 
90.4 
88.2 
86.5 
86.0 
81.6 
79.4 
77.2 
76.1 
75.0 
72.8 
64.8 
57.3 
53.9 
50.5 
47.3 
44.1 
38.4 
32.2 
26.2 
20.3 
14.6 

9.0 
-,0 

132.3 
130.1 
124.6 
119.0 
113.5 
108.5 
103.2 

98.3 
93.5 
88.6 
85.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

ft 
114.8 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
210.0 
216.5 
229.7 
242.8 
255.9 
262.5 
269.0 
282.2 
295.3 
308.4 
315.0 
321.5 
334.6 
347.8 
360.9 
367.5 
374.0 
387.1 
400.3 
413.4 
426.5 
439.6 
452.8 

-,0 
77.8 
75.2 
68.3 
59.3 
51.8 
45.0 
39.0 
36.5 
34.0 
29.5 
25.6 
22.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
77.8 
75.2 
72.3 
69.2 
65.9 
62.6 
59.5 
58.4 
57.3 
55.1 
52.9 
50.7 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

70.5 
70.5 
68.3 
66.1 
63.9 
63.9 
61.7 
59.5 
57.3 
53.4 
45.4 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

48.9 
48.1 
47.2 
45.9 
43.0 
39.9 
37.3 
35.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

32.0 
30.6 
28.4 
26.2 

-,0 
-,0 
-,0 

-,0 
80.0 
78.7 
77.2 
75.4 
73.4 
72.8 
72.8 
71.7 
70.5 
68.3 
66.1 
66.1 
65.0 
63.9 
61.7 
59.5 
57.3 
56.2 
55.1 
50.0 
41.9 
37.5 
34.7 
32.0 
26.2 
20.9 
15.7 
10.6 

-,0 
-,0 

101.0 
99.4 
96.1 
92.6 
89.1 
85.3 
81.8 
78.3 
76.6 
75.0 
71.7 
68.1 
64.8 
63.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

1,000 lb 1,000 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

4 
Remarks 

Main boom angle 85°, 75°, 65° and 55°; capacities for intermediate boom positions are calculated by the crane control system IC-1 

For HSWSL a boom power-kit is required 
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27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

315.0 ft + 275.6 ft 315.0 ft + 315.0 ft 

ft 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
223.1 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 
301.8 
308.4 
315.0 
321.5 
334.6 
347.8 
354.3 
360.9 
374.0 
387.1 
400.3 
406.8 
413.4 
426.5 
439.6 
452.8 

60.2 
60.2 
57.5 
54.2 
47.0 
40.6 
35.3 
30.6 
28.5 
26.5 
22.5 
19.0 
15.9 
13.2 
10.8 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

60.2 
60.2 
57.5 
55.1 
52.9 
50.7 
48.5 
46.3 
46.3 
46.3 
44.1 
41.9 
39.7 
37.5 
37.5 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

52.9 
52.9 
52.9 
50.7 
50.7 
48.5 
46.3 
46.3 
44.1 
44.1 
44.1 
40.8 
32.0 
31.1 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

34.2 
34.2 
33.7 
32.4 
31.5 
30.6 
28.9 
27.3 
25.6 
24.7 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

20.9 
20.9 
20.7 
19.2 
17.2 
15.2 

-,0 
61.1 
60.0 
58.4 
57.3 
57.3 
57.3 
55.1 
55.1 
55.1 
52.9 
50.7 
50.7 
48.5 
46.3 
46.3 
46.3 
45.2 
44.1 
41.9 
39.7 
38.6 
37.5 
24.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

73.4 
73.4 
73.4 
71.0 
68.6 
65.9 
63.5 
60.8 
59.6 
58.4 
56.0 
53.8 
51.6 
49.2 
47.0 
45.9 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

ft 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 
295.3 
308.4 
321.5 
334.6 
341.2 
347.8 
360.9 
374.0 
387.1 
393.7 
400.3 
413.4 
426.5 
439.6 
446.2 
452.8 
465.9 
479.0 
492.2 

42.8 
42.8 
40.8 
39.7 
37.3 
32.0 
27.3 
23.4 
19.8 
16.5 
13.9 
11.2 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

42.8 
42.8 
41.9 
39.7 
39.7 
37.5 
35.3 
35.3 
33.1 
33.1 
30.9 
28.7 
28.7 
26.5 
24.3 
24.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

37.5 
37.5 
37.5 
37.5 
35.3 
35.3 
33.1 
32.0 
30.9 
30.9 
29.8 
27.6 
19.2 
18.3 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

20.9 
20.9 
20.5 
19.6 
18.5 
17.9 
17.2 
16.1 
14.8 
13.7 
13.0 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
9.7 
9.5 
9.3 
9.0 
-,0 
-,0 
-,0 

-,0 
43.7 
42.8 
41.9 
41.9 
41.9 
41.9 
39.7 
39.7 
39.7 
37.5 
35.3 
35.3 
33.1 
33.1 
30.9 
30.9 
30.9 
28.7 
28.7 
26.5 
25.2 
24.0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 
-,0 

1,000 lb 1,000 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

SWSL SFSL HSWSL 

85° 85° 75° 65° 55° 85° 

396.8klb + 
132.3klbZB 

0 t 0 lb – 551,300 lb 

352,700 lb 

Remarks 

Main boom angle 85°, 75°, 65° and 55°; capacities for intermediate boom positions are calculated by the crane control system IC-1
 

For HSWSL a boom power-kit is required 
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CRAWLER CRANE 

27.6 ft 360° DIN/ISO 

LIFTING CAPACITIES SWSL /SFSL15°/ HSWSL 
36.1 – 49.2 ft 

354.3 ft + 118.1 ft 354.3 ft + 196.9 ft 

396.8klb + 
0 t 

SWSL 
0 lb – 551,300 lb 

SFSL HSWSL 

85° 

132.3klbZB 

85° 75° 65° 55° 

352,700 lb 

85° 
ft 1,000 lb 

82.0 -,0 -,0 -,0 -,0 -,0 -,0 164.2 
85.3 -,0 -,0 -,0 -,0 -,0 -,0 164.2 
91.9 -,0 -,0 -,0 -,0 -,0 -,0 158.7 
98.4 -,0 -,0 -,0 -,0 -,0 -,0 154.3 

111.5 -,0 -,0 -,0 -,0 -,0 -,0 144.4 
124.7 -,0 -,0 -,0 -,0 -,0 -,0 134.5 
137.8 -,0 -,0 -,0 -,0 -,0 -,0 125.7 
150.9 -,0 -,0 -,0 -,0 -,0 -,0 116.8 
164.0 -,0 -,0 -,0 -,0 -,0 -,0 -,0 

354.3 ft + 157.5 ft 

ft 
91.9 94.4 97.4 -,0 -,0 

1,000 lb 
-,0 -,0 126.8 

98.4 
111.5 

94.4 
90.4 

97.4 
92.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

107.8 
106.3 

126.8 
119.0 

124.7 
137.8 

86.0 
81.8 

88.2 
83.6 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

103.2 
100.1 

112.4 
106.5 

150.9 
164.0 

75.2 
65.9 

78.7 
74.7 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

96.6 
92.6 

99.9 
94.1 

177.2 
183.7 

58.0 
54.7 

71.0 
69.0 

-,0 
84.7 

-,0 
-,0 

-,0 
-,0 

88.6 
86.5 

88.6 
85.8 

190.3 
203.4 

51.4 
-,0 

67.0 
-,0 

84.7 
79.6 

-,0 
-,0 

-,0 
-,0 

84.4 
79.8 

82.9 
-,0 

216.5 
229.7 

-,0 
-,0 

-,0 
-,0 

74.3 
69.2 

-,0 
-,0 

-,0 
-,0 

75.4 
70.8 

-,0 
-,0 

242.8 
249.3 

-,0 
-,0 

-,0 
-,0 

64.2 
61.7 

-,0 
-,0 

-,0 
-,0 

66.1 
63.8 

-,0 
-,0 

255.9 
262.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
55.3 

-,0 
-,0 

61.5 
59.2 

-,0 
-,0 

269.0 
282.2 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

54.9 
52.2 

-,0 
-,0 

56.9 
52.2 

-,0 
-,0 

295.3 
308.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

48.1 
44.1 

-,0 
-,0 

46.7 
42.1 

-,0 
-,0 

334.6 
347.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

31.3 
30.4 

-,0 
-,0 

-,0 
-,0 

360.9 
374.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

27.6 
-,0 

-,0 
-,0 

-,0 
-,0 

85° 

396.8klb + 
132.3klbZB 

0 t 

85° 

SWSL 

75° 65° 55° 

0 lb – 551,300 lb 

352,700 lb 

SFSL HSWSL 

85° 
ft 

105.0 -,0 -,0 -,0 -,0 -,0 
1,000 lb 

-,0 96.8 
111.5 
124.7 

71.7 
68.8 

74.3 
71.0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

83.1 
82.0 

96.8 
92.4 

137.8 
150.9 

65.9 
62.8 

67.7 
64.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

79.6 
77.4 

87.7 
82.9 

164.0 
177.2 

59.7 
53.1 

61.1 
57.8 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

75.0 
71.9 

78.3 
73.4 

190.3 
196.9 

46.5 
43.7 

54.9 
53.5 

-,0 
65.0 

-,0 
-,0 

-,0 
-,0 

68.8 
67.2 

69.7 
67.8 

203.4 
216.5 

40.8 
35.9 

52.0 
49.2 

64.6 
62.4 

-,0 
-,0 

-,0 
-,0 

65.7 
62.2 

65.9 
62.2 

229.7 
242.8 

31.7 
-,0 

44.5 
-,0 

58.6 
54.9 

-,0 
-,0 

-,0 
-,0 

58.6 
54.9 

58.4 
-,0 

255.9 
269.0 

-,0 
-,0 

-,0 
-,0 

51.4 
47.6 

-,0 
-,0 

-,0 
-,0 

51.4 
47.6 

-,0 
-,0 

282.2 
288.7 

-,0 
-,0 

-,0 
-,0 

44.1 
42.3 

-,0 
39.9 

-,0 
-,0 

43.9 
42.1 

-,0 
-,0 

295.3 
308.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

39.9 
37.0 

-,0 
-,0 

40.3 
36.6 

-,0 
-,0 

321.5 
334.6 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

34.0 
30.9 

-,0 
-,0 

32.6 
28.4 

-,0 
-,0 

347.8 
367.5 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

28.0 
-,0 

-,0 
18.7 

-,0 
-,0 

-,0 
-,0 

374.0 
387.1 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

18.7 
16.5 

-,0 
-,0 

-,0 
-,0 

400.3 
413.4 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

-,0 
-,0 

14.3 
-,0 

-,0 
-,0 

-,0 
-,0 4 

Remarks 

Main boom angle 85°, 75°, 65° and 55°; capacities for intermediate boom positions are calculated by the crane control system IC-1 

For HSWSL a boom power-kit is required 
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SFVL / LFVL WORKING RANGES 13° 
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CRAWLER CRANE 

27.6 ft 360° DIN/ISO396,800 lb +132,300 lb ZB 39.4 ft36.1 – 49.2 ft 0 661,400 lb 

LIFTING CAPACITIES SFVL / LFVL 

ft 
42.7 
45.9 
52.5 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 

1018.5 
987.7 
930.4 
868.6 
769.4 
698.9 
630.5 
573.2 
526.9 
485.0 
416.7 
352.7 
304.2 
251.3 
203.9 

-,0 
-,0 
-,0 
-,0 

-,0 
965.6 
921.5 
868.6 
782.6 
701.1 
632.7 
575.4 
526.9 
487.2 
418.9 
359.4 
304.2 
251.3 

-,0 
-,0 
-,0 
-,0 
-,0 

661.4 
661.4 
661.4 
661.4 
661.4 
641.5 
593.0 
549.0 
507.1 
467.4 
396.8 
335.1 
288.8 
253.5 
215.0 

-,0 
-,0 
-,0 
-,0 

945.8 
943.6 
919.3 
868.6 
776.0 
694.5 
626.1 
582.0 
533.5 
487.2 
414.5 
357.1 
313.1 
273.4 
229.3 
190.7 

-,0 
-,0 
-,0 

-,0 
908.3 
884.1 
859.8 
778.2 
696.7 
628.3 
577.6 
535.7 
489.4 
414.5 
357.1 
313.1 
273.4 
229.3 

-,0 
-,0 
-,0 
-,0 

661.4 
661.4 
661.4 
661.4 
661.4 
652.6 
617.3 
573.2 
529.1 
487.2 
414.5 
352.7 
302.0 
262.4 
231.5 
201.7 

-,0 
-,0 
-,0 

-,0 
853.2 
848.8 
844.4 
771.6 
690.0 
621.7 
577.6 
531.3 
485.0 
410.1 
352.7 
308.6 
273.4 
242.5 
209.4 
176.4 

-,0 
-,0 

-,0 
813.5 
813.5 
806.9 
773.8 
692.3 
623.9 
573.2 
533.5 
487.2 
412.3 
354.9 
310.9 
273.4 
244.7 
209.4 
176.4 

-,0 
-,0 

661.4 
661.4 
661.4 
661.4 
661.4 
661.4 
612.9 
575.4 
531.3 
485.0 
410.1 
354.9 
308.6 
273.4 
238.1 
211.6 
187.4 

-,0 
-,0 

-,0 
771.6 
767.2 
762.8 
751.8 
685.6 
617.3 
560.0 
526.9 
480.6 
405.7 
350.5 
304.2 
269.0 
240.3 
215.0 
187.4 
159.8 
133.4 

-,0 
-,0 

736.3 
725.3 
714.3 
683.4 
619.5 
564.4 
524.7 
482.8 
407.9 
350.5 
306.4 
269.0 
240.3 
216.1 
187.4 
159.8 

-,0 

-,0 
661.4 
661.4 
661.4 
661.4 
661.4 
621.7 
571.0 
529.1 
482.8 
407.9 
350.5 
306.4 
269.0 
240.3 
215.0 
191.8 
170.9 

-,0 

SFVL 

137.8 ft 

13° 20° 17,5° 

LFVL SFVL 

157.5 ft 

13° 20° 17,5° 

LFVL SFVL 

177.2 ft 

13° 20° 17,5° 

LFVL SFVL 

196.9 ft 

13° 20° 17,5° 

LFVL 

ft 
45.9 
49.2 
52.5 
55.8 
59.1 
65.6 
72.2 
78.7 
85.3 
91.9 
98.4 

111.5 
124.7 
137.8 
150.9 
164.0 
177.2 
190.3 
203.4 
216.5 
229.7 
242.8 
255.9 
269.0 
282.2 

-,0 
652.6 
650.4 
648.2 
646.0 
641.5 
621.7 
595.2 
557.8 
509.3 
478.4 
403.4 
346.1 
302.0 
266.8 
235.9 
211.6 
190.7 
167.6 
143.3 
121.3 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

626.1 
623.9 
621.7 
617.3 
610.7 
588.6 
560.0 
511.5 
476.2 
405.7 
348.3 
302.0 
266.8 
235.9 
212.7 
190.7 
167.6 
143.3 

-,0 
-,0 
-,0 
-,0 
-,0 

610.7 
610.7 
610.7 
610.7 
610.7 
610.7 
606.3 
577.6 
549.0 
520.3 
478.4 
403.4 
346.1 
302.0 
266.8 
235.9 
211.6 
190.7 
173.1 
154.3 
132.3 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

571.0 
568.8 
568.8 
566.6 
560.0 
542.3 
526.9 
504.9 
463.0 
399.0 
341.7 
297.6 
262.4 
231.5 
207.2 
186.3 
168.7 
146.6 
126.8 
107.8 

-,0 
-,0 
-,0 

-,0 
-,0 

555.6 
553.4 
551.2 
549.0 
544.5 
533.5 
518.1 
504.9 
465.2 
401.2 
343.9 
299.8 
262.4 
233.7 
208.3 
187.4 
168.7 
146.6 
126.8 

-,0 
-,0 
-,0 
-,0 

-,0 
-,0 

540.1 
540.1 
540.1 
540.1 
540.1 
529.1 
511.5 
493.8 
474.0 
401.2 
343.9 
297.6 
262.4 
231.5 
207.2 
186.3 
168.7 
153.2 
137.8 
117.9 

-,0 
-,0 
-,0 

-,0 
-,0 

482.8 
480.6 
478.4 
474.0 
469.6 
465.2 
458.6 
451.9 
445.3 
392.4 
339.5 
295.4 
257.9 
229.3 
203.9 
183.0 
164.2 
146.6 
127.9 
111.3 

95.0 
78.7 

-,0 

-,0 
-,0 

465.2 
465.2 
465.2 
460.8 
456.4 
451.9 
447.5 
440.9 
434.3 
394.6 
341.7 
295.4 
260.1 
229.3 
205.0 
184.1 
165.3 
146.6 
127.9 
111.3 

95.0 
-,0 
-,0 

-,0 
-,0 

451.9 
451.9 
451.9 
451.9 
451.9 
449.7 
445.3 
438.7 
434.3 
396.8 
339.5 
295.4 
257.9 
229.3 
203.9 
183.0 
165.3 
148.8 
135.6 
122.4 
106.0 

-,0 
-,0 

-,0 
-,0 
-,0 

425.5 
423.3 
418.9 
416.7 
410.1 
403.4 
394.6 
388.0 
363.8 
328.5 
291.0 
253.5 
224.9 
199.5 
178.6 
160.9 
143.3 
125.7 
110.2 

95.5 
81.1 
67.0 

-,0 
-,0 
-,0 
-,0 

412.3 
407.9 
403.4 
401.2 
394.6 
388.0 
379.2 
361.6 
328.5 
293.2 
255.7 
224.9 
200.6 
179.7 
160.9 
143.3 
125.7 
110.2 

95.5 
81.1 

-,0 

-,0 
-,0 

399.0 
399.0 
399.0 
399.0 
399.0 
399.0 
394.6 
390.2 
385.8 
370.4 
337.3 
291.0 
255.7 
224.9 
200.6 
178.6 
160.9 
145.5 
131.2 
117.9 
106.5 

92.2 
-,0 

SFVL 

13° 20° 17,5° 

LFVL SFVL 

236.2 ft216.5 ft 

13° 20° 17,5° 

LFVL SFVL 

255.9 ft 

13° 20° 17,5° 

LFVL SFVL 

275.6 ft 

13° 20° 17,5° 

LFVL 

1,000 lb 

1,000 lb 
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TECHNICAL DESCRIPTION 

3-section carrier comprising of carbody and two crawlers. Hydraulic pin connections between crawlers and carbody provide for easy 
assembly and removal to minimise width and weight for transportation. 

Carbody Bending- and torsion-resistant welded structure of box type construction, fabricated of high-strength fine-grain structural steel. 

Crawlers Side frames: bending-resistant welded structure of high-strength fine-grain structural steel. Track shoes, idler and drive sprockets 
are fabricated of heat-treated high-strength cast steel. 15 rollers on each side frame with hardened rolling surfaces. 
Automatic centralized lubrication is included as standard. 

Power train The tracks are powered by two hydraulic motors each through closed planetary gear reduction units running in oil bath, equipped 
with spring-applied hydraulically released holding brakes; the gear units are of very compact design to fit within the width of the 
crawlers. Each crawler is infinitely variable controlled, both independently and in opposite direction. 

Assembly jacks Four hydraulic jacking cylinders on carbody (folding within 9.8 ft width) for easy assembly of crawlers. 

Counterweight 352,700 lb / 396,800 lb as option in combination with central ballast. 

Frame Torsion-resistant welded structure fabricated of high-strength fine-grain structural steel. Connected to carrier by triple-row roller 
bearing slew ring. 

Drive DaimlerChrysler diesel engine type OM 502 LA, 390 kW (530 hp) at 1800 1/min, torque 2400 Nm at 1300 1/min. 
The engine complies with EUROMOT 3a, EPA T3 and Carb regulations. Pump distribution gearbox with five variable displacement 
axial piston pumps, and gear pumps. Silencer with spark-arrestor. 

Rope drums The standard superstructure equipment includes three rope drums – hoist 1, hoist 2 and boom hoist. The drums are powered by 
hydraulic motors through closed planetary gear units running in oil bath. All rope drums have spring-applied, hydraulically released 
multi-disk brakes and non-wearing hydraulic braking for load lowering. Rope ends H 1, 2, 3 and W 1, 2 equipped with quick-
connect rope end fittings. Hoists H 1 + 2 are removable to minimise weight for transportation. 

A-frame Hydraulic raising system for A-frame as standard. 

Slew unit Powered by hydraulic motor through closed, planetary gear unit running in oil bath. Spring-applied, hydraulically released holding 
brake and non-wearing hydraulic braking. 

Control system Demag IC-1: Electronic proportional valve pilot control integrated in stored-program control system incl. diagnostics. 
2 colour monitors, rated capacity limiter operated via a touchscreen. Working speeds infinitely variable controlled by the lever 
position. Automatic power control for optimal utilisation of engine output, emergency control system. 

Cabin Comfortable cab with large windscreen and airconditioner. Laminated glass all around, roof window, self-contained hot air heater, 
full instrumentation and crane controls. The cab can be tilted back for improved operator view of boom point. A camera system is 
installed to monitor the rope drums. For transportation, the cab swings in front of the superstructure to minimise width. 

Electrical equipment 24 V d. c. system (2 x batteries 12 V, 200 Ah). 

Counterweight 44,100 lb on the superstructure (only in conjunction with central ballast). 

Central ballast 132,300 lb. 

Hydraulic cylinder A-frame For self-assembly of crawlers. 

Sideways outriggers For erection of long boom systems. 

Counterweight carrier Drive 4 x 4, total weight 705,600 lb, net weight 88,200 lb, in combination with SL telescopic system. 

Quick-connection Hydraulic quick-disconnect fittings on carrier and superstructure facilitate removal to minimise weight for transportation. 

Track shoes 6’-7’’. 

Quadro-drive Add. two hydraulic motors on the crawlers to double the driving power. The driving speed will be reduced accordingly. 

CRAWLER CARRIER 

SUPERSTRUCTURE 

OPTIONAL EQUIPMENT 
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CRAWLER CRANE 

6 

TECHNICAL DESCRIPTION 

SH: Main boom: foot section 34.5 ft (used to install drums W1/H3), 
inserts 39.4 ft and 19.7 ft (type 2724) and tapered insert 39.4 ft, head with sheave assembly 1323,000 lb 4.9 ft. 
Main boom lengths: 78.7-275.6 ft. 

SH/LH: Main boom: same as SH, extended by type 2421 from the fly jib and by top section 24.6 ft. 
Main boom lengths: 216.5-334.6 ft. 

SW: Main boom: same as SH. 
Fly jib: foot section 14.8 ft, inserts 39.4 ft and 19.7 ft (type 2421) and top section 24.6 ft. 
Main boom lengths: 98.4-216.5 ft. 
Fly jib lengths: 78.7-275.6 ft. 

SSL: Main boom: same as SH. 
Superlift equipment, Superlift counterweight 0-661,400 lb (at 110,300 lb increments). 
Main boom lengths: 118.1-275.6 ft. 

HSSL: Main Boom: same as SH / SSL + boom power-kit. 
Superlift equipment, Superlift counterweight 0-661,400 lb (at 110,300 lb increments). 
Main boom lengths: 177.2-354.3 ft. 

SSL/LSL: Main boom: same as SH 275.6 ft, extended by type 2421 from the fly jib and by top section 24.6 ft. 
Superlift equipment, Superlift counterweight 0-661,400 lb (at 110,300 lb increments). 
Main boom lengths: 295.3-452.8 ft. 

SWSL: Main boom: same as SH. 
(SFSL) Fly jib: same as SW. 

Superlift equipment, Superlift counterweight 0-661,400 lb (at 110,300 lb increments). 
Main boom lengths: 118.1-275.6 ft. 
Fly jib lengths: 78.7-275.6 ft. 

HSWSL: Main Boom: same as HSSL. 
Fly jib: same as SW/SWSL. 
Superlift equipment, Superlift counterweight 0-661,400 lb (at 110,300 lb increments). 
Main boom lengths: 177.2-354.3 ft. 
Fly jib lengths: 78.7-315.0 ft. 

LF2: Main boom: same as SH, SSL, HSSL, SH/LH, SH/LH SGLmax; SSL/LSL, SSL/LSL SGLmax. 
Fly jib lengths: 39.4 ft, 78.7 ft, 118.1 ft. 
Fly jib offsets: 10°, 15°, 20° for jib length 39.4 ft. 
Fly jib offsets: 10°, 20°, 30° for jib lengths 78.7-118.1 ft. 

SFVL: Main boom: same as SH, lengths 137.8-275.6 ft, without sheave assembly. 
Fly jib: foot section 14.8 ft, insert 19.7 ft; heavy-duty head 4.9 ft. 
Sheave assembly 1323,000 lb same as SH. 

SH/LH SGLmax: Same as SH, extended by boom power-kit + jib top section. 
Main boom lengths: 255.9-354.3 ft. 

SSL/LSL SGLmax: Same as SSL, extended by boom power-kit + jib top section. 
Main boom lengths: 295.3-452.8 ft. 

Reeving winch Mounted on superstructure 

Operator aids Electronic load indicator, hoist limit switch, limit switches for boom movements, hydraulic boom backstops, anemometer. 

Power-kit for main boom Consisting of 2-4 additional heavy main boom sections; standard main boom 275.6 ft required. 

Superlift equipment Mast 98.4 ft, winch with rope and tray for 661,400 lb. Mast radii 36.1 ft, 42.7 ft and 49.2 ft by adjusting the Superlift mast. 
standard 

Superlift equipment with Mast 98.4 ft, winch with rope, SL telescopic cylinder and tray for 661,400 lb. Mast position 49.2 ft. Superlift counterweight can be 
telescopic cylinder adjusted from 42.7-55.8 ft. 

Hoist H3 Additional rope drum on main boom (for LF2 or runner operation). Line pull same as H1, rope length 2133 ft. 

Runner 66,150 lb Approx. 6.6 ft for installation on boom head or top section (not in conjunction with LF2). 

Runner 132,300 lb 

Hydraulic pinning of boom 
sections 

BOOM CONFIGURATIONS S AND L 

OPTIONAL EQUIPMENT 

61
 



TRANSPORT EXAMPLE FOR CC 2800-1 
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CRAWLER CRANE 

NOTES TO LIFTING CAPACITY 

Ratings are in compliance with ISO 4305 and DIN 15019.2 (test load = 1.25 x suspended load + 0.1 x dead weight of boom head).
 
Weight of hook blocks and slings is part of the load, and is to be deducted from the capacity ratings.
 

Consult operation manual for further details.
 

Note: Data published herein is intended as a guide only and shall not be construed to warrant applicability for lifting purposes.
 
Crane operation is subject to the computer charts and operation manual both supplied with the crane.
 

In some instances the superlift counterweight does not lift off the ground with the indicated load.
 

7 
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Effective Date: April 2007. 
Product specifications and prices are subject to change without notice or obligation. The photographs and / or drawings in this document are for illustrative pur-
poses only. Refer to the appropriate Operator’s Manual for instructions on the proper use of this equipment. Failure to follow the appropriate Operator’s Manual 
when using our equipment or to otherwise act irresponsibly may result in serious injury or death. The only warranty applicable to our equipment is the standard 
written warranty applicable to the particular product and sale and Terex makes no other warranty, express or implied. 
Products and services listed may be trademarks, service marks or trade-names of Terex Corporation and /or its subsidiaries in the USA and other countries and 
all rights are reserved. 
„TEREX“ is a registered trademark of Terex Corporation in the USA and many other countries. 

Copyright © 2007 Terex Corporation. 

CRAWLER CRANE 

Terex Cranes Wilmington Operations 
Mobile hydraulic and lattice-boom cranes 
202 Raleigh St. · Wilmington, NC 28412 USA 
Phone +1 910 395 8500 · Fax +1 910 395 8538 
Email: american@american-crane.com Order Nr. CC 2800-1 usa A1 – 201 222 12 

mailto:american@american-crane.com
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Büsum 

Cuxhaven 

BremerhavenWilhelmshaven 
Norden 

Emden 

Denmark 

Legend 

Borders 
continental shelf/exclusive economic zone 
12-mile zone 
international frontier 

Offshore wind farms 
planned 
approved 
not approved 
working 
under construction 

Grid connection 
approved 
planned Netherlands 

North Sea 

Planned offshore windparks 
in the North Sea 

Cuxport – Your partner for handling and storage of Offshore-Windmills 

Our terminal is getting ready to support the energy needs of 

the future. The commencement of an ambitious extension project, 

together with the new heavy load and offshore platform for the 

transhipment of wind power plants, already today sends a fresh 

wind blowing through our terminals. 

Specialist for wind energy plants and components 

Port of heavy lift operation with special offshore platform 


at a deep water berth, with vehicle access
 

Handling capacity up to approx. 1,500 tons of wind energy 

installations 

Special cranes available for the setting up of wind energy plants 

Comprehensive heavy lift expertise and equipment 

In key position for a large number of supply chains 

Short sea crossing to the offshore fields in the German Bight 

Numerous scheduled services and excellent hinterland links 

Geographical position 

With its ideal location right at the Elbe Estuary, near the Kiel 

Canal and not far from the Weser and Jade Estuary, Cuxport is the 

optimal transhipment centre for all kinds of consignments. 

Hinterland connections 

From Cuxport you can easily reach the efficient European road and 

rail network in the shortest possible time. The nearby motorway 

link gives you direct access to the German and Central European 

hinterland, while the terminal rail head connects you to the biggest 

European marshalling yard Hamburg-Maschen. Cuxport is also 

directly connected to the European network of inland waterways via 

the river Elbe. 

The OffshoreBase Cuxhaven 

Cuxport provides services for the OffshoreBase Cuxhaven. 

The latter combines the functions of a production site, a support 

point and a testing area for offshore wind energy systems. 

Cuxport is extending its facilities accordingly in order to meet the 

needs of the future. The heavy load berth has been specifically 

designed to cope with extreme stresses from foundation sections or 

generators. A new berth for ships of up to 270 metres in length 

including adjacent hinterland area is currently under construction. 

By 2010 this will increase Cuxport’s facilities still further, with 

the addition of another 85,000 square metres of warehousing, 

storage and production site. 

Heavy load berth 

The rising demand for installation facilities where large modules can 

be assembled is catered for by our heavy load platform directly 

situated at berth No. 4. On an area of around 1,600 metres, wind 

mill structures weighing up to approx. 1,500 tons can be preassem

bled on a special purpose-built concrete ring foundation, so that 

entire offshore plants can be loaded directly via a deep water berth. 

The sustainable load comes to 90 tons per square metre. Our mobile 

harbour crane has a capacity of 100 tons and we have other mobile 

and floating cranes available as well, any time they are needed. 

The universal port Cuxport is 
specialised in the handling of 
windmills. 

Heavy load platform of the 
OffshoreBase Cuxhaven. 

Extension Area 
85.000 sq.m. 

Berth 4 
on Terminal 1 Europakai 

Heavy load platform 
approx. 1,600 sq.m. (90 t/sq.m.) 



I ' UII Ul Ha l UUI g 

Member of 

EWEA ., ........... "". , .. "" ............. .... 

Tolephono t44(0)1502 509260 Contact Us 

I~agc j or 4 

Private Roads Yos 

Dlstanco to Hotipad 

Distanco to InU Airport 12km 

Any Commonts Thoro is no holipad £I t tho momont but Alllborg airport can be used. 

Contact us to add your Port 

Capacities at Port of Aa/borg 

Number Of Cranos 

Crano Commonts 

Quay longlh 

Quay LOading Copnclly 

Quay Commonts 

Storago Spaco Avaitr.ble 

Siorago Commonts 

Dovelopment Land Available 

5 

5 Cranos O'Nned by tho port (Induding 140t0l1no. 4510nno and 36tonne 
cronos) ThOfe arc 2 dedlcatod crano companios wilh high c.'madly cranos aro 
loc..1lOd In Iho port 

1200 metres 

42 tonnos/m2 

Thero aro 2x 200m longlh quay!!. 

25 hoctares (250000 m2) 

The slOfagO spaco Is In oxcess 01 250,000 motres squarod 

3000 hectares (3000000 012) 

Supply Chain Capabilities and Services 

Suitable InstaUations Baso? 

SUItablu Operations .md 
Maintenance Baso? 

Yes 

Yes 

Towors: Yes 
Blades: Yes 

Can support manufacturing 01 ? Foundations: Yes 

Supplies _? 

Sorvlcos 

Hns Ory Dock? 

Has Warohousing? 

Socurity lovol 

Cablos : Yes 

Provisions: Yes 
Wator : Yes 
Fuol au : Yes 
010501 au : Yes 

All types of mnrilJlno sorvices availablo 

No 

Yes 

litt >: //www.4coffshorc.com/windfannsl>ort -of-,wrlbor ·- )id5.hlml 4112120 11 



 

 

 

     
       

     
 

       
     

      
     

 
      

    
     

    
   

      
 

       
   

    
    

    
 

      
       
      

 
      

  
  

  
  

  
   

 
    

13 

hartlepool, Able seaton Port
 
Space 510,000 m² 

Quay length 550 m 

Depth below LAT 15.0 m 

Vessel capacity No limit 

H
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Able Seaton Port is a 51 hectare multi
purpose, multi-user facility. With 15 m 
depth and up to 75 tonne/m² quay load 
out capacity (including a 2,000 tonne 
lift Ringer crane) the recently installed 
312 m quay can handle the largest of 
vessels. Seaton also has the world’s 
largest dry dock and is currently home 
to a number of re-cycling activities, 
including the so-called Ghost Ships 
from the US merchant fleet and the 
redundant French Aircraft Carrier, Le 
Clemenceau. The dry dock also provides 
crucial facilities for the construction 
of semi-submersible offshore drilling 
platforms and other marine structures. 

contacts 

Neil Etherington 
Able UK 
netherngton@ableuk.com 
07768 405464 

This unique facility is located close to 
the mouth of the River Tees. The site has 
been developed for use as a facility for 
offshore, marine, specialist industrial 
and civil engineering fabrication and 
construction projects and also has 
significant potential for offshore wind 
construction. It offers good access 
by river, sea, rail and road. Durham 
Tees Valley Airport is 30 km away. The 
port also provides around 5,000 m² of 
covered storage and warehousing and 
has a full level of utility provision. 

Ray Thompson 
One North East 
ray.thompson@onenortheast.co.uk 
+44 (0)191 229 6375 

mailto:netherngton@ableuk.com
mailto:ray.thompson@onenortheast.co.uk
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Design of Morine Facilities 
for the Ber"fhing, Mooring, 

and Repair of Vessels 
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242 DESIGN OF FIXED STRUCTURES 

TYPICAL DIMENSIONS USUAL RANGE OF 
PILE TYPE CAPACITIES AND REMARKS 

AND LENGTHS COLUMN LENGTHS 

Timber 6"- 8" Tip diameter 
12"-20" Butt diameter 

I 
Typically Either Southern yellow pine or 

Douglas fir to 80' lim ited to Douglas fir with ready availab le 
Southern yellow between 15 and lengths of up to 60 feet. Piles 
pine to 65' 20 tons for are usua lly pressu re t reated 
lengths all column with creosote or CCA. Greenheart 

Jengths piles are usually untreated . 
Special order 
up to 125' 

Steel H-Pile 
Section depth Low displacement, able to 

~ 
8" to 14" penetrate through some obstructions, 

40 to 120 ton and easil y spl iced. The pile is 
Unspliced- capacity with vulnerable to corrosion and may 
60' -80' lengths effective lengths be damaged or deflected 

of up to 60'. when encountering obstructions. 
Spl ices- Favored for end bearing on rock. 
unl imited length -

Concrete Filled 
Steel Pipe 8" to 48" ~ 

0 
5/16" to 3/4 wall 
th ickness. Displacement type pi les may be 40 to 200 tons 
Unspl iced- with effective driven either open or close 

60' -80' lengths lengths up ended, easily spliced, and 

to 100' provides good bending resistance 

Splices-
unlimited lengths 

Precast 
Concrete 

I ~ 
12" to 24" High d isplacement pile may be 
round , octagona l 20 to 120 tons provided with good corrosion 
or square with effective resistance, tolerable of hard 

lengths up to driving stresses and vulnerable 
60' to 120' 80' to large handling stresses. 
lengths unsp liced 

Concrete 
Cylinder 

~ 
30" to 54" Prestressing allows for large 

diameter 120 to 240 tons handling stresses and 
with effective capablE! of tolerating high 

150'-200' + lengths up bend ing stress induced by 
lengths to 250' latera l load ing and long 

unsupported lengths. 

Figure 7-5. Common marine pile types. (Prepared by GZA GeoEnvironmental, Inc.) 

pile type selection and design can be found in references (21 ) through (23). Guidelines for 

pile structural design and allowable stresses can be found in the following references: 

For timber piles, references (12) and (24) 

• Timber piles are normally specified to conform to ASTM D 25, Standard Specifi
cations for Round Timber Piles 
For concrete piles and concrete-filled steel pipe piles, reference (25) 

For prestressed concrete piles, reference (26) 
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Table 1A: 

PCBs (26 NOAA Congeners) Water Column Analytical Data 


South Terminal CDF
 
New Bedford, Massachusetts
 

PCB Congeners - 18 NOAA Congeners Shaded Green (μg/L) 

Sample Name Collection Date 

C
l2

-B
Z#

5/
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-B
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18
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l3

-B
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-B
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C
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-B
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C
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C
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-B
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C
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-B
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1/

#8
4

C
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-B
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5

C
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-B
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C
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-B
Z#

12
6

C
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C
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C
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-B
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C
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C
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PC13E_01A 12/15/2010 0.0011 0.0011 0.0027 0.001 U 0.0024 0.0045 0.001 U 0.001 U 0.001 U 0.0015 0.001 U 0.0012 0.001 U 0.001 U 0.0012 0.0012 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 
PC13E_01B 12/15/2010 0.001 U 0.0011 0.0031 0.001 U 0.0028 0.0043 0.0012 0.001 U 0.001 U 0.0024 0.001 U 0.0014 0.001 U 0.001 U 0.0018 0.0014 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 
PC13E_01C 12/15/2010 0.001 U 0.0013 0.0046 0.0011 0.0033 0.0055 0.0018 0.001 U 0.001 U 0.0041 0.001 0.0035 0.001 U 0.001 U 0.0044 0.0031 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 
PC13E_02A 12/15/2010 0.001 U 0.0014 0.0085 0.001 U 0.0025 0.0049 0.0012 0.001 U 0.001 U 0.0018 0.001 U 0.0017 0.001 U 0.001 U 0.002 0.0012 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 
PC13E_02B 12/15/2010 0.001 U 0.001 U 0.0031 0.001 U 0.0027 0.0048 0.001 U 0.001 U 0.001 U 0.0018 0.001 U 0.0015 0.001 U 0.001 U 0.0014 0.0012 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.0011 0.001 U 0.001 U 0.001 U 
PC13E_02C 12/16/2010 0.001 U 0.001 U 0.0012 0.001 U 0.001 U 0.0015 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 
PC13E_03A 12/16/2010 0.001 U 0.001 U 0.0012 0.001 U 0.001 U 0.0013 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 
PC13E_03B 12/16/2010 0.001 U 0.001 U 0.0014 0.001 U 0.001 U 0.0019 0.001 U 0.001 U 0.001 U 0.0011 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 
PC13E_03C 12/16/2010 0.001 U 0.0012 0.0024 0.001 U 0.0016 0.0034 0.001 U 0.001 U 0.001 U 0.0014 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 
PC13E_04A 12/16/2010 0.001 U 0.0013 0.0019 0.001 U 0.0016 0.0029 0.001 U 0.001 U 0.001 U 0.0013 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 
PC13E_04A_D 12/16/2010 0.001 U 0.001 U 0.0014 0.001 U 0.0014 0.0025 0.001 U 0.001 U 0.001 U 0.001 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 
PC13E_04B 12/16/2010 0.001 U 0.0011 0.0018 0.001 U 0.0017 0.0033 0.001 U 0.001 U 0.001 U 0.0015 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 
PC13E_04C 12/16/2010 0.001 U 0.0013 0.0014 0.001 U 0.0014 0.0035 0.001 U 0.001 U 0.001 U 0.0012 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 

Total PCBs (Summation 
of all 26 NOAA 

Congeners analyzed) 
(μg/L) 

0.0169 
0.0195 
0.0337 
0.0252 
0.0176 
0.0027 
0.0025 
0.0044 
0.0100 
0.0090 
0.0063 
0.0094 
0.0088 

Total PCBs 
(Summation of only 

the 18 NOAA 
Congeners - Shaded 

in Green) (μg/L) 

0.0145 
0.0167 
0.0304 
0.0227 
0.0149 
0.0027 
0.0025 
0.0044 
0.0084 
0.0074 
0.0049 
0.0077 
0.0074 

Notes:
 
U = Concentration is below the laboratory's method detection limit. One half of the method detection limit is utilized in the summation. 

Total PCB concentation is estimated by summing 18 specific NOAA Congeners (highlighted in green) or all 26 NOAA Congeners analyzed.  If a 

constituent was not detected above the Reporting Limit, it was not added to the total. 




Table 1B: 

Semi-Volatile Organics Water Column Analytical Data 


South Terminal CDF
 
New Bedford, Massachusetts
 

Semivolatile Organics (μg/L) 

Sample Name Collection Date 
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PC13E_01A 12/15/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 5.0 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

PC13E_01B 12/15/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 8.3 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

PC13E_01C 12/15/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 7.5 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

PC13E_02A 12/15/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 3.0 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

PC13E_02B 12/15/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 7.7 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

PC13E_02C 12/16/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 1.3 B 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

PC13E_03A 12/16/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 1.3 B 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

PC13E_03B 12/16/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 1.5 B 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

PC13E_03C 12/16/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 1.8 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

PC13E_04A 12/16/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 1.4 B 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

PC13E_04A_D 12/16/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 1.4 B 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

PC13E_04B 12/16/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 1.2 B 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

PC13E_04C 12/16/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 2 U 0.5U 0.5U 0.5U 0.5U 0.5U 1.3 B 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 

Notes:
 
U = Concentration is below the laboratory's method detection limit. 

B = Analyte detected in the laboratory blank below reporting limit. Sample value is less than 5 times blank value. 




Table 1C: 

13 Priority Pollutant Metals Water Column Analytical Data 


South Terminal CDF
 
New Bedford, Massachusetts
 

13 Priority Pollutant Metals (mg/L) 

Sample Name Collection Date A
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PC13E_01A 12/15/2010 0.0005 U 0.002 0.0005 U 0.0028 0.001 U 0.0034 0.0012 0.00001 U 0.0005 U 0.001 U 0.0002 U 0.0002 U 0.027 
PC13E_01B 12/15/2010 0.0005 U 0.002 0.0005 U 0.0023 0.001 0.0096 0.0054 0.00001 U 0.0025 0.001 U 0.0002 U 0.0002 U 0.046 
PC13E_01C 12/15/2010 0.0005 U 0.001 0.0005 U 0.0005 0.001 0.0076 0.0055 0.00001 U 0.0005 U 0.001 U 0.0002 U 0.0002 U 0.02 
PC13E_02A 12/15/2010 0.0005 U 0.001 0.0005 U 0.0005 U 0.001 U 0.003 0.0009 0.00001 U 0.0005 U 0.001 U 0.0002 U 0.0002 U 0.024 
PC13E_02B 12/15/2010 0.0005 U 0.001 0.0005 U 0.0005 U 0.001 U 0.0078 0.0015 0.00001 U 0.0005 U 0.001 U 0.0002 U 0.0002 U 0.024 
PC13E_02C 12/16/2010 0.0005 U 0.001 0.0005 U 0.0005 U 0.001 U 0.0019 0.0005 U 0.00001 U 0.0005 U 0.001 U 0.0002 U 0.0002 U 0.017 
PC13E_03A 12/16/2010 0.0005 U 0.001 0.0005 U 0.0005 U 0.001 U 0.0017 0.0005 U 0.00001 U 0.0005 U 0.001 U 0.0002 U 0.0002 U 0.021 
PC13E_03B 12/16/2010 0.0005 U 0.001 0.0005 U 0.0005 U 0.001 U 0.0016 0.0005 U 0.00001 U 0.0005 U 0.001 U 0.0002 U 0.0002 U 0.02 
PC13E_03C 12/16/2010 0.0005 U 0.001 0.0005 U 0.0005 U 0.001 U 0.0016 0.0005 U 0.00001 U 0.0005 U 0.001 U 0.0002 U 0.0002 U 0.02 
PC13E_04A 12/16/2010 0.0005 U 0.001 0.0005 U 0.0005 U 0.001 U 0.0017 0.0005 U 0.00001 U 0.0005 U 0.001 U 0.0002 U 0.0002 U 0.019 
PC13E_04A_D 12/16/2010 0.0005 U 0.001 0.0005 U 0.0005 U 0.001 U 0.0014 0.0005 U 0.00001 U 0.0006 0.001 U 0.0002 U 0.0002 U 0.02 
PC13E_04B 12/16/2010 0.0005 U 0.001 0.0005 U 0.0005 U 0.001 U 0.0015 0.0005 U 0.00001 U 0.0005 U 0.001 U 0.0002 U 0.0002 U 0.019 
PC13E_04C 12/16/2010 0.0005 U 0.001 0.0005 U 0.0005 U 0.001 U 0.0015 0.0005 U 0.00001 U 0.0005 U 0.001 U 0.0002 U 0.0002 U 0.019 

Notes:
 
U = below quntitation limit
 



Table 1D: 

Total Petroleum Hydrocarbon and Turbidity Water Column Analytical Data 


South Terminal CDF
 
New Bedford, Massachusetts
 

Total Petroleum Hydrocarbons (μg/L) 

Sample Name Collection Date 
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PC13E_01A 12/15/2010 50 U 50 U 50 U 0.57 
PC13E_01B 12/15/2010 50 U 50 U 50 U 4.29 
PC13E_01C 12/15/2010 50 U 50 U 50 U 1.55 
PC13E_02A 12/15/2010 50 U 50 U 50 U 0.16 
PC13E_02B 12/15/2010 50 U 50 U 50 U 3.28 
PC13E_02C 12/16/2010 50 U 50 U N1 80 U N1 2.54 
PC13E_03A 12/16/2010 60 U 60 U N1 60 U N1 6.06 
PC13E_03B 12/16/2010 80 U 80 U N1 80 U N1 3.49 
PC13E_03C 12/16/2010 50 U 150 U N1 150 U N1 0.61 
PC13E_04A 12/16/2010 50 U 90 U N1 90 U N1 3.79 
PC13E_04A_D 12/16/2010 50 U 90 U N1 90 U N1 N/A 
PC13E_04B 12/16/2010 50 U 90 U N1 90 U N1 2.35 
PC13E_04C 12/16/2010 50 U 70 U N1 70 U N1 6.08 

Notes: 

N/A = Not applicable. 

U = below quntitation limit
 
N1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial petroleum product.
 
* - Turbidity measurements made in field via LaMotte 2020 turbidimeter (units are NTU - Nephelometric Turbidity Units).
 



Table 2A: 

PCBs (26 NOAA Congeners) - [PC13 and PC13E Samples] 


Sediment Analytical Data 

South Terminal CDF
 

New Bedford, Massachusetts
 

PCB Congeners - 18 NOAA Congeners Shaded Green ( μg/kg) 

Sample Name Collection Date 
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NBH_PH4SAP_PC13E_01D 12/17/2010 65 81 440 77 280 330 240 32 140 330 140 390 2.4 U 88 340 270 32 2.4 U 49 44 17 2.4 U 41 3.2 4 3 
NBH_PH4SAP_PC13E_02D 12/16/2010 92 110 410 110 250 320 390 37 140 370 140 410 2.1 U 73 330 220 31 2.1 U 32 35 14 2.1 U 27 3.6 3 2.1 U 
NBH_PH4SAP_PC13E_02A 12/21/2010 45 48 280 39 180 210 130 19 67 210 79 270 10 60 240 190 21 1.3 U 27 29 11 1.3 U 27 2.2 2.8 1.3 U 

NBH_PH4SAP_PC13E_03D 12/16/2010 2.8 10 29 10 22 44 21 0.39 U 28 77 25 65 0.39 U 15 52 46 4.2 0.39 U 4.7 6.8 1.9 0.39 U 3.4 0.39 U 1.5 1.1 
NBH_PH4SAP_PC13E_04D 12/16/2010 140 180 670 120 360 430 540 58 210 500 170 670 12 110 500 310 39 2.8 U 47 57 20 2.8 U 41 4.7 4.2 2.8 U 
NBH_PH4SAP_PC13_01A 12/17/2010 69 85 350 81 240 320 310 39 150 360 130 410 1.8 U 95 330 260 33 1.8 U 39 42 17 1.8 U 34 3 3.4 1.8 U 
NBH_PH4SAP_PC13_02A 12/21/2010 8.7 12 43 9.6 37 54 30 4.1 14 37 11 47 1.7 9.8 44 31 3 0.43 U 4.9 4.8 1.9 0.43 U 4.1 0.43 U 0.43 U 0.43 U 
NBH_PH4SAP_PC13_03A 12/17/2010 58 71 290 67 200 270 260 32 120 300 110 350 1.5 U 79 270 220 27 1.5 U 33 35 14 1.5 U 28 2.5 2.9 1.5 U 
NBH_PH4SAP_PC13_04A 12/21/2010 1.1 2.9 11 2.2 8 12 7.9 1.1 5.2 13 4.6 15 0.31 U 3.6 14 9 1.3 0.31 U 1.2 1.5 0.62 0.31 U 1.4 0.31 U 0.31 U 0.31 U 
NBH_PH4SAP_PC13_05_0-1 2/16/2011 0.59 U 1.4 4.3 2.2 5.3 6.6 3.5 0.59 U 1.5 6.6 1.8 7.4 0.59 U 1.9 5.8 5.8 0.66 0.59 U 0.64 0.81 0.59 U 0.59 U 0.66 0.59 U 0.59 U 0.59 U 
NBH_PH4SAP_PC13_06_0-1 2/16/2011 0.64 U 2.8 14 4.1 8.8 11 6.5 0.64 U 3.5 9.7 3.2 12 0.64 U 2.7 9 7.5 0.64 U 0.64 U 1 0.88 0.64 U 0.64 U 0.95 0.64 U 0.64 U 0.64 U 
NBH_PH4SAP_PC13_07A 12/21/2010 5.9 7.9 32 5.6 19 29 20 2.4 11 27 10 32 0.36 U 6.7 30 20 2.1 0.36 U 3.1 3.3 1.2 0.36 U 3.2 0.36 U 0.36 U 0.36 U 
NBH_PH4SAP_PC13_08A 12/17/2010 160 180 770 140 420 480 610 79 270 680 270 790 3 U 160 610 420 66 3 U 66 67 26 3 U 53 4.4 3.8 3 U 
NBH_PH4SAP_PC13_08_2-3 10/18/2011 6.2 8.5 3.9 38 34 84 33 0.44U 52 82 37 95 0.44U 38 130 49 NA NA 13 12 5.3 0.44U 6.7 0.44U 4.8 3.7 
NBH_PH4SAP_PC13_08_3-3.3 10/18/2011 0.12 U 0.12 U 0.44 1.2 0.79 3.1 1.00 0.12 U 3.0 5.0 2.8 6.1 0.12 U 1.8 6.6 2.5 NA NA 0.64 0.51 0.12 U 0.12 U 0.42 0.12 U 0.12 U 0.12 U 
NBH_PH4SAP_PC_09D_0-1 2/16/2011 25 43 160 68 110 150 97 12 52 140 61 160 7.7 37 130 110 13 0.93 U 17 18 6.5 0.93 U 15 1.2 1.9 0.93 U 
NBH_PH4SAP_DUP14* 2/16/2011 14 28 100 40 59 80 60 5.2 27 72 24 80 0.76 U 17 69 58 5.9 0.76 U 12 14 4.6 0.76 U 11 1.3 1.1 0.76 U 
NBH_PH4SAP_PC13_10_0-1 2/16/2011 0.64 U 0.89 2.1 3.1 3.4 4.3 2.4 0.64 U 0.66 4.2 0.97 3.7 0.64 U 0.78 3.4 3.5 0.64 U 0.64 U 0.64 U 0.64 U 0.64 U 0.64 U 0.64 U 0.64 U 0.64 U 0.64 U 
NBH_PH4SAP_PC13_11_0-1 1/19/2011 14 19 51 25 44 79 28 3.7 26 67 18 68 0.33 U 12 48 37 4.2 0.33 U 5.3 5.3 2.4 0.33 U 3.8 0.33 U 0.7 0.46 
NBH_PH4SAP_PC13_14A 12/17/2010 20 29 150 23 110 120 95 14 46 130 33 160 2.4 27 120 97 12 0.78 U 14 16 6.1 0.78 U 13 1.2 1.3 0.78 U 
NBH_PH4SAP_PC13_23A 12/21/2010 0.33 U 1.1 6 1.5 5.4 7.2 3.7 0.33 U 1.5 6.9 1.8 5.7 0.33 U 1.5 5.9 4.7 0.33 U 0.33 U 0.46 0.96 0.33 U 0.33 U 0.65 0.33 U 0.33 U 0.33 U 
NBH_PH4SAP_PC13_32A 12/21/2010 0.38 U 1.2 3.6 0.97 3.8 4.2 3.9 0.38 U 2.2 6.4 2.5 9 0.38 U 2.4 8.5 5.0 0.73 0.38 U 1 1 0.4 0.38 U 0.78 0.38 U 0.38 U 0.38 U 
NBH_PH4SAP_PC13_33A 12/21/2010 0.89 8.6 20.0 5.8 23 32 12 0.62 8.8 33 8.5 27 0.34 U 5.1 23 20 1.6 0.34 U 2.1 3.4 0.93 0.34 U 2.1 0.34 U 0.34 U 0.34 U 

Estimate of Total PCBs 
(Summation of 18 NOAA 
Congeners Multiplied by a 
Harbor Specific Correction 

of 2.6) (mg/kg) 

7.6 
8.0 
4.9 

1.1 
11.7 
7.6 
0.91 
6.4 
0.26 
0.13 
0.23 
0.61 
14.2 
1.7 
0.08 
3.21 
1.77 
0.08 
1.3 
2.7 
0.13 
0.13 
0.53 

Notes:
 
U = Concentration is below the laboratory's method detection limit. One half of the method detection limit is utilized in the summation. 

Total PCB concentation is estimated by summing 18 specific NOAA Congeners and multiplying by a Harbor Specific Correction factor of 2.6.  

This harbor-specific correction is based upon a statistical analysis conducted by USEPA within New Bedford Harbor.
 
*NBH_PH4SAP_DUP14 is a duplicate sample of sample NBH_PH4SAP_PC_09D_0-1.
 



Table 2B: 

PCBs (26 NOAA Congeners) - [VC Samples]
 

and Chromium, Copper, and Zinc

 Sediment Analytical Data 


South Terminal CDF
 
New Bedford, Massachusetts
 

PCB Congeners - 18 NOAA Congeners Shaded Green (μg/kg) 

Sample Name Collection Date 
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NBH_PH4SAP_VC_01_0-1 2/11/2011 49 80 280 110 240 300 200 19 100 290 110 360 12 73 270 210 19 1.3 U 37 37.0 15.0 1.3 U 33 4.4 5.7 1.6 U 

NBH_PH4SAP_VC_01_1-2 2/11/2011 120 140 660 250 330 500 480 62 240 600 240 670 1.2 U 130 530 360 25 1.2 U 62 56 19 1.2 U 36 8 5.3 1.7 
NBH_PH4SAP_VC_01_2-3 2/11/2011 280 390 1400 600 650 1000 720 46 420 750 330 800 2.3 U 160 770 430 51 2.3 74 77 25 2.3 U 52 8.1 9 2.3 
NBH_PH4SAP_VC_01_3-4 2/11/2011 50 76 120 29 53 79 56 1.9 16 42 15 43 0.92 9 26 20 2.2 0.66 U 3.9 3.5 1.2 0.66 U 2.2 1.3 0.79 0.66 U 
NBH_PH4SAP_VC_01_4-5 2/11/2011 21 44 84 26 34 58 34 0.68 U 15 33 11 36 0.84 7.3 24 16 1.6 0.68 U 3 3.1 1.2 0.68 U 2.3 0.68 U 0.68 U 0.68 U 
NBH_PH4SAP_VC_01_5-6 2/11/2011 3.1 5.9 13 2.8 5.2 8.8 5.6 0.57 U 1.6 4.2 1.1 3.4 0.57 U 1 3.5 2.1 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 
NBH_PH4SAP_VC_02_0-1 2/11/2011 56 95 250 100 160 240 170 8.8 75 210 78 230 1.1 U 51 180 140 20 1.1 U 21 24 6.8 1.1 U 18 2.1 3.3 1.1 
NBH_PH4SAP_DUP4* 2/11/2011 53 81 160 100 190 250 180 0.8 U 120 300 170 350 0.8 U 54 260 190 19 0.8 U 27 25 8.2 0.8 U 18 0.94 2.7 1.2 
NBH_PH4SAP_VC_02_1-2 2/11/2011 320 530 1800 570 740 1000 810 47 360 700 250 680 3.8 U 120 440 310 32 3.8 U 53 54 21.0 3.8 U 35 4.1 5.1 3.8 U 
NBH_PH4SAP_VC_02_2-3 2/11/2011 110 200 320 210 310 670 91 1.6 U 170 260 85 230 6.1 71 270 140 19 1.6 U 28 28 12 1.6 U 17 1.9 3.2 4 
NBH_PH4SAP_VC_02_3-4 2/11/2011 8.6 12 26 16 18 37 12 1.8 17 26 9 25 0.75 6.2 23 14 2.1 0.58 U 1.7 2.2 0.85 0.58 U 1.5 0.73 0.58 U 0.58 U 
NBH_PH4SAP_VC_03_0-1 2/11/2011 38 50 190 72 120 190 120 6.2 79 210 68 230 6.6 43 170 130 12 0.99 U 18 18 6.5 0.99 U 15 1.5 1.5 1.1 
NBH_PH4SAP_DUP8* 2/11/2011 34 45 180 65 110 170 110 6.1 76 190 65 210 7 41 170 120 12 0.94 U 16 17 6.2 0.94 U 14 1.9 1.7 0.94 U 
NBH_PH4SAP_VC_03_1-2 2/11/2011 220 340 1000 430 520 760 880 72 310 670 300 740 1 U 150 550 340 51 1 U 70 65 17 1 U 33 3.3 4.0 1.6 
NBH_PH4SAP_VC_03_2-3 2/11/2011 260 380 450 170 230 430 180 0.8 U 99 170 66 150 5.7 38 140 80 11 0.8 U 17 17 5.4 0.8 U 10 0.95 1.5 0.8 U 
NBH_PH4SAP_VC_03_3-4 2/11/2011 36 68 110 63 77 150 67 1.3 51 74 33 80 3.1 19 73 45 5.3 0.61 U 8 8.2 3 0.61 U 5.8 0.8 0.76 0.61 U 
NBH_PH4SAP_VC_04_0-1 2/11/2011 32 43 160 63 100 140 110 12 61 150 57 190 4.9 31.0 130 97 8.5 0.83 U 11 13 4.1 0.83 U 10 0.83 U 1.2 0.83 U 
NBH_PH4SAP_DUP7* 2/16/2011 54 82 250 110 170 250 160 10 72 210 64 240 4.7 43 160 150 15 1 U 22 24 6.7 1 U 19 2.1 3 3.4 
NBH_PH4SAP_VC_04_1-2 2/11/2011 0.97 U 0.97 U 2.9 16 9.9 46 0.97 U 0.97 U 35 64 30 58 0.97 U 16 54 31 4.2 0.97 U 5.7 4.5 1.4 0.97 U 2 0.97 U 4.5 4.4 
NBH_PH4SAP_VC_04_2-3 2/11/2011 0.99 2.4 11 14 13 51 0.97 U 0.97 U 34 63 27 58 0.97 U 16 62 33 4 0.97 U 4.6 5.3 2 0.97 U 2.5 0.97 U 4.3 3 
NBH_PH4SAP_VC_04_3-4 2/11/2011 0.58 U 0.58 U 2.3 8.9 10 29 0.58 U 0.58 U 13 31 8.2 25 0.58 U 4.8 23 13 1.8 0.58 U 1.8 1.5 0.6 0.58 U 1 0.58 U 0.58 U 0.58 U 
NBH_PH4SAP_VC_04_4-4.9 2/11/2011 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 
NBH_PH4SAP_VC_05_0-1 2/11/2011 95 110 420 170 210 370 320 0.89 U 190 400 150 420 4.1 77 330 200 28 0.89 U 30 33 11 0.89 U 21 2 2.1 0.91 
NBH_PH4SAP_DUP6* 2/11/2011 46 78 300 120 260 290 190 1.4 U 100 260 100 390 9.1 61 260 240 19 1.4 U 30 33 11 1.4 U 27 2.2 3.8 1.6 
NBH_PH4SAP_VC_05_1-2 2/11/2011 0.59 1.1 2.1 1.9 2.3 4.1 4 0.54 U 1.8 4.3 1.3 4.5 0.54 U 0.89 4.2 2.1 0.54 U 0.54 U 0.54 U 0.54 U 0.54 U 0.54 U 0.54 U 0.54 U 0.54 U 0.54 U 
NBH_PH4SAP_VC_05_2-2.3 2/11/2011 2.7 4.7 13 6.8 8.9 14 12 0.57 U 6.4 15 6.8 15 0.57 U 3.5 14 8.6 1.1 0.57 U 1.2 1.3 0.57 U 0.57 U 0.84 0.57 U 0.57 U 0.57 U  

Estimate of Total PCBs 
(Summation of 18 NOAA 
Congeners Multiplied by a 
Harbor Specific Correction 

of 2.6) (mg/kg) 

6.4 

12.6 
20.4 
1.5 
1.0 
0.1 
4.9 
5.8 
20.0 
7.1 
0.58 
4.07 
3.8 

17.05 
5.98 
2.19 
3.22 
4.8 
0.89 
0.93 
0.39 
0.00 
8.19 
6.3 

0.035 
0.12 
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140 310 430 

260 440 410 
410 610 340 
23 36 36 
21 33 39 
26 14 20 
93 200 330 
94 150 170 

270 430 270 
90 190 170 
11 17 22 
68 180 250 
64 160 230 
290 450 300 
79 140 120 
39 69 58 
57 130 170 
81 200 300 
55 240 240 
60 230 240 
4.6 11 17 
4 1.9 8.6 

130 250 230 
130 300 450 
6.2 6.8 13 
11  14  18  

Notes:
 
U = Concentration is below the laboratory's method detection limit. One half of the method detection limit is utilized in the summation (unless all analytes are below the method detection limit, in which case 0 is used). 

Total PCB concentation is estimated by summing 18 specific NOAA Congeners and multiplying by a Harbor Specific Correction factor of 2.6.  

This harbor-specific correction is based upon a statistical analysis conducted by USEPA within New Bedford Harbor.
 
* - NBH_PH4SAP_DUP8 is a duplicate of NBH_PH4SAP_VC_03_0-1.
 
* - NBH_PH4SAP_DUP7 is a duplicate of NBH_PH4SAP_VC_04_0-1.
 
* - NBH_PH4SAP_DUP6 is a duplicate of NBH_PH4SAP_VC_05_0-1.
 
* - NBH_PH4SAP_DUP4 is a duplicate of NBH_PH4SAP_VC_02_0-1.
 



Table 2C: 

PCBs (26 NOAA Congeners) - [PC Samples]
 

Sediment Analytical Data 

South Terminal CDF
 

New Bedford, Massachusetts
 

PCB Congeners - 18 NOAA Congeners Shaded Green (μg/kg) 

Sample Name Collection Date 
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NBH_PH4SAP_PC_01_0-1 2/14/2011 57 87 270 120 220 310 140 16 120 280 99 310 11 63 240 220 19 1.5 U 25 30.0 11.0 1.5 U 29 1.8 3 1.5 U 
NBH_PH4SAP_DUP5* 2/14/2011 40 80 280 110 200 310 160 13 110 290 120 310 15 65 260 240 18 1.5 U 33 41 11 1.5 U 38 3.2 5.5 1.6 

NBH_PH4SAP_PC_02_0-1 2/14/2011 61 100 410 140 270 360 240 31 130 360 120 410 1.4 U 72 310 260 24 1.4 U 38 39 14 1.4 U 32 3.6 5.4 1.7 
NBH_PH4SAP_PC_03_0-1 2/15/2011 51 75 280 98 230 280 170 33 120 310 170 380 1.1 U 86 290 250 31 1.1 U 41 41 14 1.1 U 38 2.3 4.4 1.6 
NBH_PH4SAP_PC_04_0-1 2/16/2011 19 42 79 51 59 120 50 2 55 110 41 100 0.67 U 30 100 68 8.9 0.67 U 12 13 4.8 0.67 U 8.5 0.93 0.9 0.67 U 
NBH_PH4SAP_PC_05_0-1 2/16/2011 14 29 78 34 49 69 49 4.2 22 63 20 67 0.67 U 13 53 49 4.3 0.67 U 10 12 3.6 0.67 U 9.8 0.96 1.1 0.67 U 
NBH_PH4SAP_PC_06_0-1 2/16/2011 8.3 17 52 27 49 81 34 2.9 30 74 25 72 0.77 U 19 65 46 5.6 0.77 U 8.2 7.7 3.3 0.77 U 5.5 1.3 0.77 U 0.79 
NBH_PH4SAP_PC_07_0-1 2/16/2011 29 48 120 54 84 130 67 6.4 34 100 34 120 0.79 U 29 92 71 8.3 0.79 U 10 12 3.7 0.79 U 9.6 0.92 1.6 0.79 U 
NBH_PH4SAP_PC_08_0-1 2/16/2011 11 21 76 25 50 68 44 3.8 25 59 17 61 0.77 U 17 52 39 4 0.77 U 5.6 6.9 2.3 0.77 U 6.3 0.77 U 0.77 U 0.77 U 
NBH_PH4SAP_PC_09_0-1 1/31/2011 69 94 390 130 290 430 240 0.71 U 110 360 260 530 0.71 U 85 300 310 22 0.71 U 38 40 13 0.71 U 34 3.3 3.7 1.8 
NBH_PH4SAP_PC_10_0-1 1/20/2011 47 77 330 110 220 290 190 11 110 280 110 400 0.59 U 73 240 200 26 0.59 U 30 29 8.9 0.59 U 24 2.5 4 1.6 
NBH_PH4SAP_PC_11_0-1 1/20/2011 44 74 270 82 200 230 150 10 69 230 190 270 0.57 U 51 190 170 21 0.57 U 23 21 9.3 0.57 U 19 1.6 4.1 1.3 
NBH_PH4SAP_PC_12_0-1 1/20/2011 48 68 290 97 210 280 170 11 96 280 110 360 0.6 U 63 230 210 27 0.6 U 28 29 9.0 0.6 U 26 2 3.7 1.6 
NBH_PH4SAP_PC_13_0-1 1/20/2011 25 45 200 61 140 200 91 7 47 180 51 190 0.5 U 41 140 120 7.3 0.5 U 18 18 5.5 0.5 U 14 1.2 1.7 1.1 
NBH_PH4SAP_PC_15_0-1 1/20/2011 39 61 260 92 200 270 160 0.47 U 74 250 130 340 0.47 U 50 200 190 18 0.47 U 23 26 8.1 0.47 U 20 1.7 3.4 1.6 
NBH_PH4SAP_PC_16_0-1 1/20/2011 46 120 240 190 180 390 180 22 260 580 210 530 1.3 U 110 460 270 39 1.3 U 47 43 15 1.3 U 25 4.4 6.1 3.3 
NBH_PH4SAP_PC_16_2-3 10/18/2011 0.3U 0.35 0.67 0.86 0.71 1.4 0.73 0.3U 0.97 1.9 0.76 2.1 0.3U 0.49 2.1 0.9 NA NA 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 
NBH_PH4SAP_PC_17_0-1 1/20/2011 4.7 9.6 33 12 27 38 21 2.9 12 38 11 45 0.33 U 8.6 39 25 2.5 0.33 U 3.9 4.6 1.5 0.33 U 3.4 0.33 U 0.33 U 0.48 
NBH_PH4SAP_PC_18_0-1 1/20/2011 14 22 64 30 45 74 47 5.3 32 83 35 84 0.34 U 19 67 47 5.7 0.34 U 8.3 7.1 2.3 0.34 U 5 1.1 0.93 0.68 
NBH_PH4SAP_PC_19_0-1 2/16/2011 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 
NBH_PH4SAP_PC_21_0-1 1/20/2011 2.4 3.1 14 4.2 9.4 13 6.5 0.33 U 3.8 13 3.4 15 0.33 U 2.7 11 9.1 0.74 0.33 U 1.1 1.2 0.51 0.33 U 1 0.35 0.39 0.48 
NBH_PH4SAP_DUP_1-20* 1/20/2011 2.5 4.1 16 5.3 12 17 9.3 0.91 4.9 16 3.8 18 0.32 U 3 13 11 0.95 0.32 U 1.5 1.4 0.54 0.32 U 1.1 0.32 U 0.32 U 0.32 U 
NBH_PH4SAP_PC_22_0-1 1/19/2011 98 160 520 240 300 500 340 30 220 510 190 570 1.1 U 110 450 280 33 1.1 U 44 43 16 1.1 U 28 3 2.8 1.1 
NBH_PH4SAP_PC_22_2-2.6 10/18/2011 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 0.28U 
NBH_PH4SAP_PC_24_0-1 1/19/2011 2.1 2.8 14 3.9 8.5 11 6.1 0.33 U 3.3 10 2.6 12 0.33 U 2.4 9.2 7.6 0.84 0.33 U 0.85 0.88 0.36 0.33 U 0.83 0.33 U 0.33 U 0.33 U 
NBH_PH4SAP_DUP2* 1/19/2011 2.1 2.8 15 4.4 9.2 13 6.3 0.33 U 3.3 11 3.1 14 0.33 U 2.3 9.7 8.6 0.73 0.33 U 1 1.1 0.48 0.33 U 0.97 0.33 U 0.33 U 0.33 U 
NBH_PH4SAP_PC_25_0-1 1/19/2011 75 100 340 140 210 320 230 12 150 350 150 370 0.49 U 49 280 200 18 0.49 U 33 31 9.9 0.49 U 20.0 2.3 3.8 1.3 
NBH_PH4SAP_PC_26_0-1 1/19/2011 200 250 960 350 500 670 760 140 370 850 340 1100 0.61 U 190 770 490 68 0.61 U 79 85 27 0.61 U 57 5.2 8.0 2.9 
NBH_PH4SAP_PC_26_2-3 10/18/2011 0.3U 0.44 1 0.78 0.74 1.3 0.97 0.3U 0.76 1.7 0.63 1.7 0.3U 0.53 1.7 0.77 NA NA 0.3U 0.3U 0.3U 0.3U 0.39 0.3U 0.3U 0.3U 
NBH_PH4SAP_PC_27_0-1 2/16/2011 0.63 U 3.1 9.7 3.1 6.6 9.5 5.4 0.63 U 2.2 8.2 2.1 8 0.63 U 1.8 6 6.2 0.63 U 0.63 U 0.63 U 0.72 0.63 U 0.63 U 0.68 0.63 U 0.63 U 0.63 U 
NBH_PH4SAP_PC_28_0-1 2/16/2011 1.9 3.9 15 4.8 8.8 14 8.5 0.68 U 3.7 13 3.6 14 0.68 U 3.8 13 10 1 0.68 U 1.5 1.5 0.68 U 0.68 U 1.2 0.68 U 0.68 U 0.68 U 
NBH_PH4SAP_PC_29_0-1 1/19/2011 210 200 810 250 430 550 590 96 280 710 260 840 0.58 U 170 650 440 71 0.58 U 71 70 25 0.58 U 51 5.9 6.7 2 
NBH_PH4SAP_PC_29_2-3 10/18/2011 0.69 1.8 1.7 24 20 63 18 0.46U 41 72 30 81 0.46U 50 170 37 NA NA 11 14 4.7 0.46U 9.5 0.46U 12 8.3 
NBH_PH4SAP_PC_29_3-4 10/18/2011 0.15 U 0.15 U 0.15 U 2.40 1.70 7.30 1.80 0.15 U 6.90 12.00 5.30 15.00 0.15 U 3.40 13.00 5.70 NA NA 1.30 0.79 0.44 0.15 U 0.31 0.15 U 0.32 0.28 
NBH_PH4SAP_PC_30_0-1 1/19/2011 58 83 270 120 200 330 180 5.4 170 360 120 380 0.49 U 66 300 200 26 0.49 U 31 28 10 0.49 U 21 2.2 3.4 1.3 
NBH_PH4SAP_PC_31_0-1 1/19/2011 150 140 510 170 300 400 360 41 190 460 160 580 0.58 U 100 370 300 33 0.58 U 42 44 13 0.58 U 29 3.6 4.4 2 
NBH_PH4SAP_DUP1* 1/19/2011 150 170 530 180 310 420 380 39 190 480 170 600 0.6 U 100 380 310 35 0.6 U 42 44 14 0.6 U 29 5.3 3.8 2.2 
NBH_PH4SAP_PC_34_0-1 1/18/2011 9.3 25 51 60 68 160 49 1.3 98 200 68 200 0.45 U 42 170 110 15 0.45 U 15 16 6 0.45 U 8.6 0.45 U 1.8 0.72 
NBH_PH4SAP_PC_35_0-1 1/19/2011 68 72 270 90 170 230 190 25 95 270 110 300 0.42 U 63 230 170 21 0.42 U 26 26 8 0.42 U 18 1.5 2.8 2.2 
NBH_PH4SAP_PC_36_0-1 2/16/2011 0.58 U 0.58 U 0.61 0.58 U 0.6 1.1 0.58 U 0.58 U 0.7 4 0.58 U 3.2 0.58 U 1.2 3.9 4.1 0.58 U 0.58 U 0.58 U 0.58 U 0.58 U 0.58 U 0.58 U 0.58 U 0.58 U 0.58 U 
NBH_PH4SAP_PC_37_0-1 1/19/2011 22 25 59 25 48 76 38 3.6 24 67 21 66 0.35 U 13 47 38 3.8 0.35 U 5.7 5 2.2 0.35 U 4.1 0.86 0.52 0.77 
NBH_PH4SAP_PC_38_0-1 1/18/2011 11 21 72 47 56 130 39 4.4 58 130 44 130 0.45 U 36 150 64 11 0.45 U 13 12 3.9 0.45 U 7.9 0.94 1.8 1.1 
NBH_PH4SAP_PC_39_0-1 1/18/2011 130 140 480 180 270 330 400 0.54 U 170 420 170 520 0.54 U 67 300 240 24 0.54 U 30 31 12 0.54 U 24 2.3 2.8 1.3 
NBH_PH4SAP_PC_40_0-1 1/18/2011 200 170 820 230 400 540 550 76 260 660 330 920 1.8 U 150 570 440 53 1.8 U 56 64 20 1.8 U 47 5.3 5.3 1.8 U 
NBH_PH4SAP_PC_40_1-2.1 10/18/2011 3.6 5.8 10 9.3 9.7 17 12 0.3U 12 24 9 24 0.46 6.6 26 11 NA NA 2.3 2.3 1.1 0.3U 1.9 0.3U 0.3U 0.3U 
NBH_PH4SAP_PC_41_0-1 1/19/2011 30 33 100 33 61 91 48 3.8 26 85 26 90 0.37 U 14 63 47 5.4 0.37 U 6.2 6.8 2.9 0.37 U 5 0.37 U 0.79 0.37 U 
NBH_PH4SAP_PC_42_0-1 2/16/2011 15 23 84 25 43 62 30 2.8 14 44 16 52 0.75 U 11 38 31 3.6 0.75 U 4.6 5.1 1.8 0.75 U 4.1 0.75 U 0.75 U 0.75 U 

Estimate of Total PCBs 
(Summation of 18 NOAA 

Congeners Multiplied by a 
Harbor Specific Correction 

of 2.6) (mg/kg) 

5.9 
6.2 

7.7 
6.7 
2.2 
1.5 
1.4 
2.4 

0.51 
8.6 
6.3 
5.3 
6.0 
3.6 
5.5 
9.0 

0.03 
0.8 
1.6 
ND 

0.26 
0.12 
10.6 
ND 

0.23 
0.25 
7.0 

18.6 
0.03 
0.17 
0.29 
15.3 
1.6 

0.18 
6.6 
9.9 

10.4 
3.1 
5.6 

0.06 
1.3 
2.4 
9.0 

15.0 
0.43 
1.8 
1.2 

Notes:
 
ND = Not detected at the Method Detection Limits noted. 

U = Concentration is below the laboratory's method detection limit. One half of the method detection limit is utilized in the summation (unless all analytes are below the method detection limit, in which case 0 is used). 

Total PCB concentation is estimated by summing 18 specific NOAA Congeners and multiplying by a Harbor Specific Correction factor of 2.6.  

This harbor-specific correction is based upon a statistical analysis conducted by USEPA within New Bedford Harbor.
 
* - NBH_PH4SAP_DUP5 is a duplicate of NBH_PH4SAP_PC_01_0-1.
 
* - NBH_PH4SAP_DUP1-20 is a duplicate of NBH_PH4SAP_PC_21_0-1.
 
* - NBH_PH4SAP_DUP2 is a duplicate of NBH_PH4SAP_PC_24_0-1.
 
* - NBH_PH4SAP_DUP1 is a duplicate of NBH_PH4SAP_PC_31_0-1.
 



Table 2D: 

Semi-Volatile Organics Sediment Analytical Data 


South Terminal CDF
 
New Bedford, Massachusetts
 

Semivolatile Organics (mg/kg) 

Sample Name Collection Date 
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NBH_PH4SAP_PC13E_01D 12/17/2010 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 6U 0.6U 0.6U 0.6U 0.6U 1U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 1U 0.6U 0.6U 1U 0.6U 1U 0.6U 0.6U 0.6U 0.6U 3U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 1.2 6U 1.6 0.6U 0.7 0.8 0.6U 1.8 0.6U 0.8 0.7 0.7 0.7 0.6U 0.6U 

NBH_PH4SAP_PC13E_02D 12/16/2010 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3U 0.3U 0.3U 0.3U 0.3U 0.7U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.7U 0.3U 0.3U 0.7U 0.3U 0.7U 0.3U 0.3U 0.3U 0.3U 2U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3 0.7 3U 1 1.4 0.4 0.4 0.3U 1 0.3U 0.7 0.4 0.4 0.3 0.3U 0.4 

NBH_PH4SAP_PC13E_02A 12/21/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 5U 0.5U 0.5U 0.5U 0.5U 1U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 1U 0.5U 0.5U 1U 0.5U 1U 0.5U 0.5U 0.5U 0.5U 3U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5 0.5U 0.5U 0.5U 1.1 5U 1.3 0.5U 0.6 0.7 0.5U 1.1 0.5U 0.8 0.6 0.6 0.6 0.5U 0.5U 

NBH_PH4SAP_PC13E_03D 12/16/2010 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3U 0.3U 0.3U 0.3U 0.3U 0.6U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.6U 0.3U 0.3U 0.6U 0.3U 0.6U 0.3U 0.3U 0.3U 0.3U 2U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 1.4 0.4 0.3U 0.3U 1.5 3U 2.5 0.3U 1 1.1 0.4 0.3U 0.3U 0.7 0.5 0.5 0.8 0.3U 0.6 

NBH_PH4SAP_PC13E_04D 12/16/2010 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 4U 0.4U 0.4U 0.4U 0.4U 0.9U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.9U 0.4U 0.4U 0.9U 0.4U 0.9U 0.4U 0.4U 0.4U 0.4U 2U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.9 4U 1.1 0.4U 0.5 0.5 0.4U 1.3 0.4U 0.6 0.5 0.5 0.4U 0.4U 0.4U 

NBH_PH4SAP_PC13_01A 12/17/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 5U 0.5U 0.5U 0.5U 0.5U 1U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 1U 0.5U 0.5U 1U 0.5U 1U 0.5U 0.5U 0.5U 0.5U 2U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.7 5U 1.1 0.5U 0.5 0.6 0.5U 1.2 0.5U 0.6 0.5 0.5 0.5U 0.5U 0.5U 

NBH_PH4SAP_PC13_02A 12/21/2010 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3U 0.3U 0.3U 0.3U 0.3U 0.7U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.7U 0.3U 0.3U 0.7U 0.3U 0.7U 0.3U 0.3U 0.3U 0.3U 2U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.5 3U 0.5 0.3U 0.3U 0.3 0.3U 0.5 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 

NBH_PH4SAP_PC13_03A 12/17/2010 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 4U 0.4U 0.4U 0.4U 0.4U 0.8U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.8U 0.4U 0.4U 0.8U 0.4U 0.8U 0.4U 0.4U 0.4U 0.4U 2U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.5 0.4U 0.4U 0.4U 1.3 4U 1.8 0.4U 0.7 0.8 0.4U 1 0.4U 0.8 0.7 0.7 0.5 0.4U 0.4U 

NBH_PH4SAP_PC13_04A 12/21/2010 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 2U 0.2U 0.2U 0.2U 0.2U 0.5U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.5U 0.2U 0.2U 0.5U 0.2U 0.5U 0.2U 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 

NBH_PH4SAP_PC13_07A 12/21/2010 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3U 0.3U 0.3U 0.3U 0.3U 0.6U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.6U 0.3U 0.3U 0.6U 0.3U 0.6U 0.3U 0.3U 0.3U 0.3U 1U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 

NBH_PH4SAP_PC13_08A 12/17/2010 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 5U 0.5U 0.5U 0.5U 0.5U 1U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 1U 0.5U 0.5U 1U 0.5U 1U 0.5U 0.5U 0.5U 0.5U 2U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5U 0.5 0.5U 0.5U 0.5U 1.2 5U 1.4 0.5U 0.7 0.8 0.5U 1.6 0.5U 0.7 0.7 0.7 0.5 0.5U 0.5U 

NBH_PH4SAP_PC_09D 0-1 2/16/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 2U 0.2U 0.2U 0.2U 0.2U 2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.4U 0.2U 0.2U 0.4U 0.2U 0.4U 0.2U 0.2U 0.2U 0.2U 0.9U 0.2U 0.2U 0.2U 0.2U 0.2U 0.4U 0.2 0.2U 0.2U 0.3 0.7 2U 0.7 0.2U 0.4 0.5 0.4U 2.6 0.2U 0.5 0.3 0.3 0.4 0.2U 0.4 

NBH_PH4SAP_DUP14* 2/16/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 2U 0.2U 0.2U 0.2U 0.2U 2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.3U 0.2U 0.3U 0.2U 0.2U 0.2U 0.2U 0.8U 0.2U 0.2U 0.2U 0.2U 0.2U 0.3U 0.2 0.2U 0.2U 0.2U 0.6 0.6U 0.6 0.2U 0.3 0.3 0.3U 0.4 0.2U 0.3 0.2 0.2 0.3 0.2U 0.2 

NBH_PH4SAP_PC13_14A 12/17/2010 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3U 0.3U 0.3U 0.3U 0.3U 0.6U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.6U 0.3U 0.3U 0.6U 0.3U 0.6U 0.3U 0.3U 0.3U 0.3U 2U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.6 0.3U 0.3U 0.3U 0.8 3U 1.2 0.3U 0.6 0.7 0.3U 3.3 0.3U 0.5 0.4 0.4 0.3 0.3U 0.3U 

NBH_PH4SAP_PC13_23A 12/21/2010 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3U 0.3U 0.3U 0.3U 0.3U 0.5U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.5U 0.3U 0.3U 0.5U 0.3U 0.5U 0.3U 0.3U 0.3U 0.3U 1U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 

NBH_PH4SAP_PC13_32A 12/21/2010 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3U 0.3U 0.3U 0.3U 0.3U 0.6U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.6U 0.3U 0.3U 0.6U 0.3U 0.6U 0.3U 0.3U 0.3U 0.3U 2U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 

NBH_PH4SAP_PC13_33A 12/21/2010 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3U 0.3U 0.3U 0.3U 0.3U 0.5U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.5U 0.3U 0.3U 0.5U 0.3U 0.5U 0.3U 0.3U 0.3U 0.3U 1U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.5 3U 0.4 0.3U 0.3U 0.3U 0.3U 0.3 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 

Notes:
 
U = Concentration is below the laboratory's method detection limit. 

*NBH_PH4SAP_DUP14 is a duplicate sample of sample NBH_PH4SAP_PC_09D_0-1.
 



Table 2E: 

13 Priority Pollutant Metals Sediment Analytical Data 


South Terminal CDF
 
New Bedford, Massachusetts
 

13 Priority Pollutant Metals (mg/kg) 

Sample Name Collection Date A
nt
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NBH_PH4SAP_PC13E_01D 12/17/2010 0.3 B (0.31) 11 0.74 2.6 170 380 220 0.6 25 1 3.3 0.42 460 
NBH_PH4SAP_PC13E_02D 12/16/2010 1.2 B (0.31) J5 J8 6.1 0.38 4.1 140 270 120 0.34 21 0.55 3.3 0.22 270 
NBH_PH4SAP_PC13E_02A 12/21/2010 0.28 B (0.31) 9.2 0.6 1.7 120 300 140 0.45 20 0.81 2.1 0.33 390 
NBH_PH4SAP_PC13E_03D 12/16/2010 0.06 U 4.8 0.33 0.5 35 110 63 0.29 8.8 0.39 0.46 0.16 120 
NBH_PH4SAP_PC13E_04D 12/16/2010 0.09 U 8.6 0.53 3.6 190 360 150 0.56 26 0.91 2.7 0.32 330 
NBH_PH4SAP_PC13_01A 12/17/2010 0.24 B (0.31) 8.1 0.56 2.3 140 310 140 0.45 20 0.8 2.5 0.32 360 
NBH_PH4SAP_PC13_02A 12/21/2010 0.097 B (0.31) 4.1 0.26 1.4 39 150 46 0.22 11 0.25 0.52 0.087 210 
NBH_PH4SAP_PC13_03A 12/17/2010 0.23 B (0.31) 7.4 0.47 2.4 110 280 160 0.38 19 0.66 2 0.26 340 
NBH_PH4SAP_PC13_04A 12/21/2010 0.05 U 1.6 0.076 0.14 9.3 21 11 0.04 2.6 0.1 U 0.11 0.068 30 
NBH_PH4SAP_PC13_07A 12/21/2010 0.05 U 1.9 0.11 0.35 22 56 20 0.07 3.8 0.12 0.27 0.071 67 
NBH_PH4SAP_PC13_08A 12/17/2010 0.26 B (0.31) 9.1 0.61 7.8 300 560 200 0.6 35 0.9 3.1 0.35 440 
NBH_PH4SAP_PC_09D_0-1 2/16/2011 0.32 5.7 0.3 1.1 64 140 62 0.4 10 0.47 0.78 0.16 190 
NBH_PH4SAP_DUP14* 2/16/2011 0.22 4 0.24 0.73 42 99 47 0.23 7.8 0.28 0.43 0.11 120 
NBH_PH4SAP_PC13_14A 12/17/2010 0.14 B (0.31) 4.9 0.33 1.2 66 170 74 0.19 13 0.4 1 0.16 270 
NBH_PH4SAP_PC13_23A 12/21/2010 0.05 U 1 B (0.23) 0.07 0.09 10 23 11 0.02 2.3 0.1 U 0.13 0.1 U 31 
NBH_PH4SAP_PC13_32A 12/21/2010 0.05 U 0.9 B (0.23) 0.09 0.05 U 6.2 9.2 15 0.02 U 2.7 0.1 U 0.053 0.05 U 16 
NBH_PH4SAP_PC13_33A 12/21/2010 0.05 U 1.6 0.12 0.28 17 46 23 0.06 3.5 0.1 U 0.22 0.065 56 

Notes: 
U = below quntitation limit 
B (0.31) = Analyte found in laboratory blank at value indicated. Sample result may be affected. 
J5 = Estimate. MS %R below limit. 
J8 = Estimate. Dup % RR above limit. 
*NBH_PH4SAP_DUP14 is a duplicate sample of sample NBH_PH4SAP_PC_09D_0-1. 



Table 2F: 

Total Petroleum Hydrocarbons Sediment Analytical Data 


South Terminal CDF
 
New Bedford, Massachusetts
 

Total Petroleum Hydrocarbons (mg/kg) 

Sample Name Collection Date 

D
ie

se
l R

an
ge

 O
rg

an
ic

s

Lu
be

 O
il 

R
an

ge
 O

rg
an

ic
s

To
ta

l P
et

ro
le

um
 H

yd
ro

ca
rb

on
s 

NBH_PH4SAP_PC13E_01D 12/17/2010 50 U N1 1700 N2 50 U N1 
NBH_PH4SAP_PC13E_02D 12/16/2010 20 U N1 1200 N2 20 U N1 
NBH_PH4SAP_PC13E_02A 12/21/2010 20 U N1 100 N2 20 U N1 
NBH_PH4SAP_PC13E_03D 12/16/2010 10 U N1 430 N2 12 U N1 
NBH_PH4SAP_PC13E_04D 12/16/2010 60 U N1 1500 N2 60 U N1 
NBH_PH4SAP_PC13_01A 12/17/2010 40 U N1 1400 N2 40 U N1 
NBH_PH4SAP_PC13_02A 12/21/2010 7 U N1 260 N2 7 U N1 
NBH_PH4SAP_PC13_03A 12/17/2010 25 U N1 1000 N2 25 U N1 
NBH_PH4SAP_PC13_04A 12/21/2010 4 U 72 N2 4 U 
NBH_PH4SAP_PC13_07A 12/21/2010 20 U N1 140 N2 20 U N1 
NBH_PH4SAP_PC13_08A 12/17/2010 90 U N1 2500 N2 90 U N1 
NBH_PH4SAP_PC_09D_0-1 2/16/2011 14 U N1 160 N2 14 U N1 
NBH_PH4SAP_DUP14* 2/16/2011 7 U N1 90 N2 7 U N1 
NBH_PH4SAP_PC13_14A 12/17/2010 40 U N1 800 N2 40 U N1 
NBH_PH4SAP_PC13_23A 12/21/2010 15 U N1 44 N2 15 U N1 
NBH_PH4SAP_PC13_32A 12/21/2010 15 U N1 110 N2 15 U N1 
NBH_PH4SAP_PC13_33A 12/21/2010 20 U N1 140 N2 20 U N1 

Notes: 

U = below quntitation limit
 
N1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial petroleum product.
 
N2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the sample. Value reported may be considered a maximum. 

*NBH_PH4SAP_DUP14 is a duplicate sample of sample NBH_PH4SAP_PC_09D_0-1.
 



 
BORING LOG 

Sample Date: 12/15/10 
Log Date: 12/15/2010 

Project No: 6690.009Project: New Bedford Harbor N: 2690219 
E: 8160176690.009Location: South Terminal 

Corrected Water Depth (MLW): Total Boring Depth: 5.0' 
Boring No:N/A Time: 13:00Casing Type: 

2"Casing Dia: Recovery Length: 5.0' NBH_PH4SAP_PC_01 
Sheet: 1 of 1Method: Peat CorerDrill Co: N/A 

Log By: GCD/JERDriller: N/A 
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Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Description 
(Color, Texture, Structure) 

S
A
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1.0 0-1 N/A 12/12 Duplicate Collected: DUP-5 
Black organic SILT, trace human hair, trace leaves, trace trash. 

2.0 1-2 N/A 12/12 
Black organic SILT. 

3.0 2-3 N/A 12/12 
Black organic SILT. 

4.0 3-4 N/A 12/12 
Black organic SILT and interbedded grey inorganic silt. 

5.0 4-5 N/A 12/12 
Black organic SILT and interbedded grey inorganic silt. 

Refusal at 5.1' 

Comments: 



 

Sample Date: 2/14/2011 
Log Date: 2/14/2011 

BORING LOG 
Project No: 6690.009Project: New Bedford Harbor 

E: 816107 
N: 2689865 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 2.8' 

Boring No:N/A Time: 14:15Casing Type: 
2"Casing Dia: Recovery Length: 2.8' NBH_PH4SAP_PC_02 

Sheet: 1 of 1Method: Peat CorerDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A
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P

LE
 

1.0 0-1 N/A 12/12 
Black organic SILT, trace shell hash. 

2.0 1-2 N/A 12/12 
Black organic SILT. 

2.8 2-2.8 N/A 9.6/9.6 
Black organic SILT, some fine to coarse sand. 

Comments: 



 

Sample Date: 2/14/2011 
Log Date: 2/14/2011 

BORING LOG 
Project No: 6690.009Project: New Bedford Harbor 

E: 816175 
N: 2689635 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 2.0' 

Boring No:N/A Time: 14:15Casing Type: 
2"Casing Dia: Recovery Length: 2.0' NBH_PH4SAP_PC_03 

Sheet: 1 of 1Method: Peat CorerDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A

M
P

LE
 

1.0 0-1 N/A 12/12 
Black organic SILT, trace shell hash. 
Duplicate Collected: DUP-9 

2.0 1-2 N/A 12/12 
Black to dark gray organic SILT, trace shell hash, trace fine sand. 

Comments: 



 

Sample Date: 2/14/2011 
Log Date: 2/14/2011 

BORING LOG 
Project No: 6690.009Project: New Bedford Harbor 

E: 816199 
N: 2689153 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:N/A Time: 9:31Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_04 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A
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P

LE
 

1.0 0-1 N/A 12/12 
Black organic SILT, some to little fine to coarse sand, trace shell hash. 
Duplicate Collected: DUP-10 

Comments: 



 

Sample Date: 2/14/11 
Log Date: 

BORING LOG 
Project No: 6690.009Project: New Bedford Harbor 

E: 816220 
N: 2689405 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.5' 

Boring No:Time: 9:58Casing Type: 
2"Casing Dia: Recovery Length: 1.5' NBH_PH4SAP_PC_05 

Sheet: 1 of 1Method: Peat CorerDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A
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P

LE
 

1.0 0-1 N/A 12/12 
Black to dark grey organic SILT, trace fine sand, trace shell hash. 
Duplicate Collected: DUP-11 

1.5 1-1.5 N/A 6/6 
Dark grey organic SILT, some fine to coarse sand. 

Comments: 



 

Sample Date: 2/14/11 
Log Date: 

BORING LOG 
Project No: 6690.009Project: New Bedford Harbor 

E: 816226 
N: 2689028 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 11:37Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_06 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A
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1.0 0-1 N/A 12/12 
Black organic SILT, little fine to coarse sand, trace shell hash. 
Duplicate Collected: DUP-13 

Comments: 



 

Sample Date: 2/14/11 
Log Date: 

BORING LOG 
Project No: 6690.009Project: New Bedford Harbor 

E: 816326 
N: 2689056 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 11:08Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_07 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A
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LE
 

1.0 0-1 N/A 12/12 Black organic SILT, little fine to coarse sand, trace shell hash. 

Comments: 



 

Sample Date: 2/14/11 
Log Date: 

BORING LOG 
Project No: 6690.009Project: New Bedford Harbor 

E: 816245 
N: 2688910 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 12:16Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_08 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A
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LE
 

1.0 0-1 N/A 12/12 Black organic SILT, little fine to coarse sand, trace shell hash. 

Comments: 



 

Sample Date:1/19/11 
Log Date: 

BORING LOG 
Project No: 6690.009Project: New Bedford Harbor 

E: 816354 
N: 2688942 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 2.8' 

Boring No:Time: 15:00Casing Type: 
2"Casing Dia: Recovery Length: 2.8' NBH_PH4SAP_PC_09 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: GCDDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
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ks

 

1.0 0-1 N/A 12/12 Black organic SILT, some shell hash. 

2.8 1-2.8 N/A 21.6/21.6 
Black and dark gray organic SILT, band of dark grey sand. 
(less than 0.1' thick) at 1.8'. 

Comments: 



 

Sample Date:1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816383 
N: 2688819 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 3.0' 

Boring No:Time: 14:40Casing Type: 
2"Casing Dia: Recovery Length: 3.0' NBH_PH4SAP_PC_10 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: GCDDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em
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ks

 

2.8 0-2.8 N/A 33.6/33.6 Black organic SILT. 

3.0 2.8-3 N/A 2.4/2.4 Dark fray fine to medium SAND, little organic silt. 

Comments: 



 

Sample Date:1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816288 
N: 2688671 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 14:00Casing Type: 
NACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_11 

Sheet: 1 of 1Method: Ponar DredgeDrill Co: N/A 
Log By: GCDDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
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1.0 0-1 N/A N/A Black organic SILT, little debris, trace shell hash. 

Comments: 



 

Sample Date:1/20/11 
Log Date: 1/20/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816546 
N: 2688604 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 3.5' 

Boring No:Time: 11:25Casing Type: 
2"Casing Dia: Recovery Length: 3.5' NBH_PH4SAP_PC_13 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: GCDDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
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1.0 0-1 N/A 36/36 Black organic SILT and SHELL HASH. 

2.0 1-2 N/A 36/36 Black organic SILT, little shell hash. 

3.0 2-3 N/A 36/36 Interbedded black and dark gray organic SILT, trace shell hash. 

3.5 3-3.5 NA 6/6 Interbeded black and dark gray, organic SILT. 

Comments: 



 

Sample Date:1/20/11 
Log Date: 1/20/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816445 
N: 2688590 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 11:48Casing Type: 
NACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_12 

Sheet: 1 of 1Method: Ponar DredgeDrill Co: N/A 
Log By: GCDDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
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1.0 0-1 N/A N/A Black organic SILT, some rope and debris, trace shell hash. 

Comments: 



 

Sample Date:1/20/11 
Log Date: 1/20/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816351 
N: 2688441 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 11:48Casing Type: 
NACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_15 

Sheet: 1 of 1Method: Ponar DredgeDrill Co: N/A 
Log By: GCDDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em
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ks

 

1.0 0-1 N/A N/A Black organic SILT, some shell hash. 

Comments: 



 

Sample Date:1/20/11 
Log Date: 1/20/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816474 
N: 2688471 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 11:25Casing Type: 
2"Casing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_16 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: GCDDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em
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ks

 

0-1 N/A N/A 
0 to 0.8 feet: Black organic SILT, trace shell hash. 
0.8 feet to 1 foot: Dark olive-grey organic SILT. 
Refusal at 1 foot. 

Comments: 



 

Sample Date:1/20/11 
Log Date: 1/20/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816384 
N: 2688328 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 11:09Casing Type: 
NACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_17 

Sheet: 1 of 1Method: Ponar DredgeDrill Co: N/A 
Log By: GCDDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em
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ks

 

0-1 N/A N/A 
Black, organic SILT, and fine sand, trace shell hash 

Comments: 



 

Sample Date:1/20/11 
Log Date: 1/20/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816614 
N: 2688379 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 10:35Casing Type: 
NACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_18 

Sheet: 1 of 1Method: PONARDrill Co: N/A 
Log By: GCDDriller: N/A 

D
ep

th
 (F

ee
t)

In
te

rv
al

(F
ee

t)

B
lo

w
 C

ou
nt

P
en

/R
ec

 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em
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ks

 

0-1 N/A N/A 
Dark Grey to Black organic SILT, some fine sand , grades to dark grey fine 
sand. 

Comments: 



 

Sample Date: 2/16/11 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816152 
N: 2688121 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time:Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_19 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A

M
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0-1 N/A 12/12 
Grey, fine SAND, little shell hash. 

Comments: 



 

Sample Date:1/20/11 
Log Date: 1/20/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816417 
N: 2688202 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 10:19Casing Type: 
NACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_21 

Sheet: 1 of 1Method: PONARDrill Co: N/A 
Log By: GCDDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em
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ks

 

0-1 N/A N/A 
Dark Grey to Grey fine SAND linttle to some organic silt. 
Duplicate Sample Collected: DUP 1-20 

Comments: 



 

Sample Date: 1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816644 
N: 2688275 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 2.0' 

Boring No:Time: 13:35 to 13:53Casing Type: 
2"Casing Dia: Recovery Length: 2.0' NBH_PH4SAP_PC_22 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: CWMDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em
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ks

 

0-2 N/A 24/24 
Dark Grey to Grey, SILT, trace fine sand, strong odor. Brown varving 
from 1 to 2 feet 

Comments: 



 

Sample Date: 1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816444 
N: 2688096 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 14:27Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_24 

Sheet: 1 of 1Method: Ponar SamplerDrill Co: N/A 
Log By: CWMDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-1 N/A N/A 
Grey to Tan SAND, little odor. 
Duplicate Collected: DUP-2 

Comments: 



 

Sample Date: 1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816562 
N: 2688120 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.5' 

Boring No:Time: 14:00Casing Type: 
2"Casing Dia: Recovery Length: 1.5' NBH_PH4SAP_PC_25 

Sheet: 1 of 1Method: Peat CorerDrill Co: N/A 
Log By: CWMDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-1.5 N/A 18/18 
Dark Grey, SILT, little shell hash, trace sand. 

Comments: 



 

Sample Date: 1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816667 
N: 2688156 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 4.0' 

Boring No:Time: 13:35Casing Type: 
2"Casing Dia: Recovery Length: 4.0' NBH_PH4SAP_PC_26 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: CWMDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-3 N/A 36/36 
Dark Grey, SILT, trace fine sand, strong odor. 

3-4 N/A 12/12 
Dark Grey, SILT, trace fine sand, strong odor. 

Comments: 



 

Sample Date: 2/16/11 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816210 
N: 2687835 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time:Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_27 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A

M
P

LE
 

0-1 N/A 12/12 
Dark grey, fine SAND, little silt, trace shell hash. 

Comments: 



 

Sample Date: 2/16/11 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816359 
N: 2687875 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time:Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_28 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A

M
P

LE
 

0-1 N/A 12/12 
Dark grey, fine SAND, little silt, trace shell hash. 

Comments: 



 

Sample Date: 1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816593 
N: 2688005 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 4.5' 

Boring No:Time: 12:59Casing Type: 
2"Casing Dia: Recovery Length: 4.5' NBH_PH4SAP_PC_29 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: CWMDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-3 N/A 36/36 
Dark Grey, SILT, trace fine sand, strong odor. 

3-4.5 N/A 18/18 
Dark Grey, SILT, trace fine sand, strong odor. 

Comments: 



 

Sample Date: 1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816505 
N: 2687863 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 6.5' 

Boring No:Time: 11:41Casing Type: 
2"Casing Dia: Recovery Length: 6.5' NBH_PH4SAP_PC_30 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: CWMDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-3' N/A 36/36 
Grey SILT, little/trace sand 

3-6' N/A 36/36 
Grey SILT, little/trace sand 

6-6.5 N/A 6/6 
Grey SILT, little/trace sand 

Comments: 



 

Sample Date: 1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816737 
N: 2687921 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 3' 

Boring No:Time: 12:36Casing Type: 
2"Casing Dia: Recovery Length: 3' NBH_PH4SAP_PC_31 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: CWMDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-1 N/A 24/24 
Dark Grey, SILT, trace fine sand, strong odor. 
Duplicate Collected: DUP-1 

1-3 N/A 12/12 
Dark Grey, SILT, trace fine sand, strong odor. 
Shell hash and coarse lense at 2' 

Comments: 



 

Sample Date: 1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816090 
N: 2687604 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 3.0' 

Boring No:Time:Casing Type: 
3"Casing Dia: Recovery Length: 3.0' NBH_PH4SAP_PC13_32 

Sheet: 1 of 1Method: Hand AugerDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-1 N/A 12/12 
Coarse Sand with root and gravel 

1-2 N/A 12/12 
coarse sand grey 

2-3 N/A 12/12 
fine sand and inorganic silts 

Comments: 



 

Sample Date: 1/18/11 
Log Date: 1/18/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816533 
N: 2687753 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 4.8' 

Boring No:Time: 13:00Casing Type: 
2"Casing Dia: Recovery Length: 4.8' NBH_PH4SAP_PC_34 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: CWMDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-3 N/A 36/36 
Grey to Black SILT, trace sand, heavy organic odor. 

3-4.8 N/A 21.8/21.8 
Grey to Black SILT, trace sand, heavy organic odor. 

Comments: 



 

Sample Date: 1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816767 
N: 2687806 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 9:27Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_35 

Sheet: 1 of 1Method: Ponar SamplerDrill Co: N/A 
Log By: CWMDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-1 N/A N/A 
Black SILT, trace sand, heavy organic odor. Shell hash in sample. 

Comments: 



 

Sample Date: 2/16/11 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816160 
N: 2687558 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time:Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_36 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A

M
P

LE
 

0-1 N/A 12/12 
Grey, fine SAND, some medium to coarse sand, little fine to coarse 
gravel, trace shell hash. 

Comments: 



 

Sample Date: 1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816283 
N: 2687542 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 11:16Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_37 

Sheet: 1 of 1Method: Ponar SamplerDrill Co: N/A 
Log By: CWMDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-1 N/A N/A 
Brown SAND. 

Comments: 



 

Sample Date: 1/18/11 
Log Date: 1/18/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816554 
N: 2687638 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 12:27Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_38 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: CWMDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-1 N/A 12/12 
Grey to Black SILT, trace sand, heavy organic odor. 

Comments: 



 

Sample Date: 1/18/11 
Log Date: 1/18/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816671 
N: 2687663 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 5.0' 

Boring No:Time: 13:51Casing Type: 
2"Casing Dia: Recovery Length: 5.0' NBH_PH4SAP_PC_39 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: CWMDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-3 N/A 36/36 
Grey to Black SILT, trace sand, heavy organic odor. 

3-5 N/A 24/24 
Grey to Black SILT, trace sand, heavy organic odor. 

Comments: 



 

Sample Date: 1/18/11 
Log Date: 1/18/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816766 
N: 2687707 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 2.0' 

Boring No:Time: 14:21Casing Type: 
2"Casing Dia: Recovery Length: 2.0' NBH_PH4SAP_PC_40 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: CWMDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-2 N/A 24/24 
Black to Grey SILT, trace sand, heavy organic odor. Shell hash from 
1.4' to 1.6'. 

Comments: 



 

Sample Date: 1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816360 
N: 2687445 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 4.5' 

Boring No:Time: 10:48Casing Type: 
2"Casing Dia: Recovery Length: 4.5' NBH_PH4SAP_PC_41 

Sheet: 1 of 1Method: Peat CoreDrill Co: N/A 
Log By: CWMDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-3 N/A 36/36 
Dark Grey SILT, little sand, varving of light grey silt. 

3-4.5 N/A 18/18 
Dark Grey SILT, little sand. 

Comments: 



 

Sample Date: 2/14/11 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816214 
N: 2689146 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 10:30Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC_42 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A

M
P

LE
 

0-1 N/A 12/12 
Black organic SILT, little fine to coarse sand. 

Comments: 



 

Sample Date: 12/17/2011 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816138 
N: 2689748 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 2.2' 

Boring No:Time:Casing Type: 
2"Casing Dia: Recovery Length: 2.2' NBH_PH4SAP_PC13_01 

Sheet: 1 of 1Method: Peat CorerDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A

M
P

LE
 

0-1 N/A 12/12 
Black Organic Silt 

A 

B 

C 

1-2 N/A 12/12 
Black Organic Silt 

2-2.2 N/A 2/12 
Start of inorganic silts 
Refusal at 2.2 

Comments: 



 

Sample Date: 12/17/2011 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816265 
N: 2688789 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time:Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC13_02 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-1 N/A 12/12 
Black organic silts withsome inorganic silts 

Comments: 



 

Sample Date: 12/17/2011 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816324 
N: 2688567 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 3.0' 

Boring No:Time:Casing Type: 
2"Casing Dia: Recovery Length: 3.0' NBH_PH4SAP_PC13_03 

Sheet: 1 of 1Method: Peat CorerDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A

M
P

LE
 

0-1 N/A 12/12 
Black Organic Silt 

A 

B 

C 

1-2 N/A 12/12 
Black Organic Silt, Trace to little grey coarse sand 

2-3 N/A 12/12 
Black Organic Silt 
Refusal 

Comments: 



 

Sample Date: 12/17/2011 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816587 
N: 2688510 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time:Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC13_04 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-1 N/A 12/12 
Fine grained sand with shell hash 

Comments: 



 

Sample Date: 2/16/11 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816242 
N: 2688301 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time:Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC13_05 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A

M
P

LE
 

0-1 N/A 12/12 
Dark grey, fine to coarse SAND, some gravel. 

Comments: 



 

Sample Date: 2/16/11 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816323 
N: 2688017 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time:Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC13_06 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A

M
P

LE
 

0-1 N/A 12/12 
Dark grey, fine SAND, little silt, trace shell hash. 

Comments: 



 

Sample Date: 12/17/2011 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816473 
N: 2687976 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time:Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC13_07 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-1 N/A 12/12 
Fine grained sand 

Comments: 



 

Sample Date: 12/17/2011 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816704 
N: 2688034 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 2.0' 

Boring No:Time:Casing Type: 
2"Casing Dia: Recovery Length: 2.0' NBH_PH4SAP_PC13_08 

Sheet: 1 of 1Method: Peat CorerDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

0-1 N/A 12/12 
Black Organic Silt 

A 

B1-2 N/A 12/12 
Black Organic Silt 
Refusal 

Comments: 



 

Sample Date: 2/16/11 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816244 
N: 2687692 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time:Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC13_10 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
A

M
P

LE
 

0-1 N/A 12/12 
Dark grey, fine SAND, little silt, trace shell hash. 

Comments: 



 

Sample Date: 1/19/11 
Log Date: 1/19/11 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816436 
N: 2687585 

6690.01Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time: 11:31Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC13_11 

Sheet: 1 of 1Method: Ponar SamplerDrill Co: N/A 
Log By: CWMDriller: N/A 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
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0-1 N/A N/A 
Grey to Brown SILT and SAND. 

Comments: 



 

Sample Date: 12/17/2011 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816211 
N: 2688446 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 2.0' 

Boring No:Time:Casing Type: 
2"Casing Dia: Recovery Length: 2.0' NBH_PH4SAP_PC13_14 

Sheet: 1 of 1Method: Peat CorerDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
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0-1 N/A 12/12 
Black Organic Silt 

A 

B1-2 N/A 12/12 
Black Organic Silt 
Refusal 

Comments: 



 

Sample Date: 12/17/2011 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816197 
N: 2687973 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time:Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC13_23 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
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0-1 N/A 12/12 
Fine grained SAND. 

Comments: 



 

Sample Date: 12/17/2011 
Log Date: 

BORING LOG 
Project No: 6515.002Project: New Bedford Harbor 

E: 816402 
N: 2687729 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:Time:Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC13_33 

Sheet: 1 of 1Method: PonarDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
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0-1 N/A 12/12 
Fine grained sand 

Comments: 



 

Sample Date: 12/15/2010 
Log Date: 12/15/2010 

BORING LOG 
Project No: 6690.009Project: New Bedford Harbor 

E: 816042 
N: 2690105 

Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 3.4' 

Boring No:N/A Time: 12:00Casing Type: 
2"Casing Dia: Recovery Length: 3.4' NBH_PH4SAP_PC13E_01 

Sheet: 1 of 1Method: Peat CorerDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
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1.0 0-1 N/A 12/12 
Black organic SILT 

D 

E 

F 

G 

2.0 1-2 N/A 12/12 
Black organic SILT 

3.0 2-3 N/A 12/12 
Black organic Silt, trace inorganic SILT 

3.4 3-3.4 N/A 5/12 
Dark gray inorganic SILT and fine SAND 
Refusal at 3.4 

Samples were analysed for polychlorinated biphenyls (PCBs), pollutant metals, total petroleum 
hydrocarbons (TPHs) and semi-volatile organic compounds (SVOCs.) 

Comments: 



 

Sample Date: 12/15/2010 
Log Date: 12/15/2010 

BORING LOG 
Project No: 6590.009Project: New Bedford Harbor 

E: 816246 
N: 2689289 

Location: South Terminal 
Corrected Water Depth (MLLW): Total Boring Depth: 3.0' 

Boring No:N/A Time: 13:30Casing Type: 
2"Casing Dia: Recovery Length: 3.0' NBH_PH4SAP_PC13E_02 

Sheet: 1 of 1Method: Peat CorerDrill Co: N/A 
Log By: GCD/JERDriller: N/A 

D
ep

th
 (F

ee
t)

In
te

rv
al

(F
ee

t)

B
lo

w
 C

ou
nt

P
en

/R
ec

 (i
n) Description 

(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
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1.0 0-1 N/A 12/12 
Black organic SILT 

D 

E 

F 

2.0 1-2 N/A 12/12 
Black organic SILT 

3.0 2-3 N/A 12/12 
Dark gray organic SILT (increasing inorganic silt content.) 
Refusal at 3.0' 

Samples were analyzed for poluchlorinated biphenyls (PCBs), pollutant metals, total petroleum 
hydrocarbons (TPHs) and semi-volatile organic compounds (SVOCs.) 

Comments: 



 

Sample Date: 12/15/2010 
Log Date: 12/15/2010 

BORING LOG 
Project No: 6690.009Project: New Bedford Harbor 

E: 816286 
N: 2688165 

Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 1.0' 

Boring No:N/A Time: 13:30Casing Type: 
N/ACasing Dia: Recovery Length: 1.0' NBH_PH4SAP_PC13E_02A 

Sheet: 1 of 1Method: PONARDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
em

ar
ks

 

1.0 0-1 N/A 12/12 Black organic SILT 

Sample was analyzed for ploychlorinated biphenyls (PCBs), pollutant metals, total petroleum 
hydrocarbons (TPHs) and semi-volatile organic compounds (SVOCs.) 

Comments: 



 

Sample Date: 12/17/2010 
Log Date: 12/17/2010 

BORING LOG 
Project No: 6690.009Project: New Bedford Harbor 

E: 816500 
N: 2688362 

Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 2.0' 

Boring No:N/A Time:Casing Type: 
2"Casing Dia: Recovery Length: 2.0' NBH_PH4SAP_PC13E_03 

Sheet: 1 of 1Method: Peat_CorerDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
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1.0 0-1 N/A 12/12 
Black organic SILT 

D 

E2.0 1-2 N/A 12/12 
Black to dark grey organic SILT (increasing inorganic silt content) 

Sample was analyzed for polychlorinated biphenyls (PCBs), pollutant metals, total petroleum 
hydrocarbons (TPHs) and semi-volatile organic compounds (SVOCs). 

Comments: 



 

Sample Date: 12/16/2010 
Log Date: 12/16/2010 

BORING LOG 
Project No: 6690.009Project: New Bedford Harbor 

E: 816648 
N: 2687783 

Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 4.0' 

Boring No:N/A Time:Casing Type: 
2"Casing Dia: Recovery Length: 4.0' NBH_PH4SAP_PC13E_04 

Sheet: 1 of 1Method: Peat CorerDrill Co: N/A 
Log By: GCD/JERDriller: N/A 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% S
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1.0 0-1 N/A 12/12 
Black organic SILT 

D 

E 

F 

G 

2.0 1-2 N/A 12/12 
Black to dark grey organic SILT 

3.0 2-3 N/A 12/13 
Black to dark grey Organic Silt 

4.0 3-4 N/A 12/14 
Black to dark grey Organic Silt, increasing Inorganinc silt content with 
depth. 

Samples were analyzed for polychlorinated biphenyls (PCBs), pollutant metals, total petroleum 
hydrocarbons (TPHs) and semi-volatile organic compounds (SVOCs.) 

Comments: 



 

 

Sample Date:2/11/11 

BORING LOG 
Project No:Project: New Bedford Harbor 

E: 816074 
N: 2689980 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 6.0' 

Boring No:Time: 15:25Casing Type: 
4"Vibracore Recovery Length Vibracore: 5.2' NBH_PH4SAP_VC_01 

Sheet: 1 of 1 
2" Recovery Length Peat Corer: 6.0'Peat Corer 

Method: Vibracore and PeatDrill Co: Apex Cos. 
Log By: GCDDriller: N/A 
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0-1 N/A 12/12 
Peat Corer: Black organic SILT. 

1-2 N/A 12/12 
Peat Corer: Black organic SILT. 

2-3 N/A 12/12 
Peat Corer: Black organic SILT. 

3-4 N/A 12/12 
Peat Corer: Black organic SILT. 

4-5 N/A 12/12 
Peat Corer: Black organic SILT interbedded with inorganic silt. 

5-6 N/A 12/12 
Peat Corer: Tan TILL, some inorganic silt. 

Refusal of Vibracore and Peat Corer at 6 feet. 

Comments: 
Peat core collected at same time as vibracore to retrieve uncompressed, relatively undisturbed, fine-
grained sediment samples with which to correllate depth intervals of stratigraphic changes within 
vibracore sample. Depth intervals shown until break noted above are based on stratigraphy revealed in 
the uncompressed peat core. Peat corer and vibracorer aligned by presence of defining layer 
(immediately prior to break) in both the peat corer and vibracore. Depth intervals shown after break (if 
applicable) are based on stratigraphy revealed in the vibracore. 



 

 

Sample Date:2/11/11 

BORING LOG 
Project No:Project: New Bedford Harbor 

E: 816293 
N: 2689168 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 4.0' 

Boring No:Time: 14:45Casing Type: 
4"Vibracore Recovery Length Vibracore: 3.6' NBH_PH4SAP_VC_02 

Sheet: 1 of 1 
2"Peat Corer Recovery Length Peat Corer: 4.0' 

Method: Vibracore and PeatDrill Co: Apex Cos. 
Log By: GCDDriller: N/A 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
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0-1 N/A 12/12 Duplicate Collected: DUP2 
Peat Corer: Black organic SILT, trace human hair. 

1-2 N/A 12/12 
Peat Corer: Black organic SILT interbedded with dark grey inorganic silt. 

2-3 N/A 12/12 
Peat Corer: Black to dark grey organic SILT. 

3-4 N/A 12/12 
Peat Corer: Dark grey fine to coarse SAND, some silt, trace fine gravel. 

Refusal of Vibracore and Peat Corer at 4 feet. 

Comments: 
Peat core collected at same time as vibracore to retrieve uncompressed, relatively undisturbed, fine-
grained sediment samples with which to correllate depth intervals of stratigraphic changes within 
vibracore sample. Depth intervals shown until break noted above are based on stratigraphy revealed in 
the uncompressed peat core. Peat corer and vibracorer aligned by presence of defining layer 
(immediately prior to break) in both the peat corer and vibracore. Depth intervals shown after break (if 
applicable) are based on stratigraphy revealed in the vibracore. 



 

 

Sample Date:2/11/11 

BORING LOG 
Project No:Project: New Bedford Harbor 

E: 816408 
N: 2688708 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 4.0' 

Boring No:Time: 11:30Casing Type: 
4"Vibracore Recovery Length Vibracore: 3.4' NBH_PH4SAP_VC_03 

Sheet: 1 of 1 
2"Peat Corer Recovery Length Peat Corer: 4.0' 

Method: Vibracore and PeatDrill Co: Apex Cos. 
Log By: GCDDriller: N/A 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
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0-1 N/A 12/12 Duplicate collected: DUP 8 
Peat Corer: Black organic SILT, trace fine sand. 

1-2 N/A 12/12 
Peat Corer: Black organic SILT interbedded with dark grey silt. 

2-3 N/A 12/12 
Peat Corer: Black organic SILT interbedded with dark grey silt, trace fine to 
coarse sand. 

3-4 N/A 12/12 
Peat Corer: Black fine to coarse SAND, some organic silt, band of frey fine 
coarse sand at 3.7'. 

Refusal of Peat Corer and Vibracore at 4.0'. 

Comments: 
Peat core collected at same time as vibracore to retrieve uncompressed, relatively undisturbed, fine-
grained sediment samples with which to correllate depth intervals of stratigraphic changes within 
vibracore sample. Depth intervals shown until break noted above are based on stratigraphy revealed in 
the uncompressed peat core. Peat corer and vibracorer aligned by presence of defining layer 
(immediately prior to break) in both the peat corer and vibracore. Depth intervals shown after break (if 
applicable) are based on stratigraphy revealed in the vibracore. 



 

 

Sample Date:2/10/11 

BORING LOG 
Project No:Project: New Bedford Harbor 

E: 816522 
N: 2688246 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 4.9' 

Boring No:Time: 14:50Casing Type: 
4"Vibracore Recovery Length Vibracore: 3.5' NBH_PH4SAP_VC_04 

Sheet: 1 of 1 
2"Peat Corer Recovery Length Peat Corer: 4.0' 

Method: Vibracore and PeatDrill Co: Apex Cos. 
Log By: GCDDriller: N/A 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
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0-1 N/A 12/12 Duplicate collected: DUP 7 
Peat Corer: Black organic SILT, little shell hash. 

1-2 N/A 12/12 
Peat Corer: Black organic SILT. 

2-3 N/A 12/12 
Peat Corer: Black organic SILT. 

3-4 N/A 12/12 
Peat Corer: Black fine to coarse SAND, little shell hash, some organic silt. 

Refusal of Peat Core at 4.0'. 
Depth intervals shown hereon are based upon stratigraphy revealed in 
vibracore. 

4-4.9 N/A 10.8/10.8 
Vibracore: Tan and dark grey, fine SAND. Grades to fine to coarse SAND, 
trace gravel. 

Refusal of Vibracore at 4.9'. 

Comments: 
Peat core collected at same time as vibracore to retrieve uncompressed, relatively undisturbed, fine-
grained sediment samples with which to correllate depth intervals of stratigraphic changes within 
vibracore sample. Depth intervals shown until break noted above are based on stratigraphy revealed in 
the uncompressed peat core. Peat corer and vibracorer aligned by presence of defining layer 
(immediately prior to break) in both the peat corer and vibracore. Depth intervals shown after break 
noted above are based on stratigraphy revealed in the vibracore. 



 
 

BORING LOG 
Sample Date:2/10/11 

Project No: 6515.002Project: New Bedford Harbor 
E: 816611 
N: 2687895 

6690.009Location: South Terminal 
Corrected Water Depth (MLW): Total Boring Depth: 3.0' 

Boring No:Time: 13:15Casing Type: 
4"Casing Dia: Recovery Length: 2.3' NBH_PH4SAP_VC_05 

Sheet: 1 of 1Method: VibracoreDrill Co: Apex Cos. 
Log By: GCDDriller: N/A 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% R
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0-1 N/A 12/12 Duplicate collected: DUP 6 
Black organic SILT, trace shell hash, trace fine to coarse sand. 

1-2 N/A 12/12 
Dark grey coarse SAND, some fine to medium sand, trace silt. 

2-2.3 N/A 3.6/3.6 
Dark to grey, coarse SAND, some fine to medium sand, trace silt. 

Comments: 



Chet Myers 
Apex Companies LLC 
184 High Street 
Suite 502 
Boston, MA 02110 

Project: NBH-South Terminal 6690.009 

PO Number: 
Report Number: 
Date Received: 
Date Reported: 

6690.009 
20509RE 
12/16-12/21/10 
01/20/11 

Attached please find results for analyses performed on samples received on 12/16/10 thru 12/21/10. 

This report is being reissued with revised reporting limits for metals and semi-volatile results and 
it supercedes report 20509 issued on 01/10/11. 

Results for sediment samples received will be provided under seperate cover. 

Samples were received in acceptable condition and under chain of custody. 

Instruments used in analysis were calibrated with the appropriate frequency and to the 
specifications of the referenced methods. 

Analytes in blanks were below levels affecting sample results. 

Matrix effects as monitored by matrix spike recovery or unusual physical properties were not 
apparent except where noted. 

Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits. 

Date. ___ __,_f-r/ ?-...... · -'=o'-f/'"'"'/._1_ 
I Authorized 

Signature 

Attachment 
Report 



Report No: 20509 SDG: 
Project: NBH-South Terminal6690.009 

Sample 10: PC13E_01A 
Matrix: Water 
Sampled: 12/15/10 1200 

Parameter Result Quant Units Date Date of !NIT/Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-016 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-016 0.002 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-016 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-016 0.0028 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-016 NO 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-016 0.0034 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-016 0.0012 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-001 NO 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-016 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-016 NO 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-016 NO 0.0002 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Thallium, total 20509-016 NO 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-016 0.027 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

NO = Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www .envirosystems .com 



Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: PC13E_01B 
Matrix: Water 
Sampled: 12/15/10 1230 

Parameter Result Quant Units Date Date of IN IT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-017 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-017 0.002 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-017 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-017 0.0023 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-017 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-017 0.0096 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-017 0.0054 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-002 ND 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-017 0.0025 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-017 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-017 ND 0.0002 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Thallium, total 20509-017 ND 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-017 0.046 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

ND = Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: PC13E_01C 
Matrix: Water 
Sampled: 12/15/10 1300 

Parameter Result Quant Units Date Date of IN IT/Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-018 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-018 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-018 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-018 0.0005 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-018 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-018 0.0076 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-018 0.0055 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-003 NO 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-018 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-018 NO 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-018 NO 0.0002 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Thallium, total 20509-018 NO 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-018 0.02 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

NO= Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www .envirosystems .com 



Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: PC13E_02A 
Matrix: Water 
Sampled: 12/15/101330 

Parameter Result Quant Units Date Date of IN IT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-019 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-019 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-019 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-019 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-019 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-019 0.003 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-019 0.0009 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-004 ND 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-019 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-019 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-019 ND 0.0002 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Thallium, total 20509-019 ND 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-019 0.024 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

ND = Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: PC13E_02B 
Matrix: Water 
Sampled: 12/15/101400 

Parameter Result Quant Units Date Date of I NIT/Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-020 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-020 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-020 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-020 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-020 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-020 0.0078 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-020 0.0015 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-005 ND 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-020 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-020 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-020 ND 0.0002 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Thallium, total 20509-020 ND 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-020 0.024 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

ND =Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP_PC13E_02C 
Matrix: Water 
Sampled: 12/16/10 

Parameter Result Quant Units Date Date of !NIT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-045 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-045 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-045 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-045 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-045 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-045 0.0019 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-045 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-053 ND 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-045 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-045 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-045 ND 0.0002 mg/L 12/19/10 12/19110 JLH/EPA 200.8 
Thallium, total 20509-045 ND 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-045 0.017 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

ND = Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Report No: 20509 SDG: 
Project: NBH-South Terminal6690.009 

Sample ID: NBH_PH4SAP_PC13E_03A 
Matrix: Water 
Sampled: 12/16/10 

Parameter Result Quant Units Date Date of IN IT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-046 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-046 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-046 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-046 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-046 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-046 0.0017 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-046 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-054 ND 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-046 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-046 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-046 ND 0.0002 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Thallium, total 20509-046 ND 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-046 0.021 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

ND = Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample 10: NBH_PH4SAP_PC13E_03B 
Matrix: Water 
Sampled: 12/16/10 

Parameter Result Quant Units Date Date of IN IT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-047 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-047 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-047 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-047 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-047 NO 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-047 0.0016 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-047 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-055 NO 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-047 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-047 NO 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-047 NO 0.0002 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Thallium, total 20509-047 NO 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-047 0.02 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

NO = Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www .envirosystems.com 



Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP_PC13E_03C 
Matrix: Water 
Sampled: 12/16/10 

Parameter Result Quant Units Date Date of I NIT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-048 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-048 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-048 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-048 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-048 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-048 0.0016 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-048 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-056 ND 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-048 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-048 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-048 ND 0.0002 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Thallium, total 20509-048 ND 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-048 0.02 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

ND = Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP _PC13E_04A 
Matrix: Water 
Sampled: 12/16/10 

Parameter Result Quant Units Date Date of IN IT/Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-049 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-049 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-049 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-049 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-049 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-049 0.0017 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-049 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-057 ND 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-049 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-049 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-049 ND 0.0002 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Thallium, total 20509-049 ND 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-049 0.019 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

ND = Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP_PC13E_04A_D 
Matrix: Water 
Sampled: 12/16/10 

Parameter Result Quant Units Date Date of I NIT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-050 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-050 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-050 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-050 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-050 NO 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-050 0.0014 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-050 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-058 NO 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-050 0.0006 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-050 NO 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-050 NO 0.0002 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Thallium, total 20509-050 NO 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-050 0.02 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

NO= Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP_PC13E_04B 
Matrix: Water 
Sampled: 12/16/10 

Parameter Result Quant Units Date Date of I NIT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-051 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-051 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-051 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-051 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-051 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-051 0.0015 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-051 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-059 ND 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-051 ND 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-051 ND 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-051 ND 0.0002 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Thallium, total 20509-051 ND 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-051 0.019 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

ND = Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www .envirosystems .com 



Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP_PC13E_04C 
Matrix: Water 
Sampled: 12/16/10 

Parameter Result Quant Units Date Date of I NIT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-052 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Arsenic, total 20509-052 0.001 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Beryllium, total 20509-052 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Cadmium, total 20509-052 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Chromium, total 20509-052 NO 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Copper, total 20509-052 0.0015 0.0006 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Lead, total 20509-052 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Mercury, total 20509-060 NO 0.01 ug/L 12/28/10 12/28/10 JLH/EPA 245.7 
Nickel, total 20509-052 NO 0.0005 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Selenium, total 20509-052 NO 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Silver, total 20509-052 NO 0.0002 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 
Thallium, total 20509-052 NO 0.0002 mg/L 01/18/11 01/18/11 JLH/EPA 200.8 
Zinc, total 20509-052 0.019 0.001 mg/L 12/19/10 12/19/10 JLH/EPA 200.8 

Notes: 

ND =Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 20509-006 
Sample Designation: PC13E_01A 
Date Sampled: 12/15/10 
Date Extracted: 12/20/10 
Date Analyzed: 12/22/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(ug/L) (ug/L) (ug/L) (ug/L) 

N-nitrosodimethylamine u 0.5 2,4-dinitrotoluene u 0.5 

phenol u 0.5 acenaphthene u 0.5 

2-chlorophenol u 0.5 3-nitroaniline u 0.5 

bis(2-chloroethyl)ether u 0.5 2,4-dinitrophenol u 2 

1 ,3-dichlorobenzene u 0.5 dibenzofuran u 0.5 

1 A-dichlorobenzene u 0.5 4-nitrophenol u 2 

1 ,2-dichlorobenzene u 0.5 fluorene u 0.5 

benzyl alcohol u 0.5 4-chlorophenyl phenyl ether u 0.5 

2-methylphenol (m-cresol) u 0.5 diethyl phthalate u 0.5 

bis(2-chloroisopropyl)ether u 0.5 4-nitroaniline u 0.5 

hexachloroethane u 0.5 4,6-dinitro-2-methylphenol u 2 

N-nitroso-di-n-propylamine u 0.5 4-bromophenyl-phenylether u 0.5 

3- and 4-methylphenol (p- and a-cresol) u 0.5 N-nitrosodiphenylamine u 0.5 

nitrobenzene u 0.5 1 ,2-diphenylhydrazine (azobenzene) u 0.5 

isophorone u 0.5 4-bromophenyl phenyl ether u 0.5 

2-nitrophenol u 0.5 hexachlorobenzene u 0.5 

2,4-dimethylphenol u 0.5 pentachlorophenol u 2 

bis(2-chloroethoxy)methane u 0.5 phenanthrene u 0.5 

2,4-dichlorophenol u 0.5 anthracene u 0.5 

2,6-dichlorophenol u 0.5 carbazole u 0.5 

1 ,2,4-trichlorobenzene u 0.5 di-n-butylphthalate u 0.5 

naphthalene u 0.5 fiuoranthene u 0.5 

benzoic acid u 2 benzidine u 2 

4-chloroaniline u 0.5 pyrene u 0.5 

hexachloro-1 ,3-butadiene u 0.5 butyl benzyl phthalate u 0.5 

4-chloro-3-methylphenol u 0.5 benzo( a )anthracene u 0.5 

2-methylnaphthalene u 0.5 chrysene u 0.5 

hexachlorocyclopentadiene u 2 3,3'-dichlorobenzidine u 0.5 

2,4,6-trichlorophenol u 0.5 bis(2-ethylhexyl)phthalate 5.0 0.5 

2,4,5-trichlorophenol u 0.5 di-n-octylphthalate u 0.5 

2-chloronaphthalene u 0.5 benzo(b )fluoranthene u 0.5 

2-nitroaniline u 0.5 benzo(k)ftuoranthene u 0.5 

acenaphthylene u 0.5 benzo(a)pyrene u 0.5 

dimethylphthalate u 0.5 indeno( 1 ,2,3-cd)pyrene u 0.5 

2,6-dinitrotoluene u 0.5 dibenz(a,h)anthracene u 0.5 

benio(g,h,i)perylene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-ftuorophenol 88 21-100 nitrobenzene-d5 93 35-114 

phenol-d5 72 10-102 2-fiuorobiphenyl 82 43-116 

2,4,6-tribromophenol 78 10-123 terphenyl-d14 75 33-141 

U = Below quantitation limit 
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Lab Number: 20509-007 
Sample Designation: PC13E_01B 
Date Sampled: 12/15/10 
Date Extracted: 12/20/10 
Date Analyzed: 12/22/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

{ug/L) {ug/L) {ug/L) {ug/L) 

N-nitrosodimethylamine u 0.5 2,4-dinitrotoluene u 0.5 

phenol u 0.5 acenaphthene u 0.5 

2-chlorophenol u 0.5 3-nitroaniline u 0.5 

bis{2-chloroethyl)ether u 0.5 2,4-dinitrophenol u 2 

1 ,3-dichlorobenzene u 0.5 dibenzofuran u 0.5 

1 A-dichlorobenzene u 0.5 4-nitrophenol u 2 

1 ,2-dichlorobenzene u 0.5 fluorene u 0.5 

benzyl alcohol u 0.5 4-chlorophenyl phenyl ether u 0.5 

2-methylphenol {m-cresol) u 0.5 diethyl phthalate u 0.5 

bis{2-chloroisopropyl)ether u 0.5 4-nitroaniline u 0.5 

hexachloroethane u 0.5 4,6-dinitro-2-methylphenol u 2 

N-nitroso-di-n-propylamine u 0.5 4-bromophenyl-phenylether u 0.5 

3- and 4-methylphenol {p- and o-cresol) u 0.5 N-nitrosodiphenylamine u 0.5 

nitrobenzene u 0.5 1 ,2-diphenylhydrazine {azobenzene) u 0.5 

isophorone u 0.5 4-bromophenyl phenyl ether u 0.5 

2-nitrophenol u 0.5 hexachlorobenzene u 0.5 

2,4-dimethylphenol u 0.5 pentachlorophenol u 2 

bis{2-chloroethoxy)methane u 0.5 phenanthrene u 0.5 

2,4-dichlorophenol u 0.5 anthracene u 0.5 

2,6-dichlorophenol u 0.5 carbazole u 0.5 

1 ,2,4-trichlorobenzene u 0.5 di-n-butyl phthalate u 0.5 

naphthalene u 0.5 fluoranthene u 0.5 

benzoic acid u 2 benzidine u 2 

4-chloroaniline u 0.5 pyrene u 0.5 

hexachloro-1 ,3-butadiene u 0.5 butylbenzylphthalate u 0.5 

4-chloro-3-methylphenol u 0.5 benzo( a )anthracene u 0.5 

2-methylnaphthalene u 0.5 chrysene u 0.5 

hexachlorocyclopentadiene u 2 3,3'-dichlorobenzidine u 0.5 

2, 4, 6-trichlorophenol u 0.5 bis(2-ethylhexyl)phthalate 8.3 0.5 
2, 4 ,5-trichlorophenol u 0.5 di-n-octylphthalate u 0.5 

2-chloronaphthalene u 0.5 benzo{b )fluoranthene u 0.5 

2-nitroaniline u 0.5 benzo{k)fluoranthene u 0.5 

acenaphthylene u 0.5 benzo{a)pyrene u 0.5 

dimethylphthalate u 0.5 indeno( 1 ,2,3-cd)pyrene u 0.5 

2,6-dinitrotoluene u 0.5 dibenz{a,h)anthracene u 0.5 

benzo(g,h,i)perylene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

{%) (%) (%) (%) 

2-fluorophenol 86 21-100 nitrobenzene-d5 89 35-114 

phenol-d5 77 10-102 2-fluorobiphenyl 79 43-116 

2,4,6-tribromophenol 81 10-123 terphenyl-d14 72 33-141 

U = Below quantitation limit 
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Lab Number: 20509-008 
Sample Designation: PC13E_01C 
Date Sampled: 12/15/10 
Date Extracted: 12/20/10 
Date Analyzed: 12/22/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(ug/L) (ug/L) (ug/L) (ug/L) 

N-nitrosodimethylamine u 0.5 2,4-dinitrotoluene u 0.5 

phenol u 0.5 acenaphthene u 0.5 

2-chlorophenol u 0.5 3-nitroaniline u 0.5 

bis(2-chloroethyl)ether u 0.5 2,4-dinitrophenol u 2 

1 ,3-dichlorobenzene u 0.5 dibenzofuran u 0.5 

1 A-dichlorobenzene u 0.5 4-nitrophenol u 2 

1 ,2-dichlorobenzene u 0.5 fluorene u 0.5 

benzyl alcohol u 0.5 4-chlorophenyl phenyl ether u 0.5 

2-methylphenol (m-cresol) u 0.5 diethyl phthalate u 0.5 

bis(2-chloroisopropyl)ether u 0.5 4-nitroaniline u 0.5 

hexachloroethane u 0.5 4,6-dinitro-2-methylphenol u 2 

N-nitroso-di-n-propylamine u 0.5 4-bromophenyl-phenylether u 0.5 

3- and 4-methylphenol (p- and o-cresol) u 0.5 N-nitrosodiphenylamine u 0.5 

nitrobenzene u 0.5 1 ,2-diphenylhydrazine (azobenzene) u 0.5 

isophorone u 0.5 4-bromophenyl phenyl ether u 0.5 

2-nitrophenol u 0.5 hexachlorobenzene u 0.5 

2,4-dimethylphenol u 0.5 pentachlorophenol u 2 

bis(2-chloroethoxy)methane u 0.5 phenanthrene u 0.5 

2,4-dichlorophenol u 0.5 anthracene u 0.5 

2,6-dichlorophenol u 0.5 carbazole u 0.5 

1 ,2,4-trichlorobenzene u 0.5 di-n-butyl phthalate u 0.5 

naphthalene u 0.5 ftuoranthene u 0.5 

benzoic acid u 2 benzidine u 2 

4-chloroaniline u 0.5 pyrene u 0.5 

hexachloro-1 ,3-butadiene u 0.5 butyl benzyl phthalate u 0.5 

4-chloro-3-methylphenol u 0.5 benzo(a)anthracene u 0.5 

2-methylnaphthalene u 0.5 chrysene u 0.5 

hexachlorocyclopentadiene u 2 3,3'-dichlorobenzidine u 0.5 

2,4,6-trichlorophenol u 0.5 bis(2-ethylhexyl)phthalate 7.5 0.5 

2,4,5-trichlorophenol u 0.5 di-n-octylphthalate u 0.5 

2-chloronaphthalene u 0.5 benzo(b )fluoranthene u 0.5 

2-nitroaniline u 0.5 benzo(k)fluoranthene u 0.5 

acenaphthylene u 0.5 benzo(a)pyrene u 0.5 

dimethylphthalate u 0.5 indeno( 1 ,2,3-cd)pyrene u 0.5 

2 ,6-d initrotoluene u 0.5 dibenz(a,h)anthracene u 0.5 

benzo(g,h,i)perylene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 84 21-100 nitrobenzene-d5 76 35-114 

phenol-d5 67 10-102 2-fluorobiphenyl 68 43-116 

2,4,6-tribromophenol 86 10-123 terphenyl-d 14 61 33-141 

U = Below quantitation limit 
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Lab Number: 20509-009 
Sample Designation: PC13E_02A 
Date Sampled: 12/15/10 
Date Extracted: 12/20/10 
Date Analyzed: 12/22/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(ug/L) (ug/L) (ug/L) (ug/L) 

N-nitrosodimethylamine u 0.5 2,4-dinitrotoluene u 0.5 

phenol u 0.5 acenaphthene u 0.5 

2-chlorophenol u 0.5 3-nitroaniline u 0.5 

bis(2-chloroethyl)ether u 0.5 2,4-dinitrophenol u 2 

1 ,3-dichlorobenzene u 0.5 dibenzofuran u 0.5 

1,4-dichlorobenzene u 0.5 4-nitrophenol u 2 

1 ,2-dichlorobenzene u 0.5 fluorene u 0.5 

benzyl alcohol u 0.5 4-chlorophenyl phenyl ether u 0.5 

2-methylphenol (m-cresol) u 0.5 diethyl phthalate u 0.5 

bis(2-chloroisopropyl)ether u 0.5 4-nitroaniline u 0.5 

hexachloroethane u 0.5 4,6-dinitro-2-methylphenol u 2 

N-nitroso-di-n-propylamine u 0.5 4-bromophenyl-phenylether u 0.5 

3- and 4-methylphenol (p- and o-cresol) u 0.5 N-nitrosodiphenylamine u 0.5 

nitrobenzene u 0.5 1 ,2-diphenylhydrazine (azobenzene) u 0.5 

isophorone u 0.5 4-bromophenyl phenyl ether u 0.5 

2-nitrophenol u 0.5 hexachlorobenzene u 0.5 

2,4-dimethylphenol u 0.5 pentachlorophenol u 2 

bis(2-chloroethoxy)methane u 0.5 phenanthrene u 0.5 

2.4-dichlorophenol u 0.5 anthracene u 0.5 

2,6-dichlorophenol u 0.5 carbazole u 0.5 

1 ,2,4-trichlorobenzene u 0.5 di-n-butyl phthalate u 0.5 

naphthalene u 0.5 fluoranthene u 0.5 

benzoic acid u 2 benzidine u 2 

4-chloroaniline u 0.5 pyrene u 0.5 

hexachloro-1 ,3-butadiene u 0.5 butylbenzylphthalate u 0.5 

4-chloro-3-methylphenol u 0.5 benzo( a )anthracene u 0.5 

2-methylnaphthalene u 0.5 chrysene u 0.5 

hexachlorocyclopentadiene u 2 3,3'-dichlorobenzidine u 0.5 

2,4,6-trichlorophenol u 0.5 bis(2-ethylhexyl)phthalate 3.0 0.5 
2,4,5-trichlorophenol u 0.5 di-n-octylphthalate u 0.5 

2-chloronaphthalene u 0.5 benzo(b )fluoranthene u 0.5 

2-nitroaniline u 0.5 benzo(k)fluoranthene u 0.5 

acenaphthylene u 0.5 benzo(a)pyrene u 0.5 

dimethyl phthalate u 0.5 indeno(1 ,2,3-cd)pyrene u 0.5 

2,6-dinitrotoluene u 0.5 dibenz(a,h)anthracene u 0.5 

benzo(g,h,i)perylene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fiuorophenol 92 21-100 nitrobenzene-d5 81 35-114 

phenol-d5 76 10-102 2-fluorobiphenyl 71 43-116 

2,4,6-tribromophenol 81 10-123 terphenyl-d14 64 33-141 

U = Below quantitation limit 
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Lab Number: 20509-010 
Sample Designation: PC13E_02B 
Date Sampled: 12/15/10 
Date Extracted: 12/20/10 
Date Analyzed: 12/22/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(ug/L) (ug/L) (ug/L) (ug/L) 

N-nitrosodimethylamine u 0.5 2,4-dinitrotoluene u 0.5 

phenol u 0.5 acenaphthene u 0.5 

2-chlorophenol u 0.5 3-nitroaniline u 0.5 

bis(2-chloroethyl)ether u 0.5 2,4-dinitrophenol u 2 

1 ,3-dichlorobenzene u 0.5 dibenzofuran u 0.5 

1 A-dichlorobenzene u 0.5 4-nitrophenol u 2 

1 ,2-dichlorobenzene u 0.5 ftuorene u 0.5 

benzyl alcohol u 0.5 4-chlorophenyl phenyl ether u 0.5 

2-methylphenol (m-cresol) u 0.5 diethyl phthalate u 0.5 

bis(2-chloroisopropyl)ether u 0.5 4-nitroaniline u 0.5 

hexachloroethane u 0.5 4,6-dinitro-2-methylphenol u 2 

N-nitroso-di-n-propylamine u 0.5 4-bromophenyl-phenylether u 0.5 

3- and 4-methylphenol (p- and a-cresol) u 0.5 N-nitrosodiphenylamine u 0.5 

nitrobenzene u 0.5 1 ,2-diphenylhydrazine (azobenzene) u 0.5 

isophorone u 0.5 4-bromophenyl phenyl ether u 0.5 

2-nitrophenol u 0.5 hexachlorobenzene u 0.5 

2,4-dimethylphenol u 0.5 pentachlorophenol u 2 

bis(2-chloroethoxy)methane u 0.5 phenanthrene u 0.5 

2,4-dichlorophenol u 0.5 anthracene u 0.5 

2,6-dichlorophenol u 0.5 carbazole u 0.5 

1 ,2,4-trichlorobenzene u 0.5 di-n-butyl phthalate u 0.5 

naphthalene u 0.5 ftuoranthene u 0.5 

benzoic acid u 2 benzidine u 2 

4-chloroaniline u 0.5 pyrene u 0.5 

hexachloro-1 ,3-butadiene u 0.5 butyl benzyl phthalate u 0.5 

4-chloro-3-methylphenol u 0.5 benzo(a)anthracene u 0.5 

2-methylnaphthalene u 0.5 chrysene u 0.5 

hexachlorocyclopentadiene u 2 3,3'-dichlorobenzidine u 0.5 

2,4, 6-trichlorophenol u 0.5 bis(2-ethylhexyl)phthalate 7.7 0.5 

2,4,5-trichlorophenol u 0.5 di-n-octylphthalate u 0.5 

2-chloronaphthalene u 0.5 benzo(b )ftuoranthene u 0.5 

2-nitroaniline u 0.5 benzo(k)ftuoranthene u 0.5 

acenaphthylene u 0.5 benzo(a)pyrene u 0.5 

dimethylphthalate u 0.5 indeno( 1 ,2,3-cd)pyrene u 0.5 

2,6-dinitrotoluene u 0.5 dibenz(a,h)anthracene u 0.5 

benzo(g,h,i)perylene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-ftuorophenol 90 21-100 nitrobenzene-d5 55 35-114 

phenol-d5 67 10-102 2-ftuorobiphenyl 48 43-116 

2,4,6-tribromophenol 80 10-123 terphenyl-d 14 43 33-141 

U = Below quantitation limit 
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Lab Number: 20509-029 
Sample Designation: NBH - PH4SAP_PC13E_02C 
Date Sampled: 12/16/10 
Date Extracted: 12/21/10 
Date Analyzed: 12/22/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(ug/L) (ug/L) (ug/L) (ug/L) 

N-nitrosodimethylamine u 0.5 2,4-dinitrotoluene u 0.5 

phenol u 0.5 acenaphthene u 0.5 

2-chlorophenol u 0.5 3-nitroaniline u 0.5 

bis(2-chloroethyl)ether u 0.5 2,4-dinitrophenol u 2 

1 ,3-dichlorobenzene u 0.5 dibenzofuran u 0.5 

1 A-dichlorobenzene u 0.5 4-nitrophenol u 2 

1 ,2-dichlorobenzene u 0.5 fluorene u 0.5 

benzyl alcohol u 0.5 4-chlorophenyl phenyl ether u 0.5 

2-methylphenol (m-cresol) u 0.5 diethyl phthalate u 0.5 

bis(2-chloroisopropyl)ether u 0.5 4-nitroaniline u 0.5 

hexachloroethane u 0.5 4,6-dinitro-2-methylphenol u 2 

N-nitroso-di-n-propylamine u 0.5 4-bromophenyl-phenylether u 0.5 

3- and 4-methylphenol (p- and o-cresol) u 0.5 N-nitrosodiphenylamine u 0.5 

nttrobenzene u 0.5 1 ,2-diphenylhydrazine (azobenzene) u 0.5 

isophorone u 0.5 4-bromophenyl phenyl ether u 0.5 

2-nitrophenol u 0.5 hexachlorobenzene u 0.5 

2 ,4-d imethyl phenol u 0.5 pentachlorophenol u 2 

bis(2-chloroethoxy)methane u 0.5 phenanthrene u 0.5 

2,4-dichlorophenol u 0.5 anthracene u 0.5 

2,6-dichlorophenol u 0.5 carbazole u 0.5 

1 ,2,4-trichlorobenzene u 0.5 di-n-butylphthalate u 0.5 

naphthalene u 0.5 fluoranthene u 0.5 

benzoic acid u 2 benzidine u 2 

4-chloroaniline u 0.5 pyrene u 0.5 

hexachloro-1 ,3-butadiene u 0.5 butylbenzylphthalate u 0.5 

4-chloro-3-methylphenol u 0.5 benzo( a )anthracene u 0.5 

2-methylnaphthalene u 0.5 chrysene u 0.5 

hexachlorocyclopentadiene u 2 3,3'-dichlorobenzidine u 0.5 

2,4,6-trichlorophenol u 0.5 bis(2-ethylhexyl)phthalate 1.3 (B) 0.5 

2,4,5-trichlorophenol u 0.5 di-n-octylphthalate u 0.5 

2-chloronaphthalene u 0.5 benzo(b )ftuoranthene u 0.5 

2-nitroaniline u 0.5 benzo(k)ftuoranthene u 0.5 

acenaphthylene u 0.5 benzo(a)pyrene u 0.5 

dimethylphthalate u 0.5 indeno( 1 ,2,3-cd)pyrene u 0.5 

2,6-dinitrotoluene u 0.5 dibenz(a,h)anthracene u 0.5 

benzo(g,h,i)perylene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-ftuorophenol 74 21-100 nitrobenzene-d5 92 35-114 

phenol-d5 60 10-102 2-ftuorobiphenyl 83 43-116 

2,4,6-tribromophenol 78 10-123 terphenyl-d 14 76 33-141 

U = Below quantitation limit 
B = Analyte detected in the laboratory blank below reporting limit. Sample value is less than 5 times blank value. 
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Lab Number: 20509-030 
Sample Designation: NBH - PH4SAP _PC13E_03A 
Date Sampled: 12/16/10 
Date Extracted: 12/21/10 
Date Analyzed: 12/23/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(ug/L) (ug/L) (ug/L) (ug/L) 

N-nitrosodimethylamine u 0.5 2,4-dinitrotoluene u 0.5 

phenol u 0.5 acenaphthene u 0.5 

2-chlorophenol u 0.5 3-nitroaniline u 0.5 

bis(2-chloroethyl)ether u 0.5 2,4-dinitrophenol u 2 

1 ,3-dichlorobenzene u 0.5 dibenzofuran u 0.5 

1 A-dichlorobenzene u 0.5 4-nitrophenol u 2 

1 ,2-dichlorobenzene u 0.5 fluorene u 0.5 

benzyl alcohol u 0.5 4-chlorophenyl phenyl ether u 0.5 

2-methylphenol (m-cresol) u 0.5 diethyl phthalate u 0.5 

bis(2-chloroisopropyl)ether u 0.5 4-nitroaniline u 0.5 

hexachloroethane u 0.5 4,6-dinitro-2-methylphenol u 2 

N-nitroso-di-n-propylamine u 0.5 4-bromophenyl-phenylether u 0.5 

3- and 4-methylphenol (p- and o-cresol) u 0.5 N-nitrosodiphenylamine u 0.5 

nitrobenzene u 0.5 1 ,2-diphenylhydrazine (azobenzene) u 0.5 

isophorone u 0.5 4-bromophenyl phenyl ether u 0.5 

2-nitrophenol u 0.5 hexachlorobenzene u 0.5 

2,4-dimethylphenol u 0.5 pentachlorophenol u 2 

bis(2-chloroethoxy)methane u 0.5 phenanthrene u 0.5 

2,4-dichlorophenol u 0.5 anthracene u 0.5 

2,6-dichlorophenol u 0.5 carbazole u 0.5 

1 ,2,4-trichlorobenzene u 0.5 di-n-butyl phthalate u 0.5 

naphthalene u 0.5 fluoranthene u 0.5 

benzoic acid u 2 benzidine u 2 

4-chloroaniline u 0.5 pyrene u 0.5 

hexachloro-1 ,3-butadiene u 0.5 butylbenzylphthalate u 0.5 

4-chloro-3-methylphenol u 0.5 benzo(a)anthracene u 0.5 

2-methylnaphthalene u 0.5 chrysene u 0.5 

hexachlorocyclopentadiene u 2 3,3'-dichlorobenzidine u 0.5 

2,4,6-trichlorophenol u 0.5 bis(2-ethylhexyl)phthalate 1.3 (B) 0.5 

2,4,5-trichlorophenol u 0.5 di-n-octylphthalate u 0.5 

2-chloronaphthalene u 0.5 benzo(b )fluoranthene u 0.5 

2-nitroaniline u 0.5 benzo(k)fluoranthene u 0.5 

acenaphthylene u 0.5 benzo(a)pyrene u 0.5 

dimethylphthalate u 0.5 indeno(1 ,2,3-cd)pyrene u 0.5 

2,6-dinitrotoluene u 0.5 dibenz(a,h)anthracene u 0.5 

benzo(g,h,i)perylene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-ftuorophenol 77 21-100 nitrobenzene-d5 93 35-114 

phenol-d5 59 10-102 2-fluorobiphenyl 84 43-116 

2,4,6-tribromophenol 82 10-123 terphenyl-d 14 76 33-141 

U = Below quantitation limit 
B = Analyte detected in the laboratory blank below reporting limit. Sample value is less than 5 times blank value. 
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Lab Number: 20509-031 
Sample Designation: NBH_PH4SAP_PC13E_03B 
Date Sampled: 12/16/10 
Date Extracted: 12/21/10 
Date Analyzed: 12/23/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(ug/L) (ug/L) (ug/L) (ug/L) 

N-nitrosodimethylamine u 0.5 2,4-dinitrotoluene u 0.5 

phenol u 0.5 acenaphthene u 0.5 

2-chlorophenol u 0.5 3-nitroaniline u 0.5 

bis(2-chloroethyl)ether u 0.5 2,4-dinitrophenol u 2 

1 ,3-dichlorobenzene u 0.5 dibenzofuran u 0.5 

1 A-dichlorobenzene u 0.5 4-nitrophenol u 2 

1 ,2-dichlorobenzene u 0.5 fluorene u 0.5 

benzyl alcohol u 0.5 4-chlorophenyl phenyl ether u 0.5 

2-methylphenol (m-cresol) u 0.5 diethyl phthalate u 0.5 

bis(2-chloroisopropyl)ether u 0.5 4-nitroaniline u 0.5 

hexachloroethane u 0.5 4,6-dinitro-2-methylphenol u 2 

N-nitroso-di-n-propylamine u 0.5 4-bromophenyl-phenylether u 0.5 

3- and 4-methylphenol (p- and o-cresol) u 0.5 N-nitrosodiphenylamine u 0.5 

nitrobenzene u 0.5 1 ,2-diphenylhydrazine (azobenzene) u 0.5 

isophorone u 0.5 4-bromophenyl phenyl ether u 0.5 

2-nitrophenol u 0.5 hexachlorobenzene u 0.5 

2,4-dimethylphenol u 0.5 pentachlorophenol u 2 

bis(2-chloroethoxy)methane u 0.5 phenanthrene u 0.5 

2,4-dichlorophenol u 0.5 anthracene u 0.5 

2,6-dichlorophenol u 0.5 carbazole u 0.5 

1 ,2,4-trichlorobenzene u 0.5 di-n-butylphthalate u 0.5 

naphthalene u 0.5 fluoranthene u 0.5 

benzoic acid u 2 benzidine u 2 

4-chloroaniline u 0.5 pyrene u 0.5 

hexachloro-1 ,3-butadiene u 0.5 butylbenzylphthalate u 0.5 

4-chloro-3-methylphenol u 0.5 benzo(a)anthracene u 0.5 

2-methylnaphthalene u 0.5 chrysene u 0.5 

hexachlorocyclopentadiene u 2 3,3'-dichlorobenzidine u 0.5 

2,4,6-trichlorophenol u 0.5 bis(2-ethylhexyl)phthalate 1.5 (8) 0.5 

2,4,5-trichlorophenol u 0.5 di-n-octylphthalate u 0.5 

2-chloronaphthalene u 0.5 benzo(b )fluoranthene u 0.5 

2-nitroaniline u 0.5 benzo(k)fluoranthene u 0.5 

acenaphthylene u 0.5 benzo(a)pyrene u 0.5 

dimethylphthalate u 0.5 indeno( 1 ,2,3-cd)pyrene u 0.5 

2,6-dinitrotoluene u 0.5 dibenz(a,h)anthracene u 0.5 

benzo(g,h,i)perylene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 70 21-100 nitrobenzene-d5 94 35-114 

phenol-d5 55 10-102 2-fluorobiphenyl 85 43-116 

2,4,6-tribromophenol 76 10-123 terphenyl-d14 77 33-141 

U = Below quantitation limit 
B = Analyte detected in the laboratory blank below reporting limit. Sample value is less than 5 times blank value. 
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Lab Number: 20509-032 
Sample Designation: NBH - PH4SAP_PC13E_03C 
Date Sampled: 12/16/10 
Date Extracted: 12/21/10 
Date Analyzed: 12/23/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(ug/L) (ug/L) (ug/L) (ug/L) 

N-nitrosodimethylamine u 0.5 2,4-dinitrotoluene u 0.5 

phenol u 0.5 acenaphthene u 0.5 

2-chlorophenol u 0.5 3-nitroaniline u 0.5 

bis(2-chloroethyl)ether u 0.5 2,4-dinitrophenol u 2 

1 ,3-dichlorobenzene u 0.5 dibenzofuran u 0.5 

1 ,4-dichlorobenzene u 0.5 4-nitrophenol u 2 

1 ,2-dichlorobenzene u 0.5 fluorene u 0.5 

benzyl alcohol u 0.5 4-chlorophenyl phenyl ether u 0.5 

2-methylphenol (m-cresol) u 0.5 diethyl phthalate u 0.5 

bis(2-chloroisopropyl)ether u 0.5 4-nitroaniline u 0.5 

hexachloroethane u 0.5 4,6-dinitro-2-methylphenol u 2 

N-nitroso-di-n-propylamine u 0.5 4-bromophenyl-phenylether u 0.5 

3- and 4-methylphenol (p- and a-cresol) u 0.5 N-nitrosodiphenylamine u 0.5 

nitrobenzene u 0.5 1 ,2-diphenylhydrazine (azobenzene) u 0.5 

isophorone u 0.5 4-bromophenyl phenyl ether u 0.5 

2-nitrophenol u 0.5 hexachlorobenzene u 0.5 

2,4-dimethylphenol u 0.5 pentachlorophenol u 2 

bis(2-chloroethoxy)methane u 0.5 phenanthrene u 0.5 

2,4-dichlorophenol u 0.5 anthracene u 0.5 

2,6-dichlorophenol u 0.5 carbazole u 0.5 

1 ,2,4-trichlorobenzene u 0.5 di-n-butylphthalate u 0.5 

naphthalene u 0.5 fluoranthene u 0.5 

benzoic acid u 2 benzidine u 2 

4-chloroaniline u 0.5 pyrene u 0.5 

hexachloro-1 ,3-butadiene u 0.5 butylbenzylphthalate u 0.5 

4-chloro-3-methylphenol u 0.5 benzo(a)anthracene u 0.5 

2-methylnaphthalene u 0.5 chrysene u 0.5 

hexachlorocyclopentadiene u 2 3,3'-dichlorobenzidine u 0.5 

2,4,6-trichlorophenol u 0.5 bis(2-ethylhexyl)phthalate 1.8 0.5 

2,4,5-trichlorophenol u 0.5 di-n-octylphthalate u 0.5 

2-chloronaphthalene u 0.5 benzo{b )fluoranthene u 0.5 

2-nitroaniline u 0.5 benzo(k)fluoranthene u 0.5 

acenaphthylene u 0.5 benzo(a)pyrene u 0.5 

dimethylphthalate u 0.5 indeno( 1 ,2,3-cd)pyrene u 0.5 

2,6-dinitrotoluene u 0.5 dibenz(a, h)anthracene u 0.5 

benzo(g,h,i)perylene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) {%) {%) {%) 

2-fluorophenol 69 21-100 nitrobenzene-d5 100 35-114 

phenol-d5 56 10-102 2-fluorobiphenyl 92 43-116 

2,4,6-tribromophenol 80 10-123 terphenyl-d14 84 33-141 

U = Below quantitation limit 
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Lab Number: 20509-033 
Sample Designation: NBH _PH4SAP _PC13E_04A 
Date Sampled: 12/16/10 
Date Extracted: 12/21/10 
Date Analyzed: 12/23/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

(ug/L) (ug/L) (ug/L) (ug/L) 

N-nitrosodimethylamine u 0.5 2,4-dinitrotoluene u 0.5 

phenol u 0.5 acenaphthene u 0.5 

2-chlorophenol u 0.5 3-nitroaniline u 0.5 

bis(2-chloroethyl)ether u 0.5 2,4-dinitrophenol u 2 

1 ,3-dichlorobenzene u 0.5 dibenzofuran u 0.5 

1 A-dichlorobenzene u 0.5 4-nitrophenol u 2 

1 ,2-dichlorobenzene u 0.5 fluorene u 0.5 

benzyl alcohol u 0.5 4-chlorophenyl phenyl ether u 0.5 

2-methylphenol (m-cresol) u 0.5 diethyl phthalate u 0.5 

bis(2-chloroisopropyl)ether u 0.5 4-nitroaniline u 0.5 

hexachloroethane u 0.5 4,6-dinitro-2-methylphenol u 2 

N-nitroso-di-n-propylamine u 0.5 4-bromophenyl-phenylether u 0.5 

3- and 4-methylphenol (p- and o-cresol) u 0.5 N-nitrosodiphenylamine u 0.5 

nitrobenzene u 0.5 1 ,2-diphenylhydrazine (azobenzene) u 0.5 

isophorone u 0.5 4-bromophenyl phenyl ether u 0.5 

2-nitrophenol u 0.5 hexachlorobenzene u 0.5 

2,4-dimethylphenol u 0.5 pentachlorophenol u 2 

bis(2-chloroethoxy)methane u 0.5 phenanthrene u 0.5 

2,4-dichlorophenol u 0.5 anthracene u 0.5 

2,6-dichlorophenol u 0.5 carbazole u 0.5 

1 ,2,4-trichlorobenzene u 0.5 di-n-butyl phthalate u 0.5 

naphthalene u 0.5 fiuoranthene u 0.5 

benzoic acid u 2 benzidine u 2 

4-chloroaniline u 0.5 pyrene u 0.5 

hexachloro-1 ,3-butadiene u 0.5 butyl benzyl phthalate u 0.5 

4-chloro-3-methylphenol u 0.5 benzo( a )anthracene u 0.5 

2-methylnaphthalene u 0.5 chrysene u 0.5 

hexachlorocyclopentadiene u 2 3,3'-dichlorobenzidine u 0.5 

2,4,6-trichlorophenol u 0.5 bis(2-ethylhexyl)phthalate 1.4 (B) 0.5 

2,4 ,5-trichlorophenol u 0.5 di-n-octylphthalate u 0.5 

2-chloronaphthalene u 0.5 benzo(b )ftuoranthene u 0.5 

2-nitroaniline u 0.5 benzo(k)fiuoranthene u 0.5 

acenaphthylene u 0.5 benzo( a )pyrene u 0.5 

dimethylphthalate u 0.5 indeno(1 ,2,3-cd)pyrene u 0.5 

2,6-dinitrotoluene u 0.5 dibenz(a,h)anthracene u 0.5 

benzo(g,h,i)perylene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fiuorophenol 66 21-100 nitrobenzene-d5 96 35-114 

phenol-d5 51 10-102 2-fiuorobiphenyl 88 43-116 

2,4,6-tribromophenol 79 10-123 terphenyl-d 14 80 33-141 

U = Below quantitation limit 
B = Analyte detected in the laboratory blank below reporting limit. Sample value is less than 5 times blank value. 
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Lab Number: 20509-034 
Sample Designation: NBH_PH4SAP_PC13E_04A_D 
Date Sampled: 12/16/10 
Date Extracted: 12/20/10 
Date Analyzed: 12/22/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(ug/L) (ug/L) (ug/L) (ug/L) 

N-nitrosodimethylamine u 0.5 2,4-dinitrotoluene u 0.5 

phenol u 0.5 acenaphthene u 0.5 

2-chlorophenol u 0.5 3-nitroaniline u 0.5 

bis(2-chloroethyl)ether u 0.5 2,4-dinitrophenol u 2 

1 ,3-dichlorobenzene u 0.5 dibenzofuran u 0.5 

1 ,4-dichlorobenzene u 0.5 4-nitrophenol u 2 

1 ,2-dichlorobenzene u 0.5 fluorene u 0.5 

benzyl alcohol u 0.5 4-chlorophenyl phenyl ether u 0.5 

2-methylphenol (m-cresol) u 0.5 diethyl phthalate u 0.5 

bis(2-chloroisopropyl)ether u 0.5 4-nitroaniline u 0.5 

hexachloroethane u 0.5 4,6-dinitro-2-methylphenol u 2 

N-nitroso-di-n-propylamine u 0.5 4-bromophenyl-phenylether u 0.5 

3- and 4-methylphenol (p- and o-cresol) u 0.5 N-nitrosodiphenylamine u 0.5 

nitrobenzene u 0.5 1 ,2-diphenylhydrazine ( azobenzene) u 0.5 

isophorone u 0.5 4-bromophenyl phenyl ether u 0.5 

2-nitrophenol u 0.5 hexachlorobenzene u 0.5 

2,4-dimethylphenol u 0.5 pentachlorophenol u 2 

bis(2-chloroethoxy)methane u 0.5 phenanthrene u 0.5 

2,4-dichlorophenol u 0.5 anthracene u 0.5 

2, 6-d ichlorophenol u 0.5 carbazole u 0.5 

1 ,2,4-trichlorobenzene u 0.5 di-n-butyl phthalate u 0.5 

naphthalene u 0.5 fiuoranthene u 0.5 

benzoic acid u 2 benzidine u 2 

4-chloroaniline u 0.5 pyrene u 0.5 

hexachloro-1 ,3-butadiene u 0.5 butylbenzylphthalate u 0.5 

4-chloro-3-methylphenol u 0.5 benzo( a )anthracene u 0.5 

2-methylnaphthalene u 0.5 chrysene u 0.5 

hexachlorocyclopentadiene u 2 3,3'-dichlorobenzidine u 0.5 

2,4,6-trichlorophenol u 0.5 bis(2-ethylhexyl)phthalate 1.4 (B) 0.5 

2,4,5-trichlorophenol u 0.5 di-n-octylphthalate u 0.5 

2-chloronaphthalene u 0.5 benzo(b )fluoranthene u 0.5 

2-nitroaniline u 0.5 benzo(k)fluoranthene u 0.5 

acenaphthylene u 0.5 benzo(a)pyrene u 0.5 

dimethyl phthalate u 0.5 indeno(1 ,2,3-cd)pyrene u 0.5 

2,6-dinitrotoluene u 0.5 dibenz(a,h)anthracene u 0.5 

benzo(g,h,i)perylene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 65 21-100 nitrobenzene-d5 97 35-114 

phenol-d5 53 10-102 2-fluorobiphenyl 87 43-116 

2,4,6-tribromophenol 76 10-123 terphenyl-d 14 80 33-141 

U = Below quantitation limit 
B = Analyte detected in the laboratory blank below reporting limit. Sample value is less than 5 times blank value. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 

20509-035 
NBH_PH4SAP_PC13E_048 
12/16/10 
12/21/10 
12/23/10 
Water 

Method Reference: SW846 8270 

Concentration Reporting limit 

(ug/L) (ug/L) 

N-nitrosodimethylamine u 0.5 

phenol u 0.5 

2-chlorophenol u 0.5 

bis(2-chloroethyl)ether u 0.5 

1 ,3-dichlorobenzene u 0.5 

1 ,4-dichlorobenzene u 0.5 

1 ,2-dichlorobenzene u 0.5 

benzyl alcohol u 0.5 

2-methylphenol (m-cresol) u 0.5 

bis(2-chloroisopropyl)ether u 0.5 

hexachloroethane u 0.5 

N-nitroso-di-n-propylamine u 0.5 

3- and 4-methylphenol (p- and o-cresol) u 0.5 

nitrobenzene u 0.5 

isophorone u 0.5 

2-nitrophenol u 0.5 

2,4-dimethylphenol u 0.5 

bis(2-chloroethoxy)methane u 0.5 

2,4-dichlorophenol u 0.5 

2,6-dichlorophenol u 0.5 

1 ,2,4-trichlorobenzene u 0.5 

naphthalene u 0.5 

benzoic acid u 2 

4-chloroaniline u 0.5 

hexachloro-1 ,3-butadiene u 0.5 

4-chloro-3-methylphenol u 0.5 

2-methylnaphthalene u 0.5 

hexachlorocyclopentadiene u 2 

2,4,6-trichlorophenol u 0.5 

2,4,5-trichlorophenol u 0.5 

2-chloronaphthalene u 0.5 

2-nitroaniline u 0.5 

acenaphthylene u 0.5 

dimethylphthalate u 0.5 

2,6-dinitrotoluene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance limits 

(%) {%) 

2-fluorophenol 96 21-100 

phenol-d5 71 10-102 

2,4,6-tribromophenol 100 10-123 

U = Below quantitation limit 

Concentration 

(ug/L) 

2,4-dinitrotoluene u 
acenaphthene u 
3-nitroaniline u 
2,4-dinitrophenol u 
dibenzofuran u 
4-nitrophenol u 
fluorene u 
4-chlorophenyl phenyl ether u 
diethyl phthalate u 
4-nitroaniline u 
4,6-dinitro-2-methylphenol u 
4-bromophenyl-phenylether u 
N-nitrosodiphenylamine u 
1 ,2-diphenylhydrazine (azobenzene) u 
4-bromophenyl phenyl ether u 
hexachlorobenzene u 
pentachlorophenol u 
phenanthrene u 
anthracene u 
carbazole u 
di-n-butylphthalate u 
fluoranthene u 
benzidine u 
pyrene u 
butylbenzylphthalate u 
benzo(a)anthracene u 
chrysene u 
3,3'-dichlorobenzidine u 
bis(2-ethylhexyl)phthalate 1.2 (B) 

di-n-octylphthalate u 
benzo(b )fluoranthene u 
benzo(k)fluoranthene u 
benzo(a)pyrene u 
indeno(1 ,2,3-cd)pyrene u 
dibenz{a,h)anthracene u 
benzo(g,h,i)perylene u 

Recovery 

(%) 

nitrobenzene-d5 82 

2-fluorobiphenyl 76 

terphenyl-d14 70 

B = Analyte detected in the laboratory blank below reporting limit. Sample value is less than 5 times blank value. 
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Reporting Limit 

(ug/L) 

0.5 

0.5 

0.5 

2 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Acceptance limits 

(%) 

35-114 

43-116 

33-141 
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Lab Number: 20509-036 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis(2-chloroethyl)ether 

1,3-dichlorobenzene 

1,4-dichlorobenzene 

1,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (m-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

3- and 4-methylphenol (p- and o-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethylphthalate 

2,6-dinitrotoluene 

SURROGATE STANDARDS 

2-fluorophenol 

phenol-d5 

2,4,6-tribromophenol 

U = Below quantitation limit 

NBH_PH4SAP _PC13E_04C 
12/16/10 
12/21/10 
12/23/10 
Water 

Concentration Reporting Limit 

(ug/L) (ug/L) 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 2 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 2 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

u 0.5 

Recovery Acceptance Limits 

(%) (%) 

80 21-100 

73 10-102 

82 10-123 

Concentration 

(ug/L) 

2,4-dinitrotoluene u 
acenaphthene u 
3-nitroaniline u 
2,4-dinitrophenol u 
dibenzofuran u 
4-nitrophenol u 
fluorene u 
4-chlorophenyl phenyl ether u 
diethyl phthalate u 
4-nitroaniline u 
4,6-dinitro-2-methylphenol u 
4-bromophenyl-phenylether u 
N-nitrosodiphenylamine u 
1,2-diphenylhydrazine (azobenzene) u 
4-bromophenyl phenyl ether u 
hexachlorobenzene u 
pentachlorophenol u 
phenanthrene u 
anthracene u 
carbazole u 
di-n-butylphthalate u 
fluoranthene u 
benzidine u 
pyrene u 
butylbenzylphthalate u 
benzo(a)anthracene u 
chrysene u 
3,3'-dichlorobenzidine u 
bis(2-ethylhexyl)phthalate 1.3 (B) 

di-n-octylphthalate u 
benzo(b)fluoranthene u 
benzo(k)fluoranthene u 
benzo(a)pyrene u 
indeno(1,2,3-cd)pyrene u 
dibenz(a,h)anthracene u 
benzo(g,h,i)perylene u 

Recovery 

(%) 

nitrobenzene-d5 101 

2-fluorobiphenyl 92 

terphenyl-d14 86 

B = Analyte detected in the laboratory blank below reporting limit. Sample value is less than 5 times blank value. 

Page of 

Reporting Limit 

(ug/L) 

0.5 

0.5 

0.5 

2 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2 ,2' ,3,4 ,4' ,5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl * 

209 2,2' ,3 ,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standards 

PCB 198 

20509-001 
PC13E_01A 
12/15/101200 
12/16/10 
12/18/10 
Water 
1000 
1.0 

Concentration 
(ug/L) 

0.0011 
0.0011 
0.0027 
0.001 

0.0024 
0.0045 
0.001 
0.001 
0.001 
0.0015 
0.001 

0.0012 
0.001 
0.001 

0.0012 
0.0012 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

0.047 

Recovery 

(%) 
102 

Qualifier 

u 

u 
u 
u 

u 

u 
u 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Advisory 

Limits 

( %) 
30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (ml): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5, 6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl * 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl* 

Total PCBs by Sum of congeners (*)multiplied by 2 

Surrogate Standards 

PCB 198 

20509-002 
PC13E_01B 
12/15/10 1230 
12/16/10 
12/18/10 
Water 
1000 
1.0 

Concentration 
(ug/L) 

0.001 
0.0011 
0.0031 
0.001 

0.0028 
0.0043 
0.0012 
0.001 
0.001 

0.0024 
0.001 
0.0014 
0.001 
0.001 
0.0018 
0.0014 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

0.052 

Recovery 

(%) 
103 

Qualifier 

u 

u 

u 
u 

u 

u 
u 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Advisory 

Limits 

( %) 
30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (ml): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2 ,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4 ,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 

* 

* 
209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl* 

Total PCBs by Sum of congeners (*}multiplied by 2 

Surrogate Standards 

PCB 198 

20509-003 
PC13E_01C 
12/15/10 1300 
12/16/10 
12/18/10 
Water 
1000 
1.0 
1 

Concentration 
(ug/L) 

0.001 
0.0013 
0.0046 
0.0011 
0.0033 
0.0055 
0.0018 
0.001 
0.001 
0.0041 
0.001 

0.0035 
0.001 
0.001 
0.0044 
0.0031 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

0.078 

Recovery 
(%} 

105 

Qualifier 

u 

u 
u 

u 
u 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Advisory 
Limits 
( %) 

30-150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (ml): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2 ,2' ,3 ,3' ,4,4' ,5-heptachloro biphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 

* 

* 
209 2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standards 

PCB 198 

20509-004 
PC13E_02A 
12/15/10 1330 
12/16/10 
12/18/10 
Water 
1000 
1.0 
1 

Concentration 
(ug/L) 

0.001 
0.0014 
0.0085 
0.001 

0.0025 
0.0049 
0.0012 
0.001 
0.001 

0.0018 
0.001 

0.0017 
0.001 
0.001 
0.002 

0.0012 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

0.063 

Recovery 

(%) 
109 

Qualifier 

u 

u 

u 
u 

u 

u 
u 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Advisory 

Limits 

( %) 
30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (ml): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2 ,2' ,3 ,4 ,5'-pentachlorobiphenyl 
2,2' ,4,5,5' -pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2 ,2' ,3 ,4 ,4' ,5,5'-heptachlorobi phenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 

* 
* 

* 

* 
209 2,2',3,3' ,4,4',5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*)multiplied by 2 

Surrogate Standards 

PCB 198 

20509-005 
PC13E_02B 
12/15/10 1400 
12/16/10 
12/18/10 
Water 
1000 
1.0 
1 

Concentration 
(ug/L) 

0.001 
0.001 

0.0031 
0.001 

0.0027 
0.0048 
0.001 
0.001 
0.001 
0.0018 
0.001 
0.0015 
0.001 
0.001 

0.0014 
0.0012 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

0.0011 
0.001 
0.001 
0.001 

0.049 

Recovery 
(%) 

107 

Qualifier 

u 
u 

u 

u 
u 
u 

u 

u 
u 

u 
u 
u 
u 
u 
u 

u 
u 
u 

Advisory 

Limits 

(%) 
30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (ml): 
Final Volume {ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2' ,3,4 ,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl * 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standards 

PCB 198 

20509-021 
NBH_PH4SAP_PC13E_02C 
12/16/10 
12/17/10 
01/01/11 
Water 
1000 
1.0 
1 

Concentration Qualifier 
(ug/L) 

0.001 u 
0.001 u 

0.0012 
0.001 u 
0.001 u 
0.0015 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 

0.025 

Advisory 
Recovery Limits 

(%) (%) 
129 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (ml): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2 ,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2' ,4 ,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 

* 

* 

* 
209 2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*)multiplied by 2 

Surrogate Standards 

PCB 198 

20509-022 
NBH_PH4SAP_PC13E_03A 
12/16/10 
12/19/10 
12/20/10 
Water 
1000 
1.0 
1 

Concentration Qualifier 
(ug/L) 

0.001 u 
0.001 u 

0.0012 
0.001 u 
0.001 u 

0.0013 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 

0.025 

Advisory 
Recovery Limits 

(%) ( %) 

40 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 

. Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3 ,3' ,4 ,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl * 

209 2 ,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*)multiplied by 2 

Surrogate Standards 

PCB 198 

20509-023 
NBH_PH4SAP_PC13E_03B 
12/16/10 
12/19/10 
12/20/10 
Water 
1000 
1.0 
1 

Concentration Qualifier 
(ug/L) 

0.001 u 
0.001 u 
0.0014 
0.001 u 
0.001 u 
0.0019 
0.001 u 
0.001 u 
0.001 u 

0.0011 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 

0.028 

Advisory 
Recovery Limits 

(%) ( %) 
62 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems. Inc. One L<;~fayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 
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PCB Congeners in Water · 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (ml): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2 ,2' ,3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3 ,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 

* 

* 

* 
209 2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standards 

PCB 198 

20509-024 
NBH_PH4SAP_PC13E_03C 
12/16/10 
12/19/10 
12/20/10 
Water 
1000 
1.0 
1 

Concentration Qualifier 
(ug/L) 

0.001 u 
0.0012 
0.0024 
0.001 u 
0.0016 
0.0034 
0.001 u 
0.001 u 
0.001 u 
0.0014 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 

0.037 

Advisory 

Recovery Limits 

(%) ( %) 

81 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (ml): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4' -dich lorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2' ,3 ,4 ,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2' ,3 ,4 ,4' ,5' -hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3,4 ,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl * 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl* 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standards 

PCB 198 

20509-025 
NBH_PH4SAP_PC13E_04A 
12/16/10 
12/19/10 
12/20/10 
Water 
1000 
1.0 
1 

Concentration Qualifier 
(ug/L) 

0.001 u 
0.0013 
0.0019 
0.001 u 
0.0016 
0.0029 
0.001 u 
0.001 u 
0.001 u 
0.0013 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 

0.035 

Advisory 
Recovery Limits 

(%) (%) 
88 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (ml): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2' ,3 ,4 ,5'-pentachlorobiphenyl 
2 ,2' ,4 ,5 ,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3 ,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3 ,3' ,4,4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2 ,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5, 6-octachlorobiphenyl 
2,2',3,3' ,4,4',5,5' ,6-nonachlorobiphenyl 

* 

* 

209 2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standards 

PCB 198 

20509-026 
NBH_PH4SAP_PC13E_04A_D 
12/16/10 
12/17/10 
12/19/10 
Water 
1000 
1.0 
1 

Concentration Qualifier 
(ug/L) 

0.001 u 
0.001 u 
0.0014 
0.001 u 
0.0014 
0.0025 
0.001 u 
0.001 u 
0.001 u 
0.001 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 

0.031 

Advisory 
Recovery Limits 

(%) (%) 
108 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (ml): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5' -pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3,3' ,4 ,4 '-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3' ,4 ,4', 5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2 ,2' ,3 ,4 ,4' ,5' ,6-heptachlorobiph enyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl * 

209 2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*)multiplied by 2 

Surrogate Standards 

PCB 198 

20509-027 
NBH_PH4SAP_PC13E_04B 
12/16/10 
12/19/10 
12/20/10 
Water 
1000 
1.0 
1 

Concentration Qualifier 
(ug/L) 

0.001 u 
0.0011 
0.0018 
0.001 u 
0.0017 
0.0033 
0.001 u 
0.001 u 
0.001 u 

0.0015 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 

0.036 

Advisory 
Recovery Limits 

(%) ( %) 
82 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (ml): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2' ,4,5' -tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2 ,2' ,3,4 ,4' ,5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3 ,4,4' ,5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl * 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl* 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standards 

PCB 198 

20509-028 
NBH_PH4SAP_PC13E_04C 
12/16/10 
12/19/10 
12/20/10 
Water 
1000 
1.0 
1 

Concentration Qualifier 
(ug/L) 

0.001 u 
0.0013 
0.0014 
0.001 u 

0.0014 
0.0035 
0.001 u 
0.001 u 
0.001 u 
0.0012 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 
0.001 u 

0.035 

Advisory 

Recovery Limits 

(%) ( %) 

82 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

20509-011 
PC13E_01A 
12/15/10 1200 
12/17/10 
12/21/10 
Water 
1000 
1 
1 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
ug/L 

u 
u 
u 

Recovery 
(%) 
103 
92 

Reporting 
Limit 
ug/L 

50 
50 
50 

Advisory Limits 
(%) 
30- 150 
30- 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: · 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

20509-012 
PC13E_01B 
12/15/10 1230 
12/17/10 
12/21/10 
Water 
1000 
1 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
ug/L 

u 
u 
u 

Recovery 
(%) 
94 
82 

Reporting 
Limit 
ug/L 

50 
50 
50 

Advisory Limits 
( %) 

30- 150 
30- 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL}: 
Final Volume (mL) 
Dilution Factor: 

20509-013 
PC13E_01C 
12/15/101300 
12/17/10 
12/21110 
Water 
1000 
1 
1 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 

Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 

2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
ug/L 

u 
u 
u 

Recovery 
(%) 

100 

88 

Reporting 
Limit 
ug/L 

50 
50 

50 

Advisory Limits 
( %) 
30- 150 

30- 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

20509-014 
PC13E_02A 
12/15/101330 
12/17/10 
12/21/10 
Water 
1000 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
ug/L 

u 
u 
u 

Recovery 
(%) 
112 
102 

Reporting 
Limit 
ug/L 

50 
50 
50 

Advisory Limits 
( %) 
30- 150 
30- 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

20509-015 
PC13E_02B 
12/15/10 1400 
12/17/10 
12/21/10 
Water 
1000 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 

Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 

2-fluorobiphenyl 

U == Below quantitation limit 

Concentration 
ug/L 

u 
u 
u 

Recovery 
(%) 

103 

115 

Reporting 
Limit 
ug/L 

50 

50 
50 

Advisory Limits 

( %) 
30- 150 

30- 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

20509-037 
NBH_PH4SAP _PC13E_02C 
12/16/10 
12/19/10 
12/21/10 
Water 
1000 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
ug/L 

u 
u 
u 

Recovery 
(%) 
104 
94 

Note 1 
Note 1 

Reporting 
Limit 
ug/L 

50 
80 
80 

Advisory Limits 
( %) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

20509-038 
NBH_PH4SAP_PC13E_03A 
12/16/10 
12119/10 
12/21/10 
Water 
1000 
1 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 

2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
ug/L 

u 
u 
u 

Recovery 
(%) 
107 

92 

Note 1 
Note 1 

Reporting 
Limit 
ug/L 

50 
60 
60 

Advisory Limits 
(%) 

30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

20509-039 
NBH_PH4SAP_PC13E_03B 
12/16/10 
12/19/10 
12/21/10 
Water 
1000 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
u 
u 

Recovery 
(%) 
89 
105 

Note 1 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

50 
80 
80 

Advisory Limits 
(%) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

20509-040 
NBH_PH4SAP_PC13E_03C 
12/16/10 
12/19/10 
12/21/10 
Water 
1000 
1 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
ug/L 

u 
u 
u 

Recovery 
(%) 
108 
98 

Note 1 
Note 1 

Reporting 
Limit 
ug/L 

50 
150 
150 

Advisory Limits 
(%) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

20509-041 
NBH_PH4SAP_PC13E_04A 
12/16/10 
12/19/10 
12/21/10 
Water 
1000 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 

2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
ug/L 

u 
u 
u 

Recovery 
(%) 
111 

99 

Note 1 
Note 1 

Reporting 
Limit 
ug/L 

50 
90 
90 

Advisory Limits 
(%) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

20509-042 
NBH_PH4SAP_PC13E_04A_D 
12/16/10 
12/19/10 
12/21/10 
Water 
1000 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 

2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
ug/L 

u 
u 
u 

Recovery 
(%) 
112 

101 

Note 1 
Note 1 

Reporting 
Limit 
ug/L 

50 
90 
90 

Advisory Limits 
(%) 
30- 150 

30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

20509-043 
NBH_PH4SAP_PC13E_04B 
12/16/10 
12/19/10 
12/21/10 
Water 
1000 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
ug/L 

u 
u 
u 

Recovery 
(%) 
114 
103 

Note 1 
Note 1 

Reporting 
Limit 
ug/L 

50 
90 
90 

Advisory Limits 
(%) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

20509-044 
NBH_PH4SAP_PC13E_04C 
12/16/10 
12/19/10 
12/21/10 
Water 
1000 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
ug/L 

u 
u 
u 

Recovery 
(%) 
115 

105 

Note 1 
Note 1 

Reporting 
Limit 
ug/L 

50 
70 
70 

Advisory Limits 
(%) 
30- 150 

30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
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Quality Control Summary 

Parameter: Antimony, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 171W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-016 PC13E_01A 20509-050 
20509-017 PC13E_01B 20509-051 
20509-018 PC13E_01C 20509-052 
20509-019 PC13E_02A 
20509-020 PC13E_02B 
20509-045 NBH_PH4SAP_PC13E_02C 
20509-046 NBH_PH4SAP_PC13E_03A 
20509-047 NBH_PH4SAP_PC13E_03B 
20509-048 NBH_PH4SAP_PC13E_03C 
20509-049 NBH_PH4SAP_PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- mg/L Q M 

PB171W 0.0005 0.0005 I u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% mg/L mg/L 

LCS171W 70-130 0.0097 0.010 97 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

ID % mg/L mg/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Dup True 
Sample Result Value 

mg/L mg/L 

0.0099 0.010 

Q RPD Q 

20509-016D 30 0.0005 u 0.0005 u NC Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% mg/L mg/L mg/L 

20509-016S 70-130 0.049 0.050 0.0005 u 98 
20509-016SD 70-130 0.049 0.050 0.0005 u 98 

NC = Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

99 Pass 

Pass 
Pass 
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Quality Control Summary 

Parameter: Arsenic, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 171W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-016 PC13E_01A 20509-050 
20509-017 PC13E_01B 20509-051 
20509-018 PC13E_01C 20509-052 
20509-019 PC13E_02A 
20509-020 PC13E_02B 
20509-045 NBH_PH4SAP_PC13E_02C 
20509-046 NBH_PH4SAP_PC13E_03A 
20509-047 NBH_PH4SAP_PC13E_03B 
20509-048 NBH_PH4SAP_PC13E_03C 
20509-049 NBH_PH4SAP_PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- mg/L Q M 

PB171W 0.001 0.001 I u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% mg/L mg/L 

LCS171W 70-130 0.097 0.100 97 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

ID % mg/L mg/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Dup True 
Sample Result Value 

mg/L mg/L 

0.098 0.100 

Q RPD Q 

20509-016D 30 0.0016 0.0020 NC Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% mg/L mg/L mg/L 

20509-016S 70-130 0.488 0.500 0.0020 97 
20509-016SD 70-130 0.487 0.500 0.0020 97 

NC = Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

98 Pass 
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Quality Control Summary 

Parameter: Beryllium, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 171W 

Pertains to samples: 

Lab ID Sample ID LabiD 

20509-016 PC13E_01A 20509-050 
20509-017 PC13E_01B 20509-051 
20509-018 PC13E_01C 20509-052 
20509-019 PC13E_02A 
20509-020 PC13E_02B 
20509-045 NBH_PH4SAP_PC13E_02C 
20509-046 NBH_PH4SAP_PC13E_03A 
20509-047 NBH_PH4SAP_PC13E_03B 
20509-048 NBH_PH4SAP_PC13E_03C 
20509-049 NBH_PH4SAP_PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- mg/L Q M 

PB171W 0.0005 0.0005 I u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% mg/L mg/L 

LCS171W 70-130 0.005 0.005 100 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

ID % mg/L mg/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Dup True 
Sample Result Value 

mg/L mg/L 

0.005 0.005 

Q RPD Q 

20509-0160 30 0.0005 u 0.0005 u NC Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% mg/L mg/L mg/L 

20509-016S 70-130 0.026 0.025 0.0005 u 104 
20509-016SD 70-130 0.025 0.025 0.0005 u 100 

NC =Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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Quality Control Summary 

Parameter: Cadmium, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 171W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-016 PC13E_01A 20509-050 
20509-017 PC13E_01B 20509-051 
20509-018 PC13E_01C 20509-052 
20509-019 PC13E_02A 
20509-020 PC13E_02B 
20509-045 NBH_PH4SAP_PC13E_02C 
20509-046 NBH_PH4SAP_PC13E_03A 
20509-047 NBH_PH4SAP_PC13E_03B 
20509-048 NBH_PH4SAP_PC13E_03C 
20509-049 NBH_PH4SAP_PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- mg/L Q M 

PB171W 0.0005 0.0005 I u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% mg/L mg/L 

LCS171W 70-130 0.049 0.050 98 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

ID % mg/L mg/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Dup True 
Sample Result Value 

mg/L mg/L 

0.050 0.050 

Q RPD Q 

20509-016D 30 0.0028 0.0028 0 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% mg/L mg/L mg/L 

20509-016S 70-130 0.241 0.250 0.0028 95 
20509-016SD 70-130 0.241 0.250 0.0028 95 

NC = Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 
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Quality Control Summary 

Parameter: Chromium, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 171W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-016 PC13E_01A 20509-050 
20509-017 PC13E_01B 20509-051 
20509-018 PC13E_01C 20509-052 
20509-019 PC13E_02A 
20509-020 PC13E_02B 
20509-045 NBH_PH4SAP_PC13E_02C 
20509-046 NBH_PH4SAP_PC13E_03A 
20509-047 NBH_PH4SAP_PC13E_03B 
20509-048 NBH_PH4SAP_PC13E_03C 
20509-049 NBH_PH4SAP _PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- mg/L Q M 

PB171W 0.001 0.001 I u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% mg/L mg/L 

LCS171W 70-130 0.020 0.020 100 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

ID % mg/L mg/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Dup True 
Sample Result Value 

mg/L mg/L 

0.021 0.020 

Q RPD Q 

20509-016D 30 0.010 u 0.010 u NC Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% mg/L mg/L mg/L 

20509-016S 70-130 0.105 0.100 0.001 u 105 
20509-0 16SD 70-130 0.104 0.100 0.001 u 104 

NC =Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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Pass 
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Quality Control Summary 

Parameter: Copper, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 171W 

Pertains to samples: 

Lab ID Sample ID LabiD 

20509-016 PC13E_01A 20509-050 
20509-017 PC13E_01B 20509-051 
20509-018 PC13E_01C 20509-052 
20509-019 PC13E_02A 
20509-020 PC13E_02B 
20509-045 NBH_PH4SAP_PC13E_02C 
20509-046 NBH_PH4SAP_PC13E_03A 
20509-047 NBH_PH4SAP_PC13E_03B 
20509-048 NBH_PH4SAP_PC13E_03C 
20509-049 NBH_PH4SAP_PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- mg/L Q M 

PB171W 0.0006 0.0006 I u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% mg/L mg/L 

LCS171W 70-130 0.025 0.025 100 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

ID % mg/L mg/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Dup True 
Sample Result Value 

mg/L mg/L 

0.025 0.025 

Q RPD Q 

20509-016D 30 0.0034 0.0034 0 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% mg/L mg/L mg/L 

20509-016S 70-130 0.122 0.125 0.0034 95 
20509-016SD 70-130 0.123 0.125 0.0034 96 

NC = Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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Quality Control Summary 

Parameter: Lead, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 171W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-016 PC13E_01A 20509-050 
20509-017 PC13E_01B 20509-051 
20509-018 PC13E_01C 20509-052 
20509-019 PC13E_02A 
20509-020 PC13E_02B 
20509-045 NBH_PH4SAP_PC13E_02C 
20509-046 NBH_PH4SAP_PC13E_03A 
20509-047 NBH_PH4SAP_PC13E_03B 
20509-048 NBH_PH4SAP_PC13E_03C 
20509-049 NBH_PH4SAP_PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- mg/L Q M 

PB171W 0.0005 0.0005 I u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% mg/L mg/L 

LCS171W 70-130 0.097 0.100 97 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

ID % mg/L mg/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Dup True 
Sample Result Value 

mg/L mg/L 

0.099 0.100 

Q RPD Q 

20509-016D 30 0.0010 0.0012 NC Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% mg/L mg/L mg/L 

20509-016S 70-130 0.507 0.500 0.0012 101 
20509-016SD 70-130 0.507 0.500 0.0012 101 

NC = Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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Quality Control Summary 

Parameter: Mercury, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 794W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-001 PC13E_01A 20509-058 
20509-002 PC13E_01B 20509-059 
20509-003 PC13E_01C 20509-060 
20509-004 PC13E_02A 
20509-005 PC13E_02B 
20509-053 NBH_PH4SAP_PC13E_02C 
20509-054 NBH_PH4SAP_PC13E_03A 
20509-055 NBH_PH4SAP_PC13E_03B 
20509-056 NBH_PH4SAP_PC13E_03C 
20509-057 NBH_PH4SAP_PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/L Q M 

PB794W 0.01 0.01 I u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% ug/L ug/L 

LCS794W 70-130 0.024 0.025 96 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

ID % ug/L ug/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Dup True 
Sample Result Value 

ug/L ug/L 

0.025 0.025 

Q RPD Q 

20509-016D 30 0.010 u 0.010 u NC Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% ug/L ug/L ug/L 

20509-016S 70-130 0.023 0.025 0.010 u 92 
20509-016SD 70-130 0.024 0.025 0.010 u 96 

NC = Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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Quality Control Summary 

Parameter: Nickel, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 171W 

Pertains to samples: 

Lab ID Sample ID LabiD 

20509-016 PC13E_01A 20509-050 
20509-017 PC13E_01B 20509-051 
20509-018 PC13E_01C 20509-052 
20509-019 PC13E_02A 
20509-020 PC13E_02B 
20509-045 NBH_PH4SAP_PC13E_02C 
20509-046 NBH_PH4SAP_PC13E_03A 
20509-047 NBH_PH4SAP_PC13E_03B 
20509-048 NBH_PH4SAP_PC13E_03C 
20509-049 NBH_PH4SAP_PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- mg/L Q M 

PB171W 0.0005 0.0005 I u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% mg/L mg/L 

LCS171W 70-130 0.050 0.050 100 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

ID % mg/L mg/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Dup True 
Sample Result Value 

mg/L mg/L 

0.050 0.050 

Q RPD Q 

20509-016D 30 0.0005 u 0.0005 u NC Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% mg/L mg/L mg/L 

20509-016S 70-130 0.243 0.250 0.0005 u 97 
20509-016SD 70-130 0.244 0.250 0.0005 u 98 

NC = Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

100 Pass 
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Quality Control Summary 

Parameter: Selenium, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 171W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-016 PC13E_01A 20509-050 
20509-017 PC13E_01B 20509-051 
20509-018 PC13E_01C 20509-052 
20509-019 PC13E_02A 
20509-020 PC13E_02B 
20509-045 NBH_PH4SAP_PC13E_02C 
20509-046 NBH_PH4SAP_PC13E_03A 
20509-047 NBH_PH4SAP_PC13E_03B 
20509-048 NBH_PH4SAP_PC13E_03C 
20509-049 NBH_PH4SAP_PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- mg/L Q M 

PB171W 0.001 0.001 I u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% mg/L mg/L 

LCS171W 70-130 0.097 0.100 97 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

ID % mg/L mg/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Dup True 
Sample Result Value 

mg/L mg/L 

0.098 0.100 

Q RPD Q 

20509-016D 30 0.001 u 0.001 u NC Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% mg/L mg/L ·mg/L 

20509-016S 70-130 0.490 0.500 0.001 u 98 
20509-016SD 70-130 0.489 0.500 0.001 u 98 

NC = Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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Quality Control Summary 

Parameter: Silver, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 171W 

Pertains to samples: 

Lab ID Sample ID LabiD 

20509-016 PC13E_01A 20509-050 
20509-017 PC13E_01B 20509-051 
20509-018 PC13E_01C 20509-052 
20509-019 PC13E_02A 
20509-020 PC13E_02B 
20509-045 NBH_PH4SAP_PC13E_02C 
20509-046 NBH_PH4SAP_PC13E_03A 
20509-047 NBH_PH4SAP_PC13E_03B 
20509-048 NBH_PH4SAP_PC13E_03C 
20509-049 NBH_PH4SAP_PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- mg/L Q M 

PB171W 0.0002 0.0002 I u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% mg/L mg/L 

LCS171W 70-130 0.024 0.025 96 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

ID % mg/L mg/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Dup True 
Sample Result Value 

mg/L mg/L 

0.024 0.025 

Q RPD Q 

20509-016D 30 0.0002 u 0.0002 u NC Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% mg/L mg/L mg/L 

20509-016S 70-130 0.120 0.125 0.0002 u 96 
20509-016SD 70-130 0.120 0.125 0.0002 u 96 

NC = Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton. NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 
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Quality Control Summary 

Parameter: Thallium, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 171W 

Pertains to samples: 

Lab 10 Sample ID Lab ID 

20509-016 PC13E_01A 20509-050 
20509-017 PC13E_01B 20509-051 
20509-018 PC13E_01C 20509-052 
20509-019 PC13E_02A 
20509-020 PC13E_02B 
20509-045 NBH_PH4SAP_PC13E_02C 
20509-046 NBH_PH4SAP_PC13E_03A 
20509-047 NBH_PH4SAP_PC13E_03B 
20509-048 NBH_PH4SAP_PC13E_03C 
20509-049 NBH_PH4SAP_PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- mg/L Q M 

PB171W 0.0002 0.0002 I u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% mg/L mg/L 

LCS171W 70-130 0.098 0.100 98 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

10 % mg/L mg/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Oup True 
Sample Result Value 

mg/L mg/L 

0.099 0.100 

Q RPO Q 

20509-016D 30 0.0002 u 0.0002 u NC Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% mg/L mg/L mg/L 

20509-016S 70-130 0.503 0.500 0.0002 u 101 
20509-016SO 70-130 0.507 0.500 0.0002 u 101 

NC =Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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Quality Control Summary 

Parameter: Zinc, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Water 

QC Batch No: 171W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-016 PC13E_01A 20509-050 
20509-017 PC13E_01B 20509-051 
20509-018 PC13E_01C 20509-052 
20509-019 PC13E_02A 
20509-020 PC13E_02B 
20509-045 NBH_PH4SAP_PC13E_02C 
20509-046 NBH_PH4SAP_PC13E_03A 
20509-047 NBH_PH4SAP_PC13E_03B 
20509-048 NBH_PH4SAP_PC13E_03C 
20509-049 NBH_PH4SAP_PC13E_04A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- mg/L Q M 

PB171W 0.001 0.001 J u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value %R 

% mg/L mg/L 

LCS171W 70-130 0.050 0.050 100 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result 

ID % mg/L mg/L 

Sample ID 

NBH_PH4SAP_PC13E_04A_D 
NBH_PH4SAP_PC13E_04B 
NBH_PH4SAP_PC13E_04C 

Lab Control Dup True 
Sample Result Value 

mg/L mg/L 

0.050 0.050 

Q RPD Q 

20509-0160 30 0.028 0.027 4 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% mg/L mg/L mg/L 

20509-016S 70-130 0.263 0.250 0.027 94 
20509-016SD 70-130 0.263 0.250 0.027 94 

NC = Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

PB488W 
Laboratory Blank 
12/20/10 
12/20/10 
12/21/10 
Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270. 

Concentration Quantitation Limit 

(ug/L) (ug/L) 

N-nitrosodimethylamine u 0.5 

phenol u 0.5 

2-chlorophenol u 0.5 

bis(2-chloroethyl)ether u 0.5 

1 ,3-dichlorobenzene u 0.5 

1 ,4-dichlorobenzene u 0.5 

1 ,2-dichlorobenzene u 0.5 

benzyl alcohol u 0.5 

2-methylphenol (m-cresol) u 0.5 

bis(2-chloroisopropyl)ether u 0.5 

hexachloroethane u 0.5 

N-nitroso-di-n-propylamine u 0.5 

4-methylphenol (p-cresol) u 0.5 

nitrobenzene u 0.5 

isophorone u 0.5 

2-nitrophenol u 0.5 

2,4-dimethylphenol u 0.5 

bis(2-chloroethoxy)methane u 0.5 

2,4-dichlorophenol u 0.5 

2,6-dichlorophenol u 0.5 

1 ,2,4-trichlorobenzene u 0.5 

naphthalene u 0.5 

benzoic acid u 2 

4-chloroaniline u 0.5 

hexachloro-1, 3-butadiene u 0.5 

4-chloro-3-methylphenol u 0.5 

2-methylnaphthalene u 0.5 

hexachlorocyclopentadiene u 2 

2,4,6-trichlorophenol u 0.5 

2,4,5-trichlorophenol u 0.5 

2-chloronaphthalene u 0.5 

2-nitroaniline u 0.5 

acenaphthylene u 0.5 

dimethyl phthalate u 0.5 

2,6-dinitrotoluene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits 

(%) (%) 

2-fluorophenol 74 21-100 

phenol-d5 46 10-102 

2,4,6-tribromophenol 87 10-123 

U = Below quantitation limit 

Page 

Concentration 

(ug/L) 

2,4-dinitrotoluene u 
acenaphthene u 
3-nitroaniline u 
2,4-dinitrophenol u 
dibenzofuran u 
4-nitrophenol u 
fluorene u 
4-chlorophenyl phenyl ether u 
diethyl phthalate u 
4-nitroaniline u 
4,6-dinitro-2-methylphenol u 
4-chlorophenyl phenyl ether u 
N-nitrosodiphenylamine u 
1 ,2-diphenylhydrazine (azobenzene) u 
4-bromophenyl phenyl ether u 
hexachlorobenzene u 
pentachlorophenol u 
phenanthrene u 
anthracene u 
carbazole u 
di-n-butylphthalate u 
fluoranthene u 
benzidine u 
pyrene u 
butylbenzylphthalate u 
benzo( a )anthracene u 
chrysene u 
3,3'-dichlorobenzidine u 
bis(2-ethylhexyl)phthalate u 
di-n-octylphthalate u 
benzo(b)fluoranthene u 
benzo(k)fluoranthene u 
benzo(a)pyrene u 
indeno(1 ,2,3-cd)pyrene u 
dibenz{a,h)anthracene u 
benzo(g,h,i)perylene u 

Recovery 

(%) 

nitrobenzene-d5 99 

2-fluorobiphenyl 96 

terphenyl-d 14 90 

of 

EnviroSystems, Inc. One Lafayette Road P.O. Box778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 

Quantitation Limit 

(ug/L) 

0.5 

0.5 

0.5 

2 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 
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Lab Number: LCS488W\LCSD488W 
Sample Designation: 
Date Sampled: 

Laboratory Control Sample Duplicate 
12/16/10 

Date Extracted: 12/21/10 
Date Analyzed: 12/23/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis-(2-choroethyl)ether 

1,3-dichlorobenzene 

1 ,4-diclorobenzene 

1,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol ( o-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

4-methylphenol (p-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethyl phthalate 

2,6-dinitrotoluene 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

Amount 

Added 

(ug/L) 

NA 

172 

165 

NA 

NA 

74 

NA 

NA 

NA 

NA 

NA 

83 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

76 

90 

NA 

NA 

NA 

188 

NA 

NA 

NA 

NA 

NA 

NA 

93 

NA 

NA 

82 

182 

NA 

U = Below quantitation limit 

Laboratory Control Sample 

Result Recovery Limit 

(ug/L) (%) (%) 

U NA 30-150 

96 56 5-112 

170 102 23-134 

U NA 36-166 

U NA 1-172 

71 

u 
u 
u 
u 
u 
86 

u 
u 
u 
u 
u 
u 
u 
u 
69 

76 

u 
u 
u 

170 

u 
u 
u 
u 
u 
u 
78 

u 
u 
u 
96 

170 

96 

NA 

NA 

NA 

NA 

NA 

104 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

91 

84 

NA 

NA 

NA 

90 

NA 

NA 

NA 

NA 

NA 

NA 

84 

NA 

NA 

NA 

56 

102 

20-124 

32-129 

30-150 

30-150 

53-127 

40-113 

1-150 

30-150 

35-180 

21-196 

29-182 

32-119 

33-184 

39-135 

30-150 

44-142 

21-133 

30-150 

30-150 

24-116 

22-147 

30-150 

30-150 

37-144 

30-150 

60-118 

30-150 

33-145 

1-112 

50-158 

30-150 

5-112 

23-134 

Laboratory Control Sample Duplicate 

Result Recovery 

(ug/L) (%) 

U NA 

90 53 

170 103 

U NA 

U NA 

70 

u 
u 
u 
u 
u 
83 

u 
u 
u 
u 
u 
u 
u 
u 
69 

76 

u 
u 
u 

170 

u 
u 
u 
u 
u 
u 
77 

u 
u 
62 

160 

u 

95 

NA 

NA 

NA 

NA 

NA 

101 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

91 

84 

NA 

NA 

NA 

91 

NA 

NA 

NA 

NA 

NA 

NA 

83 

NA 

NA 

76 

53 

103 

Limit 

(%) 

30-150 

5-112 

23-134 

36-166 

1-172 

20-124 

32-129 

30-150 

30-150 

53-127 

40-113 

1-150 

30-150 

35-180 

21-196 

29-182 

32-119 

33-184 

39-135 

30-150 

44-142 

21-133 

30-150 

30-150 

24-116 

22-147 

30-150 

30-150 

37-144 

30-150 

60-118 

30-150 

33-145 

1-112 

50-158 

39-139 

47-145 

30-150 

Page A of 

Diff 

(%) 

NA 

6 

1 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0 

0 

NA 

NA 

NA 

0 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2 

NA 

EnviroSystems, Inc. One Lafayette Road P.O. Box778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 

Limit 

(%) 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

60 

30 

30 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

20509 
Laboratory Control Sample Duplicate 
12/16/10 
12/21/10 
12/23/10 
Water 

SEMIVOLATILE ORGANICS (Continued) 
Method Reference: SW846 8270 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-chlorophenyl phenyl ethe 

N-nitrosodiphenylamine 

4-bromophenyl phenylether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butyl phthalate 

fluoranthene 

benzidine 

pyrene 

butyl benzyl phthalate 

benz a( a )anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis-2-ethylhexyl phthalate 

di-n-cetyl phthalate 

benz a( b )fluoranthene 

benzo(k)fluoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz( a, h )anthracene 

benzo(g,h,i)perylene 

SURROGATE STANDARDS 

2-fluorophenol 

phenol-d5 

2,4,6-tribromophenol 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d 14 

Amount 

Added 

(ug/L) 

NA 

NA 

233 

93 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

205 

NA 

NA 

NA 

93 

87 

NA 

184 

NA 

NA 

93 

NA 

NA 

NA 

81 

87 

84 

74 

78 

74 

U = Below quantitation limit 

Laboratory Control Sample 

Result Recovery Limit 

(ug/L) (%) (%) 

U NA 1-191 

u 
110 

79 

u 
u 
u 
u 
u 
u 
u 
u 

180 

79 

82 

u 
81 

80 

u 
160 

u 
76 

83 

u 
u 
u 
73 

69 

71 

64 

67 

65 

NA 

47 

85 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

86 

NA 

NA 

NA 

88 

92 

NA 

89 

NA 

NA 

89 

NA 

NA 

NA 

91 

79 

85 

86 

86 

87 

30-150 

1-132 

59-121 

25-158 

1-114 

30-150 

1-181 

25-158 

30-150 

25-158 

30-150 

14-176 

54-120 

27-133 

30-150 

1-118 

26-137 

30-150 

52-115 

1-152 

33-143 

17-168 

1-262 

1-158 

1-146 

24-159 

11-162 

17-163 

1-171 

1-227 

1-219 

Laboratory Control Sample 

Recovery 

(%) 
79 

52 

93 

104 

98 

88 

Limits 

(%) 

21-100 

10-102 

10-123 

35-114 

43-116 

33-141 

Laboratory Control Sample Duplicate 

Result Recovery 

(ug/L) (%) 

U NA 

U NA 

92 39 

78 84 

U NA 

U NA 

U NA 

U NA 

U NA 

NA NA 

NA NA 

NA NA 

170 83 

77 NA 

77 NA 

U NA 

78 84 

75 87 

U NA 

160 

u 
64 

75 

u 
u 
u 
26 

62 

68 

61 

64 

61 

88 

NA 

NA 

81 

NA 

NA 

NA 

33 

71 

80 

82 

82 

82 

Limit 

(%) 

1-191 

30-150 

1-132 

59-121 

25-158 

1-114 

30-150 

1-181 

25-158 

30-150 

25-158 

30-150 

14-176 

54-120 

27-133 

30-150 

1-118 

26-137 

30-150 

52-115 

1-152 

33-143 

17-168 

1-262 

1-158 

1-146 

24-159 

11-162 

17-163 

1-171 

1-227 

1-219 

Laboratory Control Sample Duplicate 

Recovery 

(%) 

76 

49 

86 

105 

96 

87 

Limits 

(%) 

21-100 

10-102 

10-123 

35-114 

43-116 

33-141 

Page 8 of 

Diff 

(%) 

NA 

NA 

18 

1 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4 

NA 

NA 

NA 

4 

6 

NA 

2 

NA 

NA 

10 

NA 

NA 

NA 

94 

11 

6 
5 

6 

6 

Limit 

(%) 

30 

30 

40 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 
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Lab Number: 20509-029 

Sample Designation: NBH_PH4SAP _PC13E_02C (Laboratory Duplicate) 

Date Sampled: 12/16/10 
Date Extracted: 12/21/10 
Date Analyzed: 12/22/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Sample RL Duplicate RL DIFF Limit 
(ug/L) (ug/L) (ug/L) (ug/L) (%) (%) 

N-nitrosodimethylamine u 2 u 2 NC 30 2,4-dinitrotoluene 

phenol u 2 u 2 NC 30 acenaphthene 

2-chlorophenol u 2 u 2 NC 30 3-nitroaniline 

bis-(2-choroethyl)ether u 2 u 2 NC 30 2,4-dinitrophenol 

1 ,3-dichlorobenzene u 2 u 2 NC 30 dibenzofuran 

1 ,4-diclorobenzene u 2 u 2 NC 30 4-nitrophenol 

1 ,2-dichlorobenzene u 2 u 2 NC 30 fluorene 

benzyl alcohol u 2 u 2 NC 30 4-chlorophenyl phenyl ether 

2-methylphenol (a-cresol) u 2 u 2 NC 30 diethyl phthalate 

bis(2-chloroisopropyl)ether u 2 u 2 NC 30 4-nitroaniline 

hexachloroethane u 2 u 2 NC 30 4,6-dinitro-2-methylphenol 

N-nitroso-di-n-propylamine u 2 u 2 NC 30 4-chlorophenyl phenyl ether 

4-methylphenol (p-cresol) u 2 u 2 NC 30 N-nitrosodiphenylamine 

nitrobenzene u 2 u 2 NC 30 1 ,2-diphenylhydrazine 

isophorone u 2 u 2 NC 30 4-bromophenyl phenyl ether 

2-nitrophenol u 2 u 2 NC 30 hexachlorobenzene 

2,4-dimethylphenol u 2 u 2 NC 30 pentachlorophenol 

bis(2-chloroethoxy)methane u 2 u 2 NC 30 phenanthrene 

2,4-dichlorophenol u 2 u 2 NC 30 anthracene 

2,6-dichlorophenol u 2 u 2 NC 30 carbazole 

1 ,2,4-trichlorobenzene u 2 u 2 NC 30 di-n-butyl phthalate 

naphthalene u 2 u 2 NC 30 fluoranthene 

benzoic acid u 20 u 20 NC 30 benzidine 

4-chloroaniline u 2 u 2 NC 30 pyrene 

hexachloro-1 ,3-butadiene u 2 u 2 NC 30 butylbenzylphthalate 

4-chloro-3-methylphenol u 2 u 2 NC 30 benzo( a )anthracene 

2-methylnaphthalene u 2 u 2 NC 30 chrysene 

hexachlorocyclopentadiene u 4 u 4 NC 30 3,3'-dichlorobenzidine 

2,4,6-trichlorophenol u 2 u 2 NC 30 bis(2-ethylhexyl)phthalate 

2,4,5-trichlorophenol u 2 u 2 NC 30 di-n-octylphthalate 

2-chloronaphthalene u 2 u 2 NC 30 benzo(b )fluoranthene 

2-nitroaniline u 2 u 2 NC 30 benzo(k)fluoranthene 

acenaphthylene u 2 u 2 NC 30 benzo(a)pyrene 

dimethyl phthalate u 2 u 2 NC 30 indeno(1 ,2,3-cd)pyrene 

2, 6-dinitrotoluene u 2 u 2 NC 30 dibenz(a,h)anthracene 

benzo(g,h,i)perylene 

SURROGATE STANDARDS 

Recovery Recovery Acceptance Limits 

(%) (%) (%) 

2-fluorophenol 74 71 21-100 nitrobenzene-d5 

phenol-d5 60 55 10-1 02 2-fluorobiphenyl 

2,4,6-tribromophenol 78 76 10-123 terphenyl-d14 

U =Below quantitation limit 

NC =Not calculated due one or both values less than five times the reporting limit. 


Sample 

(ug/L) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Recovery 

(%) 

92 

83 

76 

RL Duplicate RL DIFF Limit 
(ug/L) (ug/L) (ug/L) (%) (%) 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

4 u 4 NC 30 

2 u 2 NC 30 

4 u 4 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

8 u 8 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

8 u 8 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

4 u 4 NC 30 

2 u 2 NC 30 
2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

2 u 2 NC 30 

Recovery Acceptance Limits 

(%) (%) 

88 35-114 

80 43-116 

78 33-141 

1-IIVII __ ,..::J'-Vtll~, IIIVo 
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Lab Number: 20509-034 
Sample Designation: 
Date Sampled: 

NBH_PH4SAP _PC13E_04A_D {Matrix Spike I Matrix Spike Duplicate) 
12/16/10 

Date Extracted: 12/20/10 
Date Analyzed: 12/22/10 
Matrix: Water 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis-(2-choroethyl)ether 

1 ,3-dichlorobenzene 

1 ,4-diclorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (a-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

4-methylphenol (p-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethyl phthalate 

2,6-dinitrotoluene 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

U = Below quantitation limit 

Sample Amount 

Result Added 

(ug/L) (ug/L) 

U NA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

172 

165 

NA 

NA 

74 

NA 

NA 

NA 

NA 

NA 

83 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

76 

90 

NA 

NA 

NA 

188 

NA 

NA 

NA 

NA 

NA 

NA 

93 

NA 

NA 

82 

182 

NA 

NA 

NA 

233 

93 

Matrix Spike 

Result Recovery Limit 

Spike Duplicate 

Result Recovery Limit Diff 

(%) 

NA 

(ug/L) (%) (%) (ug/L) (%) (%) 

U NA NA U NA NA 

140 

210 

u 
u 
70 

u 
u 
u 
u 
u 
88 

u 
u 
u 
u 
u 
u 
u 
u 
71 

76 

u 
u 
u 

190 

u 
u 
u 
u 
u 
u 
80 

u 
u 
67 

160 

u 
u 
u 

110 

80 

83 

129 

NA 

NA 

94 

NA 

NA 

NA 

NA 

NA 

10-110 140 

20-110 220 

NA U 

NA U 

30-150 70 

NA U 

NA U 

NA U 

NA U 

NA U 
106 30-150 87 

NA NA U 

NA NA U 

NA NA U 

NA NA U 

NA NA U 

NA NA U 
NA NA U 

NA NA U 

94 30-150 71 

85 30-150 77 

NA NA U 
NA NA U 

NA NA U 

100 30-150 190 

NA NA U 

NA NA U 

NA NA U 

NA NA U 

NA NA U 

NA NA U 

86 30-150 81 

NA NA U 

NA NA U 

81 30-150 73 

89 30-150 160 

NA NA U 

NA NA U 

NA NA U 

46 20-120 110 

86 30-150 82 

Page A of 

83 

131 

NA 

NA 

95 

NA 

NA 

NA 

NA 

NA 

10-110 0 

20-110 1 

NA NA 

NA NA 

30-150 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

105 30-150 1 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

93 30-150 

86 30-150 2 

NA NA NA 

NA NA NA 

NA NA NA 

102 30-150 2 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

87 30-150 1 

NA NA NA 

NA NA NA 

89 30-150 9 

90 30-150 

NA NA NA 

NA NA NA 

NA NA NA 

48 20-120 3 

88 30-150 2 

Limit Qual 

(%) 

NA 

60 

60 J5J13 

NA 

NA 

30 

NA 

NA 

NA 

NA 

NA 

30 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

30 

30 

NA 

NA 

NA 

40 

NA 

NA 

NA 

NA 

NA 

NA 

30 

NA 

NA 

30 

30 

NA 

NA 

NA 

40 

30 
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Lab Number: 20509-034 
Sample Designation: 
Date Sampled: 

NBH_PH4SAP _PC13E_04A_D (Matrix Spike I Matrix Spike Duplicate) 
12/16/10 

Date Extracted: 12/20/10 
Date Analyzed: 12/22/10 
Matrix: Water 

SEMIVOLATILE ORGANICS (Continued) 
Method Reference: SW846 8270 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-chlorophenyl phenyl ether 

N-nitrosodiphenylamine 

1,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b )fluoranthene 

benzo(k)fluoranthene 

benzo(a)pyrene 

indeno(1,2,3-cd)pyrene 

dibenz( a, h )anthracene 

benzo(g,h,i)perylene 

SURROGATE STANDARDS 

2-fluorophenol 

phenol-d5 

2,4,6-tribromophenol 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d 14 

U =Below quantitation limit 

J5 = Estimate. MS %R above limit 

J13 =Estimate. MSD% R above limit 

Sample Amount 

Result 

(ug/L) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

MS 

Recovery 

% 

94 

82 

105 

110 

101 

90 

Added 

(ug/L) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

205 

NA 

NA 

NA 

93 

87 

NA 

184 

NA 

NA 

93 

NA 

NA 

NA 

81 

87 

84 

74 

78 

74 

Matrix Spike Spike Duplicate 

Result 

(ug/L) 

u 
u 
u 
u 
u 
u 
u 
u 
u 

190 

79 

81 

u 
88 

78 

u 
170 

u 
78 

85 

u 
u 
u 
81 

81 

76 

69 

72 

70 

MSD 

Recovery 

% 

89 

80 

107 

101 

107 

91 

Recovery Limit Result Recovery 

(%) (%) (ug/L) (%) 

NA NA U NA 

NA NA U NA 

NA NA U NA 

NA NA U NA 

NA NA U NA 

NA NA U NA 

NA NA U NA 

NA NA U NA 

NA NA U NA 

91 30-150 180 89 

NA NA 80 NA 

NA NA 81 NA 

NA NA U NA 

95 30-150 88 

90 30-150 81 

NA NA U 

92 30-150 170 

NA NA U 

NA NA 80 

92 30-150 85 

NA NA U 

NA NA U 

NA NA U 

100 30-150 76 

93 30-150 70 

91 30-150 73 

93 30-150 68 

93 30-150 71 

94 30-150 70 

Page 

Acceptance 

Limits 

% 

21-100 

10-102 

10-123 

35-114 

43-116 

33-141 

B of 

94 

93 

NA 

92 

NA 

NA 

91 

NA 

NA 

NA 

94 

81 

87 

92 

91 

94 

Limit 

(%) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

30-150 

NA 

NA 

NA 

30-150 

Diff 

(%) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3 

NA 

NA 

NA 

30-150 4 

NA NA 

30-150 0 

NA NA 

NA NA 

30-150 

NA NA 

NA NA 

NA NA 

30-150 6 

30-150 14 

30-150 4 

30-150 

30-150 2 

30-150 0 

Limit 

(%) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

40 

NA 

NA 

NA 

30 

30 

NA 

30 

NA 

NA 

30 

NA 

NA 

NA 

30 

30 

30 

30 

30 

30 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Lab Number: PB487W 
Sample Designation: Laboratory Blank 
Date Sampled: 12/16/10 
Date Extracted: 12/16/10 
Date Analyzed: 12/17/10 
Matrix: Water 
Sample Amount (mL): 1000 
Final Volume (mL) 1.00 
Dilution Factor: 1 

Congener Concentration Qualifier 
Number PCB Congener (ug/L) 

8 2,4'-dichlorobiphenyl 0.002 u 
18 2,2',5-trichlorobiphenyl 0.002 u 
28 2,4,4'-trichlorobiphenyl 0.002 u 
44 2,2',3,5'-tetrachlorobiphenyl 0.002 u 
49 2,2',4,5'-tetrachlorobiphenyl 0.002 u 
52 2,2' ,5,5'-tetrachlorobiphenyl 0.002 u 
66 2,3',4,4'-tetrachlorobiphenyl 0.002 u 
77 3,3',4,4'-tetrachlorobiphenyl 0.002 u 
87 2 ,2' ,3,4,5' -pentachlorobiphenyl 0.002 u 
101 2 ,2' ,4,5,5' -pentachlorobiphenyl 0.002 u 
105 2,3 ,3' ,4 ,4 '-pentachlorobiphenyl 0.002 u 
118 2 ,3' ,4,4' ,5-pentachlorobiphenyl 0.002 u 
126 3,3' ,4,4' ,5-pentach lorobiphenyl 0.002 u 
128 2,2',3,3',4,4'-hexachlorobiphenyl 0.002 u 
138 2,2',3,4,4',5'-hexachlorobiphenyl 0.002 u 
153 2,2',4,4',5,5'-hexachlorobiphenyl 0.002 u 
156 2,3,3',4,4',5-hexachlorobiphenyl 0.002 u 
169 3 ,3' ,4,4' ,5,5'-hexachlorobiphenyl 0.002 u 
170 2,2' ,3,3' ,4 ,4' ,5-heptachlorobiphenyl 0.002 u 
180 2,2',3,4,4',5,5'-heptachlorobiphenyl 0.002 u 
183 2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 0.002 u 
184 2,2', 3,4 ,4', 6, 6' -heptach lorobiphenyl 0.002 u 
187 2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 0.002 u 
195 2,2',3,3',4,4',5,6-octachlorobiphenyl 0.002 u 
206 2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl 

Surrogate Standard Recovery Advisory Limits 

(%) ( %) 

PCB 198 79 30- 150 

ESI 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Lab Number: LCS487W I LCSD487W 
Sample Designation: Laboratory Control Sample Duplicate 
Date Sampled: 12/16/10 
Date Extracted: 12/16/10 
Date Analyzed: 12/17/10 
Matrix: Water 
Sample Amount (g): 1000 
Final Volume (mL) 1.00 
Dilution Factor: 1 

True 
Congener Value 
Number PCB Congener (ug/L) 

8 2,4'-dichlorobiphenyl 0.100 
18 2,2' ,5-trichlorobiphenyl 0.100 
28 2,4,4'-trichlorobiphenyl 0.100 
44 2,2' ,3,5'-tetrachlorobiphenyl 0.100 
49 2,2' ,4,5'-tetrachlorobiphenyl 0.100 
52 2,2' ,5,5' -tetrachlorobiphenyl 0.100 
66 2,3' ,4,4 '-tetrachlorobiphenyl 0.100 
77 3,3',4,4'-tetrachlorobiphenyl 0.100 
87 2,2' ,3,4,5' -pentachlorobiphenyl 0.100 
101 2,2' ,4,5,5'-pentachlorobiphenyl 0.100 
105 2,3,3' ,4,4 '-pentachlorobiphenyl 0.100 
118 2,3' ,4,4' ,5-pentachlorobiphenyl 0.100 
126 3 ,3' ,4,4' ,5-pentachlorobiphenyl 0.100 
128 2,2' ,3,3' ,4,4'-hexachlorobiphenyl 0.100 
138 2,2' ,3,4,4' ,5'-hexachlorobiphenyl 0.100 
153 2,2',4,4',5,5'-hexachlorobiphenyl 0.100 
156 2,3,3',4,4',5-hexachlorobiphenyl 0.100 
169 3,3' ,4,4' ,5, 5'-hexachlorobiphenyl 0.100 
170 2,2',3,3',4,4',5-heptachlorobiphenyl 0.100 
180 2,2' ,3,4 ,4' ,5,5'-heptachlorobiphenyl 0.100 
183 2,2',3,4,4',5',6-heptachlorobiphenyl 0.100 
184 2,2',3,4,4',6,6'-heptachlorobiphenyl 0.100 
187 2,2',3,4',5,5',6-heptachlorobiphenyl 0.100 
195 2,2',3,3',4,4',5,6-octachlorobiphenyl 0.100 
206 2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 0.100 
209 2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl 0.100 

Surrogate Standard 

198 2,2' ,3,3' ,4,5,5' ,6-octachlorobiphenyl 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 

LCS 
Result 
(ug/L) 

0.099 
0.094 
0.099 
0.104 
0.101 
0.107 
0.113 
0.106 
0.108 
0.101 
0.109 
0.111 
0.101 
0.104 
0.103 
0.101 
0.102 
0.093 
0.100 
0.094 
0.098 
0.107 
0.100 
0.090 
0.089 
0.087 

Recovery 
(%) 

99 
94 
99 
104 
101 
107 
113 
106 
108 
101 
109 
111 
101 
104 
103 
101 
102 
93 
100 
94 
98 
107 
100 
90 
89 
87 

Recovery 

(%) 

103 

Hampton, NH 03842-0788 

Recovery 
Limit 
(%) 

30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

Advisory 

Limits 

(%) 
30- 150 

LCSD 
Result 
(ug/L) 

0.095 
0.091 
0.094 
0.100 
0.092 
0.101 
0.102 
0.114 
0.097 
0.098 
0.105 
0.109 
0.104 
0.100 
0.102 
0.097 
0.098 
0.102 
0.100 
0.094 
0.101 
0.103 
0.103 
0.089 
0.087 
0.088 

Recovery 
(%) 

95 
91 
94 
100 
92 
101 
102 
114 
97 
98 
105 
109 
104 
100 
102 
97 
98 
102 
100 
94 
101 
103 
103 
89 
87 
88 

Recovery 

(%) 

99 

603-926-3345 fax 603-926-3521 

Recovery 
Limit 
(%) 

30- 150 
30- 150 
30-150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30-150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30-150 
30- 150 
30- 150 
30- 150 
30 -150 
30-150 
30- 150 
30- 150 
30- 150 

Advisory 

Limits 

(%) 
30- 150 

Relative RPD 
Difference Limit 

(%) (%) 

4 30 
3 30 
5 30 
4 30 
9 30 
6 30 
10 30 
7 30 
11 30 
4 30 
4 30 
2 30 
2 30 
4 30 
1 30 
3 30 
4 30 
9 30 

30 
0 30 
3 30 
4 30 
3 30 
2 30 
2 30 
1 30 
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PCB Congeners in Water 
SW 846 8082/EPA 680 modified 

Lab Number: 20509-0210 
Sample Designation: NBH_PH4SAP _PC13E_02C (Laboratory Duplicate) 
Date Sampled: 12/17/10 
Date Extracted: 12/17/10 
Date Analyzed: 01/01/11 
Matrix: 01/01/11 
Moisture(%): NA 
Sample Amount (L): 1000.00 
Final Volume (mL) 1.00 
Dilution Factor: 1 

Duplicate Duplicate Sample Sample Relative 
Congener Concentration Qualifier Concentration Qualifier Difference Limit 
Number PCB Congener (ug/L) (ug/L) (%) (%) 

8 2,4'-dichlorobiphenyl 0.001 u 0.001 u NC 30 

18 2 ,2' ,5-trichlorobiphenyl 0.001 u 0.001 u NC 30 
28 2,4,4'-trichlorobiphenyl 0.0016 0.0012 NC 30 
44 2,2',3,5'-tetrachlorobiphenyl 0.001 u 0.001 u NC 30 

49 2,2',4,5'-tetrachlorobiphenyl 0.001 u 0.001 u NC 30 
52 2,2',5,5'-tetrachlorobiphenyl 0.0019 0.0015 NC 30 
66 2,3',4,4'-tetrachlorobiphenyl 0.001 u 0.001 u NC 30 
77 3,3',4,4'-tetrachlorobiphenyl 0.001 u 0.001 u NC 30 
87 2,2',3,4,5'-pentachlorobiphenyl 0.001 u 0.001 u NC 30 
101 2,2',4,5,5'-pentachlorobiphenyl 0.001 u 0.001 u NC 30 
105 2,3,3',4,4'-pentachlorobiphenyl 0.001 u 0.001 u NC 30 
118 2,3',4,4',5-pentachlorobiphenyl 0.001 u 0.001 u NC 30 
126 3,3',4,4',5-pentachlorobiphenyl 0.001 u 0.001 u NC 30 

128 2,2' ,3,3' ,4,4' -hexachlorobiphenyl 0.001 u 0.001 u NC 30 
138 2,2' ,3 ,4,4' ,5'-hexachlorobiphenyl 0.001 u 0.001 u NC 30 

153 2,2',4,4',5,5'-hexachlorobiphenyl 0.001 u 0.001 u NC 30 

156 2 ,3,3' ,4,4' ,5-hexachlorobiphenyl 0.001 u 0.001 u NC 30 

169 3,3',4,4',5,5'-hexachlorobiphenyl 0.001 u 0.001 u NC 30 

170 2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 0.001 u 0.001 u NC 30 

180 2,2',3,4,4',5,5'-heptachlorobiphenyl 0.001 u 0.001 u NC 30 

183 2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 0.001 u 0.001 u NC 30 
184 2,2',3,4,4',6,6'-heptachlorobiphenyl 0.001 u 0.001 u NC 30 

187 2,2' ,3,4' ,5, 5' ,6-heptachlorobiphenyl 0.001 u 0.001 u NC 30 

195 2,2',3,3',4,4',5,6-octachlorobiphenyl 0.001 u 0.001 u NC 30 

206 2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 0.001 u 0.001 u NC 30 
209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl 0.001 u 0.001 u NC 30 

Surrogate Standard Recovery Recovery Advisory Limits 

(%) (%) ( %) 

PCB 198 47 129 30- 150 

U = Not detected at reporting limit. 

NC = Not calculated due to one or more values less than five times the reporting limit. 

ESI 
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PCB Congeners in Wate~ 
SW 846 8082/EPA 680 modified 

Congener 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

Number PCB Congener 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 

128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

2,4'-dichlorobiphenyl 
2 ,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2' ,4,5' -tetrachlorobiphenyl 
2,2' ,5 ,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 

3,3' ,4,4' -tetrach lorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 

2,2' ,4,5, 5' -pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 

2,3' ,4,4', 5-pentachlorobiphenyl 
3,3' ,4,4', 5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2 ,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2',4,4' ,5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2' ,3,4 ,4' ,5', 6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 

2 ,2' ,3,3' ,4,4' ,5, 6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl 

Surrogate Standard 

PCB 198 

20509-026MSD 
NBH_PH4SAP _PC13E_04A_D (Matrix Spike Duplicate) 
12/16/10 
12/17/10 
12/20/10 
Water 
1000.00 
1.00 
1.00 

Sample Amount 
Result Added 
( ug/L) ( ug/L) 

ND 
ND 

0.0014 
ND 

0.0014 
0.0025 

ND 

ND 
ND 

0.001 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.100 
0.100 
0.100 

0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 

0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 

MS Recovery 
Result Recovery Limit 
(ug/L) (%) (%) 

0.071 
0.072 
0.087 
0.094 
0.087 
0.088 
0.097 
0.102 
0.092 
0.093 
0.094 

0.093 
0.098 
0.097 
0.107 
0.103 
0.094 
0.101 
0.091 
0.094 
0.095 
0.096 
0.093 
0.093 
0.089 
0.091 

71 
72 
85 
94 
86 
86 
97 
102 
92 

92 
94 

92 
98 
97 
107 
103 
94 
101 
91 
94 
95 
96 
93 
93 
89 
91 

30- 150 

30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

MS Advisory 

Recovery Limits 

(%) (%) 
104 30- 150 

MST Recovery Relative RPD 
Result Recovery Limit Difference Limit 
(ug/L) (%) (%) (%) (%) 

0.069 
0.074 
0.085 
0.089 
0.088 
0.086 
0.093 
0.097 
0.090 
0.087 
0.092 
0.093 
0.092 
0.093 
0.100 
0.099 
0.091 
0.098 
0.092 
0.093 
0.095 
0.096 
0.093 
0.090 
0.092 
0.095 

69 
74 
84 

89 
86 
84 
93 
97 
90 
86 
92 
93 
92 
93 
100 

99 
91 
98 
92 
93 
95 
96 
93 
90 
92 
95 

30- 150 

30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30.- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

MSD Advisory 

Recovery 

(%) 

99 

Limits 

(%) 

30- 150 

3 
3 

5 

2 

5 
5 
2 
6 
2 

1 
6 
4 
7 
4 
3 
3 

0 
0 
0 
0 
3 
3 
4 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
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TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (mL): 
Final Volume (mL) 
Dilution Factor: 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

PB489W 
Laboratory Blank 
12/17/10 
12/17/10 
12/21/10 
Water 
1000 
1 

Concentration 
(ug/L) 

u 
u 
u 

Recovery 
(%) 
88 
78 

Reporting 
Limit 
(ug/L) 

50 
50 
50 

Advisory Limits 
( %) 
30-150 
30-150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Lab Number: LCS489W I LCSD489W 
Sample Designation: Laboratory Control Sample Duplicate 
Date Sampled: 12/17/10 
Date Extracted: 12/17/10 
Date Analyzed: 12/21/10 
Matrix: Water 
Sample Amount (mL): 1000 
Final Volume (mL) 1 
Dilution Factor: 1 

True LCS Recovery LCSD Recovery Relative RPD 
Value Concentration Recovery Limit Concentration Recovery Limit Difference Limit 

(ug/mL) (ug/mL) (%) (%) (ug/ml) (%) (%) (%) (%) 

Diesel Range Organics 2.50 2.38 95 30-150 2.62 105 30-150 9.6 

SURROGATE STANDARD LCS Recovery LCSD Recovery Advisory Limits 
(%) (%) (%) 

o-terphenyl 96 107 30- 150 
2-fluorobiphenyl 88 99 30- 150 

U =Below quantitation limit 

ESI EnviroSystems, Inc. 

30 



TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Lab Number: 

Sample Designation: 

Date Sampled: 

Date Extracted: 

Date Analyzed: 

Matrix: 

Sample Amount (mL): 

Final Volume (mL) 

Dilution Factor: 


Diesel Range Organics 

Lube Oil Range Organics 

Total Petroleum Hydrocarbons 


SURROGATE STANDARD 


o-terphenyl 

2-fluorobiphenyl 


U =Below quantitation limit 

20509-038D 
NBH_PH4SAP _PC13E_03A (Laboratory Duplicate) 
12/16/10 
12/19/10 
12/21/10 
Water 
1000 
1 
1 

Duplicate Duplicate Sample Sample 
Concentration Qualifier Concentration Qualifier 

(ug/L) (ug/L) 

50 u 50 u 
60 u 60 u 
60 u 60 u 

Duplicate Recovery Advisory Limits 
(%) (%) 
107 30- 150 
90 30- 150 

Relative 
Difference Limit 

(%) (%) 

NC 30-150 
NC 30-150 
NC 30-150 

NC = Not calclulated due to one or more values below quantitation limit. 

ESI EnviroSystems, Inc. 



TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Lab Number: 

Sample Designation: 

Date Sampled: 

Date Extracted: 

Date Analyzed: 

Matrix: 

Sample Amount (mL): 

Final Volume (mL) 

Dilution Factor: 


Diesel Range Organics 


SURROGATE STANDARD 


o-terphenyl 

2-fluorobiphenyl 


U =Below quantitation limit 

20509-042 
NBH_PH4SAP_PC13E_04A_D 
12/16/10 
12/19/10 
12/21/10 
Water 
1000 

Sample Amount MS Recovery MSD Recovery Relative RPD 
Concentration Added Concentration Recovery Limit Concentration Recovery Limit Difference Limit 

(ug/mL) (ug/mL) (%) (%) (%) (ug/mL) (%) (%) (%) (%) 

u 2.50 2.51 100 30-150 2.44 98 30-150 3.0 30 

MS Recovery Advisory Limits MSD Recovery Advisory Limits 
(%) (%) (%) (%) 
113 30- 150 115 30- 150 
103 30- 150 108 30- 150 

ESI EnviroSystems, Inc. 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 1 

STUDY NO: 20509 
SDG No: 6690.009 

Project: NBH-South Terminal 6690.009 

Delivered via: ESI 
Date and Time Received: 12/16/10 1027 Date and Time Logged into Lab: 12/16/101150 

Recieved By: ow Logged into Lab by: LCB 

Air bill/ Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 6 Custody Seals intact? NA 
Number of COC Pages: 1 
COC Serial Number(s): NA 
COC Complete: Does the info on the COC match the samples? See Notes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field 10 complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 
Client notification/authorization: Not required 

Bottle Req'd Verified 

Field 10 Lab 10 Mx Analysis Requested Pres'n Pres'n 

PC13E_01A 20509-001 w CGR680, Total Metals Hg; 2x1L G 4C Yes 
PC13E_01B 20509-002 w CGR680, Total Metals Hg; 2x1L G 4C Yes 
PC13E_01C 20509-003 w CGR680, Total Metals Hg; 2x1L G 4C Yes 
PC13E_02A 20509-004 w CGR680, Total Metals Hg; 2x1L G 4C Yes 
PC13E_02B 20509-005 w CGR680, Total Metals Hg; 2x1L G 4C Yes 
PC13E_01A 20509-006 w SVOC8270C 1L G 4C Yes 
PC13E_01B 20509-007 w SVOC8270C 1L G 4C Yes 
PC13E_01C 20509-008 w SVOC8270C 1L G 4C Yes 
PC13E_02A 20509-009 w SVOC8270C 1L G 4C Yes 
PC13E_02B 20509-010 w SVOC8270C 1L G 4C Yes 
PC13E_01A 20509-011 w TPH8100 1L G HCI Yes 
PC13E_01B 20509-012 w TPH8100 1L G HCI Yes 
PC13E_01C 20509-013 w TPH8100 1L G HCI Yes 
PC13E_02A 20509-014 w TPH8100 1L G HCI Yes 
PC13E_02B 20509-015 w TPH8100 1L G HCI Yes 
PC13E_01A 20509-016 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P HN03 Yes 
PC13E_01B 20509-017 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P HN03 Yes 
PC13E_01C 20509-018 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P HN03 Yes 
PC13E_02A 20509-019 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P HN03 Yes 
PC13E_02B 20509-020 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P HN03 Yes 

Notes and qualifications: 

CGR680 =NOAA 22 Congener List. Hg subsampled into 125mL G and preserved with HCI upon receipt. TPH samples preserved with HCI upor 
receipt. Total Metals preserved with HN03 upon receipt. Sample jars were each given unique ESIIab 10 numbers so as to separate them by 
the Field 10 and the analysis requested on each, and because they were preserved by different means or sampled into different bottle types. 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 3 

STUDY NO: 20509 
SDG No: 6690.009 

Project: NBH-South Terminal6690.009 

Delivered via: ESI 
Date and Time Received: 12/17/10 0700 Date and Time Logged into Lab: 12/17/10 1200 

Recieved By: ow Logged into Lab by: LCB 

Air bill/ Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 1 Custody Seals intact? NA 
Number of COG Pages: 2 
COG Serial Number(s): NA 
COG Complete: Does the info on the COG match the samples? See Notes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field ID complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COG Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 
Client notification/authorization: Not required 

Bottle Req'd Verified 

Field 10 Lab ID Mx Analysis Requested Pres'n Pres'n 

NBH_PH4SAP_PC13E_02C 20509-021 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_03A 20509-022 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_03B 20509-023 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_03C 20509-024 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_04A 20509-025 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_04A_D 20509-026 w CGR680 3x1L G 4C Yes 
NBH_PH4SAP_PC13E_04B 20509-027 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_04C 20509-028 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_02C 20509-029 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_03A 20509-030 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_03B 20509-031 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_03C 20509-032 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_04A 20509-033 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_04A_D 20509-034 w SVOC8270C 3x1L G 4C Yes 
NBH_PH4SAP_PC13E_04B 20509-035 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_04C 20509-036 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_02C 20509-037 w TPH8100 1L G H2S04 Yes 
NBH_PH4SAP_PC13E_03A 20509-038 w TPH8100 1L G H2S04 Yes 
NBH_PH4SAP_PC13E_03B 20509-039 w TPH8100 1L G H2S04 Yes 
NBH_PH4SAP_PC13E_03C 20509-040 w TPH8100 1L G H2S04 Yes 
NBH_PH4SAP_PC13E_04A 20509-041 w TPH8100 1L G H2S04 Yes 
NBH_PH4SAP_PC13E_04A_D 20509-042 w TPH8100 3x1L G H2S04 Yes 
NBH PH4SAP PC13E 04B 20509-043 w TPH8100 1L G H2S04 Yes 

Notes and qualifications: 

CGR680 = NOAA 22 Congener List. 
Sample jars were each given unique ESIIab ID numbers so as to separate them by the Field ID and the analysis requested on each, 
and because they were preserved by different means or sampled into different bottle types. 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 3 

STUDY NO: 
SDG No: 

20509 
6690.009 

Project: 

Delivered via: 

NBH-South Terminal 6690.009 

ESI 
Date and Time Received: 

Recieved By: 

12/17/10 0700 

ow 

Air bill/ Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 1 
Number of COC Pages: 2 
COC Serial Number(s): NA 
COC Complete: 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Field ID Lab ID 

NBH_PH4SAP_PC13E_04C 20509-044 
NBH_PH4SAP_PC13E_02C 20509-045 
NBH_PH4SAP_PC13E_03A 20509-046 
NBH_PH4SAP_PC13E_03B 20509-047 
NBH_PH4SAP_PC13E_03C 20509-048 
NBH_PH4SAP_PC13E_04A 20509-049 
NBH_PH4SAP_PC13E_04A_D 20509-050 
NBH_PH4SAP_PC13E_04B 20509-051 
NBH_PH4SAP_PC13E_04C 20509-052 
NBH_PH4SAP_PC13E_02C 20509-053 
NBH_PH4SAP_PC13E_03A 20509-054 
NBH_PH4SAP_PC13E_03B 20509-055 
NBH_PH4SAP_PC13E_03C 20509-056 
NBH_PH4SAP_PC13E_04A 20509-057 
NBH_PH4SAP_PC13E_04A_D 20509-058 
NBH_PH4SAP_PC13E_04B 20509-059 

Mx 

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 

Date and Time Logged into Lab: 

Logged into Lab by: 

12/17/10 1200 

LCB 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? See Notes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Bottle 

Analysis Requested 

TPH8100 1L G 
Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 
Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 
Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 
Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 
Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 
Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 
Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 
Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 
Total Metals Hg; 125mL G 
Total Metals Hg; 125mL G 
Total Metals Hg; 125mL G 
Total Metals Hg; 125mL G 
Total Metals Hg; 125mL G 
Total Metals Hg; 125mL G 
Total Metals Hg; 125mL G 

Req'd 

Pres'n 

4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 

Verified 

Pres'n 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

NBH_PH4SAP_PC13E_04C 20509-060 w Total Metals Hg; 125mL G H2S04 Yes 
NBH_PH4SAP_PC13E_02D 20509-061 s CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 2x8oz H2S04 Yes 
NBH_PH4SAP_PC13E_02E 20509-062 s HOLD for CGR680, SVOC8270C, TPH81 00, Total Metals 2x8oz H2S04 Yes 
NBH_PH4SAP_PC13E_02F 20509-063 s HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 2x8oz H2S04 Yes 
NBH_PH4SAP_PC13E_03D .20509-064 s CGR680, SVOC8270C, TPH81 00, Total Metals Sb,As,Be, 2x8oz H2S04 Yes 
NBH_PH4SAP_PC13E_03E 20509-065 s HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 2x8oz H2S04 Yes 
NBH PH4SAP PC13E 040 20509-066 s CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 2x8oz H2S04 Yes 

Notes and qualifications: 

CGR680 = NOAA 22 Congener List. 
Sample jars were each given unique ESI lab ID numbers so as to separate them by the Field ID and the analysis requested on each, 
and because they were preserved by different means or sampled into different bottle types. 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 3 

STUDY NO: 
SDG No: 

20509 
6690.009 

Project: NBH-South Terminal 6690.009 

Delivered via: ESI 
Date and Time Received: 12/17/10 0700 

DW Recieved By: 

Air bill/ Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 1 
Number of COC Pages: 2 
COC Serial Number(s): NA 
COC Complete: 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

12/17/101200 

LCB 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? See Notes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field ID Lab ID Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

NBH_PH4SAP_PC13E_04E 
NBH_PH4SAP_PC13E_04F 
NBH_PH4SAP_PC13E_04G 

Notes and qualifications: 

20509-067 s 
20509-068 s 
20509-069 s 

CGR680 = NOAA 22 Congener List. 

HOLD for CGR680, SVOC8270C, TPH81 00, Total Metals 2x8oz 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 2x8oz 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 2x8oz 

4C 
4C 
4C 

Sample jars were each given unique ESI lab ID numbers so as to separate them by the Field ID and the analysis requested on each, 
and because they were preserved by different means or sampled into different bottle types. 

Yes 
Yes 
Yes 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 1 

STUDY NO: 
SDG No: 

20509 
6690.009 

Project: 

Delivered via: 

NBH-South Terminal6690.009 

ESI 
Date and Time Received: 12/20/1 0 0940 

ow Recieved By: 

Air bill/ Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 6 
Number of COC Pages: 2 
COC Serial Number(s): NA 
COC Complete: 

Sampled Date: Yes 
Field 10 complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

12/20/10 11 00 

LCB LCt 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field 10 LabiD Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

NBH_PH4SAP_PC13E_01D 
NBH_PH4SAP_PC13E_01E 
NBH_PH4SAP_PC13E_01F 
NBH_PH4SAP_PC13E_01G 
NBH_PH4SAP_PC13E_01A 
NBH_PH4SAP_PC13E_01B 
NBH_PH4SAP_PC13E_01C 
NBH_PH4SAP_PC13E_03A 
NBH_PH4SAP_PC13E_03B 
NBH_PH4SAP_PC13E_03C 
NBH_PH4SAP_PC13E_08A 
NBH_PH4SAP_PC13E_08B 
NBH_PH4SAP_PC13E_14A 
NBH_PH4SAP_PC13E_14B 

Notes and qualifications: 

20509-070 
20509-071 
20509-072 
20509-073 
20509-074 
20509-075 
20509-076 
20509-077 
20509-078 
20509-079 
20509-080 
20509-081 
20509-082 
20509-083 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH81 00, Total Metals 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH81 00, Total Metals 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH81 00, Total Metals 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax {603) 926-3521 www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 1 

STUDY NO: 
SDG No: 

20509 
6690.009 

Project: 

Delivered via: 

NBH-South Terminal6690.009 

ESI 
Date and Time Received: 12/21/101120 

DW Recieved By: 

Air bill/ Way bill: No 
Cooler on ice/packs: No 
Cooler Blank Temp (C) at arrival: 10 
Number of COC Pages: 1 
COC Serial Number(s): NA 
COC Complete: 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

12/21/101300 

LCB U'fi 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field ID Lab ID Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

NBH_PH4SAP_PC13E_02A 
NBH_PH4SAP_PC13_02A 
NBH_PH4SAP_PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_PH4SAP_PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_PH4SAP_PC13_32B 
NBH_PH4SAP_PC13_32C 
NBH_PH4SAP_PC13_33A 

Notes and qualifications: 

20509-084 
20509-085 
20509-086 
20509-087 
20509-088 
20509-089 
20509-090 
20509-091 
20509-092 

s 
s 
s 
s 
s 
s 
s 
s 
s 

CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
CGR680, SVOC8270C, TPH81 00, Total Metals Sb,As,Be, 16oz G 4C Yes 
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Chet Myers 
Apex Companies LLC 
184 High Street 
Suite 502 
Boston, MA 02110 

Project: NBH-South Terminal6690.009 

PO Number: 
Report Number: 
Date Received: 
Date Reported: 

6690.009 
20509 
12/17-12/21/10 
01/26/11 

Attached please find results for analyses performed on sediment samples received on 12/17/10 thru 12/21/10. 

Samples were received in acceptable condition and under chain of custody. 

Instruments used in analysis were calibrated with the appropriate frequency and to the 
specifications of the referenced methods. 

Analytes in blanks were below levels affecting sample results except where noted. 

Matrix effects as monitored by matrix spike recovery or unusual physical properties were not 
apparent except where noted with respect to petroleum hydrocarbons and antimony. 

Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits. 

EnviroSystems, Incorporated \ 

(C:U· ,;\~\L "·.. i \\, ,r.. \ i \\ \ \I J ·. \ I . ' . 
·,,_ ,··,:~ \). 

Authorized 
Signature 

Attachment 
Report 

Date. _____ 1'+'/"""a""""0 r-1"'--'n 
I / 



------------------------------------------------------------------------------

Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP _PC13E_02D 
Matrix: Solid 
Sampled: 12/16/10 

Parameter Result Quant Units Date Date of I NIT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-061 1.2 B J5 J8 0.06 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Arsenic, total 20509-061 6.1 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Beryllium, total 20509-061 0.38 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Cadmium, total 20509-061 4.1 0.09 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 

Chromium, total 20509-061 140 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Copper, total 20509-061 270 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Lead, total 20509-061 120 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Mercury, total 20509-061 0.34 0.14 ug/g drywt 01/07/11 1100 01/07/11 1300 JLH/EPA 245.7 

Nickel, total 20509-061 21 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Selenium, total 20509-061 0.55 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Silver, total 20509-061 3.3 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Thallium, total 20509-061 0.22 0.05 ug/g dry wt 01/05/11 1300 01/18/11 JLH/SW846 3rd Ed. 6020 

Zinc, total 20509-061 270 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 


Notes: 

B (0.31) = Analyte found in laboratory blank at value indicated. Sample result may be affected. 

J5 =Estimate. MS %R below limit. 

J8 =Estimate. Dup %RR above limit. 

ESI 

EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP_PC13E_03D 
Matrix: Solid 
Sampled: 12/16/10 

Parameter Result Quant Units Date Date of !NIT/Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-064 ND 0.06 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-064 4.8 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-064 0.33 0.05 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-064 0.5 0.08 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-064 35 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-064 110 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-064 63 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-064 0.29 0.13 ug/g dry wt 01/07/111100 01/07/11 1300 JLH/EPA 245.7 
Nickel, total 20509-064 8.8 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-064 0.39 0.2 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-064 0.46 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-064 0.16 0.05 ug/g dry wt 01/05/11 1300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-064 120 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

ND =Not Detected 

ESI 
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Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample 10: NBH_PH4SAP_PC13E_04D 
Matrix: Solid 
Sampled: 12/16/10 

Parameter Result Quant Units Date Date of IN IT/Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-066 NO 0.09 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-066 8.6 0.3 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-066 0.53 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-066 3.6 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-066 190 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-066 360 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-066 150 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-066 0.56 0.21 ug/g dry wt 01/07/11 1100 01/07/11 1300 JLH/EPA 245.7 
Nickel, total 20509-066 26 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-066 0.91 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-066 2.7 0.05 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-066 0.32 0.05 ug/g dry wt 01/05/11 1300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-066 330 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

NO = Not Detected 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP_PC13E_01D 
Matrix: Solid 
Sampled: 12/17/10 

Parameter Result Quant Units Date Date of I NIT/Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-070 0.3 B 0.08 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-070 11 0.3 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-070 0.74 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-070 2.6 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-070 170 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-070 380 0.1 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-070 220 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-070 0.6 0.27 ug/g dry wt 01/07/11 1100 01/07/11 1300 JLH/EPA 245.7 
Nickel, total 20509-070 25 0.1 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-070 1 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-070 3.3 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-070 0.42 0.05 ug/g dry wt 01/05/11 1300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-070 460 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

B (0.31) = Analyte found in laboratory blank at value indicated. Sample result may be affected. 
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Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP _PC13_01A 
Matrix: Solid 
Sampled: 12/17/10 

Parameter Result Quant Units Date Date of I NIT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-074 0.24 B 0.06 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-074 8.1 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-074 0.56 0.05 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-074 2.3 0.08 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-074 140 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-074 310 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-074 140 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-074 0.45 0.22 ug/g dry wt 01/07/111100 01/07/111300 JLH/EPA245.7 
Nickel, total 20509-074 20 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-074 0.8 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-074 2.5 0.05 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-074 0.32 0.05 ug/g dry wt 01/05/11 1300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-074 360 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

B (0.31) = Analyte found in laboratory blank at value indicated. Sample result may be affected. 
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Report No: 20509 SDG: 
Project: NBH-South Terminal6690.009 

Sample ID: NBH_PH4SAP _PC13_03A 
Matrix: Solid 
Sampled: 12/17/10 

Parameter Result Quant Units Date Date of IN IT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-077 0.23 B 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-077 7.4 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-077 0.47 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-077 2.4 0.07 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-077 110 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-077 280 0.1 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-077 160 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-077 0.38 0.17 ug/g dry wt 01/07/11 1100 01/07/111300 JLH/EPA245.7 
Nickel, total 20509-077 19 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-077 0.66 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-077 2 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-077 0.26 0.05 ug/g drywt 01/05/111300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-077 340 1 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

B (0.31) = Analyte found in laboratory blank at value indicated. Sample result may be affected. 
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Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP _PC13_08A 
Matrix: Solid 
Sampled: 12/17/10 

Parameter Result Quant Units Date Date of IN IT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-080 0.26 B 0.06 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-080 9.1 0.2 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-080 0.61 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-080 7.8 0.08 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-080 300 0.2 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-080 560 0.1 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-080 200 0.05 ug/g drywt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-080 0.6 0.2 ug/g dry wt 01/07/111100 01/07/11 1300 JLH/EPA 245.7 
Nickel, total 20509-080 35 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-080 0.9 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-080 3.1 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-080 0.35 0.05 ug/g dry wt 01/05/11 1300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-080 440 ug/g drywt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

B (0.31) = Analyte found in laboratory blank at value indicated. Sample result may be affected. 

ESI 
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Report No: 20509 SDG: 
Project: NBH-South Terminal6690.009 

Sample ID: NBH_PH4SAP _PC13_14A 
Matrix: Solid 
Sampled: 12/17/10 

Parameter Result Quant Units Date Date of IN IT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-082 0.14 B 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-082 4.9 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-082 0.33 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-082 1.2 0.06 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-082 66 0.2 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-082 170 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-082 74 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-082 0.19 0.13 ug/g dry wt 01/07/111100 01/07/11 1300 JLH/EPA 245.7 
Nickel, total 20509-082 13 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-082 0.4 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-082 1 0.05 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-082 0.16 0.05 ug/g drywt 01/05/111300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-082 270 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

B (0.31) = Analyte found in laboratory blank at value indicated. Sample result may be affected. 

ESI 
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Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP_PC13E_02A 
Matrix: Solid 
Sampled: 12/21/10 

Parameter Result Quant Units Date Date of I NIT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-084 0.28 B 0.07 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-084 9.2 0.3 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-084 0.6 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-084 1.7 0.09 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-084 120 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-084 300 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-084 140 0.05 ug/g drywt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-084 0.45 0.26 ug/g dry wt 01/07/111100 01/07/11 1300 JLH/EPA 245.7 
Nickel, total 20509-084 20 0.1 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-084 0.81 0.2 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-084 2.1 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-084 0.33 0.05 ug/g dry wt 01/05/11 1300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-084 390 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

B (0.31) = Analyte found in laboratory blank at value indicated. Sample result may be affected. 

ESI 
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Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP _PC13_02A 
Matrix: Solid 
Sampled: 12/21/10 

Parameter Result Quant Units Date Date of !NIT/Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-085 0.097 B 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-085 4.1 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-085 0.26 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-085 1.4 0.05 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-085 39 0.2 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-085 150 0.1 ug/g drywt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-085 46 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-085 0.22 0.14 ug/g dry wt 01/07/111100 01/07/111300 JLH/EPA245.7 
Nickel, total 20509-085 11 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-085 0.25 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-085 0.52 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-085 0.087 0.05 ug/g drywt 01/05/11 1300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-085 210 1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

B (0.31) = Analyte found in laboratory blank at value indicated. Sample result may be affected. 

ESI 
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Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP _PC13_04A 
Matrix: Solid 
Sampled: 12/21/10 

Parameter Result Quant Units Date Date of IN IT/Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-086 ND 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-086 1.6 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-086 0.076 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-086 0.14 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-086 9.3 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-086 21 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-086 11 0.05 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-086 0.04 0.03 ug/g dry wt 01/07/111100 01/07/111300 JLH/EPA245.7 
Nickel, total 20509-086 2.6 0.1 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-086 ND 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-086 0.11 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-086 0.068 0.05 ug/g dry wt 01/05/11 1300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-086 30 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

ND = Not Detected 

ESI 
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Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP _PC13_07A 
Matrix: Solid 
Sampled: 12/21/10 

Parameter Result Quant Units Date Date of !NIT/Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-087 ND 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-087 1.9 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-087 0.11 0.05 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-087 0.35 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-087 22 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-087 56 0.1 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-087 20 0.05 ug/g drywt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-087 0.07 0.04 ug/g dry wt 01/07/111100 01/07/11 1300 JLH/EPA 245.7 
Nickel, total 20509-087 3.8 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-087 0.12 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-087 0.27 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-087 0.071 0.05 ug/g dry wt 01/05/111300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-087 67 1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

ND =Not Detected 

ESI 
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Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP _PC13_23A 
Matrix: Solid 
Sampled: 12/21/10 

Parameter Result Quant Units Date Date of I NIT/Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-088 ND 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-088 B 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-088 0.07 0.05 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-088 0.09 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-088 10 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-088 23 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-088 11 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-088 0.02 0.02 ug/g dry wt 01/07/111100 01/07/11 1300 JLH/EPA 245.7 
Nickel, total 20509-088 2.3 0.1 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-088 ND 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-088 0.13 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-088 ND 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-088 31 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

ND = Not Detected 

B (0.23) = Analyte found in laboratory blank at value indicated. Sample result may be affected. 

ESI 
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Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP _PC13_32A 
Matrix: Solid 
Sampled: 12/21/10 

Parameter Result Quant Units Date Date of I NIT/Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-089 NO 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-089 0.9 B 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-089 0.09 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-089 NO 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-089 6.2 0.2 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-089 9.2 0.1 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-089 15 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-089 NO 0.02 ug/g dry wt 01/07/111100 01/07/11 1300 JLH/EPA 245.7 
Nickel, total 20509-089 2.7 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-089 NO 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-089 0.053 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-089 NO 0.05 ug/g dry wt 01/05/11 1300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-089 16 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

NO = Not Detected 

B (0.23) = Analyte found in laboratory blank at value indicated. Sample result may be affected. 

ESI 
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Report No: 20509 SDG: 
Project: NBH-South Terminal 6690.009 

Sample ID: NBH_PH4SAP_PC13_33A 
Matrix: Solid 
Sampled: 12/21/10 

Parameter Result Quant Units Date Date of I NIT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20509-092 ND 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20509-092 1.6 0.1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20509-092 0.12 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20509-092 0.28 0.05 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20509-092 17 0.2 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20509-092 46 0.1 ug/g dry wt 01/05/111300 01/06/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20509-092 23 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20509-092 0.06 0.03 ug/g dry wt 01/07/111100 01/07/11 1300 JLH/EPA 245.7 
Nickel, total 20509-092 3.5 0.1 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20509-092 NO 0.1 ug/g drywt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20509-092 0.22 0.05 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20509-092 0.065 0.05 ug/g dry wt 01/05/11 1300 01/18/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20509-092 56 1 ug/g dry wt 01/05/11 1300 01/06/11 JLH/SW846 3rd Ed. 6020 

Notes: 

NO = Not Detected 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis(2-chloroethyl)ether 

1 ,3-dichlorobenzene 

1 A-dichlorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (m-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

3- and 4-methylphenol (p- and o-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethylphthalate 

2,6-dinitrotoluene 

SURROGATE STANDARDS 

2-fiuorophenol 

phenol-d5 

2,4,6-tribromophenol 

U = Below quantitation limit 

20509-061 
NBH_PH4SAP_PC13E_02D 
12/16/10 
12/31/10 
01/07/11 
Solid 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Recovery 

(%) 

75 

71 

75 

Reporting Limit 

(mg/Kg dry wt) 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

3 

0.3 

0.3 

0.3 

0.3 

0.7 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Acceptance Limits 

(%) 

21-100 

10-102 

10-123 
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2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butyl phthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b )fiuoranthene 

benzo(k)fluoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g, h,i)perylene 

nitrobenzene-d5 

2-fiuorobiphenyl 

terphenyl-d14 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

0.3 

0.7 

u 

1.4 

0.4 

0.4 

u 
1 

u 
0.7 

0.4 

0.4 

0.3 

u 
0.4 

Recovery 

(%) 

79 

75 

85 

Reporting Limit 

(mg/Kg dry wt) 

0.7 

0.3 

0.3 

0.7 

0.3 

0.7 

0.3 

0.3 

0.3 

0.3 

2 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 

EnviroSystems, Inc. One Lafayette Road P.O. Box778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis(2-chloroethyl)ether 

1 ,3-dichlorobenzene 

1,4-dichlorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (m-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

3- and 4-methylphenol (p- and o-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4, 5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethylphthalate 

2,6-dinitrotoluene 

SURROGATE STANDARDS 

2-fiuorophenol 

phenol-d5 

2,4,6-tribromophenol 

U = Below quantitation limit 

20509-064 
NBH_PH4SAP_PC13E_030 
12/16/10 
12/31/10 
01/08/11 
Solid 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Recovery 

(%) 

70 

73 

77 

Reporting Limit 

(mg/Kg dry wt) 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

3 

0.3 

0.3 

0.3 

0.3 

0.6 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Acceptance Limits 

(%) 

21-100 

10-102 

10-123 
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2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b )fiuoranthene 

benzo(k)fiuoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g, h,i)perylene 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d 14 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

1.4 

0.4 

u 
u 

1.5 

u 
2.5 

u 

1.1 

0.4 

u 
u 

0.7 

0.5 

0.5 

0.8 

u 
0.6 

Recovery 

(%) 

77 

73 

88 

Reporting Limit 

(mg/Kg dry wt) 

0.6 

0.3 

0.3 

0.6 

0.3 

0.6 

0.3 

0.3 

0.3 

0.3 

2 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 

EnviroSystems, Inc. One Lafayette Road P.O. Box778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis(2-chloroethyl)ether 

1 ,3-dichlorobenzene 

1 ,4-dichlorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (m-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

3- and 4-methylphenol (p- and a-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethylphthalate 

2,6-dinitrotoluene 

SURROGATE STANDARDS 

2-fluorophenol 

phenol-d5 

2,4,6-tribromophenol 

U = Below quantitation limit 

20509-066 
NBH_PH4SAP_PC13E_04D 
12/16/10 
12/31/10 
01/08/11 
Solid 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Recovery 

(%) 

70 

69 

73 

Reporting Limit 

(mg/Kg dry wt) 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

4 

0.4 

0.4 

0.4 

0.4 

0.9 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

Acceptance Limits 

(%) 

21-100 

10-102 

10-123 
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2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b)fluoranthene 

benzo(k)fluoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g,h,i)perylene 

nitrobenzene-d5 

2-ftuorobiphenyl 

terphenyl-d14 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

0.9 

u 
1.1 

u 
0.5 

0.5 

u 
1.3 

u 
0.6 

0.5 

0.5 

u 
u 
u 

Recovery 

(%) 

74 

70 

80 

Reporting Limit 

(mg/Kg dry wt) 

0.9 

0.4 

0.4 

0.9 

0.4 

0.9 

0.4 

0.4 

0.4 

0.4 

2 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis(2-chloroethyl)ether 

1 ,3-dichlorobenzene 

1 ,4-dichlorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (m-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

3- and 4-methylphenol (p- and a-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethylphthalate 

2,6-dinitrotoluene 

SURROGATE STANDARDS 

2-fluorophenol 

phenol-d5 

2,4,6-tribromophenol 

U = Below quantitation limit 

20509-070 
NBH_PH4SAP_PC13E_01D 
12/17/10 
12/31/10 
01/08/11 
Solid 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Recovery 

(%) 

65 

63 

73 

Reporting Limit 

(mg/Kg dry wt) 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

6 

0.6 

0.6 

0.6 

0.6 

1 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

Acceptance Limits 

(%) 

21-100 

10-102 

10-123 
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2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyf-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b)fluoranthene 

benzo(k)fluoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g,h,i)perylene 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d14 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

1.2 

u 
1.6 

u 
0.7 

0.8 

u 
1.8 

u 
0.8 

0.7 

0.7 

0.7 

u 
u 

Recovery 

(%) 

69 

68 

83 

Reporting Limit 

(mg/Kg dry wt) 

0.6 

0.6 

1 

0.6 

1 

0.6 

0.6 

0.6 

0.6 

3 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 

EnviroSystems, Inc. One Lafayette Road P.O. Box778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis(2-chloroethyl)ether 

1 ,3-dichlorobenzene 

1 A-dichlorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (m-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

3- and 4-methylphenol (p- and o-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethylphthalate 

2,6-dinitrotoluene 

SURROGATE STANDARDS 

2-fiuorophenol 

phenol-d5 

2,4,6-tribromophenol 

U = Below quantitation limit 

20509-074 
NBH_PH4SAP _PC13_01A 
12/17/10 
12/31/10 
01/08/11 
Solid 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Recovery 

(%) 

69 

66 

68 

Reporting Limit 

(mg/Kg dry wt) 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

5 

0.5 

0.5 

0.5 

0.5 

1 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Acceptance Limits 

(%) 

21-100 

10-102 

10-123 

Page of 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b )fiuoranthene 

benzo(k)fluoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g,h,i)perylene 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d 14 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

0.7 

u 
1.1 

u 
0.5 

0.6 

u 
1.2 

u 
0.6 

0.5 

0.5 

u 
u 
u 

Recovery 

(%) 

72 

67 

76 

Reporting Limit 

(mg/Kg dry wt) 

0.5 

0.5 

0.5 

1 

0.5 

0.5 

0.5 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 

EnviroSystems, Inc. One Lafayette Road P.O. Box778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis(2-chloroethyl)ether 

1 ,3-dichlorobenzene 

1 ,4-dichlorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (m-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

3- and 4-methylphenol (p- and a-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethylphthalate 

2,6-dinitrotoluene 

SURROGATE STANDARDS 

2-fiuorophenol 

phenol-d5 

2,4,6-tribromophenol 

U = Below quantitation limit 

20509-077 
NBH_PH4SAP _PC13_03A 
12/17/10 
12/31/10 
01/08/11 
Solid 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Recovery 

(%) 

74 

72 

75 

Reporting Limit 

(mg/Kg dry wt) 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

4 

0.4 

0.4 

0.4 

0.4 

0.8 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

Acceptance Limits 

(%) 

21-100 

10-102 

10-123 

Page of 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b)fluoranthene 

benzo(k)fiuoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g,h,i)perylene 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d14 

Concentration 

( mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

0.5 

u 
u 
u 

1.3 

u 
1.8 

u 
0.7 

0.8 

u 
1 

u 
0.8 

0.7 

0.7 

0.5 

u 
u 

Recovery 

(%) 

78 

72 

86 

Reporting Limit 

(mg/Kg dry wt) 

0.8 

0.4 

0.4 

0.8 

0.4 

0.8 

0.4 

0.4 

0.4 

0.4 

2 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 

EnviroSystems, Inc. One Lafayette Road P.O. Box778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis(2-chloroethyl)ether 

1 ,3-dichlorobenzene 

1 A-dichlorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (m-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

3- and 4-methylphenol (p- and a-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethylphthalate 

2,6-dinitrotoluene 

SURROGATE STANDARDS 

2-fluorophenol 

phenol-d5 

2,4,6-tribromophenol 

U = Below quantitation limit 

20509-080 
NBH_PH4SAP _PC13_08A 
12/17/10 
12/31/10 
01/08/11 
Solid 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Recovery 

(%) 

78 

76 

78 

Reporting Limit 

(mg/Kg dry wt) 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

5 

0.5 

0.5 

0.5 

0.5 

1 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Acceptance Limits 

(%) 

21-100 

10-102 

10-123 

Page of 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b )fluoranthene 

benzo(k)fluoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g ,h,i)perylene 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d14 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

0.5 

u 
u 
u 

1.2 

u 
1.4 

u 
0.7 

0.8 

u 
1.6 

u 
0.7 

0.7 

0.7 

0.5 

u 
u 

Recovery 

(%) 

85 

77 

84 

Reporting Limit 

(mg/Kg dry wt) 

0.5 

0.5 

0.5 

1 

0.5 

0.5 

0.5 

0.5 

2 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 

EnviroSystems, Inc. One Lafayette Road P.O. Box778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis(2-chloroethyl)ether 

1 ,3-dichlorobenzene 

1 ,4-dichlorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (m-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

3- and 4-methylphenol (p- and o-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethylphthalate 

2,6-dinitrotoluene 

SURROGATE STANDARDS 

2-fiuorophenol 

pheno~d5 

2,4,6-tribromophenol 

U = Below quantitation limit 

20509-082 
NBH_PH4SAP _PC13_14A 
12/17/10 
12/31/10 
01/08/11 
Solid 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Recovery 

(%) 

72 

70 

75 

Reporting Limit 

(mg/Kg dry wt) 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

3 

0.3 

0.3 

0.3 

0.3 

0.6 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Acceptance Limits 

(%) 

21-100 

10-102 

10-123 

Page of 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fiuoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b)fluoranthene 

benzo(k)fiuoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g,h, i)perylene 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d14 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

0.6 

u 
u 
u 

0.8 

u 
1.2 

u 
0.6 

0.7 

u 
3.3 

u 
0.5 

0.4 

0.4 

0.3 

u 
u 

Recovery 

(%) 

74 

71 

83 

Reporting Limit 

(mg/Kg dry wt) 

0.6 

0.3 

0.3 

0.6 

0.3 

0.6 

0.3 

0.3 

0.3 

0.3 

2 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 20509-084 
Sample Designation: NBH - PH4SAP _PC13E_02A 
Date Sampled: 12/21/10 
Date Extracted: 12/31/10 
Date Analyzed: 01/08/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(mg/Kg dry wt) (mg/Kg dry wt) ( mg/Kg dry wt) ( mg/Kg dry wt) 

N-nitrosodimethylamine u 0.5 2,4-dinitrotoluene u 
phenol u 0.5 acenaphthene u 0.5 

2-chlorophenol u 0.5 3-nitroaniline u 0.5 

bis(2-chloroethyl)ether u 0.5 2,4-dinitrophenol u 
1 ,3-dichlorobenzene u 0.5 dibenzofuran u 0.5 

1 ,4-dichlorobenzene u 0.5 4-nitrophenol u 1 

1 ,2-dichlorobenzene u 0.5 fluorene u 0.5 

benzyl alcohol u 0.5 4-chlorophenyl phenyl ether u 0.5 

2-methylphenol (m-cresol) u 0.5 diethyl phthalate u 0.5 

bis(2-chloroisopropyl)ether u 0.5 4-nitroaniline u 0.5 

hexachloroethane u 0.5 4,6-dinitro-2-methylphenol u 3 

N-nitroso-di-n-propylamine u 0.5 4-bromopheny~phenylether u 0.5 

3- and 4-methylphenol (p- and a-cresol) u 0.5 N-nitrosodiphenylamine u 0.5 

nitrobenzene u 0.5 1 ,2-diphenylhydrazine (azobenzene) u 0.5 

isophorone u 0.5 4-bromophenyl phenyl ether u 0.5 

2-nitrophenol u 0.5 hexachlorobenzene u 0.5 

2,4-dimethylphenol u 0.5 pentachlorophenol u 0.5 

bis(2-chloroethoxy)methane u 0.5 phenanthrene u 0.5 

2,4-dichlorophenol u 0.5 anthracene u 0.5 

2,6-dichlorophenol u 0.5 carbazole u 0.5 

1 ,2,4-trichlorobenzene u 0.5 di-n-butylphthalate u 0.5 

naphthalene u 0.5 fluoranthene 1.1 0.5 

benzoic acid u 5 benzidine u 5 

4-chloroaniline u 0.5 pyrene 1.3 0.5 

hexachloro-1 ,3-butadiene u 0.5 butylbenzylphthalate u 0.5 

4-chloro-3-methylphenol u 0.5 benzo(a)anthracene 0.6 0.5 

2-methylnaphthalene u 0.5 chrysene 0.7 0.5 

hexachlorocyclopentadiene u 1 3,3'-dichlorobenzidine u 0.5 

2,4,6-trichlorophenol u 0.5 bis(2-ethylhexyl)phthalate 1.1 0.5 

2,4,5-trichlorophenol u 0.5 di-n-octylphthalate u 0.5 

2-chloronaphthalene u 0.5 benzo(b)fluoranthene 0.8 0.5 

2-nitroaniline u 0.5 benzo(k)fluoranthene 0.6 0.5 

acenaphthylene u 0.5 benzo(a)pyrene 0.6 0.5 

dimethylphthalate u 0.5 indeno(1 ,2,3-cd)pyrene 0.6 0.5 

2,6-dinitrotoluene u 0.5 dibenz(a,h)anthracene u 0.5 

benzo(g,h,i)perylene u 0.5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 75 21-100 nitrobenzene-d5 78 35-114 

phenol-d5 71 10-102 2-fluorobiphenyl 71 43-116 

2,4,6-tribromophenol 78 10-123 terphenyl-d14 86 33-141 

U = Below quantitation limit 

Page of 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis(2-chloroethyl)ether 

1 ,3-dichlorobenzene 

1 A-dichlorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (m-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nttroso-di-n-propylamine 

3- and 4-methylphenol (p- and o-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethylphthalate 

2,6-dinitrotoluene 

SURROGATE STANDARDS 

2-fiuorophenol 

phenol-d5 

2,4,6-tribromophenol 

U = Below quantitation limit 

20509-085 
NBH_PH4SAP _PC13_02A 
12/21/10 
12/31/10 
01/08/11 
Solid 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Recovery 

(%) 

75 

72 

78 

Reporting Limit 

(mg/Kg dry wt) 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

3 

0.3 

0.3 

0.3 

0.3 

0.7 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Acceptance Limits 

(%) 

21-100 

10-102 

10-123 

Page of 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butyl benzyl phthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b )fluoranthene 

benzo(k)fiuoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g,h,i)perylene 

nitrobenzene-d5 

2-fiuorobiphenyl 

terphenyl-d14 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

0.5 

u 
0.5 

u 
u 

0.3 

u 
0.5 

u 
u 
u 
u 
u 
u 
u 

Recovery 

(%) 

79 

74 

86 

Reporting Limit 

(mg/Kg dry wt) 

0.7 

0.3 

0.3 

0.7 

0.3 

0.7 

0.3 

0.3 

0.3 

0.3 

2 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 
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Lab Number: 20509-086 
Sample Designation: NBH - PH4SAP _PC13_04A 
Date Sampled: 12/21/10 
Date Extracted: 12/31/10 
Date Analyzed: 01/08/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) 

N-nitrosodimethylamine u 0.2 2,4-dinitrotoluene u 0.5 

phenol u 0.2 acenaphthene u 0.2 

2-chlorophenol u 0.2 3-nitroani\ine u 0.2 

bis(2-chloroethyl)ether u 0.2 2,4-dinitrophenol u 0.5 

1 ,3-dichlorobenzene u 0.2 dibenzofuran u 0.2 

1 ,4-dichlorobenzene u 0.2 4-nitrophenol u 0.5 

1 ,2-dichlorobenzene u 0.2 fluorene u 0.2 

benzyl alcohol u 0.2 4-chlorophenyl phenyl ether u 0.2 

2-methylphenol (m-cresol) u 0.2 diethyl phthalate u 0.2 

bis(2-chloroisopropyl)ether u 0.2 4-nitroaniline u 0.2 

hexachloroethane u 0.2 4,6-dinitro-2-methylphenol u 1 

N-nitroso-di-n-propylamine u 0.2 4-bromophenyl-phenylether u 0.2 

3- and 4-methylphenol (p- and o-cresol) u 0.2 N-nitrosodiphenylamine u 0.2 

nitrobenzene u 0.2 1 ,2-diphenylhydrazine ( azobenzene) u 0.2 

isophorone u 0.2 4-bromophenyl phenyl ether u 0.2 

2-nitrophenol u 0.2 hexachlorobenzene u 0.2 

2,4-dimethylphenol u 0.2 pentachlorophenol u 0.2 

bis(2-chloroethoxy)methane u 0.2 phenanthrene u 0.2 

2,4-dichlorophenol u 0.2 anthracene u 0.2 

2,6-dichlorophenol u 0.2 carbazole u 0.2 

1 ,2,4-trichlorobenzene u 0.2 di-n-butylphthalate u 0.2 

naphthalene u 0.2 fluoranthene u 0.2 

benzoic acid u 2 benzidine u 2 

4-chloroaniline u 0.2 pyrene u 0.2 

hexachloro-1 ,3-butadiene u 0.2 butylbenzylphthalate u 0.2 

4-chloro-3-methylphenol u 0.2 benzo( a )anthracene u 0.2 

2-methylnaphthalene u 0.2 chrysene u 0.2 

hexachlorocyclopentadiene u 0.5 3,3'-dichlorobenzidine u 0.2 

2,4,6-trichlorophenol u 0.2 bis(2-ethylhexyl)phthalate u 0.2 

2,4,5-trichlorophenol u 0.2 di-n-octylphthalate u 0.2 

2-chloronaphthalene u 0.2 benzo(b )fluoranthene u 0.2 

2-nitroaniline u 0.2 benzo(k)fluoranthene u 0.2 

acenaphthylene u 0.2 benzo(a)pyrene u 0.2 

dimethylphthalate u 0.2 indeno(1 ,2,3-cd)pyrene u 0.2 

2,6-dinitrotoluene u 0.2 dibenz( a,h )anthracene u 0.2 

benzo(g,h,i)perylene u 0.2 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 78 21-100 nitrobenzene-d5 83 35-114 

phenol-d5 79 10-102 2-fluorobiphenyl 80 43-116 

2,4,6-tribromophenol 81 10-123 terphenyl-d14 86 33-141 

U = Below quantitation limit 
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Lab Number: 20509-087 
Sample Designation: NBH - PH4SAP _PC13_07A 
Date Sampled: 12/21/10 
Date Extracted: 12/31/10 
Date Analyzed: 01/08/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) 

N-nitrosodimethylamine u 0.3 2,4-dinitrotoluene u 0.6 

phenol u 0.3 acenaphthene u 0.3 

2-chlorophenol u 0.3 3-nitroaniline u 0.3 

bis(2-chloroethyl)ether u 0.3 2,4-dinitrophenol u 0.6 

1 ,3-dichlorobenzene u 0.3 dibenzofuran u 0.3 

1 A-dichlorobenzene u 0.3 4-nitrophenol u 0.6 

1 ,2-dichlorobenzene u 0.3 fiuorene u 0.3 

benzyl alcohol u 0.3 4-chlorophenyl phenyl ether u 0.3 

2-methylphenol (m-cresol) u 0.3 diethyl phthalate u 0.3 

bis(2-chloroisopropyl)ether u 0.3 4-nitroaniline u 0.3 

hexachloroethane u 0.3 4,6-dinitro-2-methylphenol u 1 

N-nitroso-di-n-propylamine u 0.3 4-bromophenyl-phenylether u 0.3 

3- and 4-methylphenol (p- and o-cresol) u 0.3 N-nitrosodiphenylamine u 0.3 

nitrobenzene u 0.3 1 ,2-diphenylhydrazine (azobenzene) u 0.3 

isophorone u 0.3 4-bromophenyl phenyl ether u 0.3 

2-nitrophenol u 0.3 hexachlorobenzene u 0.3 

2,4-dimethylphenol u 0.3 pentachlorophenol u 0.3 

bis(2-chloroethoxy)methane u 0.3 phenanthrene u 0.3 

2,4-dichlorophenol u 0.3 anthracene u 0.3 

2,6-dichlorophenol u 0.3 carbazole u 0.3 

1 ,2,4-trichlorobenzene u 0.3 di-n-butylphthalate u 0.3 

naphthalene u 0.3 fluoranthene u 0.3 

benzoic acid u 3 benzidine u 3 

4-chloroaniline u 0.3 pyrene u 0.3 

hexachloro-1 ,3-butadiene u 0.3 butylbenzylphthalate u 0.3 

4-chloro-3-methylphenol u 0.3 benzo(a)anthracene u 0.3 

2-methylnaphthalene u 0.3 chrysene u 0.3 

hexachlorocyclopentadiene u 0.6 3,3'-dichlorobenzidine u 0.3 

2,4,6-trichlorophenol u 0.3 bis(2-ethylhexyl)phthalate u 0.3 

2,4,5-trichlorophenol u 0.3 di-n-octylphthalate u 0.3 

2-chloronaphthalene u 0.3 benzo(b )fluoranthene u 0.3 

2-nitroaniline u 0.3 benzo(k)fluoranthene u 0.3 

acenaphthylene u 0.3 benzo(a)pyrene u 0.3 

dimethylphthalate u 0.3 indeno( 1 ,2,3-cd)pyrene u 0.3 

2,6-dinitrotoluene u 0.3 dibenz(a,h)anthracene u 0.3 

benzo(g, h, i )perylene u 0.3 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 77 21-100 nitrobenzene-d5 82 35-114 

phenol-d5 77 10-102 2-fluorobiphenyl 77 43-116 

2,4,6-tribromophenol 74 10-123 terphenyl-d 14 88 33-141 

U = Below quantitation limit 
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Lab Number: 20509-088 
Sample Designation: NBH_PH4SAP _PC13_23A 
Date Sampled: 12/21/10 
Date Extracted: 12/31/10 
Date Analyzed: 01/08/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) 

N-nitrosodimethylamine u 0.3 2,4-dinitrotoluene u 0.5 

phenol u 0.3 acenaphthene u 0.3 

2-chlorophenol u 0.3 3-nitroaniline u 0.3 

bis(2-chloroethyl)ether u 0.3 2,4-dinitrophenol u 0.5 

1 ,3-dichlorobenzene u 0.3 dibenzofuran u 0.3 

1 A-dichlorobenzene u 0.3 4-nitrophenol u 0.5 

1 ,2-dichlorobenzene u 0.3 fluorene u 0.3 

benzyl alcohol u 0.3 4-chlorophenyl phenyl ether u 0.3 

2-methylphenol (m-cresol) u 0.3 diethyl phthalate u 0.3 

bis(2-chloroisopropyl)ether u 0.3 4-nitroaniline u 0.3 

hexachloroethane u 0.3 4,6-dinitro-2-methylphenol u 
N-nitroso-di-n-propylamine u 0.3 4-bromophenyl-phenylether u 0.3 

3- and 4-methylphenol (p- and o-cresol) u 0.3 N-nitrosodiphenylamine u 0.3 

nitrobenzene u 0.3 1 ,2-diphenylhydrazine (azobenzene) u 0.3 

isophorone u 0.3 4-bromophenyl phenyl ether u 0.3 

2-nitrophenol u 0.3 hexachlorobenzene u 0.3 

2,4-dimethylphenol u 0.3 pentachlorophenol u 0.3 

bis(2-chloroethoxy)methane u 0.3 phenanthrene u 0.3 

2,4-dichlorophenol u 0.3 anthracene u 0.3 

2,6-dichlorophenol u 0.3 carbazole u 0.3 

1 ,2,4-trichlorobenzene u 0.3 di-n-butylphthalate u 0.3 

naphthalene u 0.3 fiuoranthene u 0.3 

benzoic acid u 3 benzidine u 3 

4-chloroaniline u 0.3 pyrene u 0.3 

hexachloro-1 ,3-butadiene u 0.3 butylbenzylphthalate u 0.3 

4-chloro-3-methylphenol u 0.3 benzo(a)anthracene u 0.3 

2-methylnaphthalene u 0.3 chrysene u 0.3 

hexachlorocyclopentadiene u 0.5 3,3'-dichlorobenzidine u 0.3 

2,4,6-trichlorophenol u 0.3 bis(2-ethylhexyl)phthalate u 0.3 

2,4,5-trichlorophenol u 0.3 di-n-octylphthalate u 0.3 

2-chloronaphthalene u 0.3 benzo(b )fluoranthene u 0.3 

2-nitroaniline u 0.3 benzo(k)fluoranthene u 0.3 

acenaphthylene u 0.3 benzo(a)pyrene u 0.3 

dimethylphthalate u 0.3 indeno(1 ,2,3-cd)pyrene u 0.3 

2,6-dinitrotoluene u 0.3 dibenz(a,h)anthracene u 0.3 

benzo(g, h, i )perylene u 0.3 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 76 21-100 nitrobenzene-d5 82 35-114 

phenol-d5 76 10-102 2-fluorobiphenyl 77 43-116 

2,4,6-tribromophenol 73 10-123 terphenyl-d 14 81 33-141 

U = Below quantitation limit 
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Lab Number: 20509-089 
Sample Designation: NBH_PH4SAP_PC13_32A 
Date Sampled: 12/21/10 
Date Extracted: 12/31/10 
Date Analyzed: 01/08/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) 

N-nitrosodimethylamine u 0.3 2,4-dinitrotoluene u 0.6 

phenol u 0.3 acenaphthene u 0.3 

2-chlorophenol u 0.3 3-nitroaniline u 0.3 

bis(2-chloroethyl)ether u 0.3 2,4-dinitrophenol u 0.6 

1 ,3-dichlorobenzene u 0.3 dibenzofuran u 0.3 

1 ,4-dichlorobenzene u 0.3 4-nitrophenol u 0.6 

1 ,2-dichlorobenzene u 0.3 fluorene u 0.3 

benzyl alcohol u 0.3 4-chlorophenyl phenyl ether u 0.3 

2-methylphenol (m-cresol) u 0.3 diethyl phthalate u 0.3 

bis(2-chloroisopropyl)ether u 0.3 4-nitroaniline u 0.3 

hexachloroethane u 0.3 4,6-dinitro-2-methylphenol u 2 

N-nttroso-di-n-propylamine u 0.3 4-bromophenyl-phenylether u 0.3 

3- and 4-methylphenol (p- and o-cresol) u 0.3 N-nitrosodiphenylamine u 0.3 

nitrobenzene u 0.3 1 ,2-diphenylhydrazine (azobenzene) u 0.3 

isophorone u 0.3 4-bromophenyl phenyl ether u 0.3 

2-nitrophenol u 0.3 hexachlorobenzene u 0.3 

2,4-dimethylphenol u 0.3 pentachlorophenol u 0.3 

bis(2-chloroethoxy)methane u 0.3 phenanthrene u 0.3 

2,4-dichlorophenol u 0.3 anthracene u 0.3 

2,6-dichlorophenol u 0.3 carbazole u 0.3 

1 ,2,4-trichlorobenzene u 0.3 di-n-butylphthalate u 0.3 

naphthalene u 0.3 fluoranthene u 0.3 

benzoic acid u 3 benzidine u 3 

4-chloroaniline u 0.3 pyrene u 0.3 

hexachloro-1 ,3-butadiene u 0.3 butylbenzylphthalate u 0.3 

4-chloro-3-methylphenol u 0.3 benzo(a)anthracene u 0.3 

2-methylnaphthalene u 0.3 chrysene u 0.3 

hexachlorocyclopentadiene u 0.6 3,3'-dichlorobenzidine u 0.3 

2,4,6-trichlorophenol u 0.3 bis(2-ethylhexyl)phthalate u 0.3 

2,4 ,5-trichloro phenol u 0.3 di-n-octylphthalate u 0.3 

2-chloronaphthalene u 0.3 benzo(b )fluoranthene u 0.3 

2-nitroaniline u 0.3 benzo(k)fluoranthene u 0.3 

acenaphthylene u 0.3 benzo(a)pyrene u 0.3 

dimethylphthalate u 0.3 indeno(1 ,2,3-cd)pyrene u 0.3 

2,6-dinitrotoluene u 0.3 dibenz(a,h)anthracene u 0.3 

benzo(g,h,i)perylene u 0.3 

SURROGATE STANDARDS 

Recovery Acceptance Lim its Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 80 21-100 nitrobenzene-d5 81 35-114 

phenol-d5 77 10-102 2-fluorobiphenyl 74 43-116 

2,4,6-tribromophenol 68 10-123 terphenyl-d 14 79 33-141 

U = Below quantitation limit 
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Lab Number: 20509-092 
Sample Designation: NBH_PH4SAP_PC13_33A 
Date Sampled: 12/21/10 
Date Extracted: 12/31/10 
Date Analyzed: 01/08/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

(mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) 

N-nitrosodimethylamine u 0.3 2,4-dinitrotoluene u 0.5 

phenol u 0.3 acenaphthene u 0.3 

2-chlorophenol u 0.3 3-nitroaniline u 0.3 

bis(2-chloroethyl)ether u 0.3 2,4-dinitrophenol u 0.5 

1 ,3-dichlorobenzene u 0.3 dibenzofuran u 0.3 

1 ,4-dichlorobenzene u 0.3 4-nitrophenol u 0.5 

1 ,2-dichlorobenzene u 0.3 fluorene u 0.3 

benzyl alcohol u 0.3 4-chlorophenyl phenyl ether u 0.3 

2-methylphenol (m-cresol) u 0.3 diethyl phthalate u 0.3 

bis(2-chloroisopropyl)ether u 0.3 4-nitroaniline u 0.3 

hexachloroethane u 0.3 4,6-dinitro-2-methylphenol u 
N-nitroso-di-n-propylamine u 0.3 4-bromophenyl-phenylether u 0.3 

3- and 4-methylphenol (p- and o-cresol) u 0.3 N-nitrosodiphenylamine u 0.3 

nitrobenzene u 0.3 1 ,2-diphenylhydrazine (azobenzene) u 0.3 

isophorone u 0.3 4-bromophenyl phenyl ether u 0.3 

2-nitrophenol u 0.3 hexachlorobenzene u 0.3 

2,4-dimethylphenol u 0.3 pentachlorophenol u 0.3 

bis(2-chloroethoxy)methane u 0.3 phenanthrene u 0.3 

2,4-dichlorophenol u 0.3 anthracene u 0.3 

2,6-dichlorophenol u 0.3 carbazole u 0.3 

1 ,2,4-trichlorobenzene u 0.3 di-n-butylphthalate u 0.3 

naphthalene u 0.3 fluoranthene 0.5 0.3 

benzoic acid u 3 benzidine u 3 

4-chloroaniline u 0.3 pyrene 0.4 0.3 

hexachloro-1 ,3-butadiene u 0.3 butylbenzylphthalate u 0.3 

4-chloro-3-methylphenol u 0.3 benzo( a)anthracene u 0.3 

2-methylnaphthalene u 0.3 chrysene u 0.3 

hexachlorocyclopentadiene u 0.5 3,3'-dichlorobenzidine u 0.3 

2,4,6-trichlorophenol u 0.3 bis(2-ethylhexyl)phthalate 0.3 0.3 

2,4,5-trichlorophenol u 0.3 di-n-octylphthalate u 0.3 

2-chloronaphthalene u 0.3 benzo(b )fluoranthene u 0.3 

2-nitroaniline u 0.3 benzo(k)fluoranthene u 0.3 

acenaphthylene u 0.3 benzo(a)pyrene u 0.3 

dimethyl phthalate u 0.3 indeno(1 ,2,3-cd)pyrene u 0.3 

2,6-dinitrotoluene u 0.3 dibenz( a,h)anthracene u 0.3 

benzo(g,h,i)perylene u 0.3 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 70 21-100 nitrobenzene-d5 81 35-114 

phenol-d5 75 10-102 2-fluorobiphenyl 79 43-116 

2,4,6-tribromophenol 75 10-123 terphenyl-d 14 87 33-141 

U = Below quantitation limit 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2 ,2' ,4 ,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3 ,3' ,4 ,4 '-hexachlorobi phenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*)multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-061 
NBH_PH4SAP_PC13E_02D 
12/16/10 
12/22/10 
12/31/10 
Solid 
40 
20 
5.0 
5 

Concentration Qualifier 
(ug/Kg) 

92 
110 
410 
110 
250 
320 
390 
37 
140 
370 
140 
410 
2.1 u 
73 
330 
220 
31 
2.1 u 
32 
35 
14 
2.1 u 
27 
3.6 
3 

2.1 u 

6500 

Advisory 
Recovery Limits 

(%) ( %) 
84 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

ESI 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3 ,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*)multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-064 
NBH_PH4SAP_PC13E_03D 
12/16/10 
12/22/10 
01/24/11 
Solid 
36 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

2.8 
10 
29 
10 
22 
44 
21 

0.39 u 
28 
77 
25 
65 

0.39 u 
15 
52 
46 
4.2 
0.39 u 
4.7 
6.8 
1.9 

0.39 u 
3.4 

0.39 u 
1.5 
1.1 

830 

Advisory 
Recovery Limits 

(%) ( %) 
60 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (% ): 
Sample Amount (g): 
Final Volume (ml} 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2 ,2' ,4 ,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2 ,2' ,4 ,4' ,5,5' -hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5, 6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*)multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-066 
NBH_PH4SAP_PC13E_04D 
12/16/10 
12/22/10 
12/31/10 
Solid 
56 
20 
5.0 
5 

Concentration Qualifier 
(ug/Kg) 

140 
180 
670 
120 
360 
430 
540 
58 

210 
500 
170 
670 
12 

110 
500 
310 
39 
2.8 u 
47 
57 
20 
2.8 u 
41 
4.7 
4.2 
2.8 u 

9500 

Advisory 
Recovery Limits 

(%) ( %) 
102 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U}. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (% ): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4',5,5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3 ,3' ,4,4' ,5 ,5' ,6-nonachlorobiphenyl 

* 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*)multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-070 
NBH_PH4SAP_PC13E_01D 
12/17/10 
12/22/10 
12/31/10 
Solid 
68 
20 
5.0 
3 

Concentration 
(ug/Kg) 

65 
81 

440 
77 

280 
330 
240 
32 
140 
330 
140 
390 
2.4 
88 
340 
270 
32 
2.4 
49 
44 
17 
2.4 
41 
3.2 
4 
3 

6200 

Recovery 

(%) 

94 

Qualifier 

u 

u 

u 

Advisory 
Limits 

( %) 
30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2, 2', 4, 5' -tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2', 3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 

* 

* 

* 

209 2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-074 
NBH_PH4SAP_PC13_01A 
12/17/10 
12/22/10 
12/31/10 
Solid 
58 
20 
5.0 
3 

Concentration Qualifier 
(ug/Kg) 

69 
85 

350 
81 

240 
320 
310 
39 
150 
360 
130 
410 
1.8 u 
95 
330 
260 
33 
1.8 u 
39 
42 
17 
1.8 u 
34 
3 

3.4 
1.8 u 

6100 

Advisory 
Recovery Limits 

(%) ( %) 

93 30-150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2, 2', 5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2, 2', 3, 5' -tetrachlorobiphenyl 
2,2' ,4, 5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2, 3,3' ,4,4'-pentachlorobiphenyl 
2, 3' ,4,4', 5-pentachlorobiphenyl 
3, 3' ,4,4', 5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2, 2', 3,4,4' ,5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2, 3,3' ,4,4' ,5-hexachlorobiphenyl 
3, 3' ,4,4', 5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4', 5, 5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl * 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-077 
NBH_PH4SAP_PC13_03A 
12/17/10 
12/22/10 
12/31/10 
Solid 
50 
20 
5.0 
3 

Concentration Qualifier 
(ug/Kg) 

58 
71 
290 
67 

200 
270 
260 
32 
120 
300 
110 
350 
1.5 u 
79 
270 
220 
27 
1.5 u 
33 
35 
14 
1.5 u 
28 
2.5 
2.9 
1.5 u 

5100 

Advisory 
Recovery Limits 

(%) ( %) 
93 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture{%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2, 2' ,3,5'-tetrachlorobiphenyl 
2, 2' ,4, 5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2, 3, 3' ,4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3, 3', 4, 4', 5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2', 3,4,4' ,5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2, 2', 3, 4, 4', 5', 6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 

* 
* 

* 

* 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-080 
NBH_PH4SAP_PC13_08A 
12/17/10 
12/22/10 
12/31/10 
Solid 
58 
20 
5.0 
5 

Concentration Qualifier 
(ug/Kg) 

160 
180 
770 
140 
420 
480 
610 
79 
270 
680 
270 
790 

3 u 
160 
610 
420 
66 
3 u 

66 
67 
26 
3 u 

53 
4.4 
3.8 
3 u 

11000 

Advisory 
Recovery Limits 

(%) ( %) 
154 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2, 2', 5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3, 3', 4, 4'-tetrachlorobiphenyl 
2, 2', 3,4, 5'-pentachlorobiphenyl 
2,2' ,4, 5, 5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2, 3' ,4,4', 5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2', 3, 3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2, 3,3' ,4,4', 5-hexachlorobiphenyl 
3, 3' ,4,4', 5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2', 3,4,4', 5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2, 2', 3,4', 5, 5', 6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 

* 

* 

* 
209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-082 
NBH_PH4SAP_PC13_14A 
12/17/10 
12/22/10 
12/31/10 
Solid 
36 
20 
5.0 
2 

Concentration Qualifier 
(ug/Kg) 

20 
29 
150 
23 
110 
120 
95 
14 
46 
130 
33 
160 
2.4 
27 
120 
97 
12 

0.78 u 
14 
16 
6.1 

0.78 u 
13 
1.2 
1.3 

0.78 u 

2300 

Advisory 
Recovery Limits 

(%) ( %) 

90 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

ESI 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-084 
NBH_PH4SAP_PC13E_02A 
12/21/10 
12/22/10 
12/31/10 
Solid 
63 
20 
5.0 
2 

Concentration Qualifier 
(ug/Kg) 

45 
48 

280 
39 
180 
210 
130 
19 
67 

210 
79 

270 
10 
60 

240 
190 
21 
1.3 u 
27 
29 
11 
1.3 u 
27 
2.2 
2.8 
1.3 u 

4000 

Advisory 

Recovery Limits 

(%) ( %) 

83 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

ESI 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (% ): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2 ,2' ,4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5' -hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 

* 

209 2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-085 
NBH_PH4SAP_PC13_02A 
12/21/10 
12/22/10 
01/01/11 
Solid 
42 
20 
5.0 
1 

Concentration 
(ug/Kg) 

8.7 
12 
43 
9.6 
37 
54 
30 
4.1 
14 
37 
11 
47 
1.7 
9.8 
44 
31 
3 

0.43 
4.9 
4.8 
1.9 

0.43 
4.1 
0.43 
0.43 
0.43 

760 

Recovery 

(%) 

85 

Qualifier 

u 

u 

u 
u 
u 

Advisory 
Limits 

( %) 
30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

ESI 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (% ): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2', 3,3' ,4,4' ,5 ,5', 6-nonachlorobi phenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*)multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-086 
NBH_PH4SAP _PC13_04A 
12/21/10 
12/22/10 
01/01/11 
Solid 
20 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

1.1 
2.9 
11 
2.2 
8 
12 
7.9 
1.1 
5.2 
13 
4.6 
15 

0.31 u 
3.6 
14 
9 

1.3 
0.31 u 
1.2 
1.5 

0.62 
0.31 u 
1.4 

0.31 u 
0.31 u 
0.31 u 

210 

Advisory 

Recovery Limits 

(%) ( %) 

89 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (% ): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 

* 
* 

* 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*)multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-087 
NBH_PH4SAP_PC13_07A 
12/21/10 
12/22/10 
01/01/11 
Solid 
30 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

5.9 
7.9 
32 
5.6 
19 
29 
20 
2.4 
11 
27 
10 
32 

0.36 u 
6.7 
30 
20 
2.1 

0.36 u 
3.1 
3.3 
1.2 

0.36 u 
3.2 

0.36 u 
0.36 u 
0.36 u 

500 

Advisory 
Recovery Limits 

(%) ( %) 

83 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3 ,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-088 
NBH_PH4SAP_PC13_23A 
12/21/10 
12/22/10 
01/24/11 
Solid 
25 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

0.33 u 
1.1 
6 

1.5 
5.4 
7.2 
3.7 

0.33 u 
1.5 
6.9 
1.8 
5.7 
0.33 u 
1.5 
5.9 
4.7 
0.33 u 
0.33 u 
0.46 
0.96 
0.33 u 
0.33 u 
0.65 
0.33 u 
0.33 u 
0.33 u 

110 

Advisory 
Recovery Limits 

(%) ( %) 

87 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (% ): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2 ,2' ,3 ,3' ,4 ,4 '-hexachlorobi phenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5' -hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2 ,2' ,3 ,3' ,4 ,4' ,5 ,5' ,6-nonach lorob iph enyl 

* 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-089 
NBH_PH4SAP_PC13_32A 
12/21/10 
12/22/10 
01/01/11 
Solid 
34 
20 
5.0 
1 

Concentration 
(ug/Kg) 

0.38 
1.2 
3.6 

0.97 
3.8 
4.2 
3.9 
0.38 
2.2 
6.4 
2.5 
9 

0.38 
2.4 
8.5 
5 

0.73 
0.38 

0.4 
0.38 
0.78 
0.38 
0.38 
0.38 

110 

Recovery 

(%) 

63 

Qualifier 

u 

u 

u 

u 

u 

u 
u 
u 

Advisory 
Limits 

( %) 

30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

ESI 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (% ): 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3 ,3' ,4 ,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2 ,2' ,3 ,3' ,4 ,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

20509-092 
NBH_PH4SAP_PC13_33A 
12/21/10 
12/22/10 
01/24/11 
Solid 
27 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

0.89 
8.6 
20 
5.8 
23 
32 
12 

0.62 
8.8 
33 
8.5 
27 

0.34 u 
5.1 
23 
20 
1.6 

0.34 u 
2.1 
3.4 

0.93 
0.34 u 
2.1 

0.34 u 
0.34 u 
0.34 u 

440 

Advisory 
Recovery Limits 

(%) ( %) 

71 30- 150 

Note: Total PCB's by sum of congeners includes a value of one half the reporting limit 
for asterisked congeners not detected at the reporting limit (U). 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-061 
NBH_PH4SAP_PC13E_02D 
12/16/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 
1 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
1200 
u 

Recovery 
(%) 
98 
101 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

20 
13 
20 

Advisory Limits 
( %) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-064 
NBH_PH4SAP _PC13E_03D 
12/16/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U =Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
430 
u 

Recovery 
(%) 
93 
98 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

10 
12 
12 

Advisory Limits 
(%) 

30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-066 
NBH_PH4SAP _PC13E_04D 
12/16/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
1500 

u 

Recovery 
(%) 
100 
96 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

60 
17 
60 

Advisory Limits 
(%) 

30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-070 
NBH_PH4SAP_PC13E_01D 
12/17/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 
1 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
1700 

u 

Recovery 
(%) 
98 
97 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

50 
24 
50 

Advisory Limits 
(%) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-074 
NBH_PH4SAP _PC13_01A 
12/17/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 
1 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
1400 
u 

Recovery 
(%) 
101 
107 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

40 
18 
40 

Advisory Limits 
(%) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-077 
NBH_PH4SAP _PC13_03A 
12/17/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 
1 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 

2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
1000 
u 

Recovery 
(%) 

104 

101 

Note 1 

Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

25 

15 
25 

Advisory Limits 
( %) 
30- 150 

30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 

Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-080 
NBH_PH4SAP_PC13_08A 
12/17/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
2500 

u 

Recovery 
(%) 
109 
105 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

90 
60 
90 

Advisory Limits 
(%) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-082 
NBH_PH4SAP _PC13_14A 
12/17/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 

2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
800 
u 

Recovery 
(%) 
103 

106 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

40 
12 
40 

Advisory Limits 
( %) 
30- 150 

30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-084 
NBH_PH4SAP_PC13E_02A 
12/21/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
100 
u 

Recovery 
(%) 
100 
100 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

20 
20 
20 

Advisory Limits 
( %) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-085 
NBH_PH4SAP _PC13_02A 
12/21/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
260 
u 

Recovery 
(%) 
101 
98 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

7 
5 
7 

Advisory Limits 
( %) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-086 
NBH_PH4SAP _PC13_04A 
12/21/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 
1 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
72 
u 

Recovery 
(%) 
100 
93 

Note 2 

Reporting 
Limit 

(ug/g dry wt) 

4 
4 
4 

Advisory Limits 
( %) 

30- 150 
30- 150 

Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-087 
NBH_PH4SAP _PC13_07A 
12/21/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
140 
u 

Recovery 
(%) 
108 

105 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

20 
4 

20 

Advisory Limits 
( %) 
30- 150 

30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-088 
NBH_PH4SAP_PC13_23A 
12/21/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U == Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
44 
u 

Recovery 
(%) 
113 
102 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

15 
4 
15 

Advisory Limits 
( %) 
30- 150 
30- 150 

Note 1 == Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 == Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-089 
NBH_PH4SAP _PC13_32A 
12/21/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 
1 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
110 
u 

Recovery 
(%) 

103 
93 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

15 
4 
15 

Advisory Limits 
( %) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20509-092 
NBH_PH4SAP _PC13_33A 
12/21/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
140 
u 

Recovery 
(%) 
104 
98 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

20 
4 
20 

Advisory Limits 
( %) 

30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 
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Quality Control Summary 

Parameter: Antimony, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Solid 

QC Batch No: 198S 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_04D 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP_PC13_01A 20509-092 
20509-077 NBH_PH4SAP _PC13_03A 
20509-080 NBH_PH4SAP_PC13_08A 
20509-082 NBH_PH4SAP _PC13_14A 
20509-084 NBH_PH4SAP _PC13E_02A 
20509-085 NBH_PH4SAP_PC13_02A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g Q 

PB198S 0.05 0.314 I B 0.314 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g ug/g 

LCS198S 70-130 95.3 100 
SRM1944 40-140 0.93 5.0 

DUPLICATE ANALYSIS 

Sample ID 

NBH_PH4SAP - PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_PH4SAP_PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_pH4SAP _PC13_33A 

M 

High 

Lab Control Dup True 
%R Sample Result Value 

ug/g ug/g 

95 97.5 100 
19 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

ID % ug/g dry wt ug/g dry wt 

20509-061 D 30 0.581 1.16 67 J8 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 35.5 62.9 1.16 55 
20509-061 so 70-130 35.3 63.9 1.16 53 

NC = Not calculated. 
J5 = MS %R below limit. 
J8 = Duplicate %RR above limit. 
B = Analyte found in laboratory blank at level indicated. Results may be used with due consideration. 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Arsenic, total 
NBH-South Terminal 6690.009 
Solid 
198S 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_04D 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP_PC13_01A 20509-092 
20509-077 NBH_PH4SAP_PC13_03A 
20509-080 NBH_PH4SAP _PC13_08A 
20509-082 NBH_PH4SAP _PC13_14A 
20509-084 NBH_PH4SAP_PC13E_02A 
20509-085 NBH_PH4SAP_PC13_02A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g Q 

PB198S 0.05 0.232 I B 0.232 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 

Sample 10 

NBH_PH4SAP _PC13_04A 
NBH_PH4SAP _PC13_07A 
NBH_PH4SAP_PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_PH4SAP_PC13_33A 

M 

High 

Lab Control Dup True 
10 Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS198S 70-130 94.9 100 95 95.9 100 
SRM1944 62-100 15.3 18.9 81 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

ID % ug/g dry wt ug/g dry wt 

20509-0610 30 6.68 6.13 9 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 61.8 62.9 6.13 89 
20509-061SD 70-130 62.2 63.9 6.13 88 

NC = Not calculated. 
B = Analyte found in laboratory blank at level indicated. Results may be used with due consideration. 
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Quality Control Summary 

Parameter: Beryllium, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Solid 

QC Batch No: 198S 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_04D 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP_PC13_01A 20509-092 
20509-077 NBH_PH4SAP_PC13_03A 
20509-080 NBH_PH4SAP_PC13_08A 
20509-082 NBH_PH4SAP_PC13_14A 
20509-084 NBH_PH4SAP_PC13E_02A 
20509-085 NBH_PH4SAP_PC13_02A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g Q 

PB198S 0.05 0.05 I u 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 

Sample ID 

NBH_PH4SAP _PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_PH4SAP_PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_PH4SAP_PC13_33A 

M 

Pass 

Lab Control Dup True 
ID Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS198S 70-130 4.81 5 96 5.03 5 
SRM1944 40-140 0.63 1.6 39 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

ID % ug/g dry wt ug/g dry wt 

20509-0610 30 0.422 0.381 10 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 3.62 3.14 0.381 103 
20509-061 so 70-130 3.56 3.19 0.381 100 

NC = Not calculated. 
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Quality Control Summary 

Parameter: Cadmium, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Solid 

QC Batch No: 198S 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_04D 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP_PC13_01A 20509-092 
20509-077 NBH_PH4SAP_PC13_03A 
20509-080 NBH_PH4SAP _PC13_08A 
20509-082 NBH_PH4SAP_PC13_14A 
20509-084 NBH_PH4SAP_PC13E_02A 
20509-085 NBH_PH4SAP_PC13_02A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g Q 

PB198S 0.05 0.05 I u 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 

Sample ID 

NBH_PH4SAP_PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_pH4SAP _PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_PH4SAP_PC13_33A 

M 

Pass 

Lab Control Dup True 
ID Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS198S 70-130 48.7 50 97 49.3 50 
SRM1944 57-142 9.13 8.8 92 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

ID % ug/g dry wt ug/g dry wt 

20509-0610 30 4.72 4.11 14 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 35.7 31.4 4.11 100 
20509-061SD 70-130 35.4 31.9 4.11 98 

NC = Not calculated. 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Chromium, total 
NBH-South Terminal 6690.009 
Solid 
198S 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_04D 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP_PC13_01A 20509-092 
20509-077 NBH_PH4SAP _PC13_03A 
20509-080 NBH_PH4SAP _PC13_08A 
20509-082 NBH_PH4SAP _PC13_14A 
20509-084 NBH_PH4SAP _PC 13E_02A 
20509-085 NBH_PH4SAP_PC13_02A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g Q 

PB198S 0.2 0.312 1Bo.312 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 

Sample ID 

NBH_PH4SAP_PC13_04A 
NBH_PH4SAP _PC13_07A 
NBH_PH4SAP_PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_PH4SAP_PC13_33A 

M 

High 

Lab Control Dup True 
ID Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS198S 70-130 20.3 20 101 20.9 20 
SRM1944 53-100 182 266 68 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

ID % ug/g dry wt ug/g dry wt 

20509-061 D 30 155 143 8 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 12.6 143 SNR 
20509-061SD 70-130 12.8 143 SNR 

NC = Not calculated. 
SNR = Not calculated due to high sample result. 
B = Analyte found in laboratory blank at level indicated. Results may be used with due consideration. 
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Quality Control Summary 

Parameter: Copper, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Solid 

QC Batch No: 198S 

Pertains to samples: 

Lab ID Sample ID LabiD 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_04D 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP_PC13_01A 20509-092 
20509-077 NBH_PH4SAP_PC13_03A 
20509-080 NBH_PH4SAP _PC13_08A 
20509-082 NBH_PH4SAP _PC13_14A 
20509-084 NBH_PH4SAP _PC13E_02A 
20509-085 NBH_PH4SAP_PC13_02A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g Q 

PB198S 0.1 0.1 I u 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 

Sample ID 

NBH_PH4SAP_PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_PH4SAP_PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_PH4SAP_PC13_33A 

M 

Pass 

Lab Control Dup True 
ID Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS198S 70-130 24.1 25 96 24.5 25 
SRM1944 58-110 324 380 85 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

10 % ug/g dry wt ug/g dry wt 

20509-0610 30 286 266 7 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 15.7 266 SNR 
20509-061SD 70-130 16.0 266 SNR 

NC = Not calculated. 
SNR = Not calculated due to high sample result. 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Lead, total 
NBH-South Terminal 6690.009 
Solid 
198S 

Pertains to samples: 

LabiD Sample ID Lab ID 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_04D 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP_PC13_01A 20509-092 
20509-077 NBH_PH4SAP _PC13_03A 
20509-080 NBH_PH4SAP_PC13_08A 
20509-082 NBH_PH4SAP_PC13_14A 
20509-084 NBH_PH4SAP_PC13E_02A 
20509-085 NBH_PH4SAP_PC13_02A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g Q 

PB198S 0.05 0.192 Is 0.192 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 

Sample ID 

NBH_PH4SAP_PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_PH4SAP _PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_PH4SAP_PC13_33A 

M 

High 

Lab Control Dup True 
ID Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS198S 70-130 100 100 100 101 100 
SRM1944 70-112 303 330 92 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

ID % ug/g dry wt ug/g dry wt 

20509-061 D 30 136 123 10 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 199 62.9 123 121 
20509-061SD 70-130 184 63.9 123 96 

NC = Not calculated. 
B = Analyte found in laboratory blank at level indicated. Results may be used with due consideration. 
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Quality Control Summary 

Parameter: Mercury, total 
Project: 
Matrix: 

NBH-South Terminal6690.009 
Solid 

QC Batch No: 796S 

Pertains to samples: 

Lab ID Sample ID LabiD 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_04D 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP_PC13_01A 20509-092 
20509-077 NBH_PH4SAP _PC13_03A 
20509-080 NBH_PH4SAP _PC13_08A 
20509-082 NBH_PH4SAP _PC13_14A 
20509-084 NBH_PH4SAP_PC13E_02A 
20509-085 NBH_PH4SAP_PC13_02A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g Q 

PB796S 0.02 0.02 J u 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 

Sample ID 

NBH_PH4SAP_PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_PH4SAP_PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_PH4SAP_PC13_33A 

M 

Pass 

Lab Control Dup True 
ID Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS796S 70-130 0.019 0.02 95 0.0200 0.02 
SRM1944 56-144 3.17 3.400 93 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

ID % ug/g dry wt ug/g dry wt 

20509-061 D 30 0.33 0.34 3 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 0.014 0.34 SNR 
20509-061 so 70-130 0.014 0.34 SNR 

NC = Not calculated. 
SNR = Not calculated due to high sample result. 
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Quality Control Summary 

Parameter: Nickel, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Solid 

QC Batch No: 198S 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_04D 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP _PC13_01A 20509-092 
20509-077 NBH_PH4SAP_PC13_03A 
20509-080 NBH_PH4SAP_PC13_08A 
20509-082 NBH_PH4SAP _PC13_14A 
20509-084 NBH_PH4SAP _PC 13E_ 02A 
20509-085 NBH_PH4SAP _PC13_02A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g Q 

PB198S 0.1 0.1 I u 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 

Sample ID 

NBH_PH4SAP_PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_PH4SAP _PC13_23A 
NBH_PH4SAP _PC13_32A 
NBH_PH4SAP_PC13_33A 

M 

Pass 

Lab Control Dup True 
ID Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS198S 70-130 48.9 50 98 50.0 50 
SRM1944 50-100 54.1 76.1 71 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

ID % ug/g dry wt ug/g dry wt 

20509-0610 30 23.1 20.6 11 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 50.4 31.4 20.6 95 
20509-061SD 70-130 49.9 31.9 20.6 92 

NC = Not calculated. 
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Quality Control Summary 

Parameter: Selenium, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Solid 

QC Batch No: 198S 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_04D 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP_PC13_01A 20509-092 
20509-077 NBH_PH4SAP_PC13_03A 
20509-080 NBH_PH4SAP _PC13_08A 
20509-082 NBH_PH4SAP _PC13_14A 
20509-084 NBH_PH4SAP _pC13E_02A 
20509-085 NBH_PH4SAP_PC13_02A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g Q 

PB198S 0.1 0.1 I u 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 

Sample ID 

NBH_PH4SAP_PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_PH4SAP_PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_PH4SAP _PC13_33A 

M 

Pass 

Lab Control Dup True 
ID Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS198S 70-130 92.2 100 92 93.5 100 
SRM1944 40-140 1.17 1.4 84 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

ID % ug/g dry wt ug/g dry wt 

20509-0610 30 0.55 0.55 0 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 56.7 62.9 0.55 89 
20509-061 so 70-130 56.3 63.9 0.55 87 

NC = Not calculated. 
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Quality Control Summary 

Parameter: Silver, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Solid 

QC Batch No: 198S 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_04D 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP_PC13_01A 20509-092 
20509-077 NBH_PH4SAP _PC13_03A 
20509-080 NBH_PH4SAP _PC13_08A 
20509-082 NBH_PH4SAP _PC13_14A 
20509-084 NBH_PH4SAP_PC13E_02A 
20509-085 NBH_PH4SAP _PC13_02A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g Q 

PB198S 0.05 0.05 I u 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 

Sample ID 

NBH_PH4SAP_PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_PH4SAP_PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_PH4SAP_PC13_33A 

M 

Pass 

Lab Control Dup True 
ID Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS198S 70-130 24.7 25 99 25.1 25 
SRM1944 40-140 6.18 6.4 97 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

ID % ug/g dry wt ug/g dry wt 

20509-0610 30 3.70 3.28 NC Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 19.2 15.7 3.28 102 
20509-061 so 70-130 18.5 16.0 3.28 95 

NC = Not calculated. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

100 Pass 
Pass 

Pass 
Pass 

ESI 

www.envirosystems.com 



Quality Control Summary 

Parameter: Thallium, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Solid 

QC Batch No: 198S 

Pertains to samples: 

Lab ID Sample ID Lab ID 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_04D 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP _PC13_01A 20509-092 
20509-077 NBH_PH4SAP_PC13_03A 
20509-080 NBH_PH4SAP_PC13_08A 
20509-082 NBH_PH4SAP_PC13_14A 
20509-084 NBH_PH4SAP_PC13E_02A 
20509-085 NBH_PH4SAP_PC13_02A 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g Q 

PB198S 0.05 0.05 I u 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 

M 

Pass 

Sample ID 

NBH_PH4SAP_PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_PH4SAP_PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_PH4SAP_PC13_33A 

Lab Control Dup True 
ID Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS198S 70-130 102 100 102 102 100 
SRM1944 <1 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

ID % ug/g dry wt ug/g dry wt 

20509-061D 30 0.231 0.215 7 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q %R Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 65.5 62.9 0.215 104 
20509-061 SD 70-130 63.7 63.9 0.215 99 

NC = Not calculated. 
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Quality Control Summary 

Parameter: Zinc, total 
Project: 
Matrix: 

NBH-South Terminal 6690.009 
Solid 

QC Batch No: 198S 

Pertains to samples: 

Lab 10 Sample 10 LabiD 

20509-061 NBH_PH4SAP_PC13E_02D 20509-086 
20509-064 NBH_PH4SAP_PC13E_03D 20509-087 
20509-066 NBH_PH4SAP_PC13E_040 20509-088 
20509-070 NBH_PH4SAP_PC13E_01D 20509-089 
20509-074 NBH_PH4SAP_PC13_01A 20509-092 
20509-077 NBH_PH4SAP _PC13_03A 
20509-080 NBH_PH4SAP _PC13_08A 
20509-082 NBH_PH4SAP _PC13_14A 
20509-084 NBH_PH4SAP _PC13E_02A 
20509-085 NBH_PH4SAP _PC13_02A 

METHOD BLANK 

Control Preparation 
10 Limit Blank Result 

+I- ug/g Q 

PB198S 1 1 I u 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 

Sample 10 

NBH_PH4SAP_PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_PH4SAP_PC13_23A 
NBH_PH4SAP _PC13_32A 
NBH_PH4SAP_PC13_33A 

M 

Pass 

Lab Control Dup True 
10 Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS198S 70-130 46.1 50 92 47 50 
SRM1944 69-100 546 656 83 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

10 % ug/g dry wt ug/g dry wt 

20509-061 D 30 291 265 9 Pass 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
10 Limit Result Added Result Q %R Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20509-061S 70-130 31.4 265 SNR 
20509-061 so 70-130 31.9 265 SNR 

NC = Not calculated. 
SNR = Not calculated due to high sample result. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

PB576S 
Laboratory Blank 
12/31/10 
12/31/10 
01/06/11 
Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270. 

Concentration Quantitation Limit 

(mg/Kg dry wt) (mg/Kg dry wt) 

N-nitrosodimethylamine u 0.4 2,4-dinitrotoluene 

phenol u 0.4 acenaphthene 

2-chlorophenol u 0.4 3-nitroaniline 

bis(2-chloroethyl)ether u 0.4 2,4-dinitrophenol 

1 ,3-dichlorobenzene u 0.4 dibenzofuran 

1 ,4-dichlorobenzene u 0.4 4-nitrophenol 

1 ,2-dichlorobenzene u 0.4 fluorene 

benzyl alcohol u 0.4 4-chlorophenyl phenyl ether 

2-methylphenol (m-cresol) u 0.4 diethyl phthalate 

bis(2-chloroisopropyl)ether u 0.4 4-nitroaniline 

hexachloroethane u 0.4 4,6-dinitro-2-methylphenol 

N-nitroso-di-n-propylamine u 0.4 4-chlorophenyl phenyl ether 

4-methylphenol (p-cresol) u 0.4 N-nitrosodiphenylamine 

nitrobenzene u 0.4 1 ,2-diphenylhydrazine (azobenzene) 

isophorone u 0.4 4-bromophenyl phenyl ether 

2-nitrophenol u 0.4 hexachlorobenzene 

2,4-dimethylphenol u 0.4 pentachlorophenol 

bis(2-chloroethoxy)methane u 0.4 phenanthrene 

2,4-dichlorophenol u 0.4 anthracene 

2,6-dichlorophenol u 0.4 carbazole 

1 ,2,4-trichlorobenzene u 0.4 di-n-butylphthalate 

naphthalene u 0.4 fluoranthene 

benzoic acid u 4 benzidine 

4-chloroaniline u 0.4 pyrene 

hexachloro-1 ,3-butadiene u 0.4 butylbenzylphthalate 

4-chloro-3-methylphenol u 0.4 benzo(a)anthracene 

2-methylnaphthalene u 0.4 chrysene 

hexachlorocyclopentadiene u 0.8 3,3'-dichlorobenzidine 

2,4,6-trichlorophenol u 0.4 bis(2-ethylhexyl)phthalate 

2,4,5-trichlorophenol u 0.4 di-n-octylphthalate 

2-chloronaphthalene u 0.4 benzo(b)fluoranthene 

2-nitroaniline u 0.4 benzo(k)fluoranthene 

acenaphthylene u 0.4 benzo(a)pyrene 

dimethyl phthalate u 0.4 indeno(1 ,2,3-cd)pyrene 

2,6-dinitrotoluene u 0.4 dibenz(a,h)anthracene 

benzo(g,h,i)perylene 

SURROGATE STANDARDS 

Recovery Acceptance Limits 

(%) (%) 

2-fluorophenol 80 21-100 nitrobenzene-d5 

phenol-d5 92 10-102 2-fluorobiphenyl 

2,4, 6-tribromophenol 121 10-123 terphenyl-d 14 

U = Below quantitation limit 
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33-141 

ESI 
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Lab Number: LCS576S\LCSD576S 
Sample Designation: 
Date Sampled: 

Laboratory Control Sample Duplicate 
12/16/10 

Date Extracted: 12/31/10 
Date Analyzed: 01/07/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis-(2-choroethyl)ether 

1 ,3-dichlorobenzene 

1 ,4-diclorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (a-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

4-methylphenol (p-cresol) 

nitrobenzene 

isophorone 

2-nttrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethyl phthalate 

2,6-dinitrotoluene 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

U = Below quantitation limit 

Amount 

Added 

(mg/Kg) 

NA 

20 

20 

NA 

NA 

10 

NA 

NA 

NA 

NA 

NA 

10 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

10 

10 

NA 

NA 

NA 

20 

NA 

NA 

NA 

NA 

NA 

NA 

10 

NA 

NA 

10 

20 

NA 

Laboratory Control Sample 

Result 

(mg/Kg) 

u 
14 

14 

u 
u 

5.6 

u 
u 
u 
u 
u 

6.4 

u 
u 
u 
u 
u 
u 
u 
u 

5.8 

6 

u 
u 
u 
15 

u 
u 
u 
u 
u 
u 

6.1 

u 
u 
u 
14 

14 

Recovery 

(%) 

NA 

71 

72 

NA 

NA 

56 

NA 

NA 

NA 

NA 

NA 

64 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

58 

60 

NA 

NA 

NA 

77 

NA 

NA 

NA 

NA 

NA 

NA 

61 

NA 

NA 

NA 

71 

72 

Limit 

(%) 

30-150 

5-112 

23-134 

36-166 

1-172 

20-124 

32-129 

30-150 

30-150 

53-127 

40-113 

1-150 

30-150 

35-180 

21-196 

29-182 

32-119 

33-184 

39-135 

30-150 

44-142 

21-133 

30-150 

30-150 

24-116 

22-147 

30-150 

30-150 

37-144 

30-150 

60-118 

30-150 

33-145 

1-112 

50-158 

30-150 

5-112 

23-134 

Laboratory Control Sample Duplicate 

Result Recovery 

(mg/Kg) (%) 

U NA 

15 73 

15 73 

U NA 

u 
5.9 

u 
u 
u 
u 
u 

6.5 

u 
u 
u 
u 
u 
u 
u 
u 
6 

5.9 

u 
u 
u 
15 

u 
u 
u 
u 
u 
u 

6.2 

u 
u 
6 

14 

u 

NA 

59 

NA 

NA 

NA 

NA 

NA 

65 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

60 

59 

NA 

NA 

NA 

77 

NA 

NA 

NA 

NA 

NA 

NA 

62 

NA 

NA 

60 

73 

73 

Limit 

(%) 

30-150 

5-112 

23-134 

36-166 

1-172 

20-124 

32-129 

30-150 

30-150 

53-127 

40-113 

1-150 

30-150 

35-180 

21-196 

29-182 

32-119 

33-184 

39-135 

30-150 

44-142 

21-133 

30-150 

30-150 

24-116 

22-147 

30-150 

30-150 

37-144 

30-150 

60-118 

30-150 

33-145 

1-112 

50-158 

39-139 

47-145 

30-150 

Page A of 

Diff 

(%) 

NA 

2 

2 

NA 

NA 

5 

NA 

NA 

NA 

NA 

NA 

2 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3 

2 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 

NA 

NA 

2 

4 

NA 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 

Limit 

(%) 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

60 

30 

30 

Qual 

www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

LCS576S\LCSD576S 
Laboratory Control Sample Duplicate 
12/16/10 
12/31/10 
01/07/11 
Solid 

SEMIVOLATILE ORGANICS (Continued) 
Method Reference: SW846 8270 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-chlorophenyl phenyl ethe 

N-nitrosodiphenylamine 

4-bromophenyl phenylether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butyl phthalate 

fluoranthene 

benzidine 

pyrene 

butyl benzyl phthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis-2-ethylhexyl phthalate 

di-n-cetyl phthalate 

benzo(b)fiuoranthene 

benzo(k)fiuoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g,h,i)perylene 

SURROGATE STANDARDS 

2-fiuorophenol 

phenol-d5 

2,4,6-tribromophenol 

nitrobenzene-d5 

2-fiuorobiphenyl 

terphenyl-d14 

U = Below quantitation limit 

Amount 

Added 

(mg/Kg) 

NA 

NA 

20 

10 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

20 

10 

10 

NA 

10 

10 

NA 

20 

NA 

10 

10 

NA 

NA 

NA 

10 

10 

10 

10 

10 

10 

Laboratory Control Sample 

Result 

(mg/Kg) 

u 
u 
13 

6.1 

u 
u 
u 
u 
u 
u 
u 
u 

9.8 

6.1 

6.3 

u 
6.8 

6.2 

u 
14 

u 
6.5 

6.3 

u 
u 
u 
7 

6.9 

5.7 

5.6 

5.6 

5.6 

Recovery 

(%) 

NA 

NA 

66 

61 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

49 

61 

63 

NA 

68 

62 

NA 

70 

NA 

65 

63 

NA 

NA 

NA 

70 

69 

57 

56 

56 

56 

Limit 

(%) 

1-191 

30-150 

1-132 

59-121 

25-158 

1-114 

30-150 

1-181 

25-158 

30-150 

25-158 

30-150 

14-176 

54-120 

27-133 

30-150 

1-118 

26-137 

30-150 

52-115 

1-152 

33-143 

17-168 

1-262 

1-158 

1-146 

24-159 

11-162 

17-163 

1-171 

1-227 

1-219 

Laboratory Control Sample 

Recovery 

(%) 

74 

76 

74 

80 

80 

85 

Limits 

(%) 

21-100 

10-102 

10-123 

35-114 

43-116 

33-141 

Laboratory Control Sample Duplicate 

Result Recovery 

(mg/Kg) (%) 

U NA 

u 
14 

6.3 

u 
u 
u 
u 
u 

NA 

NA 

NA 

9.7 

6.2 

6.4 

u 
7 

6.3 

u 
14 

u 
6.6 

6.8 

u 
u 
u 

7.4 

6.7 

5.7 

5.7 

5.7 

5.7 

NA 

70 

63 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

49 

62 

64 

NA 

70 

63 

NA 

72 

NA 

66 

68 

NA 

NA 

NA 

74 

67 

57 

57 

57 

57 

Limit 

(%) 

1-191 

30-150 

1-132 

59-121 

25-158 

1-114 

30-150 

1-181 

25-158 

30-150 

25-158 

30-150 

14-176 

54-120 

27-133 

30-150 

1-118 

26-137 

30-150 

52-115 

1-152 

33-143 

17-168 

1-262 

1-158 

1-146 

24-159 

11-162 

17-163 

1-171 

1-227 

1-219 

Laboratory Control Sample Duplicate 

Recovery 

(%) 

60 

63 

60 

68 

65 

68 

Limits 

(%) 

21-100 

10-102 

10-123 

35-114 

43-116 

33-141 

Page B of 

Dill 

(%) 

NA 

NA 

5 

3 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 

NA 

3 

2 

NA 

3 

NA 

0 

8 

NA 

NA 

NA 

6 

4 

0 

1 

IViroSystems, Inc. One Lafayette Road P.O. Box778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 

Limit 

(%) 

30 

30 

40 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

Qual 
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Lab Number: 20509-061 
Sample Designation: NBH_PH4SAP _PC13E 02D (Laboratory Duplicate) 
Date Sampled: 12/16/10 
Date Extracted: 12/31/10 
Date Analyzed: 01/07/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Sample RL Duplicate RL DIFF Limit Sample RL Duplicate RL DIFF 

(mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) (%) (%) (mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) (mg/Kg dry wt) (%) 

N-nitrosodimethylamine u 0.3 u 0.3 NC 30 2,4-dinitrotoluene u 0.7 u 0.7 NC 
phenol u 0.3 u 0.3 NC 30 acenaphthene u 0.3 u 0.3 NC 
2-chlorophenol u 0.3 u 0.3 NC 30 3-nitroaniline u 0.3 u 0.3 NC 
bis-(2-choroethyl)ether u 0.3 u 0.3 NC 30 2,4-dinitrophenol u 0.7 u 0.7 NC 
1 ,3-dichlorobenzene u 0.3 u 0.3 NC 30 dibenzofuran u 0.3 u 0.3 NC 
1 ,4-diclorobenzene u 0.3 u 0.3 NC 30 4-nitrophenol u 0.7 u 0.7 NC 
1 ,2-dichlorobenzene u 0.3 u 0.3 NC 30 fluorene u 0.3 u 0.3 NC 
benzyl alcohol u 0.3 u 0.3 NC 30 4-chlorophenyl phenyl ether u 0.3 u 0.3 NC 
2-methylphenol {a-cresol) u 0.3 u 0.3 NC 30 diethyl phthalate u 0.3 u 0.3 NC 
bis(2-chloroisopropyl)ether u 0.3 u 0.3 NC 30 4-nitroaniHne u 0.3 u 0.3 NC 
hexachloroethane u 0.3 u 0.3 NC 30 4,6-dinitro-2-methylphenol u u 2 NC 
N-nitroso-di-n-propylamine u 0.3 u 0.3 NC 30 4-chlorophenyl phenyl ether u 0.3 u 0.3 NC 
4-methylphenol (p-cresol) u 0.3 u 0.3 NC 30 N-nitrosodiphenylamine u 0.3 u 0.3 NC 
nitrobenzene u 0.3 u 0.3 NC 30 1 ,2-dipheny!hydrazine u 0.3 u 0.3 NC 
isophorone u 0.3 u 0.3 NC 30 4-bromophenyl phenyl ether u 0.3 u 0.3 NC 
2-nitrophenol u 0.3 u 0.3 NC 30 hexachlorobenzene u 0.3 u 0.3 NC 
2,4-dimethylphenol u 0.3 u 0.3 NC 30 pentachlorophenol u 0.3 u 0.3 NC 
bis(2-chloroethoxy)methane u 0.3 u 0.3 NC 30 phenanthrene u 0.3 u 0.3 NC 
2,4-dichlorophenol u 0.3 u 0.3 NC 30 anthracene u 0.3 u 0.3 NC 
2,6-dichlorophenol u 0.3 u 0.3 NC 30 carbazole u 0.3 u 0.3 NC 
1 ,2,4-trichlorobenzene u 0.3 u 0.3 NC 30 di-n-butylphthalate 0.3 0.3 u 0.3 NC 
naphthalene u 0.3 u 0.3 NC 30 fluoranthene 0.7 0.3 0.79 0.3 NC 
benzoic acid u 3 u NC 30 benzidine u 3 u NC 
4-chloroaniline u 0.3 u 0.3 NC 30 pyrene 0.3 1 0.3 NC 
hexachloro-1 ,3-butadiene u 0.3 u 0.3 NC 30 butylbenzylphthalate 1.4 0.3 u 0.3 NC 
4-chloro-3-methylphenol u 0.3 u 0.3 NC 30 benzo(a)anthracene 0.4 0.3 0.42 0.3 NC 
2-methylnaphthalene u 0.3 u 0.3 NC 30 chrysene 0.4 0.3 0.47 0.3 NC 
hexachlorocyclopentadiene u 0.7 u 0.7 NC 30 3,3'-dichlorobenzidine u 0.3 u 0.3 NC 
2,4,6-trichlorophenol u 0.3 u 0.3 NC 30 bis(2-ethylhexyl)phthalate 1 0.3 1.3 0.3 NC 
2,4,5-trichlorophenol u 0.3 u 0.3 NC 30 di-n-octylphthalate u 0.3 u 0.3 NC 
2-ch!oronaphthalene u 0.3 u 0.3 NC 30 benzo(b)fluoranthene 0.7 0.3 0.55 0.3 NC 
2-nitroaniline u 0.3 u 0.3 NC 30 benzo(k)fluoranthene 0.4 0.3 0.45 0.3 NC 

acenaphthylene u 0.3 u 0.3 NC 30 benzo(a)pyrene 0.3 0.3 0.37 0.3 NC 
dimethyl phthalate u 0.3 u 0.3 NC 30 indeno(1 ,2,3-cd)pyrene u 0.3 0.35 0.3 NC 
2,6-dinitroto!uene u 0.3 u 0.3 NC 30 dibenz(a,h)anthracene u 0.3 u 0.3 NC 

benzo(g,h, i}perylene 0.4 0.3 0.35 0.3 NC 

SURROGATE STANDARDS 

Recovery Recovery Acceptance Limits Recovery Recovery Accepta1 

(%) (%) (%) (%) (%) (%) 

2-fluorophenol 75 78 21-100 nitrobenzene-d5 79 77 35-114 

phenol-d5 71 72 10-102 2-fluorobiphenyl 75 76 43-116 

2,4,6-tribromophenol 151 156 10-123 terphenyl-d14 85 89 33-141 

U = Below quantitation limit 
NC = Not calculated due one or both values less than five times the reporting limit. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

20509-061 
NBH_PH4SAP _PC13E_02D (Matrix Spike I Matrix Spike Duplicate) 
12/16/10 
12/31/10 
01/07/11 
Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Sample 

Result 

Amount 

Added 

Matrix Spike Spike Duplicate 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis-(2-choroethyl)ether 

1 ,3-dichlorobenzene 

1 ,4-diclorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol ( o-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

4-methylphenol (p-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethyl phthalate 

2,6-dinitrotoluene 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

U = Below quantitation limit 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

(mg/Kg dry wt) 

NA 

33 

33 

NA 

NA 

17 

NA 

NA 

NA 

NA 

NA 

17 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

17 

17 

NA 

NA 

NA 

33 

NA 

NA 

NA 

NA 

NA 

NA 

17 

NA 

NA 

17 

33 

NA 

NA 

NA 

33 

17 

Result 

(mg/Kg dry wt) 

u 
23 

22 

u 
u 

8.9 

u 
u 
u 
u 
u 
10 

u 
u 
u 
u 
u 
u 
u 
u 

9.6 

9.8 

u 
u 
u 
26 

u 
u 
u 
u 
u 
u 
10 

u 
u 
11 

22 

u 
u 
u 
28 

10 

Recovery Limit 

(%) (%) 

NA NA 

70 10-110 

68 20-110 

NA NA 

NA NA 

54 

NA 

NA 

NA 

NA 

NA 

62 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

58 

59 

NA 

NA 

NA 

79 

NA 

NA 

NA 

NA 

NA 

NA 

61 

NA 

NA 

64 

65 

NA 

NA 

NA 

85 

63 

30-150 

NA 

NA 

NA 

NA 

NA 

30-150 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

30-150 

30-150 

NA 

NA 

NA 

30-150 

NA 

NA 

NA 

NA 

NA 

NA 

30-150 

NA 

NA 

30-150 

30-150 

NA 

NA 

NA 

20-120 

30-150 

Page A of 

Result 

(mg/Kg dry wt) 

u 
23 

23 

u 
u 

9.1 

u 
u 
u 
u 
u 
11 

u 
u 
u 
u 
u 
u 
u 
u 

9.6 

9.8 

u 
u 
u 
26 

u 
u 
u 
u 
u 
u 
10 

u 
u 
10 

21 

u 
u 
u 
28 

10 

Recovery 

(%) 

NA 

71 

70 

NA 

NA 

54 

NA 

NA 

NA 

NA 

NA 

64 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

58 

59 

NA 

NA 

NA 

80 

NA 

NA 

NA 

NA 

NA 

NA 

61 

NA 

NA 

63 

65 

NA 

NA 

NA 

83 

62 

EnviroSystems, Inc. One Lafayette Road P.O. Box778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 

Limit 

(%) 

NA 

10-110 

20-110 

NA 

NA 

Diff 

(%) 

NA 

3 

NA 

NA 

30-150 1 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

30-150 4 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

30-150 

30-150 0 

NA NA 

NA NA 

NA NA 

30-150 2 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

30-150 1 

NA NA 

NA NA 

30-150 2 

30-150 

NA NA 

NA NA 

NA NA 

20-120 3 

30-150 2 

Limit 

(%) 

NA 

60 

60 

NA 

NA 

30 

NA 

NA 

NA 

NA 

NA 

30 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

30 

30 

NA 

NA 

NA 

40 

NA 

NA 

NA 

NA 

NA 

NA 

30 

NA 

NA 

30 

30 

NA 

NA 

NA 

40 

30 

www.envirosystems.com 
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Lab Nuniber: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

20509-061 
NBH_PH4SAP _PC13E_02D (Matrix Spike I Matrix Spike Duplicate) 
12/16/10 
12/31/10 
01/07/11 
Solid 

SEMIVOLATILE ORGANICS (Continued) 
Method Reference: SW846 8270 

Sample 

Result 

Amount 
Added 

Matrix Spike Spike Duplicate 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-chlorophenyl phenyl ether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b)fiuoranthene 

benzo(k)fiuoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g,h,i)perylene 

SURROGATE STANDARDS 

2-fluorophenol 

phenol-d5 

2,4,6-tribromophenol 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d14 

U = Below quantitation limit 

J7 = Estimate. MSD %RR above limit 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

MS 

Recovery 

77 

76 

166 

80 

78 

85 

J6 = Estimate. MS%R or MSD%R below limit 

EnviroSystems, Inc. One Lafayette Road 

(mg/Kg dry wt) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
33 
17 
17 
NA 
17 
17 
NA 
33 
NA 
17 
17 
NA 
NA 
NA 
17 
17 
17 
17 
17 
17 

Result Recovery Limit 

(mg/Kg dry wt) (%) (%) 

U NA NA 

U NA NA 

U NA NA 

U NA NA 

U NA NA 

U NA NA 

U NA NA 

U NA NA 

U NA NA 

26 77 30-150 

31 182 30-150 

30 179 30-150 

U NA NA 

29 173 30-150 

32 190 30-150 

U NA NA 

43 127 30-150 

U NA NA 

34 203 30-150 

32 188 30-150 

U NA NA 

1.4 NA NA 

U NA NA 

43 

39 

37 

37 

36 

36 

255 30-150 

230 30-150 

218 30-150 

221 30-150 

215 30-150 

217 30-150 

Result 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
26 

11 

11 

u 
12 

12 

u 
23 

u 
11 

11 

u 
2.1 

u 
15 

10 

9.8 

10 

9.9 

10 

MSD 

Recovery 

% 

Acceptance 

Limits 

80 

77 

161 

157 

161 

163 

Page 

% 

21-100 

10-102 

10-123 

35-114 

43-116 

33-141 

B of 

P.O. Box778 Hampton, NH 03842-0788 

Recovery Limit 

(%) (%) 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

79 30-150 

62 30-150 

64 30-150 

NA NA 

68 30-150 

67 30-150 

NA NA 

67 30-150 

NA NA 

65 30-150 

65 30-150 

NA NA 

NA NA 

NA NA 

Diff 

(%) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2 

99 

95 

NA 

88 

97 

NA 

64 

NA 

104 

98 

NA 

NA 

NA 

84 

60 

57 

59 

60 

58 

30-150 102 

30-150 118 

30-150 118 

30-150 116 

30-150 113 

30-150 116 

Limit 

(%) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

40 

30 

30 

NA 

30 

30 

NA 

30 

NA 

30 

30 

NA 

NA 

NA 

Qual 

J6J7 

J6J7 

J6J7 

J6J7 

J7 

J6J7 

J6J7 

30 J6J7 

30 J6J7 

30 J6J7 

30 J6J7 

30 J6J7 

30 J6J7 

603-926-3345 fax 603-926-3521 

ESI 

www.envirosystem~ 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

EnviroSystems, Inc. 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2 ,3' ,4 ,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl 

Surrogate Standards 

PCB 198 

One Lafayette Road Hampton, NH 03843-0778 

PB574S 
Laboratory Blank PB57 4S 
12/22/10 
12/22/10 
12/30/10 
Solid 
20 
5.00 

Concentration 
(ug/Kg) 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

Recovery 

(%) 

73 

Qualifier 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Advisory Limits 

( %) 
30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

Congener 
Number PCB Congener 

8 2,4'-dichlorobiphenyl 
18 2,2' ,5-trichlorobiphenyl 
28 2,4,4'-trichlorobiphenyl 
44 2,2',3,5'-tetrachlorobiphenyl 
49 2, 2' ,4,5'-tetrachlorobiphenyl 
52 2,2', 5,5'-tetrachlorobiphenyl 
66 2,3',4,4'-tetrachlorobiphenyl 
77 3,3',4,4'-tetrachlorobiphenyl 
87 2,2', 3,4 ,5'-pentachlorobiphenyl 
101 2 ,2' ,4,5,5'-pentachlorobiphenyl 
105 2,3,3' ,4,4'-pentachlorobiphenyl 
118 2, 3' ,4,4' ,5-pentachlorobiphenyl 
126 3,3',4,4',5-pentachlorobiphenyl 
128 2,2',3,3',4,4'-hexachlorobiphenyl 
138 2,2', 3 ,4,4', 5'-hexachlorobiphenyl 
153 2,2',4,4',5,5'-hexachlorobiphenyl 
156 2,3, 3' ,4,4' ,5-hexachlorobiphenyl 
169 3,3',4,4',5,5'-hexachlorobiphenyl 
170 2,2' ,3 ,3' ,4,4' ,5-heptachlorobiphenyl 
180 2,2',3,4,4',5,5'-heptachlorobiphenyl 
183 2,2' ,3,4,4' ,5', 6-heptachlorobiphenyl 
184 2,2',3,4,4',6,6'-heptachlorobiphenyl 
187 2,2' ,3,4' ,5,5', 6-heptachlorobiphenyl 
195 2,2',3,3',4,4',5,6-octachlorobiphenyl 
206 2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphen) 

Surrogate Standard 

198 2,2',3,3',4,5,5',6-octachlorobiphenyl 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 

LCS57 4S I LCSD57 4S 
Laboratory Control Sample Duplicate 
12/22/10 
12/22/10 
12/30/10 
Solid 
20 
5.00 
1 

LCS 
Concentratior Recovery 

(ug/Kg) 

3.26 
3.41 
3.8 
3.57 
3.97 
3.29 
3.95 
4.12 
3.92 
3.86 
4.08 
3.81 
3.57 
4.03 
4.14 
4.17 
4.13 
4.4 
3.91 
3.9 
4.1 
4.15 
3.81 
3.64 
3.69 
3.5 

(%) 

65 
68 
76 
71 
79 
66 
79 
82 
78 
77 
82 
76 
71 
81 
83 
83 
83 
88 
78 
78 
82 
83 
76 
73 
74 
70 

Recovery 

(%) 

74 

Recovery 
Limit 
(%) 

30- 150 
30 -150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

Advisory 

Limits 

( %) 

30- 150 

LCSD 
Concentration 

(ug/Kg) 

3.7 
3.7 
3.9 
4 

4.1 
3.5 
4.1 
4.1 
4.7 
4 

3.9 
4.2 
3.3 
3.9 
4.3 
4.2 
3.9 
3.5 
3.4 
3.8 
4.1 
4 

3.6 
3.7 
3.1 
3.4 

Recovery 
(%) 

74 
73 
78 
80 
81 
69 
82 
82 
93 
81 
78 
83 
65 
78 
86 
85 
77 
71 
67 
75 
83 
80 
72 
74 
62 
68 

Recovery 

(%) 

78 

Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 

Recovery 
Limit 
(%) 

30- 150 
30 -150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30-150 
30-150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

Advisory 

Limits 

( %) 

30- 150 

Relative RPD 
Difference Limit 

(%) (%) 

12 30 
7 30 
3 30 
11 30 
2 30 
5 30 
4 30 

30 
17 30 
4 30 
5 30 
9 30 
9 30 
3 30 
4 30 

30 
7 30 

22 30 
15 30 
3 30 

30 
4 30 
6 30 

30 
17 30 
3 30 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Lab Number: 20509-061 D 
Sample Designation: NBH_PH4SAP _PC13E_02D (Laboratory Duplicate) 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (% ): 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

Congener 
Number PCB Congener 

8 2,4'-dichlorobiphenyl 
18 2,2',5-trichlorobiphenyl 

28 2,4,4'-trichlorobiphenyl 
44 2,2',3,5'-tetrachlorobiphenyl 

49 2,2',4,5'-tetrachlorobiphenyl 

52 2,2',5,5'-tetrachlorobiphenyl 

66 2,3' ,4,4 '-tetrachlorobiphenyl 
77 3,3',4,4'-tetrachlorobiphenyl 

87 2,2',3,4,5'-pentachlorobiphenyl 
101 2,2',4,5,5'-pentachlorobiphenyl 
105 2,3,3',4,4'-pentachlorobiphenyl 
118 2,3',4,4',5-pentachlorobiphenyl 
126 3,3',4,4',5-pentachlorobiphenyl 
128 2,2',3,3',4,4'-hexachlorobiphenyl 
138 2,2',3,4,4',5'-hexachlorobiphenyl 
153 2,2',4,4',5,5'-hexachlorobiphenyl 
156 2,3,3',4,4',5-hexachlorobiphenyl 
169 3,3' ,4,4' ,5,5' -hexachlorobiphenyl 
170 2,2',3,3',4,4',5-heptachlorobiphenyl 
180 2,2',3,4,4',5,5'-heptachlorobiphenyl 
183 2,2',3,4,4',5',6-heptachlorobiphenyl 
184 2,2',3,4,4',6,6'-heptachlorobiphenyl 
187 2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
195 2,2',3,3',4,4',5,6-octachlorobiphenyl 
206 2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
209 2,2',3,3',4,4',5,5',6,6'-decachlorobipheny 

Surrogate Standard 

PCB 198 

U = Not detected at reporting limit. 

12/22/10 
12/22/10 
o4666 
Solid 
40 
20.00 
5.00 
5 

Duplicate 
Result 
(ug/Kg) 

73 
110 
390 
94 

230 
290 
370 
36 
140 
320 
120 
380 
1.3 
69 
300 
190 
31 
1.3 
32 
37 
12 
1.3 
25 
1.3 
2.1 
1.3 

Recovery 

(%} 

95 

Duplicate 
Qualifier 

u 

u 

u 

u 

u 

Sample 
Result 
(ug/Kg) 

92 
110 
410 
110 
250 
320 
390 
37 
140 
370 
140 
410 
2.1 
73 
330 
220 
31 
2.1 
32 
35 
14 
2.1 
27 
3.6 
3 

2.1 

Recovery 

(%) 
84 

Sample 
Qualifier 

u 

u 

u 

u 

NC = Not calculated due to one or more values less than five times the reporting limit. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

Relative 
Difference Limit 

(%) (%) 

23 30 
6 30 
5 30 
15 30 
8 30 
10 30 
5 30 
4 30 
0 30 
15 30 
19 30 
7 30 

NC 30 
5 30 
9 30 

14 30 
2 30 

NC 30 
1 30 
4 30 
11 30 
NC 30 
6 30 

NC 30 
NC 30 
NC 30 

Advisory Limits 

( %) 

30- 150 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Lab Number: 20509-061 MSD 
Sample Designation: NBH_PH4SAP _PC13E_02D (Matrix Spike Duplicate) 
Date Sampled: 12/22/10 
Date Extracted: 12/22/10 
Date Analyzed: 12/31/10 
Matrix: Solid 
Sample Amount (g): 20.00 
Final Volume (mL) 5.00 
Dilution Factor: 5.00 

Sample Amount MS Recovery MSD 
Congener Result Added Result Recovery Limit Result 
Number PCB Congener (ug/Kg) (ug/Kg) (ug/Kg) (%) (%) (ug/Kg) 

8 2,4'-dichlorobiphenyl 92 8.303 42.1 SNR 30- 150 6.3 
18 2,2' ,5-trichlorobiphenyl 110 8.303 54.0 SNR 30- 150 9.0 
28 2,4,4'-trichlorobiphenyl 410 8.303 212.0 SNR 30- 150 41.0 
44 2,2' ,3,5'-tetrachlorobiphenyl 110 8.303 45.2 SNR 30- 150 7.4 
49 2,2' ,4,5'-tetrachlorobiphenyl 250 8.303 117.0 SNR 30- 150 21.0 
52 2,2',5,5'-tetrachlorobiphenyl 320 8.303 152.0 SNR 30- 150 25.0 
66 2,3',4,4'-tetrachlorobiphenyl 390 8.303 165.0 SNR 30- 150 25.0 
77 3,3',4,4'-tetrachlorobiphenyl 37 8.303 24.5 OIL 30- 150 3.2 
87 2,2',3,4,5'-pentachlorobiphenyl 140 8.303 69.2 SNR 30- 150 10.0 
101 2,2',4,5,5'-pentachlorobiphenyl 370 8.303 160.0 SNR 30- 150 29.0 
105 2,3,3',4,4'-pentachlorobiphenyl 140 8.303 61.8 SNR 30- 150 7.8 
118 2,3' ,4,4' ,5-pentachlorobiphenyl 410.0 8.303 199.0 SNR 30- 150 30.0 
126 3,3' ,4,4' ,5-pentachlorobiphenyl NO 8.303 4.4 OIL 30- 150 0.9 
128 2,2' ,3,3' ,4,4'-hexachlorobiphenyl 73 8.303 33.2 SNR 30- 150 6.3 
138 2,2' ,3 ,4,4' ,5'-hexachlorobiphenyl 330 8.303 139.0 SNR 30- 150 25.0 
153 2 ,2' ,4 ,4' ,5 ,5' -hexachlorobiphenyl 220 8.303 94.1 SNR 30- 150 16.0 
156 2,3,3',4,4',5-hexachlorobiphenyl 31 8.303 15.1 OIL 30- 150 2.1 
169 3,3',4,4',5,5'-hexachlorobiphenyl NO 8.303 3.6 OIL 30- 150 0.7 
170 2,2',3,3',4,4',5-heptachlorobiphenyl 32 8.303 18.0 OIL 30- 150 3.2 
180 2,2',3,4,4',5,5'-heptachlorobiphenyl 35 8.303 19.5 OIL 30- 150 3.4 
183 2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 14 8.303 8.2 OIL 30- 150 1.4 
184 2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl NO 8.303 3.3 OIL 30- 150 0.6 
187 2,2',3,4',5,5',6-heptachlorobiphenyl 27 8.303 13.5 OIL 30- 150 2.2 
195 2,2',3,3',4,4',5,6-octachlorobiphenyl 3.6 8.303 4.7 OIL 30- 150 0.9 
206 2,2' ,3,3' ,4,4' ,5 ,5' ,6-nonachlorobiphenyl 3 8.303 4.9 OIL 30-150 0.9 
209 2,2',3,3',4,4',5,5',6,6'-decachlorobipheny NO 8.303 4.1 OIL 30- 150 1.1 

MS Advisory 
Surrogate Standard Recovery Limits 

(%) (%) 
PCB 198 OIL 30- 150 

NO = Not detected 

OIL= Not calculated due to sample dilution. 
SNR = Not calculated due to sample concentration. 

Recovery 
(%) 

SNR 
SNR 
SNR 
SNR 
SNR 
SNR 
SNR 
OIL 

SNR 
SNR 
SNR 
SNR 
OIL 

SNR 
SNR 
SNR 
OIL 
OIL 
OIL 
OIL 
OIL 
OIL 
OIL 
OIL 
OIL 
OIL 

MSD 
Recovery 

(%) 
OIL 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 

Recovery Relative 
Limit 
(%) 

30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30-150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

Advisory 
Limits 
(%) 

30- 150 

Difference 
(%) 

148 
143 
135 
144 
140 
143 
147 
153 
149 
139 
155 
147 
134 
136 
139 
141 
151 
132 
140 
141 
141 
137 
144 
137 
138 
117 

ESI 
www.envirosystems.com 

RPD 
Limit 
(%) 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 



TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

PB475W 
Laboratory Blank 
12/28/10 
12/28/10 
01/08/11 
Solid 
10 
0.5 
1 

Concentration 
(ug/g dry wt) 

u 
u 
u 

Recovery 
(%) 
108 
104 

Reporting 
Limit 

(ug/g dry wt) 

3 
3 
3 

Advisory Limits 
( %) 
30- 150 
30- 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Lab Number: 

Sample Designation: 

Date Sampled: 

Date Extracted: 

Date Analyzed: 

Matrix: 

Sample Amount (g): 

Final Volume (mL) 

Dilution Factor: 


Diesel Range Organics 


SURROGATE STANDARD 


o-terphenyl 

2-fluorobiphenyl 


U =Below quantitation limit 

LCS489W I LCSD489W 
Laboratory Control Sample Duplicate 
12/28/10 
12/28/10 
01/08/11 
Solid 
10 
0.5 
1 

True LCS Recovery LCSD Recovery Relative RPD 
Value Concentration Recovery Limit Concentration Recovery Limit Difference Limit 

(ug/g dry wt) (ug/g dry wt) (%) (%) (ug/g dry wt) (%) (%) (%) (%) 

125 126 101 30-150 117 93 30-150 7.4 30 

LCS Recovery LCSD Recovery Advisory Limits 
(%) (%) (%) 
105 109 30- 150 
105 108 30- 150 

ESI EnviroSystems, Inc. 



TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Lab Number: 

Sample Designation: 

Date Sampled: 

Date Extracted: 

Date Analyzed: 

Matrix: 

Sample Amount (g): 

Final Volume (mL) 

Dilution Factor: 


Diesel Range Organics 

Lube Oil Range Organics 

Total Petroleum Hydrocarbons 


SURROGATE STANDARD 


o-terphenyl 

2-fluorobiphenyl 


U =Below quantitation limit 

20509-061 

NBH_PH4SAP _PC13E_02D (Laboratory Duplicate) 

12/16/10 

12/28/11 

01/08/11 

Solid 

10 

0.5 

1 


Duplicate Duplicate Sample Sample 
Concentration Qualifier Concentration Qualifier 
(ug/g dry wt) (ug/g dry wt) 

20 u 20 u 

1100 1200 

20 u 20 u 


Duplicate Recovery Advisory Limits 

(%) (%) 

98 30- 150 

103 30- 150 


Relative 
Difference Limit 

(%) (%) 

NC 30-150 

9.5 30-150 

NC 30-150 


NC = Not calclulated due to one or more values below quantitation limit. 

ESI EnviroSystems, Inc. 



TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Lab Number: 

Sample Designation: 

Date Sampled: 

Date Extracted: 

Date Analyzed: 

Matrix: 

Sample Amount (g): 

Final Volume (mL) 

Dilution Factor: 


Diesel Range Organics 


SURROGATE STANDARD 


o-terphenyl 

2-fluorobiphenyl 


U =Below quantitation limit 


20509-061 
NBH_PH4SAP _PC13E_02D (Matrix Spike Duplicate) 
12/16/10 
12/28/11 
01/08/11 
Solid 
10 
0.5 

Sample Amount MS Recovery 
Concentration Added Concentration Recovery Limit 
(ug/g dry wt) (ug/g dry wt) (%) (%) (%) 

u 208 189 91 30-150 

MS Recovery Advisory Limits 
(%) (%) 
101 30- 150 
104 30- 150 

MSD 

Concentration 


(ug/mL) 


207 


MSD Recovery 

(%) 

99 

105 


Recovery Relative RPD 
Recovery Limit Difference Limit 

(%) (%) (%) (%) 

100 30-150 9.2 30 

Advisory Limits 
(%) 


30- 150 

30- 150 


ESI EnviroSystems, Inc. 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 1 

STUDY NO: 20509 
SDG No: 6690.009 

Project: NBH-South Terminal 6690.009 

Delivered via: ESI 
Date and Time Received: 12/16/10 1027 Date and Time Logged into Lab: 12/16/101150 

Recieved By: ow Logged into Lab by: LCB 

Air bill/ Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 6 Custody Seals intact? NA 
Number of COC Pages: 1 
COC Serial Number(s): NA 
COC Complete: Does the info on the COC match the samples? See Notes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field ID complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 
Client notification/authorization: Not required 

Bottle Req'd Verified 

Field ID Lab ID Mx Analysis Requested Pres'n Pres'n 

PC13E_01A 20509-001 w CGR680, Total Metals Hg; 2x1L G 4C Yes 
PC13E_01B 20509-002 w CGR680, Total Metals Hg; 2x1L G 4C Yes 
PC13E_01C 20509-003 w CGR680, Total Metals Hg; 2x1L G 4C Yes 
PC13E_02A 20509-004 w CGR680, Total Metals Hg; 2x1L G 4C Yes 
PC13E_02B 20509-005 w CGR680, Total Metals Hg; 2x1L G 4C Yes 
PC13E_01A 20509-006 w SVOC8270C 1L G 4C Yes 
PC13E_01B 20509-007 w SVOC8270C 1L G 4C Yes 
PC13E_01C 20509-008 w SVOC8270C 1L G 4C Yes 
PC13E_02A 20509-009 w SVOC8270C 1L G 4C Yes 
PC13E_02B 20509-010 w SVOC8270C 1L G 4C Yes 
PC13E_01A 20509-011 w TPH8100 1L G HCI Yes 
PC13E_01 B 20509-012 w TPH8100 1L G HCI Yes 
PC13E_01C 20509-013 w TPH8100 1L G HCI Yes 
PC13E_02A 20509-014 w TPH8100 1L G HCI Yes 
PC13E_02B 20509-015 w TPH8100 1L G HCI Yes 
PC13E_01A 20509-016 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P HN03 Yes 
PC13E_01 B 20509-017 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P HN03 Yes 
PC13E_01C 20509-018 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P HN03 Yes 
PC13E_02A 20509-019 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P HN03 Yes 
PC13E_02B 20509-020 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P HN03 Yes 

Notes and qualifications: 

CGR680 =NOAA 22 Congener List. Hg subsampled into 125mL G and preserved with HCI upon receipt. TPH samples preserved with HCI upor 
receipt. Total Metals preserved with HN03 upon receipt. Sample jars were each given unique ESI lab 10 numbers so as to separate them by 
the Field 10 and the analysis requested on each, and because they were preserved by different means or sampled into different bottle types. 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 
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SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 3 

STUDY NO: 20509 
SDG No: 6690.009 

Project: NBH-South Terminal 6690.009 

Delivered via: ESI 
Date and Time Received: 12/17/10 0700 Date and Time Logged into Lab: 12/17/101200 

Recieved By: ow Logged into Lab by: LCB 

Air bill/ Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 1 Custody Seals intact? NA 
Number of COG Pages: 2 
COG Serial Number(s): NA 
COG Complete: Does the info on the COG match the samples? See Notes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field ID complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COG Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 
Client notification/authorization: Not required 

Bottle Req'd Verified 

Field ID Lab ID Mx Analysis Requested Pres'n Pres'n 

NBH_PH4SAP_PC13E_02C 20509-021 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_03A 20509-022 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_03B 20509-023 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_03C 20509-024 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_04A 20509-025 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_04A_D 20509-026 w CGR680 3x1L G 4C Yes 
NBH_PH4SAP_PC13E_04B 20509-027 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_04C 20509-028 w CGR680 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_02C 20509-029 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_03A 20509-030 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_03B 20509-031 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_03C 20509-032 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_04A 20509-033 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_04A_D 20509-034 w SVOC8270C 3x1L G 4C Yes 
NBH_PH4SAP_PC13E_04B 20509-035 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_04C 20509-036 w SVOC8270C 2x1L G 4C Yes 
NBH_PH4SAP_PC13E_02C 20509-037 w TPH8100 1L G H2S04 Yes 
NBH_PH4SAP_PC13E_03A 20509-038 w TPH8100 1L G H2S04 Yes 
NBH_PH4SAP_PC13E_03B 20509-039 w TPH8100 1L G H2S04 Yes 
NBH_PH4SAP_PC13E_03C 20509-040 w TPH8100 1L G H2S04 Yes 
NBH_PH4SAP_PC13E_04A 20509-041 w TPH8100 1L G H2S04 Yes 
NBH_PH4SAP_PC13E_04A_D 20509-042 w TPH8100 3x1L G H2S04 Yes 
NBH PH4SAP PC13E 04B 20509-043 w TPH8100 1L G H2S04 Yes 

Notes and qualifications: 

CGR680 = NOAA 22 Congener List. 
Sample jars were each given unique ESI lab 10 numbers so as to separate them by the Field 10 and the analysis requested on each, 
and because they were preserved by different means or sampled into different bottle types. 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 {603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 3 

STUDY NO: 
SDG No: 

20509 
6690.009 

Project: 

Delivered via: 

NBH-South Terminal 6690.009 

ESI 
Date and Time Received: 12/17/10 0700 

ow Recieved By: 

Air bill/ Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 1 
Number of COG Pages: 2 
COG Serial Number(s): NA 
COG Complete: 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COG Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

12/17/101200 

LCB 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COG match the samples? See Notes 
Were sample·s received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of heads pace? NA 

Field ID LabiD Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

NBH_PH4SAP_PC13E_04C 20509-044 w TPH8100 1L G 4C Yes 
NBH_PH4SAP_PC13E_02C 20509-045 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 4C Yes 
NBH_PH4SAP_PC13E_03A 20509-046 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 4C Yes 
NBH_PH4SAP_PC13E_03B 20509-047 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 4C Yes 
NBH_PH4SAP_PC13E_03C 20509-048 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 4C Yes 
NBH_PH4SAP_PC13E_04A 20509-049 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 4C Yes 
NBH_PH4SAP_PC13E_04A_D 20509-050 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 4C Yes 
NBH_PH4SAP_PC13E_04B 20509-051 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 4C Yes 
NBH_PH4SAP_PC13E_04C 20509-052 w Total Metals Sb,As,Be,Cd,Cr,Cu,Pb,Ni,Se,Ag,TI,Zn; 250mL P 4C Yes 
NBH_PH4SAP_PC13E_02C 20509-053 w Total Metals Hg; 125mL G 4C Yes 
NBH_PH4SAP_PC13E_03A 20509-054 w Total Metals Hg; 125mL G 4C Yes 
NBH_PH4SAP_PC13E_03B 20509-055 w Total Metals Hg; 125mL G 4C Yes 
NBH_PH4SAP_PC13E_03C 20509-056 w Total Metals Hg; 125mL G 4C Yes 
NBH_PH4SAP_PC13E_04A 20509-057 w Total Metals Hg; 125mL G 4C Yes 
NBH_PH4SAP_PC13E_04A_D 20509-058 w Total Metals Hg; 125mL G 4C Yes 
NBH_PH4SAP_PC13E_04B 20509-059 w Total Metals Hg; 125mL G 4C Yes 
NBH_PH4SAP_PC13E_04C 20509-060 w Total Metals Hg; 125mL G H2S04 Yes 
NBH_PH4SAP_PC13E_02D 20509-061 s CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 2x8oz H2S04 Yes 
NBH_PH4SAP_PC13E_02E 20509-062 s HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 2x8oz H2S04 Yes 
NBH_PH4SAP_PC13E_02F 20509-063 s HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 2x8oz H2S04 Yes 
NBH_PH4SAP_PC13E_03D 20509-064 s CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 2x8oz H2S04 Yes 
NBH_PH4SAP_PC13E_03E 20509-065 s HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 2x8oz H2S04 Yes 
NBH PH4SAP PC13E 040 20509-066 s CGR680, SVOC8270C, TPH81 00, Total Metals Sb,As,Be, 2x8oz H2S04 Yes 

Notes and qualifications: 

CGR680 = NOAA 22 Congener List. 
Sample jars were each given unique ESI lab ID numbers so as to separate them by the Field ID and the analysis requested on each, 
and because they were preserved by different means or sampled into different bottle types. 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 3 

STUDY NO: 
SDG No: 

20509 
6690.009 

Project: 

Delivered via: 

NBH-South Terminal 6690.009 

ESI 
Date and Time Received: 12/17/10 0700 

ow Recieved By: 

Air bill I Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 1 
Number of COG Pages: 2 
COG Serial Number(s): NA 
COG Complete: 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COG Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

12/17/10 1200 

LCB 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COG match the samples? See Notes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field ID Lab ID Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

NBH_PH4SAP_PC13E_04E 
NBH_PH4SAP_PC13E_04F 
NBH_PH4SAP_PC13E_04G 

Notes and qualifications: 

20509-067 s 
20509-068 s 
20509-069 s 

CGR680 = NOAA 22 Congener List. 

HOLD for CGR680, SVOC8270C, TPH81 00, Total Metals 2x8oz 
HOLD for CGR680, SVOC8270C, TPH81 00, Total Metals 2x8oz 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 2x8oz 

4C 
4C 
4C 

Sample jars were each given unique ESIIab ID numbers so as to separate them by the Field ID and the analysis requested on each, 
and because they were preserved by different means or sampled into different bottle types. 

Yes 
Yes 
Yes 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 
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STUDY NO: 
SDG No: 

20509 
6690.009 

Project: NBH-South Terminal 6690.009 

Delivered via: ESI 
Date and Time Received: 12/20/1 0 0940 

DW Recieved By: 

Air bill/ Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 6 
Number of COC Pages: 2 
COC Serial Number(s): NA 
COC Complete: 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

12/20/10 1100 

LCB Lffi 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field ID Lab ID Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

NBH_PH4SAP_PC13E_01D 
NBH_PH4SAP_PC13E_01E 
NBH_PH4SAP_PC13E_01F 
NBH_PH4SAP_PC13E_01G 
NBH_PH4SAP_PC13E_01A 
NBH_PH4SAP_PC13E_01B 
NBH_PH4SAP_PC13E_01C 
NBH_PH4SAP_PC13E_03A 
NBH_PH4SAP_PC13E_03B 
NBH_PH4SAP_PC13E_03C 
NBH_PH4SAP_PC13E_08A 
NBH_PH4SAP_PC13E_08B 
NBH_PH4SAP_PC13E_14A 
NBH_PH4SAP_PC13E_14B 

Notes and qualifications: 

20509-070 
20509-071 
20509-072 
20509-073 
20509-074 
20509-075 
20509-076 
20509-077 
20509-078 
20509-079 
20509-080 
20509-081 
20509-082 
20509-083 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH81 00, Total Metals 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH81 00, Total Metals 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH81 00, Total Metals 16oz G 4C Yes 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 
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STUDY NO: 
SDG No: 

20509 
6690.009 

Project: NBH-South Terminal6690.009 

Delivered via: ESI 
Date and Time Received: 12/21/10 1120 

DW Recieved By: 

Air bill/ Way bill: No 
Cooler on ice/packs: No 
Cooler Blank Temp (C) at arrival: 10 
Number of COC Pages: 1 
COC Serial Number(s): NA 
COC Complete: 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

12/21/10 1300 

LCB LC~ 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field ID Lab ID Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

NBH_PH4SAP_PC13E_02A 
NBH_PH4SAP _PC13_02A 
NBH_PH4SAP _PC13_04A 
NBH_PH4SAP_PC13_07A 
NBH_PH4SAP_PC13_23A 
NBH_PH4SAP_PC13_32A 
NBH_PH4SAP_PC13_32B 
NBH_PH4SAP_PC13_32C 
NBH_PH4SAP_PC13_33A 

Notes and qualifications: 

20509-084 
20509-085 
20509-086 
20509-087 
20509-088 
20509-089 
20509-090 
20509-091 
20509-092 

s 
s 
s 
s 
s 
s 
s 
s 
s 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 

CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
HOLD for CGR680, SVOC8270C, TPH8100, Total Metals 16oz G 4C Yes 
CGR680, SVOC8270C, TPH8100, Total Metals Sb,As,Be, 16oz G 4C Yes 

Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 
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Chet Myers 
Apex Companies LLC 
184 High Street 
Suite 502 
Boston, MA 02110 

Project: NBH-South Terminal6690 

PO Number: 
Report Number: 
Date Received: 
Date Reported: 

None 
20612 
01/28/11 
02/09/11 

Attached please find results for analyses performed on samples received on 01/28/11 at 1110. 

Samples were received in acceptable condition and under chain of custody. 

Instruments used in analysis were calibrated with the appropriate frequency and to the 
specifications of the referenced methods. 

Analytes in blanks were below levels affecting sample results. 

Matrix effects as monitored by matrix spike recovery or unusual physical properties were not 
apparent. 

Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits. 

Authorized 
Signature 

Attachment 
Report 

Date. __ ?-=
1
+-/_...'7+-,L-H-t( __ _ 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3' ,4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2,3, 3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3, 3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4', 5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5, 5', 6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-001 
NBH_PH4SAP _PC38 0-1 
01/18/111227 
01/31/11 
02/04/11 
Solid 
45 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

11 
21 
72 
47 
56 
130 
39 
4.4 
58 
130 
44 
130 
0.45 u 
36 
150 
64 
11 

0.45 u 
13 
12 
3.9 
0.45 u 
7.9 
0.94 
1.8 
1.1 

1900 

Advisory 
Recovery Limits 

(%) ( %) 

76 30-150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3, 5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3' ,4,4'-tetrachlorobiphenyl 
2,2', 3,4, 5' -pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4', 5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4' ,5, 5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4, 4' ,5, 5' -heptachlorobiphenyl 
2,2', 3, 4, 4', 5', 6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-002 
NBH_PH4SAP _PC34 0-1 
01/18/11 1300 
01/31/11 
02/08/11 
Solid 
44 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

9.3 
25 
51 
60 
68 
160 
49 
1.3 
98 

200 
68 

200 
0.45 u 
42 
170 
110 
15 

0.45 u 
15 
16 
6 

0.45 u 
8.6 

0.45 u 
1.8 

0.72 

2400 

Advisory 

Recovery Limits 

(%) ( %) 

73 30-150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3' ,4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2, 3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4,4', 5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5, 5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5', 6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6, 6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5', 6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4', 5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-007 
NBH_pH4SAP _PC39 0-1 
01/18/111351 
01/31/11 
02/08/11 
Solid 
54 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

130 
140 
480 
180 
270 
330 
400 
0.54 u 
170 
420 
170 
520 
0.54 u 
67 

300 
240 
24 

0.54 u 
30 
31 
12 

0.54 u 
24 
2.3 
2.8 
1.3 

7200 

Advisory 
Recovery Limits 

(%) ( %) 

54 30-150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4', 5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5, 5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6, 6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5, 6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5, 5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-012 
NBH_PH4SAP _PC40 0-1 
01/18/11 1421 
01/31/11 
02/08/11 
Solid 
58 
20 
5.0 
3 

Concentration Qualifier 
(ug/Kg) 

200 
170 
820 
230 
400 
540 
550 
76 

260 
660 
330 
920 
1.8 u 
150 
570 
440 
53 
1.8 u 
56 
64 
20 
1.8 u 
47 
5.3 
5.3 
1.8 u 

12000 

Advisory 

Recovery Limits 

(%) ( %) 

104 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5, 5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4', 6,6'-heptachlorobiphenyl 
2,2' ,3,4', 5, 5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-014 
NBH_PH4SAP _PC35 0-6" 
01/19/11 0927 
01/31/11 
02/07/11 
Solid 
41 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

68 
72 

270 
90 
170 
230 
190 
25 
95 

270 
110 
300 
0.42 u 
63 

230 
170 
21 

0.42 u 
26 
26 
8.4 
0.42 u 
18 
1.5 
2.8 
2.2 

4400 

Advisory 
Recovery Limits 

(%) ( %) 

108 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2', 5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3' ,4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2' ,4, 5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2 ,2' ,3 ,3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4, 4' ,5' -hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4', 5,5'-hexachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5, 5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5, 5', 6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-015 
NBH_PH4SAP _PC41 0-1 
01/19/111048 
01/31/11 
02/07/11 
Solid 
33 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

30 
33 

100 
33 
61 
94 
48 
3.8 
26 
85 
26 
90 

0.37 u 
14 
63 
47 
5.4 
0.37 u 
6.2 
6.8 
2.9 
0.37 u 

5 
0.37 u 
0.79 
0.37 u 

1400 

Advisory 

Recovery Limits 

(%) ( %) 

75 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3, 5'-tetrachlorobiphenyl 
2,2' ,4, 5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2, 3' ,4,4'-tetrachlorobiphenyl 
3, 3' ,4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5 ,5' -hexachlorobiphenyl 
2,3, 3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6, 6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5, 6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5', 6-nonachlorobiphenyl 

* 

209 2,2' ,3,3',4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-020 
NBH_PH4SAP _PC37 0-0.5" 
01/19/111116 
01/31/11 
02/07/11 
Solid 
29 
20 
5.0 

Concentration 
(ug/Kg) 

22 
25 
59 
25 
48 
76 
38 
3.6 
24 
67 
21 
66 

0.35 
13 
47 
38 
3.8 

0.35 
5.7 
5 

2.2 
0.35 
4.1 
0.86 
0.52 
0.77 

1100 

Recovery 

(%) 

82 

Qualifier 

u 

u 

u 

Advisory 

Limits 

(%) 
30-150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 

52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 

156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2.4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3' ,4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4, 5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4.4', 5,5'-hexachlorobiphenyl 
2,3, 3' ,4,4' ,5-hexachlorobiphenyl 

3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3,4,4', 5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4', 5, 5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-021 
NBH_PH4SAP _PC13_11 0-0.5" 
01/19/111131 
01/31/11 
02/07/11 
Solid 
24 
20 
5.0 

Concentration Qualifier 
(ug/Kg) 

14 
19 

51 
25 
44 
79 
28 
3.7 

26 
67 
18 
68 

0.33 u 
12 
48 
37 

4.2 
0.33 u 
5.3 
5.3 
2.4 
0.33 u 
3.8 

0.33 u 
0.7 

0.46 

1000 

Advisory 

Recovery Limits 

(%) (%) 
88 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2 ,3' ,4,4'-tetrachlorobi phenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2, 3,3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3 ,3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3, 3' ,4, 4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3,4, 4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4, 4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-022 
NBH_PH4SAP _PC30 0-1 
01/19/111144 
01/31/11 
02/07/11 
Solid 
49 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

58 
83 

270 
120 
200 
330 
180 
5.4 
170 
360 
120 
380 
0.49 u 
66 
300 
200 
26 

0.49 u 
31 
28 
10 

0.49 u 
21 
2.2 
3.4 
1.3 

5300 

Advisory 
Recovery Limits 

(%) (%) 

87 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 

195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2', 5-trichlorobiphenyl 

2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2' ,4, 5, 5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4' -hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5' -hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3, 3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4', 6,6'-heptachlorobiphenyl 

2,2', 3,4', 5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5, 6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2' ,3, 3' ,4,4', 5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-029 
NBH_PH4SAP _PC31 0-1 
01/19/111236 
01/31/11 
02/07/11 
Solid 
57 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

150 
140 

510 
170 
300 
400 
360 
41 
190 
460 
160 

580 
0.58 u 
100 

370 
300 
33 

0.58 u 
42 
44 
13 

0.58 u 
29 

3.6 
4.4 
2 

8000 

Advisory 

Recovery Limits 

(%) ( %) 

95 30-150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4, 4', 6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5', 6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-032 
DUP 1 
01/19/11 
01/31/11 
02/07/11 
Solid 
58 
20 
5.0 
1 

Concentration 
(ug/Kg) 

150 
170 
530 
180 
310 
420 
380 
39 
190 
480 
170 
600 
0.6 
100 
380 
310 
35 
0.6 
42 
44 
14 
0.6 
29 
5.3 
3.8 
2.2 

8300 

Recovery 

(%) 

88 

Qualifier 

u 

u 

u 

Advisory 
Limits 

( %) 

30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 

3,3' ,4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4,5, 5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4', 5-pentachlorobiphenyl 
3,3' ,4,4', 5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4', 5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4', 6,6'-heptachlorobiphenyl 

2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4', 5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-033 
NBH_PH4SAP _PC29 0-1 
01/19/11 1259 
01/31/11 
02/07/11 
Solid 
57 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

210 
200 
810 
250 
430 
550 
590 
96 

280 
710 

260 
840 
0.58 u 
170 
650 
440 
71 

0.58 u 
71 
70 
25 

0.58 u 
51 
5.9 
6.7 
2 

12000 

Advisory 

Recovery Limits 

(%) ( %) 

114 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3' .4.4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3, 3' ,4, 4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4, 4', 6,6' -heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5, 5' ,6, 6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-038 
NBH_PH4SAP _PC26 0-1 
01/19/111335 
01/31/11 
02/07/11 
Solid 
59 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

200 
250 
960 
350 
500 
670 
760 
140 
370 
850 
340 
1100 
0.61 u 
190 
770 
490 
68 

0.61 u 
79 
85 
27 

0.61 u 
57 
5.2 
8 

2.9 

15000 

Advisory 

Recovery Limits 

(%) (%) 

82 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 

118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 

187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 

2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 

2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2, 3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4', 5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3, 3' ,4,4', 5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-042 
NBH_PH4SAP _PC25 0-1 
01/19/111400 
01/31/11 
02/07/11 
Solid 
49 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

75 
100 
340 
140 
210 
320 
230 
12 

150 
350 
150 
370 
0.49 u 
49 

280 

200 
18 

0.49 u 
33 
31 
9.9 
0.49 u 
20 
2.3 
3.8 
1.3 

5600 

Advisory 

Recovery Limits 

(%) ( %) 

96 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5' -hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6, 6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5', 6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-044 
NBH_PH4SAP _PC24 0-0.5" 
01/19/111427 
01/31/11 
02/07/11 
Solid 
23 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

2.1 
2.8 
14 
3.9 
8.5 
11 
6.1 
0.33 u 
3.3 
10 
2.6 
12 

0.33 u 
2.4 
9.2 
7.6 
0.84 
0.33 u 
0.85 
0.88 
0.36 
0.33 u 
0.83 
0.33 u 
0.33 u 
0.33 u 

190 

Advisory 

Recovery Limits 

(%) ( %) 

78 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 

28 
44 

49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 

2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 

3,3' ,4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3, 3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4', 5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5', 6-heptachlorobiphenyl 
2,2' ,3,4,4', 6, 6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5, 6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5, 5' ,6-nonachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-045 
DUP 2 
01/19/11 
01/31/11 
02/07/11 
Solid 
25 
20 
5.0 
1 

Concentration 
(ug/Kg) 

2.1 
2.8 
15 
4.4 
9.2 

13 
6.3 

0.33 
3.3 
11 
3.1 
14 

0.33 
2.3 

9.7 
8.6 

0.73 
0.33 

1.1 
0.48 
0.33 
0.97 
0.33 
0.33 
0.33 

210 

Recovery 

(%) 

80 

Qualifier 

u 

u 

u 

u 

u 
u 
u 

Advisory 

Limits 

( %) 

30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 

169 
170 

180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 

3,3',4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4,5, 5'-pentachlorobiphenyl 
2,3,3' ,4,4' -pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3, 3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2', 3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2, 3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 

2,2' ,3,4,4', 5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 

* 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-046 
NBH_PH4SAP _PC22 0-1 
01/19/111504 
01/31/11 
02/08/11 
Solid 
34 
20 
5.0 
3 

Concentration 
(ug/Kg) 

98 
160 
520 
240 
300 
500 
340 

30 
220 
510 
190 
570 
1.1 
110 
450 
280 
33 
1.1 
44 
43 

16 
1.1 
28 
3 

2.8 
1.1 

8500 

Recovery 

(%) 

99 

Qualifier 

u 

u 

u 

u 

Advisory 

Limits 

( %) 

30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 

105 
118 
126 
128 
138 
153 
156 
169 
170 
180 

183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 

2, 3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2', 3, 3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3, 3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4' ,5, 5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5, 5'-heptachlorobiphenyl 

2,2' ,3,4,4' ,5', 6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6, 6'-heptachlorobiphenyl 
2,2' ,3,4', 5,5', 6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2' ,3,3',4,4' ,5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-048 
NBH_PH4SAP _PC21 0-.5' 
01/20/11 1000 
01/31/11 
02/07/11 
Solid 
24 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

2.4 
3.1 
14 
4.2 
9.4 
13 
6.5 

0.33 u 
3.8 
13 

3.4 
15 

0.33 u 
2.7 
11 
9.1 
0.74 
0.33 u 
1.1 
1.2 

0.51 

0.33 u 

0.35 
0.39 
0.47 

220 

Advisory 

Recovery Limits 

(%) ( %) 

79 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5' -hexachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-049 
DUP 1-20 
01/20/11 
01/31/11 
02/08/11 
Solid 
23 
20 
5.0 
1 

Concentration 
(ug/Kg) 

2.5 
4.1 
16 
5.3 
12 
17 
9.3 
0.91 
4.9 
16 
3.8 
18 

0.32 
3 
13 
11 

0.95 
0.32 
1.5 
1.4 

0.54 
0.32 
1.1 

0.32 
0.32 
0.32 

270 

Recovery 

(%) 

83 

Qualifier 

u 

u 

u 

u 
u 
u 

Advisory 

Limits 

( %) 

30-150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 

44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 

156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3, 5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3' ,4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3,3', 4,4' -hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 

2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4', 5-heptachlorobiphenyl 
2,2', 3,4, 4' ,5, 5'-heptachlorobiphenyl 
2,2' ,3,4, 4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-050 
NBH_PH4SAP _PC18 0-.5' 
01/20/111045 
01/31/11 
02/08/11 
Solid 
28 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

14 
22 
64 
30 
45 

74 
47 
5.3 
32 

83 
35 
84 

0.34 u 
19 
67 

47 
5.7 
0.34 u 
8.3 
7.1 
2.3 

0.34 u 
5 

1.1 
0.93 
0.68 

1300 

Advisory 

Recovery Limits 

(%) ( %) 

83 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2', 5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2', 3,4,4' ,6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-051 
NBH_PH4SAP _PC17 0-.5' 
01/20/111109 
01/31/11 
02/04/11 
Solid 
25 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

4.7 
9.6 
33 
12 
27 
38 
21 
2.9 
12 
38 
11 
45 

0.33 u 
8.6 
39 
25 
2.5 
0.33 u 
3.9 
4.6 
1.5 

0.33 u 
3.4 

0.33 u 
0.33 u 
0.48 

630 

Advisory 
Recovery Limits 

(%) (%) 

120 30-150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 

52 
66 
77 
87 
101 

105 
118 
126 
128 

138 
153 
156 
169 
170 
180 
183 
184 
187 

195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 

2, 2' ,3, 5'-tetrachlorobiphenyl 
2,2' ,4, 5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 

2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2, 3,3' ,4,4' ,5-hexachlorobiphenyl 
3, 3' ,4,4' ,5, 5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2', 3,4,4' ,5', 6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 

2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 

* 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-052 
NBH_PH4SAP _PC16 0-1' 
01/20/111125 
01/31/11 
02/08/11 
Solid 
43 
20 
5.0 
3 

Concentration 
(ug/Kg) 

46 
120 
240 
190 
180 

390 
180 
22 

260 
580 
210 
530 
1.3 
110 
460 
270 
39 
1.3 
47 
43 
15 
1.3 
25 
4.4 
6.1 
3.3 

6900 

Recovery 

(%) 

88 

Qualifier 

u 

u 

u 

Advisory 

Limits 

( %) 

30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2, 2', 4, 5' -tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2, 3, 3', 4, 4' -pentachlorobiphenyl 
2, 3', 4, 4', 5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2, 2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2, 2' ,3, 3' ,4,4', 5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4', 5, 5', 6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 

* 

* 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-053 
NBH_PH4SAP _PC15 0-1 
01/20/111148 
01/31/11 
02/08/11 
Solid 
46 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

39 
61 

260 
92 

200 
270 
160 
0.47 u 
74 

250 
130 
340 
0.47 u 
50 

200 
190 
18 

0.47 u 
23 
26 
8.1 

0.47 u 
20 
1.7 
3.4 
1.6 

4400 

Advisory 
Recovery Limits 

(%) ( %) 

124 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3, 5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4, 5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4', 5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-054 
NBH_PH4SAP _PC13 0-1 
01/20/11 1215 
01/31/11 
02/08/11 
Solid 
50 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

25 
45 

200 
61 
140 
200 
91 
6.7 
47 
180 
51 

190 
0.5 u 
41 
140 
120 
7.3 
0.5 u 
18 
18 
5.5 
0.5 u 
14 
1.2 
1.7 
1.1 

3000 

Advisory 

Recovery Limits 

(%) ( %) 

100 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 

118 
126 

128 
138 
153 
156 
169 
170 
180 
183 
184 

187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2, 3' ,4,4'-tetrachlorobiphenyl 
3,3' ,4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 

2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 

2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2 ,2' ,4,4' ,5 ,5' -hexachlorobi phenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5, 5'-heptachlorobiphenyl 
2,2', 3,4, 4', 5', 6-heptachlorobiphenyl 

2,2' ,3,4,4', 6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5', 6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4', 5,5' ,6-nonachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-058 
NBH_PH4SAP _PC12 0-1 
01/20/111328 
01/31/11 
02/08/11 
Solid 
59 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

48 
68 

290 
97 

210 
280 
170 
11 
96 

280 
110 

360 
0.6 u 
63 

230 
210 
27 
0.6 u 
28 
29 

9 
0.6 u 
26 
2 

3.7 
1.6 

4800 

Advisory 

Recovery Limits 

(%) ( %) 

105 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3, 5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3' ,4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3, 3' ,4,4', 5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3, 3' ,4,4', 5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2', 3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5, 5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5', 6-heptachlorobiphenyl 
2,2' ,3,4,4', 6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5', 6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4', 5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-059 
NBH_PH4SAP _PC11 0-1 
01/20/111400 
01/31/11 
02/08/11 
Solid 
56 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

44 
74 

270 
82 

200 
230 
150 
10 
69 

230 
190 
270 
0.57 u 
51 
190 
170 
21 

0.57 u 
23 
21 
9.3 
0.57 u 
19 
1.6 
4.1 
1.3 

4100 

Advisory 

Recovery Limits 

(%) (%) 

105 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2' ,5, 5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4' ,5, 5'-hexachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 

* 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-060 
NBH_pH4SAP _pC10 0-1 
01/20/11 1440 
01/31/11 
02/08/11 
Solid 
58 
20 
5.0 
1 

Concentration 
(ug/Kg) 

47 
77 

330 
110 
220 
290 
190 
11 

110 
280 
110 
400 
0.59 
73 

240 
200 
26 

0.59 
30 
29 
8.9 
0.59 
24 
2.5 
4 

1.6 

5100 

Recovery 

(%) 

91 

Qualifier 

u 

u 

u 

Advisory 

Limits 

(%) 
30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 

44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 

2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3'.4.4'-tetrachlorobiphenyl 
3,3' .4.4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 

2,3,3' .4.4'-pentachlorobiphenyl 
2, 3' ,4,4' ,5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4', 6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5', 6-nonachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5', 6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20612-063 
NBH_PH4SAP _PC09 0-1 
01/20/111500 
01/31/11 
02/08/11 
Solid 
65 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

69 
94 

390 
130 
290 

430 
240 
0.71 u 
110 

360 
260 
530 
0.71 u 
85 

300 
310 
22 

0.71 u 
38 
40 
13 

0.71 u 
34 
3.3 
3.7 
1.8 

6800 

Advisory 

Recovery Limits 

(%) ( %) 

119 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

EnviroSystems, Inc. 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2 ,3' ,4 ,4' -tetrachlorobiphenyl 
3,3' ,4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobiphenyl 

Surrogate Standards 

PCB 198 

One Lafayette Road Hampton, NH 03843-0778 

PB578S 
Laboratory Blank PB578S 
01/31/11 
01/31/11 
02/03/11 
Solid 
20 
5.00 
1 

Concentration 
(ug/Kg) 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

Recovery 

(%) 

82 

Qualifier 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Advisory Limits 

( %) 
30- 150 

603-926-3345 fax 603-926-3521 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

Congener 
Number PCB Congener 

8 2,4'-dichlorobiphenyl 

18 2,2',5-trichlorobiphenyl 
28 2,4,4'-trichlorobiphenyl 

44 2,2',3,5'-tetrachlorobiphenyl 

49 2,2',4,5'-tetrachlorobiphenyl 

52 2,2',5,5'-tetrachlorobiphenyl 

66 2,3',4,4'-tetrachlorobiphenyl 

77 3,3',4,4'-tetrachlorobiphenyl 

87 2,2',3,4,5'-pentachlorobiphenyl 
101 2,2',4,5,5'-pentachlorobiphenyl 
105 2,3,3',4,4'-pentachlorobiphenyl 
118 2, 3' ,4,4' ,5-pentachlorobiphenyl 
126 3, 3' ,4,4', 5-pentach lorobiphenyl 
128 2,2' ,3 ,3' ,4,4'-hexachlorobiphenyl 
138 2,2',3,4,4',5'-hexachlorobiphenyl 
153 2,2',4,4',5,5'-hexachlorobiphenyl 
156 2,3,3',4,4',5-hexachlorobiphenyl 
169 3,3' ,4,4' ,5,5' -hexachlorobiphenyl 
170 2,2',3,3',4,4',5-heptachlorobiphenyl 
180 2,2',3,4,4',5,5'-heptachlorobiphenyl 
183 2,2',3,4,4',5',6-heptachlorobiphenyl 
184 2,2',3,4,4',6,6'-heptachlorobiphenyl 
187 2,2',3,4',5,5',6-heptachlorobiphenyl 
195 2,2',3,3',4,4',5,6-octachlorobiphenyl 
206 2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphen) 

Surrogate Standard 

198 2,2',3,3',4,5,5',6-octachlorobiphenyl 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 

LCS578S I LCSD578S 
Laboratory Control Sample Duplicate 
01/31/11 
01/31/11 
02/03/11 
Solid 
20 
5.00 
1 

LCS 
Concentratior Recovery 
(ug/Kg) 

4.9 
4.3 
4.7 
4.7 
4.3 
4.9 
5.0 
5.2 
5.2 
4.9 
4.8 
4.9 
4.6 
4.5 
4.9 
4.5 
4.6 
5.4 
4.4 

4.3 
4.3 
4.7 
4.2 
5.4 
5.4 
5.5 

(%) 

97 
86 
93 

93 
86 
98 
101 

104 
104 
99 
95 
97 
93 
89 
98 
89 
92 
108 
87 
86 
85 
94 
84 
107 
108 
110 

Recovery 

(%) 

86 

Recovery 
Limit 
(%) 

30- 150 
30- 150 
30- 150 

30- 150 
30- 150 

30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

Advisory 

Limits 

(%) 

30- 150 

LCSD 
Concentration 
(ug/Kg) 

4.1 
4.1 
4.5 
4.3 
4.3 
4.1 
4.4 
4.4 

4.3 
4.4 
4.2 
4.6 
4.2 
4.3 
4.5 

4.1 
4.1 

5 
4.1 

4.1 
4.1 
4.1 
4.1 
5.1 
5.2 
5 

Recovery 
(%) 

83 
82 
90 

86 
86 
82 
88 
87 

85 
88 
84 
92 
83 
86 
90 
83 
82 

100 
82 

82 
82 
82 
83 
101 
104 
101 

Recovery 

(%) 

87 

Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 

Recovery 
Limit 
(%) 

30- 150 
30- 150 
30- 150 

30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

Advisory 

Limits 

(%) 
30- 150 

Relative RPD 
Difference Limit 

(%) (%) 

16 30 
4 30 
4 30 
8 30 
0 30 
17 30 
14 30 
17 30 
20 30 
11 30 
12 30 
6 30 
11 30 
4 30 
8 30 
7 30 

11 30 
8 30 
7 30 
5 30 
4 30 
14 30 
2 30 
6 30 
4 30 
9 30 

ESI 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Lab Number: 20612-001D 
Sample Designation: NBH_PH4SAP _PC09 0-1 (Laboratory Duplicate) 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

Congener 
Number PCB Congener 

8 2,4'-dichlorobiphenyl 
18 2,2' ,5-trichlorobiphenyl 
28 2,4,4'-trichlorobiphenyl 

44 2,2' ,3,5'-tetrachlorobiphenyl 
49 2,2' ,4,5'-tetrachlorobiphenyl 
52 2,2' ,5,5'-tetrachlorobiphenyl 
66 2 ,3' ,4 ,4'-tetrachlorobiphenyl 

77 3,3' ,4,4'-tetrachlorobiphenyl 
87 2,2' ,3,4,5'-pentachlorobiphenyl 
101 2,2' ,4,5,5'-pentachlorobiphenyl 
105 2,3,3' ,4,4'-pentachlorobiphenyl 
118 2,3' ,4,4' ,5-pentachlorobiphenyl 
126 3,3' ,4,4' ,5-pentachlorobiphenyl 
128 2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
138 2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
153 2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
156 2,3,3' ,4,4' ,5-hexachlorobiphenyl 
169 3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
170 2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
180 2,2' ,3,4,4' ,5,5' -heptachlorobiphenyl 
183 2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
184 2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
187 2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
195 2,2' ,3,3' ,4,4' ,5, 6-octachlorobiphenyl 
206 2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
209 2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobipheny 

Surrogate Standard 

PCB 198 

U = Not detected at reporting limit. 

01/31/11 
01/31/11 
02/04/11 
Solid 
65 
20.00 
5.00 
1 

Duplicate 
Result 
(ug/Kg) 

12 
22 
71 
50 
62 
130 
37 
4.1 
59 

130 
48 
130 
0.91 
37 
150 
63 
11 

0.91 
12 
13 
4.3 
0.91 
7.8 
1 
2 
1 

Recovery 

(%) 

80 

Duplicate 
Qualifier 

u 

u 

u 

Sample 
Result 
(ug/Kg) 

11 
21 
72 
47 
56 
130 
39 
4.4 
58 
130 
44 
130 
0.91 
36 
150 
64 
11 

0.91 
13 
12 
3.9 

0.91 
7.9 

0.94 
1.8 
1.1 

Recovery 

(%) 

76 

Sample 
Qualifier 

u 

u 

u 

u 

NC = Not calculated due to one or more values less than five times the reporting limit. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

Relative 
Difference Limit 

(%) (%) 

13 30 
5 30 
0 30 
5 30 

11 30 
1 30 
5 30 

NC 30 
30 

2 30 
9 30 
3 30 

NC 30 
1 30 
0 30 
1 30 

30 
NC 30 
5 30 
12 30 
NC 30 
NC 30 
2 30 

NC 30 
NC 30 
NC 30 

Advisory Limits 

( %) 
30- 150 

ESI 
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PCB Congeners in Tissue 
SW 846 8082/EPA 680 modified 

Lab Number: 20612-001 
Sample Designation: Matrix Spike Duplicate 
Date Sampled: 01/31/11 
Date Extracted: 01/31/11 
Date Analyzed: 02/04/11 
Matrix: Solid 
Sample Amount (g): 20.00 
Final Volume (ml) 5 
Dilution Factor: 1 

Sample Amount MS Recovery MSD Recovery Relative RPD 

Congener Result Added Result Recovery Limit Result Recovery Limit Difference Limit 

Number PCB Congener (ug/Kg) (ug/Kg) (ug/Kg) (%) (%) (ug/Kg) (%) (%) (%) (%) 

8 2,4'-dichlorobiphenyl 11 45 39 61 30- 150 37 57 30- 150 5 30 

18 2,2' ,5-trichlorobiphenyl 21 45 46 55 30- 150 52 68 30- 150 13 30 
28 2,4,4'-trichlorobiphenyl 72 45 101 65 30- 150 100 63 30- 150 1 30 

44 2,2' ,3,5'-tetrachlorobiphenyl 47 45 91 95 30- 150 99 114 30- 150 9 30 

49 2,2' ,4,5'-tetrachlorobiphenyl 56 45 97 90 30- 150 97 91 30- 150 0 30 

52 2 ,2' ,5,5'-tetrachlorobiphenyl 130 45 173 97 30- 150 166 82 30- 150 4 30 

66 2,3',4,4'-tetrachlorobiphenyl 39 45 77 84 30- 150 82 96 30- 150 7 30 

77 3,3',4,4'-tetrachlorobiphenyl 4.4 45 43 85 30- 150 45 88 30- 150 3 30 

87 2,2',3,4,5'-pentachlorobiphenyl 58 45 95 80 30- 150 108 109 30- 150 13 30 

101 2,2' ,4,5,5'-pentachlorobiphenyl 130 45 174 86 30- 150 164 65 30- 150 6 30 

105 2,3,3' ,4,4'-pentachlorobiphenyl 44 45 88 96 30- 150 74 66 30- 150 17 30 

118 2,3' ,4,4' ,5-pentachlorobiphenyl 130 45 185 123 30- 150 186 125 30- 150 30 

126 3,3' ,4,4' ,5-pentachlorobiphenyl u 45 32 71 30- 150 38 83 30- 150 16 30 

128 2,2',3,3',4,4'-hexachlorobiphenyl 36 45 80 96 30- 150 77 89 30- 150 4 30 
138 2,2',3,4,4',5'-hexachlorobiphenyl 150 45 191 98 30- 150 201 120 30- 150 5 30 

153 2,2',4,4',5,5'-hexachlorobiphenyl 64 45 104 88 30- 150 100 78 30- 150 4 30 
156 2,3,3' ,4,4' ,5-hexachlorobiphenyl 11 45 50 85 30- 150 47 78 30- 150 7 30 
169 3,3',4,4',5,5'-hexachlorobiphenyl u 45 31 69 30- 150 35 78 30- 150 12 30 
170 2,2',3,3',4,4',5-heptachlorobiphenyl 13 45 45 69 30- 150 51 84 30- 150 14 30 
180 2,2',3,4,4',5,5'-heptachlorobiphenyl 12 45 44 70 30- 150 52 88 30- 150 17 30 
183 2,2',3,4,4',5',6-heptachlorobiphenyl 3.9 45 32 62 30- 150 37 73 30- 150 14 30 
184 2,2',3,4,4',6,6'-heptachlorobiphenyl u 45 26 57 30- 150 24 52 30- 150 10 30 
187 2,2',3,4',5,5',6-heptachlorobiphenyl 7.9 45 36 62 30- 150 42 75 30- 150 15 30 
195 2,2',3,3',4,4',5,6-octachlorobiphenyl 0.94 45 32 67 30- 150 36 78 30- 150 14 30 
206 2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 1.8 45 35 72 30- 150 39 83 30- 150 13 30 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl 1.1 45 33 70 30- 150 39 84 30- 150 18 30 

MS MSD Advisory 

Surrogate Standard Recovery Recovery Limits 

(%) (%) (%) 

PCB 198 84 93 30- 150 

ESI 
EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

EnviroSystems, Inc. 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3' ,4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4,5 ,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4 ,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4 ,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5 ,5' ,6,6'-decachlorobiphenyl 

Surrogate Standards 

PCB 198 

One Lafayette Road Hampton, NH 03843-0778 

PB579S 
Laboratory Blank PB579S 
01/31/11 
01/31/11 
02/03/11 
Solid 
20 
5.00 
1 

Concentration 
(ug/Kg) 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

Recovery 

(%) 
74 

Qualifier 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Advisory Limits 
( %) 

30- 150 

603-926-3345 fax 603-926-3521 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

Congener 
Number PCB Congener 

8 2,4'-dichlorobiphenyl 
18 2,2',5-trichlorobiphenyl 
28 2,4,4'-trichlorobiphenyl 
44 2,2',3,5'-tetrachlorobiphenyl 
49 2,2',4,5'-tetrachlorobiphenyl 
52 2,2',5,5'-tetrachlorobiphenyl 
66 2, 3' ,4 ,4'-tetrachlorobiphenyl 
77 3,3',4,4'-tetrachlorobiphenyl 
87 2,2',3,4,5'-pentachlorobiphenyl 
101 2,2' ,4,5,5'-pentachlorobiphenyl 
105 2,3,3',4,4'-pentachlorobiphenyl 
118 2,3',4,4',5-pentachlorobiphenyl 
126 3,3',4,4',5-pentachlorobiphenyl 
128 2 ,2' ,3,3' ,4,4'-hexachlorobiphenyl 
138 2,2',3,4,4',5'-hexachlorobiphenyl 
153 2,2',4,4',5,5'-hexachlorobiphenyl 
156 2,3,3',4,4',5-hexachlorobiphenyl 
169 3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
170 2,2',3,3',4,4',5-heptachlorobiphenyl 
180 2,2',3,4,4',5,5'-heptachlorobiphenyl 
183 2,2',3,4,4',5',6-heptachlorobiphenyl 
184 2,2',3,4,4',6,6'-heptachlorobiphenyl 
187 2,2',3,4',5,5',6-heptachlorobiphenyl 
195 2,2',3,3',4,4',5,6-octachlorobiphenyl 
206 2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphen) 

Surrogate Standard 

198 2,2',3,3',4,5,5',6-octachlorobiphenyl 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 

LCS579S I LCSD579S 
Laboratory Control Sample Duplicate 
01/31/11 
01/31/11 
02/03/11 
Solid 
20 
5.00 
1 

LCS 
Concentratior Recovery 

(ug/Kg) 

4.32 
3.86 
3.96 
4.11 
3.79 
4.07 
4.22 
4.75 
4.9 

4.38 
4.14 
4.64 
4.36 
4.43 
4.69 
4.08 
4.47 
5.48 
4.64 
4.14 
4.12 
4.15 
3.94 
4.96 
5.44 
5.79 

(%) 

86 
77 
79 
82 
76 
81 
84 
95 
98 
88 
83 
93 
87 
89 
94 
82 
89 
110 
93 
83 
82 
83 
79 
99 
109 
116 

Recovery 

(%) 

98 

Recovery 
Limit 
(%) 

30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

Advisory 
Limits 

(%) 
30- 150 

LCSD 
Concentration 

(ug/Kg) 

3.8 
3.6 
4.1 
3.9 
3.6 
3.6 
4.3 
4.6 
4.1 
3.9 
4.4 
4.5 
4 

4.6 
4.7 
4 

4.3 
4.9 
4.4 
4.4 
4 

4.1 
4 

5.2 
5.1 
5.5 

Recovery 
(%) 

76 
73 
82 
77 
73 
72 
87 
93 
83 
77 
88 
89 
79 
92 
93 
81 
85 
97 
88 
87 
81 
81 
80 
104 
102 
110 

Recovery 

(%) 

87 

Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 

Recovery 
Limit 
(%) 

30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 
30- 150 

Advisory 

Limits 

(%) 
30- 150 

Relative RPD 
Difference Limit 

(%) (%) 

13 30 
6 30 
4 30 
6 30 
4 30 
12 30 
2 30 
2 30 
17 30 
12 30 
6 30 
4 30 
9 30 
3 30 
0 30 
1 30 
5 30 
12 30 
6 30 
5 30 
2 30 
2 30 
2 30 
5 30 
6 30 
5 30 

ESI 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Lab Number: 20612-0510 
Sample Designation: NBH_PH4SAP _PC17 0-.5' (Laboratory Duplicate) 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

Congener 
Number PCB Congener 

8 2,4'-dichlorobiphenyl 
18 2,2' ,5-trichlorobiphenyl 
28 2,4,4'-trichlorobiphenyl 
44 2,2' ,3,5'-tetrachlorobiphenyl 
49 2,2' ,4,5'-tetrachlorobiphenyl 
52 2,2' ,5,5'-tetrachlorobiphenyl 
66 2,3' ,4,4'-tetrachlorobiphenyl 
77 3,3' ,4,4'-tetrachlorobiphenyl 
87 2,2' ,3,4,5'-pentachlorobiphenyl 
101 2,2' ,4,5,5'-pentachlorobiphenyl 
105 2,3,3' ,4,4'-pentachlorobiphenyl 
118 2,3' ,4,4' ,5-pentachlorobiphenyl 
126 3,3' ,4,4' ,5-pentachlorobiphenyl 
128 2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
138 2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
153 2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
156 2,3,3' ,4,4' ,5-hexachlorobiphenyl 
169 3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
170 2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
180 2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
183 2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
184 2,2' ,3,4,4' ,6,6' -heptachlorobiphenyl 
187 2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
195 2,2',3,3',4,4',5,6-octachlorobiphenyl 
206 2,2' ,3,3' ,4,4' ,5, 5' ,6-nonachlorobiphenyl 
209 2,2' ,3,3' ,4,4' ,5,5' ,6,6'-decachlorobipheny 

Surrogate Standard 

PCB 198 

U = Not detected at reporting limit. 

01/31/11 
01/31/11 
o4828 
Solid 
0 
20.00 
5.00 
1 

Duplicate 
Result 
(ug/Kg) 

3.9 
7.5 
35 
10 
21 
31 
20 
2.3 
10 
32 
9.7 
39 

0.66 
9.3 
33 

21.00 
2.4 

0.66 
3.8 
4.7 
1.5 

0.66 
3.5 
0.66 
0.66 
0.66 

Recovery 

(%) 

109 

Duplicate 
Qualifier 

u 

u 

u 

u 
u 
u 

Sample 
Result 
(ug/Kg) 

4.7 
9.6 
33 
12 
27 
38 
21 
2.9 
12 
38 
11 
45 

0.66 
8.6 
39 
25 
2.5 

0.66 
3.9 
4.6 
1.5 

0.66 
3.4 

0.66 
0.66 
0.66 

Recovery 

(%) 

120 

Sample 
Qualifier 

u 

u 

u 

u 
u 

NC = Not calculated due to one or more values less than five times the reporting limit. 
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Relative 
Difference Limit 

(%) (%) 

20 30 
24 30 
7 30 

14 30 
23 30 
21 30 
3 30 

NC 30 
16 30 
19 30 
9 30 

14 30. 
NC 30 
8 30 

15 30 
17 30 
NC 30 
NC 30 
2 30 
2 30 

NC 30 
NC 30 
4 30 

NC 30 
NC 30 
NC 30 

Advisory Limits 

( %) 

30- 150 

ESI 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Lab Number: 20612-051MSD 
Sample Designation: NBH_PH4SAP _PC17 0-.5' (Matrix Spike Duplicate) 
Date Sampled: 01/31/11 
Date Extracted: 01/31/11 
Date Analyzed: 02/03/11 
Matrix: Solid 
Sample Amount (g): 20.00 
Final Volume (mL) 5.00 
Dilution Factor: 1.00 

Sample Amount MS Recovery 

Congener Result Added Result Recovery Limit 

Number PCB Congener (ug/Kg) (ug/Kg) (ug/Kg) (%) (%) 

8 2,4'-dichlorobiphenyl 3.6 33.2 29.6 75 30- 150 

18 2 ,2', 5-trichlorobiphenyl 7.3 33.2 29.1 59 30- 150 
28 2,4,4'-trichlorobiphenyl 25 33.2 57.7 76 30- 150 

44 2,2',3,5'-tetrachlorobiphenyl 8.7 33.2 46.6 106 30- 150 

49 2,2',4,5'-tetrachlorobiphenyl 20 33.2 47.7 63 30- 150 

52 2,2',5,5'-tetrachlorobiphenyl 29 33.2 54.8 51 30- 150 

66 2,3' ,4,4'-tetrachlorobiphenyl 16 33.2 42.9 66 30- 150 

77 3,3' ,4,4'-tetrachlorobiphenyl 2.2 33.2 33.2 91 30- 150 

87 2,2',3,4,5'-pentachlorobiphenyl 9.1 33.2 35.3 70 30- 150 

101 2,2',4,5,5'-pentachlorobiphenyl 29 33.2 51.3 40 30- 150 

105 2 ,3,3' ,4 ,4'-pentachlorobiphenyl 8.1 33.2 38.1 83 30- 150 

118 2,3',4,4',5-pentachlorobiphenyl 34.0 33.2 62.6 54 30- 150 

126 3,3' ,4,4' ,5-pentachlorobiphenyl ND 33.2 35.5 107 30- 150 

128 2,2' ,3 ,3' ,4,4'-hexachlorobiphenyl 6.5 33.2 40.6 97 30- 150 

138 2,2' ,3,4,4' ,5'-hexachlorobiphenyl 29 33.2 64.1 76 30- 150 

153 2,2',4,4',5,5'-hexachlorobiphenyl 19 33.2 48.2 69 30- 150 

156 2,3,3' ,4,4' ,5-hexachlorobiphenyl 1.9 33.2 31.1 86 30- 150 

169 3,3',4,4',5,5'-hexachlorobiphenyl ND 33.2 35.1 106 30- 150 

170 2,2' ,3, 3' ,4,4' ,5-heptachlorobiphenyl 2.9 33.2 33.9 91 30- 150 

180 2,2',3,4,4',5,5'-heptachlorobiphenyl 3.5 33.2 33.8 88 30- 150 

183 2,2',3,4,4',5',6-heptachlorobiphenyl 1.1 33.2 29.8 85 30- 150 

184 2,2',3,4,4',6,6'-heptachlorobiphenyl ND 33.2 24.9 75 30- 150 
187 2,2',3,4',5,5',6-heptachlorobiphenyl 2.6 33.2 31.0 83 30- 150 

195 2,2' ,3, 3' ,4,4' ,5 ,6-octachlorobiphenyl ND 33.2 37.5 113 30- 150 
206 2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl ND 33.2 40.1 121 30- 150 
209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphen'y 0.37 33.2 39.6 118 30- 150 

MS Advisory 

Surrogate Standard Recovery Limits 

(%) (%) 

PCB 198 104 30- 150 

ND = Not detected 

MSD 
Result Recovery 
(ug/Kg) (%) 

24.0 59 
27.0 54 
50.0 52 
49.0 112 
46.0 57 
55.0 50 
44.0 70 
33.0 90 
37.0 75 
51.0 38 
36.0 76 
60.0 47 
33.0 98 
37.0 86 
64.0 77 
46.0 62 
31.0 85 
35.0 104 
31.0 80 
34.0 88 
29.0 82 
24.0 73 
30.0 79 
35.0 105 
37.0 113 
39.0 118 

MSD 

Recovery 

(%) 

101 
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Recovery Relative RPD 
Limit Difference Limit 
(%) (%) (%) 

30- 150 20 30 
30- 150 6 30 
30- 150 15 30 
30- 150 4 30 
30- 150 5 30 
30- 150 0 30 
30- 150 3 30 
30- 150 1 30 
30- 150 5 30 
30- 150 1 30 
30- 150 6 30 
30- 150 4 30 
30- 150 9 30 
30- 150 9 30 
30- 150 30 
30- 150 5 30 
30- 150 1 30 
30- 150 1 30 
30- 150 10 30 
30- 150 30 
30- 150 4 30 
30- 150 3 30 
30- 150 4 30 
30- 150 8 30 
30- 150 7 30 
30- 150 0 30 

Advisory 
Limits 

(%) 

30- 150 

ESI 
www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 3 

STUDY NO: 20612 
SDG No: 6690 

Project: NBH-South Terminal 6690 

Delivered via: ESI 
Date and Time Received: 01/28/111110 Date and Time Logged into Lab: 01/28/11 1330 

Recieved By: ow Logged into Lab by: LCB Lee 

Air bill I Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 3 Custody Seals intact? NA 
Number of COC Pages: 6 
COC Serial Number(s): NA 
COC Complete: Does the info on the COC match the samples? Yes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field 10 complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 
Client notification/authorization: Not required 

Bottle Req'd Verified 

Field 10 LabiD Mx Analysis Requested Pres'n Pres'n 

NBH_PH4SAP _PC38 0-1 20612-001 s CGR680 9oz G 4C Yes 
NBH_PH4SAP _PC34 0-1 20612-002 s CGR680 9oz G 4C Yes 
NBH_PH4SAP _PC34 1-2 20612-003 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC34 2-3 20612-004 s HOLD for CGR680 9oz G 4C Yes 
NBH_PH4SAP _PC34 3-4 20612-005 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC34 4.4.8 20612-006 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC39 0-1 20612-007 s CGR680 9oz G 4C Yes 
NBH_PH4SAP _PC39 1-2 20612-008 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC39 2-3 20612-009 s HOLD for CGR680 9oz G 4C Yes 
NBH_PH4SAP _PC39 3-4 20612-010 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC39 4-5 20612-011 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC40 0-1 20612-012 s CGR680 9oz G 4C Yes 
NBH_PH4SAP _PC40 1-2 20612-013 s HOLD for CGR680 9oz G 4C Yes 
NBH_PH4SAP _PC35 0-6" 20612-014 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC41 0-1 20612-015 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC41 1-2 20612-016 s HOLD for CGR680 9oz G 4C Yes 
NBH_PH4SAP _PC41 2-3 20612-017 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC41 3-4 20612-018 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC41 4-4.5 20612-019 s HOLD for CGR680 9oz G 4C Yes 
NBH_PH4SAP _PC37 0-0.5" 20612-020 s CGR680 9oz G 4C Yes 
NBH_PH4SAP _PC13_11 0-0.5'' 20612-021 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC30 0-1 20612-022 s CGR680 9ozG 4C Yes 
NBH PH4SAP PC30 1-2 20612-023 s HOLD for CGR680 9oz G 4C Yes 

Notes and qualifications: 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 2 of 3 

STUDY NO: 20612 

SDG No: 6690 

Project: NBH-South Terminal 6690 

Delivered via: ESI 
Date and Time Received: 01/28/11 1110 Date and Time Logged into Lab: 01/28/11 1330 

Recieved By: DW Logged into Lab by: LCB Lt.£ 

Air bill I Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 3 Custody Seals intact? NA 
Number of COC Pages: 6 
COC Serial Number(s): NA 
COC Complete: Does the info on the COC match the samples? Yes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field ID complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 
Client notification/authorization: Not required 

Bottle Req'd Verified 

Field ID LabiD Mx Analysis Requested Pres'n Pres'n 

NBH_PH4SAP _PC30 2-3 20612-024 s HOLD for CGR680 9ozG 4C Yes 

NBH_PH4SAP _PC30 3-4 20612-025 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC30 4-5 20612-026 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC30 5-6 20612-027 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC30 6-6.5 20612-028 s HOLD for CGR680 9ozG 4C Yes 

NBH_PH4SAP _PC31 0-1 20612-029 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC31 1-2 20612-030 s HOLD for CGR680 9ozG 4C Yes 

NBH_PH4SAP _PC31 2-3 20612-031 s HOLD for CGR680 9ozG 4C Yes 

DUP 1 20612-032 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC29 0-1 20612-033 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC29 1-2 20612-034 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC29 2-3 20612-035 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC29 3-4 20612-036 s HOLD for CGR680 9ozG 4C Yes 

NBH_PH4SAP _PC29 4-4.5 20612-037 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC26 0-1 20612-038 s CGR680 9ozG 4C Yes 

NBH_PH4SAP _PC26 1-2 20612-039 s HOLD for CGR680 9ozG 4C Yes 

NBH_PH4SAP _PC26 2-3 20612-040 s HOLD for CGR680 9ozG 4C Yes 

NBH_PH4SAP _PC26 3-4 20612-041 s HOLD for CGR680 9ozG 4C Yes 

NBH_PH4SAP _PC25 0-1 20612-042 s CGR680 9ozG 4C Yes 

NBH_PH4SAP _PC25 1-1.5 20612-043 s HOLD for CGR680 9ozG 4C Yes 

NBH_PH4SAP _PC24 0-0.5" 20612-044 s CGR680 9ozG 4C Yes 

DUP 2 20612-045 s CGR680 9ozG 4C Yes 

NBH PH4SAP PC22 0-1 20612-046 s CGR680 9ozG 4C Yes 

Notes and qualifications: 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 vwvw.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 3 of 3 

STUDY NO: 20612 
SDG No: 6690 
Project: NBH-South Terminal6690 
Delivered via: ESI 
Date and Time Received: 01/28/111110 Date and Time Logged into Lab: 01/28/111330 

Recieved By: DW Logged into Lab by: LCB Let 
Air bill/ Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 3 Custody Seals intact? NA 
Number of COG Pages: 6 
COG Serial Number(s): NA 
COG Complete: Does the info on the COG match the samples? Yes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field ID complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COG Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 
Client notification/authorization: Not required 

Bottle Req'd Verified 

Field ID LabiD Mx Analysis Requested Pres'n Pres'n 

NBH_PH4SAP_PC221-2 20612-047 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC21 0-.5' 20612-048 s CGR680 9ozG 4C Yes 
DUP 1-20 20612-049 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC18 0-.5' 20612-050 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC17 0-.5' 20612-051 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC16 0-1' 20612-052 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC15 0-1 20612-053 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC13 0-1 20612-054 s CGR680 9ozG 4C Yes 
NBH_PH4SAP_PC131-2 20612-055 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC13 2-3 20612-056 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC13 3-3.5 20612-057 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC12 0-1 20612-058 s CGR680 9oz G 4C Yes 
NBH_PH4SAP _PC11 0-1 20612-059 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC10 0-1 20612-060 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC10 1-2 20612-061 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC10 2-3 20612-062 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC09 0-1 20612-063 s CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC09 1-2 20612-064 s HOLD for CGR680 9ozG 4C Yes 
NBH_PH4SAP _PC09 2-2.8 20612-065 s HOLD for CGR680 9ozG 4C Yes 

Notes and qualifications: 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 WWIN.envirosystems.com 
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Chet Myers 
Apex Companies LLC 
184 High Street 
Suite 502 
Boston, MA 02110 

Project: NBH_S.TERM 6690 

PO Number: 
Report Number: 
Date Received: 
Date Reported: 

6690 
20685 
02/17/11 
03/03/11 

Attached please find results for analyses performed on samples received on 02/17/11 at 1110. 

Samples were received in acceptable condition and under chain of custody. 

Instruments used in analysis were calibrated with the appropriate frequency and to the 
specifications of the referenced methods. 

Analytes in blanks were below levels affecting sample results. 

Matrix effects as monitored by matrix spike recovery or unusual physical properties were not 
apparent except where noted with respect to petroleum hydrocarbons. 

Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits. 

EnviroSystems, Incorporated . 

\ \~l\1 
. ~ L~ 

Authorized 
Signature 

Attachment 
Report 

Date __ -"-y+-/__,·]r..t-/..J:..!.:_I __ _ 
' ' 



Report No: 20685 SDG: 
Project: NBH_S.TERM 6690 

Sample ID: NBH_PH4SAP _PC_09D 0-1 
Matrix: Solid 
Sampled: 02/16/111610 

Parameter Result Quant Units Date Date of IN IT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20685-001 0.32 0.06 ug/g dry wt 02/23/11 1200 02/28/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20685-001 5.7 0.2 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20685-001 0.3 0.05 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20685-001 1.1 0.09 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20685-001 64 0.2 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20685-001 140 0.1 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20685-001 62 0.05 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20685-001 0.4 0.13 ug/g dry wt 02/24/11 0930 02/24/111415 JLH/EPA245.7 
Nickel, total 20685-001 10 0.1 ug/g drywt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20685-001 0.47 0.2 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20685-001 0.78 0.05 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20685-001 0.16 0.05 ug/g drywt 02/23/11 1200 02/28/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20685-001 190 1 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 

Notes: 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Report No: 20685 SDG: 
Project: NBH_S.TERM 6690 

Sample ID: NBH_PH4SAP_DUP14 
Matrix: Solid 
Sampled: 02/16/11 

Parameter Result Quant Units Date Date of IN IT /Method/Reference 
Limit Prepared Analysis 

Antimony, total 20685-018 0.22 0.06 ug/g dry wt 02/23/11 1200 02/28/11 JLH/SW846 3rd Ed. 6020 
Arsenic, total 20685-018 4 0.2 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Beryllium, total 20685-018 0.24 0.05 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Cadmium, total 20685-018 0.73 0.09 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Chromium, total 20685-018 42 0.2 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Copper, total 20685-018 99 0.1 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Lead, total 20685-018 47 0.05 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Mercury, total 20685-018 0.23 0.11 ug/g dry wt 02/24/11 0930 02/24/111415 JLH/EPA245.7 
Nickel, total 20685-018 7.8 0.1 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Selenium, total 20685-018 0.28 0.2 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Silver, total 20685-018 0.43 0.05 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 
Thallium, total 20685-018 0.11 0.05 ug/g dry wt 02/23/11 1200 02/28/11 JLH/SW846 3rd Ed. 6020 
Zinc, total 20685-018 120 1 ug/g dry wt 02/23/11 1200 02/23/11 JLH/SW846 3rd Ed. 6020 

Notes: 

ESI 
EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis(2-chloroethyl)ether 

1 ,3-dichlorobenzene 

1 A-dichlorobenzene 

1 ,2-dichlorobenzene 

benzyl alcohol 

2-methylphenol (m-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

3- and 4-methylphenol (p- and o-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 
2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethyl phthalate 

2,6-dinitrotoluene 

SURROGATE STANDARDS 

2-fluorophenol 

phenol-d5 

2,4,6-tribromophenol 

U = Below quantitation limit 

20685-001 
NBH_PH4SAP _PC_09D 0-1 
02/16/11 
02/24/11 
03/01/11 
Solid 

Concentration Reporting Limit 

(mg/Kg dry wt) (mg/Kg dry wt) 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

Recovery Acceptance Limits 

(%) (%) 

80 21-100 

89 10-102 

86 10-123 

Detection limit elevated by high moisture content and organics content. 
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2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 
di-n-octylphthalate 

benzo(b )fluoranthene 

benzo(k)fluoranthene 

benzo( a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g,h,i)perylene 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d 14 

Concentration 

(mg/Kg dry wt) 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

0.2 

u 
u 

0.3 

0.7 

u 
0.7 

u 
0.4 

0.5 

u 
2.6 

u 
0.5 

0.3 

0.3 

0.4 

u 
0.4 

Recovery 

(%) 

91 

85 

101 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 

Reporting Limit 

(mg/Kg dry wt) 

0.2 

0.2 

0.2 

0.4 

0.2 

0.4 

0.2 

0.2 

0.2 

0.2 

0.9 

0.2 

0.2 

0.2 

0.2 

0.2 

0.4 

0.2 

0.2 

0.2 

0.2 

0.2 

0.7 

0.2 

0.2 

0.2 

0.2 

0.4 

0.2 
0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 

www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

N-nitrosodimethylamine 

phenol 

2-chlorophenol 

bis(2-chloroethyl)ether 

1 ,3-dichlorobenzene 

1 A-dichlorobenzene 

1 , 2 -dichlorobenzene 

benzyl alcohol 

2-methylphenol (m-cresol) 

bis(2-chloroisopropyl)ether 

hexachloroethane 

N-nitroso-di-n-propylamine 

3- and 4-methylphenol (p- and a-cresol) 

nitrobenzene 

isophorone 

2-nitrophenol 

2,4-dimethylphenol 

bis(2-chloroethoxy)methane 

2,4-dichlorophenol 

2,6-dichlorophenol 

1 ,2,4-trichlorobenzene 

naphthalene 

benzoic acid 

4-chloroaniline 

hexachloro-1 ,3-butadiene 

4-chloro-3-methylphenol 

2-methylnaphthalene 

hexachlorocyclopentadiene 

2,4,6-trichlorophenol 

2,4,5-trichlorophenol 

2-chloronaphthalene 

2-nitroaniline 

acenaphthylene 

dimethylphthalate 

2,6-dinitrotoluene 

SURROGATE STANDARDS 

2-fluorophenol 

phenol-d5 

2,4,6-tribromophenol 

U = Below quantitation limit 

20685-018 
NBH_PH4SAP_DUP14 
02/16/11 
02/24/11 
03/01/11 
Solid 

Concentration Reporting Limit 

(mg/Kg dry wt) (mg/Kg dry wt) 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

0 0 

u 0.2 

u 2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

Recovery Acceptance Limits 

(%) (%) 

73 21-100 

85 10-102 

83 10-123 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b)fluoranthene 

benzo(k)fluoranthene 

benzo(a)pyrene 

indeno(1 ,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g,h,i)perylene 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d 14 

B = Analyte found in laboratory method blank at the value in parentheses. 
Detection limit elevated by high moisture content and organics content. 

Page of 

Concentration Reporting Limit 

(mg/Kg dry wt) (mg/Kg dry wt) 

u 0.2 

u 0.2 

u 0.2 

u 0.3 

u 0.2 

u 0.3 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.8 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.2 

u 0.3 

0.2 0.2 

u 0.2 

u 0.2 

u 0.2 

0.6 0.2 

u 0.6 

0.6 0.2 

u 0.2 

0.3 0.2 

0.3 0.2 

u 0.3 

0.4 0.2 

u 0.2 

0.3 0.2 

0.2 0.2 

0.2 0.2 

0.3 0.2 

u 0.2 

0.2 0.2 

Recovery Acceptance Limits 

(%) (%) 

86 35-114 

81 43-116 

102 33-141 

EnviroSystems, Inc. One Lafayette Road P.O. Box778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 VNJW.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2, 2', 4, 5' -tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2, 3' ,4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2', 3,3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4', 5,5'-hexachlorobiphenyl 
2, 3, 3' ,4,4', 5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2, 2', 3,4,4', 5', 6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6, 6'-heptachlorobiphenyl 
2,2' ,3,4', 5, 5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 

* 
* 
* 

* 

* 

* 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-001 
NBH_PH4SAP _PC_09D 0-1 
02/16/111610 
02/22/11 
02/25/11 
Solid 
46 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

25 
43 
160 
68 
110 
150 
97 
12 
52 
140 
61 
160 
7.7 
37 
130 
110 
13 

0.93 u 
17 
18 
6.5 

0.93 u 
15 
1.2 
1.9 

0.93 u 

2600 

Advisory 
Recovery Limits 

(%) ( %) 

78 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3, 3' ,4,4', 5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5' -hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4' ,5, 5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6, 6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4', 5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-002 
NBH_PH4SAP _PC_03 0-1 
02/15/11 1022 
02/22/11 
02/28/11 
Solid 
56 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

51 
75 

280 
98 

230 
280 
170 
33 

120 
310 
170 
380 
1.1 u 
86 

290 
250 
31 
1.1 u 
41 
41 
14 
1.1 u 
38 
2.3 
4.4 
1.6 

5300 

Advisory 
Recovery Limits 

(%) ( %) 

87 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3 ,3' ,4,4' -tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2' ,3,3',4,4' ,5,5' ,6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-004 
NBH_PH4SAP _PC_04 0-0.8 
02/16/11 0931 
02/22/11 
02/28/11 
Solid 
25 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

19 
42 
79 
51 
59 
120 
50 
1.7 
55 

110 
41 
100 
0.67 u 
30 
100 
68 
8.9 

0.67 u 
12 
13 
4.8 
0.67 u 
8.5 
0.93 
0.9 

0.67 u 

1800 

Advisory 
Recovery Limits 

(%) ( %) 

96 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2 ,3' ,4,4' -tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3' ,4,4', 5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2 ,2' ,3 ,3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4', 5-heptachlorobiphenyl 
2,2' ,3,4, 4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5', 6-nonachlorobiphenyl 

* 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-005 
NBH_PH4SAP _PC_05 0-1 
02/16/11 0958 
02/22/11 
02/28/11 
Solid 
25 
20 
5.0 
1 

Concentration 
(ug/Kg) 

14 
29 
78 
34 
49 
69 
49 
4.2 
22 
63 
20 
67 

0.67 
13 
53 
49 
4.3 
0.67 
10 
12 
3.6 
0.67 
9.8 

0.96 
1.1 

0.67 

1200 

Recovery 

(%) 

68 

Qualifier 

u 

u 

u 

u 

Advisory 
Limits 

( %) 

30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3'.4,4'-tetrachlorobiphenyl 
3,3'.4,4'-tetrachlorobiphenyl 
2,2' ,3.4.5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3' .4.4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3.4.4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3'.4.4',5-hexachlorobiphenyl 
3,3',4.4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4' ,5,5'-heptachlorobiphenyl 
2,2',3.4.4' ,5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3.4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3'.4.4',5,5',6-nonachlorobiphenyl 
2,2',3,3'.4.4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-006 
NBH_pH4SAP _PC_06 0-1 
02/16/11 1139 
02/22/11 
02/28/11 
Solid 
35 
20 
5.0 

Concentration Qualifier 
(ug/Kg) 

8.3 
17 
52 
27 
49 
81 
34 
2.9 
30 
74 
25 
72 

0.77 u 
19 
65 
46 
5.6 
0.77 u 
8.2 
7.7 
3.3 
0.77 u 
5.5 
1.3 

0.77 u 
0.79 

1100 

Advisory 

Recovery Limits 

(%) (%) 
77 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2 ,2' ,4 ,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3, 3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-007 
NBH_pH4SAP _PC_07 0-1 
02/16/11 1108 
02/22/11 
02/28/11 
Solid 
36 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

29 
48 
120 
54 
84 
130 
67 
6.4 
34 
100 
34 
120 
0.79 u 
29 
92 
71 
8.3 

0.79 u 
10 
12 
3.7 
0.79 u 
9.6 

0.92 
1.6 

0.79 u 

2000 

Advisory 
Recovery Limits 

(%) ( %) 

84 30-150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 

180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2', 5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3, 5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 

3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2, 3, 3' ,4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3, 3' ,4,4', 5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 

2 ,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4', 6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 

* 

2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-008 
NBH_PH4SAP _PC_08 0-1 
02/16/111216 
02/22/11 
02/28/11 
Solid 
35 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

11 
21 
76 
25 
50 
68 
44 
3.8 
25 

59 
17 
61 

0.77 u 
17 
52 

39 
4 

0.77 u 
5.6 

6.9 
2.3 
0.77 u 
6.3 
0.77 u 
0.77 u 
0.77 u 

1100 

Advisory 

Recovery Limits 

(%) ( %) 

70 30- 150 

603-926-3345 fax 603-926-3521 

ESI 
www.envirosystems.com 



PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2' ,4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3, 3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3, 3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4', 5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-009 
NBH_PH4SAP _PC13_10 0-1 
02/16/11 
02/22/11 
02/28/11 
Solid 
22 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

0.64 u 
0.89 
2.1 
3.1 
3A 
4.3 
2.4 
0.64 u 
0.66 
4.2 
0.97 
3.7 

0.64 u 
0.78 
3.4 
3.5 

0.64 u 
0.64 u 
0.64 u 
0.64 u 
0.64 u 
0.64 u 
0.64 u 
0.64 u 
0.64 u 
0.64 u 

70 

Advisory 
Recovery Limits 

(%) (%) 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 

105 
118 
126 

128 
138 
153 
156 
169 
170 
180 

183 
184 
187 

195 
206 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2 ,3' ,4 ,4'-tetrachlorobiphenyl 
3,3' ,4,4'-tetrachlorobiphenyl 
2,2' ,3,4, 5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 

2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 

2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3, 3' ,4,4', 5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 

2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 

* 

209 2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-010 
NBH_PH4SAP _PC_ 42 0-0.2 
02/16/11 1030 
02/22/11 
02/28/11 
Solid 
33 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

15 
23 
84 
25 
43 
62 
30 
2.8 
14 
44 
16 

52 
0.75 u 
11 
38 
31 
3.6 
0.75 u 
4.6 

5.1 
1.8 

0.75 u 
4.1 

0.75 u 
0.75 u 
0.75 u 

950 

Advisory 

Recovery Limits 

(%) ( %) 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3',4,4',5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2' ,3,4,4' ,5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5, 6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-011 
NBH_PH4SAP _PC13_05 0-1 
02/16/11 
02/22/11 
02/28/11 
Solid 
15 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

0.59 u 
1.4 
4.3 
2.2 
5.3 
6.6 
3.5 
0.59 u 
1.5 
6.6 
1.8 
7.4 

0.59 u 
1.9 
5.8 
5.8 

0.66 
0.59 u 
0.64 
0.81 
0.59 u 
0.59 u 
0.66 
0.59 u 
0.59 u 
0.59 u 

110 

Advisory 
Recovery Limits 

(%) ( %) 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 

28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 

183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2' ,5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 

3,3' ,4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3' ,4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2' ,3,4,4' ,5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5' -hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 

2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2' ,3,4', 5,5' ,6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4', 5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-012 
NBH_PH4SAP _PC13_06 0-1 
02/16/11 
02/22/11 
02/28/11 
Solid 
22 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

0.64 u 
2.8 

14 
4.1 
8.8 
11 
6.5 
0.64 u 
3.5 

9.7 
3.2 
12 

0.64 u 
2.7 
9 

7.5 
0.64 u 
0.64 u 

0.88 

0.64 u 
0.64 u 
0.95 

0.64 u 
0.64 u 
0.64 u 

190 

Advisory 

Recovery Limits 

(%) ( %) 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 
101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3' ,4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2, 3,3' ,4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3' ,4,4', 5-pentachlorobiphenyl 
2,2' ,3,3' ,4,4'-hexachlorobi phenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2',4,4',5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4', 5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5' ,6-heptachlorobiphenyl 
2,2' ,3,4,4', 6,6'-heptachlorobiphenyl 
2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5, 6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners(*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-018 
NBH_PH4SAP_DUP14 
02/16/11 
02/22/11 
02/28/11 
Solid 
34 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

14 
28 
100 
40 
59 
80 
60 
5.2 
27 
72 
24 
80 

0.76 u 
17 
69 
58 
5.9 
0.76 u 
12 
14 
4.6 
0.76 u 
11 
1.3 
1.1 

0.76 u 

1500 

Advisory 

Recovery Limits 

(%) ( %) 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2' ,5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4, 5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3' ,4,4' ,5-pentachlorobiphenyl 
3,3',4,4',5-pentachlorobiphenyl 
2,2' ,3, 3' ,4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3',4,4',5,5'-hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2' ,3,4,4' ,5', 6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6, 6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-019 
NBH_PH4SAP _PC13_36 0-1 
02/16/11 
02/22/11 
02/28/11 
Solid 
14 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

0.58 u 
0.58 u 
0.61 
0.58 u 
0.6 
1.1 

0.58 u 
0.58 u 
0.7 
4 

0.58 u 
3.2 

0.58 u 
1.2 
3.9 
4.1 
0.58 u 
0.58 u 
0.58 u 
0.58 u 
0.58 u 
0.58 u 
0.58 u 
0.58 u 
0.58 u 
0.58 u 

46 

Advisory 

Recovery Limits 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2',3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3' ,4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2' ,3,4,5'-pentachlorobiphenyl 
2,2' ,4,5,5'-pentachlorobiphenyl 
2,3, 3' ,4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3, 3' ,4,4' ,5-pentachlorobiphenyl 
2,2',3,3',4,4'-hexachlorobiphenyl 
2,2',3,4,4',5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3,3' ,4,4' ,5,5' -hexachlorobiphenyl 
2,2',3,3',4,4',5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2',3,4,4',6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2', 3,3' ,4,4' ,5,6-octachlorobiphenyl 
2 ,2' ,3,3' ,4 ,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-020 
NBH_PH4SAP _PC_27 0-1 
02/16/11 
02/22/11 
02/28/11 
Solid 
20 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

0.63 u 
3.1 
9.7 
3.1 
6.6 
9.5 
5.4 
0.63 u 
2.2 
8.2 
2.1 
8 

0.63 u 
1.8 
6 

6.2 
0.63 u 
0.63 u 
0.63 u 
0.72 
0.63 u 
0.63 u 
0.68 
0.63 u 
0.63 u 
0.63 u 

140 

Advisory 

Recovery Limits 

(%) ( %) 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 

28 

44 

49 

52 

66 
77 
87 

101 

105 

118 
126 

128 

138 

153 

156 

169 
170 

180 

183 

184 

187 

195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture (%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 

2,4,4'-trichlorobiphenyl 

2,2',3,5'-tetrachlorobiphenyl 

2,2',4,5'-tetrachlorobiphenyl 

2,2',5,5'-tetrachlorobiphenyl 

2,3' ,4,4'-tetrachlorobiphenyl 

3,3',4,4'-tetrachlorobiphenyl 

2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 

2, 3,3' ,4,4'-pentachlorobiphenyl 

2,3',4,4',5-pentachlorobiphenyl 

3,3' ,4,4', 5-pentachlorobiphenyl 

2,2',3,3',4,4'-hexachlorobiphenyl 

2,2',3,4,4',5'-hexachlorobiphenyl 

2,2',4,4',5,5'-hexachlorobiphenyl 

2,3,3',4,4',5-hexachlorobiphenyl 

3,3',4,4',5,5'-hexachlorobiphenyl 

2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 

2,2',3,4,4',5',6-heptachlorobiphenyl 

2,2',3,4,4',6,6'-heptachlorobiphenyl 

2,2',3,4',5,5',6-heptachlorobiphenyl 

2,2',3,3',4,4',5,6-octachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-021 
NBH_PH4SAP _PC_19 0-1 
02/16/11 
02/22/11 
02/28/11 
Solid 
16 
20 
5.0 

Concentration Qualifier 
(ug/Kg) 

0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 
0.6 u 

13 

Advisory 

Recovery Limits 

(%) ( %) 
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PCB Congeners in Sediment 
SW 846 8082/EPA 680 modified 

Congener 
Number 

8 
18 
28 
44 
49 
52 
66 
77 
87 

101 
105 
118 
126 
128 
138 
153 
156 
169 
170 
180 
183 
184 
187 
195 
206 
209 

Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Moisture(%): 
Sample Amount (g): 
Final Volume (ml) 
Dilution Factor: 

PCB Congener 

2,4'-dichlorobiphenyl 
2,2',5-trichlorobiphenyl 
2,4,4'-trichlorobiphenyl 
2,2' ,3,5'-tetrachlorobiphenyl 
2,2',4,5'-tetrachlorobiphenyl 
2,2',5,5'-tetrachlorobiphenyl 
2,3',4,4'-tetrachlorobiphenyl 
3,3',4,4'-tetrachlorobiphenyl 
2,2',3,4,5'-pentachlorobiphenyl 
2,2',4,5,5'-pentachlorobiphenyl 
2,3,3',4,4'-pentachlorobiphenyl 
2,3',4,4',5-pentachlorobiphenyl 
3,3' ,4,4' ,5-pentachlorobiphenyl 
2,2' ,3, 3' ,4,4'-hexachlorobiphenyl 
2,2' ,3,4,4', 5'-hexachlorobiphenyl 
2,2' ,4,4' ,5,5'-hexachlorobiphenyl 
2,3,3' ,4,4' ,5-hexachlorobiphenyl 
3, 3' ,4,4', 5,5'-hexachlorobiphenyl 
2,2' ,3,3' ,4,4' ,5-heptachlorobiphenyl 
2,2',3,4,4',5,5'-heptachlorobiphenyl 
2,2',3,4,4',5',6-heptachlorobiphenyl 
2,2' ,3,4,4' ,6,6'-heptachlorobiphenyl 
2,2',3,4',5,5',6-heptachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5,6-octachlorobiphenyl 
2,2' ,3, 3' ,4,4' ,5, 5' ,6-nonachlorobiphenyl 
2,2',3,3',4,4',5,5',6,6'-decachlorobiphenyl * 

Total PCBs by Sum of congeners (*) multiplied by 2 

Surrogate Standard 

PCB 198 

U = Not detected at value reported 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

20685-022 
NBH_PH4SAP _PC_28 0-1 
02/16/11 
02/22/11 
02/28/11 
Solid 
27 
20 
5.0 
1 

Concentration Qualifier 
(ug/Kg) 

1.9 
3.9 
15 
4.8 
8.8 
14 
8.5 

0.68 u 
3.7 
13 
3.6 
14 

0.68 u 
3.8 
13 
10 

0.68 u 
1.5 
1.5 

0.68 u 
0.68 u 
1.2 

0.68 u 
0.68 u 
0.68 u 

240 

Advisory 

Recovery Limits 

(%) ( %) 

60 30- 150 

603-926-3345 fax 603-926-3521 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20685-001 
NBH_PH4SAP _PC_09D 0-1 
02/16/111610 
02/24/11 
03/02/11 
Solid 
10 
0.5 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
160 
u 

Recovery 
(%) 
104 
98 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

14 
5 
14 

Advisory Limits 
( %) 

30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Final Volume (mL) 
Dilution Factor: 

20685-018 
NBH_PH4SAP_DUP14 
02/16/11 
02/24/11 
03/02/11 
Solid 
10 
0.5 

TOTAL PETROLEUM HYDROCARBONS (Diesel Range Organics) 
Method Reference: SW846 8100, modified 

Diesel Range Organics 
Lube Oil Range Organics 
Total Petroleum Hydrocarbons 

SURROGATE STANDARD 

o-terphenyl 
2-fluorobiphenyl 

U = Below quantitation limit 

Concentration 
(ug/g dry wt) 

u 
90 
u 

Recovery 
(%) 
112 
93 

Note 1 
Note 2 
Note 1 

Reporting 
Limit 

(ug/g dry wt) 

7 
4 
7 

Advisory Limits 
(%) 
30- 150 
30- 150 

Note 1 = Detection limit elevated due to matrix effects. Residue observed was not characteristic of any commercial 
petroleum product. 
Note 2 = Reported concentration may be elevated due to the presence of co-extracted non-petroleum residue in the 
sample. Value reported may be considered a maximum. 

ESI 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Arsenic, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samples: 

Lab ID Sample ID 

20685-001 NBH_PH4SAP _PC_09D 0-1 
20685-018 NBH_PH4SAP_DUP14 
20670-021 NBH_PH4SAP _VC_05_1-2 
20670-022 NBH_PH4SAP _ VC_05_2-2.3 
20670-023 NBH_PH4SAP _PC_01_0-1 
20670-028 NBH_PH4SAP _PC_02_0-1 
20670-031 NBH_PH4SAP _DUP4 
20670-032 NBH_PH4SAP _DUP5 
20670-033 NBH_PH4SAP_DUP6 
20670-034 NBH_PH4SAP_DUP7 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g 

PB203S 0.05 0.05 I 

Lab ID Sample ID 

20670-035 NBH_PH4SAP_DUP8 

Q M 

Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True Lab Control Dup 
ID Limit Sample Result Value %R Sample Result 

% ug/g ug/g ug/g 

LCS203S 70-130 49.9 50 100 52.1 
SRM1944 62-100 15.2 18.9 80 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g dry wt ug/g dry wt 

20685-0010 30 5.28 5.70 8 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20685-001S 70-130 64.3 62.2 5.70 
20685-001 SD 70-130 62.7 61.8 5.70 

NC = Not calculated. 

True 
Value 
ug/g 

50 

Q 

Pass 

%R Q 

94 
92 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

104 Pass 
Pass 

Pass 
Pass 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Antimony, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samples: 

Lab ID Sample ID 

20685-001 NBH_PH4SAP _PC_09D 0-1 
20685-018 NBH_PH4SAP_DUP14 
20670-021 NBH_PH4SAP _ VC_05_1-2 
20670-022 NBH_PH4SAP _ VC_05_2-2.3 
20670-023 NBH_PH4SAP _PC_01_0-1 
20670-028 NBH_PH4SAP _PC_02_0-1 
20670-031 NBH_PH4SAP _DUP4 
20670-032 NBH_PH4SAP_DUP5 
20670-033 NBH_PH4SAP_DUP6 
20670-034 NBH_PH4SAP _DUP7 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g 

PB203S 0.05 0.05 I 

Lab ID Sample ID 

20670-035 NBH_PH4SAP_DUP8 

Q M 

u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True Lab Control Dup 
ID Limit Sample Result Value %R Sample Result 

% ug/g ug/g ug/g 

LCS203S 70-130 44.6 50 89 44.5 
SRM1944 40-140 4.52 5.0 90 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g dry wt ug/g dry wt 

20685-001D 30 0.36 0.32 12 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20685-001S 70-130 60.2 62.3 0.32 
20685-001 SD 70-130 59.8 61.8 0.32 

NC =Not calculated. 

True 
Value 
ug/g 

50 

Q 

Pass 

%R Q 

96 
96 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

89 Pass 
Pass 

Pass 
Pass 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Beryllium, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samples: 

Lab 10 Sample 10 

20685-001 NBH_PH4SAP _PC_090 0-1 
20685-018 NBH_PH4SAP_DUP14 
20670-021 NBH_PH4SAP _ VC_05_1-2 
20670-022 NBH_PH4SAP _ VC_05_2-2.3 
20670-023 NBH_PH4SAP _PC_01_0-1 
20670-028 NBH_PH4SAP _PC_02_0-1 
20670-031 NBH_PH4SAP_DUP4 
20670-032 NBH_PH4SAP _OUP5 
20670-033 NBH_PH4SAP _DUP6 
20670-034 NBH_PH4SAP_DUP7 

METHOD BLANK 

Control Preparation 
10 Limit Blank Result 

+I- ug/g 

PB203S 0.05 0.05 I 

Lab 10 Sample 10 

20670-035 NBH_PH4SAP_DUP8 

Q M 

u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True Lab Control Dup 
10 Limit Sample Result Value %R Sample Result 

% ug/g ug/g ug/g 

LCS203S 70-130 2.55 2.5 102 2.58 
SRM1944 40-140 0.65 1.6 41 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

10 % ug/g dry wt ug/g dry wt 

20685-0010 30 0.33 0.30 9 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
10 Limit Result Added Result Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20685-001 s 70-130 3.59 3.11 0.30 
20685-001 so 70-130 3.50 3.09 0.30 

NC = Not calculated. 

True 
Value 
ug/g 

2.5 

Q 

Pass 

%R Q 

106 
104 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

103 Pass 
Pass 

Pass 
Pass 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Cadmium, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samples: 

Lab ID Sample ID 

20685-001 NBH_PH4SAP _PC_09D 0-1 
20685-018 NBH_PH4SAP_DUP14 
20670-021 NBH_PH4SAP _ VC_05_1-2 
20670-022 NBH_PH4SAP _ VC_05_2-2.3 
20670-023 NBH_PH4SAP _PC_01_0-1 
20670-028 NBH_PH4SAP _PC_02_0-1 
20670-031 NBH_PH4SAP _DUP4 
20670-032 NBH_PH4SAP_DUP5 
20670-033 NBH_PH4SAP_DUP6 
20670-034 NBH_PH4SAP_DUP7 

METHOD BLANK 

Control Preparation 
10 Limit Blank Result 

+I- ug/g 

PB203S 0.05 0.05 I 

Lab ID Sample ID 

20670-035 NBH_PH4SAP_DUP8 

Q M 

u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True Lab Control Dup 
ID Limit Sample Result Value %R Sample Result 

% ug/g ug/g ug/g 

LCS203S 70-130 25.6 25 102 25.5 
SRM1944 57-142 8.87 8.8 101 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

10 % ug/g dry wt ug/g dry wt 

20685-001D 30 1.10 1.08 2 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20685-001S 70-130 33.0 31.1 1.08 
20685-001 so 70-130 32.7 30.9 1.08 

NC = Not calculated. 

True 
Value 
ug/g 

25 

Q 

Pass 

%R Q 

103 
102 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

102 Pass 
Pass 

Pass 
Pass 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Chromium, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samples: 

Lab ID Sample ID 

20685-001 NBH_PH4SAP _PC_09D 0-1 
20685-018 NBH_PH4SAP_DUP14 
20670-021 NBH_PH4SAP _VC_05_1-2 
20670-022 NBH_PH4SAP _ VC_05_2-2.3 
20670-023 NBH_PH4SAP _PC_01_0-1 
20670-028 NBH_PH4SAP _PC_02_0-1 
20670-031 NBH_PH4SAP_DUP4 
20670-032 NBH_PH4SAP _DUP5 
20670-033 NBH_PH4SAP_DUP6 
20670-034 NBH_PH4SAP_DUP7 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g 

PB203S 0.2 0.2 I 

Lab ID Sample ID 

20670-035 NBH_PH4SAP _DUP8 

Q M 

u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True Lab Control Dup 
ID Limit Sample Result Value %R Sample Result 

% ug/g ug/g ug/g 

LCS203S 70-130 10.1 10 101 10.1 
SRM1944 53-100 183 266 69 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g dry wt ug/g dry wt 

20685-001D 30 62.9 63.8 1 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20685-001S 70-130 12.4 63.8 
20685-001 SD 70-130 12.4 63.8 

NC = Not calculated. 
SNR = Not calculated due to high sample result. 

True 
Value 
ug/g 

10 

Q 

Pass 

%R Q 

SNR 
SNR 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

101 Pass 
Pass 

Pass 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Copper, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samples: 

Lab ID Sample ID 

20685-001 NBH_PH4SAP _PC_09D 0-1 
20685-018 NBH_PH4SAP_DUP14 
20670-021 NBH_PH4SAP _ VC_05_1-2 
20670-022 NBH_PH4SAP _VC_05_2-2.3 
20670-023 NBH_PH4SAP _PC_01_0-1 
20670-028 NBH_PH4SAP _PC_02_0-1 
20670-031 NBH_PH4SAP_DUP4 
20670-032 NBH_PH4SAP_DUP5 
20670-033 NBH_PH4SAP_DUP6 
20670-034 NBH_PH4SAP_DUP7 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g 

PB203S 0.1 0.1 I 

Lab ID Sample ID 

20670-035 NBH_PH4SAP _DUP8 

Q M 

u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True Lab Control Dup 
ID Limit Sample Result Value %R Sample Result 

% ug/g ug/g ug/g 

LCS203S 70-130 12.2 12.5 98 12.1 
SRM1944 58-110 307 380 81 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g dry wt ug/g dry wt 

20685-0010 30 171 144 17 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20685-001S 70-130 15.6 144 
20685-001 SD 70-130 15.5 144 

NC =Not calculated. 
SNR = Not calculated due to high sample result. 

True 
Value 
ug/g 

12.5 

Q 

Pass 

%R Q 

SNR 
SNR 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

97 Pass 
Pass 

Pass 
Pass 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Lead, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samples: 

Lab ID Sample ID 

20685-001 NBH_PH4SAP _PC_09D 0-1 
20685-018 NBH_PH4SAP_DUP14 
20670-021 NBH_PH4SAP _VC_05_1-2 
20670-022 NBH_PH4SAP _ VC_05_2-2.3 
20670-023 NBH_PH4SAP _PC_01_0-1 
20670-028 NBH_PH4SAP _PC_02_0-1 
20670-031 NBH_PH4SAP_DUP4 
20670-032 NBH_PH4SAP _DUP5 
20670-033 NBH_PH4SAP_DUP6 
20670-034 NBH_PH4SAP_DUP7 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g 

PB203S 0.05 0.05 I 

Lab ID Sample ID 

20670-035 NBH_PH4SAP _DUP8 

Q M 

u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True Lab Control Dup 
ID Limit Sample Result Value %R Sample Result 

% ug/g ug/g ug/g 

LCS203S 70-130 48.7 50 97 49.7 
SRM1944 70-112 311 330 94 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g dry wt ug/g dry wt 

20685-001 D 30 62.8 61.7 2 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20685-001S 70-130 125 62.3 61.7 
20685-001 SD 70-130 123 61.8 61.7 

NC = Not calculated. 

True 
Value 
ug/g 

50 

Q 

Pass 

%R Q 

102 
99 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

99 Pass 
Pass 

Pass 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Mercury, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samples: 

Lab 10 Sample 10 

20685-001 NBH_PH4SAP _PC_090 0-1 
20685-018 NBH_PH4SAP_DUP14 

METHOD BLANK 

Control Preparation 
10 Limit Blank Result 

+I- ug/g 

PB796S 0.02 0.02 I 

Lab 10 Sample 10 

Q M 

u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True Lab Control Dup 
10 Limit Sample Result Value %R Sample Result 

% ug/g ug/g ug/g 

LCS796S 70-130 0.017 0.02 85 0.017 
SRM1944 56-144 3.55 3.400 104 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

10 % ug/g dry wt ug/g dry wt 

20685-0010 30 0.34 0.40 16 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
10 Limit Result Added Result Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20685-001S 70-130 0.013 0.40 
20685-001 so 70-130 0.013 0.40 

NC = Not calculated. 
SNR = Not calculated due to high sample result. 

True 
Value 
ug/g 

0.02 

Q 

Pass 

%R Q 

SNR 
SNR 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

85 Pass 
Pass 

Pass 
Pass 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Nickel, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samp_les: 

Lab ID Sample 10 

20685-001 NBH_PH4SAP _PC_09D 0-1 
20685-018 NBH_PH4SAP_DUP14 
20670-021 NBH_PH4SAP _ VC_05_1-2 
20670-022 NBH_PH4SAP _ VC_05_2-2.3 
20670-023 NBH_PH4SAP _PC_01_0-1 
20670-028 NBH_PH4SAP _PC_02_0-1 
20670-031 NBH_PH4SAP_DUP4 
20670-032 NBH_PH4SAP_DUP5 
20670-033 NBH_PH4SAP_DUP6 
20670-034 NBH_PH4SAP_DUP7 

METHOD BLANK 

Control Preparation 
10 Limit Blank Result 

+I- ug/g 

PB203S 0.1 0.1 I 

Lab 10 Sample 10 

20670-035 NBH_PH4SAP_DUP8 

Q M 

u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True Lab Control Dup 
10 Limit Sample Result Value %R Sample Result 

% ug/g ug/g ug/g 

LCS203S 70-130 24.6 25 98 24.3 
SRM1944 50-100 57.1 76.1 75 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

10 % ug/g dry wt ug/g dry wt 

20685-0010 30 9.9 10.3 4 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
10 Limit Result Added Result Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20685-001S 70-130 40.1 31.1 10.3 
20685-001 so 70-130 40.4 30.9 10.3 

NC = Not calculated. 

True 
Value 
ug/g 

25 

Q 

Pass 

%R Q 

96 
97 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

97 Pass 
Pass 

Pass 
Pass 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Selenium, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samples: 

Lab ID Sample ID 

20685-001 NBH_PH4SAP _PC_09D 0-1 
20685-018 NBH_PH4SAP_DUP14 
20670-021 NBH_PH4SAP _ VC_05_1-2 
20670-022 NBH_PH4SAP _ VC_05_2-2.3 
20670-023 NBH_PH4SAP _PC_01_0-1 
20670-028 NBH_PH4SAP _PC_02_0-1 
20670-031 NBH_PH4SAP_DUP4 
20670-032 NBH_PH4SAP_DUP5 
20670-033 NBH_PH4SAP_DUP6 
20670-034 NBH_PH4SAP _DUP7 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g 

PB203S 0.1 0.1 I 

Lab ID Sample ID 

20670-035 NBH_PH4SAP_DUP8 

Q M 

u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True Lab Control Dup 
ID Limit Sample Result Value %R Sample Result 

% ug/g ug/g ug/g 

LCS203S 70-130 50.7 50 101 51.0 
SRM1944 40-140 1.09 1.4 78 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g dry wt ug/g dry wt 

20685-0010 30 0.41 0.47 14 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20685-001S 70-130 59.1 62.3 0.47 
20685-001 so 70-130 59.1 61.8 0.47 

NC =Not calculated. 

True 
Value 
ug/g 

50 

Q 

Pass 

%R Q 

94 
95 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

102 Pass 
Pass 

Pass 
Pass 
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Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Silver, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samples: 

Lab ID Sample ID 

20685-001 NBH_PH4SAP _PC_09D 0-1 
20685-018 NBH_PH4SAP_DUP14 
20670-021 NBH_PH4SAP _ VC_05_1-2 
20670-022 NBH_PH4SAP _ VC_05_2-2.3 
20670-023 NBH_PH4SAP _PC_01_0-1 
20670-028 NBH_PH4SAP _PC_02_0-1 
20670-031 NBH_PH4SAP _DUP4 
20670-032 NBH_PH4SAP _DUP5 
20670-033 NBH_PH4SAP _DUP6 
20670-034 NBH_PH4SAP _DUP7 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g 

PB203S 0.05 0.05 I 

Lab ID Sample ID 

20670-035 NBH_PH4SAP _DUP8 

Q M 

u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True Lab Control Dup 
ID Limit Sample Result Value %R Sample Result 

% ug/g ug/g ug/g 

LCS203S 70-130 12.7 13 102 12.7 
SRM1944 40-140 6.75 6.4 105 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g dry wt ug/g dry wt 

20685-0010 30 0.72 0.78 8 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20685-001S 70-130 16.1 15.6 0.78 
20685-001 SD 70-130 15.9 15.5 0.78 

NC =Not calculated. 

True 
Value 
ug/g 

13 

Q 

Pass 

%R Q 

98 
98 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

102 Pass 
Pass 

Pass 
Pass 

ESI 

www.envirosystems.com 



Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Thallium, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samples: 

Lab ID Sample ID 

20685-001 NBH_PH4SAP - PC_09D 0-1 
20685-018 NBH_PH4SAP_DUP14 
20670-021 NBH_PH4SAP _ VC_05_1-2 
20670-022 NBH_PH4SAP _ VC_05_2-2.3 
20670-023 NBH_PH4SAP _PC_01_0-1 
20670-028 NBH_PH4SAP _PC_02_0-1 
20670-031 NBH_PH4SAP_DUP4 
20670-032 NBH_PH4SAP_DUP5 
20670-033 NBH_PH4SAP _DUP6 
20670-034 NBH_PH4SAP_DUP7 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g 

PB203S 0.05 0.05 I 

Lab ID Sample ID 

20670-035 NBH_PH4SAP_DUP8 

Q M 

u Pass 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True Lab Control Dup 
ID Limit Sample Result Value %R Sample Result 

% ug/g ug/g ug/g 

LCS203S 70-130 50 50 101 52 
SRM1944 <1 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g dry wt ug/g dry wt 

20685-001 D 30 0.15 0.16 NC 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g dry wt ug/g dry wt ug/g dry wt 

20685-001S 70-130 62.9 62.3 0.16 
20685-001 so 70-130 63.1 62.9 0.16 

NC = Not calculated. 

True 
Value 
ug/g 

50 

Q 

%R 

101 
100 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

103 Pass 

Q 

Pass 
Pass 

ESI 

www.envirosystems.com 



Quality Control Summary 

Parameter: 
Project: 
Matrix: 
QC Batch No: 

Zinc, total 
NBH_S.TERM 6690 
Solid 
203S 

Pertains to samples: 

Lab ID Sample ID 

20685-001 NBH_PH4SAP _PC_09D 0-1 
20685-018 NBH_PH4SAP_DUP14 
20670-021 NBH_PH4SAP _ VC_05_1-2 
20670-022 NBH_PH4SAP _ VC_05_2-2.3 
20670-023 NBH_PH4SAP _PC_01_0-1 
20670-028 NBH_PH4SAP _PC_02_0-1 
20670-031 NBH_PH4SAP_DUP4 
20670-032 NBH_PH4SAP _DUP5 
20670-033 NBH_PH4SAP_DUP6 
20670-034 NBH_PH4SAP _DUP7 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+I- ug/g 

PB203S 1 1 I 
Q 

u 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control 

Lab ID Sample ID 

20670-035 NBH_PH4SAP_DUP8 

M 

Pass 

True Lab Control Dup True 
ID Limit Sample Result Value %R Sample Result Value 

% ug/g ug/g ug/g ug/g 

LCS203S 70-130 25.1 25 100 24.5 25 
SRM1944 69-100 574 656 88 

DUPLICATE ANALYSIS 

Control Duplicate Sample 
Limit Result Q Result Q RPD Q 

ID % ug/g dry wt ug/g dry wt 

20685-0010 30 193 189 2 Pass 

SPIKE SAMPLE ANALYSIS 

. 
Control Spiked Sample Spike Sample 

ID Limit Result Added Result Q %R Q 
% ug/g drywt ug/g dry wt ug/g dry wt 

20685-001S 70-130 31.1 189 SNR 
20685-001 so 70-130 30.9 189 SNR 

NC =Not calculated. 
SNR = Not calculated due to high sample result. 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 

%R 

98 Pass 
Pass 

Pass 
Pass 

ESI 

www.envirosystems.com 
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1.0 INTRODUCTION 

1.1 Project Description 

The Corps of Engineers, North Atlantic Division New England District (NAE) is evaluating sediments for 
proposed dredging and disposal under the New Bedford Harbor federal project in Massachusetts.  This 
work was performed to assist NAE in gathering physical, chemical, and biological data for analyzing the 
environmental impacts associated with proposed maintenance dredging of sediments in New Bedford 
Harbor. These data will be used to support the NAE determination for acceptability of the dredged 
material for ocean disposal under Section 103 of the Marine Protection Research and Sanctuaries Act 
(MPRSA). All methods employed were consistent with the National Guidance provided in “Evaluation 
of Dredged Material Proposed for Ocean Disposal” (U.S. EPA/USACE 1991), also known as the “Green 
Book”, “Evaluation of Dredged Material Proposed for Discharge in Waters of the U.S. - Testing 
Manual” (EPA/USACE 1998), known as the “Inland Testing Manual”, and the Regional Testing Manual 
“Final Regional Implementation Manual for the Evaluation of Dredged Material Proposed for Disposal 
in New England Waters” (EPA/USACE 2004). 

1.2 Scope of Work 

The project scope of work consisted of collecting sediment core and water column samples from 40 
locations in New Bedford Harbor and sediment grab and water samples from two reference locations at 
the Buzzards Bay Disposal Site (BBDS) and Rhode Island Sound Disposal Site (RISDS).  The samples 
were transported to Battelle, Duxbury and the sediment cores were combined into designated composite 
samples.  A series of subsamples taken from each of the composites, as well as the sediment grab, site 
water, and rinsate blank samples were delivered to the appropriate laboratories for analyses of physical 
parameters of sediments (grain size and total organic carbon [TOC]), organic and inorganic chemistry 
parameters (polycyclic aromatic hydrocarbons [PAHs], polychlorinated bipheynyl [PCB] 
congeners/pesticides, pentachlorophenol, metals), toxicity, and bioaccumulation.  The New Bedford 
Harbor Sampling and Analysis Plan (SAP) (Battelle, 2005a) details the methods employed for field 
activities and laboratory analyses.  Results of field sampling activities are documented in the New 
Bedford Harbor Field Survey Report (Battelle, 2005b).  This document reports analytical results for 
sediment, water, elutriate and tissue samples, rinsate blanks, and toxicological analyses.   

Field Collections— TG&B Marine Services (TG&B) performed all sediment and water collections under 
the supervision of a Battelle Chief Scientist/Sedimentologist. 

Physical and Chemical Analyses—Grain size (GS) and TOC analyses of sediment cores, composites, 
and grabs were performed by Applied Marine Sciences (AMS) of League City, TX.  Elutriates and 
toxicity studies were performed by EnviroSystems Inc (ESI) of Hampton, NH. Chemical analyses 
including PAH, PCB congeners/pesticides, and metals for sediment, rinsate blank, and elutriate samples 
were performed by Battelle. Chemical analysis for pentachlorophenol in rinsate blanks, site waters, and 
elutriates was conducted by Katahdin Analytical Services of Westbrook, ME. 

1.3 Organization of this Report 

This report presents results from sediment, water, elutriate, and toxicity testing. Following this 
introduction, the materials and methods used in support of this study are presented in Section 2.  Results 
of physical and chemical analyses for the sediment, water, elutriate, and toxicity samples are discussed in 
Section 3. Section 4 lists the literature cited in this report.  Appendix A contains the results of grain size 
and TOC for sediment samples; Appendix B contains sample and QC results from sediment chemistry 
tests; Appendices C through F contain sample and QC results from chemistry tests for rinsate blanks, 
reference site waters, and elutriate samples as well as QA narratives and chain of custody records; 
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Appendices G through K contain results from the toxicity testing; Appendix L contains Battelle’s chain of 
custody records. 
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2.0 MATERIALS AND METHODS 

2.1 Sample Collection/Processing 

On July 25-30, 2005, one or multiple sediment cores and water column samples were collected at each of 
the 37 locations within the 30-foot federal navigation channel, anchorage, and maneuvering areas.  
Sediment cores and waters were also collected from three additional locations in the 15 and 10-foot deep 
channels, which run on the East (Fairhaven) side of the Lower Harbor.  The sediment cores were taken to 
project depth plus a two foot allowable overdepth.  The number of cores at each location was based on a 
minimum sediment volume of 24 gallons per composite and was dependent on the number of stations per 
composite as well as the project depth and water depth at each location.  Each station in a composite 
contributed approximately equal volumes of sediment.  In addition, sediment grab and site water samples 
were collected at the BBDS and RISDS reference locations.  The samples were transported to Battelle, 
Duxbury where the sediment core samples were combined into designated composite samples.  A series 
of subsamples were taken from each of the sediment composites for physical and chemical analyses.  The 
subsamples from composites, together with reference site sediment grab, site waters and rinsate blank 
samples were delivered to the appropriate laboratories for elutriate preparation, and physical, chemical, 
and biological analyses.  

Chains-of-custody (COCs) for the collected sediment core and grab samples as well as site water samples 
were originally generated in the field. After the samples were delivered to Battelle, the field staff 
performed sediment compositing and prepared COCs for the sediment composites to be delivered to 
appropriate laboratories for elutriate preparation and various analyses.  COCs of elutriate samples were 
generated by ESI where the elutriate preparation was performed. 

The complete details of the survey operations are provided in the New Bedford Harbor Survey Report 
(Battelle 2005b). Sampling locations are shown in Figures 2-1 and 2-2.  Details on the core and sediment 
processing methods and elutriate preparation procedures can be found in the New Bedford Harbor SAP 
(Battelle 2005a). 

2.1.1 Sediment Core Collections 
Sediment core samples were collected in accordance with the New Bedford Harbor SAP (Battelle 2005a).  

One or multiple sediment cores were collected at each of the 40 stations (Figures 2-1 and 2-2) in New 
Bedford Harbor using an aluminum core barrel and a TG&B custom vibracoring device or a push corer, 
depending on sediment type.  The cores were captured in pre-rinsed polycarbonate (Lexan™) liners that 
were inserted in the aluminum core tube.  During the field effort, cores from each location were removed 
from the liners in the field and placed in labeled (station, core depth, sample ID, and date), pre-cleaned 
high-density polyethylene pails prior to transportation to Battelle Duxbury for compositing/aliquotting.  
All sediments were kept chilled on ice while aboard the vessel. Upon arrival at Battelle, samples were 
placed in a secure, continuously monitored cold room which was maintained at 4oC ± 2oC. Three of the 
stations (Stations 1, 2, and 3) had not been previously sampled.  Therefore, in addition to the sediment 
cores for compositing and subsampling, an intact core was retained for each of the three stations for visual 
geologic characterization and individual physical testing.  Additional details concerning 
compositing/aliquotting are provided in Section 2.1.5. 

2.1.2 Reference Sediment Grab Collections 
Grab samples were collected at the BBDS and RISDS reference locations using a Kynar coated 0.1-m2 

Van Veen grab sampler.  Sufficient material was collected for grain size, TOC, sediment chemistry, and 
biological testing. Each grab was inspected for acceptability.  Once the grab was deemed acceptable, the 
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sediment was transferred to labeled (station, core depth, sample ID, and date), pre-cleaned high-density 
polyethylene 3.5-gallon buckets for storage and transportation.  A total of 24 gallons of sediment was 
collected at each of the two sites. 

2.1.3 Water Sampling 
Site water was collected for preparation of elutriates for chemical analyses and suspended particulate 
phase (SPP) for the 96-hour SPP toxicity testing.  In addition, water was collected at the two reference 
locations for use as a control and dilution water in the 96-hour SPP toxicity tests and for chemical 
analyses. 

Fifteen gallons of water (3, 5-gallon cubitainers), a sufficient volume to complete all chemical and 
biological testing, was collected from pre-designated locations representing a composite of several 
sediment stations (i.e. a central point between all stations in the composite, see Note in Table 2-1).  Water 
was pumped using a submersible pump with Teflon seals and Tygon tubing directly into 5-gallon 
cubitainers. Prior to collection, the cubitainers were rinsed thoroughly with site water.  At each location, 
an equal volume of water was collected from three depths:  top, middle, and 3-feet from bottom of the 
water column. If water depths were less than 15 feet at the time of sampling, water was collected at mid-
depth. Water from the BBDS and RISDS reference locations was collected from the mid-depth or the 
maximum depth allowed by the pump length.  Site water was not analyzed directly, rather it was used to 
prepare elutriates which were then chemically analyzed in triplicate for PCB/pesticides, 
pentachlorophenol, and metals. Water collected from the two reference locations was analyzed directly 
for PCB/pesticides, pentachlorophenol, and metals. 

2.1.4 Rinsate Blank Sampling 
Individual rinsate blanks were collected in the field from the sediment grab, vibracorer, and water pump.  
The three rinsate blank samples were stored at 4°C ±2°C. Rinsate blanks were analyzed for both organic 
compounds (PAHs, PCB/pesticides, pentachlorophenol) and metals.  Additional details regarding 
collection of rinsate blanks are provided in the New Bedford Harbor SAP (Battelle 2005a). 
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Figure 2-1. New Bedford Harbor Southern Sampling Locations. 
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Figure 2-2. New Bedford Harbor Northern Sampling Locations. 
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2.1.5 Core Processing and Subsampling 
Details on the core and sediment processing methods can be found in the SAP (Battelle 2005a). 

Sediments for chemical analyses, elutriate/SPP preparation, and solid phase toxicity testing were 
composited and homogenized at Battelle according to the compositing scheme presented in Table 2-1.  
Sediments were composited in 30-gallon polyethylene drum liners and homogenized using a coated 
electric mixer. 

Composited sediments and site water were shipped to ESI by vehicle by Battelle personnel for 
elutriate/SPP preparation. All of the 3.5-gallon buckets were filled around three-quarters full, leaving 
some room for expansion.  Lids were sealed completely to avoid leakage.  All buckets (for sediments) and 
cubitainers (for water) were shipped in coolers with ice.  

Aliquot splitting of sediment composites for physical and chemical analyses were conducted at Battelle, 
Duxbury.  Pre-cleaned sample containers were provided for sub-sampling of sediment composites for 
grain size, TOC, PAH, PCB/pesticide, and metal analyses. 

In addition to sediment compositing and subsampling for biological, physical, and chemical analyses, 
individual cores were collected and kept intact at Stations 1, 2, and 3 (from the 10 and 15-foot channels).  
These cores were returned to Battelle for visual characterization.  At Battelle, the cores were cut 
longitudinally using electric tin snips.  They were generally characterized from top to bottom in terms of 
sediment type (silt, sand, and clay), color, odor, and horizons. A subsample of the target material was 
taken from each individual core representing each station for laboratory grain size analysis at AMS. 

2.1.6 Elutriate Preparation 
An elutriate phase of these sediment composites was prepared at ESI no later than 14 days after the field 
sediment/water collection for chemical analyses of PCBs/pesticides and metals.  The elutriate samples 
were prepared by placing one volume of test sediment and four volumes of site water from the 
appropriate site in an 8-gallon glass container and mixing vigorously with a magnetic stir bar.  
Additionally, the sediment/water mixture was hand stirred at approximately 10-minute intervals during 
the mixing period.  At the end of the 30-minute period, the sediment/water mixture was allowed to settle 
for 1 hour and the elutriate was siphoned off for testing.  Elutriate samples were centrifuged, prepared in 
triplicate for each chemical analysis (PCB/pesticides, pentachlorophenol, and metals), and then shipped 
directly to the appropriate laboratories.  In addition, elutriate blanks were prepared using only site water 
following the procedures described above.  Elutriate blanks were also prepared in triplicate and shipped 
directly to the appropriate laboratories. 
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 Table 2-1. Cross-reference for Station ID, Individual Sample ID, and Composite ID. 

Individual Sample ID Station ID Composite ID 
EAG-035 A EAG-1001 
EAG-036 C1 

EAG-037 D 
EAG-038 E 
EAG-039 F EAG-1002 
EAG-040 G1 

EAG-024 K 
EAG-023 I 
EAG-021 H1 EAG-1003 
EAG-022 J 
EAG-028 L EAG-1004 
EAG-029 M1 

EAG-030 N 
EAG-008 BB EAG1005 
EAG-009 AA 
EAG-010 Y 
EAG-011 X 
EAG-012 U1 

EAG-013 W 
EAG-014 T 
EAG-015 P 
EAG-016 Q 
EAG-017 S 
EAG-018 O 
EAG-019 R 
EAG-020 V 
EAG-001 CC EAG-1006 
EAG-002 DD 
EAG-003 GG 
EAG-004 HH1 

EAG-005 LL 
EAG-006 MM 
EAG-007 KK 
EAG-031 EE EAG-1007 
EAG-032 II 
EAG-033 JJ 
EAG-034 FF1 

EAG-025 3 EAG-1010 
EAG-026 21 

EAG-027 1 
EAG-050 
EAG-051(water) RISDS EAG-1009 

EAG-055 
EAG-056 (water) BBDS EAG-1008 

EAG-052 Grab Rinsate NA 
EAG-053 Core Rinsate NA 
EAG-054 Pump Rinsate NA 
1 Stations where site water samples were collected to correspond  

to sediment composite. 
NA – not applicable 
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2.2 Physical and Chemical Testing 

This section summarizes the methods used for the physical and chemical testing of sediments, rinsate 
blanks, site water, and elutriate samples.  Physical testing of sediment samples included grain size and 
percent moisture measurements; chemical testing of sediment samples included TOC, PCB/chlorinated 
pesticide, PAHs, and metals analyses; rinsate blank samples were tested for PCB/pesticides, PAHs, 
pentachlorophenol, and metals; and site water and elutriate samples were analyzed for PCB/pesticides, 
pentachlorophenol, and metals. 

Laboratory quality assurance plans that detailed the specifics of the analytical requirements were 
developed for each laboratory.  The complete list of target analytes and detection limits for the sediment 
and water/elutriate samples is provided in Table 2-2. A routine set of quality control (QC) samples was 
prepared with each set of samples, by parameter and media, to monitor data quality in terms of accuracy 
and precision. The frequency and type of QC samples, and QC acceptance criteria, are discussed in 
Section 2.4. 

2.2.1 Grain Size and TOC 
The eight sediment composite samples (EAG-1001 through EAG-1007, and EAG-1010) from New 
Bedford Harbor, the two sediment grab samples from reference locations (EAG-1008 and EAG-1009), as 
well as the three individual samples from Stations 1, 2, and 3 were analyzed for the full grain size 
distribution and TOC. Grain size was measured according to ASTM D422 for gravel, sand, silt and clay, 
using sieve and hydrometer. Visual classification (ASTM D2487) and water content were also performed 
and results were reported on a dry-weight basis.  TOC was measured according to U.S. EPA Method 
9060.  Results for TOC were also reported on a dry-weight basis. 

2.2.2 Organic Contaminants 
2.2.2.1 Organic Contaminants in Sediments 

The eight sediment composite samples from New Bedford Harbor and two sediment grab samples from 
BBDS and RISDS reference locations were extracted for PAHs, PCB congeners, and chlorinated 
pesticides following Battelle SOP 5-192.  Briefly, approximately 30 grams of wet sediment were fortified 
with a set of surrogate internal standards (SIS) and extracted three times with methylene chloride using 
shaker techniques. The combined extract was dried over anhydrous sodium sulfate, concentrated to 
approximately 1 mL, and cleaned using alumina column, activated copper, and HPLC.  The post-HPLC 
extract was concentrated to approximately 1 mL and fortified with a set of recovery internal standards 
(RIS). Extracts were then qualitatively split 50:50, and one-half was exchanged into hexane for PCB and 
chlorinated pesticide analysis by gas chromatography/electron capture detection (GC/ECD) (Battelle SOP 
5-128). Extracts for PAH analyses were analyzed directly using gas chromatography/mass spectrometry 
(GC/MS) in the selected ion mode (Battelle SOP 5-157).  All target compounds were quantified by the 
method of internal standards using RIS and results were reported in µg/kg dry weight.  The list of target 
analytes and target detection limits is presented in Table 2-2. 
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 Table 2-2. Parameters and Target Detection Limits. 

Parameter Sediment Water Tissue Parameter Sediment Water Tissue 
Polycyclic Aromatic 
Hydrocarbons 

µg/kg DW 
(ppb) 

µg/L µg/kg 
WW 
(ppb) 

Chlorinated 
Pesticides 

µg/kg DW 
(ppb) 

µg/L µg/kg 
WW 
(ppb) 

Naphthalene 10 NA 20 4,4'-DDD 1 NA 1 
Acenaphthylene 10 NA 20 4,4'-DDE 1 NA 1 
Acenaphthene 10 NA 20 4,4'-DDT 1 0.03 1 
Fluorene 10 NA 20 aldrin 1 0.26 1 

Anthracene 
10 NA 20 a-chlordane 

(cis-chlordane) 
1 0.02 1 

Phenanthrene 
10 NA 20 g-chlordane  

(trans-chlordane) 
1 0.02 1 

Fluoranthene 10 NA 20 lindane 1 0.26 1 
Pyrene 10 NA 20 cis-nonachlor 1 NA 1 
Benzo(a)anthracene 10 NA 20 trans-nonachlor 1 NA 1 
Chrysene 10 NA 20 oxychlordane 1 NA 1 
Benzo(b)fluoranthene 10 NA 20 dieldrin 1 0.14 1 

Benzo(k)fluoranthene 
10 NA 20 endosulfan I 

(alpha-endosulfan) 
1 0.007 1 

Benzo(a)pyrene 
10 NA 20 endosulfan II 

(beta-endosulfan) 
1 0.007 1 

Indeno(1,2,3-cd)pyrene 10 NA 20 endrin 1 0.007 1 
Dibenz(a,h)anthracene 10 NA 20 heptachlor 1 0.01 1 
Benzo(g,h,i)perylene 10 NA 20 heptachlor epoxide 1 0.01 1 

hexachlorobenzene 1 NA 1 
methoxychlor 1 NA 1 

Pentachlorophenol NA 2.6 NA Toxaphene 25 0.04 50 
chloropyrifos NA 0.002 NA 

Polychlorinated 
Biphenyls 

µg/kg DW 
(ppb) 

µg/L µg/kg 
WW 
(ppb) 

Metals mg/kg 
DW 

(ppm) 

µg/L mg/kg 
WW 

(ppm) 
Cl2(8) 1 0.006 0.5 Arsenic 0.4 1 0.5 
Cl3(18) 1 0.006 0.5 Cadmium 0.07 1 0.1 
Cl3(28) 1 0.006 0.5 Chromium 0.5 1 1.0 
Cl4(44) 1 0.006 0.5 Copper 0.5 0.6 1.0 
Cl4(49) 1 0.006 NA Lead 0.5 1 1.0 
Cl4(52) 1 0.006 0.5 Mercury 0.02 0.4 0.02 
Cl4(66) 1 0.006 0.5 Nickel 0.5 1 1.0 
Cl5(87) 1 0.006 NA Selenium NA 1 NA 
Cl5(101) 1 0.006 0.5 Silver NA 0.5 NA 
Cl5(105) 1 0.006 0.5 Zinc 1.0 1 1.0 
Cl5(118) 1 0.006 0.5 
Cl6(128) 1 0.006 0.5 

Cl6(138) 
1 0.006 0.5 Ancillary 

Parameters % % 

Cl6(153) 1 0.006 0.5 TOC 0.1 NA NA 
Cl7(170) 1 0.006 0.5 Grain Size NA NA 
Cl7(180) 1 0.006 0.5 Percent Moisture 1.0 NA NA 
Cl7(183) 1 0.006 NA Total Water Content NA NA 0.1% 
Cl7(184) 1 0.006 NA Total Lipids NA NA 0.1% 
Cl7(187) 1 0.006 0.5 
Cl8(195) 1 0.006 0.5 
Cl9(206) 1 0.006 0.5 
Cl10(209) 1 0.006 0.5 

NA = Not applicable 
DW = Dry Weight, WW = Wet Weight 
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2.2.2.2 Organic Contaminants in Elutriate and Rinsate Blank Samples 

Elutriate, elutriate blank, and site water samples were extracted for PCB congeners and chlorinated 
pesticides following Battelle SOP 5-200.  The three rinsate blank samples were extracted for PCB 
congeners, chlorinated pesticides and PAHs, also following Battelle SOP 5-200. Briefly, approximately 
1-L of each water sample was fortified with a set of SIS, and extracted three times with methylene 
chloride using separatory funnel techniques.  The combined extract was dried over anhydrous sodium 
sulfate, concentrated to approximately 1-mL, and cleaned1 using alumina column chromatography, 
activated copper, and HPLC. The post-HPLC extract was concentrated to approximately 1-mL, fortified 
with a set of RIS, solvent exchanged into hexane, and analyzed directly by GC/ECD for PCB and 
chlorinated pesticides (Battelle SOP 5-128).  Rinsate blank extracts were also analyzed for PAHs using 
GC/MS in the selected ion mode (Battelle SOP 5-157)1. All target compounds were quantified by the 
method of internal standards using RIS and results were reported in ng/L.  The list of target analytes and 
detection limits is presented in Table 2-2. Note that the units used to present the target detection limits for 
PAHs, PCBs, and pesticides in Table 2-2 are µg/L, however, results for these analyses in Appendices D 
and E are reported in ng/L. 

Elutriate, elutriate blank, and site water samples were also extracted for pentachlorophenol following 
Katahdin Analytical SOP CA-502.  Approximately 1-L of each water sample was acidified to a pH of < 2, 
fortified with surrogate, and extracted with approximately 300 mL of methylene chloride using 
continuous liquid-liquid techniques.  The resulting extract was dried over anhydrous sodium sulfate and 
concentrated to 1-mL.  The extracts were then analyzed by GC/MS SIM following Katahdin Analytical 
SOP CA-213. All target compounds were quantified by SW846 8270 method of internal standards and 
results were reported in µg/L. The detection limit of pentachlorophenol is provided in Table 2-2.   

2.2.3 Metals 
2.2.3.1 Metals in Sediments 

The ten sediment composite samples were analyzed for eight metals: arsenic (As), cadmium (Cd), 
chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), and zinc (Zn).  Samples were freeze-
dried and homogenized using a ball-mill prior to digestion according to Battelle SOP MSL-C-003, 
Percent Dry Weight and Homogenizing Dry Sediment, Soil and Tissue. Sediment samples were digested 
in accordance with Battelle SOP MSL-I-006, Mixed Acid Sediment Digestion. An approximately 200-mg 
(dry weight) aliquot of each sample was combined with nitric and hydrochloric acids (aqua regia) in a 
Teflon bomb and heated in an oven at 130±10ºC for a minimum of eight hours.  After heating and 
cooling, deionized water was added to the sediment digestate to achieve analysis volume.  Digestates 
were submitted for analysis by three methods: 

1) Digested samples were analyzed for Hg using cold-vapor atomic absorption spectroscopy (CVAA) 
according to Battelle SOP MSL-I-016, Total Mercury in Tissues and Sediments by Cold Vapor Atomic 
Absorption. This procedure is based on modification of U.S. EPA Method 245.5 

2) Digested samples were analyzed for As and Cd using inductively coupled plasma-mass spectrometry 
(ICP-MS) according to Battelle SOP MSL-I-022, Determination of Elements in Aqueous and Digestate 
Samples by ICP/MS. The base methods for this procedure are U.S. EPA Method 1638 and U.S. EPA 
Method 6020 with adaptations for the analysis of trace level metals in digested sediment and tissue 
samples. 

1 Rinsate blanks do not receive cleanup (alumina, activated copper, or HPLC).  After fortification with RIS, rinsate 
blank extracts are qualitatively split 50:50. One-half is solvent exchanged into hexane and analyzed for PCB and 
chlorinated pesticides using GC/ECD.  The other half is analyzed directly for PAHs using GC/MS. 
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3) Digested samples were analyzed for all other metals using inductively coupled plasma optical 
emissions spectroscopy (ICP-OES) according to Battelle SOP MSL-I-033, Determination of Elements in 
Aqueous and Digestate Samples by ICP-OES. This procedure is based on two methods modified and 
adapted for analysis of low level samples: U.S. EPA Method 6010B and 200.7. 

The sediment sample results for metals were reported in µg/g. The list of target analytes and detection 
limits is presented in Table 2-2.  

2.2.3.2 Metals in Rinsate Blank Samples 

The three equipment rinsate blanks were analyzed for ten metals: silver (Ag), arsenic (As), cadmium 
(Cd), chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), selenium (Se), and zinc (Zn).  
The samples were submitted for the analyses by two methods: 

1) Samples were analyzed for Total Hg by Cold Vapor Atomic Fluorescence (CVAF) in accordance with 
Battelle SOP MSL-I-013, Total Mercury in Aqueous Samples by CVAF, which is based on U.S. EPA 
Method 1631 Revision E.  

2) Samples were analyzed for all other metals by Inductively Coupled Plasma-Mass Spectrometry (ICP
MS) in accordance with Battelle SOP MSL-I-022, Determination of Elements in Aqueous and Digestate 
Samples by ICP/MS.  Samples were acid-solubilized prior to analysis by ICP-MS in accordance with the 
total recoverable metals (TRM) method in Battelle SOP MSL-I-022. The analysis guidelines for this 
procedure are adapted from U.S. EPA Method 1638 - Determination of Trace Elements in Ambient 
Waters by Inductively Coupled Plasma-Mass Spectrometry. The TRM methodology is adapted from U.S. 
EPA Method 1640 - Determination of Trace Elements in Ambient Waters by On-Line Chelation 
Preconcentration and Inductively Coupled Plasma-Mass Spectrometry. 

All results for the samples were reported in µg/L. The list of target analytes and detection limits is 
presented in Table 2-2. 

2.2.3.3 Metals in Elutriate and Site Water Samples 

Seawater samples including elutriates and site waters were analyzed for ten metals: Arsenic (As), 
cadmium (Cd), chromium (Cr), copper (Cu), nickel (Ni), lead (Pb), zinc (Zn), silver (Ag), selenium (Se), 
and mercury (Hg). Samples were submitted for analyses by five methods:  

1) All samples were analyzed for Hg by Cold Vapor Atomic Fluorescence (CVAF) in accordance with 
Battelle SOP MSL-I-013, Total Mercury in Aqueous Samples by CVAF, following U.S. EPA Method 
1631 revision E. 

2) Samples were analyzed for As and Se using hydride generation flow injection atomic absorption 
spectroscopy (FIAS) according to Battelle SOP MSL-I-030 Determination of Metals in Aqueous and 
Digestate Samples by HGAA-FIAS. This method was adopted from U.S. EPA Method 206.3 for As and 
270.3 for Se. A matrix interference for Se in the elutriate samples resulted in low matrix spike recoveries 
using the standard preparation method. Therefore, the preparation method was altered to convert all 
species of selenium to Se+4. Changes to the method included the addition of potassium persulfate and then 
heating for 30 minutes at 90°C prior to refluxing with HCl. 

3) All samples were preconcentrated for Cd, Cr, Cu, Ni, Pb, Zn, and Ag prior to analysis in accordance 
with Battelle SOP MSL-I-025, Methods of Sample Preconcentration: Iron (Fe) and Palladium 
(Pd)/APDC Coprecipitation and Borohydride Reductive Precipitation for Trace Metals Analysis in 
Water. 
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4) Preconcentrated seawater samples were analyzed for Cd, Cr, Cu, Ni, Pb, and Zn by Inductively 
Coupled Plasma-Mass Spectrometry (ICP-MS) in accordance with Battelle SOP MSL-I-022, 
Determination of Elements in Aqueous and Digestate Samples by ICP/MS. The base methods for this 
procedure are U.S. EPA Method 1638 and U.S. EPA Method 1640. 

5) Preconcentrated seawater samples were analyzed for Ag by graphite furnace atomic absorption 
(GFAA) following Battelle SOP MSL-I-029, Determination of Metals in Aqueous and Digestate Samples 
by GFAA, based on U.S. EPA Method 200.9. 

Results are reported in units of µg/L for each sample. The list of target analytes and detection limits is 
presented in Table 2-2. 

2.3 Bioassay Testing 

As part of a comprehensive plan to reduce adverse environmental impacts of ocean dumping, Section 103 
of the Marine Protection, Research, and Sanctuaries Act of 1972 specifies that all sediments to be 
discharged into ocean waters must be evaluated to define their potential impact on existing benthic 
communities. U.S. EPA has determined that the most effective means to make such an assessment is 
through the use of bioassay tests which provide a relatively direct estimate of potential impact. 

Laboratory testing for New Bedford Harbor involved acute suspended particulate phase (SPP) tests using 
the mysid shrimp (Americamysis bahia) inland silverside (Menidia beryllina) and larvae of the sea urchin 
(Arbacia punctulata). Additionally, acute 10-day benthic bioassay tests were conducted using mysid 
shrimp (Americamysis bahia) and the amphipod Ampelisca abdita. Finally, 28-day bioaccumulation 
studies investigated impacts of the solid phase of the proposed dredge material on the polychaete worm 
(Nereis virens) and the bivalve clam (Macoma nasuta). 

All testing followed procedures established by the U.S. EPA and USACE for testing of dredged material. 
Procedures are presented in Guidance for Performing Tests on Dredged Material to be Disposed of in 
Open Waters (U.S. EPA/USACE 2004), Evaluation of Dredged Material Proposed for Ocean Disposal 
(U.S. EPA/USACE 1991) and Evaluation of Dredged Material Proposed for Discharge in Waters of the 
U.S. - Testing Manual (U.S. EPA/USACE 1998). Toxicity testing and supporting analytical chemistry 
were conducted at EnviroSystems, Incorporated (ESI), Hampton, New Hampshire.   

2.3.1 Suspended Particulate Phase (SPP) Acute Toxicity Tests 
Water column effects of open-water dredged material disposal were evaluated by exposing three species 
of water column organisms to the SPP of selected sediment composites.  The test organisms included a 
vertebrate (M. beryllina), a crustacean (A. bahia), and zooplankton (A. punctulata), as required by the 
Green Book and the Regional Guidance Manual. Reference water was collected from the Rhode Island 
Sound Disposal Site (RISDS) and Buzzards Bay Disposal Site (BBDS) reference sites.  Table 2-3 lists all 
test conditions. 
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Table 2-3. Suspended Particulate Phase Acute Test Conditions. 

Parameter Mysid (M. bahia) Menidia menidia A. punctulata 
Treatments  
(SPP prepared from 
sediment composites) 

 7 New Bedford Harbor 
Composites 

BBDS & RISDS Reference 
Sites 

7 New Bedford Harbor 
Composites 

BBDS & RISDS Reference 
Sites 

7 New Bedford Harbor 
Composites 

BBDS & RISDS Reference 
Sites 

Replicates 5 5 5 
Test population 1-5 days old 7-10 day with 24 hours 

variation 
2 hours after fertilization 

Temperature Mean of 20 ± 1°C 
Maximum Deviation of 3°C 

Mean of 20 ± 1°C 
Maximum Deviation of 3°C 

Mean of 20 ± 1°C 
Maximum Deviation of 3°C 

Dissolved Oxygen 40% Saturation 40% Saturation NA 
pH NA NA NA 
Salinity 25 – 30 ‰ ±10% 25 – 30 ‰ ±10% 30-32‰ 
Ammonia NA NA NA 
Feeding Daily, <24 hour old Artemia 

nauplii 
Daily, <24 hour old Artemia 

nauplii 
None 

Reference Toxicant Copper / Sodium Dodecyl 
Sulfate 

Copper / Sodium Dodecyl 
Sulfate 

Copper 

2.3.1.1 Suspended Particulate Phase Sample Preparation 

Sediment samples were collected between July 28 and 30, 2005. Prior to receipt at ESI, the samples were 
composited at Battelle based on the compositing scheme provided by USACE. The samples were 
received at ESI on August 1, 2005 in 2.5 gallon polyethylene buckets.  Upon arrival at the laboratory, all 
samples received an internal sample control number, were logged into the project sample control system, 
and stored in a secure refrigerator at a temperature of 2-4°C until test initiation.  

Water for the internal laboratory control was obtained from the Hampton Estuary, Hampton, New 
Hampshire.  Water from this source has been used for culture and maintenance of test organisms at ESI 
since 1978. Seawater is obtained through a filter system located on the bottom of the estuary at a point 
approximately 1 mile from the open ocean. The estuary receives no direct industrial discharges and the 
water is classified as SA-1. 

The SPP sample was prepared by placing one volume of test sediment and four volumes of overlying site 
water into a 30 liter glass container and mixing with a mechanical stir bar for 30 minutes.  The 
sediment/water mixture was allowed to settle for one hour and the elutriate was siphoned off for 
biological and/or chemical evaluation. If a sample was sufficiently turbid to prevent clear observations of 
the test organisms, the sample was centrifuged at 3000 rpm for 15 minutes to remove excess suspended 
sediment levels. 

Test concentrations were mixed by diluting the SPP sample with the diluent water collected from the 
RISDS and BBDS disposal sites. Test concentrations for all assays were 100% undiluted, 50%, 10% and 
1% SPP. Diluent controls were included to verify the relative toxicity of the reference sites and a 
Hampton Estuary control was included to verify the relative health of the test organisms. 

Due to the number of samples being evaluated, SPP assays were conducted in two series of assays. The 
first series of assays was started on August 3, 2005. The second series was started on August 4, 2005.  

2.3.1.2 Test Organism Collection 

A. bahia (3 to 5 days old) were obtained from cultures maintained by ESI.  Prior to use, test organisms 
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were held for a minimum of 2 hours under temperature, salinity, and photoperiod conditions similar to 
those used in the assay.  Organisms were transferred to test vessels using a large bore pipet to minimize 
the amount of water added to test solutions. 

M. beryllina (10 days old) were obtained from Aquatic Research Organisms (ARO) in Hampton, New 
Hampshire. Prior to use, test organisms were held for a minimum of 2 hours under temperature, salinity, 
and photoperiod conditions similar to those used in the assay.  Fish were transferred to the test beakers 
using a large bore pipet to minimize the amount of culture water added to the test solution.  Twenty 
representative fish, measured at the start of the assay, were used to determine loading rates.  The loading 
rate was determined to be <0.40 g/L, as suggested for acute assays (U.S. EPA 2002). 

Adult A. punctulata were obtained from cultures maintained by ESI.  Original stock was obtained from a 
commercial supply.  Adult sea urchins are maintained in the laboratory for up to six months prior to use. 
Urchins may be spawned several times during this period.  Male and female urchins were maintained in 
separate chambers at a temperature of approximately 20±3°C during culture. 

2.3.1.3 Acute Toxicity Test: A. bahia and M. beryllina 

The 96-hour static acute toxicity tests with A. bahia and M. beryllina were conducted at 20±2°C with a 
photoperiod of 16:8 hours light:dark. Test chambers were 250 mL glass beakers each containing 200 mL 
of test solution in each of 5 replicates with 10 organisms/replicate. Survival in all test replicates was 
recorded after 4, 8, 24, 48, 72, and 96 hours of exposure. Dissolved oxygen, pH, temperature, and salinity 
were measured daily in one replicate of each treatment.  Both A. bahia and M. beryllina were fed daily 
throughout testing. 

2.3.1.4 Embryo Development Test:  A. punctulata 

The A. punctulata embryo survival and development tests were conducted at 20±2°C with a photoperiod 
of 16:8 hours light:dark. Test chambers for the acute assay were 250 mL glass beakers containing 200 mL 
test solution in each of 5 replicates. Dissolved oxygen, pH, temperature, and salinity were measured in all 
replicates at the start and end of the test.  Gametes were obtained by potassium chloride injection to 
induce spawning. They were collected dry and diluted with filtered laboratory seawater to yield a desired 
concentration of approximately 5 x 107 sperm/mL and 8,500 eggs/mL.  Fertilization success was 
monitored 15 minutes later, and the density of embryos calculated.   Based on embryo density counts, 
aliquots of the stock solution were added to each test vessel to achieve a final concentration of 
approximately 30 embryos/mL of SPP solution. Prior to transferring embryos from the holding vessel to 
the individual test vessels, the embryo stock solution was thoroughly homogenized to ensure even 
distribution. Embryo counts in three surrogate vessels were conducted just after the addition of the 
embryos to determine the actual embryo concentration in the final SPP solutions.  

Observations in surrogate vessels were also used to determine the endpoint of the test. The test was 
terminated when 70% of the fertilized embryos in the control vessels had reached the pluteus larval stage 
(between 48 and 96 hours). The tests were terminated after approximately 72 hours.  At the end of the 
assay, the test solution was gently homogenized to insure even distribution of the embryos and a 5 mL 
aliquot of each test replicate was removed and placed in a vial. The solution was preserved with 5µl of 
10% buffered formalin solution and counted to determine survival and normal development.  Survival 
percentages were calculated as surviving larvae in the 5 mL aliquot at 72 hours divided by the mean 
number of embryos counted in the laboratory control at the end of the assay. 



 
   

 

 

 

 

  
 

 

   
 

 
 

 

 
 

  
 

 

 
 

 
  

 

 

 

  

  
 

 
 

 
 

 
 

Final Data Report January 2007 

Page 16 New Bedford Harbor, New Bedford, MA
 

2.3.1.5 Data Analysis 

Statistical analysis of acute and chronic exposure data was completed using Comprehensive 
Environmental Toxicity Testing System (CETIS) software.  This program computes acute exposure 
endpoints (LC and EC-50 values) plus Inhibition and No Effect Concentrations (NOEC) based on U.S. 
EPA decision tree guidelines specified in individual test methods. For NOEC endpoints, statistical 
significance was accepted at α <0.05. 

2.3.1.6 Quality Control 

As part of the laboratory quality control program, standard reference toxicant assays are conducted on a 
regular basis for each test species. These results provide relative health and response data while allowing 
for comparison with historic data sets. Acute 96-hour copper reference toxicant tests were performed on 
August 4, 2005.  Results were within two standard deviations of the historic mean of each species.   

2.3.1.7 Protocol Deviations 

Review of the data and procedures associated with these tests documented no deviations from established 
protocols. 

2.3.2 Solid Phase Toxicity Tests 
Two species of test organisms were used to evaluate the solid phase toxicity of New Bedford Harbor 
samples: 

• Americamysis bahia, an epibenthic crustacean 

• Ampelisca abdita, a tube-building amphipod 

The acute exposure toxicity tests were conducted using 4-day old A. bahia obtained from ESI. A.abdita 
were provided by ARO of Hampton, New Hampshire.   A. abdita received from ARO on August 20, 2005 
were non-reproductive adults, between 0.71 and 1.18 mm in length. Prior to use, all test organisms were 
held for a minimum of 2 hours under temperature, salinity, and photoperiod conditions similar to those 
used in the assays. Table 2-4 lists all test conditions. 

Table 2-4. 10-Day Solid Phase Bioassay Test Conditions. 

Parameter A. abdita A. bahia 
Treatments  7 New Bedford Harbor composites 

BBDS and RISDS Reference Site 
Control 

7 New Bedford Harbor composites 
BBDS and RISDS Reference Site 

Control 
Replicates 5 5 
Test population Juvenile -non reproductive adult 1-5 days old 
Temperature Mean of 20 ± 1°C 

Maximum Deviation of 3°C 
Mean of 20 ± 1°C 

Maximum Deviation of 3°C 
Dissolved Oxygen 40% Saturation 40% Saturation 
pH NA NA 
Salinity 25 – 30‰ ±10% 25 – 30‰ ±10% 
Ammonia  Pore water unionized ammonia <0.4 

mg/L 
Overlying water unionized ammonia 

<0.6 mg/L 
Feeding None Daily, <24 hour old Artemia nauplii 
Reference Toxicant Cadmium Copper / Sodium Dodecyl Sulfate 
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2.3.2.1 Sediment Sample Preparation 

Sediment samples for toxicological analysis were collected between July 28 and 30, 2005. The samples 
were received at ESI on August 1, 2005 in 2.5 gallon polyethylene buckets.  Reference sediment was 
collected from the Rhode Island Sound Disposal Site (RISDS) and Buzzards Bay Disposal Site (BBDS) 
on July 29 and 30, 2005, respectively.  Prior to analyses, the samples were composited at Battelle based 
on the compositing scheme provided by USACE.  Upon arrival at the laboratory, all samples received an 
internal sample control number, were logged into the project sample control system, placed in a secure 
refrigerator, and stored at a temperature of 2-4°C until test initiation.  

Control sediment used in the A. abdita bioassay was provided by ARO of Hampton, New Hampshire.  
The control sediment used in the A. bahia bioassay was an artificial sediment consisting primarily of 
silica sand prepared at ESI. Prior to testing, samples were placed in a secure refrigerator and stored at a 
temperature of 24°C until test initiation. 

Project, reference, and control sediments were all sieved through a 2-mm mesh screen to remove 
macroinvertebrates, large shell hash, and rocks prior to use in the bioassays.   

2.3.2.2 Amphipod and Mysid Solid-Phase Acute Toxicity Tests 

Before mysids and amphipods were added to the test vessels, ammonia levels in the overlying water were 
determined.  If the level of ammonia in the overlying water was >20 mg/L (or 0.4 mg/L as unionized 
ammonia), the sediments were “washed” to reduce ammonia levels.  Sediment washing involved 
removing the overlying water in the test chamber and replacing it with fresh overlying water.  In cases 
where the level of ammonia was <20 mg/L (or 0.4 mg/L as unionized ammonia), the sample was not 
“washed” prior to testing. 

The A. bahia and A. abdita bioassays were conducted from August 5-14, 2005.  The bioassays were both 
conducted in a static renewal mode.  Test chambers were 1 liter beakers modified for static renewal 
testing, with each beaker containing approximately 4 cm of sediment and filled to the 1-liter mark with 
seawater. The test chambers were allowed to stabilize for a minimum of 24 hours, or until ammonia 
levels were within acceptable limits.  For the A. bahia test, a total of 20 mysids were randomly selected 
from the pool of organisms and added to each treatment, reference, and control beaker. For the A. abdita 
test, a total of 20 amphipods were randomly selected from the pool of organisms and added to each 
treatment, reference, and control beaker. Five replicates were used for each treatment.   

Each day during the test, chambers received approximately 50% renewal of seawater having similar 
salinity and temperature as the overlying water in the vessels. Water temperature was 20±2°C, and the 
salinity regimen was established at 30±2‰. The photoperiod for the A. bahia test was set at 16:8 hours 
light:dark; for the A. abdita test, it was set at 24:0 hours light:dark. Dissolved oxygen, pH, salinity, and 
temperature were measured in one replicate of each treatment daily and in all replicates on days 0 and 10. 
For the A. bahia test, ammonia levels were measured in the overlying water of a surrogate test chamber 
on days 0, 3, and 10.  For the A. abdita test, ammonia levels were measured in pore water and overlying 
water in a surrogate test chamber on days 0, 5, and 10.  Dissolved oxygen levels were maintained at 4.0 
mg/L or greater, and aeration was initiated if values fell below this threshold.  If aeration was required, it 
was applied to all test vessels. Water quality measurements were completed prior to water renewals. Test 
chambers were observed daily and any organisms found floating on the surface were noted on the data 
sheets. Dead animals were removed from the test chambers and live animals were counter sunk. After 10 
days of exposure, the organisms were recovered from the sediments.   
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2.3.2.3 Statistical Analysis 

Survival data were analyzed using CETIS® software to determine significant differences between the 
project sediments and reference sites. Statistical comparisons for each sample were made against each 
reference site. Survival data were evaluated to determine homogeneity of sample variances and normality 
of distribution using appropriate statistics. Data sets were subsequently evaluated using the appropriate 
parametric or non-parametric Analysis of Variance (ANOVA) statistic. Pair-wise comparisons were based 
on the appropriate statistical analysis. Statistical difference was evaluated at α = 0.05. 

2.3.2.4 Quality Control 

As part of the laboratory quality control program, standard reference toxicant bioassays were conducted 
for each test species on August 5, 2005. These results provided relative health and response data while 
allowing for comparison with historic data sets. Copper was used as a reference toxicant for A. bahia; 
cadmium was used for A. abdita.  Survival results were within the acceptable range for each species.   

2.3.2.5 Protocol Deviations 

Review of the data collected for these bioassays documented no protocol deviations. 

2.3.3 Bioaccumulation Tests 
Two species of test organisms were used to evaluate bioaccumulation of the New Bedford Harbor 
sediments: 

• Nereis virens, a burrowing polychaete 

• Macoma nasuta, the bentnose clam 

Adult N. virens were obtained from the Maine Bait Company, Newcastle, Maine.  M. nasuta (15-40 mm 
in total length), were obtained from ARO in Hampton, New Hampshire.  Both species were collected in 
the field and shipped to ESI via overnight delivery. Worms were placed in control sediment and flowing 
seawater and monitored for at least 24 hours prior to use.  Bivalves were placed in Hampton Estuary 
sediment with flowing seawater and monitored for at least 24 hours prior to use.  Damaged and inactive 
bivalves and worms were discarded. Table 2-5 lists all test conditions.   

Table 2-5. Bioaccumulation Test Conditions 

Parameter M. nasuta N. virens 
Treatments 7 New Bedford Harbor composites 

BBDS and RISDS Reference Site 
M. nasuta control 

7 New Bedford Harbor composites 
BBDS and RISDS Reference Site 

N. virens control 

Replicates 5 5 
Test population Adult clam Adult Polychaete; 3-15 grams 
Temperature Mean of 15 ± 2°C 

Maximum Deviation of 3°C 
Mean of 15 ± 2°C 

Maximum Deviation of 3°C 
Dissolved Oxygen 40% Saturation 40% Saturation 
pH NA NA 
Salinity 25 – 30‰ ±10% 25 – 30‰ ±10% 
Ammonia  NA NA 
Feeding None None 
Reference Toxicant NA NA 
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2.3.3.1 Sediment Sample Preparation 

Sediment samples were collected on July 27-29, 2005. Prior to analyses, the samples were composited 
based on the composting scheme developed by USACE and approved by the U.S. EPA.  The samples 
were received at ESI on July 29 and August 1, 2005 in 2.5-gallon polyethylene buckets.  Reference 
sediment samples were collected from the Rhode Island Sound Disposal Site (RISDS) and Buzzards Bay 
Disposal Site (BBDS) on July 29 and 30, 2005. Upon arrival at the laboratory, all samples received an 
internal sample control number, were logged into the project sample control system, placed in a secure 
refrigerator, and stored at a temperature of 2-4°C until test initiation.  

Sediment for the laboratory control treatment was collected from the Hampton Estuary, Hampton, New 
Hampshire. The area is not known to receive any direct industrial inputs and has been used as laboratory 
reference sediment in the testing of marine sediments for nearly 25 years.  Overlying seawater was 
obtained from the Hampton Estuary. Water from the estuary has been used for the culture and 
maintenance of test organisms at ESI since 1978. Seawater is obtained through a filter system located on 
the bottom of the estuary at a point approximately 1 mile from the open ocean. The water is classified as 
SA-1. 

2.3.3.2 Bioaccumulation Evaluation 

The bioaccumulation assays were initiated on August 24, 2005 for N. virens and on September 14, 2005 
for M. nasuta. Test chambers consisted of five replicates of 10-gallon aquaria for each bioassay.  
Approximately 5-7 cm of sediment (control, reference, or project site composite) was placed into the 
aquaria designed for flow-through testing. Approximately 6 gallons of overlying water was added to each 
aquarium.  Water flow was adjusted to provide approximately 5 volume additions of water/day to each 
aquarium. Each aquarium was set so that incoming water mixed throughout the tank and did not stratify 
as a surface layer.  

M. nasuta and N. virens were indiscriminately selected from the pool of organisms and randomly added to 
the aquaria. A total of 20 worms and 30 clams were added to each replicate; species were tested in 
separate test chambers.  Temperature was maintained at 15±2°C. Salinity was maintained at 28 ±2‰. 
The photoperiod was set at 16:8 hours light:dark. Dissolved oxygen, pH, temperature, and salinity were 
measured daily in one replicate of each treatment.  Dissolved oxygen levels were maintained at a 
minimum level of 5.0 mg/L by providing aeration to all tanks from the start of the assay. Organisms were 
not fed during the exposure period.  

After 28 days of exposure, M. nasuta and N. virens were recovered from the test sediments and counted. 
Survival counts were used for statistical survival analysis.  All living organisms were transferred to clean 
test vessels and maintained in flowing water for 24 hours to allow for removal of sediment from the 
animals' digestive tract.  After the depuration period, organisms were transferred to plastic bags and 
frozen. Frozen tissue samples were transferred to ESI’s analytical group for subsequent tissue analysis. 

2.3.3.3 Data Analysis 

Survival data were analyzed using CETIS® software to determine significant differences between the 
laboratory sediment and the reference site sediment. Survival data were evaluated to determine 
homogeneity of sample variances and normality of distribution using appropriate statistics. Data sets were 
subsequently evaluated using the appropriate parametric or non-parametric Analysis of Variance 
(ANOVA) statistic. Statistical difference was evaluated at α = 0.05. 
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2.3.3.4 Protocol Deviations 

Review of the toxicity testing procedures and associated data indicate no protocol deviations occurred 
during the bioassays.  However, the initial M.nasuta bioassay was terminated after approximately 10 days 
due to excessive mortality.  No cause was determined for this mortality and a new batch of clams was 
ordered. The bioassay was re-initiated on September 14, 2005 without incident. 

2.4 Quality Assurance/Quality Control Procedures 

All field and analytical activities used in the collection and analysis of sediments for physical and 
chemical testing followed approved SOPs or referenced approved agency methods, or are detailed in the 
SAP (Battelle 2005a). 

2.4.1 Measurement Quality Objectives 
Project specific measurement quality objectives (MQOs), against which all data from this project were 
evaluated, are shown in Table 2-6.  Physical and chemical data were evaluated against the MQOs, and 
data reporting qualifiers (Table 2-7) were applied when the analytical MQOs were exceeded. MQOs are 
consistent with the USACE/EPA Regional Implementation Manual (RIM) (USACE/EPA 2004). 

2.4.2 Chain of Custody 
Sample custody forms accompanied all samples from the field to the laboratory and between laboratories.  
Copies of custody and laboratory receipt forms are provided in Appendices A through F and Appendix L. 

2.4.3 Data Audits/QA Review 
All data received internal verification and validation following established procedures at the laboratory 
where the data were generated.  QA/QC narratives and QA/QC checklists as required by the RIM (U.S. 
EPA/USACE 2004) are provided with the sample data in Appendices A through F. These narratives 
include a discussion of the chemistry QC results; a description of MQO exceedances; and the impact, if 
any, the exceedances may have on the overall field sample data. 

2.4.4 Protocol Deviations 
2.4.4.1 Field Survey 

There were no protocol deviations identified during the field survey.   

2.4.4.2 Physical and Chemical Testing 

Recovery of chloropyrifos in the sediment LCS and MS/MSD were initially found to be low.  Review of 
the calibration indicated that the current method of calibration (quadratic fit, not forced through zero) 
underestimated the recovery of this compound.  This is a result of the low response of chloropyrifos on 
the GC/ECD and the low concentration used to spike the LCS and MS/MSD samples.  QC samples were 
re-quantified using the same quadratic fit but the origin was forced through zero.  Recoveries using this 
method were very good and are reported on the associated data sheets (see Appendices B through F).  
Sample results were reviewed and no corresponding peaks were detected for chloropyrifos in any 
samples, therefore no additional quantitation using this method was required.   
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Table 2-6. Measurement Quality Objectives. 

QC Parameter Measure or Acceptance Criteria Corrective Action 
TOXICITY TESTING 
SPP 

Menidia menidia: ≥90% control survival 
Mysidopsis bahia: ≥90% control survival 
Arbacia punctulata: ≥90% control survival 

Re-run Test 

10-Day Solid Phase Acute 
Testing 

A. abdita: control ≥90%mean survival in control 
A. bahia: ≥90%mean survival in control 

Re-run Test 

Bioaccumulation M. nasuta and N. virens bioaccumulation:  Numbers 
of worms in 4-day screening test sediments not 
reduced versus control and organisms burrow into test 
sediments  

Re-run Test 

Reference Toxicity Tests 
(10-day and SPP) 

>90% mean survival in control (and within control chart 
limits) 

Repeat entire test series 

CHEMISTRY 
(Sediments, water) 

Blank: <5×ssMDL (or <5×MDL for metals) Reextract, reanalyze, and/or blank 
subtract; document corrective actions 

Accuracy 
LCS 

Organics: 50-120% R 
Metals: 75-125% R 

Reextract, reanalyze, and/or document 
and justify; all corrective actions 
documented 

MS/MSD Organics: 50-120% Rb 

Metals:  75-125% Rb As above 

SRM 
Organics: ≤30% PD d from target concentration plus the 
95% confidence interval.  
Metals: Within 25% PDc from certified value. 

As above 

SIS Organics: 30-150% R As above 
Precision Replicates: 

Organics: MS/MSD: ≤30% RPDb between % recoveries 
Organics: Sample Duplicate: ≤30% RPDc between values 
Metals: ≤20% RPD 

As above 

GRAIN SIZE/TOC 
Precision 

Replicates: 
TOC and Grain Size: RPD ≤ 25% 

Re-analyze and document corrective 
action. 

MDL: method detection limit; PD: percent difference; R: recovery; RPD: relative percent difference; LCS: laboratory control 

sample; MS/MSD: matrix spike/matrix spike duplicate; SRM: standard reference material; SIS: surrogate internal standard; 

a Quality control samples are based on an analytical batch size of 20.
 
b Analyte concentration in MS must be >5× background concentration to be used for data quality assessment. 

c For analytes detected at concentrations >10× MDL.
 
d PD determined using surrogate corrected data. PD only determined for certified analytes. 


Table 2-7. Standard Data Reporting Qualifiers. 

Data 
Qualifier Definition 

J Analyte detected above method detection limit (MDL) but at a level less than the 
laboratory achieved reporting limit (RL) 

E Estimate, result > highest concentration level in the calibration. 

B Analyte concentration found in the sample at a concentration <5x the level found in the 
procedural blank (the qualifier is only applied to the affected field samples). 

U Not detected above laboratory achieved method detection limit (MDL): report the 
reporting limit (RL) 

N QC value outside the accuracy or precision criteria goal 

n QC value outside the accuracy or precision data quality objective, but meets contingency 
criteria. 
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3.0 RESULTS 

This section summarizes the results obtained from physical, chemical, and biological testing of sediment 
and water/elutriate samples collected at New Bedford Harbor, Massachusetts. 

Chemistry results for the sediment and water/elutriate samples were evaluated against the laboratory 
based method detection limits (MDL) and reporting limits (RL) such that: 

•	 Organic contaminants and metals not-detected or detected at levels below the MDL2 were 
reported as the RL and U flagged, and 

•	 Organic contaminants and metals detected at levels above the MDL and below the RL were J 
flagged. 

3.1 Sediment Chemistry 

The eight sediment composite samples from New Bedford Harbor, two sediment grab samples from the 
reference locations, and three individual samples from Stations 1, 2, and 3 were analyzed for grain size 
distribution and TOC. The eight sediment composite samples and two sediment grab samples were also 
analyzed for PAHs, PCB congeners/chlorinated pesticides, and metals. 

Grain size and TOC results are presented in Appendix A.  Results from sediment chemical testing 
including PAH, PCB/pesticide, and metals analyses are provided in Appendix B.  Results of QC samples, 
along with QA/QC narratives and QA/QC checklists for the physical and chemical testing of the sediment 
samples are also included in Appendices A and B. 

3.1.1 Grain Size and TOC 
Appendix A provides grain size and TOC results. The eight sediment composite samples (EAG-1001 
through EAG-1007, and EAG-1010) collected from New Bedford Harbor consisted primarily of silt and 
clay, while the two sediment grab samples from reference locations (EAG-1008 and EAG-1009) were 
primarily sand.  The individual cores from Stations 1 and 3 had more silt and clay than sand in the 
samples, and the individual core from Station 2 consisted mostly of sand.  Percent TOC correlated well 
with percent fines for all sediment samples. 

Results of duplicate analyses for grain size and TOC indicate that precision of these analyses is good. 

3.1.2 PCB Congeners and Chlorinated Pesticides 
PCB/pesticides data for the sediment samples are presented in Appendix B-1.  PCBs were generally 
detected at moderate levels in the eight sediment composite samples collected from New Bedford Harbor.  
PCB concentrations in the samples from northern sampling locations (inner harbor, see Figure 2-2) were 
approximately 2 to 3 times higher than those from southern sampling locations (outer harbor, see Figure 
2-1). As expected, the two sediment grab samples from the reference stations had only several PCB 
congeners detected at low concentration levels.  

Chlorinated pesticides including 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, dieldrin, and hexachlorobenzene were 
detected at relatively low levels in all eight sediment composite samples collected from New Bedford 
Harbor. Concentrations of these positively-detected compounds were similar in the eight composite 

2 Sample-specific MDLs and RLs used for organic contaminant evaluations. 
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samples.  The two sediment grab samples from the reference stations had several compounds detected at 
very low concentrations that were slightly above the sample-specific reporting limits.   

Results of quality control samples (blank, LCS, MS/MSD, SRM, and duplicate) indicate that, in general, 
the quality of the data is acceptable. 

3.1.3 PAHs 
PAH data for the sediment samples are presented in Appendix B-2.  In general, sediment composite 
samples collected from New Bedford southern sampling locations (outer harbor, see Figure 2-1) including 
samples EAG-1001, EAG-1002, and EAG-1003 demonstrated moderate contamination of PAHs.  
Composites collected from northern sampling locations (inner harbor, see Figure 2) including EAG-1004 
through EAG-1007 and EAG-1010 contained relatively high concentrations of PAHs.  As expected, low 
levels of PAHs were found in the sediment grab samples EAG-1008 and EAG-1009 from the two 
reference sites.  In addition, both the composites and reference site samples appeared to be dominated by 
pyrogenic PAHs (high molecular weight PAHs), which represented more than 80% of the total PAH in all 
samples.  

Results of quality control samples (blank, LCS, MS/MSD, SRM, and duplicate) indicate that no PAHs 
were detected in the procedural blank and that the analytical method was in control based on LCS 
recoveries. However, one surrogate (D-10 phenanthrene) was found to be affected by matrix interference 
(as indicated by the flag ‘ME’) and a number of PAHs were recovered outside of control limits in the 
MS/MSD. The low recoveries of the low molecular weight PAHs in the MS/MSD were most likely a 
combination of high PAH concentrations in the sample spiked and interferences from the presence of 
extremely high PCB concentrations in the native sample.  Based on these results, it is possible that PAH 
results, especially the low molecular weight PAHs, may be biased low. 

3.1.4 Metals 
Metals data for the eight sediment composite and two sediment grab samples are presented in Appendix 
B-3. The eight target trace metals were detected at comparable concentrations across the eight composite 
samples collected in the New Bedford Harbor, with samples collected at northern sampling locations 
(inner harbor) generally demonstrating higher metals concentrations than those collected at the southern 
sampling locations (outer harbor).  In addition, metals were generally present at higher concentrations in 
the harbor composite samples than in the sediment grab samples from the two reference stations.  

Results of quality control samples (blank, LCS, MS/MSD, SRM, and duplicate) indicate that the quality 
of the metals data is acceptable. 

3.2 Rinsate Blank Analytical Results 

Individual rinsate blanks were collected from the sediment grab, vibracorer, and water pump. The 
sediment grab was used to collect grab samples from the two reference locations; the vibracorer was used 
to collect cores from the sampling locations in New Bedford Harbor; and the water pump was used to 
collect water samples from each of the representative sites for the preparation of elutriate and elutriate 
blank samples. Results of the three rinsate blanks from PAH, PCB/pesticide, pentachlorophenol, and 
metals analyses are included in Appendices C through F.  

3.2.1 PCB Congeners and Chlorinated Pesticides 
PCB/pesticides data for the three rinsate blank samples are presented in Appendix E-1.   
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Only a-chlordane and g-chlordane were detected at low concentrations in both the rinsate blanks from the 
sediment grab and vibracorer. Neither a-chlordane nor g-chlordane was detected in any of the composite 
sediment samples. Therefore, the detection of these two pesticide compounds in the rinsate blanks does 
not have any impact on the PCB/pesticide data of the sediment samples (see Appendix B-1 for sediment 
PCB/pesticide results).  No compounds were detected in the rinsate blank sample from the water pump, 
and therefore the PCB/pesticide results in the associated site water and elutriate samples were not 
affected. 

Results of quality control samples (blank and LCS) indicate that no compounds were detected in the 
procedural blank and all LCS recoveries were within control limits, indicating the quality of the data is 
acceptable. 

3.2.2 PAHs 
PAH data for the three rinsate blank samples are presented in Appendix D.   

Naphthalene was detected above the RL in the rinsate blanks from the sediment grab and vibracorer.  In 
addition, phenanthrene and fluoranthene were detected below the RL in the rinsate blank from the 
sediment grab, and phenanthrene was detected below the RL in the rinsate blank from the vibracorer.  
Naphthalene concentration in the rinsate blank from the vibracorer was at least 1000 times lower than 
those found in the composite samples, and therefore does not impact the sediment composite 
concentrations (see Appendix B-2 for sediment PAH results).  The rinsate blank from the sediment grab 
had naphthalene concentration approximately 10 times lower than that detected in the sediment grab 
samples from the two reference locations (EAG-1008 and EAG-1009).  Therefore, this does not impact 
sample results for naphthalene.  Phenanthrene and fluoranthene concentrations in both rinsate blanks were 
100 to 10,000 times lower than those in the sediment composite and grab samples, and therefore do not 
affect the sample results for these compounds. 

Naphthalene was the only compound detected above the RL (58.62 ng/L) in the rinsate blanks from the 
water pump. Since the site water and elutriate samples associated with this rinsate blank were not 
analyzed for PAHs, the detection of naphthalene in the rinsate blank does not have any impact on the 
elutriate sample results. 

Results of quality control samples (blank and LCS) indicate that no compounds were detected in the 
procedural blank and all LCS recoveries were within control limits indicating the quality of the data is 
acceptable. 

3.2.3 Metals 
Metal data for the three rinsate blank samples are presented in Appendix C-1.   

Low levels of all metals with the exception of Ag were detected in the rinsate blank from the sediment 
grab. Cu, Hg, Ni, Pb, and Zn were detected in the rinsate blank from the sediment vibracorer at low 
concentrations. However, concentrations of the detected metals in the rinsate blank were at least 1000 
times lower than those detected in the sediments and therefore do not have significant impacts on the 
sediment sample results (see Appendix B-3 for sediment metal results).   

All metals, with the exception of Cd and Se, were detected at low levels in the rinsate blank from the 
water pump. Metals results for the elutriate, elutriate blank, and site water samples associated with this 
rinsate blank are presented in Appendix C-2 and discussed in Section 3.3.2. In the rinsate blank, 
concentrations of five metals (Ag, Cr, Cu, Hg, and Pb) were generally in the same order of magnitude as 
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those in the eight elutriate blanks and two site water samples from the reference locations.  As a result, 
concentrations of these metals in the elutriate blank and site water samples may have been overestimated 
due to the potential cross-contamination from the water pump. Concentrations of As and Ni in the rinsate 
blank were more than 10 times lower than those in the elutriate blank and site water samples, and 
therefore results for As and Ni in these associated samples were not significantly affected.  Metals 
concentrations in the elutriate samples were generally higher than those in the site water samples and 
corresponding elutriate blanks. Concentrations of As, Cr, Cu, Hg, Ni, Pb in the rinsate sample were more 
than 10 times lower than those in the elutriate samples. Therefore, results for these metals in the elutriate 
samples were not significantly impacted by the positive detection of them in the rinsate blank.  Ag, 
however, was detected in the rinsate blank at a concentration level comparable to those in the elutriate 
samples, and therefore Ag results in the elutriate samples may have been overestimated.  In addition, Zn 
concentration in the rinsate blank was approximately 10 times higher than those in the two site water 
samples, but similar to or lower than those in the elutriate and elutriate blank samples. As a result, Zn 
results in the site water, elutriate, and elutriate blank samples may have been overestimated due to the 
potential cross-contamination from the water pump. Cd and Se were both non-detect in the rinsate blank, 
and therefore no impact was expected on the results of these metals in the associated site water, elutriate, 
and elutriate blank samples.  

Nevertheless, the potentially overestimated metal results in the site water, elutriate, and elutriate blank 
samples that are discussed above were all below the Federal Water Quality Criteria to be used to evaluate 
the compliance of the sediment disposal (see Table 5 in the RIM).  In addition, it is possible that low 
levels of some of the metals may be found in the water used to prepare the rinsate blanks.  Similar 
concentrations of Cu, Hg, Ni, Pb, and Zn were found in all of the blanks.  Therefore, no corrective actions 
were taken with regard to these results, which were potentially affected by the cross-contamination from 
the water pump.  

3.2.4 Pentachlorophenol 
Pentachlorophenol data for the three rinsate blank samples are presented in Appendix F-1. 

Pentachlorophenol was not detected in any of the three rinsate blanks from the sediment grab, vibracorer, 
and water pump, and therefore the elutriate and site water sample results were not impacted. 

Results of quality control samples (blank and LCS) indicate that no compounds were detected in the 
procedural blank and all LCS recoveries were within control limits, indicating the quality of the data is 
acceptable. Although surrogate recoveries were below control limits in a number of samples, these 
samples were re-extracted and subsequent surrogate recoveries were acceptable; no pentachlorophenol 
was detected in the re-extracted samples. 

3.3 Reference Site Water and Elutriate Chemistry 

Two reference site waters were collected and analyzed in triplicate for all parameters.  Elutriate samples 
were prepared in triplicate at ESI, resulting in three elutriate samples and three elutriate blank samples for 
each of the eight sediment composite samples from New Bedford Harbor.  These elutriate and elutriate 
blank samples, along with the two site water samples from the two reference locations (RISDS and 
BBDS), were submitted to appropriate laboratories for analyses of PCB/pesticides, pentachlorophenol, 
and metals.  Elutriate and site water data are included in Appendices C through F. 
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3.3.1 PCB Congeners and Chlorinated Pesticides 
PCB congener and chlorinated pesticide results for the two site water samples are presented in Appendix 
E-1 and results for the eight elutriate and eight elutriate blank samples are presented in Appendix E-2. 
Note all samples were analyzed in triplicate. 

No PCB and pesticide compounds were detected above the reporting limits in the eight elutriate blank and 
two site water samples. In the eight elutriate samples, pesticide compounds were all non-detect, probably 
due to low pesticide concentrations in the original sediment composition samples. Most of the target PCB 
congeners were detected in the eight elutriate samples at low to moderate concentration levels, and PCB 
concentrations in these elutriate samples roughly correlated with concentrations in the corresponding 
sediment composite samples. 

Reference site waters were extracted along with the rinsate blanks.  Results of quality control samples 
(blank, LCS, MS/MSD, SRM, and duplicate) indicate that the quality of the reference site data is 
acceptable, including recoveries of chloropyrifos.   

Elutriates and elutriate blanks were extracted and analyzed in three separate analytical batches.  No PCBs 
or pesticides were detected in any of the procedural blank, and recoveries of all compounds (except 
chloropyrifos in one batch) were within control limits.  Precision, measured as relative standard deviation 
(RSD) between triplicate analyses of samples, was within control limits for all samples except for Sample 
Comp F-K because two of the three replicates had lower surrogate recoveries.  Precision measured as 
relative percent difference (RPD) between MS/MSD recoveries were out of control for the first two 
batches (Batches 0291 and 0292) where the MS/MSDs were performed on elutriate samples with 
relatively high analyte concentrations compared to the amounts spiked, which resulted in variable spike 
recoveries. In the third batch (Batch 0293), an elutriate blank was spiked resulting in acceptable spike 
recoveries and acceptable spike recovery RPDs.  As just mentioned, MS/MSD recoveries for the first two 
batches were generally very low, especially for PCBs where high concentrations were present in the 
spiked samples relative to the amount spiked.  Pesticides were not generally detected in the elutriates and 
subsequent MD/MSD recoveries were generally good, with the exception of the MSD in the first and 
second batches (Batches 0291 and 0292) where recoveries of the pesticides were low reflecting lower 
surrogate recoveries (<40%).  As discussed in Section 2.3.4.2, chloropyrifos recoveries were low in both 
the LCS and MS/MSD associated with the first batch.  While no chloropyrifos was detected in samples 
from this batch, results are most likely biased low based on low LCS and MS/MSD recoveries. 

3.3.2 Metals 
Metals results for the eight elutriate, eight elutriate blank, and two site water samples are presented in 
Appendix C-2. Note all samples were analyzed in triplicate. 

All of the target analytes were detected in all of the elutriate, elutriate blank, and site water samples with 
the exception of Ag which was non-detect in the Composite 8 blank and Se which was non-detect in most 
of the samples. The eight elutriate samples demonstrated similar concentrations for the ten target analytes.  
Results of the ten target metals were also comparable across the eight elutriate blank samples. Metals 
concentrations in the elutriate samples were generally higher than those in the corresponding elutriate 
blanks, with As and Cr having the largest concentration difference between the elutriate samples and 
elutriate blanks. Concentrations of As and Cr were 10 to 20 times higher in elutriates than in elutriate 
blanks. Zn, however, showed a reverse trend in most of the sample comparisons, with Zn concentrations 
in the elutriate samples lower than those in the corresponding elutriate blanks.  In addition, the two site 
water samples had metals concentrations comparable to those in the eight elutriate blanks with the 
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exception of Pb and Zn, whose concentrations in the elutriate blanks were approximately five to ten times 
higher than those in the site water samples.  

3.3.3 Pentachlorophenol 
Pentachlorophenol results for the two site water samples are presented in Appendix F-1 and results for the 
eight elutriate and eight elutriate blank samples are presented in Appendix F-2.  Note all samples were 
analyzed in triplicate. 

Pentachlorophenol was only detected in BBDS Site Water C (one of the triplicates) and Composite 6 CC
KK-A (one of the triplicates) at 2 µg/L and 2.5 µg/L respectively. The compound was not detected in any 
other elutriate, elutriate blank, and site water samples above the project-specific reporting limit of 1 µg/L. 

Results of quality control samples (blank, LCS, MS/MSD, SRM, and triplicates) indicate that the quality 
of the data is acceptable. A number of samples, however, had surrogate recoveries outside of quality 
control limits.  The surrogate that relates most closely to pentachlorophenol is 2,4,6-tribrtomophenol, and 
recoveries of this surrogate were generally within control limits.  Because the samples were analyzed in 
triplicate and because there was limited additional water for re-extraction, generally if more than one 
replicate for a given composite had surrogate exceedances, only one replicate was re-extracted.  In all 
cases, the re-extracted samples agreed with the original results.  Precision and accuracy were also 
acceptable based on LCS, LCS duplicate, MS/MSD recoveries, and RPDs. 

3.4 Suspended Phase Acute Toxicity Tests 

Results of the SPP tests are summarized below and in detail in Appendix G.   

3.4.1 Americamysis bahia 
At the end of the 96-hour exposure period, A. bahia survival in the Hampton Estuary control treatment for 
the two series of assays was 98% and 94%. This met the minimum test acceptability criteria of 90% 
survival and was an indication that the test organisms were healthy and not stressed by handling.  At the 
end of the 96-hour exposure periods, mean mysid survival in the BBDS diluent control was 98% and 
100%; mean mysid survival in the RISDS diluent control was 100% for both assays. These results 
indicate that seawater from the disposal site used to dilute the suspended particulate phase solutions had 
no adverse impact on the outcome of the assays. 

3.4.2 Menidia beryllina 
At the end of the 96-hour exposure period, M. beryllina survival in the Hampton Estuary control 
treatment for the two series of assays was 92% for both. This met the minimum test acceptability criteria 
of 90% survival and was an indication that the test organisms were healthy and not stressed by handling.  
At the end of the 96-hour exposure period, mean minnow survival in the BBDS diluent control was 94% 
and 92%; mean minnow survival in the RISDS diluent control was 98% and 80%. 

3.4.3 Arbacia punctulata 
Counts made in the Hampton Estuary laboratory surrogate test vessels at the initiation of the A. 
punctulata assays indicate an average initial embryo concentration of 33.2 and 30.2 embryos/mL for the 
assays. The majority of the larvae (>70%) reached the pluteus larval stage approximately 72 hours after 
the start of the assays.  

For the initial series of assays, counts in the Hampton Estuary control treatment showed 90.1% of the 
embryos survived after 72 hours with 88.7% of the surviving embryos showing normally developed 
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pluteus larvae. For the second series of assays, counts in the Hampton Estuary control treatment showed 
that 76.2% of the embryos survived after 72 hours with 75.6% of the original embryos being normally 
developed pluteus larvae. In both series of assays survival and development results meet minimum 
acceptability criteria of 70% embryo survival and 70% normal development.   

Counts of the BBDS diluent controls show that an average of 64.9% and 97.0% of the embryos survived 
and that 64.8% and 97.0% of the original embryos developed into normal pluteus larvae for the two sets 
of assays. Counts of embryos in the RISDS diluent control for the single set of assays showed that an 
average of 82.1% of the embryos survived and that 81.5% of the original embryos developed into normal 
pluteus larvae. These results indicate that the water from the disposal site used to dilute the suspended 
particulate phase solutions had no adverse impact on the outcome of the assay.   

3.4.4 Results Summary 
As indicated in Tables 3-1 and 3-2 below and in Appendix G, the SPP solutions prepared from the eight 
New Bedford Harbor site composite sediments and diluted with water from either the BBDS or RISDS 
reference sites did not have an adverse impact on the survival of the mysid shrimp (A. bahia). Survival of 
M. beryllina was significantly impacted after 96-hours exposure to SPP solutions prepared from four of 
the project site composites (Composites 1, 2, 4, and 5).  Survival and normal development of the sea 
urchin larvae (A. punctulata) were both significantly impacted by exposure to all eight of the composite 
sediment SPP solutions. 
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Table 3-1. Summary of Endpoints and Adverse Effects for SPP Evaluation.  New Bedford Harbor 

Tier III Sediment Evaluation. August 2005. 


Sample ID Americamysis 
bahia 

Menidia 
beryllina Arbacia punctulata 

RISDS Diluent LC-50 
Endpoint 

LC-50 
Endpoint 

LC-50 
Endpoint 

EC-50 
Endpoint 

Composite 1 (-001) >100% >100% 23.0% 13.7% 

Composite 2 (-002) >100% >100% 24.7% 17.9% 

Composite 3 (-003) >100% >100% >100% 52.6% 

Composite 4 (-004) >100% 82.3% 11.6% 10.0% 

Composite 5 (-005) >100% >100% 20.7% 16.2% 

Composite 6 (-006) >100% >100% 20.6% 16.4% 

Composite 7 (-007) >100% >100% 19.7% 15.3% 

Composite 8 (-008) >100% >100% 23.1% 14.2% 

RISDS Diluent 

Adverse 
Effect 

(NOEC) 

Adverse 
Effect 

(NOEC) 
Adverse Effect 

(NOEC) 

Composite 1 (-001) 100% 10% 10% 

Composite 2 (-002) 100% <1% 1% 

Composite 3 (-003) 100% 100% 1% 

Composite 4 (-004) 100% 10% 1% 

Composite 5 (-005) 100% <1% <1% 

Composite 6 (-006) 100% 100% <1% 

Composite 7 (-007) 100% 100% 1% 

Composite 8 (-008) 100% 100% 1% 
Notes: An “Adverse Effect” was considered to have occurred when there was a significant (p=<0.05) 
difference in survival between the SPP elutriate and the reference site diluent. The NOEC values identify 
the lowest concentration not exhibiting a significant negative impact.  NOEC of 100% signifies no 
significant adverse effect. 
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Table 3-2. Summary of Endpoints and Adverse Effects for SPP  Evaluation. New Bedford Harbor 

Tier III Sediment Evaluation. August 2005. 


Sample ID Americamysis 
bahia 

Menidia 
beryllina 

Arbacia punctulata 

BBDS Diluent LC-50 
Endpoint 

LC-50 
Endpoint 

LC-50 
Endpoint 

EC-50 
Endpoint 

Composite 1 (-001) >100% >100% 30.3% 18.7% 

Composite 2 (-002) >100% >100% 35.6% 22.6% 

Composite 3 (-003) >100% >100% >100% 58.4% 

Composite 4 (-004) >100% 89.3% 27.6% 22.4% 

Composite 5 (-005) >100% >100% 21.8% 14.5% 

Composite 6 (-006) >100% >100% 8.0% 5.2% 

Composite 7 (-007) >100% >100% 32.7% 11.1%  

Composite 8 (-008) >100% >100% 15.9% 9.2% 

BBDS Diluent 
Adverse Effect 

(NOEC) 

Adverse 
Effect 

(NOEC) 
Adverse Effect 

(NOEC) 

Composite 1 (-001) 100% 10% 10% 

Composite 2 (-002) 100% 50% 10% 

Composite 3 (-003) 100% 100% 50% 

Composite 4 (-004) 100% 50% 10% 

Composite 5 (-005) 100% 100% <1% 

Composite 6 (-006) 100% 100% <1% 

Composite 7 (-007) 100% 100% <1% 

Composite 8 (-008) 100% 100% <1% 
Notes: An “Adverse Effect” was considered to have occurred when there was a significant (p=<0.05) 
difference in survival between the SPP elutriate and the reference site diluent. The NOEC values identify 
the lowest concentration not exhibiting a significant negative impact.  NOEC of 100% signifies no 
significant adverse effect. 

3.5 10-Day Solid Phase Toxicity Tests 

Survival data and subsequent statistical evaluations from the A. bahia and A. abdita assays are 
summarized below. Supporting data, including copies of bench sheets and statistical analyses, are 
provided in Appendix H. 

3.5.1 A. bahia 10-Day Solid Phase Assay 
Mean mysid survival in the laboratory control sediment was 90% with a minimum survival level of 75%.  
Protocol mandates that mean control survival must be ≥90% and survival cannot be <70% in any 
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replicate. Based on these data, the mysids were considered healthy and were determined to have had no 
adverse impact on the outcome of the assay.  Mean survival in the RISDS and BBDS reference site 
sediments was 91 and 93%, respectively. 

3.5.2 A. abdita 10-Day Solid Phase Assay 
Mean amphipod survival in the laboratory control sediment was 91% with a minimum survival level of 
80%.  Protocol mandates that mean control survival must be ≥90% and survival cannot be <70% in any 
replicate. Based on the laboratory control sediment data, the amphipods were considered healthy and were 
determined to have had no adverse impact on the outcome of the assay.  Mean survival in the RISDS and 
BBDS reference site sediments was 85 and 78%, respectively. 

3.5.3 Results Summary 
Review of data presented in Tables 3-3 and 3-4 below and in Appendix H documents a statistically 
significant reduction in survival after 10 days of exposure to a portion of the composites for either the 
amphipod or mysid shrimp, based on statistical comparisons made against the disposal site reference 
sediments. Of the two species, the amphipod, A. abdita, showed the greatest negative response to the 
sediments. 
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Table 3-3. Summary of Survival Data: A. bahia. 10-Day Solid Phase Sediment Evaluation. New 

Bedford Harbor Tier III sediment Evaluation. August 2005. 


Site 
Mean 

Survival Distribution Variance Statistic 
Critical 
Value p-Value Significantly 

"<" 

LAB CONTROL 90% 

RISDS (-009) 91% Normal Equal 0.1189 1.8596 0.4542 NO LAB 

BBDS (-010) 93% Normal Equal -0.2585 1.8596 0.5987 NO LAB 

Composite 1 
(-001) 89% 

Normal Equal 0.4903 1.8596 0.3185 NO LAB 

Normal Equal 0.7537 1.8596 0.2363 NO RISDS 

Normal Equal 1.7412 1.8596 0.0599 NO BBDS 

Composite 2 
(-002) 82% 

Normal Equal 1.3492 1.8596 0.1071 NO LAB 

Normal Equal 1.9922 1.8596 0.0407 YES RISDS 

Normal Equal 2.7026 1.8596 0.0135 YES BBDS 

Composite 3 
(-003) 94% 

Normal Equal -0.1823 1.8596 0.6788 NO LAB 

Normal Equal -1.1234 1.8596 0.8531 NO RISDS 

Normal Equal -0.4996 1.8596 0.6846 NO BBDS 

Composite 4 
(-004) 90% 

Normal Equal 0.0169 1.8596 0.4935 NO LAB 

Normal Equal -0.0974 1.8596 0.5396 NO RISDS 

Normal Equal 0.2841 1.8596 0.3918 NO BBDS 

Composite 5 
(-005) 83% 

Normal Equal 1.2174 1.8596 0.1291 NO LAB 

Normal Equal 1.7568 1.8596 0.0585 NO RISDS 

Normal Equal 2.4292 1.8596 0.0206 YES BBDS 

Composite 6 
(-006) 87% 

Normal Equal 0.6322 1.8596 0.2725 NO LAB 

Normal Equal 0.8198 1.8596 0.2180 NO RISDS 

Normal Equal 1.4097 1.8596 0.0982 NO BBDS 

Composite 7 
(-007) 93% 

Normal Equal -0.2774 1.8596 0.6058 NO LAB 

Normal Equal -0.7153 1.8596 0.7526 NO RISDS 

Normal Equal -0.0722 1.8596 0.5279 NO BBDS 

Composite 8 
(-008) 96% 

Normal Equal -0.9380 1.8596 0.8122 NO LAB 

Normal Equal -2.3953 1.8596 0.9783 NO RISDS 

Normal Equal -1.8700 1.8596 0.9508 NO BBDS 
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Table 3-4. Summary of Survival Data: A. abdita. 10-Day Solid Phase Sediment Evaluation. New 

Bedford Harbor Tier III sediment Evaluation. August 2005. 


Site 
Mean 

Survival Distribution Variance Statistic 
Critical 
Value 

p-Value Significantly 
"<" 

LAB CONTROL 91% 

RISDS (-009) 85% Normal Equal 0.7447 1.8596 0.2389 NO LAB 

BBDS (-010) 78% Normal Equal 1.7744 1.8596 0.0570 NO LAB 

Composite 1 
(-001) 85% 

Normal Equal 1.2434 1.8596 0.1245 NO LAB 

Normal Equal 0.1826 1.8596 0.4298 NO RISDS 

Normal Equal -0.8414 1.8596 0.7877 NO BBDS 

Composite 2 
(-002) 8% 

Normal Equal 14.7440 1.8596 0.0000 YES LAB 

Normal Equal 9.7333 1.8596 0.0000 YES RISDS 

Normal Equal 9.1157 1.8596 0.0000 YES BBDS 

Composite 3 
(-003) 93% 

Normal Equal -0.4278 1.8596 0.6600 NO LAB 

Normal Equal -1.1046 1.8596 0.8493 NO RISDS 

Normal Equal -2.2093 1.8596 0.9709 NO BBDS 

Composite 4 
(-004) 14% 

Normal Equal 12.8215 1.8596 0.0000 YES LAB 

Normal Equal 8.5389 1.8596 0.0000 YES RISDS 

Normal Equal 7.8548 1.8596 0.0000 YES BBDS 

Composite 5 
(-005) 20% 

Normal Equal 12.6735 1.8596 0.0000 YES LAB 

Normal Equal 8.0098 1.8596 0.0000 YES RISDS 

Normal Equal 7.2942 1.8596 0.0000 YES BBDS 

Composite 6 
(-006) 14% 

Normal Equal 10.8232 1.8596 0.0000 YES LAB 

Normal Equal 7.7856 1.8596 0.0000 YES RISDS 

Normal Equal 7.1144 1.8596 0.0001 YES BBDS 

Composite 7 
(-007) 11% 

Normal Equal 12.7456 1.8596 0.0000 YES LAB 

Normal Equal 8.7627 1.8596 0.0000 YES RISDS 

Normal Equal 8.1089 1.8596 0.0000 YES BBDS 

Composite 8 
(-008) 88% 

Normal Equal 0.3904 1.8596 0.3532 NO LAB 

Normal Equal -0.3405 1.8596 0.6289 NO RISDS 

Normal Equal -1.2352 1.8596 0.8741 NO BBDS 
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3.6 Bioaccumulation Tests 

Both survival and tissue chemistry results from the 28-day bioaccumulation tests with Nereis virens and 
Macoma nasuta are presented below and in detail in Appendices I and J, respectively. 

3.6.1 Survival Results 
3.6.1.1 Nereis virens Survival  

Mean N. virens survival was 94% in the laboratory control. Nereis survival in the two reference site 
sediments was 96% and 97% in the RISDS and BBDS reference sites, respectively. Surviving organisms 
from the control and reference site provided sufficient tissue for preparation and analysis of body burdens. 
The endpoints were met and or exceeded requirements specified in the current version of the RIM. 

N. virens survival in the project sites after 28 days of exposure ranged from 93 to 97% (Appendix I, Table 
4). Results of statistical evaluation of the data showed no significant reduction in survival for worms 
maintained in any of the project site sediments when compared to the laboratory sediment or sediments 
from either of the two reference sites.  

3.6.1.2 Macoma nasuta Survival 

Mean M. nasuta survival was 96% in the laboratory control. Survival in the RISDS and BBDS reference 
sites was 96.7% and 98%, respectively. Surviving organisms from the control and reference site provided 
sufficient tissue for preparation and analysis of body burdens. The endpoints were met and or exceeded 
requirements specified in the current version of the RIM. 

Survival of M. nasuta in project site sediments ranged from 94 to 96.7%.  Results of statistical evaluation 
of the data showed no significant reduction in survival for bivalves maintained in project site sediments 
when compared to the laboratory sediment or sediments from either of the two reference sites. 

3.6.2 Tissue Chemistry Results 

Based on the results of the 10-day solid phase bioassays, it was determined that tissue samples generated 
from the 28-day bioaccumulation testing for the three sediment composites (Composites 1, 3, and 8) and 
the two reference sediments (BBDS and RISDS) would be analyzed for PCB congeners,  chlorinated 
pesticides, PAHs, metals, and percent lipids.  Five replicate samples were analyzed for each sediment 
sample and each organism (N. virens and M. nasuta). In addition, three replicates were analyzed for each 
of the laboratory background organisms.  

Results for all tissue replicates exposed to the site and reference sediments as well as the background 
tissues and QC summaries are presented in Appendix J. All results are presented in wet weight.  A 
statistical comparison of the tissues exposed to the three site composite sediments to those exposed to the 
two reference sediments is discussed in Section 3.6.3.  Summary tables of the results of the statistical 
analyses are provided in Appendix K.   

3.6.2.1 PCB Congeners and Chlorinated Pesticides 

PCB/pesticide data for the tissue samples are presented in Appendix J-1.  Concentrations in the M. nasuta 
tissues were, in general, somewhat higher than those found in N. virens. In the tissue samples exposed to 
the three site composite sediments, some pesticides were detected at low concentration levels. However, 
PCB congeners were detected at concentration levels that are one to two orders of magnitude higher than 
the pesticide concentrations, reflecting the highly PCB-contaminated nature of the New Bedford Harbor 
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sediments. Comparable PCB and pesticide concentrations were found among tissues exposed to the three 
site composite sediments, with tissues exposed to Composite 8 demonstrating slightly higher PCB 
concentrations than those exposed to the other two site composites.  Tissue samples exposed to the two 
reference sediments demonstrated detections of some PCB and pesticide compounds at low concentration 
levels, indicating the relatively clean nature of the reference sediments.  

Results of quality control samples (blank, LCS, MS/MSD, SRM, and duplicate) indicate that in general 
the quality of the data is acceptable. In batch 06-0197, most of the PCB compounds were recovered below 
the QC criteria of 50% -120%. In addition, the surrogate recoveries for PCB 34 (41%) and PCB 152 
(48%) in the LCS, although within the QC criteria of 30%-150%, were low compared to those in the 
MS/MSD and field samples (~70%). Similar low recoveries in the extract split of the LCS for the PAH 
analysis (see Section 3.6.2.2) indicated a possible extract loss due to leaky apparatus during the sample 
preparation process. Because all the samples of this batch had good surrogate recoveries with the 
exception of the LCS, it was determined that the LCS failure was due to an isolated extract loss and the 
data quality of the batch was not impacted. Therefore, re-extraction of the sample batch was not 
performed. Data accuracy was demonstrated by the MS and MSD samples of this batch. 

3.6.2.2 PAHs 

PAH data for the tissue samples are presented in Appendix J-2.  PAH concentrations in the M. nasuta 
tissues were, in general, somewhat higher than those found in N. virens. The sixteen target PAHs were 
detected in all tissue samples exposed to the three site composites and two reference sediments. Among 
the tissue samples exposed to the site composites, PAHs were detected at comparable concentrations. 
Tissue samples exposed to the two reference sediments demonstrated similar PAH concentrations that 
were lower than those in the tissues exposed to the site composite sediments.  

Results of quality control samples (blank, LCS, MS/MSD, SRM, and duplicate) indicate that in general 
the quality of the data is acceptable. In batch 06-0197, many of the PAH compounds were recovered 
below the QC criteria of 50% -120%. In addition, the surrogate recoveries in the LCS, although within the 
QC criteria of 30%-150%, were low compared to those in the MS/MSD and field samples. As discussed 
in Section 3.6.2.1, it was determined that the LCS failure was due to an isolated extract loss and the data 
quality of the batch was not impacted.  

3.6.2.3 Metals 

Metals data for the tissue samples are presented in Appendix J-3. Among the eight target elements, As, 
Cd, Cr, Cu, Ni, and Zn were detected in all the tissue samples exposed to the three site composites and 
two reference sediments, while Hg and Pb were non-detect in most of the samples. In general, metals 
concentrations in the M. nasuta tissues were somewhat higher than those in N. virens. Among the tissue 
samples exposed to the three site composites, the detected metals were at comparable concentrations. In 
addition, tissue samples exposed to the two reference sediments also demonstrated similar metal 
concentrations. 

Results of quality control samples (blank, LCS, MS/MSD, SRM, and duplicate) indicate that the quality 
of the metals data is acceptable. 

3.6.2.4 Percent Lipids 

Percent lipid results for the tissue samples are presented in Appendix J-4. Percent lipid data are also 
provided with the PCB/pesticide and PAH results in data tables contained in Appendices G-1 and G-2. 
Percent lipids in wet M. nasuta tissues ranged from 0.66% to 1.04%, while percent lipids in wet N. virens 
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tissues ranged from 0.95% to 1.67%. In general, N. virens tissues appeared to have higher lipid contents 
than M. nasuta tissues. 

A procedural blank and a laboratory duplicate sample were performed for each sample preparation batch 
as QC samples for the percent lipid determination. All QC results indicate that the quality of the percent 
lipid data is acceptable. 

3.6.3 Statistical Analysis 
This section summarizes the statistical analysis results based on the chemical analyses of five replicates of 
tissue composites for M. nasuta and N. virens samples exposed to the three sediment composites 
(Composite 1, 3, and 8) and the two reference site sediments (BBDS and RISDS).  Tissue samples were 
analyzed for chlorinated pesticides, PCBs, PAHs, metals, and lipids.  Results of the statistical analysis for 
the three site composite sediments versus the BBDS and RISDS reference sediments based on the mean 
wet weight concentrations of M. nasuta and N. virens tissues are summarized in Tables 3-5 and 3-6, 
respectively. The two summary tables are also provided in Appendix K, together with the tissue chemistry 
data for all tissue replicates used for the statistical analysis.  

Statistical analysis of the bioaccumulation data was performed according to Appendix D3 of the Inland 
Testing Manual (ITM) (U.S. EPA/USACE 1998). Mean calculations and statistical analyses were 
performed on wet-weight tissue concentrations. For analytes that were not detected (values below the 
MDL) or estimated (detected below RL but above the MDL), the MDL or estimated values were used in 
the calculations of means and the statistical analyses.  

All concentration data were natural log-transformed.  If the data were normally distributed, treatment 
means were statistically compared to the reference mean using Fisher’s Least Significant Difference 
(LSD) test. If the data were not normally distributed, a nonparametric procedure was used in which data 
were transformed to ranks and then compared using Fisher’s LSD test.  The ITM does not provide 
guidance for the case when a compound is undetected in all five replicates of the reference treatment but 
is detected in at least 20% of all replicates.  When that was the case in this study, no statistical analysis 
was performed, but treatment means were flagged when greater than reference.  Treatment means and 
standard deviations were calculated with the spreadsheet Microsoft® Excel 2003 and the statistical 
analyses performed using the statistical software package MINITAB®, Release 13.32. 

3.6.3.1 Bioaccumulation of PCBs and Pesticides 

The majority of PCB concentrations in the M. nasuta and N. virens tissues exposed to the three site 
composites were qualified with an “S”, which indicates that the mean concentrations of the analyte in the 
tissue exposed to the site sediment is statistically greater than the mean concentration in the tissue 
exposed to the reference sediment. Some PCB concentrations in the tissues exposed to the site sediments 
were qualified with a “c”, which indicates that the analyte was detected in the tissue exposed to the site 
sediment at a higher mean concentration than that exposed to the reference sediment, but statistical 
analyses was not conducted because the analyte was not detected in any replicate tissues exposed to the 
reference sediment. Only PCB 209 in M. nasuta tissues exposed to Composite 1 and 3 were qualified with 
an “a”, which indicates that the analyte was not detected above the MDL in at least one replicate, and the 
mean concentration value was calculated using the MDL. The results from the statistical analysis indicate 
significant bioaccumulation of PCB compounds in tissues exposed to the site sediment composites 
compared to those exposed to the reference sediments. 

For target chlorinated pesticides, most of the tissues exposed to the site sediment composites were 
qualified with an “a” or “NS”, indicating limited bioaccumulation of these pesticide compounds in the 
tissue samples and no significant difference between the tissues exposed to the site and reference 
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sediments. Concentrations of 4,4’-DDE and total DDT in M. nasuta tissues exposed to all three site 
composites, and total chlordanes in M. nasuta tissues exposed to Composite 8, were qualified with an 
“S”, indicating significantly greater concentrations in the tissues exposed to site sediments than those 
exposed to the reference sediments. In addition, many of the chlordane and DDT compounds in N. virens 
tissues were also qualified with an “S”. 

3.6.3.2 Bioaccumulation of PAHs 

Most of the PAH compounds in M. nasuta tissues exposed to the three site sediment composites were 
qualified with an “S”, indicating significantly greater concentrations in the tissues than in those exposed 
to the reference sediments. Fluorene and phenanthrene concentrations in M.nasuta tissues exposed to all 
three site sediments were qualified with an “NS”, indicating that no significant difference was found 
between the tissues exposed to site and reference sediments. In addition, acenaphthene concentrations in 
the tissues exposed to Composite 1 (vs. BBDS and RISDS) and Composite 3 (vs. BBDS only), and 
benzo(g,h,i)perylene concentration in the tissue exposed to Composite 3 (vs. BBDS only), were also 
qualified with an “NS”. 

The bioaccumulation of PAH compounds in the N. virens tissues is less significant than that in the M. 
nasuta tissues. Nearly half of the PAH concentrations in N. virens tissues exposed to the site sediment 
composites were qualified with an “S”, and the other half were qualified with either an “a” or “NS”. 

3.6.3.3 Bioaccumulation of Metals 

Nearly half of the metals concentrations in M. nasuta tissues exposed to the site sediment composites 
were qualified with an “S”, indicating significantly greater concentrations in the tissues than in those 
exposed to the reference sediments. These metals include Cd, Cr, Cu, Pb, and Zn. However, the 
bioaccumulation of metals in N. virens tissues is less significant than that in M. nasuta tissues, with only 
Cu concentrations being qualified with an “S” in all the N. virens tissues and Cd in the tissues exposed to 
Composite 3 (vs. RISDS).  
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Table 3-5. Mean Wet Weight Concentrations of Bioaccumulation Tissues for New Bedford Harbor 
(Macoma nasuta and Nereis virens)–vs. BBDS Reference Site 

CONTAMINANT BBDS * Comp 001 * Comp 003 * Comp 008 * 

Macoma nasuta 
Metals (ug/g wet weight) 
Arsenic 2.64 2.54 NS 2.54  NS 2.42  NS 
Cadmium 0.06 0.07 NS 0.09  S 0.09  S 
Chromium 0.98 1.12 NS 1.08  NS 1.24  S 
Copper 1.13 1.34  S 1.86  S 2.00  S 
Lead 0.28 a 0.41  S 0.49  S 0.46  S 
Mercury 0.02 a 0.02 a 0.02 a 0.02 a 
Nickel 0.65 0.56 NS 0.66  NS 0.62  NS 
Zinc 10.60 11.80  S 12.20  S 11.00  NS 

Macoma nasuta 
PAHs (ng/g wet weight) 
Acenaphthene 0.21 b 0.23 NS 0.28  NS 0.30  S 
Acenaphthylene 0.12 b 0.53  S 0.70  S 0.56  S 
Anthracene 0.29 0.93  S 1.21  S 1.17  S 
Benzo(a)anthracene 0.46 3.15  S 3.16  S 3.73  S 
Benzo(a)pyrene 0.52 3.64  S 4.13  S 3.96  S 
Benzo(b)fluoranthene 0.75 2.98  S 3.32  S 3.62  S 
Benzo(k)fluoranthene 0.73 3.54  S 3.91  S 4.28  S 
Benzo(g,h,i)perylene 0.40 1.91  S 1.48  NS 2.55  S 
Chrysene 0.93 4.38  S 4.46  S 5.56  S 
Dibenzo(a,h)anthracene 0.08 b 0.47  S 0.60  S 0.51  S 
Fluoranthene 3.73 6.91  S 6.68  S 10.12  S 
Fluorene 0.67 0.59 NS 0.66  NS 0.70  NS 
Indeno(1,2,3-c,d)pyrene 0.34 1.85  S 2.29  S 2.02  S 
Naphthalene 0.41 0.59  S 0.84  S 0.73  S 
Phenanthrene 5.73 5.03 NS 5.26  NS 6.13  NS 
Pyrene 2.62 12.03  S 10.54  S 12.73  S 
PAH Total 17.98 48.76  S 49.53  S 58.67  S 

Macoma nasuta 
PCB Congeners (ng/g wet wt.) 
8 0.89 a 5.71  S 4.49  S 29.47  S 
18 0.06 a 9.59  S 12.67  S 36.14  S 
28 0.21 24.67  S 22.18  S 55.73  S 
44 0.11 9.93  S 12.42  S 21.41  S 
52 0.22 49.39  S 56.65  S 96.83  S 
66 0.98 18.79  S 14.52  S 21.02  S 
101 0.41 55.47  S 43.74  S 47.55  S 
105 0.11 15.41  S 10.48  S 11.61  S 
118 0.64 36.62  S 26.52  S 32.10  S 
128 0.21 9.52  S 8.51  S 7.20  S 
138 0.84 40.71  S 36.99  S 37.31  S 
153 0.95 39.22  S 37.39  S 38.77  S 
170 0.11 2.58  S 2.47  S 3.10  S 
180 0.11 3.37  S 3.25  S 3.50  S 
187 0.11 2.32  S 2.49  S 2.86  S 
195 0.03 a 0.30  c 0.29 c 0.37  c 
206 0.02 a 0.08  c 0.09 c 0.16  c 
209 0.03 a 0.03 a 0.03 a 0.06 c 
Total PCBs 12.09 S 647.41 S 590.36 S 890.37 S 
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Table 3-5. Continued. 
CONTAMINANT BBDS * Comp 001 * Comp 003 * Comp 008 * 

Macoma nasuta 
Pesticides (ng/g wet weight) 
Aldrin 0.03 a 0.03 a 0.03 a 0.03 a 
cis-Chlordane 0.04 a 0.04 a 0.04 a 0.08 S 
trans-Chlordane 0.04 a 0.04 a 0.04 a 0.09 c 
cis-Nonachlor 0.05 a 0.05 a 0.05 a 1.98 c 
trans-Nonachlor 0.04 a 0.04 a 0.04 a 0.04 c 
Oxychlordane 0.05 a 0.05 a 0.05 a 0.05 a 
Total Chlordanes 0.22 a 0.22 a 0.22 a 2.24 S 
4,4'-DDT 0.05 a 0.05 a 0.05 a 0.05 a 
4,4'-DDD 0.05 a 0.05 a 0.05 a 0.05 a 
4,4'-DDE 0.20 1.67  S 1.49  S 1.87  S 
Total DDT 0.30 1.77  S 1.59  S 1.97  S 
Dieldrin 0.07 a 0.06 a 0.06 a 0.06 a 
alpha-Endosulfan 0.02 a 0.02 a 0.02 a 0.02 a 
beta-Endosulfan 0.06 a 0.06 a 0.06 a 0.06 a 
Endosulfans (Total) 0.08 0.08 a 0.08 a 0.08 a 
Endrin 0.05 a 0.05 a 0.05 a 0.05 a 
Heptachlor 0.04 a 0.04 a 0.04 a 0.04 a 
Heptachlor epoxide 0.02 a 0.02 a 0.02 a 0.02 a 
Hexachlorobenzene 0.05 a 0.05 a 0.05 a 0.05 a 
Lindane 0.05 a 0.05 a 0.05 a 0.05 a 
Methoxychlor 0.05 a 0.05 a 0.05 a 0.05 a 
Toxaphene 3.47 a 3.43 a 3.51 a 2.78 a 

Nereis virens 
Metals (ug/g wet weight) 
Arsenic 1.46 1.40  NS 1.16  NS 1.60  NS 
Cadmium 0.12 0.12  NS 0.12  NS 0.11  NS 
Chromium 0.36 0.37  NS 0.36  NS 0.23  NS 
Copper 1.36 1.76  S 1.86  S 1.62  S 
Lead 0.21 a 0.20 a 0.26 a NS 0.22 a 
Mercury 0.02 a 0.02 a 0.02 a 0.02 a 
Nickel 0.48 0.35  NS 0.34  NS 0.33  NS 
Zinc 12.80 9.42  NS 10.90  NS 11.26  NS 

Nereis virens 
PAHs (ng/g wet weight) 
Acenaphthene 0.77 a 1.16  S 0.93  NS 1.15  S 
Acenaphthylene 0.06 a b 0.20 b S 0.19 b S 0.17 b S 
Anthracene 0.06 a b 0.32 S 0.38 b S 0.30 S 
Benzo(a)anthracene 0.03 a b 0.26 b S 0.46 b S 0.12 b S 
Benzo(a)pyrene 0.06 a 0.32 a c 0.55 a b c 0.09 c 
Benzo(b)fluoranthene 0.05 a b 0.30 b S 0.40 b S 0.17 b S 
Benzo(k)fluoranthene 0.05 a b 0.40 b S 0.55 b S 0.24 b S 
Benzo(g,h,i)perylene 0.10 a 0.28 a c 0.40 a b c 0.12 a b c 
Chrysene 0.08 a b 0.71  S 0.75  S 0.59  S 
Dibenzo(a,h)anthracene 0.02 a 0.06 a b c 0.09 a b c 0.04 c 
Fluoranthene 0.72 1.75  S 1.94  S 1.69  S 
Fluorene 0.31 a 0.62  S 0.48  NS 0.54  S 
Indeno(1,2,3-c,d)pyrene 0.08 a 0.22 a c 0.32 a b c 0.09 a b c 
Naphthalene 1.15 1.19  NS 1.06  NS 0.94  NS 
Phenanthrene 1.84 2.86  S 2.75  S 2.29  NS 
Pyrene 0.42 2.04  S 2.11  S 1.56  S 
PAH Total 5.82 12.68  S 13.33  S 10.10  S 
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Table 3-5. Continued. 
CONTAMINANT BBDS * Comp 001 * Comp 003 * Comp 008 * 

Nereis virens 
PCB Congeners (ng/g wet wt.) 
8 0.19 a 1.57  c 1.16  c 1.00 c 
18 0.09 14.46  S 11.21  S 34.14 S 
28 0.07 9.89  S 6.07  S 24.77 S 
44 0.09 6.75  S 5.39  S 13.64 S 
52 0.23 38.49  S 33.48  S 82.57 S 
66 0.05 4.71  S 3.10  S 7.93 S 
101 0.30 34.10  S 21.41  S 34.40 S 
105 0.07 11.39  S 7.91  S 11.23 S 
118 0.16 14.15  S 8.72  S 15.52 S 
128 0.13 8.28  S 6.89  S 8.24 S 
138 0.61 37.30  S 28.10  S 39.22 S 
153 0.74 35.74  S 28.18  S 36.18 S 
170 0.27 4.17  S 3.72  S 4.02 S 
180 0.12 5.58  S 5.05  S 4.93 S 
187 0.11 3.43  S 2.89  S 3.66 S 
195 0.03 a 0.33  c 0.29  c 0.38 c 
206 0.02 b 0.23  S 0.22  S 0.32 S 
209 0.03 a 0.06  c 0.06  c 0.08 c 
Total PCBs 6.61 461.25  S 347.60  S 644.44 S 

Nereis virens 
Pesticides (ng/g wet weight) 
Aldrin 0.03 a 0.03 a 0.03 a 0.03 a 
cis-Chlordane 0.05 a 0.13  S 0.10  S 0.11 S 
trans-Chlordane 0.04 a 0.11  S 0.09  S 0.10 S 
cis-Nonachlor 0.05 a 1.53  S 1.25  S 1.70 S 
trans-Nonachlor 0.25 0.31  S 0.30  S 0.27  NS 
Oxychlordane 0.05 a 0.05 a 0.05 a 0.05 a 
Total Chlordanes 0.44 2.14  S 1.79  S 2.23 S 
4,4'-DDT 0.05 a 0.05 a 0.05 a 0.05 a 
4,4'-DDD 0.05 a 1.78  c 0.90  c 0.05 a 
4,4'-DDE 0.06 a 0.48  c 0.33  c 0.69 c 
Total DDT 0.16 2.31  S 1.27  S 0.79 S 
Dieldrin 0.06 a 0.06 a 0.06 a 0.06 a 
alpha-Endosulfan 0.02 a 0.02 a 0.02 a 0.02 a 
beta-Endosulfan 0.06 a 0.06 a 0.06 a 0.06 a 
Endosulfans (Total) 0.08 0.08 a 0.08 a 0.08 a 
Endrin 0.05 a 0.05 a 0.05 a 0.05 a 
Heptachlor 0.04 a 0.04 a 0.04 a 0.04 a 
Heptachlor epoxide 0.02 a 0.02 a 0.02 a 0.02 a 
Hexachlorobenzene 0.05 a 0.05 a 0.05 a 0.05 a 
Lindane 0.05 a 0.05 a 0.05 a 0.05 a 
Methoxychlor 0.23 a 0.05 a 0.05 a NS 0.05 a 
Toxaphene 3.09 a 2.81 a 3.81 a 3.34 a 

* - Statistical Qualifiers 
NA - Not Analyzed 
S - Treatment mean is statistically greater than Reference mean (state statistical test used) 
NS - Treatment mean is not significantly greater than Reference mean (state statistical test used) 
a 	  Analyte not detected (below MDL) in at least one replicate; mean value was calculated using MDL. 
b 	  Analyte estimated (detected below RL but above MDL) in at least one replicate; mean value calculated using 

estimated value. 
c  Analyte was detected in the treatment at a higher mean concentration than Reference; statistical analyses not 

conducted because analyte was not detected in any Reference replicates. 



 
    

 

 

 
 
 
  
  
 
 
  

 
  
  
  
  
  
  
  
  
  
  
 
  
  
 
  
  

  
  
  
  
  
  

  
  
  
  
  
  
  
  
  
  
  
  

 

Final Data Report January 2007 

New Bedford Harbor, New Bedford, MA Page 41
 

Table 3-6. Mean Wet Weight Concentrations of Bioaccumulation Tissues for New Bedford Harbor 
(Macoma nasuta and Nereis virens)–vs. RISDS Reference Site 

CONTAMINANT RISDS * Comp 001 * Comp 003 * Comp 008 * 

Macoma nasuta 
Metals (ug/g wet weight) 
Arsenic 2.42 2.54  NS 2.54  NS 2.42  NS 
Cadmium 0.06 0.07  NS 0.09  S 0.09  S 
Chromium 1.02 1.12  NS 1.08  NS 1.24  S 
Copper 0.99 1.34 S 1.86  S 2.00  S 
Lead 0.21 a 0.41 S 0.49  S 0.46  S 
Mercury 0.02 a 0.02 a 0.02 a 0.02 a 
Nickel 0.65 0.56  NS 0.66  NS 0.62  NS 
Zinc 10.32 11.80 S 12.20  S 11.00  NS 

PAHs (ng/g wet weight) 
Acenaphthene 0.17 b 0.23  NS 0.28  S 0.30  S 
Acenaphthylene 0.08 b 0.53 S 0.70  S 0.56  S 
Anthracene 0.18 b 0.93 S 1.21  S 1.17  S 
Benzo(a)anthracene 0.25 3.15 S 3.16  S 3.73  S 
Benzo(a)pyrene 0.29 3.64 S 4.13  S 3.96  S 
Benzo(b)fluoranthene 0.54 2.98 S 3.32  S 3.62  S 
Benzo(k)fluoranthene 0.48 3.54 S 3.91  S 4.28  S 
Benzo(g,h,i)perylene 0.24 1.91 S 1.48  S 2.55  S 
Chrysene 0.66 4.38 S 4.46  S 5.56  S 
Dibenzo(a,h)anthracene 0.04 b 0.47 S 0.60  S 0.51  S 
Fluoranthene 3.11 6.91 S 6.68  S 10.12  S 
Fluorene 0.63 0.59  NS 0.66  NS 0.70  NS 
Indeno(1,2,3-c,d)pyrene 0.21 1.85 S 2.29  S 2.02  S 
Naphthalene 0.35 0.59 S 0.84  S 0.73  S 
Phenanthrene 5.78 5.03  NS 5.26  NS 6.13  NS 
Pyrene 1.78 12.03 S 10.54  S 12.73  S 
PAH Total 14.82 48.76 S 49.53  S 58.67  S 

Macoma nasuta 
PCB Congeners (ng/g wet wt.) 
8 0.50 a 5.71 S 4.49  S 29.47  S 
18 0.04 a 9.59  c 12.67  c 36.14 c 
28 0.11 24.67 S 22.18  S 55.73  S 
44 0.07 a 9.93 S 12.42  S 21.41  S 
52 0.10 49.39 S 56.65  S 96.83  S 
66 0.20 a 18.79 S 14.52  S 21.02  S 
101 0.11 55.47 S 43.74  S 47.55  S 
105 0.05 a 15.41  c 10.48  c 11.61 c 
118 0.13 36.62 S 26.52  S 32.10  S 
128 0.03 a 9.52  c 8.51  c 7.20 c 
138 0.22 40.71 S 36.99  S 37.31  S 
153 0.16 39.22 S 37.39  S 38.77  S 
170 0.06 a 2.58 S 2.47  S 3.10  S 
180 0.07 a 3.37 S 3.25  S 3.50  S 
187 0.05 a 2.32 S 2.49  S 2.86  S 
195 0.03 a 0.30  c 0.29  c 0.37 c 
206 0.02 a 0.08  c 0.09  c 0.16 c 
209 0.03 a 0.03 a 0.03 a 0.06 c 
Total PCBs 3.94 647.41 S 590.36 S 890.37 S 
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Table 3-6. Continued 
CONTAMINANT RISDS * Comp 001 * Comp 003 * Comp 008 * 

Macoma nasuta 
Pesticides (ng/g wet weight) 
Aldrin 0.03 a 0.03 a 0.03 a 0.03 a 
cis-Chlordane 0.04 a 0.04 a 0.04 a 0.08 c 
trans-Chlordane 0.04 a 0.04 a 0.04 a 0.09 c 
cis-Nonachlor 0.05 a 0.05 a 0.05 a 1.98 c 
trans-Nonachlor 0.04 a 0.04 a 0.04 a 0.04 c 
Oxychlordane 0.05 a 0.05 a 0.05 a 0.05 a 
Total Chlordanes 0.22 0.22 a 0.22 a 2.24 S 
4,4'-DDT 0.05 a 0.05 a 0.05 a 0.05 a 
4,4'-DDD 0.05 a 0.05 a 0.05 a 0.05 a 
4,4'-DDE 0.20 1.67  S 1.49  S 1.87  S 
Total DDT 0.30 1.77  S 1.59  S 1.97  S 
Dieldrin 0.06 a 0.06 a 0.06 a 0.06 a 
alpha-Endosulfan 0.02 a 0.02 a 0.02 a 0.02 a 
beta-Endosulfan 0.06 a 0.06 a 0.06 a 0.06 a 
Endosulfans 0.08 0.08 a 0.08 a 0.08 a 
Endrin 0.05 a 0.05 a 0.05 a 0.05 a 
Heptachlor 0.04 a 0.04 a 0.04 a 0.04 a 
Heptachlor epoxide 0.02 a 0.02 a 0.02 a 0.02 a 
Hexachlorobenzene 0.05 a 0.05 a 0.05 a 0.05 a 
Lindane 0.05 a 0.05 a 0.05 a 0.05 a 
Methoxychlor 0.05 a 0.05 a 0.05 a 0.05 a 
Toxaphene 3.48 a 3.43 a 3.51 a 2.78 a 

Nereis virens 
Metals (ug/g wet weight) 
Arsenic 1.64 1.40 NS 1.16  NS 1.60  NS 
Cadmium 0.10 0.12 NS 0.12  S 0.11  NS 
Chromium 0.30 0.37 NS 0.36  NS 0.23  NS 
Copper 1.38 1.76  S 1.86  S 1.62  S 
Lead 0.22 a 0.20 a 0.26 a 0.22 a 
Mercury 0.02 a 0.02 a 0.02 a 0.02 a 
Nickel 0.40 0.35 NS 0.34  NS 0.33  NS 
Zinc 9.46 9.42 NS 10.90  NS 11.26  NS 

Nereis virens 
PAHs (ng/g wet weight) 
Acenaphthene 1.09  1.16 NS 0.93 NS 1.15 NS 
Acenaphthylene 0.08 b 0.20 b S 0.19 b S 0.17 b S 
Anthracene 0.08 b 0.32  S 0.38 b S 0.30  S 
Benzo(a)anthracene 0.03 a b 0.26 b S 0.46 b S 0.12 b S 
Benzo(a)pyrene 0.07 a 0.32 a c 0.55 a b c 0.09 c 
Benzo(b)fluoranthene 0.05 a b 0.30 b S 0.40 b S 0.17 b S 
Benzo(k)fluoranthene 0.05 0.40 b c 0.55 b c 0.24 b c 
Benzo(g,h,i)perylene 0.11 a 0.28 a c 0.40 a b c 0.12 a b c 
Chrysene 0.09 b 0.71  S 0.75  S 0.59  S 
Dibenzo(a,h)anthracene 0.02 a 0.06 a b c 0.09 a b c 0.04  c 
Fluoranthene 0.83 1.75  S 1.94  S 1.69  S 
Fluorene 0.51 0.62 NS 0.48  NS 0.54  NS 
Indeno(1,2,3-c,d)pyrene 0.08 a 0.22 a c 0.32 a b c 0.09 a b c 
Naphthalene 1.13 1.19 NS 1.06  NS 0.94  NS 
Phenanthrene 2.41 2.86 NS 2.75  NS 2.29  NS 
Pyrene 0.36 2.04  S 2.11  S 1.56  S 
PAH Total 6.98 12.68  S 13.33  S 10.10  S 
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Table 3-6. Continued 
CONTAMINANT RISDS * Comp 001 * Comp 003 * Comp 008 * 

Nereis virens 
PCB Congeners (ng/g wet wt.) 
8 0.19 a 1.57  c 1.16  c 1.00  c 
18 0.10 14.46  S 11.21  S 34.14 S 
28 0.06 a 9.89  S 6.07  S 24.77 S 
44 0.12 6.75  S 5.39  S 13.64 S 
52 0.17 38.49  S 33.48  S 82.57 S 
66 0.03 a b 4.71  S 3.10  S 7.93 S 
101 0.14 34.10  S 21.41  S 34.40 S 
105 0.05 a 11.39  S 7.91  S 11.23 S 
118 0.07 14.15  S 8.72  S 15.52 S 
128 0.07 8.28  S 6.89  S 8.24 S 
138 0.30 37.30  S 28.10  S 39.22 S 
153 0.31 35.74  S 28.18  S 36.18 S 
170 0.24 4.17  S 3.72  S 4.02 S 
180 0.10 5.58  S 5.05  S 4.93 S 
187 0.09 3.43  S 2.89  S 3.66 S 
195 0.03 a 0.33  c 0.29  c 0.38  c 
206 0.02 b 0.23  S 0.22  S 0.32 S 
209 0.03 a 0.06  S 0.06  S 0.08 S 
Total PCBs 4.22 461.25  S 347.60  S 644.44 S 

Nereis virens 
Pesticides (ng/g wet weight) 
Aldrin 0.03 a 0.03 a 0.03 a 0.03 a 
cis-Chlordane 0.06 0.13  S 0.10  S 0.11 S 
trans-Chlordane 0.04 b 0.11  S 0.09  S 0.10 S 
cis-Nonachlor 0.06 1.53  S 1.25  S 1.70 S 
trans-Nonachlor 0.31 0.31  NS 0.30  NS 0.27  NS 
Oxychlordane 0.05 a 0.05 a 0.05 a 0.05 a 
Total Chlordanes 0.52 2.14  S 1.79  S 2.23 S 
4,4'-DDT 0.05 a 0.05 a 0.05 a 0.05 a 
4,4'-DDD 0.05 a 1.78  S 0.90  S 0.05 a 
4,4'-DDE 0.06 a 0.48  c 0.33  c 0.69  c 
Total DDT 0.16 2.31  S 1.27  S 0.79 S 
Dieldrin 0.06 a 0.06 a 0.06 a 0.06 a 
alpha-Endosulfan 0.02 a 0.02 a 0.02 a 0.02 a 
beta-Endosulfan 0.06 a 0.06 a 0.06 a 0.06 a 
Endosulfans 0.08 0.08 a 0.08 a 0.08 a 
Endrin 0.05 a 0.05 a 0.05 a 0.05 a 
Heptachlor 0.04 a 0.04 a 0.04 a 0.04 a 
Heptachlor epoxide 0.02 a 0.02 a 0.02 a 0.02 a 
Hexachlorobenzene 0.05 a 0.05 a 0.05 a 0.05 a 
Lindane 0.05 a 0.05 a 0.05 a 0.05 a 
Methoxychlor 0.23 a 0.05 a 0.05 a NS 0.05 a 
Toxaphene 3.38 a 2.81 a 3.81 a 3.34 a 

* - Statistical Qualifiers 
NA - Not Analyzed 
S - Treatment mean is statistically greater than Reference mean (state statistical test used) 
NS - Treatment mean is not significantly greater than Reference mean (state statistical test used) 
a 	  Analyte not detected (below MDL) in at least one replicate; mean value was calculated using MDL. 
b 	 Analyte estimated (detected below RL but above MDL) in at least one replicate; mean value calculated 

using estimated value. 
c  Analyte was detected in the treatment at a higher mean concentration than Reference; statistical 

analyses not conducted because analyte was not detected in any Reference replicates. 
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USACE New Bedford Harbor Project 
Sediment Grain Size and Water Content Results 

Date Coarse Medium Fine Water TOC TOC 
Battelle ID AMS ID Sampled Gravel Sand Sand Sand Silt Clay Content Rep 1 Rep 2 

(%) (%) (%) (%) (%) (%) (%) (%) (%) 
EAG-1001-D 22608 7/26/2005 0.00 1.33 2.10 9.97 52.84 33.76 112 2.86 2.83 
EAG-1002-D 22609 7/26/2005 2.31 0.77 0.69 5.10 51.76 39.37 133 3.72 3.65 
EAG-1003-D 22610 7/26/2005 1.76 3.93 8.18 29.56 38.65 17.92 79 1.64 1.73 
EAG-1004-D 22611 7/27/2005 1.81 0.80 3.00 21.06 39.06 34.26 104 4.11 4.06 
EAG-1005-D 22612 7/25/2005 0.00 0.21 1.23 6.08 53.44 39.04 156 4.62 4.68 
EAG-1006-D 22613 7/25/2005 1.36 0.71 2.90 11.24 41.42 42.38 124 4.50 4.58 
EAG-1007-D 22614 7/27/2005 0.00 1.14 5.98 16.08 41.85 34.94 126 3.77 4.14 
EAG-1008-D 22615 7/30/2005 0.02 0.10 21.45 58.60 7.82 12.01 38 0.38 0.40 
EAG-1009-D 22616 7/29/2005 1.83 1.21 10.37 73.07 4.87 8.65 27 0.27 0.30 
EAG-1010-D 22617 7/27/2005 0.74 4.13 12.88 25.34 28.86 28.04 82 4.22 3.99 

Site 1 22632 7/27/2005 0.22 0.31 2.53 27.18 39.37 30.39 90 3.75 3.69 
Site 2 22633 7/27/2005 14.04 9.21 22.00 25.51 17.50 11.74 33 2.36 2.08 
Site 3 22634 7/27/2005 5.23 2.89 9.02 21.30 34.56 27.01 70 4.85 4.56 



Table II-7: Quality Control Summary for Analyses of Sediment Grain Size and Total Organic Carbon
 

Method Reference Numbers: ASTM D422 (Particle Size Analysis of Soils), EPA 9060 (Total Organic Carbon)
 

Quality Control (QC) Element Acceptance Criteria* Criteria Met? 
Yes/No 

List Results Outside Criteria 
(Cross-Reference Results Table in 

Data Report) 

Location of Results (Retained at 
Lab or in Data Package) 

Grain Size: Analytical Replicates 
Analyze one sample in duplicate for 

each group of field samples 
(RPD<25%) 

Yes None In Data Package 

Total Organic Carbon: Standard 
Reference Materials 

Within the limits provided by 
vendor Yes None In Data Package 

Total Organic Carbon: Analytical 
Replicates 

Analyze one sample in duplicate for 
each group of field samples 

(RPD<30%) 
Yes None In Data Package 

*The Quality Control Acceptance Criteria are general guidelines. If alternative criteria are used, they must be documented in this table. 
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U.S. Standard Sieve Size or Number Hydrometer 
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ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 0.00 1.33 2.10 9.97 52.84 33.76 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

112 47 
Material Description USCS 

Fat Clay, Black (N1) CH 

AMS, Inc. Project Manager: KS Davis, P.G. 

Project Description 
USACE New Bedford Harbor 
Composite of Sites: A, C, D, E 

Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

EAG-1001-D 

G606416 
2005-03-13 

22608 
9/6/2005 
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U.S. Standard Sieve Size or Number 
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Hydrometer 

0.0010.01 

ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 2.31 0.77 0.69 5.10 51.76 39.37 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

133 43 
Material Description USCS 

Fat Clay, Black (N1) CH 

Project Description Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

G606416 

9/6/2005 

2005-03-13 
EAG-1002-D 
22609 

AMS, Inc. Project Manager: KS Davis, P.G. 

USACE New Bedford Harbor 
Composite of Sites: F, G, I, K 



                                        

Applied Marine Sciences, Inc.
 

502 N. Hwy 3, Suite B, League City, TX 77573, (281) 554-7272 Fax (281) 554-6356 

U.S. Standard Sieve Size or Number Hydrometer 
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ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 1.76 3.93 8.18 29.56 38.65 17.92 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

79 56 
Material Description USCS 

Sandy Fat Clay, Black (N1) CH 

Project Description 
USACE New Bedford Harbor 

AMS, Inc. Project Manager: KS Davis, P.G. 

Composite of Sites: H, J 

Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

G606416 
2005-03-13 

22610 
9/6/2005 

EAG-1003-D 
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U.S. Standard Sieve Size or Number Hydrometer 
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ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 1.81 0.80 3.00 21.06 39.06 34.26 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

104 49 
Material Description USCS 

Elastic Silt with Sand, Black (N1) MH 

Project Description 
USACE New Bedford Harbor 
Composite of Sites: L, M, N 

AMS, Inc. Project Manager: KS Davis, P.G. 

Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

G606416 
2005-03-13 
EAG-1004-D 
22611 
9/6/2005 
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U.S. Standard Sieve Size or Number Hydrometer 
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ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 0.00 0.21 1.23 6.08 53.44 39.04 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

156 39 
Material Description USCS 

Elastic Silt, Black (N1) MH 

Project Description 

AMS, Inc. Project Manager: KS Davis, P.G. 

Composite of Sites: O, P, Q, R, S, T, U, V, W, X, Y, AA, BB 
USACE New Bedford Harbor 

Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

G606416 
2005-03-13 
EAG-1005-D 
22612 
9/6/2005 
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U.S. Standard Sieve Size or Number Hydrometer 
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ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 1.36 0.71 2.90 11.24 41.42 42.38 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

124 45 
Material Description USCS 

Elastic Silt with Sand, Black (N1) MH 

Composite of Sites: CC, DD, GG, HH, LL,, MM, KK 

AMS, Inc. Project Manager: KS Davis, P.G. 

Project Description 
USACE New Bedford Harbor 

Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

2005-03-13 
EAG-1006-D 
22613 
9/6/2005 

G606416 
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U.S. Standard Sieve Size or Number Hydrometer 
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ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 0.00 1.14 5.98 16.08 41.85 34.94 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

126 44 
Material Description USCS 

Elastic Silt with Sand, Black (N1) MH 

Project Description 
USACE New Bedford Harbor 
Composite of Sites: EE, FF, II, JJ 

AMS, Inc. Project Manager: KS Davis, P.G. 

Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

G606416 
2005-03-13 
EAG-1007-D 
22614 
9/6/2005 
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U.S. Standard Sieve Size or Number Hydrometer 
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ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 0.02 0.10 21.45 58.60 7.82 12.01 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

38 73 
Material Description USCS 

Clayey Sand, Dark Gray (N3) SC 

USACE New Bedford Harbor 
Project Description 

AMS, Inc. Project Manager: KS Davis, P.G. 

Composite of Sites: BBDS 

Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

2005-03-13 
G606416 

EAG-1008-D 
22615 
9/6/2005 
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U.S. Standard Sieve Size or Number Hydrometer 
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ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 1.83 1.21 10.37 73.07 4.87 8.65 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

27 79 
Material Description USCS 

Clayey Sand, Medium Dark Gray (N4) SC 

Project Description 
USACE New Bedford Harbor 
Composite of Sites: RISDS 

AMS, Inc. Project Manager: KS Davis, P.G. 

Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

G606416 
2005-03-13 
EAG-1009-D 
22616 
9/6/2005 
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U.S. Standard Sieve Size or Number Hydrometer 
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ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 0.74 4.13 12.88 25.34 28.86 28.04 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

82 55 
Material Description USCS 

Sandy Fat Clay, Black (N1) CH 

USACE New Bedford Harbor 
Composite of Sites: 1, 2, 3 

Project Description 

AMS, Inc. Project Manager: KS Davis, P.G. 

Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

2005-03-13 
EAG-1010-D 

G606416 

22617 
9/6/2005 
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U.S. Standard Sieve Size or Number Hydrometer 
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ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 0.22 0.31 2.53 27.18 39.37 30.39 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

90 53 
Material Description USCS 

Sandy Fat Clay, Black (N1) CH 

AMS, Inc. Project Manager: KS Davis, P.G. 

Project Description 
USACE New Bedford Harbor 
Composite of 1 Core from Site 1 

Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

Site 1 

G606416 
2005-03-13 

22632 
9/6/2005 
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U.S. Standard Sieve Size or Number 
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Hydrometer 

0.0010.01 

ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 14.04 9.21 22.00 25.51 17.50 11.74 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

33 75 
Material Description USCS 

Silty Sand, Black (N1) SM 

Project Description Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

G606416 

9/6/2005 

2005-03-13 
Site 2 
22633 

AMS, Inc. Project Manager: KS Davis, P.G. 

USACE New Bedford Harbor 
Composite of 1 Core from Site 2 



                                        

Applied Marine Sciences, Inc.
 

502 N. Hwy 3, Suite B, League City, TX 77573, (281) 554-7272 Fax (281) 554-6356 

U.S. Standard Sieve Size or Number Hydrometer 
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ASTM D422 (Particle-Size Analysis of Soils) 

% Cobble 
>3" 

% Gravel 
<3" - #4 

% Sand % Fines 
Coarse 

#10 
Medium 
#20-#40 

Fine 
#60-#200 

Silt 
0.074-0.005 mm 

Clay 
<0.005 mm 

0.00 5.23 2.89 9.02 21.30 34.56 27.01 
Water Cont. (%) Tot. Solids (%) LL PI D85 D60 D50 D30 D15 D10 Cc Cu 

70 59 
Material Description USCS 

Sandy Elastic Silt, Black (N1) MH 

USACE New Bedford Harbor 
Composite of 1 Core from Site 3 

Project Description 

AMS, Inc. Project Manager: KS Davis, P.G. 

Client P/N: 
AMS P/N: 
Client ID: 
AMS ID: 

Date Analyzed: 

2005-03-13 
Site 3 

G606416 

22634 
9/6/2005 
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Applied Marine Sciences, Inc. 

502 N. Highway 3, Suite B· League City, TX 77573· (281) 554-7272· Fax (281) 554-6356 

AMS QUALITY CONTROL REPORT 

Client: Battelle 

Project Nwnber: G606416 

Project Title: USACE New Bedford Harbor 

Client Sample ill: Site 3 

AMS Sample ill: 22634 

Replicate Analysis 

Particle U.S. Standard Size Sample 
Diameter Sieve Mesh # Class Result 

(mm) (%) 

4.76 No.4 Gravel 5.23 

2.00 No. 10 Coarse Sand 2.89 

0.42 No. 40 MediwnSand 9.02 

0.074 No. 200 Fine Sand 21.30 

<0.074-0.005 Hydrometer Silt 34.56 

<0.005 Hydrometer Clay 27.01 

# Column to be used to flag RPD values outside of given limit of 25% 

"EXCEEDS" indicates a value outside of the QC Limits 

RPD: 0 out of 6 outside limit 
---

AMS Project Nwnber: 2005-03-13 

Date Sampled: 7/2712005 

Date Received: 8/412005 

Date Analyzed: 9/6/2005 

Duplicate 
Result 

(%) 

5.06 

2.59 

8.08 

20.14 

37.08 

27.05 

Matrix: Sediment 

Method: ASTM D422 

RPD # QC 
Limits 

(%) (%RPD) 

3.26 <25 

10.67 <25 

11.00 <25 

5.60 <25 

7.04 <25 

0.14 <25 

Samples in Batch (AMS ill): 22608 22610 22612 22614 22616 22632 22634 

22609 22611 22613 22615 22617 22633 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

502 N. Highway 3, Suite B· League City, TX 77573· (281) 554-7272· Fax (281) 554-6356 

u.s. Standard Sieve Size or Number Hydrometer 
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Grain Size (mm) 

ASTM D422 (Particle-Size Analysis of Soils) 

% Sand % Fines 

% Cobble % Gravel Coarse Medium Fine Silt Clay 

>3" <3" - #4 #10 #20-#40 #60-#200 0.074-0.005 mm <0.005 mm 

0.00 5.06 2.59 8.08 20.14 37.08 27.05 

Water Cont. (%) Tot. Solids (%) LL PI Dss D60 Dso D30 DIS DIO Cc Cu 
-~ -------

70 59 78 40 

Material Description USCS 

Sandy Elastic Silt, Black (N 1) MH 

Project Description Client PIN: G606416 

USACE New Bedford Harbor AMS PIN: 2005-03-13 

Composite of 1 Core from Site 3 Client ID: Site 3 

AMS ID: 22634-2 

AMS, Inc. Project Manager: ~ Date Analyzed: 9/6/2005 
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Applied Marine Sciences, Inc. 

502 N. Highway 3, Suite B • League City, IX 77573· (281) 554-7272· Fax (281) 554-6356 

Client: 

Project Title: 

Battelle 

USACE New Bedford Harbor 

G606416 Project Number: 

Client Sample ID: 

AMS Sample ID: 

EAG-1001-D ,., 6:>~ (\ c C- I () I Ii: 
22608 

Parameter 

Total Organic Carbon 

Total Organic Carbon 

Replicate Result 

2.86 

2 2.83 

Sample Description: Composite of Sites: A, C, D, E 

Unit 

% 

% 

AMS Project Number: 2005-03-13 

Date Sampled: 7126/2005 

Date Received: 81212005 

Date 
MDL Method Matrix Analyzed 

0.01 EPA 9060 Sed 8/1112005 

0.01 EPA 9060 Sed 8/1112005 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

Client: 

Project Title: 

Project Number: 

Client Sample ID: 

AMS Sample ID: 

Parameter 

Battelle 

USACE New Bedford Harbor 

G606416 

EAG-I002-D 

22609 

Re}!licate Result 

Total Organic Carbon 1 3.72 

Total Organic Carbon 2 3.65 

Sample Description: Composite of Sites: F, G, I, K 

502 N. Highway 3, Suite B' League City, IX 77573' (281) 554-7272' Fax (281) 554-6356 

Unit Flag MDL 

% 0.Q1 

% 0.Q1 

AMS Project Number: 2005-03-13 

Date Sampled: 7126/2005 

Date Received: 812/2005 

Date 
Method Matrix Analyzed 

EPA 9060 Sed 8/11/2005 

EPA 9060 Sed 8/11/2005 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

Client: Battelle 

Project Title: 

Project Number: 

USACE New Bedford Harbor 

G606416 

Client Sample ID: EAG-1003-D 

AMS Sample ID: 22610 

Parameter Re~licate Result 

Total Organic Carbon 1 1.64 

Total Organic Carbon 2 1.73 

Sample Description: Composite of Sites: H, J 

502 N. Highway 3, Suite B· League City, TX 77573· (281) 554-7272· Fax (281) 554-6356 

Unit Flag MDL 

% 0.01 

% 0.01 

AMS Project Number: 2005-03-13 

Date Sampled: 7/26/2005 

Date Received: 81212005 

Date 
Method Matrix Analyzed 

EPA 9060 Sed 8/11/2005 

EPA 9060 Sed 8/1112005 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

Client: 

Project Title: 

Project Number: 

Client Sample ID: 

AMS Sample ID: 

Parameter 

Battelle 

USACE New Bedford Harbor 

G606416 

EAG-1004-D 

22611 

Total Organic Carbon 

Total Organic Carbon 

Replicate Result 

4.11 

2 4.06 

Sample Description: Composite of Sites: L, M, N 

502 N. Highway 3, Suite B· League City, IX 77573· (281) 554-7272· Fax (281) 554-6356 

Unit 

% 

% 

AMS Project Number: 2005-03-13 

Date Sampled: 7/2712005 

Date Received: 81212005 

MDL Method Matrix 

0.01 EPA 9060 Sed 

0.01 EPA 9060 Sed 

Date 
Analyzed 

8/1112005 

8/1112005 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

Client: 

Project Title: 

Project Number: 

Client Sample ID: 

AMS Sample ID: 

Parameter 

Battelle 

USACE New Bedford Harbor 

G606416 

EAG-I005-D 

22612 

Rel!licate Result 
Total Organic Carbon 1 4.62 

Total Organic Carbon 2 4.68 

502 N. Highway 3, Suite B· League City, TX 77573· (281) 554-7272· Fax (281) 554-6356 

Unit Flag MDL 

% 0.01 

% 0.01 

AMS Project Number: 2005-03-13 

Date Sampled: 7/25/2005 

Date Received: 8/2/2005 

Date 
Method Matrix Analyzed 

EPA 9060 Sed 8/11/2005 

EPA 9060 Sed 8111/2005 

Sample Description: Composite of Sites: 0, P, Q, R, S, T, U, V, W, X, Y, AA, BB 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

Client: 

Project Title: 

Project Number: 

Client Sample ID: 

AMS Sample ID: 

Parameter 

Battelle 

USACE New Bedford Harbor 

G606416 

EAG-1006-D 

22613 

Replicate Result 
Total Organic Carbon 

Total Organic Carbon 

1 4.50 

2 4.58 

502 N. Highway 3, Suite B· League City, IX 77573· (281) 554-7272· Fax (281) 554-6356 

Unit 

% 

% 

AMS Project Number: 2005-03-13 

Date Sampled: 7/25/2005 

Date Received: 8/2/2005 

Date 
MDL Method Matrix Analyzed 

0.01 EPA 9060 Sed 8/11/2005 

0.01 EPA 9060 Sed 8/11/2005 

Sample Description: Composite of Sites: CC, DD, GG, HR, LL, MM, KK 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

Client: 

Project Title: 

Project Number: 

Client Sample ID: 

AMS Sample ID: 

Parameter 

Battelle 

USACE New Bedford Harbor 

G606416 

EAG-1007-D 

22614 

Replicate Result 

Total Organic Carbon 

Total Organic Carbon 

1 3.77 

2 4.14 

502 N. Highway 3, Suite B • League City, IX 77573· (281) 554-7272· Fax (281) 554-6356 

Unit 

% 

% 

AMS Project Number: 2005-03-13 

Date Sampled: 7/27/2005 

Date Received: 8/212005 

Date 
MDL Method Matrix Analyzed 

0.01 EPA 9060 Sed 811112005 

0.Q1 EPA 9060 Sed 811112005 

Sample Description: Composite of Sites: EE, FF, II, JJ 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

Client: 

Project Title: 

Project Number: 

Client Sample ID: 

AMS Sample ID: 

Parameter 

Battelle 

USACE New Bedford Harbor 

G606416 

EAG-1008-D 

22615 

Replicate Result 

Total Organic Carbon 

Total Organic Carbon 

1 0.38 

2 0.40 

Sample Description: Composite of Sites: BBDS 

502 N. Highway 3, Suite B • League City, TX 77573' (281) 554-7272' Fax (281) 554-6356 

Unit 

% 

% 

AMS Project Number: 2005-03-13 

Date Sampled: 7/3012005 

Date Received: 81212005 

MDL Method Matrix 

0.01 EPA 9060 Sed 

0.01 EPA 9060 Sed 

Date 
Analyzed 

8/1112005 

8/1112005 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

Client: 

Project Title: 

Project Number: 

Client Sample ID: 

AMS Sample ID: 

Parameter 

Battelle 

USACE New Bedford Harbor 

G606416 

EAG-I009-D 

22616 

Rel!licate Result 

Total Organic Carbon 1 0.27 

Total Organic Carbon 2 0.30 

Sample Description: Composite of Sites: RISDS 

502 N. Highway 3, Suite B • League City, TX 77573· (281) 554-7272· Fax (281) 554-6356 

Unit Flag MDL 

% 0.01 

% 0.01 

AMS Project Number: 2005-03-13 

Date Sampled: 7129/2005 

Date Received: 81212005 

Date 
Method Matrix Analyzed 

EPA 9060 Sed 8/1112005 

EPA 9060 Sed 8/1112005 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

Client: 

Project Title: 

Project Number: 

Client Sample ID: 

AMS Sample ID: 

Parameter 

Battelle 

USACE New Bedford Harbor 

G606416 

EAG-101O-D 

22617 

Re~licate Result 

Total Organic Carbon 4.22 

Total Organic Carbon 2 3.99 

Sample Description: Composite of Sites: 1, 2, 3 

502 N. Highway 3, Suite B • League City, IX 77573· (281) 554-7272· Fax (281) 554-6356 

Unit Flag MDL 

% 0.Q1 

% 0.Q1 

AMS Project Number: 2005-03-13 

Date Sampled: 7/27/2005 

Date Received: 8/2/2005 

Date 
Method Matrix Analyzed 

EPA 9060 Sed 8/1112005 

EPA 9060 Sed 8/1112005 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

Client: 

Project Title: 

Project Number: 

Client Sample ID: 

AMS Sample ID: 

Parameter 

Battelle 

USACE New Bedford Harbor 

G606416 

Site 1 

22632 

Total Organic Carbon 

Total Organic Carbon 

Replicate Result 

3.75 

2 3.69 

Sample Description: Composite of 1 Core from Site 1 

502 N. Highway 3, Suite B· League City, IX 77573· (281) 554-7272· Fax (281) 554-6356 

Unit 

% 

% 

AMS Project Number: 2005-03-13 

Date Sampled: 712712005 

Date Received: 8/4/2005 

Date 
MDL Method Matrix Analyzed 

0.01 EPA 9060 Sed 8/1112005 

0.01 EPA 9060 Sed 8/11/2005 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

Client: Battelle 

Project Title: 

Project Number: 

USACE New Bedford Harbor 

G606416 

Client Sample 10: Site 2 

AMS Sample 10: 22633 

Parameter Rel!licate Result 

Total Organic Carbon 1 2.36 

Total Organic Carbon 2 2.08 

Sample Description: Composite of 1 Core from Site 2 

502 N. Highway 3, Suite B· League City, IX 77573· (281) 554-7272· Fax (281) 554-6356 

Unit Flag MDL 

% 0.01 

% 0.01 

AMS Project Number: 2005-03-13 

Date Sampled: 712712005 

Date Received: 8/412005 

Date 
Method Matrix Analyzed 

EPA 9060 Sed 8/1112005 

EPA 9060 Sed 811112005 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

Client: Battelle 

Project Title: 

Project Number: 

USACE New Bedford Harbor 

G606416 

Client Sample ID: Site 3 

AMS Sample ID: 22634 

Parameter 

Total Organic Carbon 

Total Organic Carbon 

Replicate Result 
1 4.85 

2 4.56 

Sample Description: Composite of 1 Core from Site 3 

502 N. Highway 3, Suite B • League City, IX 77573' (281) 554-7272' Fax (281) 554-6356 

Unit 

% 

% 

AMS Project Number: 2005-03-13 

Date Sampled: 712712005 

Date Received: 8/4/2005 

MDL Method Matrix 

0.01 EPA 9060 Sed 

0.01 EPA 9060 Sed 

Date 
Analyzed 

8/1112005 

8/1112005 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

502 N. Highway 3, Suite B' League City, IX 77573' (281) 554-7272' Fax (281) 554-6356 

Client: 

Project Title: 

Project No.: 

Quality Control Report 

Battelle 

USACE-NAE New Bedford Harbor 

G606416 

Continuing Calibration Data 

AMS Sample ID Parameter SRM Result SRM Theoretical 

CC01 TOC 

AMS Sample ID 

CBOI 

Samples in Batch (AMS ID): 

Weight 

(g) 

0.4841 

(%) (%) 

4.69 4.80 

TOC Method Blank 

Result 

(f.lg C) 

4.09 

22608 

22609 

22610 

22611 

22612 

22613 

22614 

22615 

22616 

22617 

TOC 

(%) 
ND 

AMS Project No.: 2005-03-13 

Date Sampled: Various 

Date Received: 8/2/2005 

Date Analyzed: 811112005 

RPD 

(%) 
2.32 

Matrix: Sediment 

Method: EPA 9060 

MDL 

(%) 
0.01 

QCLimits 

(%RPD) 

<5 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 



Applied Marine Sciences, Inc. 

502 N. Highway 3, Suite B· League City, TX 77573· (281) 554-7272· Fax (281) 554-6356 

Client: 

Project Title: 

Project No.: 

Quality Control Report 

Battelle 

USACE-NAE New Bedford Harbor 

G606416 

Continuing Calibration Data 

AMS Sample ID Parameter SRM Result SRM Theoretical 

CC02 TOC 

AMS Sample ID 

CB02 

Weight 

(g) 

0.5656 

Samples in Batch (AMS ID): 22632 

22633 

22634 

(%) (%) 

4.68 4.80 

TOC Method Blank 

Result 

(J.1g C) 

3.16 

TOC 

(%) 

ND 

AMS Project No.: 2005-03-13 

Date Sampled: 7/27/2005 

Date Received: 8/4/2005 

Date Analyzed: 811112005 

RPD 

(%) 
2.53 

Matrix: Sediment 

Method: EPA 9060 

MDL 

(%) 
0.01 

QC Limits 

(%RPD) 

<5 

Quality Assurance: These analyses were performed in accordance with EPA guidelines for quality assurance. 

AMS, Inc. Project Manager 
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Appendix B 

Sediment Chemistry Results 
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Appendix B-1 

Sediment PCB/Pesticide Data 
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Pesticide/PCB – Sediment QA/QC Summary
 

Batch 05-0299 


PROJECT: USACE/NAE New Bedford Harbor 
PARAMETER: Pesticide/PCB 
LABORATORY: Battelle, Duxbury, MA 
MATRIX: Sediment 
SAMPLE CUSTODY: Sediment core and grab samples were collected from New Bedford Harbor and reference 

locations on July 25-30, 2005.  The samples were transported to Battelle, Duxbury on 
August 02, 2005.  No custody issues were noted.  The collected sediment cores were 
then combined into designated composite samples. The samples were logged into LIMS 
and received unique Battelle IDs. Samples designated for archive were transferred to an 
access-controlled walk-in freezer while samples requiring organic analysis were 
originally transferred to an access-controlled walk-in refrigerator. However, due to 
concerns about meeting the 14-day holding time for refrigerated samples requiring 
organic analysis, these samples were moved to the walk-in freezer prior to 8/8/05.  

Detection 
Limits and 

Sample reporting 
Replicate Limits 

Reference Method Surrogate LCS/MS SRM Relative (ng/g dry 
Method Blank Recovery Recovery % Diff. Precision wt) 
General <5 x ss- 30-150% 
NS&T MDL Recovery 

Pesticide/PCB 50-120% ≤30% PD ≤30% RSD MDL: 
Recovery plus ~ 0.03 – 1.38 

(concentration variance of  MS must RL:(concentration 
be >5 xof  MS must 	 ~0.10 – 10.39 
background; be >5 x 
sample background) 
duplicate 
values must 
be > 10 x 
MDL) 

METHOD: 	 Sediment samples were extracted for Pesticide/PCB following general NS&T methods. 
Approximately 30 g of sediment was spiked with surrogates and extracted three times 
with dichloromethane using shaker table techniques.  The combined extract was dried 
over anhydrous sodium sulfate, concentrated, processed through alumina cleanup column, 
concentrated, and further purified by GPC/HPLC.  Additionally, all samples were treated 
with activated copper for the removal of sulfur.  The post-HPLC extract was 
concentrated, fortified with recovery internal standards and split for the required analyses.  
Extracts intended for Pesticide/PCB analysis were solvent exchanged into hexane then 
analyzed using gas chromatography/electron capture detector  (GC/ECD), following 
general NS&T methods.  Sample data were quantified by the method of internal 
standards, using the Recovery Internal Standard (RIS) compounds.  The analyst has noted 
that interference from PCB 153 has made quantitation of PCB 184 impossible.  All PCB 
184 data has been qualified with “UMI”. 

Rinsate blanks associated with the sediment sample collection were analyzed along with 
site waters in batch 05-0283.  A complete QA/QC summary has been provided with that 
batch.  Rinsate samples were found to be free of PCB and pesticide, except that two of 
the blanks contained a-chlordane and gamma-chlordane (see data package 05-0443 for 
specifics). However, those pesticides were not detected in any field samples; therefore 
there was no impact on the sediment data.  

Page 1 of 3 



 

 

 

 
     

  
 

                                     
                         

 
   

 
 

 
  

 
 

 
 

 
 

  
  

  
 

 
  

  
   

 

 
 

 
  

 
 
 

 
                   
                
   

     
 

  
 

  
  

 

Pesticide/PCB – Sediment QA/QC Summary
 

Batch 05-0299 


HOLDING Samples were prepared for analysis in one analytical batch and were extracted within 28- 
TIMES: days of sample compositing and analyzed within 40 days of extraction. 

Batch Extraction Date Analysis Date   
05-0299    8/22/05   8/27/05 – 8/28/05 

BLANK: 	 A procedural blank (PB) was prepared with the analytical batch.  Blanks were analyzed to 
ensure the sample extraction and analysis methods were free of contamination.  

05-0299 – No exceedence noted. 

Comments – No target pesticides or PCB was detected in the procedural blank.  The 
sample-specific reporting limit (ss-RL) has been reported for non-detects. 

LABORATORY 	 A laboratory control sample (LCS) was prepared with the analytical batch.   The percent 
CONTROL 	 recoveries of target analytes were calculated to measure data quality in terms of accuracy. 
SAMPLE: 

05-0299 – 3 exceedences noted. 

Comments – All target analytes were recovered within the specified laboratory control 
limits (50-120%), except for heptachlor, and PCB 28.  These compounds were under-
recovered at 47%, and 49%, respectively. Chromatography and calculations were 
reviewed.  No discrepancies were found.  The exceedences were qualified with an “N”. 
All initial calibration standards, instrument calibration checks and continuing calibration 
checks were within the data quality objectives for these compounds.  Additionally, 
accuracy for heptachlor was adequately demonstrated in both the matrix spike and matrix 
spike duplicate samples.  Although PCB 28 was under-recovered in the LCS sample, it 
was over-recovered in the MS/MSD samples.  However, due to the high background 
concentrations of PCBs, the MS/MSD samples were not spiked with PCB 28 at a 
concentration greater than five times the background sample. Therefore the high 
MS/MSD recoveries for PCB 28 were qualified with an “n” to indicate contingency 
criteria have been met.   

MATRIX SPIKE: 	 Both a matrix spike (MS) sample and matrix spike duplicate (MSD) sample were 
prepared with the analytical batch.   The percent recoveries of target analytes were 
calculated to measure data quality in terms of accuracy.   The RPD between the percent 
recoveries for Pesticide/PCB is calculated to measure data quality in terms of precision.  

05-0299 – MS recovery: 1 exceedences noted 
MSD recovery: 2 exceedences noted. 

  RPD: No exceedences noted 

Comments – Due to the high background concentrations of PCBs, numerous PCBs were 
calculated to be outside of data quality objectives for both percent recovery and RPD. 
Since these samples were not spiked at a concentration greater than five times the 
background sample EAG-1001 (COMPOSITE A, C, D, & E), this data should not be 
used for data quality assessment.  Any exceedences calculated for PCBs have been 
qualified with an “n” to indicate contingency criteria have been met, except for PCB 184.  
The analyst notes matrix interference from PCB 153 has made quantification of this 
analyte impossible. 
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Pesticide/PCB – Sediment QA/QC Summary
 

Batch 05-0299 


In the MSD sample only, cis-nonachlor was over-recovered at 121%. The analyst notes 
that the exact integration of cis-nonachlor was difficult because of a co-elution.  
However, accuracy for this compound was demonstrated in both the LCS and MS 
sample.  Therefore, this exceedence should have no impact on the data.  Additionally, cis-
nonachlor was not-detected in any field samples.   

REPLICATES: 	 Replicate (duplicate) samples were prepared with each analytical batch.  The RPD 
between duplicate analyses for Pesticide/PCB is calculated to measure data quality in 
terms of precision. 
05-0299 – The RPD between duplicate analyses of all target analytes were within the 
laboratory control limits (<30% RPD) 

Comments  – None. 

SRM: 	 A standard reference material (SRM, NIST 1944) was prepared with each analytical 
batch.  The percent difference (PD) between the measured value and the certified value 
was calculated to measure data quality in terms of accuracy.    

05-0299 – 5 (out of a possible 25) exceedence noted. 

Comments – All PD were calculated to be within the laboratory control limit specified 
by the method (<30% plus variance), except for 4,4-DDT, hexachlorobenzene, PCB 195, 
PCB 206, and PCB 209.  These exceedences were all due to over-recoveries.  
Chromatography and calculations were reviewed.  No discrepancies were found.  The 
exceedences were qualified with an “N”.  Accuracy for these compounds was adequately 
demonstrated in the LCS and MS/MSD QC samples.  No further corrective action was 
taken. 

SURROGATES: 	 Two surrogate compounds were added prior to extraction, including PCB 34 and PCB 
152. The recovery of each surrogate compound was calculated to measure data quality in 
terms of accuracy (extraction efficiency). 

05-0299 – 2 exceedences noted. 

Comments – Percent recoveries for all surrogate compounds were within the laboratory 
control limits specified by the method (30 – 150% recovery) except for the recoveries 
calculated for sample EAG-1006 (COMPOSITE CC, DD, GG, HH, LL, MM, & KK). 
PCB 34 and PCB 152 were both over-recovered in this sample at 157% and 158%, 
respectively. Chromatography and calculations were reviewed.  No discrepancies were 
found.  The sample results for this sample exclusively, may be biased high. 

CALIBRATIONS:	 The instrument is calibrated with a 7-level calibration.  Calibration checks are analyzed 
minimally every 12 hours.  Additionally an Instrument Calibration Check (ICC) sample is 
run after each initial calibration.  Samples for this batch were run over two sequences.  
Each sequence had its own initial and continuing calibration as well as its own ICC. 

05-0299 – 2 exceedences noted. 

Comments – All initial and continuing calibration data were within Battelle criteria, 
however two ICC exceedences were noted.  PCB 206 was under-recovered in both ICC 
samples.  Chromatography and calculations were reviewed.  No discrepancies were 
found.  Accuracy for this compound was demonstrated in the LCS, MS, and MSD 
samples.  The exceedences were qualified with an “N” on the ICC quantitation report.  
No further corrective action was taken. 

Page 3 of 3 



Not Surrogate Corrected
Analyzed By Fredriksson, Julie

1/30/2004 :DRAFT

   

   

    

  

 

  

       

    

   

 

Glossary of Data Qualifiers 

Flag: Application: 

B Analyte concentration found in the sample at a concentration <5x the level found in the procedural blank. 

D Dilution Run.  Initial run outside linear range of instrument. 

E Estimate, result is greater than the highest concentration level in the calibration. 

H Surrogate diluted out. Used when surrogate recovery is affected by excessive dilution of the sample extract. 

J Analyte detected below the sample-specific Reporting Limit (RL). 

ME Significant Matrix Interference - Estimated value. 

MI Significant Matrix Interference - value could not be determined or estimated. 

n Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO), but meets the contingency criteria. 

N Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO) 

NA Not applicable 

T Holding Time (HT) exceeded. 

U Analyte not detected at 3:1 signal:noise ratio. The sample-specific method detection limit (MDL) reported. 
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Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 
Client ID EAG-1005-L EAG-1006-L EAG-1001-G EAG-1002-G 

Description 

COMPOSITE O, P, Q, 
R,S,T,U,V,W,X,Y,AA, & 

BB 
COMPOSITE CC, DD, 
GG, HH, LL, MM, & KK 

COMPOSITE A, C, D, 
& E COMPOSITE F,G,I,K 

Battelle ID S8688-P S8689-P S8694-P S8695-P 
Sample Type SA SA SA SA 
Collection Date 07/25/05 07/25/05 07/26/05 07/26/05 
Extraction Date 08/22/05 08/22/05 08/22/05 08/22/05 
Analysis Date 08/27/05 08/27/05 08/27/05 08/28/05 
Analytical Instrument ECD ECD ECD ECD 
% Moisture 60.14 56.4 53.23 58.01 
% Lipid NA NA NA NA 
Matrix SEDIMENT SEDIMENT SEDIMENT SEDIMENT 
Sample Size 12.30 13.51 14.39 12.89 
Size Unit-Basis G_DRY G_DRY G_DRY G_DRY 
Units NG/G_DRY NG/G_DRY NG/G_DRY NG/G_DRY 

4,4'-DDD 9.05 13.26 5.90 4.68 
4,4'-DDE 13.76 21.07 7.83 10.17 
4,4'-DDT 1.63 1.79 1.26 1.39 
aldrin 0.14 U 0.12 U 0.12 U 0.13 U 
a-chlordane 0.14 U 0.12 U 0.12 U 0.13 U 
g-chlordane 0.14 U 0.12 U 0.12 U 0.13 U 
Lindane 0.14 U 0.12 U 0.12 U 0.13 U 
cis-nonachlor 0.14 U 0.12 U 0.12 U 0.13 U 
trans-nonachlor 0.14 U 0.12 U 0.12 U 0.13 U 
Chlorpyrifos 0.28 U 0.25 U 0.25 U 0.26 U 
oxychlordane 0.07 U 0.12 U 0.12 U 0.13 U 
dieldrin 20.00 33.54 11.30 13.48 
endosulfan I 0.14 U 0.05 U 0.04 U 0.13 U 
endosulfan II 0.14 U 0.12 U 10.46 0.13 U 
endrin 0.14 U 0.12 U 0.12 U 0.13 U 
heptachlor 0.14 U 0.12 U 0.12 U 0.13 U 
heptachlor epoxide 0.14 U 0.12 U 0.12 U 0.13 U 
Hexachlorobenzene 1.81 1.61 1.04 1.47 
methoxychlor 1.80 U 0.12 U 0.12 U 1.71 U 
Toxaphene 13.55 U 12.34 U 11.58 U 12.93 U 
Cl2(8) 198.98 D 225.81 D 57.48 173.40 D 
Cl3(18) 390.29 D 526.65 D 92.50 D 312.25 D 
Cl3(28) 646.21 D 931.62 D 154.28 D 453.41 D 
Cl4(44) 391.08 D 626.04 D 137.73 D 277.57 D 
Cl4(49) 650.82 D 979.83 D 144.14 D 387.22 D 
Cl4(52) 929.81 D 1355.72 D 262.59 D 585.82 D 
Cl4(66) 230.12 D 416.36 D 128.97 D 241.30 D 
Cl5(87) 276.32 D 460.66 D 165.66 D 193.24 D 
Cl5(101) 450.60 D 902.32 D 339.06 D 385.84 D 
Cl5(105) 193.56 D 337.89 D 150.08 D 177.24 D 
Cl5(118) 476.58 D 856.12 D 341.25 D 420.57 D 
Cl6(128) 122.85 178.08 D 93.72 87.03 
Cl6(138) 504.47 D 885.62 D 365.16 D 418.99 D 
Cl6(153) 499.03 D 865.98 D 322.74 D 390.82 D 
Cl7(170) 49.06 70.79 36.09 34.01 
Cl7(180) 71.71 111.73 54.25 50.14 
Cl7(183) 27.03 40.81 17.61 18.18 
Cl7(184) 0.14 UMI 0.12 UMI 0.12 UMI 0.13 UMI 
Cl7(187) 48.75 74.00 27.95 31.41 
Cl8(195) 3.92 5.46 2.69 3.04 
Cl9(206) 3.56 4.61 2.57 2.68 
Cl10(209) 2.02 2.44 1.65 1.58 

Surrogate Recoveries (%) 

Cl3(34) 82 157 N 95 111 
Cl6(152) 107 158 N 93 87 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 Main: Copy of Sediment PCB_Pest_S05-0299ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 
Client ID EAG-1003-G EAG-1004-G EAG-1007-G EAG-1008-G 

COMPOSITE EE, FF, CCOMPOSITE OF 
Description COMPOSITE H & J COMPOSITE L, M, & N II, & JJ BBDS 
Battelle ID S8696-P S8697-P S8700-P S8701-P 
Sample Type SA SA SA SA 
Collection Date 07/26/05 07/27/05 07/27/05 07/30/05 
Extraction Date 08/22/05 08/22/05 08/22/05 08/22/05 
Analysis Date 08/28/05 08/28/05 08/28/05 08/28/05 
Analytical Instrument ECD ECD ECD ECD 
% Moisture 43.24 51.15 57.7 26.63 
% Lipid NA NA NA NA 
Matrix SEDIMENT SEDIMENT SEDIMENT SEDIMENT 
Sample Size 17.08 14.88 12.83 22.10 
Size Unit-Basis G_DRY G_DRY G_DRY G_DRY 
Units NG/G_DRY NG/G_DRY NG/G_DRY NG/G_DRY 

4,4'-DDD 3.87 10.69 8.54 0.08 U 
4,4'-DDE 5.09 16.51 14.50 0.35 
4,4'-DDT 0.96 1.91 1.55 0.08 U 
aldrin 0.11 U 0.11 U 0.13 U 0.08 U 
a-chlordane 0.11 U 0.11 U 0.13 U 0.08 U 
g-chlordane 0.11 U 0.11 U 0.13 U 0.08 U 
Lindane 0.11 U 0.11 U 0.13 U 0.08 U 
cis-nonachlor 0.11 U 0.11 U 0.13 U 0.08 U 
trans-nonachlor 0.11 U 0.11 U 0.13 U 0.08 U 
Chlorpyrifos 0.20 U 0.23 U 0.21 U 0.16 U 
oxychlordane 0.11 U 0.11 U 0.13 U 0.08 U 
dieldrin 7.07 23.94 22.25 0.08 U 
endosulfan I 0.11 U 0.11 U 0.13 U 0.08 U 
endosulfan II 0.11 U 0.11 U 0.13 U 0.08 U 
endrin 0.11 U 0.11 U 0.13 U 0.08 U 
heptachlor 0.11 U 0.11 U 0.13 U 0.08 U 
heptachlor epoxide 0.11 U 0.11 U 0.13 U 0.08 U 
Hexachlorobenzene 0.88 1.46 1.59 0.17 
methoxychlor 0.11 U 0.11 U 0.13 U 0.08 U 
Toxaphene 9.76 U 11.20 U 12.99 U 7.54 U 
Cl2(8) 56.46 84.26 D 171.73 D 0.08 U 
Cl3(18) 86.80 D 205.70 D 376.39 D 0.08 U 
Cl3(28) 152.21 D 407.83 D 736.29 D 0.23 
Cl4(44) 116.81 D 302.33 D 409.14 D 0.08 U 
Cl4(49) 135.85 D 393.24 D 630.51 D 0.08 U 
Cl4(52) 240.08 D 626.71 D 827.90 D 0.08 U 
Cl4(66) 99.50 D 338.49 D 344.22 D 0.04 J 
Cl5(87) 124.94 D 445.46 D 277.93 D 0.12 
Cl5(101) 219.94 D 945.57 D 598.08 D 0.08 U 
Cl5(105) 106.02 D 352.04 D 226.13 D 0.36 
Cl5(118) 243.98 D 868.08 D 586.66 D 1.03 
Cl6(128) 56.69 178.90 115.73 0.27 
Cl6(138) 258.94 D 831.04 D 562.89 D 0.94 
Cl6(153) 238.47 D 840.35 D 560.12 D 1.18 
Cl7(170) 21.90 63.52 45.21 0.46 
Cl7(180) 32.36 100.25 71.88 0.42 
Cl7(183) 11.02 34.44 25.78 0.08 U 
Cl7(184) 0.11 UMI 0.11 UMI 0.13 UMI 0.08 UMI 
Cl7(187) 18.61 57.27 49.75 0.22 
Cl8(195) 1.68 4.54 3.62 0.03 U 
Cl9(206) 1.78 3.81 3.29 0.03 U 
Cl10(209) 1.23 2.29 1.73 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 103 91 118 69 
Cl6(152) 91 148 114 74 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 Main: Copy of Sediment PCB_Pest_S05-0299ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 
Client ID EAG-1009-G EAG-1010-G 

COMPOSITE OF COMPOSITE OF 1, 2, 
Description RISDS & 3 
Battelle ID S8702-P S8703-P 
Sample Type SA SA 
Collection Date 07/29/05 07/27/05 
Extraction Date 08/22/05 08/22/05 
Analysis Date 08/28/05 08/28/05 
Analytical Instrument ECD ECD 
% Moisture 21.25 45.75 
% Lipid NA NA 
Matrix SEDIMENT SEDIMENT 
Sample Size 23.82 16.28 
Size Unit-Basis G_DRY G_DRY 
Units NG/G_DRY NG/G_DRY 

9.18 
11.10 
1.41 
0.10 U 
0.10 U 
0.10 U 
0.10 U 
0.10 U 
0.10 U 
0.20 U 
0.10 U 

18.54 
0.10 U 
0.10 U 
0.10 U 
0.10 U 
0.10 U 
1.46 
0.10 U 

10.24 U 
74.28 D 

177.85 D 
413.07 D 
217.87 D 
298.74 D 
390.34 D 
325.11 D 
285.38 D 
596.59 D 
238.27 D 
598.37 D 
105.56 
513.89 D 
492.09 D 
39.38 
66.39 
22.87 
0.10 UMI 

40.81 
3.56 
3.27 
2.08 

4,4'-DDD
 
4,4'-DDE
 
4,4'-DDT
 
aldrin
 
a-chlordane
 
g-chlordane
 
Lindane
 
cis-nonachlor
 
trans-nonachlor
 
Chlorpyrifos
 
oxychlordane
 
dieldrin
 
endosulfan I
 
endosulfan II
 
endrin
 
heptachlor
 
heptachlor epoxide
 
Hexachlorobenzene
 
methoxychlor
 
Toxaphene
 
Cl2(8)
 
Cl3(18)
 
Cl3(28)
 
Cl4(44)
 
Cl4(49)
 
Cl4(52)
 
Cl4(66)
 
Cl5(87)
 
Cl5(101)
 
Cl5(105)
 
Cl5(118)
 
Cl6(128)
 
Cl6(138)
 
Cl6(153)
 
Cl7(170)
 
Cl7(180)
 
Cl7(183)
 
Cl7(184)
 
Cl7(187)
 
Cl8(195)
 
Cl9(206)
 
Cl10(209)
 

0.07 U 
0.27 
0.07 U 
0.07 U 
0.07 U 
0.07 U 
0.07 U 
0.07 U 
0.07 U 
0.14 U 
0.07 U 
0.07 U 
0.07 U 
0.07 U 
0.22 
0.07 U 
0.07 U 
0.07 U 
0.07 U 
7.00 U 
0.07 U 
0.07 U 
0.07 U 
0.07 U 
0.07 U 
0.07 U 
0.07 U 
0.05 J 
0.07 U 
0.15 
0.27 
0.13 
0.28 
0.46 
0.38 
0.35 
0.07 U 
0.07 UMI 
0.16 
0.07 U 
0.52 
0.43 

Surrogate Recoveries (%) 

Cl3(34) 74 72 
Cl6(152) 81 137 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 Main: Copy of Sediment PCB_Pest_S05-0299ECD-Master_128-Final.xls 



 

Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID Procedural Blank 

Battelle ID BG948PB-P 
Sample Type PB 
Collection Date 08/22/05 
Extraction Date 08/22/05 
Analysis Date 08/27/05 
Analytical Instrument ECD 
% Moisture 47.35 
% Lipid NA 
Matrix SEDIMENT 
Sample Size 16.04 
Size Unit-Basis G_DRY 
Units NG/G_DRY 

4,4'-DDD 0.10 U 
4,4'-DDE 0.10 U 
4,4'-DDT 0.10 U 
aldrin 0.10 U 
a-chlordane 0.10 U 
g-chlordane 0.10 U 
Lindane 0.10 U 
cis-nonachlor 0.10 U 
trans-nonachlor 0.10 U 
Chlorpyrifos 0.21 U 
oxychlordane 0.10 U 
dieldrin 0.10 U 
endosulfan I 0.10 U 
endosulfan II 0.10 U 
endrin 0.10 U 
heptachlor 0.10 U 
heptachlor epoxide 0.10 U 
Hexachlorobenzene 0.10 U 
methoxychlor 0.10 U 
Toxaphene 10.39 U 
Cl2(8) 0.10 U 
Cl3(18) 0.10 U 
Cl3(28) 0.10 U 
Cl4(44) 0.10 U 
Cl4(49) 0.10 U 
Cl4(52) 0.10 U 
Cl4(66) 0.10 U 
Cl5(87) 0.10 U 
Cl5(101) 0.10 U 
Cl5(105) 0.10 U 
Cl5(118) 0.10 U 
Cl6(128) 0.10 U 
Cl6(138) 0.10 U 
Cl6(153) 0.10 U 
Cl7(170) 0.10 U 
Cl7(180) 0.10 U 
Cl7(183) 0.10 U 
Cl7(184) 0.10 U 
Cl7(187) 0.10 U 
Cl8(195) 0.10 U 
Cl9(206) 0.10 U 
Cl10(209) 0.10 U 

Surrogate Recoveries (%) 

Cl3(34) 70 
Cl6(152) 76 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 PB: Copy of Sediment PCB_Pest_S05-0299ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

050517-03: Sand, 
Client ID White Quartz 

Battelle ID BG949LCS-P 
Sample Type LCS 
Collection Date 08/22/05 
Extraction Date 08/22/05 
Analysis Date 08/27/05 
Analytical Instrument ECD 
% Moisture NA 
% Lipid NA 
Matrix SEDIMENT 
Sample Size 30.65 
Size Unit-Basis G_DRY 
Units NG/G_DRY Target % Recovery Qualifier 

4,4'-DDD 1.17 1.31 89 
4,4'-DDE 1.12 1.31 85 
4,4'-DDT 1.19 1.31 91 
aldrin 0.73 1.31 56 
a-chlordane 0.80 1.31 61 
g-chlordane 0.83 1.31 63 
Lindane 0.73 1.31 56 
cis-nonachlor 1.08 1.31 82 
trans-nonachlor 0.79 1.31 60 
Chlorpyrifos 0.74 1.31 56 
oxychlordane 0.67 1.31 51 
dieldrin 1.15 1.31 88 
endosulfan I 1.09 1.31 83 
endosulfan II 1.12 1.31 85 
endrin 1.00 1.31 76 
heptachlor 0.61 1.31 47 N 
heptachlor epoxide 0.78 1.31 60 
Hexachlorobenzene 1.24 1.31 95 
methoxychlor 1.38 1.31 105 
Toxaphene 5.44 U 
Cl2(8) 1.02 1.31 78 
Cl3(18) 0.70 1.31 53 
Cl3(28) 0.64 1.31 49 N 
Cl4(44) 0.71 1.31 54 
Cl4(49) 0.73 1.31 56 
Cl4(52) 0.71 1.31 54 
Cl4(66) 0.73 1.31 56 
Cl5(87) 0.98 1.31 75 
Cl5(101) 0.72 1.31 55 
Cl5(105) 1.05 1.31 80 
Cl5(118) 1.03 1.31 79 
Cl6(128) 1.07 1.31 82 
Cl6(138) 1.11 1.31 85 
Cl6(153) 1.23 1.31 94 
Cl7(170) 1.22 1.31 93 
Cl7(180) 1.21 1.31 92 
Cl7(183) 1.08 1.31 82 
Cl7(184) 0.87 1.31 66 
Cl7(187) 1.06 1.31 81 
Cl8(195) 1.23 1.31 94 
Cl9(206) 1.18 1.31 90 
Cl10(209) 1.23 1.31 94 

Surrogate Recoveries (%) 

Cl3(34) 65 
Cl6(152) 76 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 LCS: Copy of Sediment PCB_Pest_S05-0299ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 040429-01: SRM 1944 

Battelle ID BG950SRM-P 
Sample Type SRM 
Collection Date 08/22/05 
Extraction Date 08/22/05 
Analysis Date 08/27/05 
Analytical Instrument ECD 
% Moisture 1.3 
% Lipid NA 
Matrix SEDIMENT 
Sample Size 1.17 
Size Unit-Basis G_DRY Certified Passing Actual 
Units NG/G_DRY Value +/- %Difference %Difference Qualifier 

4,4'-DDD 111.83 
4,4'-DDE 69.38 
4,4'-DDT 176.31 119 11.00 39.24 48.2 N 
aldrin 1.44 U 
a-chlordane 10.84 16.51 0.83 35.03 34.3 
g-chlordane 23.26 
Lindane 1.44 U 
cis-nonachlor 8.38 
trans-nonachlor 5.32 8.2 0.51 36.22 35.1 
Chlorpyrifos 2.89 U 
oxychlordane 1.44 U 
dieldrin 30.98 
endosulfan I 1.44 U 
endosulfan II 37.63 
endrin 1.44 U 
heptachlor 1.44 U 
heptachlor epoxide 1.44 U 
Hexachlorobenzene 12.67 6.03 0.35 35.8 110.1 N 
methoxychlor 1.44 U 
Toxaphene 142.48 U 
Cl2(8) 25.47 22.3 2.30 40.31 14.2 
Cl3(18) 53.2 51 2.60 35.1 4.3 
Cl3(28) 81.05 80.8 2.70 33.34 0.3 
Cl4(44) 49.16 60.2 2.00 33.32 18.3 
Cl4(49) 55.23 53 1.70 33.21 4.2 
Cl4(52) 74.67 79.4 2.00 32.52 6 
Cl4(66) 53.54 71.9 4.30 35.98 25.5 
Cl5(87) 31.18 29.9 4.30 44.38 4.3 
Cl5(101) 73.38 73.4 2.50 33.41 0 
Cl5(105) 21.05 24.5 1.10 34.49 14.1 
Cl5(118) 53.77 58 4.30 37.41 7.3 
Cl6(128) 9.69 8.47 0.28 33.31 14.4 
Cl6(138) 52.09 62.1 3.00 34.83 16.1 
Cl6(153) 79.83 74 2.90 33.92 7.9 
Cl7(170) 22.59 22.6 1.40 36.19 0 
Cl7(180) 40.68 44.3 1.20 32.71 8.2 
Cl7(183) 12.74 12.19 0.57 34.68 4.5 
Cl7(184) 1.44 UMI 
Cl7(187) 23.97 25.1 1.00 33.98 4.5 
Cl8(195) 13.8 3.75 0.39 40.4 268 N 
Cl9(206) 18.32 9.21 0.51 35.54 98.9 N 
Cl10(209) 19.57 6.81 0.33 34.85 187.4 N 

Surrogate Recoveries (%) 

Cl3(34) 81 
Cl6(152) 81 

Analyzed by Fredriksson, Julie 
Surrogate Corrected 9/18/2006 SRM: Copy of Sediment PCB_Pest_S05-0299ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID EAG-1001-G EAG-1001-G 

Battelle ID S8694-P S8694MS-P 
Sample Type SA MS 
Collection Date 07/26/05 7/26/2005 
Extraction Date 08/22/05 8/22/2005 
Analysis Date 08/27/05 8/27/2005 
Analytical Instrument ECD ECD 
% Moisture 53.23 50.44 
% Lipid NA NA 
Matrix SEDIMENT SEDIMENT 
Sample Size 14.39 7.66 
Size Unit-Basis G_DRY G_DRY 
Units NG/G_DRY NG/G_DRY Target % Recovery Qualifier 

4,4'-DDD 5.9 12.07 5.22 118 
4,4'-DDE 7.83 11.61 5.22 72 
4,4'-DDT 1.26 5.45 5.22 80 
aldrin 0.12 U 3.12 5.22 60 
a-chlordane 0.12 U 4.61 5.23 88 
g-chlordane 0.12 U 3.23 5.23 62 
Lindane 0.12 U 3.25 5.22 62 
cis-nonachlor 0.12 U 4.91 5.23 94 
trans-nonachlor 0.12 U 2.9 5.23 55 
Chlorpyrifos 0.24 U 4.2 5.23 79 
oxychlordane 0.12 U 3.45 5.23 66 
dieldrin 11.3 16.72 5.22 104 
endosulfan I 0.12 U 4.23 5.23 81 
endosulfan II 10.46 15.83 5.22 103 
endrin 0.12 U 4.69 5.22 90 
heptachlor 0.12 U 3.53 5.22 68 
heptachlor epoxide 0.12 U 3.61 5.22 69 
Hexachlorobenzene 1.04 6.67 5.23 108 
methoxychlor 0.12 U 5.3 5.22 102 
Toxaphene 11.58 U 21.76 U 
Cl2(8) 57.48 68.57 5.24 212 n 
Cl3(18) 92.5 D 131.31 5.24 741 n 
Cl3(28) 154.28 D 202.67 D 5.23 925 n 
Cl4(44) 137.73 D 179.03 D 5.23 790 n 
Cl4(49) 144.14 D 184.85 D 5.24 777 n 
Cl4(52) 262.59 D 334.3 D 5.22 1374 n 
Cl4(66) 128.97 D 170.68 D 5.23 798 n 
Cl5(87) 165.66 D 208.83 D 5.22 827 n 
Cl5(101) 339.06 D 448.26 D 5.23 2088 n 
Cl5(105) 150.08 D 191.9 D 5.23 800 n 
Cl5(118) 341.25 D 434.26 D 5.23 1778 n 
Cl6(128) 93.72 102.16 5.25 161 n 
Cl6(138) 365.16 D 471.16 D 5.23 2027 n 
Cl6(153) 322.74 D 419.35 D 5.23 1847 n 
Cl7(170) 36.09 42.14 5.25 115 
Cl7(180) 54.25 60.58 5.24 121 n 
Cl7(183) 17.61 22.44 5.24 92 
Cl7(184) 0.12 UMI 0.22 UMI 5.24 0 N 
Cl7(187) 27.95 33.97 5.24 115 
Cl8(195) 2.69 5.82 5.24 60 
Cl9(206) 2.57 5.5 5.24 56 
Cl10(209) 1.65 4.18 5.23 48 n 

Surrogate Recoveries (%) 

Cl3(34) 95 96 
Cl6(152) 93 91 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 MS: Copy of Sediment PCB_Pest_S05-0299ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

4,4'-DDD
 
4,4'-DDE
 
4,4'-DDT
 
aldrin
 
a-chlordane
 
g-chlordane
 
Lindane
 
cis-nonachlor
 
trans-nonachlor
 
Chlorpyrifos
 
oxychlordane
 
dieldrin
 
endosulfan I
 
endosulfan II
 
endrin
 
heptachlor
 
heptachlor epoxide
 
Hexachlorobenzene
 
methoxychlor
 
Toxaphene
 
Cl2(8)
 
Cl3(18)
 
Cl3(28)
 
Cl4(44)
 
Cl4(49)
 
Cl4(52)
 
Cl4(66)
 
Cl5(87)
 
Cl5(101)
 
Cl5(105)
 
Cl5(118)
 
Cl6(128)
 
Cl6(138)
 
Cl6(153)
 
Cl7(170)
 
Cl7(180)
 
Cl7(183)
 
Cl7(184)
 
Cl7(187)
 
Cl8(195)
 
Cl9(206)
 
Cl10(209)
 

EAG-1001-G 

S8694MSD-P 
MSD 

7/26/2005 
8/22/2005 
8/28/2005 

ECD 
51.7 

NA
 
SEDIMENT
 

7.65 
G_DRY 

NG/G_DRY Target % Recovery Qualifier RPD (%) Qualifier 

10.84 
11.9 
5.04 
3.03 
3.93 
3.46 
3.06 
6.33 
2.66 
4.20 
2.87 

16.59 
4.76 

15.37 
4.75 
3.41 
3.14 
6.53 
5.31 

21.76 
65.41 
124.6 

217.28 D 
191.34 D 
198.19 D 
359.55 D 
190.66 
232.85 D 

465.3 D 
210.8 

473.52 D 
104.84 
502.62 D 
453.53 D 

44.35 
62.41 
22.39 

0.22 UMI 
33.43 

5.9 
5.44 
4.25 

5.23 94 
5.23 78 
5.23 72 
5.23 58 
5.23 75 
5.24 66 
5.23 59 
5.23 121 
5.24 51 
5.24 80 
5.23 55 
5.23 101 
5.23 91 
5.23 94 
5.23 91 
5.23 65 
5.23 60 
5.24 105 
5.23 102 

5.24 151 
5.24 613 
5.23 1205 
5.24 1023 
5.25 1030 
5.23 1854 
5.23 1180 
5.23 1285 
5.24 2409 
5.23 1161 
5.23 2529 
5.26 211 
5.24 2623 
5.23 2501 
5.25 157 
5.25 155 
5.25 91 
5.25 0 
5.24 105 
5.24 61 
5.24 55 
5.23 50 

N 

n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 

N 

22.6 
8.0 

10.5 
3.4 

16.0 
6.3 
5.0 

25.1 
7.5 
1.0 

18.2 
2.9 

11.6 
9.1 
1.1 
4.5 

14.0 
2.8 
0.0 

33.6 n 
18.9 
26.3 
25.7 
28.0 
29.7 
38.6 n 
43.4 n 
14.3 
36.8 n 
34.9 n 
26.9 
25.6 
30.1 n 
30.9 n 
24.6 

1.1 
0.0 
9.1 
1.7 
1.8 
4.1 

Surrogate Recoveries (%) 

Cl3(34) 86 
Cl6(152) 87 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 MS: Copy of Sediment PCB_Pest_S05-0299ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID EAG-1010-G EAG-1010-G 

Battelle ID S8703-P S8703DUP-P 
Sample Type SA QADU 
Collection Date 07/27/05 7/27/2005 
Extraction Date 08/22/05 8/22/2005 
Analysis Date 08/28/05 8/28/2005 
Analytical Instrument ECD ECD 
% Moisture 45.75 45.64 
% Lipid NA NA 
Matrix SEDIMENT SEDIMENT 
Sample Size 16.28 16.65 
Size Unit-Basis G_DRY G_DRY 
Units NG/G_DRY NG/G_DRY RPD Qualifier 

4,4'-DDD 9.18 8.16 11.8 
4,4'-DDE 11.10 11.68 5.1 
4,4'-DDT 1.41 1.77 22.6 
aldrin 0.10 U 0.10 U NA 
a-chlordane 0.10 U 0.10 U NA 
g-chlordane 0.10 U 0.10 U NA 
Lindane 0.10 U 0.10 U NA 
cis-nonachlor 0.10 U 0.10 U NA 
trans-nonachlor 0.10 U 0.10 U NA 
Chlorpyrifos 0.21 U 0.20 U NA 
oxychlordane 0.10 U 0.10 U NA 
dieldrin 18.54 19.04 2.7 
endosulfan I 0.10 U 0.10 U NA 
endosulfan II 0.10 U 0.10 U NA 
endrin 0.10 U 0.10 U NA 
heptachlor 0.10 U 0.10 U NA 
heptachlor epoxide 0.10 U 0.10 U NA 
Hexachlorobenzene 1.46 1.31 10.8 
methoxychlor 0.10 U 0.10 U NA 
Toxaphene 10.24 U 10.01 U NA 
Cl2(8) 74.28 D 80.22 D 7.7 
Cl3(18) 177.85 D 175.46 D 1.4 
Cl3(28) 413.07 D 402.32 D 2.6 
Cl4(44) 217.87 D 213.14 D 2.2 
Cl4(49) 298.74 D 292.45 D 2.1 
Cl4(52) 390.34 D 381.83 D 2.2 
Cl4(66) 325.11 D 319.32 D 1.8 
Cl5(87) 285.38 D 280.15 D 1.8 
Cl5(101) 596.59 D 588.27 D 1.4 
Cl5(105) 238.27 D 238.01 D 0.1 
Cl5(118) 598.37 D 594.41 D 0.7 
Cl6(128) 105.56 112.07 6.0 
Cl6(138) 513.89 D 517.08 D 0.6 
Cl6(153) 492.09 D 498.65 D 1.3 
Cl7(170) 39.38 39.29 0.2 
Cl7(180) 66.39 71.52 7.4 
Cl7(183) 22.87 24.27 5.9 
Cl7(184) 0.10 UMI 0.10 UMI NA 
Cl7(187) 40.81 42.67 4.5 
Cl8(195) 3.56 3.72 4.4 
Cl9(206) 3.27 3.12 4.7 
Cl10(209) 2.08 1.97 5.4 

Surrogate Recoveries (%) 

Cl3(34) 72 73 
Cl6(152) 137 138 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 DUP: Copy of Sediment PCB_Pest_S05-0299ECD-Master_128-Final.xls 



Table II-4: Quality Control Summary for Analyses of Polychorinated Biphenyls (PCB congeners) in Sediment, Tissue and 
Water Matrices 

Method Reference Number: 8082A Batch 05-0299 (sediments) 
Quality Control (QC) 

Element 
Acceptance Criteria* Criteria Met? 

Yes/No 

List results outside criteria 

(Cross-reference results 
table in data report) 

Location of Results 

(Retained at Lab or 
in Data Package) 

Initial Calibration Must be performed prior to the 
analysis of any QC sample or field 
sample (<20 % RSD for each 
compound) 

Yes Retained at Lab 

Calculation of Method Detection 
Limits (MDLs) 

For each matrix, analyzed once per 
12 month period (see Section 5.2 for 
MDL procedure) 

Yes In Data Package 

Calibration Verification (Second 
Source) 

Once, after initial calibration. (80 to 
120% recovery of each compound) 

Yes/No PCB 206 was under-recovered in the two 
calibration verifications. 

Retained at Lab 

Continuing Calibration  Every 20 injections (+ 15 % D) Yes Retained at Lab 

Standard Reference Materials Within the limits provided by vendor Yes/No PCB 195, PCB 206 and PCB 209 were 
over-recovered outside the laboratory 
control limit of <30% PD. See SRM 
results for 05-0299. 

In Data Package 

Method Blank No target analytes > RL Yes In Data Package 

Matrix Spike/Matrix Spike Duplicate 
(MS/MSD) 

One set (MS/MSD) per group of field 
samples. Must contain all target 
analytes. (Recovery Limits 50 to 
120%; RPD <30%) 

Yes/No Contingency criteria were met with the 
exception of PCB 184. MS/MSD samples 
were not spiked at 5x the background 
concentrations. See QC summary and 
MS/MSD results for 05-0299. 

In Data Package 

Analytical Replicates Analyze one sample in duplicate for 
each group of field samples (RPD < 
30%) 

Yes In Data Package 

Surrogate Recoveries Calculate % recovery (30 to 150% 
recovery) 

Yes/No PCB 34 and PCB 152 were both over-
recovered in sample EAG-1006 at 157% 
and 158%, respectively. See surrogate 
results for 05-0299. 

In Data Package 

* The Quality Control Acceptance Criteria are general guidelines. If alternate criteria are used, they must be documented in this table.



Table II-3: Quality Control Summary for Analyses of Pesticides in Sediment, Tissue and Water Matrices 

Method Reference Number: 8081B Batch 05-0299 (sediments) 
Quality Control (QC) 

Element 
Acceptance Criteria* Criteria Met? 

Yes/No 
List results outside criteria 

(Cross-reference results table 
in data report) 

Location of Results 
(Retained at Lab or 

in Data Package) 

Initial Calibration Must be performed prior to the analysis of 
any QC sample or field sample (< 20 % 
RSD for each compound) 

Yes Retained at Lab 

Calculation of Method 
Detection Limits (MDLs) 

For each matrix, analyzed once per 12 
month period (see Section 5.2 for MDL 
procedure) 

Yes In Data Package 

Calibration Verification 
(Second Source) 

Once, after initial calibration (80 to 120% 
recovery of each compound) 

Yes Retained at Lab 

Continuing Calibration Every 20 injections (+ 15 % D) Yes Retained at Lab 

Standard Reference Materials Within the limits provided by vendor Yes/No 4,4-DDT and hexachlorobenzene did not 
meet the laboratory control limit of <30% 
PD. See SRM results for 05-0299. 

In Data Package 

Method Blank No target analytes > RL Yes In Data Package 

Matrix Spike/Matrix Spike 
Duplicate (MS/MSD) 

One set (MS/MSD) per group of field 
samples. Must contain all target analytes. 
(Recovery Limits 50 to 120%; RPD 
<30%) 

Yes/No Cis-nonachlor was over-recovered at 
121% in the MSD sample. See MS/MSD 
results for 05-0299. 

In Data Package 

Analytical Replicates Analyze one sample in duplicate for each 
group of field samples (RPD < 30%) 

Yes In Data Package 

Surrogate Recoveries Calculate % recovery (30 to 150% 
recovery) 

Yes/No PCB 34 and PCB 152 were both over-
recovered in sample EAG-1006 at 157% 
and 158%, respectively. See surrogate 
results for 05-0299. 

In Data Package 

* The Quality Control Acceptance Criteria are general guidelines. If alternate criteria are used, they must be documented in this table.
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PAH – SEDIMENT QA/QC SUMMARY 

Batch 05-0299 


PROJECT: USACE/NAE New Bedford Harbor 
PARAMETER: PAH 
LABORATORY: Battelle, Duxbury, MA 
MATRIX: Sediment 
SAMPLE CUSTODY: Sediment core and grab samples were collected from New Bedford Harbor and reference 

locations on July 25-30, 2005.  The samples were transported to Battelle, Duxbury on 
August 02, 2005, and the cooler temperature was recorded as ambient.  No custody 
issues were noted.  The collected sediment cores were then combined into designated 
composite samples. The samples were logged into LIMS and received unique Battelle 
IDs. Samples designated for archive were transferred to an access-controlled walk-in 
freezer while samples requiring organic analysis were originally transferred to an access-
controlled walk-in refrigerator.  However, due to concerns about meeting the 14-day 
holding time for refrigerated samples requiring organic analysis, these samples were 
moved to the walk-in freezer prior to 8/8/05.  

Sample Detection 
Replicate Limits 

Reference Method Surrogate LCS/MS SRM Relative (ng/g dry 
Method Blank Recovery Recovery % Diff. Precision wt) 

PAH General 
NS&T 

B<5xMDL 30-150% 
Recovery 

50-120% 
Recovery 

LCS 

50-120% 
Recovery 
MS/MSD 

≤30% PD 

PD determined 
using surrogate 
corrected data. 
PD only 
determined for 
certified 
analysis. 

MS/MSD: ≤30% 
RPD between % 
recoveries; 
analyte concentration 
in MS must be > 5x 
background 
concentration to be 
used for data quality 
assessment. 

MDL: 
~0.05 –1.04 

(analyte conc. 
in MS must be 
>5x 
background) 

Sample 
Duplicate: ≤30% 
RPD between 
values;  
for analytes detected 
at concentrations > 
10 x MDL 

METHOD: 	 Sediment samples were extracted for PAH following general NS&T methods. 
Approximately 30 g of sediment was spiked with surrogates and extracted three times 
with dichloromethane using shaker table techniques.  The combined extract was dried 
over anhydrous sodium sulfate, concentrated, processed through alumina cleanup column, 
concentrated, and further purified by GPC/HPLC. The post-HPLC extract was 
concentrated, fortified with recovery internal standards and split for the required analyses.  
Extracts intended for PAH analysis were analyzed using gas chromatography/mass 
spectrometry (GC/MS), following general NS&T methods.  Sample data were quantified 
by the method of internal standards, using the Recovery Internal Standard (RIS) 
compounds.  
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PAH – SEDIMENT QA/QC SUMMARY 

Batch 05-0299 


BLANK: 	 A procedural blank (PB) was prepared with each analytical batch.  Blanks were analyzed 
to ensure the sample extraction and analysis methods were free of contamination.  

05-0299 – No exceedences noted. 

Comments – All target analytes were recovered within the laboratory control limits 
specified by the client.  Phenanthrene, fluoranthene, and pyrene were detected in the 
procedural blank, but at concentrations less than three times the respective MDLs, and 
less than the respective RLs. These data were qualified with a “J” in the procedural 
blank.  Concentrations of these compounds in the field samples were all greater than five 
times the levels detected in the procedural blank, and therefore no further corrective 
action was taken. 

LABORATORY 	 A laboratory control sample (LCS) was prepared with each analytical batch.   The percent 
CONTROL 	 recoveries of target analytes were calculated to measure data quality in terms of accuracy. 
SAMPLE: 

05-0299 – All target analytes were recovered within the specified laboratory control 
limits (50-120%). 

Comments – None. 

MATRIX SPIKE/ 	 A pair of matrix spike (MS) and matrix spike duplicate (MSD) samples were prepared 
MATRIX SPIKE 	 with each analytical batch.  The percent recoveries of target analytes were calculated to 
DUPLICATE: 	 measure data quality in terms of accuracy.   The relative percent difference (RPD) 

between concentrations of target analytes detected in the MS and MSD was calculated to 
measure data quality in terms of precision. 

05-0299 – No exceedence noted. 

Comments – In the MS sample, anthracene, phenanthrene, fluoranthene, and pyrene 
were under-recovered at 37%, 35%, 16%, and 14% respectively, and benzo(a)pyrene was 
over-recovered at 131%.  In the MSD sample,  anthracene, phenanthrene, fluoranthene, 
pyrene were under-recovered at 35%, 36%, 23%, and 23% respectively, and 
benzo(a)pyrene. indeno(1,2,3-cd)pyrene, and benzo(g,h,i)perylene were over-recovered at 
151%, 127%, and 134% respectively.  All other target analytes were recovered within the 
laboratory control limits of 50% - 120%.  Due to limited knowledge of background 
concentrations of target analytes in the original sample before extraction and analysis, 
spiked concentrations in the MS and MSD were lower than five times reported 
background concentrations. Therefore, the exceedences were qualified for with an “n” to 
indicate that contingency criteria were met and no further corrective action was taken.   

In addition, the low recovery of anthracene, phenanthrene, fluoranthene, and pyrene in 
the MS and MSD samples may also due to an unknown “site-specific” matrix 
interference which was suppressing the recovery of these compounds in the samples 
collected from New Bedford Harbor. As discussed below in the “Surrogates” section, 
recoveries of surrogate compound phenanthrene-d10 in all the New Bedford Harbor 
samples were flagged with a “ME” indicating matrix interference. Phenanthrene-d10 was 
recovered relatively low in most of the New Bedford Harbor samples as well, although 
the recovery values were not below the surrogate recovery control limits of 30% - 150%. 
No matrix interference was observed in the two samples collected from references sites 
outside the New Bedford Harbor. 
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PAH – SEDIMENT QA/QC SUMMARY 

Batch 05-0299 


%RPDs for fluoranthene and pyrene in the MS and MSD were outside the project-
specific laboratory control limits (≤30%). These exceedances were also due to the fact 
that spiked concentrations in the MS and MSD were lower than five times reported 
background concentrations in the original sample. Therefore, the exceedences were 
qualified with an “n” indicating contingency criteria were met and no further corrective 
action was taken.  

REPLICATES: 	 Duplicate samples were prepared with each analytical batch.  The RPD between duplicate 
analyses for PAH is calculated to measure data quality in terms of precision. 

05-0299 – The RPD between duplicate analyses of all target analytes were within the 
laboratory control limits (<30% RPD). 

Comments  – None. 

SRM: 	 A standard reference material (SRM, NIST 1944) was prepared with each analytical 
batch.  The percent difference (PD) between the measured value and the certified range 
was calculated to measure data quality in terms of accuracy.   If the detected value fell 
within the certified range then the PD was calculated using the nearest end of the certified 
range. 

05-0299 – Five exceedences noted. 

Comments  – Benzo(a)anthracene, chrysene, indeno(1,2,3-cd)pyrene, 
dibenz(a,h)anthracene, and benzo(g,h,i)perylene were recovered outside the required 
control limits of ≤30% PD. Chromatography and calculations were reviewed and no 
significant discrepancies were found.  The exceedence was qualified with an “N”.  No 
further corrective action was taken. 
. 

SURROGATES: 	 Five surrogate compounds were added prior to extraction, including naphthalene-d8, 
acenaphthene-d10, phenanthrene-d10, benzo(b)-fluoranthene-d12, and benzo(a)pyrene-
d12. The recovery of each surrogate compound was calculated to measure data quality in 
terms of accuracy (extraction efficiency). 

05-0299 – Percent recoveries for all surrogate compounds were within the laboratory 
control limits specified by the method (30 – 150% recovery). 

Comments  – Recoveries of surrogate compound phenanthrene-d10 in all the New 
Bedford Harbor samples were flagged with a “ME” indicating matrix interference 
observed in the chromatographs. Phenanthrene-d10 was recovered relatively low in most 
of the New Bedford Harbor samples, although the recovery values were not below the 
control limits.  No matrix interference was observed in the two samples collected from 
references sites outside the New Bedford Harbor, indicating the matrix interference issue 
may be specific to the New Bedford Harbor samples.   

CALIBRATIONS:	 The GC/MS is calibrated with a minimum of a 5 level curve.  The RSD between response 
factors for the individual target analytes must be <20%.  Each batch of samples analyzed 
is bracketed by a calibration check sample, run at a frequency of minimally every 10 
samples.  This PD between the initial calibration RF and the check should be <20% for 
individual analytes; 15% on average. 

05-0299 – No initial calibration exceedences; no calibration check exceedence. 
Comments - None. 
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Glossary of Data Qualifiers 

Flag: Application: 

B Analyte concentration found in the sample at a concentration <5x the level found in the procedural blank. 

D Dilution Run.  Initial run outside linear range of instrument. 

E Estimate, result is greater than the highest concentration level in the calibration. 

H Surrogate diluted out. Used when surrogate recovery is affected by excessive dilution of the sample extract. 

J Analyte detected below the sample-specific Reporting Limit (RL). 

ME Significant Matrix Interference - Estimated value. 

MI Significant Matrix Interference - value could not be determined or estimated. 

n Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO), but meets the contingency criteria. 

N Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO) 

NA Not applicable 

T Holding Time (HT) exceeded. 

U Analyte not detected at 3:1 signal:noise ratio. The sample-specific method detection limit (MDL) reported. 

thorn
Cross-Out

thorn
Inserted Text

thorn
Inserted Text

thorn
Cross-Out

thorn
Inserted Text

thorn
Cross-Out

thorn
Inserted Text

thorn
Cross-Out

thorn
Inserted Text



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID EAG-1005-L EAG-1006-L EAG-1001-G EAG-1002-G 
COMPOSITE O, 

P, Q, 
R,S,T,U,V,W,X,Y, COMPOSITE CC, DD, COMPOSITE A, C, D, 

Description AA, & BB GG, HH, LL, MM, & KK & E COMPOSITE F,G,I,K 
Battelle ID S8688-P S8689-P S8694-P S8695-P 
Sample Type SA SA SA SA 
Collection Date 07/25/05 07/25/05 07/26/05 07/26/05 
Extraction Date 08/22/05 08/22/05 08/22/05 08/22/05 
Analysis Date 08/28/05 08/29/05 08/28/05 08/28/05 
Analytical Instrument MS MS MS MS 
% Moisture 60.14 56.4 53.23 58.01 
% Lipid NA NA NA NA 
Matrix SEDIMENT SEDIMENT SEDIMENT SEDIMENT 
Sample Size 12.30 13.51 14.39 12.89 
Size Unit-Basis G_DRY G_DRY G_DRY G_DRY 
Units NG/G_DRY NG/G_DRY NG/G_DRY NG/G_DRY 

Naphthalene 905.56 800.58 118.82 154.42 
Acenaphthylene 236.06 146.09 43.48 40.67 
Acenaphthene 161.82 88.44 17.33 22.61 
Fluorene 128.39 111.19 23.53 27.1 
Anthracene 311.11 260.75 33.71 46.18 
Phenanthrene 503.49 482.71 98.2 134.64 
Fluoranthene 842.88 808.14 150.02 209.21 
Pyrene 1148.84 1042.47 194.8 251.66 
Benzo(a)anthracene 1205.53 938.42 246.03 259.28 
Chrysene 1291.82 1156.96 288.11 311.06 
Benzo(b)fluoranthene 1054.01 1004.91 242.84 267.88 
Benzo(k)fluoranthene 1136.14 1020.91 278.63 301.71 
Benzo(a)pyrene 1685.79 1377.65 296.02 352.59 
Indeno(1,2,3-cd)pyrene 1046.76 950.1 240.17 233.51 
Dibenz(a,h)anthracene 276.39 250.92 57.53 53.1 
Benzo(g,h,i)perylene 1041.29 953.63 249.38 261.95 

Surrogate Recoveries (%) 

Naphthalene-d8 109 135 67 62 
Acenaphthene-d10 52 56 57 52 
Phenanthrene-d10 83 ME 64 ME 44 ME 60 ME 
Benzo(b)fluoranthene-d12 90 95 74 73 
Benzo(a)pyrene-d12 74 85 59 60 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 Main: Copy of Sediment_PAH_S05-0299MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID EAG-1003-G EAG-1004-G EAG-1007-G EAG-1010-G 

COMPOSITE EE, FF, COMPOSITE OF 1, 2, 
Description COMPOSITE H & J COMPOSITE L, M, & N II, & JJ & 3 
Battelle ID S8696-P S8697-P S8700-P S8703-P 
Sample Type SA SA SA SA 
Collection Date 07/26/05 07/27/05 07/27/05 07/27/05 
Extraction Date 08/22/05 08/22/05 08/22/05 08/22/05 
Analysis Date 08/28/05 08/28/05 08/28/05 08/29/05 
Analytical Instrument MS MS MS MS 
% Moisture 43.24 51.15 57.7 45.75 
% Lipid NA NA NA NA 
Matrix SEDIMENT SEDIMENT SEDIMENT SEDIMENT 
Sample Size 17.08 14.88 12.83 16.28 
Size Unit-Basis G_DRY G_DRY G_DRY G_DRY 
Units NG/G_DRY NG/G_DRY NG/G_DRY NG/G_DRY 

Naphthalene 78.96 683.14 548.88 400.71 
Acenaphthylene 23.49 159.78 130.88 115.14 
Acenaphthene 11.13 62.94 65.61 50.29 
Fluorene 14.51 89.75 75.82 67.56 
Anthracene 20.76 240.73 248.2 162.2 
Phenanthrene 56.23 411.44 322.22 309.3 
Fluoranthene 87.19 701 683.79 581.91 
Pyrene 117.43 1017.86 953.16 823.75 
Benzo(a)anthracene 155.5 1045.22 861.79 839.26 
Chrysene 187 1187.92 999.4 968.57 
Benzo(b)fluoranthene 154.51 1010.84 883.82 939.86 
Benzo(k)fluoranthene 194.16 1167.89 974.07 949.58 
Benzo(a)pyrene 219.53 1584.43 1225.52 1317.27 
Indeno(1,2,3-cd)pyrene 152.57 1082.93 818.74 921.55 
Dibenz(a,h)anthracene 35.42 277.66 211.62 237.78 
Benzo(g,h,i)perylene 164.73 1084.06 828.85 928.79 

Surrogate Recoveries (%) 

Naphthalene-d8 63 138 118 118 
Acenaphthene-d10 59 61 54 53 
Phenanthrene-d10 36 ME 70 ME 79 ME 60 ME 
Benzo(b)fluoranthene-d12 82 101 89 94 
Benzo(a)pyrene-d12 68 93 78 83 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 Main: Copy of Sediment_PAH_S05-0299MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID EAG-1008-G EAG-1009-G 

CCOMPOSITE OF COMPOSITE OF 
Description Reference Site BBDS Reference Site RISDS 
Battelle ID S8701-P S8702-P 
Sample Type SA SA 
Collection Date 07/30/05 07/29/05 
Extraction Date 08/22/05 08/22/05 
Analysis Date 08/28/05 08/28/05 
Analytical Instrument MS MS 
% Moisture 26.63 21.25 
% Lipid NA NA 
Matrix SEDIMENT SEDIMENT 
Sample Size 22.10 23.82 
Size Unit-Basis G_DRY G_DRY 
Units NG/G_DRY NG/G_DRY 

0.94 B 
0.5 

0.16 J 
0.27 J 
0.55 
2.74 
5.38 
4.73 
1.98 
3.14 
3.27 
3.96 
3.07 
2.8 
0.5 

3.12 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Anthracene 
Phenanthrene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

Surrogate Recoveries (%) 

Naphthalene-d8 
Acenaphthene-d10 
Phenanthrene-d10 
Benzo(b)fluoranthene-d12 
Benzo(a)pyrene-d12 

1.94 
0.83 
0.2 J 

0.51 
1.05 
4.63 
8.45 

10.67 
4.38 
6.32 
6.93 
7.72 
6.89 
5.37 
1.04 
6.45 

64 68 
62 65 
80 84 

101 107 
82 85 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 Main: Copy of Sediment_PAH_S05-0299MS-Master_157-Final.xls 



 

Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID Procedural Blank 

Battelle ID BG948PB-P 
Sample Type PB 
Collection Date 08/22/05 
Extraction Date 08/22/05 
Analysis Date 08/28/05 
Analytical Instrument MS 
% Moisture 47.35 
% Lipid NA 
Matrix SEDIMENT 
Sample Size 16.04 
Size Unit-Basis G_DRY 
Units NG/G_DRY 

Naphthalene 0.20 J 
Acenaphthylene 0.52 U 
Acenaphthene 0.52 U 
Fluorene 0.52 U 
Anthracene 0.52 U 
Phenanthrene 0.08 J 
Fluoranthene 0.05 J 
Pyrene 0.05 J 
Benzo(a)anthracene 0.52 U 
Chrysene 0.52 U 
Benzo(b)fluoranthene 0.52 U 
Benzo(k)fluoranthene 1.04 U 
Benzo(a)pyrene 0.52 U 
Indeno(1,2,3-cd)pyrene 0.52 U 
Dibenz(a,h)anthracene 0.52 U 
Benzo(g,h,i)perylene 0.52 U 

Surrogate Recoveries (%) 

Naphthalene-d8 77 
Acenaphthene-d10 70 
Phenanthrene-d10 81 
Benzo(b)fluoranthene-d12 100 
Benzo(a)pyrene-d12 71 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 PB: Copy of Sediment_PAH_S05-0299MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

050517-03: Sand, 
Client ID White Quartz 

Battelle ID BG949LCS-P 
Sample Type LCS 
Collection Date 08/22/05 
Extraction Date 08/22/05 
Analysis Date 08/28/05 
Analytical Instrument MS 
% Moisture NA 
% Lipid NA 
Matrix SEDIMENT 
Sample Size 30.65 
Size Unit-Basis G_DRY 
Units NG/G_DRY Target % Recovery Qualifier 

Naphthalene 21.61 32.65 66 
Acenaphthylene 20.67 32.65 63 
Acenaphthene 21.21 32.65 65 
Fluorene 21.53 32.65 66 
Anthracene 21.34 32.65 65 
Phenanthrene 24.24 32.65 74 
Fluoranthene 25.88 32.64 79 
Pyrene 24.74 32.64 76 
Benzo(a)anthracene 22.63 32.65 69 
Chrysene 24.66 32.65 76 
Benzo(b)fluoranthene 23.47 32.65 72 
Benzo(k)fluoranthene 27.65 32.65 85 
Benzo(a)pyrene 23.36 32.65 72 
Indeno(1,2,3-cd)pyrene 21.09 32.65 65 
Dibenz(a,h)anthracene 24.12 32.64 74 
Benzo(g,h,i)perylene 23.24 32.65 71 

Surrogate Recoveries (%) 

Naphthalene-d8 68 
Acenaphthene-d10 63 
Phenanthrene-d10 77 
Benzo(b)fluoranthene-d12 96 
Benzo(a)pyrene-d12 65 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 LCS: Copy of Sediment_PAH_S05-0299MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 040429-01: SRM 1944 

Battelle ID BG950SRM-P 
Sample Type SRM 
Collection Date 08/22/05 
Extraction Date 08/22/05 
Analysis Date 08/28/05 
Analytical Instrument MS 
% Moisture 1.3 
% Lipid NA 
Matrix SEDIMENT 
Sample Size 1.17 
Size Unit-Basis G_DRY Certified Passing Actual 
Units NG/G_DRY Value +/- %Difference %Difference Qualifier 

Naphthalene 1246.38 1650 310.04 48.79 24.5 
Acenaphthylene 751.41 
Acenaphthene 348.49 
Fluorene 364.67 
Anthracene 1195.56 1770 329.93 48.64 32.5 
Phenanthrene 4783.81 5270 219.76 34.17 9.2 
Fluoranthene 6018.51 8920 320.23 33.59 32.5 
Pyrene 6410.57 9700 420.01 34.33 33.9 
Benzo(a)anthracene 8432.53 4720 109.98 32.33 78.7 N 
Chrysene 10541.76 5900 270.22 34.58 78.7 N 
Benzo(b)fluoranthene 2814.83 3870 419.90 40.85 27.3 
Benzo(k)fluoranthene 3302.35 4390 640.06 44.58 24.8 
Benzo(a)pyrene 3657.14 4300 129.86 33.02 15 
Indeno(1,2,3-cd)pyrene 4197.86 2780 100.08 33.6 51 N 
Dibenz(a,h)anthracene 1147.82 759 81.97 40.8 51.2 N 
Benzo(g,h,i)perylene 4316.85 2840 99.97 33.52 52 N 

Surrogate Recoveries (%) 

Naphthalene-d8 68 
Acenaphthene-d10 66 
Phenanthrene-d10 41 ME 
Benzo(b)fluoranthene-d12 113 
Benzo(a)pyrene-d12 110 

Analyzed by Fredriksson, Julie 
Surrogate Corrected 9/18/2006 SRM: Copy of Sediment_PAH_S05-0299MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID EAG-1001-G EAG-1001-G 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

S8694-P 
SA 

07/26/05 
08/22/05 
08/28/05 

MS 
53.23 

NA 
SEDIMENT 

14.39 
G_DRY 

NG/G_DRY 

S8694MS-P 
MS 

07/26/05 
08/22/05 
08/28/05 

MS 
50.44 

NA 
SEDIMENT 

7.66 
G_DRY 

NG/G_DRY Target % Recovery Qualifier 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Anthracene 
Phenanthrene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

118.82 
43.48 
17.33 
23.53 
33.71 
98.20 

150.02 
194.80 
246.03 
288.11 
242.84 
278.63 
296.02 
240.17 

57.53 
249.38 

200.11 
118.06 
102.30 

92.26 
81.68 

143.54 
170.27 
213.55 
353.51 
393.86 
355.16 
401.04 
466.80 
379.27 
170.64 
388.55 

130.63 62 
130.63 57 
130.65 65 
130.64 53 
130.63 37 
130.63 35 
130.61 16 
130.61 14 
130.63 82 
130.65 81 
130.65 86 
130.63 94 
130.63 131 
130.63 106 
130.62 87 
130.64 107 

n 
n 
n 
n 

n 

Surrogate Recoveries (%) 

Naphthalene-d8 
Acenaphthene-d10 
Phenanthrene-d10 
Benzo(b)fluoranthene-d12 
Benzo(a)pyrene-d12 

67 
57 
44 ME 
74 
59 

68 
62 
41 
92 
79 

ME 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 MS: Copy of Sediment_PAH_S05-0299MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

Naphthalene 202.15 130.80 64 3.2 
Acenaphthylene 123.39 130.80 61 6.8 
Acenaphthene 104.96 130.82 67 3.0 
Fluorene 94.04 130.81 54 1.9 
Anthracene 79.19 130.80 35 n 5.6 
Phenanthrene 145.52 130.80 36 n 2.8 
Fluoranthene 180.10 130.78 23 n 35.9 n 
Pyrene 224.48 130.78 23 n 48.6 n 
Benzo(a)anthracene 383.24 130.80 105 24.6 
Chrysene 424.49 130.82 104 24.9 
Benzo(b)fluoranthene 369.76 130.82 97 12.0 
Benzo(k)fluoranthene 425.82 130.80 113 18.4 
Benzo(a)pyrene 494.03 130.80 151 n 14.2 
Indeno(1,2,3-cd)pyrene 406.53 130.80 127 n 18.0 
Dibenz(a,h)anthracene 186.27 130.79 98 11.9 
Benzo(g,h,i)perylene 425.09 130.81 134 n 22.4 

Surrogate Recoveries (%) 

Naphthalene-d8 69 
Acenaphthene-d10 63 
Phenanthrene-d10 43 ME 
Benzo(b)fluoranthene-d12 95 
Benzo(a)pyrene-d12 83 

EAG-1001-G 

S8694MSD-P 
MSD 

07/26/05 
08/22/05 
08/28/05 

MS 
51.7 

NA
 
SEDIMENT
 

7.65 
G_DRY 

NG/G_DRY Target % Recovery Qualifier RPD (%) Qualifier 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 MS: Copy of Sediment_PAH_S05-0299MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 

Description 
Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

EAG-1010-G 
COMPOSITE OF 1, 2, & 

3 
S8703-P 

SA 
07/27/05 
08/22/05 
08/29/05 

MS 
45.75 

NA 
SEDIMENT 

16.28 
G_DRY 

NG/G_DRY 

EAG-1010-G 
COMPOSITE OF 1, 2, & 

3 
S8703DUP-P 

QADU 
07/27/05 
08/22/05 
08/29/05 

MS 
45.64 

NA 
SEDIMENT 

16.65 
G_DRY 

NG/G_DRY RPD Qualifier 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Anthracene 
Phenanthrene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

400.71 
115.14 

50.29 
67.56 

162.20 
309.30 
581.91 
823.75 
839.26 
968.57 
939.86 
949.58 

1317.27 
921.55 
237.78 
928.79 

406.21 
116.77 

59.80 
72.87 

189.00 
380.63 
646.41 
860.43 
917.57 

1059.15 
1034.50 
1079.98 
1462.91 
1053.39 

267.32 
1032.77 

1.4 
1.4 

17.3 
7.6 

15.3 
20.7 
10.5 

4.4 
8.9 
8.9 
9.6 

12.9 
10.5 
13.4 
11.7 
10.6 

Surrogate Recoveries (%) 

Naphthalene-d8 
Acenaphthene-d10 
Phenanthrene-d10 
Benzo(b)fluoranthene-d12 
Benzo(a)pyrene-d12 

118 
53 
60 ME 
94 
83 

129 
56 
63 
99 
89 

ME 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 DUP: Copy of Sediment_PAH_S05-0299MS-Master_157-Final.xls 



Table II-2: Quality Control Summary for Analyses of Polyaromatic Hydrocarbons (PAHs) 

and other base-neutrals in Sediment and Tissue Matrices
 
Method Reference Number: 8270C Batch 05-0299 (sediments)
 

Quality Control (QC) 
Element 

Acceptance Criteria* Criteria Met? 

Yes/No 

List results outside criteria 

(Cross-reference results table 
in data report) 

Location of Results 

(Retained at Lab or 
in Data Package) 

Initial Calibration Must be performed prior to the analysis 
of any QC sample or field sample (<20 % 
RSD for each compound) 

Yes Retained at Lab 

Calculation of Method 
Detection Limits (MDLs) 

For each matrix, analyzed once per 12 
month period (see Section 5.2 for MDL 
procedure) 

Yes In Data Package 

Calibration Verification 
(Second Source) 

Once, after initial calibration (80 to 120% 
recovery of each compound) 

Yes Retained at Lab 

Continuing Calibration At the beginning of every 12 hour shift (+ 
15 % D) 

Yes Retained at Lab 

Standard Reference Materials Within the limits provided by vendor Yes/No Benzo(a)anthracene, chrysene, 
indeno(1,2,3-cd)pyrene, 
dibenz(a,h)anthracene, and 
benzo(g,h,i)perylene were recovered 
outside the required control limits of <30% 
PD. See SRM results for 05-0299. 

In Data Package 

Method Blank No target analytes > RL Yes In Data Package 

Matrix Spike/Matrix Spike 
Duplicate (MS/MSD) 

One set (MS/MSD) per group of field 
samples. Must contain all target analytes. 
(Recovery Limits 50 to 120%; RPD 
<30%)

Yes Contingency criteria were met. MS/MSD 
samples were not spiked at 5x the 
background concentrations. See QC 
summary and MS/MSD results for 05-
0299. 

In Data Package 

Analytical Replicates Analyze one sample in duplicate for each 
group of field samples (RPD < 30%) 

Yes In Data Package 

Surrogate Recoveries Calculate % recovery (30 to 150% 
recovery) 

Yes Recoveries of surrogate compound 
phenanthrene-d10 in all the New Bedford 
Harbor samples were flagged with a “ME” 
indicating matrix interference observed in 
the chromatographs. See QC summary for 
05-0299. 

In Data Package 

Internal Standard Areas Within 50 to 200% of internal standards 
in continuing calibration check 

Yes In Data Package 

* The Quality Control Acceptance Criteria are general guidelines. If alternate criteria are used, they must be documented in this table. 
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Table II-5: Quality Control Summary for Analyses of Metals in Sediments, Tissue and Water Matrices 

Method Reference Numbers: Various Reference Numbers 

Quality Control (QC) 
Element 

Acceptance Criteria* Criteria Met? 
Yes/No 

List results outside criteria 
(Cross-reference results table 

in data report) 

Location of Results 
(Retained at Lab or 

in Data Package) 
Linear Range Determination for 

ICP 

Performed Quarterly YES Retained at Lab 

Initial Calibration for AA, Hg Performed Daily (Correlation 

Coefficient >0.995) 

YES Retained at Lab 

Calculation of Method Detection 

Limits (MDLs) 

For each matrix, analyzed once per 

12 month period (see Section 5.2 for 

MDL procedure) 

YES In Data Package 

Initial Calibration Verification/ 

Continuing Calibration Verification 

Hg: 80 to 120% recovery 

Other metals: 90 to 110% recovery 

YES Retained at Lab

Initial Calibration Blank/ 

Continuing Calibration Blank 

No target analytes > Instrument 

Detection Limit (IDL) 

YES Retained at Lab 

Standard Reference Materials Percent difference �25% for analytes 

certified >10* the MDL 

YES In Data Package 

Method Blank No target analytes > RL YES In Data Package 

Sample Spike/ Sample Duplicate One set per group of field samples. 

Must contain all target analytes. 

Recovery Limits (75 to 125%; RPD 

< 20% or < 35%) 

YES In Data Package 

Analytical Replicates Analyze one sample in duplicate for 

each group of field samples (RPD < 

30%) 

YES In Data Package 

* The Quality Control Acceptance Criteria are general guidelines. If alternate criteria are used, they must be documented in this table. 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager NEW BEDFORD HARBOR 
1529 West Sequim Bay Road OCEAN MONITORING 
Sequim, Washington 98382 Metals in Sediment 
(360) 681-4564 (Units: ug/g dry wt) 

SPONSOR Date Date Percent 
CODE Site Description (Composite ID) MSL Code Received Collected Moisture As Cd Cr Cu Hg Ni 

Method: 6020mod 6020mod 6010B 6010B 245.5mod 6010B 

CAS Code: 7440-38-2 7440-43-9 7440-47-3 7440-50-8 7439-97-6 7440-02-0 

Achieved MDL 0.0185 0.00714 0.0592 0.132 0.00541 0.0535 
Project RLs (3.18 x MDL) 0.0588 0.0227 0.188 0.420 0.0172 0.170 

NED RIM RL 0.4 0.07 0.5 0.5 0.02 0.5 

EAG-1001-H A,C,D,E 2441-6r1 08/02/05 07/26/05 53.0 7.80 2.11 122 167 0.463 20.8 

EAG-1001-H A,C,D,E 2441-6r2 08/02/05 07/26/05 53.0 7.46 2.20 122 168 0.460 20.4 

EAG-1002-H  F,G,I,K 2441-7 08/02/05 07/26/05 57.6 8.99 3.06 193 282 0.597 25.3 

EAG-1003-H H & J 2441-8 08/02/05 07/26/05 44.9 5.21 1.44 99.7 152 0.358 14.9 

EAG-1004-H L, M, N 2441-9 08/02/05 07/27/05 51.5 7.97 2.61 198 506 1.21 23.7 

EAG-1005-H O,P,Q,R,S,T,U,V,W, X,Y,AA,BB 2441-10 08/02/05 07/25/05 61.1 10.4 4.72 281 553 0.946 32.7 

EAG-1006-H CC,DD,GG,HH,LL, MM,KK 2441-11 08/02/05 07/25/05 56.6 10.4 4.95 326 731 1.07 38.3 

EAG-1007-H EE, FF, II, JJ 2441-12 08/02/05 07/27/05 58.3 9.22 4.58 291 578 0.786 31.7 

EAG-1008-H BBDS 2441-13 08/02/05 07/30/05 28.0 2.08 0.0404 17.4 3.28 0.0293 6.07 

EAG-1009-H RISDS 2441-14 08/02/05 07/28/05 20.9 2.64 0.0418 16.5 3.00 0.0125 5.87 

EAG-1010-H 1,2, & 3 2441-15 08/02/05 07/27/05 44.6 8.42 3.64 234 628 1.52 29.8 

METHOD BLANK 
MB 1 Blank 081005 08/02/05 08/02/05 48.1 0.0185 U 0.00714 U 0.0592 U 0.132 U 0.0138 j 0.0535 U 

LABORATORY CONTROL SAMPLE RESULTS 
LCS 1 LCS 081005 08/02/05 08/02/05 48.1 21.2 25.4 25.2 24.8 2.09 25.0 

MB 1 Blank 081005 08/02/05 08/02/05 48.1 0.0185 U 0.00714 U 0.0592 U 0.132 U 0.0138 j 0.0535 U 

Spike conc 25 25 25 25 2 25 

Percent Recovery 85% 102% 101% 99% 104% 100% 

MATRIX SPIKE RESULTS 
MS 1 RISDS 2441-14MS 08/02/05 07/28/05 20.9 4.61 2.11 64.9 52.6 2.15 53.6 

MSD 1 RISDS 2441-14MSD 08/02/05 07/28/05 20.9 4.61 2.12 65.4 51.8 2.13 53.5 

RISDS 2441-14 08/02/05 07/28/05 20.9 2.64 0.0418 16.5 3.00 0.0125 5.87 

Spike conc, MS 2.02 2.02 49.4 49.4 2.02 49.4 

Spike conc, MSD 2.00 2.00 48.4 48.4 2.00 48.4 

% Rec, MS 98% 102% 98% 100% 106% 97% 
% Rec, MSD 99% 104% 101% 101% 106% 98% 

RPD 1% 1% 3% 0% 0% 2% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager NEW BEDFORD HARBOR 
1529 West Sequim Bay Road OCEAN MONITORING 
Sequim, Washington 98382 Metals in Sediment 
(360) 681-4564 (Units: ug/g dry wt) 

SPONSOR Date Date Percent 
CODE Site Description (Composite ID) MSL Code Received Collected Moisture As Cd Cr Cu Hg Ni 

Method: 6020mod 6020mod 6010B 6010B 245.5mod 6010B 

CAS Code: 7440-38-2 7440-43-9 7440-47-3 7440-50-8 7439-97-6 7440-02-0 

Achieved MDL 0.0185 0.00714 0.0592 0.132 0.00541 0.0535 
Project RLs (3.18 x MDL) 0.0588 0.0227 0.188 0.420 0.0172 0.170 

NED RIM RL 0.4 0.07 0.5 0.5 0.02 0.5 

STANDARD REFERENCE MATERIAL RESULTS 
SRM 1 1944 081005 08/02/05 08/02/05 0.0 14.1 8.28 202 330 3.36 59.0 

certified/ref value 18.9 8.80 266 380 3.4 76.1 

range ±2.8 ±1.40 ±24 ±40 ±0.09 ±5.6 

Percent Difference 25% 6% 24% 13% 1% 23% 

LABORATORY DUPLICATE RESULTS 
EAG-1001-H A,C,D,E 2441-6r1 08/02/05 07/26/05 53.0 7.80 2.11 122 167 0.463 20.8 

EAG-1001-H A,C,D,E 2441-6r2 08/02/05 07/26/05 53.0 7.46 2.20 122 168 0.460 20.4 

Mean 7.63 2.16 122 168 0.46 20.6 

RPD 4% 4% 1% 1% 1% 2% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager NEW BEDFORD HARBOR 
1529 West Sequim Bay Road OCEAN MONITORING 
Sequim, Washington 98382 Metals in Sediment 
(360) 681-4564 (Units: ug/g dry wt) 

SPONSOR Date Date Percent 
CODE Site Description (Composite ID) MSL Code Received Collected Moisture Pb Zn 

Method: 6010B 6010B 

CAS Code: 7439-92-1 7440-66-6 

Achieved MDL 0.117 0.151 
Project RLs (3.18 x MDL) 0.372 0.480 

NED RIM RL 0.5 1 

EAG-1001-H A,C,D,E 2441-6r1 08/02/05 07/26/05 53.0 88.9 186 

EAG-1001-H A,C,D,E 2441-6r2 08/02/05 07/26/05 53.0 88.8 189 

EAG-1002-H  F,G,I,K 2441-7 08/02/05 07/26/05 57.6 115 245 

EAG-1003-H H & J 2441-8 08/02/05 07/26/05 44.9 63.9 144 

EAG-1004-H L, M, N 2441-9 08/02/05 07/27/05 51.5 163 321 

EAG-1005-H O,P,Q,R,S,T,U,V,W, X,Y,AA,BB 2441-10 08/02/05 07/25/05 61.1 173 394 

EAG-1006-H CC,DD,GG,HH,LL, MM,KK 2441-11 08/02/05 07/25/05 56.6 201 483 

EAG-1007-H EE, FF, II, JJ 2441-12 08/02/05 07/27/05 58.3 169 380 

EAG-1008-H BBDS 2441-13 08/02/05 07/30/05 28.0 7.77 24.5 

EAG-1009-H RISDS 2441-14 08/02/05 07/28/05 20.9 8.59 26.4 

EAG-1010-H 1,2, & 3 2441-15 08/02/05 07/27/05 44.6 217 444 

METHOD BLANK 
MB 1 Blank 081005 08/02/05 08/02/05 48.1 0.117 U 0.151 U 

LABORATORY CONTROL SAMPLE RESULTS 
LCS 1 LCS 081005 08/02/05 08/02/05 48.1 24.8 24.9 

MB 1 Blank 081005 08/02/05 08/02/05 48.1 0.117 U 0.151 U 

Spike conc 25 25 

Percent Recovery 99% 100% 

MATRIX SPIKE RESULTS 
MS 1 RISDS 2441-14MS 08/02/05 07/28/05 20.9 55.9 175 

MSD 1 RISDS 2441-14MSD 08/02/05 07/28/05 20.9 55.6 174 

RISDS 2441-14 08/02/05 07/28/05 20.9 8.59 26.4 

Spike conc, MS 49.4 148 

Spike conc, MSD 48.4 145 

% Rec, MS 96% 100% 
% Rec, MSD 97% 102% 

RPD 1% 1% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 

1529 West Sequim Bay Road 

Sequim, Washington 98382 

(360) 681-4564 

NEW BEDFORD HARBOR 
OCEAN MONITORING 

Metals in Sediment 
(Units: ug/g dry wt) 

SPONSOR 
CODE Site Description (Composite ID) MSL Code 

Date 
Received 

Date 
Collected 

Percent 
Moisture 

Method: 

CAS Code: 

Achieved MDL 
Project RLs (3.18 x MDL) 

NED RIM RL 

Pb Zn 
6010B 6010B 

7439-92-1 7440-66-6 

0.117 0.151 
0.372 0.480 

0.5 1 

STANDARD REFERENCE MATERIAL RESULTS 
SRM 1 1944 081005 08/02/05 08/02/05 0.0 

certified/ref value 

range 

Percent Difference 

LABORATORY DUPLICATE RESULTS 
EAG-1001-H A,C,D,E 2441-6r1 08/02/05 07/26/05 53.0 

EAG-1001-H A,C,D,E 2441-6r2 08/02/05 07/26/05 53.0 

Mean 

RPD 

264 547 

330 656 

±48 ±75 

20% 17% 

88.9 186 

88.8 189 

89 187 

0% 1% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 

1529 West Sequim Bay Road NEW BEDFORD HARBOR - OCEAN MONITORING 
Sequim, Washington 98382 Metals in Rinsate Blank Water 
(360) 681-4564 (Units: ug/L) 

SPONSOR Site MSL Date Date 
CODE Description Code Received Collected Ag As Cd Cr Cu Hg Ni Pb Se Zn 

Method: 1638mod 1638mod 1638mod 1638mod 1638mod 1631E 1638mod 1638mod 1638mod 1638mod 

CAS Code: 7440-22-4 7440-38-2 7440-43-9 7440-47-3 7440-50-8 7439-97-6 7440-02-0 7439-92-1 7782-49-2 7440-66-6 

Achieved MDL (2005 MDL) 0.006 0.009 0.004 0.04 0.02 0.0002 0.006 0.006 0.1 0.02 
RLs (3.18 x MDL) 0.02 0.03 0.02 0.2 0.07 0.0007 0.02 0.02 0.4 0.07 

NED RIM RL 0.5 1 1 1 0.6 0.4 1 1 1 1 

rinsate blank 

EAG-052-H for grab 2441-2r1 08/02/05 07/29/05 0.006 U 0.152 0.0131 j 1.03 0.162 0.000474 j 0.926 0.0517 0.793 0.861 

rinsate blank 

EAG-052-H for grab 2441-2r2 08/02/05 07/29/05 0.006 U 0.157 0.0138 j 1.02 0.166 See Note 0.930 0.0558 0.800 0.924 

rinsate blank 

EAG-053-H for corer 2441-3 08/02/05 07/29/05 0.006 U 0.009 U 0.004 U 0.04 U 0.782 0.00181 0.0363 0.0306 0.1 U 0.427 

rinsate blank 

EAG-054-H for pump 2441-4 08/02/05 07/29/05 0.0108 j 0.0123 j 0.004 U 0.0863 j 0.121 0.000418 j 0.0326 0.0959 0.1 U 2.89 

METHOD BLANK 
MB 1 Blank 1 0.006 U 0.009 U 0.004 U 0.04 U 0.02 U 0.0002 U 0.006 U 0.006 U 0.1 U 0.0408 j 

LABORATORY CONTROL SAMPLE RESULTS 
LCS 1 LCS R1 5.34 5.15 5.18 5.18 5.34 0.00586 5.45 5.61 5.02 4.99 

LCS 2 LCS R2 5.21 5.03 5.15 5.15 5.25 0.00560 5.32 5.67 4.72 4.94 

LCS Blank Blank 1 or Blank082905 (Hg) 0.006 U 0.009 U 0.004 U 0.04 U 0.02 U 0.000542 j 0.006 U 0.006 U 0.1 U 0.0408 j 

Spike conc 5 5 5 5 5 0.00497 5 5 5 5 

% Rec, R1 107% 103% 104% 104% 107% 107% 109% 112% 100% 99% 
% Rec, R2 104% 101% 103% 103% 105% 102% 106% 113% 94% 98% 
RPD 2% 2% 1% 1% 2% 5% 2% 1% 6% 1% 

STANDARD REFERENCE MATERIAL RESULTS 
SRM 1 1640 TRM/1641d 7.59 26.7 22.9 39.3 85.9 1680 28.3 29.4 22.2 53.3 

certified/ref value 7.62 26.67 22.79 38.60 85.2 1690 27.4 27.89 21.96 53.2 

range ± 0.25 ± 0.41 ± 1.6 ± 0.96 ± 1.20 ±18 ± 0.80 ± 0.14 ±0.51 ± 1.10 

Percent Difference 0% 0% 0% 2% 1% 1% 3% 5% 1% 0% 

LABORATORY DUPLICATE RESULTS 
rinsate blank 

EAG-052-H for grab 2441-2r1 08/02/05 07/29/05 0.006 U 0.152 1.03 0.04 U 0.162 0.000474 j 0.926 0.0517 0.793 0.861 

rinsate blank 

EAG-052-H for grab 2441-2r2 08/02/05 07/29/05 0.006 U 0.157 1.02 0.04 U 0.166 See Note 0.930 0.0558 0.800 0.924 

Mean -- 0.155 1.03 -- 0.164 -- 0.928 0.0538 0.797 0.893 

RPD - 3% 1% - 2% - 0% 8% 1% 7% 
NOTE: Hg samples analyzed with seawater samples. QC samples reported with seawater data. 
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 PROJECT: New Bedford Harbor Ocean Monitoring 

PARAMETER: Metals 

LABORATORY: Battelle Marine Sciences Laboratory (MSL), Sequim, Washington 

MATRIX: Sediment 

SAMPLE CUSTODY Ten sediment samples for metals analyses were received at MSL on 08/02/05.  All 

AND PROCESSING: samples were received in good condition (i.e., no sample containers were broken).  

Samples were assigned a Battelle Central File (CF) identification number (2441) and 

were entered into Battelle’s laboratory information management system.  

The following lists information on sample receipt and processing activities: 

Lab Sample IDs: 2441*6-15 

Description: Marine Sediment  

Sample collection dates: 07/25/05, 07/26/05, 07/27/05, 07/28/05, 07/30/05 

Laboratory arrival date: 	 08/02/05 

Cooler temp. on arrival: 5.1qC 

Digestion (HNO3/HCl) 08/10/05 

CVAA Analysis Date (Hg) 	 08/18/05 

ICP-OES Analysis Date (Cr, Cu, Pb, Ni, Zn) 08/19/05 

ICP-MS Analysis Date (As, Cd) 	 08/29/05 

DATA QUALITY OBJECTIVES: 


Analytical Range of SRM 
Laboratory 
Duplicate RIM RL 

Project 
MDL (2) 

Project 
RL (3) 

Analyte 
As 

Method 
ICP-MS 

Recovery 
75-125% 

Accuracy 
�25% 

(1) 

Precision 
�30% 

(1) 

(µg/g) 
0.4 

(µg/g) 
0.0185 

(µg/g) 
0.0588 

Cd ICP-MS 75-125% �25% 
(1) �30% 

(1) 
0.07 0.00714 0.0227 

Cr ICP-OES 75-125% �25% 
(1) �30% 

(1) 
0.5 0.0592 0.188 

Cu ICP-OES 75-125% �25% 
(1) �30% 

(1) 
0.5 0.132 0.420 

Hg 

Ni 

CVAA 

ICP-OES 

75-125% 

75-125% 

�25% 
(1) 

�25% 
(1) 

�30% 
(1) 

�30% 
(1) 

0.02 

0.5 

0.00541 

0.0535 

0.0172 

0.170 

Pb ICP-OES 75-125% �25% 
(1) �30% 

(1) 
0.5 0.117 0.372 

Zn ICP-OES 75-125% �25% 
(1) �30% 

(1) 
1 0.151 0.480 

(1) Evaluated for analytes >10x the MDL 

(2) Reported from the Annual Sediment Method Detection Limit (MDL) Study as determined on a dry weight 

basis using seven replicates of quartz sand. 

(3) Reporting Limit (RL) determined as 3.18 * achieved MDL. 

METHODS:	 Sediment samples were analyzed for eight metals: arsenic (As), cadmium (Cd), chromium 

(Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), and zinc (Zn).  Samples were 

freeze-dried and homogenized using a ball-mill prior to digestion according to Battelle SOP 

MSL-C-003, Percent Dry Weight and Homogenizing Dry Sediment, Soil and Tissue. 

Sediment samples were digested in accordance with Battelle SOP MSL-I-006, Mixed Acid 

Sediment Digestion. An approximately 200-mg (dry weight) aliquot of each sample was 

combined with nitric and hydrochloric acids (aqua regia) in a Teflon bomb and heated in an 

oven at 130ºC (±10ºC) for a minimum of eight hours.  After heating and cooling, deionized 

water was added to the sediment digestate to achieve analysis volume.  Digestates were 

submitted for analysis by three methods. 

QA/QC Narrative Preparation SOP MSL-D-004 	 Page 1 of 3 

New Bedford Harbor OM Metals Report	 Page 9 of 17 



 

 

 

 

 

 

   

   

    

  

    

  

 

 

 

           

QA/QC NARRATIVE 


METHODS:	 Digested samples were analyzed for Hg using cold-vapor atomic absorption spectroscopy 

(CVAA) according to Battelle SOP MSL-I-016, Total Mercury in Tissues and Sediments by 

Cold Vapor Atomic Absorption.  This procedure is based on modification of EPA Method 

245.5 

Digested samples were analyzed for As and Cd using inductively coupled plasma-mass 

spectrometry (ICP-MS) according to Battelle SOP MSL-I-022, Determination of Elements 

in Aqueous and Digestate Samples by ICP/MS.  The base methods for this procedure are 

EPA Method 1638 and EPA Method 6020 with adaptations for the analysis of trace level 

metals in digested sediment and tissue samples. 

Digested samples were analyzed for all other metals using inductively coupled plasma 

optical emissions spectroscopy (ICP-OES) according to Battelle SOP MSL-I-033, 

Determination of Elements in Aqueous and Digestate Samples by ICP-OES.  This procedure 

is based on two methods modified and adapted for analysis of low level samples: EPA 

Method 6010B and 200.7.   

HOLDING	 The target holding time of six months was achieved for all samples.   

TIMES: 
DETECTION	 Project MDLs and RLs were provided to the client on June 29, 2005.  Analytical results 

LIMITS:	 were reported to laboratory achieved method detection limits (MDL) and achieved reporting 

limits (RL) defined as 3.18*MDL.  Data were evaluated and flagged in accordance with the 

following criteria: 

U Not detected above laboratory achieved MDL; MDL reported 

j  Analyte detected is less than the achieved RL, but greater than MDL 

N QC value outside the accuracy or precision criteria goal (Spikes ±30%R; SRM 

�25%PD; Replicates ±30%RPD) 

n QC value outside the accuracy or precision data quality objective, but meets 

contingency criteria. 

METHOD	 One method blank was analyzed with the set of sediment samples.  Analytes concentrations 

BLANKS: 	 in the method blank were either not detected at a level greater than the project RL.  The data 

are not blank corrected. 

LABORATORY One laboratory control sample (LCS) was analyzed with the set of samples.  The percent 


CONTROL recoveries for the LCS ranged from 85% to 104% and were within the QC acceptance
 

SAMPLE criterion of 75-125% recovery for all metals.     


ACCURACY: 


MATRIX SPIKE 	 The reference sediment was selected for a matrix spike/matrix spike duplicate sample.  The 


ACCURACY: 	 percent recoveries for the MS/MSD samples ranged from 96% to 104% and were within the 

QC acceptance criterion of 75-125% recovery for all metals.   

DUPLICATE	 Precision for this set of samples was assessed by the analysis of laboratory duplicates and 

PRECISION: 	 matrix spike duplicates.  Precision was expressed as the relative percent difference (RPD) of 

replicate results. The RPD values for the duplicates ranged from 0% to 4% and were within 

the QC criterion of �30% RPD.  The RPD values for the MS/MSD samples ranged from 0% 

to 3% and were within the QC criterion of �20% RPD.   

QA/QC Narrative Preparation SOP MSL-D-004 	 Page 2 of 3 
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STANDARD SRM accuracy was expressed as the percent difference (PD) between the measured and 

REFERENCE certified or reference value for the SRM. 

MATERIAL 
ACCURACY: The SRM analyzed with this set of sediment samples was SRM 1944 New York/New Jersey 

Waterway Sediment.  The percent differences ranged from 1% to 25% and were within the 

QC acceptance criterion of PD �25% for all metals.   

QA/QC Narrative Preparation SOP MSL-D-004 Page 3 of 3 
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PROJECT: 	 New Bedford Harbor Ocean Monitoring 

PARAMETER:	 Metals 

LABORATORY:	 Battelle Marine Sciences Laboratory, Sequim, Washington 

MATRIX: 	 Rinsate Blanks 

SAMPLE CUSTODY 	 Three rinsate blanks for metals analyses were received at MSL on 08/02/05.  All 

AND PROCESSING: 	 samples were received in good condition (i.e., no sample containers were broken).  

Samples were assigned a Battelle Central File (CF) identification number (2441) and 

were entered into Battelle’s laboratory information management system.  

The following lists information on sample receipt and processing activities: 

Lab Sample IDs: 

Description: 

Sample collection dates: 

2441*2-4 

Rinsate Blanks 

07/29/05 

Laboratory arrival date: 08/02/05 

Cooler temp. on arrival: 

CVAF Analysis Date: (Hg) 

5.1qC 

08/30/05 

ICP-MS Analysis Date: (Ag, As, Cd, Cr, Cu, Pb, Ni, Se, Zn) 08/25/05 

QA/QC DATA QUALITY OBJECTIVES: 
MS SRM NED Lab Lab 

Analyte 
Analytical 
Method for 
Freshwater 

Range of 
Recovery1 

Percent 
Difference1 

Replicate 
Precision1 

Reporting 
Limits 
(µg/L) 

Detection 
Limits 
(µg/L) 2 

Reporting 
Limits 
(µg/L) 3 

Silver ICP-MS 75-125% d25% �30% 0.5 0.006 0.02 

Arsenic ICP-MS 75-125% d25% �30% 1 0.009 0.03 

Cadmium ICP-MS 75-125% d25% �30% 1 0.004 0.02 

Chromium ICP-MS 75-125% d25% �30% 1 0.04 0.2 

Copper ICP-MS 75-125% d25% �30% 0.6 0.02 0.07 

Mercury CVAF 75-125% d25% �30% 0.4 0.006 0.0007 

Nickel ICP-MS 75-125% d25% �30% 1 0.006 0.02 

Lead ICP-MS 75-125% d25% �30% 1 0.0002 0.02 

Selenium ICP-MS 75-125% d25% �30% 1 0.1 0.4 

Zinc ICP-MS 75-125% d25% �30% 1 0.2 0.07 
1 

2 

Evaluated for analytes >10x the MDL 

Reported from the Water Method Detection Limit (MDL) Study as determined using seven replicates of spiked DI 

water. 
3 

Lab Reporting Limit (RL) determined as 3.18 * achieved MDL. 

METHODS: Equipment rinsate blanks were analyzed for ten metals: silver (Ag), arsenic (As), cadmium 

(Cd), chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), selenium (Se), and 

zinc (Zn).  The samples were submitted for the analyses by two methods. 

Samples were analyzed for Total Hg by Cold Vapor Atomic Fluorescence (CVAF) in 

accordance with Battelle SOP MSL-I-013, Total Mercury in Aqueous Samples by CVAF 

based on EPA Method 1631 Revision E. 

Samples were analyzed for all other metals by Inductively Coupled Plasma-Mass 

Spectrometry (ICP-MS) in accordance with Battelle SOP MSL-I-022, Determination of 

Elements in Aqueous and Digestate Samples by ICP/MS.  Samples were acid solubilized 

prior to analysis by ICP-MS in accordance with the total recoverable metals (TRM) method 

in Battelle SOP MSL-I-022. The analysis guidelines for this procedure are adapted from 

NED New Bedford Harbor rinsate Blanks	 Page 1 of 2 
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METHODS, cont.: 

HOLDING 
TIMES: 

DETECTION 
LIMITS: 

METHOD 
BLANKS: 

BLANK SPIKE 
/LABORATORY 
CONTROL 
SAMPLES: 

MATRIX SPIKE 
ACCURACY: 

DUPLICATE 
PRECISION: 

STANDARD 
REFERENCE 
MATERIAL 
ACCURACY: 

USEPA Method 1638 Determination of Trace Elements in Ambient Waters by Inductively 

Coupled Plasma-Mass Spectrometry.  The TRM methodology is adapted from USEPA 

Method 1640 - Determination of Trace Elements in Ambient Waters by On-Line Chelation 

Preconcentration and Inductively Coupled Plasma-Mass Spectrometry.   

All data are in units of µg/L for each sample.   

Established holding times of 90 days for Hg and six months for trace metals were achieved 

for all samples.  

Laboratory achieved detection limit are reported from the Annual MDL study for 

freshwater.  The reporting limits provided are determined as 3.18 times the laboratory 

achieved MDL. Data were evaluated and flagged to the following criteria:

 U 	 Not detected above laboratory achieved MDL; MDL reported. 

j	 Analyte detected is less than the achieved RL, but greater than MDL 

N 	  QC value outside the accuracy or precision criteria goal (Spikes ±30%R; SRM 

�25%PD; Replicates ±30%RPD) 

n 	 QC value outside the accuracy or precision data quality objective, but meets 

contingency criteria. 

One method blank was analyzed with this batch of samples.  Method blank concentrations 

were all less than the project-reporting limit (RL).  Samples were not blank corrected.  

Two laboratory control samples (LCS) or Ongoing Precision and Recovery (OPR) samples 

were prepared and analyzed with this batch of samples.  Percent recoveries for the LCS 

samples ranged from 94% to 113% and were within the QC acceptance criteria of 75% to 

125% for all metals. 

The sample matrix for rinsate blanks is deionized water; therefore LCS samples serve as 

matrix spikes. 

Precision for this set of samples was assessed by the analysis of laboratory duplicates and 

LCS duplicates. Precision was expressed as the relative percent difference (RPD) of 

replicate results. The RPD values for the duplicates ranged from 0% to 8% and were within 

the QC criterion of �30% RPD.  The RPD values for the LCS duplicates ranged from 1% to 

6% and were within the QC criterion of �20% RPD. 

Note: The rinsate blank samples and seawater elutriate samples were analyzed as a batch 

for Hg.  The laboratory duplicates analyzed with the batch are reported with the elutriate 

data. 

Two standard reference materials were analyzed with this batch of samples.  SRM 1641d 

for Hg and SRM 1640 for metals analyzed by ICP-MS.  Accuracy for SRMs was expressed 

as the percent difference (PD) between the measured and certified values. 

One replicate of SRM 1641d for Hg was analyzed with this batch of samples.  The SRM 

recovery was 1% percent difference and within the QC acceptance criterion of ± 25%.   

One replicate of SRM 1640 were analyzed with this batch of samples.  Percent differences 

ranged from 0% to 5% and were within the QC acceptance criterion of   

± 25% for all metal.   
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The Business 0/ Innovation Chain of Custody 
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LOG-IN CHECKLIST Reference SOP# MSL-A-001 • 

Sample No(s): --/- / ~ ll.~1 c.t..«./ hi..{ v ') 'CL... 

Matrix: WP# 
~----------------------Yes No 

NaVY1'type Project (requires high-level sample tracking procedures) 
i CJCJ 

CJCJ 
CJCJ 
CJCJ 

Fi Iter .. Samples: 1:};i!!lfiq~~ti' .~··£;:: i~c~ .::c:.:(i~~~;~t;'~j~f~l~td!11~,i~;:; !{":,: ' ·,:> {:}.·. ;;;;~W~IT(;~~~~qmRJ~~/; . ·:·:? .• ; .••. 1 

FreeZ¢ dry sample(s) - samples will be weighed and placed in ultralow temp freezer (Lab# 130) 

Special instructions: 

Sample Preservation Instructions: 

Date To Archive: Date To Dispose: 

TO BE COMPLETED UPON SAMPLE ARRIVAL/LOG-IN 

Yes No N/A 

o)1tJo 
Oo~ 

Indicate in Appropriate Box 

Was a custody seal present? 

Was the custody seal intact? 

~CJCJ Was cooler(s) temperature(s) within acceptable range of 4±2°C? 5. I °C 
----~~~--------------

(if multiple coolers, note temp. of each) °C 

CJLJRUJ Was Project Manager notified of any custody/login discrepancies (cooler temp, sponsor codes, etc)? 

~iB 
Comment /Remedy: 

_Were a/l chain of custody forms Signed and dated? 

Were samples filtered at MSL? 

Sample condition(s): 

Container type: 

Notes: 
----~~--~~~-------------------------------------------------

Complete 

SAMPLE PRESERVAiION 

Sample(s) were preserved at MSL [EJ 

CJ 
CJ 
CJ 

Sample(s) were preserved prior to arrival at MSL (noted on CoC / Sample / per PM Instruction) 

Random pH checked for "'10% of samples (use dip paper) Sample IDs: ------------------------
Complete pH check required for project (use pH meter and record on pH Record form) 

If preserv~tion necessary. record Acid Lot# 

Type: ® 0.2%HN03 Notes: L~ (-Z-O~ 8i-(J 
O.5'i'0 HCI (Hg samples) 

Refrigerate/Freeze 

Other 

Completed By: ;L s::<...Q ~ 
~ . . 

Revsed 031303 

Notes: 

Notes: 

Notes: 

Date/Tilne: 
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Battelle Marine Science Laboratory 
Method Detection Limit Study Summary 

Date: 9/15/2005 

MATRIX: QUARTZ SAND 

As Cd Cr Cu Hg Ni Pb Zn 

Instrument: ICP-MS ICP-MS ICP-OES ICP-OES CVAA ICP-OES ICP-OES ICP-OES
 

CAS Code: 7440-38-2 7440-43-9 7440-47-3 7440-50-8 7439-97-6 7440-02-0 7439-92-1 7440-66-6
 

MDL 1 0.0567 0.0546 0.299 0.442 0.0134 0.297 0.119 0.317 

MDL 2 0.0431 0.0548 0.336 0.509 0.0157 0.283 0.171 0.175 

MDL 3 0.0406 0.0529 0.334 0.411 0.0134 0.259 0.194 0.220 

MDL 4 0.0474 0.0538 0.329 0.411 0.0151 0.274 0.177 0.262 

MDL 5 0.0501 0.0523 0.361 0.434 0.0139 0.300 0.229 0.208 

MDL 6 0.0547 0.0518 0.322 0.396 0.0119 0.308 0.182 0.205 

MDL 7 0.0457 0.0586 0.318 0.382 0.0107 0.297 0.132 0.199 

MEAN 0.0483 0.0541 0.328 0.427 0.0134 0.288 0.172 0.227 

STDEV 0.00590 0.00227 0.0188 0.0419 0.00172 0.0170 0.0372 0.0480 

MDL 0.0185 0.00714 0.0592 0.132 0.00541 0.0534 0.117 0.151 
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Appendix C 

Metals in Water 
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Metals in Rinsate Blanks
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 
1529 West Sequim Bay Road NEW BEDFORD HARBOR - OCEAN MONITORING 
Sequim, Washington 98382 Metals in Rinsate Blank Water 
(360) 681-4564 (Units: ug/L) 

SPONSOR Site MSL Date Date 
CODE Description Code Received Collected Ag As Cd Cr Cu Hg Ni Pb Se Zn 

Method: 1638mod 1638mod 1638mod 1638mod 1638mod 1631E 1638mod 1638mod 1638mod 1638mod 
CAS Code: 7440-22-4 7440-38-2 7440-43-9 7440-47-3 7440-50-8 7439-97-6 7440-02-0 7439-92-1 7782-49-2 7440-66-6 

Achieved MDL 0.006 0.009 0.004 0.04 0.02 0.0002 0.006 0.006 0.1 0.02 
RLs (3.18 x MDL) 0.02 0.03 0.02 0.2 0.07 0.0007 0.02 0.02 0.4 0.07 

NED RIM RL 0.5 1 1 1 0.6 0.4 1 1 1 1 

rinsate blank 
EAG-052-H for grab 2441-2r1 08/02/05 07/29/05 0.006 U 0.152 0.0131 j 1.03 0.162 0.000474 j 0.926 0.0517 0.793 0.861 

rinsate blank 
EAG-052-H for grab 2441-2r2 08/02/05 07/29/05 0.006 U 0.157 0.0138 j 1.02 0.166 See Note 0.930 0.0558 0.800 0.924 

rinsate blank 
EAG-053-H for corer 2441-3 08/02/05 07/29/05 0.006 U 0.009 U 0.004 U 0.04 U 0.782 0.00181 0.0363 0.0306 0.1 U 0.427 

rinsate blank 
EAG-054-H for pump 2441-4 08/02/05 07/29/05 0.0108 j 0.0123 j 0.004 U 0.0863 j 0.121 0.000418 j 0.0326 0.0959 0.1 U 2.89 

METHOD BLANK 
MB 1 Blank 1 0.006 U 0.009 U 0.004 U 0.04 U 0.02 U 0.0002 U 0.006 U 0.006 U 0.1 U 0.0408 j 

LABORATORY CONTROL SAMPLE RESULTS 
LCS 1 LCS R1 5.34 5.15 5.18 5.18 5.34 0.00586 5.45 5.61 5.02 4.99 
LCS 2 LCS R2 5.21 5.03 5.15 5.15 5.25 0.00560 5.32 5.67 4.72 4.94 

LCS Blank Blank 1 or Blank082905 (Hg) 0.006 U 0.009 U 0.004 U 0.04 U 0.02 U 0.000542 j 0.006 U 0.006 U 0.1 U 0.0408 j 
Spike conc 5 5 5 5 5 0.00497 5 5 5 5 
% Rec, R1 107% 103% 104% 104% 107% 107% 109% 112% 100% 99% 
% Rec, R2 104% 101% 103% 103% 105% 102% 106% 113% 94% 98% 
RPD 2% 2% 1% 1% 2% 5% 2% 1% 6% 1% 

STANDARD REFERENCE MATERIAL RESULTS 
SRM 1 1640 TRM/1641d 7.59 26.7 22.9 39.3 85.9 1680 28.3 29.4 22.2 53.3 

certified/ref value 7.62 26.67 22.79 38.60 85.2 1690 27.4 27.89 21.96 53.2 
range ± 0.25 ± 0.41 ± 1.6 ± 0.96 ± 1.20 ±18 ± 0.80 ± 0.14 ±0.51 ± 1.10 
Percent Difference 0% 0% 0% 2% 1% 1% 3% 5% 1% 0% 

LABORATORY DUPLICATE RESULTS 
rinsate blank 

EAG-052-H for grab 2441-2r1 08/02/05 07/29/05 0.006 U 0.152 1.03 0.04 U 0.162 0.000474 j 0.926 0.0517 0.793 0.861 
rinsate blank 

EAG-052-H for grab 2441-2r2 08/02/05 07/29/05 0.006 U 0.157 1.02 0.04 U 0.166 See Note 0.930 0.0558 0.800 0.924 
Mean -- 0.155 1.03 -- 0.164 -- 0.928 0.0538 0.797 0.893 
RPD -- 3% 1% -- 2% -- 0% 8% 1% 7% 

NOTE: Hg samples analyzed with seawater samples. QC samples reported with seawater data. 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 Lab Qualifiers 
(360) 681-4564 

B Analyte found in the associated blank as well as the sample. 
D Result is reported at a secondary dilution factor. 
E Concentration exceeds the range of the calibration curve for that particular analyte. 
j Analyte detected below the Reporting Limit (RL) and above the MDL. 
U Analyte detected below the MDL. The RL is reported. 
N Outside DQO limits 
n QC value outside the accuracy or precision data quality objective, but meets contingency criteria. 

QAPP Data Quality Objectives: 
MB < RL if sample or < 5x sample concentration
 

SRM Percent Difference ≤25% of true values
 
MS/LCS %R 75 –125
 
DUPS RPD <30 when sample values >5x RL
 



    

   

 

 
 

 

 
   

 

 

  

 

    
 

 
 

   
 

 

    

 
 

 

 
 

  
  

 
  

 

 
 
 
 
 
 
 
 
 
 
 
 

 
   

 
 

   

     
 

  
   

  
 

QA/QC NARRATIVE 


PROJECT:	 New Bedford Harbor Ocean Monitoring 

PARAMETER: 	 Metals 
LABORATORY: 	 Battelle Marine Sciences Laboratory, Sequim, Washington 
MATRIX: 	 Rinsate Blanks 
SAMPLE CUSTODY 	 Three rinsate blanks for metals analyses were received at MSL on 08/02/05.  All 
AND PROCESSING: 	 samples were received in good condition (i.e., no sample containers were broken).  

Samples were assigned a Battelle Central File (CF) identification number (2441) and 
were entered into Battelle’s laboratory information management system.  

The following lists information on sample receipt and processing activities: 
Lab Sample IDs: 

Description: 
Sample collection dates: 

2441*2-4 
Rinsate Blanks 
07/29/05 

Laboratory arrival date: 08/02/05 

Cooler temp. on arrival: 
CVAF Analysis Date: (Hg) 

5.1°C 
08/30/05 

ICP-MS Analysis Date: (Ag, As, Cd, Cr, Cu, Pb, Ni, Se, Zn) 08/25/05 

QA/QC DATA QUALITY OBJECTIVES: 
MS SRM NED Lab Lab 

Analyte 
Analytical 
Method for 
Freshwater 

Range of 
Recovery1 

Percent 
Difference1 

Replicate 
Precision1 

Reporting 
Limits 
(µg/L) 

Detection 
Limits 
(µg/L) 2 

Reporting 
Limits 
(µg/L) 3 

Silver ICP-MS 75-125% ≤25% ≤30% 0.5 0.006 0.02 
Arsenic ICP-MS 75-125% ≤25% ≤30% 1 0.009 0.03 
Cadmium ICP-MS 75-125% ≤25% ≤30% 1 0.004 0.02 
Chromium ICP-MS 75-125% ≤25% ≤30% 1 0.04 0.2 
Copper ICP-MS 75-125% ≤25% ≤30% 0.6 0.02 0.07 
Mercury CVAF 75-125% ≤25% ≤30% 0.4 0.006 0.0007 
Nickel ICP-MS 75-125% ≤25% ≤30% 1 0.006 0.02 
Lead ICP-MS 75-125% ≤25% ≤30% 1 0.0002 0.02 
Selenium ICP-MS 75-125% ≤25% ≤30% 1 0.1 0.4 
Zinc ICP-MS 75-125% ≤25% ≤30% 1 0.2 0.07 

1 

2 
Evaluated for analytes >10x the MDL 
Reported from the Water Method Detection Limit (MDL) Study as determined using seven replicates of spiked DI 
water. 

3 Lab Reporting Limit (RL) determined as 3.18 * achieved MDL. 

METHODS: Equipment rinsate blanks were analyzed for ten metals: silver (Ag), arsenic (As), cadmium 
(Cd), chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), selenium (Se), and 
zinc (Zn).  The samples were submitted for the analyses by two methods. 

Samples were analyzed for Total Hg by Cold Vapor Atomic Fluorescence (CVAF) in 
accordance with Battelle SOP MSL-I-013, Total Mercury in Aqueous Samples by CVAF 
based on EPA Method 1631 Revision E. 

Samples were analyzed for all other metals by Inductively Coupled Plasma-Mass 
Spectrometry (ICP-MS) in accordance with Battelle SOP MSL-I-022, Determination of 
Elements in Aqueous and Digestate Samples by ICP/MS.  Samples were acid solubilized 
prior to analysis by ICP-MS in accordance with the total recoverable metals (TRM) method 
in Battelle SOP MSL-I-022.  The analysis guidelines for this procedure are adapted from 

NED New Bedford Harbor rinsate Blanks	 Page 1 of 2 



    

  
 

 
 

  
 

  

  

 
 

 
 

    
 

 

 
    

 
  

   
 

    
  

 

       
 

  
 

   
     

 

 
  

   
 

 

 
 

  
 

  
   

 
  

 

QA/QC NARRATIVE 


METHODS, cont.: 

HOLDING 
TIMES: 

DETECTION 
LIMITS: 

METHOD 
BLANKS: 

BLANK SPIKE 
/LABORATORY 
CONTROL 
SAMPLES: 

MATRIX SPIKE 
ACCURACY: 

DUPLICATE 
PRECISION: 

STANDARD 
REFERENCE 
MATERIAL 
ACCURACY: 

USEPA Method 1638 Determination of Trace Elements in Ambient Waters by Inductively 
Coupled Plasma-Mass Spectrometry.  The TRM methodology is adapted from USEPA 
Method 1640 - Determination of Trace Elements in Ambient Waters by On-Line Chelation 
Preconcentration and Inductively Coupled Plasma-Mass Spectrometry.   

All data are in units of µg/L for each sample.   

Established holding times of 90 days for Hg and six months for trace metals were achieved 
for all samples.  

Laboratory achieved detection limit are reported from the Annual MDL study for 
freshwater.  The reporting limits provided are determined as 3.18 times the laboratory 
achieved MDL.  Data were evaluated and flagged to the following criteria:

 U 	 Not detected above laboratory achieved MDL; MDL reported. 

j	 Analyte detected is less than the achieved RL, but greater than MDL 

N 	 QC value outside the accuracy or precision criteria goal (Spikes ±30%R; SRM 
≤25%PD; Replicates ±30%RPD) 

n	 QC value outside the accuracy or precision data quality objective, but meets 
contingency criteria. 

One method blank was analyzed with this batch of samples.  Method blank concentrations 
were all less than the project-reporting limit (RL).  Samples were not blank corrected.  

Two laboratory control samples (LCS) or Ongoing Precision and Recovery (OPR) samples 
were prepared and analyzed with this batch of samples.  Percent recoveries for the LCS 
samples ranged from 94% to 113% and were within the QC acceptance criteria of 75% to 
125% for all metals.   

The sample matrix for rinsate blanks is deionized water; therefore LCS samples serve as 
matrix spikes. 

Precision for this set of samples was assessed by the analysis of laboratory duplicates and 
LCS duplicates. Precision was expressed as the relative percent difference (RPD) of 
replicate results.  The RPD values for the duplicates ranged from 0% to 8% and were within 
the QC criterion of ≤30% RPD.  The RPD values for the LCS duplicates ranged from 1% to 
6% and were within the QC criterion of ≤20% RPD. 

Note: The rinsate blank samples and seawater elutriate samples were analyzed as a batch 
for Hg.  The laboratory duplicates analyzed with the batch are reported with the elutriate 
data. 

Two standard reference materials were analyzed with this batch of samples.  SRM 1641d 
for Hg and SRM 1640 for metals analyzed by ICP-MS.  Accuracy for SRMs was expressed 
as the percent difference (PD) between the measured and certified values. 

One replicate of SRM 1641d for Hg was analyzed with this batch of samples.  The SRM 
recovery was 1% percent difference and within the QC acceptance criterion of ± 25%.   

One replicate of SRM 1640 were analyzed with this batch of samples.  Percent differences 
ranged from 0% to 5% and were within the QC acceptance criterion of   
± 25% for all metal.   
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Appendix C-2 


Metals in Reference Site Waters and Elutriates 
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Analytical Chemistry Data Package 

Inorganics Analysis
 

Project: 	 USACE - NED 

New Bedford Harbor  

Ocean Monitoring 


Analysis of Metals in Seawater 
Samples: Elutriates and Elutriate 
Blanks 

Battelle Project No. 49649 
CF No. 2441 

Marine Sciences Laboratory 

1529 West Sequim Bay Road 


Sequim, WA 98382 

(360) 681-4564 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564 Metals in Seawater 

(Units: ug/L) 
Date 

SPONSOR CODE Site Description MSL Code Collected Date Received Ag As Cd Cr Cu Hg 
Method: 200.9 206.3mod 1638mod 1638mod 1638mod 1631E 

CAS Code: 7440-22-4 7440-38-2 7440-43-9 7440-47-3 7440-50-8 7439-97-6 
Achieved MDL 0.005 0.03 0.006 0.04 0.05 0.0002 

RLs (3.18 x MDL) 0.02 0.1 0.02 0.2 0.2 0.0007 
NED RIM RL 0.5 1 1 1 0.6 0.4 

EAG-051-H site water 2441-1 R1 07/29/05 08/02/05 0.0108 j 1.04 0.0253 0.0910 j 0.314 0.000782 
EAG-051-H site water 2441-1 R2 07/29/05 08/02/05 0.0146 j 1.03 0.0260 0.103 j 0.322 0.000944 
EAG-051-H site water 2441-1 R3 07/29/05 08/02/05 0.0106 j 1.02 0.0265 0.117 j 0.344 0.00111 
EAG-056-H BBDS site water 2441-5 R1 07/30/05 08/02/05 0.0124 j 1.05 0.0276 0.129 j 0.654 0.00175 
EAG-056-H BBDS site water 2441-5 R2 07/30/05 08/02/05 0.0129 j 1.00 0.0286 0.139 j 0.567 0.00166 
EAG-056-H BBDS site water 2441-5 R3 07/30/05 08/02/05 0.0127 j 1.08 0.0252 0.139 j 0.576 0.00160 
Comp 1; A,C,D,E Elutriate 2441-16 R1 08/09/05 08/11/05 0.0112 j 8.61 0.0161 j 6.20 1.53 0.00453 
Comp 1; A,C,D,E Elutriate 2441-16 R2 08/09/05 08/11/05 0.0168 j 8.46 0.0169 j 6.16 1.52 0.00452 
Comp 1; A,C,D,E Elutriate 2441-16 R3 08/09/05 08/11/05 0.0181 j 8.27 0.0176 j 6.35 1.54 0.00432 
Comp 2; Site 1,2,3 Elutriate 2441-17 R1 08/09/05 08/11/05 0.0316 5.88 0.0427 10.8 9.64 0.01995 
Comp 2; Site 1,2,3 Elutriate 2441-17 R2 08/09/05 08/11/05 0.0350 5.85 0.0396 10.8 9.29 0.01938 
Comp 2; Site 1,2,3 Elutriate 2441-17 R3 08/09/05 08/11/05 0.0277 6.19 0.0403 10.8 9.42 0.01931 
Comp 3; H,J Elutriate 2441-18 R1 08/09/05 08/11/05 0.0249 7.58 0.0163 j 2.90 2.04 0.00342 
Comp 3; H,J Elutriate 2441-18 R2 08/09/05 08/11/05 0.0246 7.63 0.0157 j 2.90 1.99 0.00355 
Comp 3; H,J Elutriate 2441-18 R3 08/09/05 08/11/05 0.0216 7.83 0.0159 j 2.93 1.99 0.00382 
Comp 4; Site L,M,N Elutriate 2441-19 R1 08/09/05 08/11/05 0.0195 j 8.16 0.0323 10.6 7.99 0.0163 
Comp 4; Site L,M,N Elutriate 2441-19 R2 08/09/05 08/11/05 0.0196 j 8.26 0.0298 10.8 8.02 0.0153 
Comp 4; Site L,M,N Elutriate 2441-19 R3 08/09/05 08/11/05 0.0246 8.18 0.0321 11.2 8.18 * 0.0163 
Comp 5; Site O-BB Elutriate 2441-20 R1 08/10/05 08/11/05 0.0658 15.3 0.0710 16.4 10.2 * 0.0146 
Comp 5; Site O-BB Elutriate 2441-20 R2 08/10/05 08/11/05 0.0520 15.0 0.0633 15.2 9.56 * 0.0144 
Comp 5; Site O-BB Elutriate 2441-20 R3 08/10/05 08/11/05 0.0564 14.0 0.0642 15.9 10.0 * 0.0145 
Comp 6; CC-KK Elutriate 2441-21 R1 08/10/05 08/11/05 0.0351 12.7 0.0737 18.0 13.3 * 0.0190 
Comp 6; CC-KK Elutriate 2441-21 R2 08/10/05 08/11/05 0.0341 12.3 0.0649 17.0 12.3 * 0.0190 
Comp 6; CC-KK Elutriate 2441-21 R3 08/10/05 08/11/05 0.0370 12.4 0.0738 18.0 12.9 * 0.0193 
Comp 7; FF-JJ Elutriate 2441-22 R1 08/10/05 08/11/05 0.0503 12.1 0.0853 17.2 11.7 * 0.0161 
Comp 7; FF-JJ Elutriate 2441-22 R1 08/10/05 08/11/05 0.0526 11.8 0.0792 17.6 11.8 * 0.0165 
Comp 7; FF-JJ Elutriate 2441-22 R1 08/10/05 08/11/05 0.0432 11.9 0.0845 17.3 11.9 * 0.0157 
Comp 8 F-K Elutriate 2441-24 R1 08/10/05 08/12/05 0.0542 15.2 0.0286 9.14 3.82 * 0.00563 
Comp 8 F-K Elutriate 2441-24 R2 08/10/05 08/12/05 0.0391 15.3 0.0209 9.92 3.02 * 0.00551 
Comp 8 F-K Elutriate 2441-24 R3 08/10/05 08/12/05 0.0597 15.2 0.0247 11.2 3.58 * 0.00542 

Page 1 of 4 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564 Metals in Seawater 

(Units: ug/L) 
Date 

SPONSOR CODE Site Description MSL Code Collected Date Received Ag As Cd Cr Cu Hg 
Method: 200.9 206.3mod 1638mod 1638mod 1638mod 1631E 

CAS Code: 7440-22-4 7440-38-2 7440-43-9 7440-47-3 7440-50-8 7439-97-6 
Achieved MDL 0.005 0.03 0.006 0.04 0.05 0.0002 

RLs (3.18 x MDL) 0.02 0.1 0.02 0.2 0.2 0.0007 
NED RIM RL 0.5 1 1 1 0.6 0.4 

Comp 1 A,C,D,E Blank Blank 2441-25 R1 08/11/05 08/12/05 0.00897 j 1.15 0.0290 0.429 0.906 * 0.00171 
Comp 1 A,C,D,E Blank Blank 2441-25 R2 08/11/05 08/12/05 0.00674 j 1.13 0.0294 0.407 0.883 * 0.00171 
Comp 1 A,C,D,E Blank Blank 2441-25 R3 08/11/05 08/12/05 0.0117 j 1.14 0.0288 0.430 0.888 * 0.00197 
Comp 2 1,2.3 Blank 2441-26 R1 08/11/05 08/12/05 0.00700 j 1.09 0.0398 0.294 2.79 * 0.00115 
Comp 2 1,2.3 Blank 2441-26 R2 08/11/05 08/12/05 0.00666 j 1.10 0.0430 0.318 2.95 * 0.00100 
Comp 2 1,2.3 Blank 2441-26 R3 08/11/05 08/12/05 0.00969 j* 1.13 0.0437 0.332 3.01 * 0.000963 
Comp 3 H,J Blank 2441-27 R1 08/11/05 08/12/05 0.00957 j* 1.10 0.0302 0.152 j 1.11 * 0.000913 
Comp 3 H,J Blank 2441-27 R2 08/11/05 08/12/05 0.005 j* 1.13 0.0321 0.170 j 1.16 * 0.000993 
Comp 3 H,J Blank 2441-27 R3 08/11/05 08/12/05 0.00645 j* 1.05 0.0313 0.164 j 1.13 * 0.000781 
Comp 4 L,M,N Blank 2441-28 R1 08/11/05 08/12/05 0.0105 j 1.09 0.0433 0.141 j 2.39 * 0.000659 j 
Comp 4 L,M,N Blank 2441-28 R2 08/11/05 08/12/05 0.005 U 1.03 0.0441 0.150 j 2.39 * 0.000687 j 
Comp 4 L,M,N Blank 2441-28 R3 08/11/05 08/12/05 0.005 U 1.01 0.0436 0.146 j 2.37 * 0.000606 j 
Comp 5 O-BB Blank 2441-29 R1 08/11/05 08/12/05 0.00522 j 1.08 0.0527 0.293 3.23 * 0.000767 
Comp 5 O-BB Blank 2441-29 R2 08/11/05 08/12/05 0.0113 j 1.01 0.0514 0.269 3.09 * 0.000776 
Comp 5 O-BB Blank 2441-29 R3 08/11/05 08/12/05 0.00564 j 1.03 0.0537 0.263 3.16 * 0.000920 
Comp 6 CC-KK Blank 2441-30 R1 08/11/05 08/12/05 0.005 U 1.10 0.0580 0.187 j 3.44 * 0.000635 j 
Comp 6 CC-KK Blank 2441-30 R2 08/11/05 08/12/05 0.00660 j 1.07 0.0555 0.181 j 3.23 * 0.000636 j 
Comp 6 CC-KK Blank 2441-30 R3 08/11/05 08/12/05 0.00933 j 1.04 0.0561 0.165 j 3.33 * 0.000635 j 
Comp 7 FF-JJ Blank 2441-31 R1 08/11/05 08/12/05 0.00899 j 1.08 0.0633 0.425 3.54 * 0.00116 
Comp 7 FF-JJ Blank 2441-31 R2 08/11/05 08/12/05 0.005 U 1.05 0.0631 0.394 3.41 * 0.00113 
Comp 7 FF-JJ Blank 2441-31 R3 08/11/05 08/12/05 0.00885 j 1.07 0.0607 0.430 3.48 * 0.00139 
Comp 8 Blank Blank 2441-32 R1 08/11/05 08/12/05 0.005 U 1.11 0.0259 0.123 j 0.962 * 0.00110 
Comp 8 Blank Blank 2441-32 R2 08/11/05 08/12/05 0.005 U 1.11 0.0291 0.140 j 1.01 * 0.000735 
Comp 8 Blank Blank 2441-32 R3 08/11/05 08/12/05 0.005 U 1.04 0.0290 0.141 j 0.971 * 0.000763 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564 Metals in Seawater 

(Units: ug/L) 
Date 

SPONSOR CODE Site Description MSL Code Collected Date Received Ni Pb Se Zn 
Method: 1638mod 1638mod 270.3mod 1638mod 

CAS Code: 7440-02-0 7439-92-1 7782-49-2 7440-66-6 
Achieved MDL 0.06 0.004 0.07 0.2 

RLs (3.18 x MDL) 0.2 0.02 0.3 0.7 
NED RIM RL 1 1 1 1 

EAG-051-H site water 2441-1 R1 07/29/05 08/02/05 0.337 0.0276 0.07 U 0.320 j 
EAG-051-H site water 2441-1 R2 07/29/05 08/02/05 0.369 0.0263 0.07 U 0.244 j 
EAG-051-H site water 2441-1 R3 07/29/05 08/02/05 0.382 0.0293 0.07 U 0.380 j 
EAG-056-H BBDS site water 2441-5 R1 07/30/05 08/02/05 0.477 0.115 0.07 U 1.12 
EAG-056-H BBDS site water 2441-5 R2 07/30/05 08/02/05 0.473 0.110 0.07 U 0.944 
EAG-056-H BBDS site water 2441-5 R3 07/30/05 08/02/05 0.445 0.109 0.07 U 0.673 j 
Comp 1; A,C,D,E Elutriate 2441-16 R1 08/09/05 08/11/05 1.16 1.26 0.0894 j 2.48 
Comp 1; A,C,D,E Elutriate 2441-16 R2 08/09/05 08/11/05 1.18 1.25 0.115 j 3.68 
Comp 1; A,C,D,E Elutriate 2441-16 R3 08/09/05 08/11/05 1.16 1.26 0.0965 j 2.47 
Comp 2; Site 1,2,3 Elutriate 2441-17 R1 08/09/05 08/11/05 1.47 3.85 0.195 j 5.42 
Comp 2; Site 1,2,3 Elutriate 2441-17 R2 08/09/05 08/11/05 1.47 3.99 0.196 j 5.29 
Comp 2; Site 1,2,3 Elutriate 2441-17 R3 08/09/05 08/11/05 1.47 3.91 0.150 j 5.35 
Comp 3; H,J Elutriate 2441-18 R1 08/09/05 08/11/05 0.587 1.14 0.109 j 1.83 
Comp 3; H,J Elutriate 2441-18 R2 08/09/05 08/11/05 0.571 1.09 0.0934 j 1.84 
Comp 3; H,J Elutriate 2441-18 R3 08/09/05 08/11/05 0.589 1.13 0.123 j 1.83 
Comp 4; Site L,M,N Elutriate 2441-19 R1 08/09/05 08/11/05 1.44 3.46 0.183 j 4.92 
Comp 4; Site L,M,N Elutriate 2441-19 R2 08/09/05 08/11/05 1.46 3.39 0.158 j 5.00 
Comp 4; Site L,M,N Elutriate 2441-19 R3 08/09/05 08/11/05 1.50 3.49 0.144 j 5.25 
Comp 5; Site O-BB Elutriate 2441-20 R1 08/10/05 08/11/05 2.59 4.37 0.201 j 7.48 
Comp 5; Site O-BB Elutriate 2441-20 R2 08/10/05 08/11/05 2.33 4.12 0.178 j 7.24 
Comp 5; Site O-BB Elutriate 2441-20 R3 08/10/05 08/11/05 2.43 4.22 0.233 j 7.47 
Comp 6; CC-KK Elutriate 2441-21 R1 08/10/05 08/11/05 2.60 4.60 0.165 j 7.95 
Comp 6; CC-KK Elutriate 2441-21 R2 08/10/05 08/11/05 2.36 4.32 0.203 j 7.51 
Comp 6; CC-KK Elutriate 2441-21 R3 08/10/05 08/11/05 2.52 4.57 0.188 j 7.98 
Comp 7; FF-JJ Elutriate 2441-22 R1 08/10/05 08/11/05 1.90 4.59 0.187 j 7.45 
Comp 7; FF-JJ Elutriate 2441-22 R1 08/10/05 08/11/05 1.91 4.75 0.153 j 7.62 
Comp 7; FF-JJ Elutriate 2441-22 R1 08/10/05 08/11/05 1.90 4.70 0.193 j 7.85 
Comp 8 F-K Elutriate 2441-24 R1 08/10/05 08/12/05 2.04 2.11 0.161 j 3.08 
Comp 8 F-K Elutriate 2441-24 R2 08/10/05 08/12/05 1.74 2.14 0.197 j 3.81 
Comp 8 F-K Elutriate 2441-24 R3 08/10/05 08/12/05 2.00 2.42 0.141 j 3.30 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564 Metals in Seawater 

(Units: ug/L) 
Date 

SPONSOR CODE Site Description MSL Code Collected Date Received Ni Pb Se Zn 
Method: 1638mod 1638mod 270.3mod 1638mod 

CAS Code: 7440-02-0 7439-92-1 7782-49-2 7440-66-6 
Achieved MDL 0.06 0.004 0.07 0.2 

RLs (3.18 x MDL) 0.2 0.02 0.3 0.7 
NED RIM RL 1 1 1 1 

Comp 1 A,C,D,E Blank Blank 2441-25 R1 08/11/05 08/12/05 0.518 0.405 0.07 U 3.38 
Comp 1 A,C,D,E Blank Blank 2441-25 R2 08/11/05 08/12/05 0.524 0.399 0.07 U 3.41 
Comp 1 A,C,D,E Blank Blank 2441-25 R3 08/11/05 08/12/05 0.510 0.409 0.130 j 3.57 
Comp 2 1,2.3 Blank 2441-26 R1 08/11/05 08/12/05 0.560 0.334 0.07 U 11.4 
Comp 2 1,2.3 Blank 2441-26 R2 08/11/05 08/12/05 0.612 0.363 0.07 U 12.2 
Comp 2 1,2.3 Blank 2441-26 R3 08/11/05 08/12/05 0.656 0.366 0.0761 j 12.3 
Comp 3 H,J Blank 2441-27 R1 08/11/05 08/12/05 0.484 0.0814 0.07 U 3.90 
Comp 3 H,J Blank 2441-27 R2 08/11/05 08/12/05 0.524 0.0874 0.07 U 3.74 
Comp 3 H,J Blank 2441-27 R3 08/11/05 08/12/05 0.558 0.0835 0.07 U 4.18 
Comp 4 L,M,N Blank 2441-28 R1 08/11/05 08/12/05 0.641 0.138 0.07 U* 11.9 
Comp 4 L,M,N Blank 2441-28 R2 08/11/05 08/12/05 0.656 0.137 0.07 U* 11.7 
Comp 4 L,M,N Blank 2441-28 R3 08/11/05 08/12/05 0.661 0.137 0.0927 j* 12.9 
Comp 5 O-BB Blank 2441-29 R1 08/11/05 08/12/05 0.851 0.315 0.07 U* 16.3 
Comp 5 O-BB Blank 2441-29 R2 08/11/05 08/12/05 0.812 0.296 0.07 U* 15.9 
Comp 5 O-BB Blank 2441-29 R3 08/11/05 08/12/05 0.814 0.307 0.07 U* 16.5 
Comp 6 CC-KK Blank 2441-30 R1 08/11/05 08/12/05 0.725 0.202 0.07 U* 17.2 
Comp 6 CC-KK Blank 2441-30 R2 08/11/05 08/12/05 0.714 0.198 0.07 U* 16.3 
Comp 6 CC-KK Blank 2441-30 R3 08/11/05 08/12/05 0.802 0.197 0.07 U* 17.0 
Comp 7 FF-JJ Blank 2441-31 R1 08/11/05 08/12/05 0.845 0.464 0.07 U* 17.2 
Comp 7 FF-JJ Blank 2441-31 R2 08/11/05 08/12/05 0.836 0.453 0.07 U* 16.7 
Comp 7 FF-JJ Blank 2441-31 R3 08/11/05 08/12/05 0.850 0.461 0.07 U* 17.0 
Comp 8 Blank Blank 2441-32 R1 08/11/05 08/12/05 0.516 0.0949 0.07 U* 2.77 
Comp 8 Blank Blank 2441-32 R2 08/11/05 08/12/05 0.546 0.0993 0.0825 j* 2.95 
Comp 8 Blank Blank 2441-32 R3 08/11/05 08/12/05 0.529 0.0962 0.07 U* 2.82 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 Lab Qualifiers 
(360) 681-4564 

B Analyte detected in the associated blank > RL. 
b Average reagent blank subtracted from sample value. 
D Result is reported at a secondary dilution factor. 
E Concentration exceeds the range of the calibration curve for that particular analyte. 
j Analyte detected below the Reporting Limit (RL) and above the MDL. 
U Analyte detected below the MDL. The RL is reported. 
N Outside DQO limits 
n QC value outside the accuracy or precision data quality objective, but meets contingency criteria. 
* Bracketing CCVs recovered at 111%, see narrative 

QAPP Data Quality Objectives: 
MB < RL if sample or < 5x sample concentration
 

SRM Percent Difference ≤25% of true values
 
MS/LCS %R 75 –125
 
DUPS RPD <30 when sample values >5x RL
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager ICP-MS (Fe/Pd) Preconcentration QC Summary 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564	 Metals in Seawater 

(Units: ug/L) 
Analysis 

SPONSOR CODE Site Description MSL Code Date Cd Cr Cu Ni Pb Zn 
Method: 1638mod 1638mod 1638mod 1638mod 1638mod 1638mod 

CAS Code: 7440-43-9 7440-47-3 7440-50-8 7440-02-0 7439-92-1 7440-66-6 
Achieved MDL 0.006 0.04 0.05 0.06 0.004 0.2 

RLs (3.18 x MDL) 0.02 0.2 0.2 0.2 0.02 0.7 
NED RIM RL 1 1 0.6 1 1 1 

EAG-051-H site water 2441-1 R1 9/2/2005 0.0253 0.0910 j 0.314 0.337 0.0276 0.320 j 
EAG-051-H site water 2441-1 R2 9/2/2005 0.0260 0.103 j 0.322 0.369 0.0263 0.244 j 
EAG-051-H site water 2441-1 R3 9/2/2005 0.0265 0.117 j 0.344 0.382 0.0293 0.380 j 

MEAN 0.0259 0.104 0.327 0.363 0.0277 0.315 
RSD 2% 13% 5% 6% 5% 22% 

EAG-056-H BBDS site water 2441-5 R1 9/2/2005 0.0276 0.129 j 0.654 0.477 0.115 1.12 
EAG-056-H BBDS site water 2441-5 R2 9/2/2005 0.0286 0.139 j 0.567 0.473 0.110 0.944 
EAG-056-H BBDS site water 2441-5 R3 9/2/2005 0.0252 0.139 j 0.576 0.445 0.109 0.673 j 

MEAN 0.0271 0.136 0.599 0.465 0.111 0.912 
RSD 6% 4% 8% 4% 3% 25% 

Comp 1; A,C,D,E Elutriate 2441-16 R1 9/2/2005 0.0161 j 6.20 1.53 1.16 1.26 2.48 
Comp 1; A,C,D,E Elutriate 2441-16 R2 9/2/2005 0.0169 j 6.16 1.52 1.18 1.25 3.68 
Comp 1; A,C,D,E Elutriate 2441-16 R3 9/2/2005 0.0176 j 6.35 1.54 1.16 1.26 2.47 

MEAN 0.0169 6.24 1.53 1.17 1.26 2.88 
RSD 4% 2% 1% 1% 0% 24% 

Comp 2; Site 1,2,3 Elutriate 2441-17 R1 9/2/2005 0.0427 10.8 9.64 1.47 3.85 5.42 
Comp 2; Site 1,2,3 Elutriate 2441-17 R2 9/2/2005 0.0396 10.8 9.29 1.47 3.99 5.29 
Comp 2; Site 1,2,3 Elutriate 2441-17 R3 9/2/2005 0.0403 10.8 9.42 1.47 3.91 5.35 

MEAN 0.0409 10.8 9.45 1.47 3.92 5.35 
RSD 4% 0% 2% 0% 2% 1% 

Comp 3; H,J Elutriate 2441-18 R1 9/2/2005 0.0163 j 2.90 2.04 0.587 1.14 1.83 
Comp 3; H,J Elutriate 2441-18 R2 9/2/2005 0.0157 j 2.90 1.99 0.571 1.09 1.84 
Comp 3; H,J Elutriate 2441-18 R3 9/2/2005 0.0159 j 2.93 1.99 0.589 1.13 1.83 

MEAN 0.0160 2.91 2.01 0.582 1.12 1.83 
RSD 2% 1% 1% 2% 2% 0% 

Comp 4; Site L,M,N Elutriate 2441-19 R1 9/2/2005 0.0323 10.6 7.99 1.44 3.46 4.92 
Comp 4; Site L,M,N Elutriate 2441-19 R2 9/2/2005 0.0298 10.8 8.02 1.46 3.39 5.00 
Comp 4; Site L,M,N Elutriate 2441-19 R3 9/2/2005 0.0321 11.2 8.18 1.50 3.49 5.25 

MEAN 0.0314 10.9 8.06 1.47 3.45 5.06 
RSD 4% 3% 1% 2% 1% 3% 

Comp 5; Site O-BB Elutriate 2441-20 R1 9/2/2005 0.0710 16.4 10.2 2.59 4.37 7.48 
Comp 5; Site O-BB Elutriate 2441-20 R2 9/2/2005 0.0633 15.2 9.56 2.33 4.12 7.24 
Comp 5; Site O-BB Elutriate 2441-20 R3 9/2/2005 0.0642 15.9 10 2.43 4.22 7.47 

MEAN 0.0662 15.8 9.92 2.45 4.24 7.40 
RSD 6% 4% 3% 5% 3% 2% 

Comp 6; CC-KK Elutriate 2441-21 R1 9/2/2005 0.0737 18.0 13.3 2.60 4.60 7.95 
Comp 6; CC-KK Elutriate 2441-21 R2 9/2/2005 0.0649 17.0 12.3 2.36 4.32 7.51 
Comp 6; CC-KK Elutriate 2441-21 R3 9/2/2005 0.0738 18.0 12.9 2.52 4.57 7.98 

MEAN 0.0708 17.7 12.8 2.49 4.50 7.81 
RSD 7% 3% 4% 5% 3% 3% 

Comp 7; FF-JJ Elutriate 2441-22 R1 9/2/2005 0.0853 17.2 11.7 1.90 4.59 7.45 
Comp 7; FF-JJ Elutriate 2441-22 R1 9/2/2005 0.0792 17.6 11.8 1.91 4.75 7.62 
Comp 7; FF-JJ Elutriate 2441-22 R1 9/2/2005 0.0845 17.3 11.9 1.90 4.70 7.85 

MEAN 0.0830 17.4 11.8 1.90 4.68 7.64 
RSD 4% 1% 1% 0% 2% 3% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager ICP-MS (Fe/Pd) Preconcentration QC Summary 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564	 Metals in Seawater 

(Units: ug/L) 
Analysis 

SPONSOR CODE Site Description MSL Code Date Cd Cr Cu Ni Pb Zn 
Method: 1638mod 1638mod 1638mod 1638mod 1638mod 1638mod 

CAS Code: 7440-43-9 7440-47-3 7440-50-8 7440-02-0 7439-92-1 7440-66-6 
Achieved MDL 0.006 0.04 0.05 0.06 0.004 0.2 

RLs (3.18 x MDL) 0.02 0.2 0.2 0.2 0.02 0.7 
NED RIM RL 1 1 0.6 1 1 1 

Comp 8 F-K 
Comp 8 F-K 
Comp 8 F-K 

Elutriate 
Elutriate 
Elutriate 

2441-24 R1 
2441-24 R2 
2441-24 R3 
MEAN 

9/2/2005 
9/2/2005 
9/2/2005 

0.0286 
0.0209 
0.0247 
0.0247 

9.14 
9.92 
11.2 
10.1 

3.82 
3.02 
3.58 
3.47 

2.04 
1.74 
2.00 
1.93 

2.11 
2.14 
2.42 
2.22 

3.08 
3.81 
3.30 
3.40 

RSD 16% 10% 12% 8% 8% 11% 

Comp 1 A,C,D,E Blank 
Comp 1 A,C,D,E Blank 
Comp 1 A,C,D,E Blank 

Blank 
Blank 
Blank 

2441-25 R1 
2441-25 R2 
2441-25 R3 
MEAN 

9/2/2005 
9/2/2005 
9/2/2005 

0.0290 
0.0294 
0.0288 
0.0291 

0.429 
0.407 
0.430 
0.422 

0.906 
0.883 
0.888 
0.892 

0.518 
0.524 
0.510 
0.517 

0.405 
0.399 
0.409 
0.404 

3.38 
3.41 
3.57 
3.45 

RSD 1% 3% 1% 1% 1% 3% 

Comp 2 1,2.3 
Comp 2 1,2.3 
Comp 2 1,2.3 

Blank 
Blank 
Blank 

2441-26 R1 
2441-26 R2 
2441-26 R3 
MEAN 

9/2/2005 
9/2/2005 
9/2/2005 

0.0398 
0.0430 
0.0437 
0.0422 

0.294 
0.318 
0.332 
0.315 

2.79 
2.95 
3.01 
2.92 

0.560 
0.612 
0.656 
0.609 

0.334 
0.363 
0.366 
0.354 

11.4 
12.2 
12.3 
12.0 

RSD 5% 6% 4% 8% 5% 4% 

Comp 3 H,J 
Comp 3 H,J 
Comp 3 H,J 

Blank 
Blank 
Blank 

2441-27 R1 
2441-27 R2 
2441-27 R3 
MEAN 

9/2/2005 
9/2/2005 
9/2/2005 

0.0302 
0.0321 
0.0313 
0.0312 

0.152 j 
0.170 j 
0.164 j 
0.162 

1.11 
1.16 
1.13 
1.13 

0.484 
0.524 
0.558 
0.522 

0.0814 
0.0874 
0.0835 
0.0841 

3.90 
3.74 
4.18 
3.94 

RSD 3% 6% 2% 7% 4% 6% 

Comp 4 L,M,N 
Comp 4 L,M,N 
Comp 4 L,M,N 

Blank 
Blank 
Blank 

2441-28 R1 
2441-28 R2 
2441-28 R3 
MEAN 

9/2/2005 
9/2/2005 
9/2/2005 

0.0433 
0.0441 
0.0436 
0.0437 

0.141 j 
0.150 j 
0.146 j 
0.146 

2.39 
2.39 
2.37 
2.38 

0.641 
0.656 
0.661 
0.653 

0.138 
0.137 
0.137 
0.137 

11.9 
11.7 
12.9 
12.2 

RSD 1% 3% 0% 2% 0% 5% 

Comp 5 O-BB 
Comp 5 O-BB 
Comp 5 O-BB 

Blank 
Blank 
Blank 

2441-29 R1 
2441-29 R2 
2441-29 R3 
MEAN 

9/2/2005 
9/2/2005 
9/2/2005 

0.0527 
0.0514 
0.0537 
0.0526 

0.293 
0.269 
0.263 
0.275 

3.23 
3.09 
3.16 
3.16 

0.851 
0.812 
0.814 
0.826 

0.315 
0.296 
0.307 
0.306 

16.3 
15.9 
16.5 
16.2 

RSD 2% 6% 2% 3% 3% 2% 

Comp 6 CC-KK 
Comp 6 CC-KK 
Comp 6 CC-KK 

Blank 
Blank 
Blank 

2441-30 R1 
2441-30 R2 
2441-30 R3 
MEAN 

9/2/2005 
9/2/2005 
9/2/2005 

0.0580 
0.0555 
0.0561 
0.0565 

0.187 j 
0.181 j 
0.165 j 
0.178 

3.44 
3.23 
3.33 
3.33 

0.725 
0.714 
0.802 
0.747 

0.202 
0.198 
0.197 
0.199 

17.2 
16.3 
17.0 
16.8 

RSD 2% 6% 3% 6% 1% 3% 

Comp 7 FF-JJ 
Comp 7 FF-JJ 
Comp 7 FF-JJ 

Blank 
Blank 
Blank 

2441-31 R1 
2441-31 R2 
2441-31 R3 
MEAN 

9/2/2005 
9/2/2005 
9/2/2005 

0.0633 
0.0631 
0.0607 
0.0624 

0.425 
0.394 
0.430 
0.416 

3.54 
3.41 
3.48 
3.48 

0.845 
0.836 
0.850 
0.844 

0.464 
0.453 
0.461 
0.459 

17.2 
16.7 
17.0 
17.0 

RSD 2% 5% 2% 1% 1% 1% 

Comp 8 Blank 
Comp 8 Blank 
Comp 8 Blank 

Blank 
Blank 
Blank 

2441-32 R1 
2441-32 R2 
2441-32 R3 
MEAN 

9/2/2005 
9/2/2005 
9/2/2005 

0.0259 
0.0291 
0.0290 
0.0280 

0.123 j 
0.140 j 
0.141 j 
0.135 

0.962 
1.01 

0.971 
0.981 

0.516 
0.546 
0.529 
0.530 

0.0949 
0.0993 
0.0962 
0.0968 

2.77 
2.95 
2.82 
2.85 

RSD 6% 8% 3% 3% 2% 3% 

Page 2 of 4 

Metals in Seawater Data Package Page 9 of 35



BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager ICP-MS (Fe/Pd) Preconcentration QC Summary 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564	 Metals in Seawater 

(Units: ug/L) 
Analysis 

SPONSOR CODE Site Description MSL Code Date Cd Cr Cu Ni Pb Zn 
Method: 1638mod 1638mod 1638mod 1638mod 1638mod 1638mod 

CAS Code: 7440-43-9 7440-47-3 7440-50-8 7440-02-0 7439-92-1 7440-66-6 
Achieved MDL 0.006 0.04 0.05 0.06 0.004 0.2 

RLs (3.18 x MDL) 0.02 0.2 0.2 0.2 0.02 0.7 
NED RIM RL 1 1 0.6 1 1 1 

METHOD BLANK 
MB 1 BLANK DI-2 9/2/2005 0.00103 U 0.00 U 0.0883 j 0.0517 U 0.00354 U 0.0569 U 
MB 2 BLANK DI-3 9/2/2005 0.000847 U 0.00953 U 0.0869 j 0.0571 U 0.00451 j 0.00 U 
MB 3 BLANK DI-4 9/2/2005 0.00149 U 0.00 U 0.101 j 0.0541 U 0.00451 j -

MEAN 0.00112 U 0.00318 U 0.0921 j 0.0543 U 0.00419 j 0.0285 U 

LABORATORY CONTROL SAMPLE RESULTS 
LCS 1 SBLCS-r1 9/2/2005 4.26 5.00 4.76 4.78 4.46 4.94 

LCSBLANK 1 SB Blank-r1 9/2/2005 0.0664 j 0.138 j 0.473 0.465 0.0121 j 0.390 j 
Spiking Level 5 5 5 5 5 5 

Percent Recovery, LCS 1 84% 97% 86% 86% 89% 91% 

LCS 2 SBLCS-r2 9/2/2005 4.44 5.15 5.01 5.02 4.52 5.71 

LCSBLANK 2 SB Blank-r2 9/2/2005 0.0677 j 0.171 j 0.477 0.472 0.0111 j 0.824 
Spiking Level 5 5 5 5 5 5 

Percent Recovery, LCS 2 87% 100% 91% 91% 90% 98% 

LCS 3 SBLCS-r3 9/2/2005 4.25 5.07 5.08 5.04 4.43 5.14 

LCSBLANK 3 SB Blank-r3 9/2/2005 0.0678 j 0.144 j 0.525 0.501 0.0135 j 0.514 j 
Spiking Level 5 5 5 5 5 5 

Percent Recovery, LCS 3 84% 99% 91% 91% 88% 93% 

MATRIX SPIKE RESULTS 
MS 1 2441-1MS 9/2/2005 4.16 5.00 4.63 4.74 4.44 4.92 
MSD 1 2441-1MSD 9/2/2005 4.32 5.00 4.73 4.77 4.41 5.18 

EAG-051-H site water 2441-1 R1 9/2/2005 0.0253 0.0910 j 0.314 0.337 0.0276 0.320 j 
Spiking Level 5 5 5 5 5 5 

Percent Recovery, MS 83% 98% 86% 88% 88% 92% 
Percent Recovery, MSD 86% 98% 88% 89% 88% 97% 

RPD 4% 0% 2% 1% 1% 5% 

MS 2 2441-20MS 9/2/2005 3.86 21.0 14.8 6.79 8.67 13.8 
MSD 2 2441-20MSD 9/2/2005 3.84 21.2 14.7 6.89 8.89 12.5 

Comp 5; Site O-BB Elutriate 2441-20 R1 9/2/2005 0.0710 16.4 10.2 2.59 4.37 7.48 
Spiking Level 5 5 5 5 5 5 

Percent Recovery, MS 76% 92% 92% 84% 86% 126% n 
Percent Recovery, MSD 75% 96% 90% 86% 90% 100% 

RPD 1% 4% 2% 2% 5% 23% 

MS 3 2441-24MS 9/2/2005 3.89 15.5 7.92 6.30 6.63 7.54 
MSD 3 2441-24MSD 9/2/2005 3.95 15.3 8.07 6.36 6.68 7.54 

Comp 8 F-K Elutriate 2441-24 R1 9/2/2005 0.0286 9.14 3.82 2.04 2.11 3.08 
Spiking Level 5 5 5 5 5 5 

Percent Recovery, MS 77% 127% n 82% 85% 90% 89% 
Percent Recovery, MSD 78% 123% 85% 86% 91% 89% 

RPD 2% 3% 4% 1% 1% 0% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager ICP-MS (Fe/Pd) Preconcentration QC Summary 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564	 Metals in Seawater 

(Units: ug/L) 
Analysis 

SPONSOR CODE Site Description MSL Code Date Cd Cr Cu Ni Pb Zn 
Method: 1638mod 1638mod 1638mod 1638mod 1638mod 1638mod 

CAS Code: 7440-43-9 7440-47-3 7440-50-8 7440-02-0 7439-92-1 7440-66-6 
Achieved MDL 0.006 0.04 0.05 0.06 0.004 0.2 

RLs (3.18 x MDL) 0.02 0.2 0.2 0.2 0.02 0.7 
NED RIM RL 1 1 0.6 1 1 1 

STANDARD REFERENCE MATERIAL RESULTS 
SRM 1 1640 Direct 9/2/2005 24.6 37.4 88.9 28.1 27.8 61.9 

certified/ref value 22.79 38.60 85.2 27.4 27.89 53.2 
range ± 1.6 ± 0.96 ± 1.20 ± 0.80 ± 0.14 ± 1.10 

Percent Difference, SRM 1 8% 3% 4% 3% 0% 16% 

SRM 2 CASS4-r1 9/2/2005 0.0237 0.155 j 0.683 0.434 0.0132 j 0.364 j 
SRM 3 CASS4-r2 9/2/2005 0.0239 0.156 j 0.682 0.419 0.0150 j 0.485 j 
SRM 4 CASS4-r3 9/2/2005 0.0323 0.119 j 0.676 0.387 0.0154 j 0.457 j 

certified/ref value 0.026 0.14 0.592 0.314 0.0098 0.381 j 
range ± 0.0 ± 0.03 ± 0.055 ± 0.03 ± 0.00 ± 0.06 

Percent Difference, SRM 2 9% 8% 15% 38% n 35% n 4% 
Percent Difference, SRM 3 8% 8% 15% 33% n 53% n 27% n 
Percent Difference, SRM 4 24% 17% 14% 23% 57% n 20% n 

SRM 2 CASS4-r1 9/2/2005 0.0226 b 0.152 b 0.591 b 0.380 b 0.00901 b 0.336 b 
SRM 3 CASS4-r2 9/2/2005 0.0228 b 0.153 b 0.590 b 0.365 b 0.0108 b 0.457 b 
SRM 4 CASS4-r3 9/2/2005 0.0312 b 0.116 b 0.584 b 0.333 b 0.0112 b 0.429 b 

certified/ref value 0.026 0.14 0.592 0.314 0.0098 0.381 
range ± 0.0 ± 0.03 ± 0.055 ± 0.03 ± 0.00 ± 0.06 

Percent Difference, SRM 2 13% 5% 0% 21% 8% 12% 
Percent Difference, SRM 3 12% 6% 0% 16% 10% 20% 
Percent Difference, SRM 4 20% 20% 1% 6% 14% 12% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager GFAA (Fe/Pd) Preconcentration QC Summary 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564	 Metals in Seawater 

(Units: ug/L) 

SPONSOR CODE Site Description MSL Code Analysis Date Ag 
Method: 200.9 

CAS Code: 7440-22-4 
Achieved MDL 0.005 

RLs (3.18 x MDL) 0.02 
NED RIM RL 0.5 

EAG-051-H site water 
EAG-051-H site water 
EAG-051-H site water 

EAG-056-H BBDS site water 
EAG-056-H BBDS site water 
EAG-056-H BBDS site water 

Comp 1; A,C,D,E Elutriate 
Comp 1; A,C,D,E Elutriate 
Comp 1; A,C,D,E Elutriate 

Comp 2; Site 1,2,3 Elutriate 
Comp 2; Site 1,2,3 Elutriate 
Comp 2; Site 1,2,3 Elutriate 

Comp 3; H,J Elutriate 
Comp 3; H,J Elutriate 
Comp 3; H,J Elutriate 

Comp 4; Site L,M,N Elutriate 
Comp 4; Site L,M,N Elutriate 
Comp 4; Site L,M,N Elutriate 

Comp 5; Site O-BB Elutriate 
Comp 5; Site O-BB Elutriate 
Comp 5; Site O-BB Elutriate 

Comp 6; CC-KK Elutriate 
Comp 6; CC-KK Elutriate 
Comp 6; CC-KK Elutriate 

Comp 7; FF-JJ Elutriate 
Comp 7; FF-JJ Elutriate 
Comp 7; FF-JJ Elutriate 

2441-1 R1 
2441-1 R2 
2441-1 R3 
MEAN 
RSD 

2441-5 R1 
2441-5 R2 
2441-5 R3 
MEAN 
RSD 

2441-16 R1 
2441-16 R2 
2441-16 R3 
MEAN 
RSD 

2441-17 R1 
2441-17 R2 
2441-17 R3 
MEAN 
RSD 

2441-18 R1 
2441-18 R2 
2441-18 R3 
MEAN 
RSD 

2441-19 R1 
2441-19 R2 
2441-19 R3 
MEAN 
RSD 

2441-20 R1 
2441-20 R2 
2441-20 R3 
MEAN 
RSD 

2441-21 R1 
2441-21 R2 
2441-21 R3 
MEAN 
RSD 

2441-22 R1 
2441-22 R1 
2441-22 R1 
MEAN 
RSD 

09/07/05 0.0108 j 
09/07/05 0.0146 j 
09/07/05 0.0106 j 

0.0120 
18% 

09/07/05 0.0124 j 
09/07/05 0.0129 j 
09/07/05 0.0127 j 

0.0127 
2% 

09/07/05 0.0112 j 
09/07/05 0.0168 j 
09/07/05 0.0181 j 

0.0153 
24% 

09/07/05 0.0316 
09/07/05 0.0350 
09/07/05 0.0277 

0.0314 
12% 

09/07/05 0.0249 
09/07/05 0.0246 
09/07/05 0.0216 

0.0237 
8% 

09/07/05 0.0195 j 
09/07/05 0.0196 j 
09/07/05 0.0246 

0.0212 
14% 

09/07/05 0.0658 
09/07/05 0.0520 
09/07/05 0.0564 

0.0581 
12% 

09/07/05 0.0351 
09/07/05 0.0341 
09/07/05 0.0370 

0.0354 
4% 

09/07/05 0.0503 
09/07/05 0.0526 
09/07/05 0.0432 

0.0487 
10% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager GFAA (Fe/Pd) Preconcentration QC Summary 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564	 Metals in Seawater 

(Units: ug/L) 

SPONSOR CODE Site Description MSL Code Analysis Date Ag 
Method: 200.9 

CAS Code: 7440-22-4 
Achieved MDL 0.005 

RLs (3.18 x MDL) 0.02 
NED RIM RL 0.5 

Comp 8 F-K 
Comp 8 F-K 
Comp 8 F-K 

Elutriate 
Elutriate 
Elutriate 

2441-24 R1 
2441-24 R2 
2441-24 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

0.0542 
0.0391 
0.0597 
0.0510 

RSD 21% 

Comp 1 A,C,D,E Blank 
Comp 1 A,C,D,E Blank 
Comp 1 A,C,D,E Blank 

Blank 
Blank 
Blank 

2441-25 R1 
2441-25 R2 
2441-25 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

0.00897 j 
0.00674 j 

0.0117 j 
0.00913 

RSD 27% 

Comp 2 1,2.3 
Comp 2 1,2.3 
Comp 2 1,2.3 

Blank 
Blank 
Blank 

2441-26 R1 
2441-26 R2 
2441-26 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

0.00700 j 
0.00666 j 
0.00969 j 
0.00778 

RSD 21% 

Comp 3 H,J 
Comp 3 H,J 
Comp 3 H,J 

Blank 
Blank 
Blank 

2441-27 R1 
2441-27 R2 
2441-27 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

0.00957 j 
0.005 U 

0.00645 j 
0.00701 

RSD NA 

Comp 4 L,M,N 
Comp 4 L,M,N 
Comp 4 L,M,N 

Blank 
Blank 
Blank 

2441-28 R1 
2441-28 R2 
2441-28 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

0.0105 j 
0.005 U 
0.005 U 

0.00683 
RSD NA 

Comp 5 O-BB 
Comp 5 O-BB 
Comp 5 O-BB 

Blank 
Blank 
Blank 

2441-29 R1 
2441-29 R2 
2441-29 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

0.00522 j 
0.0113 j 

0.00564 j 
0.00738 

RSD 46% n 

Comp 6 CC-KK 
Comp 6 CC-KK 
Comp 6 CC-KK 

Blank 
Blank 
Blank 

2441-30 R1 
2441-30 R2 
2441-30 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

0.005 U 
0.00660 j 
0.00933 j 
0.00698 

RSD NA 

Comp 7 FF-JJ 
Comp 7 FF-JJ 
Comp 7 FF-JJ 

Blank 
Blank 
Blank 

2441-31 R1 
2441-31 R2 
2441-31 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

0.00899 j 
0.005 U 

0.00885 j 
0.00761 

RSD NA 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager GFAA (Fe/Pd) Preconcentration QC Summary 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564 Metals in Seawater 

(Units: ug/L) 

SPONSOR CODE Site Description MSL Code Analysis Date Ag 
Method: 200.9 

CAS Code: 7440-22-4 
Achieved MDL 0.005 

RLs (3.18 x MDL) 0.02 
NED RIM RL 0.5 

Comp 8 Blank Blank 2441-32 R1 09/07/05 0.005 U 
Comp 8 Blank Blank 2441-32 R2 09/07/05 0.005 U 
Comp 8 Blank Blank 2441-32 R3 09/07/05 0.005 U 

MEAN 0.00500 
RSD NA 

METHOD BLANK 
MB 1 BLANK DI-2 09/07/05 0.00952 j 
MB 2 BLANK DI-3 09/07/05 0.00713 j 
MB 3 BLANK DI-4 09/07/05 0.005 U 

MEAN 0.00722 j 

LABORATORY CONTROL SAMPLE RESULTS 
LCS 1 SBLCS-r1 09/07/05 4.16 

LCSBLANK 1 SB Blank-r1 09/07/05 0.0116 j 
Spiking Level 5 
Percent Recovery, LCS 1 83% 

LCS 2 SBLCS-r2 09/07/05 3.70 

LCSBLANK 2 SB Blank-r2 09/07/05 0.00770 j 
Spiking Level 5 
Percent Recovery, LCS 2 74% N 

LCS 3 SBLCS-r3 09/07/05 3.72 

LCSBLANK 3 SB Blank-r3 09/07/05 0.00654 j 
Spiking Level 5 
Percent Recovery, LCS 3 74% N 

MATRIX SPIKE RESULTS 
MS 1 2441-1MS 09/07/05 3.94 
MSD 1 2441-1MSD 09/07/05 4.13 

EAG-051-H site water 2441-1 R1 09/07/05 0.0108 j 
Spiking Level 5 
Percent Recovery, MS 79% 
Percent Recovery, MSD 82% 
RPD 5% 

MS 2 2441-20MS 09/07/05 3.94 
MSD 2 2441-20MSD 09/07/05 3.64 

Comp 5; Site O-BB Elutriate 2441-20 R1 09/07/05 0.0658 
Spiking Level 5 
Percent Recovery, MS 78% 
Percent Recovery, MSD 71% N 
RPD 8% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager GFAA (Fe/Pd) Preconcentration QC Summary 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564	 Metals in Seawater 

(Units: ug/L) 

SPONSOR CODE Site Description	 MSL Code Analysis Date Ag 
Method: 200.9 

CAS Code: 7440-22-4 
Achieved MDL 0.005 

RLs (3.18 x MDL) 0.02 
NED RIM RL 0.5 

MS 3 2441-24MS 09/07/05 3.72 
MSD 3 2441-24MSD 09/07/05 3.86 

Comp 8 F-K Elutriate	 2441-24 R1 09/07/05 0.0542 
Spiking Level 5 
Percent Recovery, MS 73% N 
Percent Recovery, MSD 76% 
RPD 4% 

STANDARD REFERENCE MATERIAL RESULTS 
SRM 1 1640 (2X) 7.35 
SRM 2 1640 (2X) 7.10 
SRM 3 1640 6.87 

certified/ref value 7.62 
range ± 0.25 
Percent Difference, SRM 1 4% 
Percent Difference, SRM 2 7% 
Percent Difference, SRM 3 10% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 
1529 West Sequim Bay Road 
Sequim, Washington 98382 
(360) 681-4564 

FIAS QC SUMMARY 
NEW BEDFORD HARBOR 

OCEAN MONITORING 
Metals in Seawater 

(Units: ug/L) 
Elutriate 

SPONSOR CODE Site Description MSL Code Analysis Date 
Reanalysis date 

for Se As Se 
Method: 206.3mod 270.3mod 

CAS Code: 7440-38-2 7782-49-2 
Achieved MDL 0.03 0.07 

RLs (3.18 x MDL) 
NED RIM RL 

0.1 
1 

0.3 
1 

EAG-051-H 
EAG-051-H 
EAG-051-H 

site water 
site water 
site water 

2441-1 R1 
2441-1 R2 
2441-1 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

NA 
NA 
NA 

1.04 
1.03 
1.02 
1.03 

0.07 U 
0.07 U 
0.07 U 
NA 

RSD 1% 

EAG-056-H 
EAG-056-H 
EAG-056-H 

BBDS site water 
BBDS site water 
BBDS site water 

2441-5 R1 
2441-5 R2 
2441-5 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

NA 
NA 
NA 

1.05 
1.00 
1.08 
1.04 

0.07 U 
0.07 U 
0.07 U 
NA 

RSD 4% 

Comp 1; A,C,D,E 
Comp 1; A,C,D,E 
Comp 1; A,C,D,E 

Elutriate 
Elutriate 
Elutriate 

2441-16 R1 
2441-16 R2 
2441-16 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

09/12/05 
09/12/05 
09/12/05 

8.61 
8.46 
8.27 
8.45 

0.0894 j 
0.115 j 

0.0965 j 
0.100 

RSD 2% 13% 

Comp 2; Site 1,2,3 
Comp 2; Site 1,2,3 
Comp 2; Site 1,2,3 

Elutriate 
Elutriate 
Elutriate 

2441-17 R1 
2441-17 R2 
2441-17 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

09/12/05 
09/12/05 
09/12/05 

5.88 
5.85 
6.19 
5.97 

0.195 j 
0.196 j 
0.150 j 
0.180 

RSD 3% 15% 

Comp 3; H,J 
Comp 3; H,J 
Comp 3; H,J 

Elutriate 
Elutriate 
Elutriate 

2441-18 R1 
2441-18 R2 
2441-18 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

09/12/05 
09/12/05 
09/12/05 

7.58 
7.63 
7.83 
7.68 

0.109 j 
0.0934 j 

0.123 j 
0.109 

RSD 2% 14% 

Comp 4; Site L,M,N 
Comp 4; Site L,M,N 
Comp 4; Site L,M,N 

Elutriate 
Elutriate 
Elutriate 

2441-19 R1 
2441-19 R2 
2441-19 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

09/12/05 
09/12/05 
09/12/05 

8.16 
8.26 
8.18 
8.20 

0.183 j 
0.158 j 
0.144 j 
0.162 

RSD 1% 12% 

Comp 5; Site O-BB 
Comp 5; Site O-BB 
Comp 5; Site O-BB 

Elutriate 
Elutriate 
Elutriate 

2441-20 R1 
2441-20 R2 
2441-20 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

09/12/05 
09/12/05 
09/12/05 

15.3 
15.0 
14.0 
14.7 

0.201 j 
0.178 j 
0.233 j 
0.204 

RSD 4% 14% 

Comp 6; CC-KK 
Comp 6; CC-KK 
Comp 6; CC-KK 

Elutriate 
Elutriate 
Elutriate 

2441-21 R1 
2441-21 R2 
2441-21 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

09/12/05 
09/12/05 
09/12/05 

12.7 
12.3 
12.4 
12.4 

0.165 j 
0.203 j 
0.188 j 
0.185 

RSD 2% 10% 

Comp 7; FF-JJ 
Comp 7; FF-JJ 
Comp 7; FF-JJ 

Elutriate 
Elutriate 
Elutriate 

2441-22 R1 
2441-22 R1 
2441-22 R1 
MEAN 

09/07/05 
09/07/05 
09/07/05 

09/12/05 
09/12/05 
09/12/05 

12.1 
11.8 
11.9 
11.9 

0.187 j 
0.153 j 
0.193 j 
0.178 

RSD 1% 12% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 
1529 West Sequim Bay Road 
Sequim, Washington 98382 
(360) 681-4564 

FIAS QC SUMMARY 
NEW BEDFORD HARBOR 

OCEAN MONITORING 
Metals in Seawater 

(Units: ug/L) 
Elutriate 

SPONSOR CODE Site Description MSL Code Analysis Date 
Reanalysis date 

for Se As Se 
Method: 206.3mod 270.3mod 

CAS Code: 7440-38-2 7782-49-2 
Achieved MDL 0.03 0.07 

RLs (3.18 x MDL) 
NED RIM RL 

0.1 
1 

0.3 
1 

Comp 8 F-K 
Comp 8 F-K 
Comp 8 F-K 

Elutriate 
Elutriate 
Elutriate 

2441-24 R1 
2441-24 R2 
2441-24 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

09/12/05 
09/12/05 
09/12/05 

15.2 
15.3 
15.2 
15.2 

0.161 j 
0.197 j 
0.141 j 
0.166 

RSD 0% 17% 

Comp 1 A,C,D,E Blank 
Comp 1 A,C,D,E Blank 
Comp 1 A,C,D,E Blank 

Blank 
Blank 
Blank 

2441-25 R1 
2441-25 R2 
2441-25 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

NA 
NA 
NA 

1.15 
1.13 
1.14 
1.14 

0.07 U 
0.07 U 

0.130 j 
NA 

RSD 1% 

Comp 2 1,2.3 
Comp 2 1,2.3 
Comp 2 1,2.3 

Blank 
Blank 
Blank 

2441-26 R1 
2441-26 R2 
2441-26 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

NA 
NA 
NA 

1.09 
1.10 
1.13 
1.11 

0.07 U 
0.07 U 

0.0761 j 
NA 

RSD 2% 

Comp 3 H,J 
Comp 3 H,J 
Comp 3 H,J 

Blank 
Blank 
Blank 

2441-27 R1 
2441-27 R2 
2441-27 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

NA 
NA 
NA 

1.10 
1.13 
1.05 
1.09 

0.07 U 
0.07 U 
0.07 U 
NA 

RSD 4% 

Comp 4 L,M,N 
Comp 4 L,M,N 
Comp 4 L,M,N 

Blank 
Blank 
Blank 

2441-28 R1 
2441-28 R2 
2441-28 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

NA 
NA 
NA 

1.09 
1.03 
1.01 
1.04 

0.07 U 
0.07 U 

0.0927 j 
NA 

RSD 4% 

Comp 5 O-BB 
Comp 5 O-BB 
Comp 5 O-BB 

Blank 
Blank 
Blank 

2441-29 R1 
2441-29 R2 
2441-29 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

NA 
NA 
NA 

1.08 
1.01 
1.03 
1.04 

0.07 U 
0.07 U 
0.07 U 
NA 

RSD 3% 

Comp 6 CC-KK 
Comp 6 CC-KK 
Comp 6 CC-KK 

Blank 
Blank 
Blank 

2441-30 R1 
2441-30 R2 
2441-30 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

NA 
NA 
NA 

1.10 
1.07 
1.04 
1.07 

0.07 U 
0.07 U 
0.07 U 
NA 

RSD 3% 

Comp 7 FF-JJ 
Comp 7 FF-JJ 
Comp 7 FF-JJ 

Blank 
Blank 
Blank 

2441-31 R1 
2441-31 R2 
2441-31 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

NA 
NA 
NA 

1.08 
1.05 
1.07 
1.07 

0.07 U 
0.07 U 
0.07 U 
NA 

RSD 1% 

Comp 8 Blank 
Comp 8 Blank 
Comp 8 Blank 

Blank 
Blank 
Blank 

2441-32 R1 
2441-32 R2 
2441-32 R3 
MEAN 

09/07/05 
09/07/05 
09/07/05 

NA 
NA 
NA 

1.11 
1.11 
1.04 
1.09 

0.07 U 
0.0825 j 

0.07 U 
NA 

RSD 3% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager FIAS QC SUMMARY 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564 Metals in Seawater 

(Units: ug/L) 
Elutriate 

Reanalysis date 
SPONSOR CODE Site Description MSL Code Analysis Date for Se As Se 

Method: 206.3mod 270.3mod 
CAS Code: 7440-38-2 7782-49-2 

Achieved MDL 0.03 0.07 
RLs (3.18 x MDL) 0.1 0.3 

NED RIM RL 1 1 

METHOD BLANK 
MB 1 BLANK 1 09/07/05 NA 0.03 U 0.07 U 
MB 2 BLANK 2 09/07/05 NA 0.03 U 0.07 U 
MB 3 BLANK 3 09/07/05 NA 0.03 U 0.07 U 

MEAN	 0.03 U 0.07 U 

MB 4	 Elutriate Re-analysis BLANK 1 9/12/2005 NA 0.07 U 

LABORATORY CONTROL SAMPLE RESULTS 
LCS 1	 LCS R1 9/7/2005 NA 5.05 5.36 

MB 1	 BLANK 1 09/07/05 NA 0.03 U 0.07 U 
Spiking Level 5 5 
Percent Recovery, LCS 1	 101% 107% 

LCS 2	 LCS R2 09/07/05 NA 4.96 4.83 

MB 2	 BLANK 2 09/07/05 NA 0.03 U 0.07 U 
Spiking Level 5 5 
Percent Recovery, LCS 2	 99% 97% 

LCS 3	 LCS R3 09/07/05 NA 5.09 4.75 

MB 3	 BLANK 3 09/07/05 NA 0.03 U 0.07 U 
Spiking Level 5 5 
Percent Recovery, LCS 3	 102% 95% 

LCS 4	 LCS R1 9/12/2005 NA 4.94 

MB 4 Elutriate Re-analysis BLANK 1 9/12/2005 NA 0.07 U 
Spiking Level NA 5 
Percent Recovery, LCS 4 NA 99% 

MATRIX SPIKE RESULTS 
MS 1 2441-1MS 09/07/05 NA 5.92 4.86 
MSD 1 2441-1MSD 09/07/05 NA 6.11 4.96 

EAG-051-H site water	 2441-1 R1 09/07/05 NA 1.04 0.07 U 
Spiking Level 5 5 
Percent Recovery, MS 98% 97% 
Percent Recovery, MSD 101% 99% 
RPD 4% 2% 

MS 2 2441-20MS 09/07/05 09/12/05 19.5 4.75 
MSD 2 2441-20MSD 09/07/05 09/12/05 19.6 4.76 

Comp 5; Site O-BB Elutriate	 2441-20 R1 09/07/05 09/12/05 15.3 0.201 j 
Spiking Level 5 5 
Percent Recovery, MS 85% 91% 
Percent Recovery, MSD 87% 91% 
RPD 3% 0% 

Page 3 of 4 

Metals in Seawater Data Package Page 18 of 35



BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager FIAS QC SUMMARY 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564 Metals in Seawater 

(Units: ug/L) 
Elutriate 

Reanalysis date 
SPONSOR CODE Site Description MSL Code Analysis Date for Se As Se 

Method: 206.3mod 270.3mod 
CAS Code: 7440-38-2 7782-49-2 

Achieved MDL 0.03 0.07 
RLs (3.18 x MDL) 0.1 0.3 

NED RIM RL 1 1 

MS 3 2441-24MS 09/07/05 09/12/05 19.4 4.80 
MSD 3 2441-24MSD 09/07/05 09/12/05 20.2 4.87 

Comp 8 F-K Elutriate 2441-24 R1 09/07/05 09/12/05 15.2 0.161 j 
Spiking Level 5 5 
Percent Recovery, MS 84% 93% 
Percent Recovery, MSD 100% 94% 
RPD 17% 1% 

STANDARD REFERENCE MATERIAL RESULTS 
SRM 1 Cass-4 R1 09/07/05 NA 1.14 NA 
SRM 2 Cass-4 R2 09/07/05 NA 1.03 NA 
SRM 3 Cass-4 R3 09/07/05 NA 1.06 NA 

certified/ref value 1.11 NA 
range ± 0.16 NA 
Percent Difference, SRM 1 3% NA 
Percent Difference, SRM 2 7% NA 
Percent Difference, SRM 3 5% NA 

SRM 4 1640 9/7/2005 NA NA 24.5 
SRM 5 1640 R2 9/7/2005 NA NA 22.0 
SRM 6 1640 R3 9/7/2005 NA NA 22.1 

certified/ref value NA 21.96 
range NA ± 0.51 
Percent Difference, SRM 4 NA 12% 
Percent Difference, SRM 5 NA 0% 
Percent Difference, SRM 6 NA 0% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 
1529 West Sequim Bay Road 
Sequim, Washington 98382 
(360) 681-4564 

CVAF QC Summary 
NEW BEDFORD HARBOR 

OCEAN MONITORING 
Metals in Seawater 

(Units: ug/L) 

SPONSOR CODE Site Description MSL Code Analysis Date Hg 
Method: 1631E 

CAS Code: 7439-97-6 
Achieved MDL 0.0002 

RLs (3.18 x MDL) 
NED RIM RL 

0.0007 
0.4 

EAG-051-H 
EAG-051-H 
EAG-051-H 

site water 
site water 
site water 

2441-1 R1 
2441-1 R2 
2441-1 R3 
MEAN 

08/30/05 
08/30/05 
08/30/05 

0.000782 
0.000944 

0.00111 
0.000945 

RSD 17% 

EAG-056-H 
EAG-056-H 
EAG-056-H 

BBDS site water 
BBDS site water 
BBDS site water 

2441-5 R1 
2441-5 R2 
2441-5 R3 
MEAN 

08/30/05 
08/30/05 
08/30/05 

0.00175 
0.00166 
0.00160 
0.00167 

RSD 5% 

Comp 1; A,C,D,E 
Comp 1; A,C,D,E 
Comp 1; A,C,D,E 

Elutriate 
Elutriate 
Elutriate 

2441-16 R1 
2441-16 R2 
2441-16 R3 
MEAN 

08/30/05 
08/30/05 
08/30/05 

0.00453 
0.00452 
0.00432 
0.00446 

RSD 3% 

Comp 2; Site 1,2,3 
Comp 2; Site 1,2,3 
Comp 2; Site 1,2,3 

Elutriate 
Elutriate 
Elutriate 

2441-17 R1 
2441-17 R2 
2441-17 R3 
MEAN 

08/30/05 
08/30/05 
08/30/05 

0.01995 
0.01938 
0.01931 
0.01955 

RSD 2% 

Comp 3; H,J 
Comp 3; H,J 
Comp 3; H,J 

Elutriate 
Elutriate 
Elutriate 

2441-18 R1 
2441-18 R2 
2441-18 R3 
MEAN 

08/30/05 
08/30/05 
08/30/05 

0.00342 
0.00355 
0.00382 
0.00360 

RSD 6% 

Comp 4; Site L,M,N 
Comp 4; Site L,M,N 
Comp 4; Site L,M,N 

Elutriate 
Elutriate 
Elutriate 

2441-19 R1 
2441-19 R2 
2441-19 R3 
MEAN 

08/31/05 
08/31/05 
08/31/05 

0.0163 
0.0153 
0.0163 
0.0160 

RSD 4% 

Comp 5; Site O-BB 
Comp 5; Site O-BB 
Comp 5; Site O-BB 

Elutriate 
Elutriate 
Elutriate 

2441-20 R1 
2441-20 R2 
2441-20 R3 
MEAN 

08/31/05 
08/31/05 
08/31/05 

0.0146 
0.0144 
0.0145 
0.0145 

RSD 0% 

Comp 6; CC-KK 
Comp 6; CC-KK 
Comp 6; CC-KK 

Elutriate 
Elutriate 
Elutriate 

2441-21 R1 
2441-21 R2 
2441-21 R3 
MEAN 

08/31/05 
08/31/05 
08/31/05 

0.0190 
0.0190 
0.0193 
0.0191 

RSD 1% 

Comp 7; FF-JJ 
Comp 7; FF-JJ 
Comp 7; FF-JJ 

Elutriate 
Elutriate 
Elutriate 

2441-22 R1 
2441-22 R1 
2441-22 R1 
MEAN 

08/31/05 
08/31/05 
08/31/05 

0.0161 
0.0165 
0.0157 
0.0161 

RSD 2% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager 
1529 West Sequim Bay Road 
Sequim, Washington 98382 
(360) 681-4564 

CVAF QC Summary 
NEW BEDFORD HARBOR 

OCEAN MONITORING 
Metals in Seawater 

(Units: ug/L) 

SPONSOR CODE Site Description MSL Code Analysis Date Hg 
Method: 1631E 

CAS Code: 7439-97-6 
Achieved MDL 0.0002 

RLs (3.18 x MDL) 
NED RIM RL 

0.0007 
0.4 

Comp 8 F-K 
Comp 8 F-K 
Comp 8 F-K 

Elutriate 
Elutriate 
Elutriate 

2441-24 R1 
2441-24 R2 
2441-24 R3 
MEAN 

09/01/05 
09/01/05 
09/01/05 

0.00563 
0.00551 
0.00542 
0.00552 

RSD 2% 

Comp 1 A,C,D,E Blank 
Comp 1 A,C,D,E Blank 
Comp 1 A,C,D,E Blank 

Blank 
Blank 
Blank 

2441-25 R1 
2441-25 R2 
2441-25 R3 
MEAN 

08/31/05 
08/31/05 
08/31/05 

0.00171 
0.00171 
0.00197 
0.00179 

RSD 8% 

Comp 2 1,2.3 
Comp 2 1,2.3 
Comp 2 1,2.3 

Blank 
Blank 
Blank 

2441-26 R1 
2441-26 R2 
2441-26 R3 
MEAN 

09/01/05 
09/01/05 
09/01/05 

0.00115 
0.00100 

0.000963 
0.00104 

RSD 9% 

Comp 3 H,J 
Comp 3 H,J 
Comp 3 H,J 

Blank 
Blank 
Blank 

2441-27 R1 
2441-27 R2 
2441-27 R3 
MEAN 

09/01/05 
09/01/05 
09/01/05 

0.000913 
0.000993 
0.000781 
0.000895 

RSD 12% 

Comp 4 L,M,N 
Comp 4 L,M,N 
Comp 4 L,M,N 

Blank 
Blank 
Blank 

2441-28 R1 
2441-28 R2 
2441-28 R3 
MEAN 

09/01/05 
09/01/05 
09/01/05 

0.000659 j 
0.000687 j 
0.000606 j 
0.000650 

RSD 6% 

Comp 5 O-BB 
Comp 5 O-BB 
Comp 5 O-BB 

Blank 
Blank 
Blank 

2441-29 R1 
2441-29 R2 
2441-29 R3 
MEAN 

09/01/05 
09/01/05 
09/01/05 

0.000767 
0.000776 
0.000920 
0.000821 

RSD 10% 

Comp 6 CC-KK 
Comp 6 CC-KK 
Comp 6 CC-KK 

Blank 
Blank 
Blank 

2441-30 R1 
2441-30 R2 
2441-30 R3 
MEAN 

09/01/05 
09/01/05 
09/01/05 

0.000635 j 
0.000636 j 
0.000635 j 
0.000636 

RSD 0% 

Comp 7 FF-JJ 
Comp 7 FF-JJ 
Comp 7 FF-JJ 

Blank 
Blank 
Blank 

2441-31 R1 
2441-31 R2 
2441-31 R3 
MEAN 

09/01/05 
09/01/05 
09/01/05 

0.00116 
0.00113 
0.00139 
0.00123 

RSD 12% 
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BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager CVAF QC Summary 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564	 Metals in Seawater 

(Units: ug/L) 

SPONSOR CODE Site Description	 MSL Code Analysis Date Hg 
Method: 1631E 

CAS Code: 7439-97-6 
Achieved MDL 0.0002 

RLs (3.18 x MDL) 0.0007 
NED RIM RL 0.4 

Comp 8 Blank Blank 2441-32 R1 09/01/05 0.00110 
Comp 8 Blank Blank 2441-32 R2 09/01/05 0.000735 
Comp 8 Blank Blank 2441-32 R3 09/01/05 0.000763 

MEAN 0.000866 
RSD 23% 

METHOD BLANK 
MB 1 Method Blank 08/30/05 0.0002 U 
MB 2 Method Blank 08/30/05 0.0002 U 
MB 3 Method Blank 08/30/05 0.0002 U 

MEAN	 0.0002 U 

MB 4 Method Blank 08/31/05 0.0002 U 
MB 5 Method Blank 08/31/05 0.0002 U 
MB 6 Method Blank 08/31/05 0.000237 j 

MEAN	 0.000212 j 

MB 7 Method Blank 09/01/05 0.0002 U 
MB 8 Method Blank 09/01/05 0.0002 U 
MB 9 Method Blank 09/01/05 0.0002 U 

MEAN	 0.0002 U 

LABORATORY CONTROL SAMPLE RESULTS 
LCS 1 OPR082905run1 08/30/05 0.00586 
LCS 2 OPR082905run2 08/30/05 0.00560 

LCSBLANK 1	 BLANK082905 08/30/05 0.000542 j 
Spiking Level 0.00497 
Percent Recovery, LCS 1 107% 
Percent Recovery, LCS 2 102% 

LCS 3 OPR083005run1 08/31/05 0.00523 
LCS 4 OPR083005run2 08/31/05 0.00486 

LCSBLANK 2	 BLANK083005 08/31/05 0.000368 j 
Spiking Level 0.00497 
Percent Recovery, LCS 3 98% 
Percent Recovery, LCS 4 90% 

LCS 5 OPR083105run1 09/01/05 0.00541 
LCS 6 OPR083105run2 09/01/05 0.00548 

LCSBLANK 3	 BLANK083105 09/01/05 0.000440 j 
Spiking Level 0.00506 
Percent Recovery, LCS 5 98% 
Percent Recovery, LCS 6 100% 

Page 3 of 4 

Metals in Seawater Data Package Page 22 of 35



BATTELLE MARINE SCIENCES LABORATORIES 
Jill Brandenberger, Project Manager CVAF QC Summary 
1529 West Sequim Bay Road NEW BEDFORD HARBOR 
Sequim, Washington 98382 OCEAN MONITORING 
(360) 681-4564	 Metals in Seawater 

(Units: ug/L) 

SPONSOR CODE Site Description	 MSL Code Analysis Date Hg 
Method: 1631E 

CAS Code: 7439-97-6 
Achieved MDL 0.0002 

RLs (3.18 x MDL) 0.0007 
NED RIM RL 0.4 

MATRIX SPIKE RESULTS 
MS 1 2441-5MS 08/30/05 0.0126 
MSD 1 2441-5MSD 08/30/05 0.0126 
EAG-056-H BBDS site water	 2441-5 R1 08/30/05 0.00175 

Spiking Level, MS 0.0104 
Spiking Level, MSD 0.0103 
Percent Recovery, MS 104% 
Percent Recovery, MSD 105% 
RPD 1% 

MS 2 2441-20MS 08/31/05 0.0251 
MSD 2 2441-20MSD 08/31/05 0.0245 

Comp 5; Site O-BB Elutriate	 2441-20 R1 08/31/05 0.0146 
Spiking Level, MS 0.0104 
Spiking Level, MSD 0.0108 
Percent Recovery, MS 102% 
Percent Recovery, MSD 92% 
RPD 10% 

MS 3 2441-24MS 09/01/05 0.0156 
MSD 3 2441-24MSD 09/01/05 0.0158 

Comp 8 F-K Elutriate	 2441-24 R1 09/01/05 0.00563 
Spiking Level, MS 0.0100 
Spiking Level, MSD 0.0104 
Percent Recovery, MS 100% 
Percent Recovery, MSD 97% 
RPD 3% 

STANDARD REFERENCE MATERIAL RESULTS 
SRM 1 1641d082905 8/30/2005 1675 
SRM 2 1641d083005 8/31/2005 1619 
SRM 3 1641d083105 9/1/2005 1640 

certified/ref value 1590 
range ± 18 
Percent Difference, SRM 1 5% 
Percent Difference, SRM 2 2% 
Percent Difference, SRM 3 3% 
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Table II-5: Quality Control Summary for Analyses of Metals in Sediments, Tissue and Water Matrices 

Method Reference Numbers: Various Reference Numbers 

Quality Control (QC) 
Element 

Acceptance Criteria* Criteria Met? 
Yes/No 

List results outside criteria 
(Cross-reference results table 

in data report) 

Location of Results 
(Retained at Lab or 

in Data Package) 
Linear Range Determination for 
ICP 

Performed Quarterly YES Retained at Lab 

Initial Calibration for AA, Hg Performed Daily (Correlation 
Coefficient >0.995) 

YES Retained at Lab 

Calculation of Method Detection 
Limits (MDLs) 

For each matrix, analyzed once per 
12 month period (see Section 5.2 for 
MDL procedure) 

YES In Data Package 

Initial Calibration Verification/ 
Continuing Calibration Verification 

Hg: 80 to 120% recovery 
Other metals: 90 to 110% recovery 

YES/NO Analytical batches for Cu, Se, and Ag 
contained one or more CCVs that exceeded 
the criterion. The data are flagged with a "*". 
Impact is negligible they exceeded the 
criterion by no greater than 2%. 

Retained at Lab

Initial Calibration Blank/ 
Continuing Calibration Blank 

No target analytes > Instrument 
Detection Limit (IDL) 

YES Retained at Lab 

Standard Reference Materials Percent difference ≤25% for analytes 
certified >10* the MDL 

YES See QC narrative for discussion on 
reagent blank correction. 

In Data Package 

Method Blank No target analytes > RL YES In Data Package 

Sample Spike/ Sample Duplicate One set per group of field samples. 
Must contain all target analytes. 
Recovery Limits (75 to 125%; RPD 
< 20% or < 35%) 

YES/NO Two matrix spikes for Ag were 
outside the criterion. 

In Data Package 

Analytical Replicates Analyze one sample in duplicate for 
each group of field samples (RPD < 
30%) 

YES All samples were analyzed in 
triplicate. 

In Data Package 
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QA/QC NARRATIVE 

PROJECT: New Bedford Harbor Ocean Monitoring 
PARAMETER: Metals 
LABORATORY: Battelle Marine Sciences Laboratory, Sequim, Washington 
MATRIX: Seawater 

SAMPLE Battelle received seawater samples in three separate shipments:  08/02/05, 08/11/05, and 
CUSTODY AND 08/12/05.  All samples were received in good condition.  Samples were assigned a Battelle 
PROCESSING: Central File (CF) identification number (2441) and were entered into Battelle’s sample 

tracking system.   

The following lists information on sample receipt and processing activities: 
MSL Sample IDs: 2441*1, 5, 16-32  

(sample 2441*23 was an extra bottle  
for sample 2441*24) 

Sample Receipt Date: 08/02/05, 08/11/05, 08/12/05 

Cooler temp. on arrival 5.1, 2.1, 5.3°C 

Collection dates 07/29/05, 07/30/05, 08/09/05, 08/10/05, 08/11/05 

CVAF Analysis Date (Hg) 08/30/05, 08/31/05, 09/01/05 

FIAS Analysis Date (As, Se) 09/07/05 and Se Elutriates 09/12/05 

Fe/Pd Preconcentration Date: 
(Cd, Cr, Cu, Ni, Pb, Zn + Ag) 

08/31/05 

GFAA Analysis Date: (Ag) 09/07/05 

ICP-MS Fe/Pd analysis date 
(Cd, Cr, Cu, Ni, Pb, Zn) 

09/02/05 

QA/QC DATA QUALITY OBJECTIVES: 
MS/LCS 

Analyte 
Analytical 

Method 
Range of 
Recovery 

Cadmium ICP-MS 75-125% 
Chromium ICP-MS 75-125% 
Copper ICP-MS 75-125% 
Nickel ICP-MS 75-125% 
Lead ICP-MS 75-125% 
Zinc ICP-MS 75-125% 
Silver GFAA 75-125% 
Arsenic FIAS 75-125% 
Selenium FIAS 75-125% 
Mercury CVAF 75-125% 

SRM 
Percent 

Difference 

≤25% (1) 

≤25% (1) 

≤25% (1) 

≤25% (1) 

≤25% (1) 

≤25% (1) 

≤25% (1) 

≤25% (1) 

≤25% (1) 

≤25% (1) 

Replicate 
Precision 

≤30% (1) 

≤30% (1) 

≤30% (1) 

≤30% (1) 

≤30% (1) 

≤30% (1) 

≤30% (1) 

≤30% (1) 

≤30% (1) 

≤30% (1) 

RIM 
Reporting 

Limits 
(µg/L) 

1 
1 

0.6 
1 
1 
1 

0.5 
1 
1 

0.4 

Detection 
Limits 
(µg/L) 
0.006 
0.04 
0.05 
0.06 

0.004 
0.2 

0.005 
0.03 
0.07 

0.0002 

Reporting 
Limits 
(µg/L) 
0.02 
0.2 
0.2 
0.2 

0.02 
0.7 

0.02 
0.1 
0.3 

0.0007 
(1) Evaluated for analytes >10x the MDL 
(2) Reported from the Annual Seawater Method Detection Limit (MDL) Study as determined from seven 

replicates of seawater.   
(3) Reporting Limit (RL) determined as 3.18 * achieved MDL. 

New Bedford Harbor Ocean Monitoring - Seawater Page 1 of 4 

Metals in Seawater Data Package Page 25 of 35



    

 

 
 

 
  

 
 
 

  
 

  
  

   
    

   
    

  
  

 
         

 
  

  
 

  
 

 

   
    

        
 

 
  

   
 

 
  

 

 
   

  
 

  

   
   
    

  
             

  
      
   

QA/QC NARRATIVE 


METHODS: 


HOLDING TIMES: 

DETECTION LIMITS: 

Seawater samples were analyzed for ten metals: cadmium (Cd), chromium (Cr), 
copper (Cu), nickel (Ni), lead (Pb), zinc (Zn), silver (Ag), selenium (Se), and mercury 
(Hg).  Samples were submitted for analyses by four methods. 

All samples were analyzed for Hg by Cold Vapor Atomic Fluorescence (CVAF) in 
accordance with Battelle SOP MSL-I-013, Total Mercury in Aqueous Samples by 
CVAF, following EPA Method 1631 revision E.  

Samples were analyzed for As and Se using hydride generation flow injection atomic 
absorption spectroscopy (FIAS) according to Battelle SOP MSL-I-030 Determination 
of Metals in Aqueous and Digestate Samples by HGAA-FIAS.  This method was 
adopted from EPA Method 206.3 for As and 270.3 for Se.  A matrix interference for 
Se in the elutriate samples resulted in low matrix spike recoveries using our standard 
preparation method.  The preparation method was altered to convert all species of 
selenium to Se +4. Changes to the method included the addition of potassium 
persulfate and then heated for 30 minutes at 90°C prior to refluxing with HCl.  

All samples were preconcentrated for Cd, Cr, Cu, Ni, Pb, Zn, and Ag prior to analysis 
in accordance with Battelle SOP MSL-I-025, Methods of Sample Preconcentration: 
Iron (Fe) and Palladium (Pd)/APDC Coprecipitation and Borohydride Reductive 
Precipitation for Trace Metals Analysis in Water. 

Preconcentrated seawater samples were analyzed for Cd, Cr, Cu, Ni, Pb and Zn by 
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) in accordance with Battelle 
SOP MSL-I-022, Determination of Elements in Aqueous and Digestate Samples by 
ICP/MS.  The base methods for this procedure are EPA Method 1638 and EPA 
Method 1640. 

Preconcentrated seawater samples were analyzed for Ag by graphite furnace atomic 
absorption (GFAA) following Battelle SOP MSL-I-029, Determination of Metals in 
Aqueous and Digestate Samples by GFAA, based on EPA Method 200.9. 

Results are reported in units of µg/L for each sample.  The results are NOT 
REAGENT BLANK CORRECTED; however, it is recommended the data be reagent 
corrected due to the presence of trace quantities of the reported metals in the chelating 
agents used in the preconcentration step.  See Method Blank and SRM sections for 
more information.   

All samples were analyzed within the established holding times of 90 days for Hg and 
six months for all other metals.  

Analytical results were reported to laboratory achieved method detection limits (MDL) 
and achieved reporting limits (RL) defined as 3.18*MDL. Data were evaluated and 
flagged in accordance with the following criteria: 

U Not detected above laboratory achieved MDL; MDL reported 
j  Analyte detected is less than the achieved RL, but greater than MDL 
N QC value outside the accuracy or precision criteria goal (Spikes ±25%R; SRM 

≤25%PD; Replicates ±30%RPD) 
n QC value outside the accuracy or precision data quality objective, but meets 

contingency criteria. 
B   Analyte detected in the associated blank > RL. 
b  Average reagent blank subtracted from sample value. 
*   Bracketing CCVs recovered at 111%, see narrative. 
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QA/QC NARRATIVE 


CCVs: 	 Continuing calibration verification (CCV) samples were analyzed using the ICP-MS at 
a frequency of 1 per 10 samples.  All CCVs were within the QC criterion of 90-110% 
with the exception of Cu.  Twelve CCVs were analyzed in the analytical batch.  The 
final four CCVs of the analytical run recovered at 111% and one at 112%.  The 
analytical run was completed with the analysis of two linear range standards, which 
recovered at 104% and 93%.  QC samples analyzed with the batch were all within the 
QC criteria for Cu.  There was insufficient sample available for reanalysis of each 
sample in triplicate.  The data may be considered biased high by up to 2%; however, 
the supporting QC samples indicate there was no impact to the quality of the data.  

CCV samples were analyzed for Se using the FIAS.  Eleven CCV samples were 
analyzed in the analytical run.  CCV number seven recovered at 88% and was outside 
the QC criterion; however, the following CCV recovered at 102%.  Data were not 
impacted. 

CCV samples were analyzed for Ag in two analytical batches using the GFAA. In the 
T090705A analytical batch seven CCV samples were analyzed.  The final CCV 
recovered at 88%.  All other CCV samples were within the QC criterion.  The data 
may be considered biased low.  The samples potentially impacted by the low CCV 
were both seawater blanks.  The other seawater blank samples analyzed with 
acceptable QC samples were all less than the RL.  The potentially impacted samples 
were also less than the RL.  The data are not considered impacted.   

METHOD BLANKS: 	 A minimum of one method blank per 20 samples was analyzed with this batch of 
samples.  Average method blank concentrations were less than the RL for all metals.  
Sample concentrations less than the MDL for Cd, Cr, Cu, Ni, Pb, and Zn were not 
replaced by the MDL value so the true average could be used for reagent blank 
correction for samples preconcentrated by Fe/Pd. 
Analytical note on the detected blanks in preconcentrated seawater.  The required 
preconcentration procedure for select metals in low level seawater samples includes 
the addition of chelating agents to induce precipitation of metals under specific 
conditions.  Subsequently, reagents added to the samples should be of the purest 
quality to result in zero addition of metals to the samples.  The current reagents 
available contain traces of the metals of interest; therefore the data should be reagent 
blank corrected. 

LABORATORY 
CONTROL 
SAMPLES: 

A minimum of one LCS samples per 20 field samples was prepared and analyzed with 
this batch of samples.  Percent recoveries for the LCS samples ranged from 83% to 
107% and were within the QC acceptance criterion of 75% to 125% for all metals 
except two replicates for Ag (74% and 74%).  Acceptable accuracy was demonstrated 
on the MS/MSD samples and the SRMs.   

MATRIX SPIKE 
ACCURACY: 

Matrix spike/matrix spike duplicate (MS/MSD) samples were analyzed at a frequency 
of 1 per 20 samples.  Percent recoveries for MS/MSD pairs ranged from 75% to 123% 
and were within the QC limits of 75% to 125% for all metals except two spikes for Ag 
(71%, 73%). One spike for Cr (127%) and one spike for Zn (126%) meet the 
contingency criterion of spiking level less than one times the sample concentration. 

REPLICATE 
PRECISION: 

Laboratory precision was evaluated using both laboratory triplicates and replicate 
spiked samples (MS/MSD).  Precision for the laboratory triplicates was expressed as 
the relative standard deviation (RSD) of replicate results.  The RSD values ranged 
from 0% to 27% and were within the QC acceptance criterion of ≤30% for all metals 
greater than the RL.  Precision between the matrix spike pairs was reported as the RPD 
between the pair of matrix spike recoveries.  RPD values ranged from 0% to 23% and 
were within the QC acceptance criterion of ≤25% for all metals.  
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QA/QC NARRATIVE 


STANDARD 
REFERENCE 
MATERIAL 
ACCURACY: 

Three replicates of the certified reference material 1641d demonstrated analytical 
accuracy for Hg, and were expressed as the percent difference (PD) between the 
measured and certified value. The percent differences were 5%, 2%, and 3% and were 
within the QC acceptance criterion of ≤25%. 

Three replicates of the certified reference material 1640 demonstrated analytical 
accuracy for each batch of samples analyzed for Cd, Cr, Cu, Ni, Pb, Zn, Ag, and Se.  
Percent differences ranged from 0% to 16% and were within the acceptance criterion.   

The SRM CASS-4 is a low-level seawater reference material.  Currently, there is no 
seawater SRM certified at a practical quantification level for all analytes of interest.  
The required preconcentration procedure for low-level seawater samples includes the 
addition of chelating agents to induce precipitation of select metals under specific 
conditions.  Subsequently, reagents added to the samples should be of the purest 
quality to result in zero addition of metals to the samples.  The current reagents 
available contain traces of Cd, Cr, Cu, Ni, Pb, and Zn; therefore, the percent 
differences for CASS-4 are reported as reagent blank corrected for these metals.  In 
addition, CASS-4 is certified less than MDL for Zn and less than 10 times the MDL 
for Cd, Cr, Ni, and Pb.  All reagent corrected replicates for CASS-4 were within the 
QC Criterion. 
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Battelle Marine Science Laboratory 
Method Detection Limit Study Summary 

Date: 9/15/2005 

MATRIX: Sequim Bay Seawater 

Ag As Cd Cr Cu Hg Ni Pb Se Zn 

Instrument: 
CAS Code: 

GFAA 
7440-22-4 

FIAS 
7440-38-2 

ICP-MS 
7440-43-9 

ICP-MS 
7440-47-3 

ICP-MS 
7440-50-8 

CVAF 
7439-97-6 

ICP-MS 
7440-02-0 

ICP-MS 
7439-92-1 

FIAS 
7782-49-2 

ICP-MS 
7440-66-6 

MDL 1 
MDL 2 
MDL 3 
MDL 4 
MDL 5 
MDL 6 
MDL 7 

0.0108 
0.0146 
0.0106 
0.0124 
0.0129 
0.0127 
0.0112 

0.495 
0.501 
0.483 
0.485 
0.475 
0.482 
0.479 

0.0596 
0.0553 
0.0583 
0.0554 
0.0583 
0.0576 
0.0557 

0.183 
0.172 
0.205 
0.190 
0.189 
0.197 
0.189 

0.362 
0.344 
0.387 
0.359 
0.360 
0.373 
0.366 

0.000660 
0.000775 
0.000749 
0.000818 
0.000701 
0.000708 
0.000696 

0.367 
0.344 
0.394 
0.350 
0.368 
0.360 
0.380 

0.013 
0.014 
0.015 
0.014 
0.012 
0.013 
0.012 

0.475 
0.459 
0.466 
0.467 
0.430 
0.426 
0.470 

0.900 
0.791 
0.778 
0.794 
0.737 
0.826 
0.837 

MEAN 
STDEV 
MDL 

0.0122 
0.00140 

0.0044 

0.4858 
0.00925 

0.0290 

0.0572 
0.00170 
0.00535 

0.189 
0.0104 
0.0326 

0.364 
0.0133 

0.042 

0.000729 
0.000054 
0.000169 

0.366 
0.0171 
0.0538 

0.0132 
0.0011 
0.0034 

0.456 
0.0199 
0.0624 

0.809 
0.0517 

0.162 
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()Battelle 
... Putting Technology To Work Chain of Custody 

&;YaLf/l2-~lblMZ;:~~ /ArJJ 
SAMPLERS: Signature 

~~ 
DATE TIME I BATTELLE ID I CLIENT ID 

7i?<i/o51 Ib )5" I &16-o'OJ --FF.:12"'7'4/ ... I 
II I I f) <gOO I rJ)&-09-- H • I I 2. 
I \ I j\,L/LO I 6D<r-C@,-!+, I I ~ 
hilL le~~-~-H" I I ..y 

7<~D,Il,1}I ~IJ jD 1[A-6-~ast~I--',I'Z."'t'4/" .~ 

R"TF 10 / 

ANALYSIS REQUESTED ---t 
"NUMBER OF CONTAINERS" 

SAMPLE DESCRIPTION 

(1¥-) R 1-') (/5 c5rJ(J ~ ) L-- Gar 
If) ~h~a.-\P :hI(Ant' =rl"c ~rfl h j L c...r-
~i)r\~H hlar:r.-' 1L.- ('orer I P 

; l l \ \. (Jl,.lfVJ f) I r 

WRRDS ~I-re.. .lA')o..,.Te,./" I L ":'r"-.J"" 

Received by: 
Daterrime 

1-)-'745l ~ 
Relmquished by: V Daterrime 

Received by: 

... 
§ ... 

al I:x: Po 
:x: ~ 

<'-l 
C) !=:~ ...: 0 ~ c.. ;> Po Po ~ 

~ 
~ 

(JM,U~ 3/I/b) (3:6/) ~~ 
~Rls~.5 GlV\d ~t3b5 dX.e. -It:, be.. o.y)o.-lti~d 

~--fovVYJ.UI dY\ ~ <!tuAL IJ~./rV\f)lJJJ\J_ 
r 

--= • 
W\ ·trL~. ~ J...(~ ~ "'-l So 

... 
~ 

~ ~ 

~ 
~ 

i5 ~ 

::E 0 

1~ 
~ ::::::::> 

....- :;:::::::::::-

.-'" 

0 
~ 

~ 
15 
U 
~ 

<..~ 
'~1> 

0 .. 
" ~ .0 ~ 

;> e " 
~ = ..... 5 
~ ZooS 
<'-l - C ;:a ~ 8 
Po 

f 
7 

t 
I 
1 

Daterrime 

~ {I/ D)I Dlo~~ 
Daterrime 

CJ~/o ~- I /33.-(} 

~~ 
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SAMPLE CUSTODY RECORD 
(SOP# MSL-A-Q01 & M~M :::J~ 

P,oJect Name ~_~ ~" ~ 
Project Manager: 0\) 

Phone Number: 

Shipment Method: 
--------------------~--------~ Preservation: __ -JIlDo~~~ _____________________ ~ 

Collection 
Line Field Sample 10 OatelTime Matrix 

1 t?otn. \ ~ i+C. Die. eic;/oS- tJ.. \A t--JA. 
2 V7~'.. i; .s~~JL~3 ts{'i{Gr ~ 
3~~~3' l41~- 1 ti~'o~: ~ 
4 t"h~~ 1I:' ~'k L.ftt litl~t~ld''S' , ~G(hA. 

5 ~"~.")'t'b 0: 8'el t.:Iie:l~r- ~n"l'f;'IA 

6 ~-~{IJ ~ cc.-KKI ~/tO/D'S'" Ll 'lib £ A 

7 rh"M; i~ otfF-3S'1 BflO(~S lU~ 
8 r:b",,'o (, s.L 'f-\C I ~lio/(l~ 
9 

, 
10 

11 

12 

13 

14 

15 

Relinquished By: 

M\.Q)~ 4g~ 
Company: 

Signature/Printed Name 

Relinquished By: Company: 

Signature/Printed Name Datemme 

~ 
II) 
c 
CIS -C 
o 
o 
'0 
o z 

\ 
( 

~. 

2. 
J 
I 

Date: sIlo lo~ 

-< Test Parameters 

a. 
~ '3 

1 ~ 

Received By: 

Signature/Printed Name 

()Battelle 
. . . Putting Technology To Work 

Pacific Northwest Division 
Marine Sciences Laboratory 
1529 West Sequim Bay Road 
Sequim, Washington 98382 

Laboratory 10 Observations/Comments 

l2'1'41..- It.. p(l£fr ~ te.., 
17 ek.t+t'icd-r 
Lt5 e 1~+r .. Cct<... 
1'7 ~l u...(.n--CL tL 

, 
2 C> fJ.- e i:L e. Ll( -trt Ctt( 

71 e It.{+''';cd( 
22... el '1.~ '-ct.--tc 

~(~-h-.cdC (~~ spwple) 2if.ef /... 2.. ~ 

company:-L':~~~=-~~ __________ -, 

'JILrHCG 

Company: 
--------------~ 

Datemme 

Rev.020102COC Distribution: White - Laboratory, Project Files Yellow - Laboratory, Client Pink· Sampler Page ~ of --1-
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SAMPLE CUSTODY RECORD 
(SOP# MSL-A-001 & MSL-A-002) 

-- hi 
Project Manager: 

Phone Number: 

Shipment Method: f~D~){ 
Preservation: JJO£JI£--:V~ 

Collection 
Line Field Sample 10 OatelTime 

1 t!iJU,J g- r-I<. 'SIJO J O,s-
2 (l/J uP / Il1) £ ~~ ?/JJJu;-
3 (!L)11 fJ dJ I. d. 3 i1 flll J ()~( 
4 1'1)l--t P.2J 1/. :r I( 

{ 

~ 

5 (l1JHI4 L H .J 1.t 
""" 

6 IYJ~;J .6 o-6.fJ ~ 1.'\ 
7 MIl(,o ~ U-It/<. "'- \It 

8 &JHfJ ?- ff-.:r.:f 11. ~ 

9 'Gin 0 ~ 8 to...tJ Ie. 
10 

11 

12 

13 

14 

15 
- ---

Company: 

P K1Wlt;&-

Relinquished By: Company: 

Signature/Printed Name 

Date: « /t//O~ ()Banelle 
... Putting Technology To Work 

Test Parameters Marine Sciences Laboratory 
1529 West Sequim Bay Road 

I!! Sequim, Washington 98382 Q) 

c 
III .... 
c 
0 
() .... 
0 

ci 
Matrix z Laboratory 10 Observations/Comments 

tulf~ P- 1?4L'! I .po 2'1 do £ t Et"'l~jClte... 
It J 25" 

( 

/?;.Ia.n K 
'1.. / 2~ (31~1C 

k I 27 ~a ... F; 
~ I 2.9 ,;Ic.. ... ~ 
"1.. I 2,) ~1Cc."K 
IlL J 3D ~14"l~ 

11.. 1 
, 

31 P.,1et.-"'\. ~ 
rz1'-i1 <I- 32 1'> Ic..", K 

company:-L'~'~_~e>~ ____________ ~ 

Received By: Company: -----------1 

DatefTime Signature/Printed Name DatefTime 

Rev.020102COC Distribution: White - Laboratory, Project Files Yellow - Laboratory, Client Pink· Sampler Page of 

I 
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LOG-IN CHECKLIST Reference SOP# MSL-A-001 , 

Central File #: 2 f~ / Sample No(s): /- I ~ Project Manager: PA (JJ.-1 ctf<l hl.-t?- ') '"CL-

,:tq:,~.E ~qMPkJttEi?J}K;p~~~g,gMANAiJ,~R,(pri~r.!(;I1;~frJg9.I;Wh~h,;M:s~i~.I~ri;'!' 1.,:C .'.",{., , ..... . ..... ' .. '; 
Matrix: WP# --------

Yes No 

C] [=:J NaVYT'type Project (requires high-level sample tracking procedures) 

C] [=:J Filtel'Samples: r;4}1i&ii17';" ·cT!"!'EpiHr~':~~iT{pJe.. ....... ·."~~j~,t8t~q'i\pH~\;· .• '1 

C] [=:J Freeze dry sample(s) - samples will be weighed and placed in ultralow temp freezer (Lab# 130) 

[=:J C] Speciallnstructions: 

Sample Preservation Instructions: 

Date To Archive: Date To Dispose: 

TO BE COMPLETED UPON SAMPLE ARRIVAL/LOG-IN 

Yes No N/A 

CJ)x1tJ Cl 
CJCJVll 

Indicate in Appropriate Box 

Was a custody seal present? 

Was the custody seal intact? 

'1lJCJCJ Was cooler(s) temperature(s) within acceptable range of 4±2DC? s: / DC ___ ~~L-__________ __ 

(if multiple coolers, note temp. of each) DC 

CJCJRtJ Was Project Manager notified of any custody/login discrepancies (cooler temp, sponsor codes, etc)? 

Comment/Remedy: 

~ ~ Cl _Were all chain of custody forms Signed and dated? 

Cl m Cl Were samples filtered at MSL? 

Sample condition(s): 

Container type: 

Notes: 
----~~--~~~-------------------------------------------------

Complete Date/Time<?g £OS 133-D 

SAMPLE PRESERVATION 

Sample(s) were preserved at MSL 

Sample(s) were preserved prior to arrival at MSL (noted on CoC / Sample / per PM Instruction) 

Random pH checked for ~10'YD of samples (use dip paper) Sample IDs: ________________ _ 

Complete pH check required for project (use pH meter and record on pH Record form) 

If preserv~tion necessary, record Acid lot# 

Type: [g[ 0.2%HN03 Notes: L~ (~O~ ~<:::J /-::;-

c=J 0.5% HCI (Hg samples) Notes: 

~ 
Refrigerate/Freeze Notes: ~-/S ,dU~~ ~ 

CI~ OL/fr.r 13Si> 

Other Notes: 

Completed By: ;L tL9~ Date/Time: ~{:LfCJ~ /If: ~ '2 S 
I . , 

Revsed 031303 
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LOG-IN CHECKLIST Reference SOP# MSL-A-001 

Central File #: '1Lf I Sample No(s): l~ ~ 23 

Matrix: . S(4.c...c.J4.K.r WP# W151'-12 
Yes No o ~Navy;'type Project (requires high-level sample tracking procedures) 

LJ ~ Fi Iter .,Samples: 1';f/jJp~(Jli:,.,~···· •.. ··· ... · .• · :.····~ritll:ie"s4ij\'Ri~L:'::;;S~,::;g;~,~;;,}(8~1~~~f;s~mp.l¢i,:; ~'·::: .. :rI 
1=1 ~ Free~¢ dry sample(s) - samples will be weighed and placed in ultralow temp freezer (Lab# 130) 

0' [=:J Special instructions: _-"ch~~-'O<==---jF--'-#-_________________ --I 

Sample Preservation Instructions: U> :J.O 
Date To Archive: Date To Dispose: 

TO BE COMPLETED UPON SAMPLE ARRIVAL/LOG-IN 

Indicate in Appropriate Box 

Was a custody seal present? 

Was the custody seal intact? 

Was cooler(s) temperature(s) within acceptable range of 4±2°C? 2 . J °C 
--~~~--------

(if multiple coolers, note temp. of each) °C 

Was Project Manager notified of any custody/login discrepancies (cooler temp, sponsor codes, etc)? 

Comment /Remedy: 

_Were all chain of custody forms Signed and dated? 

Were samples filtered at MSL? 

Sample condition(s): c-=~~~~/ 
Container type: f.34JZn).'p~IY .' Gldss $pex ...• 

i, ' 

Notes: ---------------------------------------

Date/Time: 6'~ los-
SAMPLE PRESERV AiION 

~ S,,"ple(s) weee p ... ,erved at MSL 

L-J Sample(s) were preserved prior to arrival at MSL (noted on CoC / Sample / per PM Instruction) 

~ Random pH checked for ~10% of samples (use dip paper) Sample IDs: aM (.)Jel"'e /..10A.!-e. W~re CAe I d/. :r;~' cJ 
~ ~~~~~I~~~~~~ 

[=:J Complete pH check required for project (use pH meter and record on pH Record form) 

If p~ttn necessary. record Acid Lot# 
Type. 0.2% HN03 

[:=J 0.5~o HCI (Hg samples) 

Notes: /0 f..lt 1203:J3t:) 
Notes: 

Refrigerate/Freeze Notes: 

Notes: 

Date/Time:t7f?: j~ /3A7J 

Revsed 031303 K-F-f) 
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LOG-IN CHECKLIST Reference SOP# MSL-A-001 

Central File#: 2...,41 Sample No(s): 2 L./ -.3 2 

Matrix: . o~c.c.wGt..I<,.y WP# bJ q ~ g=Q 
Yes No o : 0(:,,>,'\YP' '''j.d (,,,,,,;,.., h;,h-I".I ''''''pl. "ock;" p,oced""'J 

CJ Fi Iter Samples: 1'.;1m~~(i1:(,; .,;.i ... . ;;tE6r:l~~~gijJ~i~;·,...."·.,, :. Half:iif s6r1}RJ~,,;: +'~.,J o BFree1i dry sample(s) - samples will be weighed and placed in ultralow temp freezer (Lab# 130) 

go Special Instructions: _"""",,:..=~-=c..:.;..I~:...-j~I-\--'--_________________ -I 

Sample Preservation Instructions: 

Date To Archive: Date To Dispose: 

TO BE COMPLETED UPON SAMPLE ARRIVAL/LOG-IN 

Yes No N/A 

D~D 
CJCJjWlJ 

Indicate in Appropriate Box 

Was a custody seal present? 

Was the custody seal intact? 

~CJCJ Was cooler(s) temperature(s) within acceptable range of 4±2°_C_? __ --=5"::-..!o;::.3o£.. _____ o_C 

(if multiple coolers, note tempo of each) °c 

CJCJ11lJ Was Project Manager notified of any custody/login discrepancies (cooler temp, sponsor codes, etc)? 

Comment /Remedy: 1 ~: D _w". all <ha;' of ","ody fo'm' ,;"ed ""d dated? 

D Were samples filtered at MSL? 

Sample condition(s): r?ep~ ~ 
~-~--~~-~~~~---~~~~----T--~-~-~ 

Container type: I~ Poiy "Glass $pex" I 
Notes: 

------------------------------------------------------------~---

complete~~ 
SAMPLE PRESERVAiION 

Sample(s) were preserved at MSL CJ 
CJ 
CJ 
CJ 

Sample(s) were preserved prior to arrival at MSL (noted on CoC / Sample / per PM Instruction) 

Random pH checked for N10% of samples (use dip paper) Sample IDs: ------------
Complete pH check required for project (use pH meter and record on pH Record form) 

If presjrYf necessary, record Acid Lot# 
Type: Oo2~o HN03 Notes: 

CJ Oo5~o HCI (Hg samples) 

CJ Refrigerate/Freeze 

CJ Other 

Completed By: ~~~ ~ 

Revsed 031303 

Notes: 

Notes: 

Notes: 

Date/Time: ~"2.I{)r t~16 
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PAHs in Rinsate Blanks 
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PAH – Water QA/QC Summary
 

Batch 05-0283 


PROJECT: USACE/NAE – New Bedford Harbor 
PARAMETER: PAH 
LABORATORY: Battelle, Duxbury, MA 
MATRIX: Rinsate Blanks 
SAMPLE CUSTODY: Rinsate blanks were collected on 7/29/05 and 7/30/05 for the New Bedford Harbor 

Project. These waters were hand delivered to the Organic Chemistry Sample 
Custodian on 8/2/05.   The samples were logged into LIMS and received unique 
Battelle IDs. The samples were stored at 4° C in an access controlled walk-in 
refrigerator until sample preparation could begin. 

Detection 
Limits and 
Reporting 

Reference Method Surrogate LCS Limits 
Method Blank Recovery Recovery (ng/L) 

PAH General < 5 x ss 30-150% 50-120% MDL: 
NS&T MDL Recovery Recovery ~0.48 – 

20.83 

RL: 
~ 8.37 

METHOD: 	 Water samples were extracted for PAH following general NS&T methods.  
Approximately 1 liter of water was spiked with surrogates and extracted three times 
with dichloromethane using separatory funnel techniques.  The combined extract was 
dried over anhydrous sodium sulfate, concentrated and processed through alumina 
cleanup column. The extract was then fortified with RIS and split quantitatively for 
the required analyses.  Extracts were analyzed using gas chromatography/mass 
spectrometry (GC/MS), following general NS&T methods.  Sample data were 
quantified by the method of internal standards, using the Recovery Internal Standard 
(RIS) compounds.   

HOLDING	 Samples were prepared for analysis in one analytical batch and were extracted within 
TIMES: 	 6 days of sample collection and analyzed within 40 days of extraction. All holding 

times were met. 

Batch Extraction Date Analysis Date  
05-0283   8/4/05  8/16/05 – 8/17/05 
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PAH – Water QA/QC Summary
 

Batch 05-0283 


BLANK: One procedural blank (PB) sample was prepared with the analytical batch.  The 
procedural blank was analyzed to ensure the sample extraction and analysis methods 
were free of contamination. 

05-0283 – No exceedences noted. 

Comments – Most target analytes were not detected in the procedural blank at a 
concentration greater than the ss-MDL.  However, three compounds, fluoranthene, 
pyrene, and benzo(g,h,i)perylene were detected in the blank at concentrations less 
than the ss-RL.  This data was qualified with a “J”.  No further corrective action was 
taken. 

LABORATORY 
CONTROL 
SAMPLE: 

A laboratory control sample (LCS) was prepared with each analytical batch.   The 
percent recoveries of target PAH were calculated to measure data quality in terms of 
accuracy. 

05-0283 –All target analytes were recovered within the laboratory control limits 
specified by the client (50% - 120%).   

Comments – None. 

SURROGATES: Five surrogate compounds were added prior to extraction, including naphthalene-d8, 
acenaphthene-d10, phenanthrene-d10, benzo(b)fluoranthene-d12, and chrysene-d12.  
The recovery of each surrogate compound was calculated to measure data quality in 
terms of accuracy (extraction efficiency). 

05-0283 – All percent recoveries were within the laboratory control limits (30% - 
150%).  

Comments – None. 

CALIBRATIONS: The instrument is calibrated with a 5-level calibration.  Calibration checks are 
analyzed minimally every 12 hours.  Additionally an Instrument Calibration Check 
(ICC) sample is run after each initial calibration.  

05-0283 – No exceedences noted. 

Comments – None. 
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Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID EAG-052-G EAG-053-G EAG-054-G 
Description Grab Rinsate Blank Core Rinsate Blank Pump Rinsate Blank 
Battelle ID S8670-P S8671-P S8672-P 
Sample Type SA SA SA 
Collection Date 07/29/05 07/29/05 07/29/05 
Extraction Date 08/04/05 08/04/05 08/04/05 
Analysis Date 08/13/05 08/13/05 08/13/05 
Analytical Instrument MS MS MS 
% Moisture NA NA NA 
% Lipid NA NA NA 
Matrix WATER WATER WATER 
Sample Size 1.06 1.06 1.06 
Size Unit-Basis L_LIQUID L_LIQUID L_LIQUID 
Units NG/L_LIQUID NG/L_LIQUID NG/L_LIQUID 

Naphthalene 147.26 35.11 58.62 
Acenaphthylene 11.84 U 11.84 U 11.84 U 
Acenaphthene 11.84 U 11.84 U 11.84 U 
Fluorene 11.84 U 11.84 U 11.84 U 
Anthracene 11.84 U 11.84 U 11.84 U 
Phenanthrene 10.64 J 10.90 J 11.84 U 
Fluoranthene 1.51 J 11.84 U 11.84 U 
Pyrene 11.82 U 11.82 U 11.82 U 
Benzo(a)anthracene 11.84 U 11.84 U 11.84 U 
Chrysene 11.84 U 11.84 U 11.84 U 
Benzo(b)fluoranthene 11.84 U 11.84 U 11.84 U 
Benzo(k)fluoranthene 11.82 U 11.82 U 11.82 U 
Benzo(a)pyrene 11.84 U 11.84 U 11.84 U 
Indeno(1,2,3-cd)pyrene 11.84 U 11.84 U 11.84 U 
Dibenz(a,h)anthracene 11.84 U 11.84 U 11.84 U 
Benzo(g,h,i)perylene 11.84 U 11.84 U 11.84 U 

Surrogate Recoveries (%) 

Naphthalene-d8 89 90 89 
Acenaphthene-d10 91 88 88 
Phenanthrene-d10 100 97 98 
Benzo(b)fluoranthene-d12 110 133 109 
Benzo(a)pyrene-d12 74 99 74 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 Main: Rinsate Blank_ PAH_L05-0283MS-Master_157-Final.xls 



 

Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID Procedural Blank 

Battelle ID BG884PB-P 
Sample Type PB 
Collection Date 08/04/05 
Extraction Date 08/04/05 
Analysis Date 08/13/05 
Analytical Instrument MS 
% Moisture NA 
% Lipid NA 
Matrix LIQUID 
Sample Size 1.00 
Size Unit-Basis L_LIQUID 
Units NG/L_LIQUID 

Naphthalene 8.37 U 
Acenaphthylene 8.37 U 
Acenaphthene 8.37 U 
Fluorene 8.37 U 
Anthracene 8.37 U 
Phenanthrene 8.37 U 
Fluoranthene 1.24 J 
Pyrene 1.56 J 
Benzo(a)anthracene 8.37 U 
Chrysene 8.37 U 
Benzo(b)fluoranthene 8.37 U 
Benzo(k)fluoranthene 8.35 U 
Benzo(a)pyrene 8.37 U 
Indeno(1,2,3-cd)pyrene 8.37 U 
Dibenz(a,h)anthracene 8.37 U 
Benzo(g,h,i)perylene 2.64 J 

Surrogate Recoveries (%) 

Naphthalene-d8 76 
Acenaphthene-d10 71 
Phenanthrene-d10 78 
Benzo(b)fluoranthene-d12 92 
Benzo(a)pyrene-d12 62 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 PB: Rinsate Blank_ PAH_L05-0283MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Laboratory Control 
Client ID Sample 

Battelle ID BG885LCS-P 
Sample Type LCS 
Collection Date 08/04/05 
Extraction Date 08/04/05 
Analysis Date 08/13/05 
Analytical Instrument MS 
% Moisture NA 
% Lipid NA 
Matrix LIQUID 
Sample Size 1.00 
Size Unit-Basis L_LIQUID 
Units NG/L_LIQUID Target % Recovery Qualifier 

Naphthalene 743.62 1000.60 74 
Acenaphthylene 723.18 1000.65 72 
Acenaphthene 758.76 1000.75 76 
Fluorene 764.32 1000.70 76 
Anthracene 728.13 1000.65 73 
Phenanthrene 777.26 1000.65 78 
Fluoranthene 789.33 1000.50 79 
Pyrene 772.92 1000.50 77 
Benzo(a)anthracene 702.66 1000.60 70 
Chrysene 823.08 1000.75 82 
Benzo(b)fluoranthene 693.37 1000.75 69 
Benzo(k)fluoranthene 798.51 1000.65 80 
Benzo(a)pyrene 722.18 1000.65 72 
Indeno(1,2,3-cd)pyrene 742.47 1000.60 74 
Dibenz(a,h)anthracene 828.90 1000.55 83 
Benzo(g,h,i)perylene 767.66 1000.70 77 

Surrogate Recoveries (%) 

Naphthalene-d8 74 
Acenaphthene-d10 70 
Phenanthrene-d10 80 
Benzo(b)fluoranthene-d12 92 
Benzo(a)pyrene-d12 64 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 LCS: Rinsate Blank_ PAH_L05-0283MS-Master_157-Final.xls 



Table II-2: Quality Control Summary for Analyses of Polyaromatic Hydrocarbons (PAHs) and other base-neutrals Matrices 
in Sediment and Tissue 
Method Reference Number: 8270C Batch 05-0283 (Rinsate Blank) 

Quality Control (QC) 
Element 

Acceptance Criteria* Criteria Met? 

Yes/No 

List results outside criteria 

(Cross-reference results table 
in data report) 

Location of Results 

(Retained at Lab or 
in Data Package) 

Initial Calibration Must be performed prior to the analysis 
of any QC sample or field sample (<20 % 
RSD for each compound) 

Yes Retained at Lab 

Calculation of Method 
Detection Limits (MDLs) 

For each matrix, analyzed once per 12 
month period (see Section 5.2 for MDL 
procedure) 

Yes In Data Package 

Calibration Verification 
(Second Source) 

Once, after initial calibration (80 to 120% 
recovery of each compound) 

Yes Retained at Lab 

Continuing Calibration At the beginning of every 12 hour shift (+ 
15 % D) 

Yes Retained at Lab 

Standard Reference Materials Within the limits provided by vendor NA In Data Package 

Method Blank No target analytes > RL Yes In Data Package 

Matrix Spike/Matrix Spike 
Duplicate (MS/MSD) 

One set (MS/MSD) per group of field 
samples. Must contain all target analytes. 
(Recovery Limits 50 to 120%; RPD 
<30%)

NA In Data Package 

Analytical Replicates Analyze one sample in duplicate for each 
group of field samples (RPD < 30%) 

NA In Data Package 

Surrogate Recoveries Calculate % recovery (30 to 150% 
recovery) 

Yes In Data Package 

Internal Standard Areas Within 50 to 200% of internal standards 
in continuing calibration check 

Yes In Data Package 

* The Quality Control Acceptance Criteria are general guidelines. If alternate criteria are used, they must be documented in this table. 
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Appendix E-1 


PCB/Pesticides in Rinsate Blanks and Reference Site Waters 
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PCB/Pesticide – WATER QA/QC SUMMARY 

Batch 05-0283 


PROJECT:	 USACE/NAE New Bedford Harbor 
PARAMETER: 	 PCB/Pesticide 
LABORATORY: 	 Battelle, Duxbury, MA 
MATRIX: 	 Site Water and Rinsate Blanks 
SAMPLE CUSTODY: 	 Site water and rinsate blanks were collected between 7/29/05 and 7/30/05 for the New 

Bedford Harbor Project.  These waters were hand delivered to the Organic Chemistry 
Sample Custodian on 8/2/05.   The samples were logged into LIMS and received 
unique Battelle IDs.  The samples were stored at 4° C in an access controlled walk-in 
refrigerator until sample preparation could begin. 

Detection 
Sample Limits and 

Replicate Reporting 
Reference Method Surrogate LCS/MS Relative Limits 
Method Blank Recovery Recovery Precision (ng/L) 
General < 5 x ss- 30-150% PCB/ 
NS&T MDL Recovery Pesticide 

50-120% ≤30% RSD MDL: 
Recovery ~0.26 – 1.46 

(concentration 
of  MS must RL:(concentration 
be >5 xof  MS must 	 ~1.68 – 166.7 
background; be >5 x 
sample background) 
duplicate 
values must be 
> 10 x MDL) 

METHOD: 	 Water samples were extracted for PCB and pesticides following general NS&T 
methods.  Approximately 1 liter of water was spiked with surrogates and extracted 
three times with dichloromethane using separatory funnel techniques.  The 
combined extract was dried over anhydrous sodium sulfate, concentrated, processed 
through alumina cleanup column, concentrated, and further purified by GPC/HPLC.  
The post-HPLC extract (non-fractionated for rinsate blanks only) was concentrated, 
fortified with RIS and solvent exchanged into hexane.  Extracts were analyzed using 
gas chromatography/electron capture detection (GC/ECD), following general NS&T 
methods.  Sample data were quantified by the method of internal standards, using 
the Recovery Internal Standard (RIS) compounds.  Note: In addition to the PCB and 
pesticide that site water and QC samples were analyzed for, rinsate blank samples 
were analyzed for 4,4-DDD, 4,4-DDE, cis-nonachlor, trans-nonachlor, 
oxychlordane, hexachlorobenzene, and methoxychlor.  This extended pesticide list is 
the same target analyte list that the sediment samples were analyzed for. 

HOLDING Samples were prepared for analysis in one analytical batch and were extracted 
TIMES: within 6 days of sample collection and analyzed within 40 days of extraction. All 

holding times were met. 

Batch Extraction Date Analysis Date  
05-0283   8/4/05  8/16/05 – 8/17/05 
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PCB/Pesticide – WATER QA/QC SUMMARY 

Batch 05-0283 


BLANK:	 A procedural blank (PB) was prepared with the analytical batch.  Blanks were 
analyzed to ensure the sample extraction and analysis methods were free of 
contamination. 

05-0283 – No target analytes were detected in the blank 

Comments – None. 

LABORATORY A laboratory control sample (LCS) was prepared with the analytical batch.  The 
CONTROL percent recoveries of target PCB and pesticides were calculated to measure data 
SAMPLE: quality in terms of accuracy. 

05-0283 –All target analytes were recovered within the laboratory control limits 
specified by the client (50% - 120%).   

Comments – None. 

MATRIX SPIKE: 	 Both a matrix spike (MS) sample and matrix spike duplicate (MSD) sample were 
prepared with the analytical batch.   The percent recoveries of target analytes were 
calculated to measure data quality in terms of accuracy.   The RPD between the 
percent recoveries for Pesticide/PCB is calculated to measure data quality in terms 
of precision. 

05-0283 – All target analytes were recovered within the laboratory control limits 
specified by the client (50% - 120%).   All RPDs between percent recoveries were 
calculated to be less than 30%. 

Comments – None. 

REPLICATES: 	 Triplicate samples were prepared from both site water samples.  The RSD among 
triplicate analyses for PCB/pesticides is calculated to measure data quality in terms 
of precision. 

05-0283 – No exceedences noted. 

Comments – No target analytes were detected in the site water samples. 

SURROGATES: 	 Two surrogate compounds were added prior to extraction, including PCB 34 and 
PCB 152.  The recovery of each surrogate compound was calculated to measure data 
quality in terms of accuracy (extraction efficiency). 

05-0283 – All percent recoveries were within the laboratory control limits (30% - 
150%).  

Comments – None. 
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PCB/Pesticide – WATER QA/QC SUMMARY 

Batch 05-0283 


CALIBRATIONS:	 The instrument is calibrated with a 7-level calibration.  Calibration checks are 
analyzed minimally every 12 hours.  Additionally an Instrument Calibration Check 
(ICC) sample is run after each initial calibration.  Samples for this batch were run 
over two sequences.  Each sequence had its own initial and continuing calibration as 
well as its own ICC. 

05-0283 – No exceedences noted. 

Comments – None. 
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Client ID EAG-052-G EAG-053-G EAG-054-G 
Description GRAB RINSATE BLANK CORE RINSATE BLANK PUMP RINSATE BLANK 
Battelle ID S8670-P S8671-P S8672-P 
Sample Type SA SA SA 
Collection Date 07/29/05 07/29/05 07/29/05 
Extraction Date 08/04/05 08/04/05 08/04/05 
Analysis Date 08/17/05 08/17/05 08/17/05 
Analytical Instrument ECD ECD ECD 
% Moisture NA NA NA 
% Lipid NA NA NA 
Matrix WATER WATER WATER 
Sample Size 1.06 1.06 1.06 
Size Unit-Basis L_LIQUID L_LIQUID L_LIQUID 
Units NG/L_LIQUID NG/L_LIQUID NG/L_LIQUID 

4,4'-DDD 2.38 U 2.38 U 2.38 U 
4,4'-DDE 2.38 U 2.38 U 2.38 U 
4,4'-DDT 2.38 U 2.38 U 2.38 U 
aldrin 2.38 U 2.38 U 2.38 U 
a-chlordane 6.00 6.28 2.38 U 
g-chlordane 7.04 7.32 2.38 U 
Lindane 2.38 U 2.38 U 2.38 U 
cis-nonachlor 2.38 U 2.38 U 2.38 U 
trans-nonachlor 2.38 U 2.38 U 2.38 U 
Chlorpyrifos 4.79 U 4.79 U 4.79 U 
oxychlordane 2.38 U 2.38 U 2.38 U 
dieldrin 2.38 U 2.38 U 2.38 U 
endosulfan I 2.38 U 2.38 U 2.38 U 
endosulfan II 2.38 U 2.38 U 2.38 U 
endrin 2.38 U 2.38 U 2.38 U 
heptachlor 2.38 U 2.38 U 2.38 U 
heptachlor epoxide 2.38 U 2.38 U 2.38 U 
Hexachlorobenzene 2.38 U 2.38 U 2.38 U 
methoxychlor 2.38 U 2.38 U 2.38 U 
Toxaphene 235.85 U 235.85 U 235.85 U 
Cl2(8) 2.38 U 2.38 U 2.38 U 
Cl3(18) 2.38 U 2.38 U 2.38 U 
Cl3(28) 2.36 U 2.36 U 2.36 U 
Cl4(44) 2.36 U 2.36 U 2.36 U 
Cl4(49) 2.36 U 2.36 U 2.36 U 
Cl4(52) 2.38 U 2.38 U 2.38 U 
Cl4(66) 2.38 U 2.38 U 2.38 U 
Cl5(87) 2.36 U 2.36 U 2.36 U 
Cl5(101) 2.38 U 2.38 U 2.38 U 
Cl5(105) 2.36 U 2.36 U 2.36 U 
Cl5(118) 2.38 U 2.38 U 2.38 U 
Cl6(128) 2.38 U 2.38 U 2.38 U 
Cl6(138) 2.38 U 2.38 U 2.38 U 
Cl6(153) 2.38 U 2.38 U 2.38 U 
Cl7(170) 2.38 U 2.38 U 2.38 U 
Cl7(180) 2.38 U 2.38 U 2.38 U 
Cl7(183) 2.36 U 2.36 U 2.36 U 
Cl7(184) 2.38 U 2.38 U 2.38 U 
Cl7(187) 2.36 U 2.36 U 2.36 U 
Cl8(195) 2.38 U 2.38 U 2.38 U 
Cl9(206) 2.38 U 2.38 U 2.38 U 
Cl10(209) 2.36 U 2.36 U 2.36 U 

Surrogate Recoveries (%) 

Cl3(34) 108 101 101 
Cl6(152) 98 94 91 



Client ID EAG-051-G EAG-056-G 
Description RISDS BBDS 
Battelle ID S8669-P S8673-P 
Sample Type SA SA 
Collection Date 07/29/05 07/30/05 
Extraction Date 08/04/05 08/04/05 
Analysis Date 08/16/05 08/17/05 
Analytical Instrument ECD ECD 
% Moisture NA NA 
% Lipid NA NA 
Matrix WATER WATER 
Sample Size 1.00 1.00 
Size Unit-Basis L_LIQUID L_LIQUID 
Units NG/L_LIQUID NG/L_LIQUID 

4,4'-DDT 1.68 U 1.68 U 
aldrin 1.68 U 1.68 U 
a-chlordane 1.68 U 1.68 U 
g-chlordane 1.68 U 1.68 U 
Lindane 1.68 U 1.68 U 
Chlorpyrifos 3.38 U 3.38 U 
dieldrin 1.68 U 1.68 U 
endosulfan I 1.68 U 1.68 U 
endosulfan II 1.68 U 1.68 U 
endrin 1.68 U 1.68 U 
heptachlor 1.68 U 1.68 U 
heptachlor epoxide 1.68 U 1.68 U 
Toxaphene 166.70 U 166.70 U 
Cl2(8) 1.68 U 1.68 U 
Cl3(18) 1.68 U 1.68 U 
Cl3(28) 1.67 U 1.67 U 
Cl4(44) 1.67 U 1.67 U 
Cl4(49) 1.67 U 1.67 U 
Cl4(52) 1.68 U 1.68 U 
Cl4(66) 1.68 U 1.68 U 
Cl5(87) 1.67 U 1.67 U 
Cl5(101) 1.68 U 1.68 U 
Cl5(105) 1.67 U 1.67 U 
Cl5(118) 1.68 U 1.68 U 
Cl6(128) 1.68 U 1.68 U 
Cl6(138) 1.68 U 1.68 U 
Cl6(153) 1.68 U 1.68 U 
Cl7(170) 1.68 U 1.68 U 
Cl7(180) 1.68 U 1.68 U 
Cl7(183) 1.67 U 1.67 U 
Cl7(184) 1.68 U 1.68 U 
Cl7(187) 1.67 U 1.67 U 
Cl8(195) 1.68 U 1.68 U 
Cl9(206) 1.68 U 1.68 U 
Cl10(209) 1.67 U 1.67 U 

Surrogate Recoveries (%) 

Cl3(34) 84 93 
Cl6(152) 79 86 



 

Client ID Procedural Blank 

Battelle ID BG884PB-P 
Sample Type PB 
Collection Date 08/04/05 
Extraction Date 08/04/05 
Analysis Date 08/16/05 
Analytical Instrument ECD 
% Moisture NA 
% Lipid NA 
Matrix LIQUID 
Sample Size 1.00 
Size Unit-Basis L_LIQUID 
Units NG/L_LIQUID 

4,4'-DDT 1.68 U 
aldrin 1.68 U 
a-chlordane 1.68 U 
g-chlordane 1.68 U 
Lindane 1.68 U 
Chlorpyrifos 3.38 U 
dieldrin 1.68 U 
endosulfan I 1.68 U 
endosulfan II 1.68 U 
endrin 1.68 U 
heptachlor 1.68 U 
heptachlor epoxide 1.68 U 
Toxaphene 166.70 U 
Cl2(8) 1.68 U 
Cl3(18) 1.68 U 
Cl3(28) 1.67 U 
Cl4(44) 1.67 U 
Cl4(49) 1.67 U 
Cl4(52) 1.68 U 
Cl4(66) 1.68 U 
Cl5(87) 1.67 U 
Cl5(101) 1.68 U 
Cl5(105) 1.67 U 
Cl5(118) 1.68 U 
Cl6(128) 1.68 U 
Cl6(138) 1.68 U 
Cl6(153) 1.68 U 
Cl7(170) 1.68 U 
Cl7(180) 1.68 U 
Cl7(183) 1.67 U 
Cl7(184) 1.68 U 
Cl7(187) 1.67 U 
Cl8(195) 1.68 U 
Cl9(206) 1.68 U 
Cl10(209) 1.67 U 

Surrogate Recoveries (%) 

Cl3(34) 80 
Cl6(152) 76 



Client ID 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

Laboratory Control 
Sample 

BG885LCS-P 
LCS 

08/04/05 
08/04/05 
08/16/05 

ECD 
NA 
NA 

LIQUID 
1.00 

L_LIQUID 
NG/L_LIQUID Target % Recovery Qualifier 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

43.05 
35.86 
38.17 
38.34 
38.01 
38.35 
38.13 
35.47 
35.45 
37.84 
38.13 
40.33 

166.70 
32.06 
28.33 
29.48 
32.04 
30.84 
30.17 
36.95 
30.57 
33.81 
34.97 
32.93 
35.66 
33.60 
33.93 
35.61 
35.07 
31.16 
26.30 
29.95 
35.26 
31.78 
31.80 

U 

40.02 
40.01 
40.03 
40.06 
40.01 
40.10 
40.01 
40.03 
40.02 
40.01 
40.00 
40.01 

40.12 
40.12 
40.04 
40.08 
40.16 
40.00 
40.04 
40.00 
40.08 
40.04 
40.04 
40.24 
40.08 
40.04 
40.20 
40.16 
40.16 
40.16 
40.12 
40.12 
40.12 
40.04 

108 
90 
95 
96 
95 
96 
95 
89 
89 
95 
95 
101 

80 
71 
74 
80 
77 
75 
92 
76 
84 
87 
82 
89 
84 
85 
89 
87 
78 
65 
75 
88 
79 
79 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

83 
77 



Client ID 
Description 
Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

EAG-051-G 
RISDS 

S8669-P 
SA 

07/29/05 
08/04/05 
08/16/05 

ECD 
NA 
NA 

SITE WATER 
1.00 

L_LIQUID 
NG/L_LIQUID 

EAG-051-G 
RISDS 

S8669DUP-P 
QADU 

07/29/05 
08/04/05 
08/17/05 

ECD 
NA 
NA 

SITE WATER 
1.00 

L_LIQUID 
NG/L_LIQUID 

EAG-051-G 
RISDS 

S8669TRP-P 
QATP 

07/29/05 
08/04/05 
08/17/05 

ECD 
NA 
NA 

SITE WATER 
1.00 

L_LIQUID 
NG/L_LIQUID RSD Qualifier 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
3.38 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
1.68 U 
1.68 U 
1.67 U 
1.67 U 
1.67 U 
1.68 U 
1.68 U 
1.67 U 
1.68 U 
1.67 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.67 U 
1.68 U 
1.67 U 
1.68 U 
1.68 U 
1.67 U 

1.68 
1.68 
1.68 
1.68 
1.68 
3.38 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 

166.70 
1.68 
1.68 
1.67 
1.67 
1.67 
1.68 
1.68 
1.67 
1.68 
1.67 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 
1.67 
1.68 
1.67 
1.68 
1.68 
1.67 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

1.68 
1.68 
1.68 
1.68 
1.68 
3.38 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 

166.70 
1.68 
1.68 
1.67 
1.67 
1.67 
1.68 
1.68 
1.67 
1.68 
1.67 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 
1.67 
1.68 
1.67 
1.68 
1.68 
1.67 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

84 
79 

80 
83 

86 
78 



Client ID 
Description 
Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

EAG-056-G 
BBDS 

S8673-P 
SA 

07/30/05 
08/04/05 
08/17/05 

ECD 
NA 
NA 

SITE WATER 
1.00 

L_LIQUID 
NG/L_LIQUID 

EAG-056-G 
BBDS 

S8673DUP-P 
QADU 

07/30/05 
08/04/05 
08/17/05 

ECD 
NA 
NA 

SITE WATER 
1.00 

L_LIQUID 
NG/L_LIQUID 

EAG-056-G 
BBDS 

S8673TRP-P 
QATP 

07/30/05 
08/04/05 
08/17/05 

ECD 
NA 
NA 

SITE WATER 
1.00 

L_LIQUID 
NG/L_LIQUID RSD Qualifier 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

1.68 
1.68 
1.68 
1.68 
1.68 
3.38 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 

166.70 
1.68 
1.68 
1.67 
1.67 
1.67 
1.68 
1.68 
1.67 
1.68 
1.67 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 
1.67 
1.68 
1.67 
1.68 
1.68 
1.67 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

1.68 
1.68 
1.68 
1.68 
1.68 
3.38 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 

166.70 
1.68 
1.68 
1.67 
1.67 
1.67 
1.68 
1.68 
1.67 
1.68 
1.67 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 
1.67 
1.68 
1.67 
1.68 
1.68 
1.67 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

1.68 
1.68 
1.68 
1.68 
1.68 
3.38 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 

166.70 
1.68 
1.68 
1.67 
1.67 
1.67 
1.68 
1.68 
1.67 
1.68 
1.67 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 
1.67 
1.68 
1.67 
1.68 
1.68 
1.67 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

93 
86 

79 
75 

85 
81 



Client ID 
Description 
Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

EAG-056-G 
BBDS 

S8673-P 
SA 

07/30/05 
08/04/05 
08/17/05 

ECD 
NA 
NA 

WATER 
1.00 

L_LIQUID 
NG/L_LIQUID 

EAG-056-G 
BBDS 

S8673MS-P 
MS 

7/30/2005 
8/4/2005 

8/17/2005 
ECD 

NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID Target % Recovery Qualifier 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.06 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
1.68 U 
1.68 U 
1.67 U 
1.67 U 
1.67 U 
1.68 U 
1.68 U 
1.67 U 
1.68 U 
1.67 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.67 U 
1.68 U 
1.67 U 
1.68 U 
1.68 U 
1.67 U 

42.60 
37.67 
37.66 
37.57 
37.27 
35.15 
37.77 
35.99 
35.52 
37.09 
38.62 
39.66 

166.70 
29.93 
24.26 
29.45 
31.73 
31.17 
29.30 
35.33 
30.72 
32.52 
33.92 
32.12 
33.92 
33.16 
32.87 
34.13 
33.72 
30.58 
28.20 
29.12 
33.64 
30.38 
31.03 

U 

40.02 
40.01 
40.03 
40.06 
40.01 
40.10 
40.01 
40.03 
40.02 
40.01 
40.00 
40.01 

40.12 
40.12 
40.04 
40.08 
40.16 
40.00 
40.04 
40.00 
40.08 
40.04 
40.04 
40.24 
40.08 
40.04 
40.20 
40.16 
40.16 
40.16 
40.12 
40.12 
40.12 
40.04 

106 
94 
94 
94 
93 
88 
94 
90 
89 
93 
97 
99 

75 
60 
74 
79 
78 
73 
88 
77 
81 
85 
80 
84 
83 
82 
85 
84 
76 
70 
73 
84 
76 
77 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

93 
86 

84 
78 



Client ID 
Description 
Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

4,4'-DDT
 
aldrin
 
a-chlordane
 
g-chlordane
 
Lindane
 
Chlorpyrifos
 
dieldrin
 
endosulfan I
 
endosulfan II
 
endrin
 
heptachlor
 
heptachlor epoxide
 
Toxaphene
 
Cl2(8)
 
Cl3(18)
 
Cl3(28)
 
Cl4(44)
 
Cl4(49)
 
Cl4(52)
 
Cl4(66)
 
Cl5(87)
 
Cl5(101)
 
Cl5(105)
 
Cl5(118)
 
Cl6(128)
 
Cl6(138)
 
Cl6(153)
 
Cl7(170)
 
Cl7(180)
 
Cl7(183)
 
Cl7(184)
 
Cl7(187)
 
Cl8(195)
 
Cl9(206)
 
Cl10(209)
 

EAG-056-G 
BBDS 

S8673MSD-P 
MSD 

7/30/2005 
8/4/2005 

8/17/2005 
ECD 

NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID 

44.03 
38.83 
39.44 
38.81 
37.24 
37.59 
38.84 
38.03 
36.76 
38.38 
38.66 
40.90 

166.70 U 
23.01 
24.02 
31.29 
32.95 
32.51 
30.95 
38.37 
31.00 
33.80 
35.83 
34.05 
36.24 
34.37 
34.61 
36.15 
35.89 
32.45 
30.05 
30.70 
35.95 
32.39 
33.18 

Target % Recovery Qualifier RPD (%) Qualifier 

40.02 110 
40.01 97 
40.03 99 
40.06 97 
40.01 93 
40.10 94 
40.01 97 
40.03 95 
40.02 92 
40.01 96 
40.00 97 
40.01 102 

40.12 57 
40.12 60 
40.04 78 
40.08 82 
40.16 81 
40.00 77 
40.04 96 
40.00 78 
40.08 84 
40.04 89 
40.04 85 
40.24 90 
40.08 86 
40.04 86 
40.20 90 
40.16 89 
40.16 81 
40.16 75 
40.12 77 
40.12 90 
40.12 81 
40.04 83 

3.7 
3.1 
5.2 
3.1 
0.0 
0.1 
3.1 
5.4 
3.3 
3.2 
0.0 
3.0 

27.3 
0.0 
5.3 
3.7 
3.8 
5.3 
8.7 
1.3 
3.6 
4.6 
6.1 
6.9 
3.6 
4.8 
5.7 
5.8 
6.4 
6.9 
5.3 
6.9 
6.4 
7.5 

Surrogate Recoveries (%) 

Cl3(34) 86 
Cl6(152) 81 
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Appendix E-2 


PCB/Pesticides in Elutriates Waters 




 
 
 
 
 
 
 
 
 
 
 

 
 

[This page left intentionally blank] 



 

 

 
  

    
   

    

 
 
  

 
 

 
  

 
 

 

    
 

 

 
 

 

 
 

 

 
 

 
 

  

   
 

 
 

  
 

 
    

   
 

 
                                         

                            
 

PCB/Pesticide – WATER QA/QC SUMMARY 

Batch 05-0291 


PROJECT:	 USACE/NAE New Bedford Harbor 
PARAMETER: 	 PCB/Pesticide 
LABORATORY: 	 Battelle, Duxbury, MA 
MATRIX: 	 Elutriates 
SAMPLE CUSTODY: 	 Elutriate samples were prepared between 8/9/05 and 8/11/05.  They were received at 

Battelle Duxbury on 8/12/05. Upon arrival, cooler temperatures were recorded at 
0.4°C – 1.9°C.  No custody issues were noted.  The samples were logged into LIMS 
and received unique Battelle IDs.  The samples were stored at 4° C in an access 
controlled walk-in refrigerator until sample preparation could begin. All samples were 
prepared in triplicate. 

Detection 
Sample Limits and 

Replicate Reporting 
Reference Method Surrogate LCS/MS Relative Limits 
Method Blank Recovery Recovery Precision (ng/L) 

PCB/ 
Pesticide 

General 
NS&T 

< 5 x ss-
MDL 

30-150% 
Recovery 

50-120% 
Recovery 

≤30% RSD 

(concentration 

MDL: 
~0.26 – 1.46 

(concentration 
of  MS must 

of  MS must 
be >5 x 

RL: 
~1.68 – 166.7 

be >5 x 
background) 

background; 
sample 
duplicate 
values must be 
> 10 x MDL) 

METHOD: 	 Water samples were extracted for PCB and pesticides following general NS&T 
methods.  Approximately 1 liter of water was spiked with surrogates and extracted 
three times with dichloromethane using separatory funnel techniques.  The 
combined extract was dried over anhydrous sodium sulfate, concentrated, processed 
through alumina cleanup column, concentrated, and further purified by GPC/HPLC.  
The post-HPLC extract was concentrated, fortified with RIS and solvent exchanged 
into hexane.  Extracts were analyzed using gas chromatography/electron capture 
detection (GC/ECD), following general NS&T methods. Sample data were 
quantified by the method of internal standards, using the Recovery Internal Standard 
(RIS) compounds.   

HOLDING	 Samples were prepared for analysis in one analytical batch and were extracted 
TIMES: 	 within 6 days of sample collection and analyzed within 40 days of extraction. All 

holding times were met. 

Batch Extraction Date Analysis Date  
05-0291   8/12/05    8/19/05 – 8/22/05 

Page 1 of 3 



 

 

 

 
     

 
  

 

 
      

 
 

 

 
  

 
 

  

  
 

 
                  
                
 

    

 
 

 
 

 
  

 

 

   
 

  

PCB/Pesticide – WATER QA/QC SUMMARY 

Batch 05-0291 


BLANK:	 A procedural blank (PB) was prepared with the analytical batch.  Blanks were 
analyzed to ensure the sample extraction and analysis methods were free of 
contamination. 

05-0291 – No target analytes were detected in the blank 

Comments – None. 

LABORATORY A laboratory control sample (LCS) was prepared with the analytical batch.  The 
CONTROL percent recoveries of target PCB and pesticides were calculated to measure data 
SAMPLE: quality in terms of accuracy. 

05-0291 – 1 exceedence noted. 

Comments – All target analytes were recovered outside the laboratory control limits 
specified by the client (50% - 120%).   

MATRIX SPIKE: 	 Both a matrix spike (MS) sample and matrix spike duplicate (MSD) sample were 
prepared with the analytical batch.   The percent recoveries of target analytes were 
calculated to measure data quality in terms of accuracy.   The RPD between the 
percent recoveries for Pesticide/PCB is calculated to measure data quality in terms 
of precision. 

05-0291 – MS recovery: 4 exceedences noted 
MSD recovery: 12 exceedences noted. 

  RPD: 12 exceedences noted 

Comments – Due to the high background concentrations of PCBs, numerous PCBs 
were calculated to be outside of data quality objectives in the MS/MSD samples.  
Since these samples were not spiked at a concentration greater than five times the 
background (COMP5 O-BB), this data should not be used for data quality 
assessment.  Any exceedences calculated for PCBs have been qualified with an “n” 
to indicate contingency criteria have been met, except for PCB 184.  The analyst 
notes the co-elution of this analyte with PCB 153 has made quantification difficult. 

In the MS sample, aldrin, Lindane, and heptachlor were under-recovered at 45%, 
49%, and 46% respectively. The results for these compounds were qualified with an 
“N”. The analytical accuracy of aldrin, Lindane, and heptachlor were demonstrated 
by the LCS sample. However, Chlorpyrifos was also under-recovered in the LCS 
sample at 15%.  Since the field samples did not contain any pesticides, it is not likely 
that the four compounds would’ve been found in the field samples despite the low 
recoveries in the MS sample. 

Additionally, in the MSD sample, nearly all pesticides are under-recovered.  SIS 
recoveries, although acceptable, are also low, at 33% and 34%.  Chromatography 
and calculations were reviewed.  No discrepancies were found.  This data most 
likely indicates a sample loss during sample preparation.  RPD exceedences may 
also due to this sample loss.  
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PCB/Pesticide – WATER QA/QC SUMMARY 

Batch 05-0291 


REPLICATES: 	 Triplicate samples were prepared for all elutriate samples.  The RSD among 
triplicate analyses for PCB/pesticides is calculated to measure data quality in terms 
of precision. 

05-0291 – All RPDs were calculated to be within the laboratory control limits 
specified by the client (<30%RPD) 

Comments – None. 

SURROGATES: 	 Two surrogate compounds were added prior to extraction, including PCB 34 and 
PCB 152.  The recovery of each surrogate compound was calculated to measure data 
quality in terms of accuracy (extraction efficiency). 

05-0291 – All percent recoveries were within the laboratory control limits (30% - 
150%). 

Comments – None. 

CALIBRATIONS:	 The instrument is calibrated with a 7-level calibration.  Calibration checks are 
analyzed minimally every 12 hours. Additionally, an Instrument Calibration Check 
(ICC) sample is run after each initial calibration.  Samples for this batch were run 
over two sequences.  Each sequence had its own initial and continuing calibration as 
well as its own ICC. 

05-0291 – 1 exceedence noted. 

Comments – PCB 206 was recovered just over the method control limit in the ICC 
sample.  All other QC and calibration criteria were met for this compound.  No 
further corrective action was taken. 
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Glossary of Data Qualifiers 

Flag: Application: 

B Analyte concentration found in the sample at a concentration <5x the level found in the procedural blank. 

D Dilution Run.  Initial run outside linear range of instrument. 

E Estimate, result is greater than the highest concentration level in the calibration. 

H Surrogate diluted out. Used when surrogate recovery is affected by excessive dilution of the sample extract. 

J Analyte detected below the sample-specific Reporting Limit (RL). 

ME Significant Matrix Interference - Estimated value. 

MI Significant Matrix Interference - value could not be determined or estimated. 

n Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO), but meets the contingency criteria. 

N Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO) 

NA Not applicable 

T Holding Time (HT) exceeded. 

U Analyte not detected at 3:1 signal:noise ratio. The sample-specific method detection limit (MDL) reported. 
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Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID COMP1 A,C,D,E COMP1 A,C,D,E COMP1 A,C,D,E 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

S8985-P 
SA 

08/09/05 
08/12/05 
08/20/05 

ECD 
NA 
NA 

WATER 
1.00 

L_LIQUID 
NG/L_LIQUID 

S8985DUP-P 
QADU 

8/9/2005 
8/12/2005 
8/20/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID 

S8985TRP-P 
QATP 

8/9/2005 
8/12/2005 
8/20/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID RSD Qualifier 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
3.38 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
9.07 
36.4 

42.28 
59.53 
66.39 

127.89 
34.49 
76.65 

175.35 
52.23 
128.1 
41.7 

201.49 
192.48 
26.41 
34.99 
12.35 
1.68 U 

17.37 
11.07 
13.3 

10.23 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
3.38 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
8.36 

34.87 
40.87 
58.04 
64.69 

125.19 
34.05 
77.21 

175.29 
52.09 
129.2 
41.9 

202.75 
194.36 

26.7 
34.94 
12.33 
1.68 U 

17.54 
11.12 
13.37 
10.17 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
3.38 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
8.36 

36.95 
44.72 
62.57 
69.37 

133.83 
37.12 
81.88 

185.75 
54.27 

135.74 
44.29 

213.66 
205.26 
27.76 
36.65 
13.13 
1.68 U 

18.01 
11.35 
13.41 
10.24 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
4.8 
3.0 
4.6 
3.8 
3.5 
3.4 
4.7 
3.7 
3.4 
2.3 
3.2 
3.4 
3.2 
3.5 
2.6 
2.7 
3.6 
NA 
1.9 
1.3 
0.4 
0.4 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

73 
78 

71 
75 

75 
80 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Copy of Elutriate PCB_Pest(1)_L05-0291ECD-Master_128LCSxls.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

4,4'-DDT 1.68 U 1.68 U 1.68 U NA 
aldrin 1.68 U 1.68 U 1.68 U NA 
a-chlordane 1.68 U 1.68 U 1.68 U NA 
g-chlordane 1.68 U 1.68 U 1.68 U NA 
Lindane 1.68 U 1.68 U 1.68 U NA 
Chlorpyrifos 3.38 U 3.38 U 3.38 U NA 
dieldrin 1.68 U 1.68 U 1.68 U NA 
endosulfan I 1.68 U 1.68 U 1.68 U NA 
endosulfan II 1.68 U 1.68 U 1.68 U NA 
endrin 1.68 U 1.68 U 1.68 U NA 
heptachlor 1.68 U 1.68 U 1.68 U NA 
heptachlor epoxide 1.68 U 1.68 U 1.68 U NA 
Toxaphene 166.70 U 166.70 U 166.70 U NA 
Cl2(8) 25.05 28.05 27.74 6.1 
Cl3(18) 92.42 101.78 100.64 5.2 
Cl3(28) 204.65 223.26 218.05 4.5 
Cl4(44) 143.18 159.06 154.78 5.4 
Cl4(49) 213.11 236.4 228.94 5.3 
Cl4(52) 273.68 301.71 294.46 5.0 
Cl4(66) 209.52 231.5 220.56 5.0 
Cl5(87) 179.76 198.68 191.69 5.0 
Cl5(101) 515.38 577.02 565.14 5.9 
Cl5(105) 145.4 157.86 154.72 4.2 
Cl5(118) 393.22 435.83 421.26 5.2 
Cl6(128) 78.44 86.01 83.76 4.7 
Cl6(138) 426.93 471.89 458.84 5.1 
Cl6(153) 417.81 463.99 447.56 5.3 
Cl7(170) 46.51 50.58 48.87 4.2 
Cl7(180) 70.92 77.94 76.01 4.8 
Cl7(183) 24.96 27.61 26.45 5.0 
Cl7(184) 1.68 U 1.68 U 1.68 U NA 
Cl7(187) 39.21 43.05 41.32 4.7 
Cl8(195) 13.56 14 13.74 1.6 
Cl9(206) 15.92 16.1 15.98 0.6 
Cl10(209) 11.5 11.71 11.4 1.4 

COMP2 1,2,3 COMP2 1,2,3 COMP2 1,2,3 

S8986-P S8986DUP-P S8986TRP-P 
SA QADU QATP 

8/9/2005 8/9/2005 8/9/2005 
8/12/2005 8/12/2005 8/12/2005 
8/20/2005 8/20/2005 8/20/2005 

ECD ECD ECD 
NA NA NA 
NA NA NA 

WATER WATER WATER 
1 1 1 

L_LIQUID L_LIQUID L_LIQUID 
NG/L_LIQUID NG/L_LIQUID NG/L_LIQUID RSD Qualifier 

Surrogate Recoveries (%) 

Cl3(34) 46 51 49 
Cl6(152) 46 51 50 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Copy of Elutriate PCB_Pest(1)_L05-0291ECD-Master_128LCSxls.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

4,4'-DDT 1.68 U 1.68 U 1.68 U NA 
aldrin 1.68 U 1.68 U 1.68 U NA 
a-chlordane 1.68 U 1.68 U 1.68 U NA 
g-chlordane 1.68 U 1.68 U 1.68 U NA 
Lindane 1.68 U 1.68 U 1.68 U NA 
Chlorpyrifos 3.38 U 3.38 U 3.38 U NA 
dieldrin 1.68 U 1.68 U 1.68 U NA 
endosulfan I 1.68 U 1.68 U 1.68 U NA 
endosulfan II 1.68 U 1.68 U 1.68 U NA 
endrin 1.68 U 1.68 U 1.68 U NA 
heptachlor 1.68 U 1.68 U 1.68 U NA 
heptachlor epoxide 1.68 U 1.68 U 1.68 U NA 
Toxaphene 166.70 U 166.70 U 166.70 U NA 
Cl2(8) 3.18 3.52 3.02 7.9 
Cl3(18) 24.85 24.1 23.61 2.6 
Cl3(28) 23.62 23.19 22.02 3.6 
Cl4(44) 37.8 37.79 34.36 5.4 
Cl4(49) 50.99 50.61 47.1 4.3 
Cl4(52) 95.32 93.6 88.45 3.9 
Cl4(66) 12.06 13.07 10.53 10.8 
Cl5(87) 46.96 47.25 43.57 4.5 
Cl5(101) 95.72 94.5 87.19 5.0 
Cl5(105) 28.69 28.41 26 5.3 
Cl5(118) 70.17 70.69 66.22 3.5 
Cl6(128) 27.42 27.13 25.82 3.2 
Cl6(138) 132.34 130.62 122.96 3.9 
Cl6(153) 135.88 135.4 127.78 3.4 
Cl7(170) 20.68 20.76 19.89 2.4 
Cl7(180) 26.96 25.82 25.34 3.2 
Cl7(183) 9.78 9.87 9.31 3.1 
Cl7(184) 1.68 U 1.68 U 1.68 U NA 
Cl7(187) 14 13.85 13.05 3.7 
Cl8(195) 10.88 11.17 10.82 1.7 
Cl9(206) 13.02 12.99 12.95 0.3 
Cl10(209) 10.11 10.13 10.07 0.3 

COMP3 H,J COMP3 H,J COMP3 H,J 

S8987-P S8987DUP-P S8987TRP-P 
SA QADU QATP 

8/9/2005 8/9/2005 8/9/2005 
8/12/2005 8/12/2005 8/12/2005 
8/20/2005 8/20/2005 8/20/2005 

ECD ECD ECD 
NA NA NA 
NA NA NA 

WATER WATER WATER 
1 1 1 

L_LIQUID L_LIQUID L_LIQUID 
NG/L_LIQUID NG/L_LIQUID NG/L_LIQUID RSD Qualifier 

Surrogate Recoveries (%) 

Cl3(34) 71 67 65 
Cl6(152) 75 77 70 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Copy of Elutriate PCB_Pest(1)_L05-0291ECD-Master_128LCSxls.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

4,4'-DDT 1.68 U 1.68 U 1.68 U NA 
aldrin 1.68 U 1.68 U 1.68 U NA 
a-chlordane 1.68 U 1.68 U 1.68 U NA 
g-chlordane 1.68 U 1.68 U 1.68 U NA 
Lindane 1.68 U 1.68 U 1.68 U NA 
Chlorpyrifos 3.38 U 3.38 U 3.38 U NA 
dieldrin 1.68 U 1.68 U 1.68 U NA 
endosulfan I 1.68 U 1.68 U 1.68 U NA 
endosulfan II 1.68 U 1.68 U 1.68 U NA 
endrin 1.68 U 1.68 U 1.68 U NA 
heptachlor 1.68 U 1.68 U 1.68 U NA 
heptachlor epoxide 1.68 U 1.68 U 1.68 U NA 
Toxaphene 166.70 U 166.70 U 166.70 U NA 
Cl2(8) 21.39 21.21 19.01 6.5 
Cl3(18) 98.71 103.61 94.12 4.8 
Cl3(28) 153.05 158.32 143.55 4.9 
Cl4(44) 185.17 199.01 176.98 6.0 
Cl4(49) 265.07 283.58 253.58 5.7 
Cl4(52) 409.06 437.48 391.33 5.6 
Cl4(66) 163.33 175.45 160.04 4.9 
Cl5(87) 258.9 277.17 249.73 5.3 
Cl5(101) 708.95 765.74 677.36 6.2 
Cl5(105) 169.27 181.5 166.31 4.7 
Cl5(118) 480.71 513.92 461.66 5.4 
Cl6(128) 118.38 128.09 115.83 5.4 
Cl6(138) 651.15 702.58 630.86 5.6 
Cl6(153) 633.42 678.66 610.31 5.4 
Cl7(170) 64.91 71.76 65.4 5.7 
Cl7(180) 99.32 108.26 97.42 5.7 
Cl7(183) 34.72 36.8 33.85 4.3 
Cl7(184) 1.68 U 1.68 U 1.68 U NA 
Cl7(187) 52.9 57.57 51.91 5.6 
Cl8(195) 15.11 15.57 14.78 2.6 
Cl9(206) 16.91 17.41 16.82 1.9 
Cl10(209) 11.62 11.84 11.66 1.0 

COMP4 L,M,N COMP4 L,M,N COMP4 L,M,N 

S8988-P S8988DUP-P S8988TRP-P 
SA QADU QATP 

8/9/2005 8/9/2005 8/9/2005 
8/12/2005 8/12/2005 8/12/2005 
8/21/2005 8/21/2005 8/21/2005 

ECD ECD ECD 
NA NA NA 
NA NA NA 

WATER WATER WATER 
1 1 1 

L_LIQUID L_LIQUID L_LIQUID 
NG/L_LIQUID NG/L_LIQUID NG/L_LIQUID RSD Qualifier 

Surrogate Recoveries (%) 

Cl3(34) 71 75 65 
Cl6(152) 69 74 63 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Copy of Elutriate PCB_Pest(1)_L05-0291ECD-Master_128LCSxls.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

4,4'-DDT 1.68 U 1.68 U 1.68 U NA 
aldrin 1.68 U 1.68 U 1.68 U NA 
a-chlordane 1.68 U 1.68 U 1.68 U NA 
g-chlordane 1.68 U 1.68 U 1.68 U NA 
Lindane 1.68 U 1.68 U 1.68 U NA 
Chlorpyrifos 3.38 U 3.38 U 3.38 U NA 
dieldrin 1.68 U 1.68 U 1.68 U NA 
endosulfan I 1.68 U 1.68 U 1.68 U NA 
endosulfan II 1.68 U 1.68 U 1.68 U NA 
endrin 1.68 U 1.68 U 1.68 U NA 
heptachlor 1.68 U 1.68 U 1.68 U NA 
heptachlor epoxide 1.68 U 1.68 U 1.68 U NA 
Toxaphene 166.70 U 166.70 U 166.70 U NA 
Cl2(8) 74.3 76.84 72.82 2.7 
Cl3(18) 218.35 223.58 213.11 2.4 
Cl3(28) 333.72 342.06 324.93 2.6 
Cl4(44) 261.41 264.7 256.21 1.6 
Cl4(49) 483.94 492.02 474.94 1.8 
Cl4(52) 668.79 681.62 657.23 1.8 
Cl4(66) 103.75 101.99 103.21 0.9 
Cl5(87) 155.64 155.11 152.02 1.3 
Cl5(101) 342.83 350.46 338.74 1.7 
Cl5(105) 85.25 86.23 85.71 0.6 
Cl5(118) 239.01 242.55 235.2 1.5 
Cl6(128) 75.35 78.12 75.95 1.9 
Cl6(138) 389.06 397.17 384.53 1.6 
Cl6(153) 399.94 407.81 394.28 1.7 
Cl7(170) 48.22 48.51 47.78 0.8 
Cl7(180) 67.63 69.25 66.2 2.3 
Cl7(183) 25.84 26.39 25.43 1.9 
Cl7(184) 1.68 U 1.68 U 1.68 U NA 
Cl7(187) 42.86 43.81 42.56 1.5 
Cl8(195) 13.52 13.83 13.89 1.4 
Cl9(206) 16.05 16.11 15.95 0.5 
Cl10(209) 11.31 11.46 11.33 0.7 

COMP5 O-BB COMP5 O-BB COMP5 O-BB 

S8989-P S8989DUP-P S8989TRP-P 
SA QADU QATP 

8/10/2005 8/10/2005 8/10/2005 
8/12/2005 8/12/2005 8/12/2005 
8/21/2005 8/21/2005 8/21/2005 

ECD ECD ECD 
NA NA NA 
NA NA NA 

WATER WATER WATER 
1 1 1 

L_LIQUID L_LIQUID L_LIQUID 
NG/L_LIQUID NG/L_LIQUID NG/L_LIQUID RSD Qualifier 

Surrogate Recoveries (%) 

Cl3(34) 75 79 72 
Cl6(152) 71 73 68 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Copy of Elutriate PCB_Pest(1)_L05-0291ECD-Master_128LCSxls.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID COMP6 CC-KK COMP6 CC-KK COMP6 CC-KK 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

S8990-P 
SA 

8/10/2005 
8/12/2005 
8/21/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID 

S8990DUP-P 
QADU 

8/10/2005 
8/12/2005 
8/21/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID 

S8990TRP-P 
QATP 

8/10/2005 
8/12/2005 
8/22/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID RSD Qualifier 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
3.38 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
47.6 

201.89 
311.55 
305.71 
531.8 

733.09 
148.74 
203.27 
517.93 
121.82 
352.46 
99.11 

523.64 
525.88 

59.6 
86.51 
31.55 
1.68 U 

52.29 
15.44 
16.95 
11.76 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
3.38 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
60.57 

236.86 
368.83 
358.52 
620.61 
856.6 

183.78 
231.8 

617.08 
144.54 
408.28 
116.12 
614.72 
606.4 
69.89 

101.68 
36.98 
1.68 U 

61.46 
15.93 
17.73 
12.04 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
3.38 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
58.97 

241.73 
377.16 
371.18 
643.74 
893.19 
183.6 
244.9 

640.26 
150.72 
428.64 
120.68 
636.69 
632.53 
70.86 

104.66 
37.97 
1.68 U 
63.2 
15.8 

18.25 
12.12 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12.7 
9.6 

10.1 
10.1 
9.9 

10.1 
11.7 
9.4 

11.0 
10.9 
9.9 

10.2 
10.1 
9.4 
9.3 

10.0 
9.7 
NA 
9.9 
1.6 
3.7 
1.6 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

66 
63 

81 
74 

84 
81 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Copy of Elutriate PCB_Pest(1)_L05-0291ECD-Master_128LCSxls.xls 



 

Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID Procedural Blank 

Battelle ID BG922PB-P 
Sample Type PB 
Collection Date 08/12/05 
Extraction Date 08/12/05 
Analysis Date 08/19/05 
Analytical Instrument ECD 
% Moisture NA 
% Lipid NA 
Matrix LIQUID 
Sample Size 1.00 
Size Unit-Basis L_LIQUID 
Units NG/L_LIQUID 

4,4'-DDT 1.68 U 
aldrin 1.68 U 
a-chlordane 1.68 U 
g-chlordane 1.68 U 
Lindane 1.68 U 
Chlorpyrifos 3.38 U 
dieldrin 1.68 U 
endosulfan I 1.68 U 
endosulfan II 1.68 U 
endrin 1.68 U 
heptachlor 1.68 U 
heptachlor epoxide 1.68 U 
Toxaphene 166.7 U 
Cl2(8) 1.68 U 
Cl3(18) 1.68 U 
Cl3(28) 1.67 U 
Cl4(44) 1.67 U 
Cl4(49) 1.67 U 
Cl4(52) 1.68 U 
Cl4(66) 1.68 U 
Cl5(87) 1.67 U 
Cl5(101) 1.68 U 
Cl5(105) 1.67 U 
Cl5(118) 1.68 U 
Cl6(128) 1.68 U 
Cl6(138) 1.68 U 
Cl6(153) 1.68 U 
Cl7(170) 1.68 U 
Cl7(180) 1.68 U 
Cl7(183) 1.67 U 
Cl7(184) 1.68 U 
Cl7(187) 1.67 U 
Cl8(195) 1.68 U 
Cl9(206) 1.68 U 
Cl10(209) 1.67 U 

Surrogate Recoveries (%) 

Cl3(34) 80 
Cl6(152) 83 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 PB: Elutriate PCB_Pest(1)_L05-0291ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Laboratory Control 
Client ID Sample 

Battelle ID BG923LCS-P 
Sample Type LCS 
Collection Date 08/12/05 
Extraction Date 08/12/05 
Analysis Date 08/20/05 
Analytical Instrument ECD 
% Moisture NA 
% Lipid NA 
Matrix LIQUID 
Sample Size 1.00 
Size Unit-Basis L_LIQUID 
Units NG/L_LIQUID Target % Recovery Qualifier 

4,4'-DDT 37.77 40.02 94 
aldrin 24.20 40.01 60 
a-chlordane 26.43 40.03 66 
g-chlordane 27.29 40.06 68 
Lindane 29.35 40.01 73 
Chlorpyrifos 6.01 40.10 75 
dieldrin 37.70 40.01 94 
endosulfan I 35.62 40.03 89 
endosulfan II 35.77 40.02 89 
endrin 21.39 40.01 53 
heptachlor 26.44 40.00 66 
heptachlor epoxide 30.15 40.01 75 
Toxaphene 166.70 U 
Cl2(8) 44.57 40.12 111 
Cl3(18) 24.88 40.12 62 
Cl3(28) 24.03 40.04 60 
Cl4(44) 24.53 40.08 61 
Cl4(49) 25.26 40.16 63 
Cl4(52) 24.92 40.00 62 
Cl4(66) 24.64 40.04 62 
Cl5(87) 32.09 40.00 80 
Cl5(101) 23.29 40.08 58 
Cl5(105) 33.32 40.04 83 
Cl5(118) 33.03 40.04 82 
Cl6(128) 33.27 40.24 83 
Cl6(138) 34.80 40.08 87 
Cl6(153) 38.77 40.04 97 
Cl7(170) 37.16 40.20 92 
Cl7(180) 37.58 40.16 94 
Cl7(183) 34.74 40.16 87 
Cl7(184) 28.97 40.16 72 
Cl7(187) 34.95 40.12 87 
Cl8(195) 37.88 40.12 94 
Cl9(206) 36.20 40.12 90 
Cl10(209) 37.75 40.04 94 

Surrogate Recoveries (%) 

Cl3(34) 85 
Cl6(152) 86 

Analyzed by Fredriksson, Julie
 
Not Surrogate Corrected 9/18/2006LCS: Copy of Elutriate PCB_Pest(1)_L05-0291ECD-Master_128LCSxls.xls
 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID COMP5 O-BB COMP5 O-BB 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

S8989-P 
SA 

08/10/05 
08/12/05 
08/21/05 

ECD 
NA 
NA 

WATER 
1.00 

L_LIQUID 
NG/L_LIQUID 

S8989MS-P 
MS 

8/10/2005 
8/12/2005 
8/21/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID Target % Recovery Qualifier 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
3.38 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
74.30 

218.35 
333.72 
261.41 
483.94 
668.79 
103.75 
155.64 
342.83 

85.25 
239.01 

75.35 
389.06 
399.94 

48.22 
67.63 
25.84 

1.68 U 
42.86 
13.52 
16.05 
11.31 

29.26 
17.81 
19.97 
20.13 
19.43 

3.38 
35.80 
20.54 
31.37 
27.87 
18.40 
25.27 

166.70 
82.89 

198.57 
291.97 
239.66 
424.88 
579.28 
107.45 
148.08 
311.18 

95.90 
220.23 

84.38 
347.63 
352.15 

59.68 
78.00 
42.47 
20.19 
56.62 
30.16 
29.72 
27.35 

U 

U 

40.02 
40.01 
40.03 
40.06 
40.01 
40.10 
40.01 
40.03 
40.02 
40.01 
40.00 
40.01 

40.12 
40.12 
40.04 
40.08 
40.16 
40.00 
40.04 
40.00 
40.08 
40.04 
40.04 
40.24 
40.08 
40.04 
40.20 
40.16 
40.16 
40.16 
40.12 
40.12 
40.12 
40.04 

73 
45 
50 
50 
49 

0 
89 
51 
78 
70 
46 
63 

21 
0 
0 
0 
0 
0 
9 
0 
0 

27 
0 

22 
0 
0 

29 
26 
41 
50 
34 
41 
34 
40 

N 

N 
N 

N 

n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 

n 
n 
n 
n 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

75 
71 

59 
57 
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Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

4,4'-DDT 19.36 40.02 48 N 41.3 N 
aldrin 7.39 40.01 18 N 85.7 N 
a-chlordane 7.54 40.03 19 N 89.9 N 
g-chlordane 8.00 40.06 20 N 85.7 N 
Lindane 9.70 40.01 24 N 68.5 N 
Chlorpyrifos 3.38 U 40.10 0 N 0.0 
dieldrin 24.41 40.01 61 37.3 N 
endosulfan I 10.00 40.03 25 N 68.4 N 
endosulfan II 19.78 40.02 49 N 45.7 N 
endrin 18.37 40.01 46 N 41.4 N 
heptachlor 7.70 40.00 19 N 83.1 N 
heptachlor epoxide 10.66 40.01 27 N 80.0 N 
Toxaphene 166.70 U 
Cl2(8) 46.59 40.12 0 n 200.0 n 
Cl3(18) 123.48 40.12 0 n 0.0 
Cl3(28) 188.54 40.04 0 n 0.0 
Cl4(44) 151.23 40.08 0 n 0.0 
Cl4(49) 269.55 40.16 0 n 0.0 
Cl4(52) 368.97 40.00 0 n 0.0 
Cl4(66) 65.48 40.04 0 n 200.0 n 
Cl5(87) 95.67 40.00 0 n 0.0 
Cl5(101) 195.83 40.08 0 n 0.0 
Cl5(105) 61.70 40.04 0 n 200.0 n 
Cl5(118) 141.34 40.04 0 n 0.0 
Cl6(128) 55.21 40.24 0 n 200.0 n 
Cl6(138) 223.70 40.08 0 n 0.0 
Cl6(153) 233.96 40.04 0 n 0.0 
Cl7(170) 41.39 40.20 0 n 200.0 n 
Cl7(180) 51.18 40.16 0 n 200.0 n 
Cl7(183) 27.72 40.16 5 n 156.5 n 
Cl7(184) 7.43 40.16 19 N 89.9 N 
Cl7(187) 36.85 40.12 0 n 200.0 n 
Cl8(195) 22.54 40.12 22 n 60.3 n 
Cl9(206) 23.19 40.12 18 n 61.5 n 
Cl10(209) 20.97 40.04 24 n 50.0 n 

Surrogate Recoveries (%) 

Cl3(34) 33 
Cl6(152) 34 

COMP5 O-BB 

S8989MSD-P 
MSD 

8/10/2005 
8/12/2005 
8/21/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID Target % Recovery Qualifier RPD (%) Qualifier 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006MS: Copy of Elutriate PCB_Pest(1)_L05-0291ECD-Master_128LCSxls.xls 



 

 

 
  

    
   

    

 
 
  

 
 

 
  

 
 

 

    
 

 

 
 

 

 
 

 

 
 

 
 

  

   
 

 
 

  
 

 
    

   
 

 
                                         

                            
 

PCB/Pesticide – WATER QA/QC SUMMARY 

Batch 05-0292 


PROJECT:	 USACE/NAE New Bedford Harbor 
PARAMETER: 	 PCB/Pesticide 
LABORATORY: 	 Battelle, Duxbury, MA 
MATRIX: 	 Elutriates and Elutriate Blanks 
SAMPLE CUSTODY: 	 Elutriate samples were prepared between 8/9/05 and 8/11/05.  They were received at 

Battelle Duxbury on 8/12/05. Upon arrival, cooler temperatures were recorded at 
0.4°C – 1.9°C.  No custody issues were noted.  The samples were logged into LIMS 
and received unique Battelle IDs.  The samples were stored at 4° C in an access 
controlled walk-in refrigerator until sample preparation could begin. All samples were 
prepared in triplicate. 

Detection 
Sample Limits and 

Replicate Reporting 
Reference Method Surrogate LCS/MS Relative Limits 
Method Blank Recovery Recovery Precision (ng/L) 

PCB/ 
Pesticide 

General 
NS&T 

< 5 x ss-
MDL 

30-150% 
Recovery 

50-120% 
Recovery 

≤30% RSD 

(concentration 

MDL: 
~0.26 – 1.46 

(concentration 
of  MS must 

of  MS must 
be >5 x 

RL: 
~1.68 – 166.7 

be >5 x 
background) 

background; 
sample 
duplicate 
values must be 
> 10 x MDL) 

METHOD: 	 Water samples were extracted for PCB and pesticides following general NS&T 
methods.  Approximately 1 liter of water was spiked with surrogates and extracted 
three times with dichloromethane using separatory funnel techniques.  The 
combined extract was dried over anhydrous sodium sulfate, concentrated, processed 
through alumina cleanup column, concentrated, and further purified by GPC/HPLC.  
The post-HPLC extract was concentrated, fortified with RIS and solvent exchanged 
into hexane.  Extracts were analyzed using gas chromatography/electron capture 
detection (GC/ECD), following general NS&T methods. Sample data were 
quantified by the method of internal standards, using the Recovery Internal Standard 
(RIS) compounds.   

HOLDING	 Samples were prepared for analysis in one analytical batch and were extracted 
TIMES: 	 within 6 days of sample collection and analyzed within 40 days of extraction. All 

holding times were met. 

Batch Extraction Date Analysis Date  
05-0292   8/12/05    8/21/05 – 8/23/05 
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PCB/Pesticide – WATER QA/QC SUMMARY 

Batch 05-0292 


BLANK:	 A procedural blank (PB) was prepared with the analytical batch.  Blanks were 
analyzed to ensure the sample extraction and analysis methods were free of 
contamination. 

05-0292 – No target analytes were detected in the blank 

Comments – None. 

LABORATORY A laboratory control sample (LCS) was prepared with the analytical batch.  The 
CONTROL percent recoveries of target PCB and pesticides were calculated to measure data 
SAMPLE: quality in terms of accuracy. 

05-0292 –All target analytes were recovered within the laboratory control limits 
specified by the client (50% - 120%).   

Comments – None. 

MATRIX SPIKE: 	 Both a matrix spike (MS) sample and matrix spike duplicate (MSD) sample were 
prepared with the analytical batch.   The percent recoveries of target analytes were 
calculated to measure data quality in terms of accuracy.   The RPD between the 
percent recoveries for Pesticide/PCB is calculated to measure data quality in terms 
of precision. 

05-0292 – MS recovery: 1 exceedences noted 
MSD recovery: 15 exceedences noted. 

  RPD: 18 exceedences noted 

Comments – Due to the high background concentrations of PCBs, numerous PCBs 
were calculated to be outside of data quality objectives.  Since these samples were 
not spiked at a concentration greater than five times the background (COMP8 F-K), 
this data should not be used for data quality assessment.  Any exceedences 
calculated for PCBs have been qualified with an “n” to indicate contingency criteria 
have been met, except for PCB 184.  The analyst notes the co-elution of this analyte 
with PCB 153 has made quantification difficult. 

Additionally, in the MSD sample, all pesticides are under-recovered, as well as the 
SIS compounds.  Chromatography and calculations were reviewed.  No 
discrepancies were found.  This data most likely indicates a sample loss during 
sample preparation.  RPD exceedences are also due to this sample loss. 
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PCB/Pesticide – WATER QA/QC SUMMARY 

Batch 05-0292 


REPLICATES: 	 Triplicate samples were prepared for all elutriate and elutriate blank samples.  The 
RSD among triplicate analyses for PCB/pesticides is calculated to measure data 
quality in terms of precision.  

05-0292 – 6 exceedences noted. 

Comments – Six samples were extracted and analyzed in triplicate for this batch.  
All RPDs calculated among triplicates were within the laboratory control limits (< 
30%RPD), except for 8 exceedences calculated among S8992 replicates (COMP F
K).  Chromatography and calculations were reviewed.  No discrepancies were found. 
Two of the exceedences, PCB 183 and PCB 206 involve compounds that were 
detected at concentrations not great enough for data quality assessment.  The other 
exceedences are most likely due to varying degrees of extract efficiency as indicated 
by the surrogate recoveries (see table for specifics). 

SURROGATES: 	 Two surrogate compounds were added prior to extraction, including PCB 34 and 
PCB 152.  The recovery of each surrogate compound was calculated to measure data 
quality in terms of accuracy (extraction efficiency). 

05-0292 – 3 exceedences noted. 

Comments – All percent recoveries were within the laboratory control limits (30% - 
150%), except for PCB 152 in sample S8992MSD (background COMP8 F-K), and 
PCB 34 and PCB 152 in sample S8997 (COMP5 O-BB BLANK).  These surrogates 
were all under-recovered at 29%, 28%, and 27%, respectively.  Chromatography and 
calculations were reviewed. No discrepancies were found.  The exceedences were 
qualified with an “N” and are most likely indicative of an extract loss during sample 
preparation. 

CALIBRATIONS:	 The instrument is calibrated with a 7-level calibration.  Calibration checks are 
analyzed minimally every 12 hours. Additionally, an Instrument Calibration Check 
(ICC) sample is run after each initial calibration.  Samples for this batch were run 
over two sequences.  Each sequence had its own initial and continuing calibration as 
well as its own ICC. 

05-0292 – No exceedences noted. 

Comments – None. 
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Glossary of Data Qualifiers 

Flag: Application: 

B Analyte concentration found in the sample at a concentration <5x the level found in the procedural blank. 

D Dilution Run.  Initial run outside linear range of instrument. 

E Estimate, result is greater than the highest concentration level in the calibration. 

H Surrogate diluted out. Used when surrogate recovery is affected by excessive dilution of the sample extract. 

J Analyte detected below the sample-specific Reporting Limit (RL). 

ME Significant Matrix Interference - Estimated value. 

MI Significant Matrix Interference - value could not be determined or estimated. 

n Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO), but meets the contingency criteria. 

N Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO) 

NA Not applicable 

T Holding Time (HT) exceeded. 

U Analyte not detected at 3:1 signal:noise ratio. The sample-specific method detection limit (MDL) reported. 
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Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

COMP7 FF-JJ 

S8991-P 
SA 

08/10/05 
08/12/05 
08/21/05 

ECD 
NA 
NA 

WATER 
1.00 

L_LIQUID 
NG/L_LIQUID 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
3.38 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
41.41 

126.81 
219.59 
157.62 
255.44 
323.21 
113.33 
100.68 
275.05 
76.24 

226.81 
53.13 

259.16 
291.43 
30.65 
44.46 
13.27 
1.68 U 

25.50 
5.25 
3.10 
1.67 U 

52 
44 

COMP7 FF-JJ 

S8991DUP-P 
QADU 

8/10/2005 
8/12/2005 
8/21/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
3.38 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
40.65 

159.78 
278.11 
196.60 
319.41 
407.09 
144.94 
127.62 
346.65 
97.54 

284.04 
68.52 

328.22 
369.13 
39.08 
57.64 
18.07 
1.68 U 

32.41 
6.58 
4.09 
1.67 U 

69 
60 

COMP7 FF-JJ 

S8991TRP-P 
QATP 

8/10/2005 
8/12/2005 
8/22/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
3.38 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
43.90 

165.76 
287.99 
203.60 
330.63 
417.32 
150.09 
133.47 
357.85 
103.99 
297.87 
71.83 

338.76 
382.78 
38.80 
58.45 
18.70 
1.68 U 

34.48 
6.53 
3.96 
1.67 U 

70 
62 

RSD 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.00 
13.90 
14.10 
13.30 
13.40 
13.50 
14.60 
14.50 
13.80 
15.70 
14.00 
15.50 
14.00 
14.20 
13.20 
14.70 
17.80 

NA 
15.30 
12.30 
14.50 

NA 

Qualifier 

Analyzed by Fredriksson, Julie 
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Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID COMP8 F-K COMP8 F-K 

Battelle ID S8992-P S8992DUP-P 
Sample Type SA QADU 
Collection Date 8/10/2005 8/10/2005 
Extraction Date 8/12/2005 8/12/2005 
Analysis Date 8/22/2005 8/22/2005 
Analytical Instrument ECD ECD 
% Moisture NA NA 
% Lipid NA NA 
Matrix WATER WATER 
Sample Size 1 1 
Size Unit-Basis L_LIQUID L_LIQUID 
Units NG/L_LIQUID NG/L_LIQUID 

1.68 U 1.68 U 
1.68 U 1.68 U 
1.68 U 1.68 U 
1.68 U 1.68 U 
1.68 U 1.68 U 
3.38 U 3.38 U 
1.68 U 1.68 U 
1.68 U 1.68 U 
1.68 U 1.68 U 
1.68 U 1.68 U 
1.68 U 1.68 U 
1.68 U 1.68 U 

166.70 U 166.70 U 
16.28 30.16 
61.72 95.82 
68.08 100.78 
55.57 85.40 
83.41 128.23 

125.34 191.04 
28.08 43.91 
33.72 51.68 
79.78 121.94 
24.79 36.76 
67.02 101.92 
19.90 31.55 
98.86 148.77 

112.38 167.92 
12.28 18.58 
15.33 24.47 
1.23 J 4.61 
1.68 U 1.68 U 
3.14 9.66 
1.81 2.88 
0.94 J 1.68 
1.67 U 1.67 U 

COMP8 F-K 

S8992TRP-P 
QATP 

8/10/2005 
8/12/2005 
8/22/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID RSD Qualifier 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

35.40 N 
29.00 
26.20 
28.60 
28.80 
28.00 
30.60 N 
28.60 
28.70 
26.20 
28.50 
31.10 N 
27.80 
26.70 
29.40 
32.90 N 

104.80 n 
NA 

71.50 N 
33.40 N 
46.70 n 

NA 

4,4'-DDT 1.68 U 
aldrin 1.68 U 
a-chlordane 1.68 U 
g-chlordane 1.68 U 
Lindane 1.68 U 
Chlorpyrifos 3.38 U 
dieldrin 1.68 U 
endosulfan I 1.68 U 
endosulfan II 1.68 U 
endrin 1.68 U 
heptachlor 1.68 U 
heptachlor epoxide 1.68 U 
Toxaphene 166.70 U 
Cl2(8) 17.87 
Cl3(18) 58.09 
Cl3(28) 63.60 
Cl4(44) 51.92 
Cl4(49) 77.54 
Cl4(52) 117.13 
Cl4(66) 25.55 
Cl5(87) 31.29 
Cl5(101) 73.52 
Cl5(105) 23.24 
Cl5(118) 61.57 
Cl6(128) 18.29 
Cl6(138) 90.95 
Cl6(153) 105.24 
Cl7(170) 10.89 
Cl7(180) 13.55 
Cl7(183) 0.47 J 
Cl7(184) 1.68 U 
Cl7(187) 3.07 
Cl8(195) 1.57 J 
Cl9(206) 0.69 J 
Cl10(209) 1.67 U 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

38 
33 

42 66 
36 66 

Analyzed by Fredriksson, Julie 
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Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID COMP2 1,2,3 BLANK COMP2 1,2,3 BLANK 
COMP2 1,2,3 

BLANK 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

S8994-P 
SA 

8/11/2005 
8/12/2005 
8/22/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID 

S8994DUP-P 
QADU 

8/11/2005 
8/12/2005 
8/22/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID 

S8994TRP-P 
QATP 

8/11/2005 
8/12/2005 
8/22/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID RSD Qualifier 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

1.01 
1.01 
1.01 
1.01 
1.01 
2.03 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

100.00 
1.01 
1.01 
1.00 
1.00 
1.00 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.00 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

1.01 
1.01 
1.01 
1.01 
1.01 
2.03 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

100.00 
1.01 
1.01 
1.00 
1.00 
1.00 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.00 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

1.01 
1.01 
1.01 
1.01 
1.01 
2.03 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

100.00 
1.01 
1.01 
1.00 
1.00 
1.00 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.00 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

77 
79 

90 
92 

77 
81 
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Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

COMP3 H,J BLANK 

S8995-P 
SA 

8/11/2005 
8/12/2005 
8/22/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID 

1.01 
1.01 
1.01 
1.01 
1.01 
2.03 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

100.00 
1.01 
1.01 
1.00 
1.00 
1.00 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.00 

75 
78 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

COMP3 H,J BLANK 

S8995DUP-P 
QADU 

8/11/2005 
8/12/2005 
8/23/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID 

1.01 
1.01 
1.01 
1.01 
1.01 
2.03 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

100.00 
1.01 
1.01 
1.00 
1.00 
1.00 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.00 

85 
83 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

COMP3 H,J BLANK 

S8995TRP-P 
QATP 

8/11/2005 
8/12/2005 
8/23/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID 

1.01 
1.01 
1.01 
1.01 
1.01 
2.03 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

100.00 
1.01 
1.01 
1.00 
1.00 
1.00 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.00 

83 
84 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

RSD 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Qualifier 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Elutriate PCB_Pest(2)_L05-0292ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID COMP4 L,M,N BLANK COMP4 L,M,N BLANK COMP4 L,M,N BLANK 

Battelle ID S8996-P S8996DUP-P S8996TRP-P 
Sample Type SA QADU QATP 
Collection Date 8/11/2005 8/11/2005 8/11/2005 
Extraction Date 8/12/2005 8/12/2005 8/12/2005 
Analysis Date 8/23/2005 8/23/2005 8/23/2005 
Analytical Instrument ECD ECD ECD 
% Moisture NA NA NA 
% Lipid NA NA NA 
Matrix WATER WATER WATER 
Sample Size 1 1 1 
Size Unit-Basis L_LIQUID L_LIQUID L_LIQUID 
Units NG/L_LIQUID NG/L_LIQUID NG/L_LIQUID RSD Qualifier 

4,4'-DDT 1.01 U 1.01 U 1.01 U NA 
aldrin 1.01 U 1.01 U 1.01 U NA 
a-chlordane 1.01 U 1.01 U 1.01 U NA 
g-chlordane 1.01 U 1.01 U 1.01 U NA 
Lindane 1.01 U 1.01 U 1.01 U NA 
Chlorpyrifos 2.03 U 2.03 U 2.03 U NA 
dieldrin 1.01 U 1.01 U 1.01 U NA 
endosulfan I 1.01 U 1.01 U 1.01 U NA 
endosulfan II 1.01 U 1.01 U 1.01 U NA 
endrin 1.01 U 1.01 U 1.01 U NA 
heptachlor 1.01 U 1.01 U 1.01 U NA 
heptachlor epoxide 1.01 U 1.01 U 1.01 U NA 
Toxaphene 100.00 U 100.00 U 100.00 U NA 
Cl2(8) 1.01 U 1.01 U 1.01 U NA 
Cl3(18) 1.01 U 1.01 U 1.01 U NA 
Cl3(28) 1.00 U 1.00 U 1.00 U NA 
Cl4(44) 1.00 U 1.00 U 1.00 U NA 
Cl4(49) 1.00 U 1.00 U 1.00 U NA 
Cl4(52) 1.01 U 1.01 U 1.01 U NA 
Cl4(66) 1.01 U 1.01 U 1.01 U NA 
Cl5(87) 1.00 U 1.00 U 1.00 U NA 
Cl5(101) 1.01 U 1.01 U 1.01 U NA 
Cl5(105) 1.00 U 1.00 U 1.00 U NA 
Cl5(118) 1.01 U 1.01 U 1.01 U NA 
Cl6(128) 1.01 U 1.01 U 1.01 U NA 
Cl6(138) 1.01 U 1.01 U 1.01 U NA 
Cl6(153) 1.01 U 1.01 U 1.01 U NA 
Cl7(170) 1.01 U 1.01 U 1.01 U NA 
Cl7(180) 1.01 U 1.01 U 1.01 U NA 
Cl7(183) 1.00 U 1.00 U 1.00 U NA 
Cl7(184) 1.01 U 1.01 U 1.01 U NA 
Cl7(187) 1.00 U 1.00 U 1.00 U NA 
Cl8(195) 1.01 U 1.01 U 1.01 U NA 
Cl9(206) 1.01 U 1.01 U 1.01 U NA 
Cl10(209) 1.00 U 1.00 U 1.00 U NA 

Surrogate Recoveries (%) 

Cl3(34) 68 81 63 
Cl6(152) 71 79 65 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Elutriate PCB_Pest(2)_L05-0292ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID COMP5 O-BB BLANK COMP5 O-BB BLANK COMP5 O-BB BLANK 

Battelle ID S8997-P S8997DUP-P S8997TRP-P 
Sample Type SA QADU QATP 
Collection Date 8/11/2005 8/11/2005 8/11/2005 
Extraction Date 8/12/2005 8/12/2005 8/12/2005 
Analysis Date 8/23/2005 8/23/2005 8/23/2005 
Analytical Instrument ECD ECD ECD 
% Moisture NA NA NA 
% Lipid NA NA NA 
Matrix WATER WATER WATER 
Sample Size 1 1 1 
Size Unit-Basis L_LIQUID L_LIQUID L_LIQUID 
Units NG/L_LIQUID NG/L_LIQUID NG/L_LIQUID RSD Qualifier 

4,4'-DDT 1.01 U 1.01 U 1.01 U NA 
aldrin 1.01 U 1.01 U 1.01 U NA 
a-chlordane 1.01 U 1.01 U 1.01 U NA 
g-chlordane 1.01 U 1.01 U 1.01 U NA 
Lindane 1.01 U 1.01 U 1.01 U NA 
Chlorpyrifos 2.03 U 2.03 U 2.03 U NA 
dieldrin 1.01 U 1.01 U 1.01 U NA 
endosulfan I 1.01 U 1.01 U 1.01 U NA 
endosulfan II 1.01 U 1.01 U 1.01 U NA 
endrin 1.01 U 1.01 U 1.01 U NA 
heptachlor 1.01 U 1.01 U 1.01 U NA 
heptachlor epoxide 1.01 U 1.01 U 1.01 U NA 
Toxaphene 100.00 U 100.00 U 100.00 U NA 
Cl2(8) 1.01 U 1.01 U 1.01 U NA 
Cl3(18) 1.01 U 1.01 U 1.01 U NA 
Cl3(28) 1.00 U 1.00 U 1.00 U NA 
Cl4(44) 1.00 U 1.00 U 1.00 U NA 
Cl4(49) 1.00 U 1.00 U 1.00 U NA 
Cl4(52) 1.01 U 1.01 U 1.01 U NA 
Cl4(66) 1.01 U 1.01 U 1.01 U NA 
Cl5(87) 1.00 U 1.00 U 1.00 U NA 
Cl5(101) 1.01 U 1.01 U 1.01 U NA 
Cl5(105) 1.00 U 1.00 U 1.00 U NA 
Cl5(118) 1.01 U 1.01 U 1.01 U NA 
Cl6(128) 1.01 U 1.01 U 1.01 U NA 
Cl6(138) 1.01 U 1.01 U 1.01 U NA 
Cl6(153) 1.01 U 1.01 U 1.01 U NA 
Cl7(170) 1.01 U 1.01 U 1.01 U NA 
Cl7(180) 1.01 U 1.01 U 1.01 U NA 
Cl7(183) 1.00 U 1.00 U 1.00 U NA 
Cl7(184) 1.01 U 1.01 U 1.01 U NA 
Cl7(187) 1.00 U 1.00 U 1.00 U NA 
Cl8(195) 1.01 U 1.01 U 1.01 U NA 
Cl9(206) 1.01 U 1.01 U 1.01 U NA 
Cl10(209) 1.00 U 1.00 U 1.00 U NA 

Surrogate Recoveries (%) 

Cl3(34) 28 N 71 79 
Cl6(152) 27 N 74 77 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Elutriate PCB_Pest(2)_L05-0292ECD-Master_128-Final.xls 



 

Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID Procedural Blank 

Battelle ID BG924PB-P 
Sample Type PB 
Collection Date 08/12/05 
Extraction Date 08/12/05 
Analysis Date 08/21/05 
Analytical Instrument ECD 
% Moisture NA 
% Lipid NA 
Matrix LIQUID 
Sample Size 1.00 
Size Unit-Basis L_LIQUID 
Units NG/L_LIQUID 

4,4'-DDT 1.68 U 
aldrin 1.68 U 
a-chlordane 1.68 U 
g-chlordane 1.68 U 
Lindane 1.68 U 
Chlorpyrifos 3.38 U 
dieldrin 1.68 U 
endosulfan I 1.68 U 
endosulfan II 1.68 U 
endrin 1.68 U 
heptachlor 1.68 U 
heptachlor epoxide 1.68 U 
Toxaphene 166.7 U 
Cl2(8) 1.68 U 
Cl3(18) 1.68 U 
Cl3(28) 1.67 U 
Cl4(44) 1.67 U 
Cl4(49) 1.67 U 
Cl4(52) 1.68 U 
Cl4(66) 1.68 U 
Cl5(87) 1.67 U 
Cl5(101) 1.68 U 
Cl5(105) 1.67 U 
Cl5(118) 1.68 U 
Cl6(128) 1.68 U 
Cl6(138) 1.68 U 
Cl6(153) 1.68 U 
Cl7(170) 1.68 U 
Cl7(180) 1.68 U 
Cl7(183) 1.67 U 
Cl7(184) 1.68 U 
Cl7(187) 1.67 U 
Cl8(195) 1.68 U 
Cl9(206) 1.68 U 
Cl10(209) 1.67 U 

Surrogate Recoveries (%) 

Cl3(34) 82 
Cl6(152) 80 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 PB: Elutriate PCB_Pest(2)_L05-0292ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Laboratory Control 
Client ID Sample 

Battelle ID BG925LCS-P 
Sample Type LCS 
Collection Date 08/12/05 
Extraction Date 08/12/05 
Analysis Date 08/21/05 
Analytical Instrument ECD 
% Moisture NA 
% Lipid NA 
Matrix LIQUID 
Sample Size 1.00 
Size Unit-Basis L_LIQUID 
Units NG/L_LIQUID Target % Recovery Qualifier 

4,4'-DDT 42.06 40.02 105 
aldrin 35.36 40.01 88 
a-chlordane 37.32 40.03 93 
g-chlordane 37.56 40.06 94 
Lindane 39.25 40.01 98 
Chlorpyrifos 29.82 40.10 74 
dieldrin 38.88 40.01 97 
endosulfan I 32.39 40.03 81 
endosulfan II 36.46 40.02 91 
endrin 37.52 40.01 94 
heptachlor 34.71 40.00 87 
heptachlor epoxide 41.42 40.01 104 
Toxaphene 166.70 U 
Cl2(8) 42.50 40.12 106 
Cl3(18) 26.82 40.12 67 
Cl3(28) 30.80 40.04 77 
Cl4(44) 30.71 40.08 77 
Cl4(49) 30.03 40.16 75 
Cl4(52) 29.64 40.00 74 
Cl4(66) 33.07 40.04 83 
Cl5(87) 30.80 40.00 77 
Cl5(101) 31.58 40.08 79 
Cl5(105) 31.68 40.04 79 
Cl5(118) 32.06 40.04 80 
Cl6(128) 32.95 40.24 82 
Cl6(138) 32.50 40.08 81 
Cl6(153) 33.30 40.04 83 
Cl7(170) 33.66 40.20 84 
Cl7(180) 33.62 40.16 84 
Cl7(183) 30.67 40.16 76 
Cl7(184) 28.12 40.16 70 
Cl7(187) 29.41 40.12 73 
Cl8(195) 33.54 40.12 84 
Cl9(206) 29.97 40.12 75 
Cl10(209) 30.99 40.04 77 

Surrogate Recoveries (%) 

Cl3(34) 89 
Cl6(152) 83 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 LCS: Elutriate PCB_Pest(2)_L05-0292ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID COMP8 F-K COMP8 F-K 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

S8992-P 
SA 

08/10/05 
08/12/05 
08/22/05 

ECD 
NA 
NA 

WATER 
1.00 

L_LIQUID 
NG/L_LIQUID 

S8992MS-P 
MS 

8/10/2005 
8/12/2005 
8/22/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID Target % Recovery Qualifier 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.06 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 
1.68 U 

166.70 U 
17.87 
58.09 
63.60 
51.92 
77.54 

117.13 
25.55 
31.29 
73.52 
23.24 
61.57 
18.29 
90.95 

105.24 
10.89 
13.55 
0.47 J 
1.68 U 
3.07 
1.57 J 
0.69 J 
1.67 U 

32.20 
28.72 
28.39 
28.38 
30.01 
29.09 
33.37 
29.08 
30.35 
28.98 
29.00 
30.93 

166.70 
47.19 

109.15 
112.54 
101.44 
139.81 
197.32 
64.81 
71.84 

134.40 
58.03 

117.98 
53.16 

160.97 
183.16 
39.82 
46.17 
29.08 
13.83 
33.86 
26.56 
23.64 
22.59 

U 

40.02 
40.01 
40.03 
40.06 
40.01 
40.10 
40.01 
40.03 
40.02 
40.01 
40.00 
40.01 

40.12 
40.12 
40.04 
40.08 
40.16 
40.00 
40.04 
40.00 
40.08 
40.04 
40.04 
40.24 
40.08 
40.04 
40.20 
40.16 
40.16 
40.16 
40.12 
40.12 
40.12 
40.04 

80 
72 
71 
71 
75 
73 
83 
73 
76 
72 
73 
77 

73 
127 
122 
124 
155 
200 
98 

101 
152 
87 

141 
87 

175 
195 
72 
81 
71 
34 
77 
62 
57 
56 

n 
n 
n 
n 
n 

n 

n 

n 
n 

N 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

38 
33 

61 
59 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 MS: Elutriate PCB_Pest(2)_L05-0292ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

4,4'-DDT 22.16 40.02 55 37.0 N 
aldrin 19.23 40.01 48 N 40.0 N 
a-chlordane 18.81 40.03 47 N 40.7 N 
g-chlordane 18.70 40.06 47 N 40.7 N 
Lindane 20.80 40.01 52 36.2 N 
Chlorpyrifos 17.50 40.10 44 N 49.8 N 
dieldrin 21.36 40.01 53 44.1 N 
endosulfan I 19.60 40.03 49 N 39.3 N 
endosulfan II 18.24 40.02 46 N 49.2 N 
endrin 18.07 40.01 45 N 46.2 N 
heptachlor 17.74 40.00 44 N 49.6 N 
heptachlor epoxide 19.66 40.01 49 N 44.4 N 
Toxaphene 166.70 U 
Cl2(8) 28.61 40.12 27 n 92.0 n 
Cl3(18) 63.50 40.12 13 n 162.9 n 
Cl3(28) 70.39 40.04 17 n 151.1 n 
Cl4(44) 60.60 40.08 22 n 139.7 n 
Cl4(49) 83.53 40.16 15 n 164.7 n 
Cl4(52) 117.66 40.00 1 n 198.0 n 
Cl4(66) 36.82 40.04 28 n 111.1 n 
Cl5(87) 40.18 40.00 22 n 128.5 n 
Cl5(101) 81.01 40.08 19 n 155.6 n 
Cl5(105) 35.01 40.04 29 n 100.0 n 
Cl5(118) 67.40 40.04 15 n 161.5 n 
Cl6(128) 31.08 40.24 32 n 92.4 n 
Cl6(138) 94.38 40.08 9 n 180.4 n 
Cl6(153) 104.35 40.04 0 n 200.0 n 
Cl7(170) 24.24 40.20 33 n 74.3 n 
Cl7(180) 27.18 40.16 34 n 81.7 n 
Cl7(183) 15.84 40.16 38 N 60.6 N 
Cl7(184) 5.13 40.16 13 N 89.4 N 
Cl7(187) 17.68 40.12 36 N 72.6 N 
Cl8(195) 16.43 40.12 37 N 50.5 N 
Cl9(206) 14.56 40.12 35 N 47.8 N 
Cl10(209) 13.06 40.04 33 N 51.7 N 

Surrogate Recoveries (%) 

Cl3(34) 33 
Cl6(152) 29 N 

COMP8 F-K 

S8992MSD-P 
MSD 

8/10/2005 
8/12/2005 
8/22/2005 

ECD 
NA 
NA 

WATER 
1 

L_LIQUID 
NG/L_LIQUID Target % Recovery Qualifier RPD (%) Qualifier 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 MS: Elutriate PCB_Pest(2)_L05-0292ECD-Master_128-Final.xls 



 

 

 
  

    
 

   

    

 
 
  

 
 

 
  

 
 

 

    
 

 

 
 

 

 
 

 

 
 

 
 

  

   
 

 
 

 
    

   
 

 
                                         
                                           

 

PCB/Pesticide – WATER QA/QC SUMMARY 

Batch 05-293 


PROJECT:	 USACE/NAE New Bedford Harbor 
PARAMETER: 	 PCB/Pesticide 
LABORATORY: 	 Battelle, Duxbury, MA 
MATRIX: 	 Elutriate Blanks 
SAMPLE CUSTODY: 	 Elutriate blanks were prepared on 8/11/05.  They were received at Battelle Duxbury on 

8/12/05 along with elutriate samples.  Upon arrival, cooler temperatures were recorded 
at 0.4°C – 1.9°C.  No custody issues were noted.  The samples were logged into LIMS 
and received unique Battelle IDs.  The samples were stored at 4° C in an access 
controlled walk-in refrigerator until sample preparation could begin. All samples were 
prepared in triplicate. 

Detection 
Sample Limits and 

Replicate Reporting 
Reference Method Surrogate LCS/MS Relative Limits 
Method Blank Recovery Recovery Precision (ng/L) 
General < 5 x ss- 30-150% PCB/ 
NS&T MDL Recovery Pesticide 

50-120% ≤30% RSD MDL: 
Recovery ~0.11 – 0.87 

(concentration 
of  MS must RL:(concentration 
be >5 xof  MS must 	 ~1.01 – 100.00 
background; be >5 x 
sample background) 
duplicate 
values must be 
> 10 x MDL) 

METHOD: 	 Water samples were extracted for PCB and pesticides following general NS&T 
methods.  Approximately 1 liter of water was spiked with surrogates and extracted 
three times with dichloromethane using separatory funnel techniques.  The 
combined extract was dried over anhydrous sodium sulfate, concentrated, processed 
through alumina cleanup column, concentrated, fortified with RIS, and solvent 
exchanged into hexane.  Extracts were analyzed using gas chromatography/electron 
capture detection (GC/ECD), following general NS&T methods.  Sample data were 
quantified by the method of internal standards, using the Recovery Internal Standard 
(RIS) compounds.   

HOLDING	 Samples were prepared for analysis in one analytical batch and were extracted 
TIMES: 	 within 6 days of sample collection and analyzed within 40 days of extraction. All 

holding times were met. 

Batch Extraction Date Analysis Date  
05-293 8/15/05 8/20/05 

Page 1 of 3 



 

 

 

 
     

 
  

 
 

 
      

 
 

 

 
 

 

 
 

 
  

  
 

 
                   
                
 

  

    
  

 
 

 
 

  
 

  
 

 
 
 

  
 

 
 

 
 

PCB/Pesticide – WATER QA/QC SUMMARY 

Batch 05-293 


BLANK:	 A procedural blank (PB) was prepared with the analytical batch.  Blanks were 
analyzed to ensure the sample extraction and analysis methods were free of 
contamination. 

05-293 – No target analytes were detected in the blank 

Comments – None. 

LABORATORY A laboratory control sample (LCS) was prepared with the analytical batch.  The 
CONTROL percent recoveries of target PCB and pesticides were calculated to measure data 
SAMPLE: quality in terms of accuracy. 

05-293 –All target analytes were recovered within the laboratory control limits 
specified by the client (50% - 120%).   

Comments – None. 

MATRIX SPIKE: 	 Both a matrix spike (MS) sample and matrix spike duplicate (MSD) sample were 
prepared with the analytical batch.   The percent recoveries of target analytes were 
calculated to measure data quality in terms of accuracy.   The RPD between the 
percent recoveries for Pesticide/PCB is calculated to measure data quality in terms 
of precision. 

05-293 – MS recovery: 1 exceedence noted 
MSD recovery: 1 exceedence noted. 

  RPD: No exceedences noted 

Comments – PCB 8 was over-recovered in the MS and MSD samples at 259% and 
231%, respectively.  The analyst notes that this exceedence is due to an interfering 
peak in the chromatography.  The data has been qualified with an “ME”.  Accuracy 
for this compound has adequately been demonstrated in the LCS sample.  Since this 
compound was not detected in any of the elutriate blanks, this over-recovery has had 
no impact on the data.  No further corrective action was required. 

REPLICATES: 	 Triplicate samples were prepared for all elutriate blank samples.  The RSD among 
triplicate analyses for PCB/pesticides is calculated to measure data quality in terms 
of precision. 

05-293 – No exceedences noted. 

Comments – No analytes were detected in the elutriate blanks.  

SURROGATES: 	 Two surrogate compounds were added prior to extraction, including PCB 34 and 
PCB 152.  The recovery of each surrogate compound was calculated to measure data 
quality in terms of accuracy (extraction efficiency). 

05-293 – No exceedences noted. 

Comments – All percent recoveries were within the laboratory control limits (30% - 
150%). 
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PCB/Pesticide – WATER QA/QC SUMMARY 

Batch 05-293 


CALIBRATIONS:	 The instrument is calibrated with a 7-level calibration.  Calibration checks are 
analyzed minimally every 12 hours. Additionally, an Instrument Calibration Check 
(ICC) sample is run after each initial calibration.  Samples for this batch were run 
over two sequences.  Each sequence had its own initial and continuing calibration as 
well as its own ICC. 

05-293 – No exceedences noted. 

Comments – None. 

Page 3 of 3 



Not Surrogate Corrected
Analyzed By Fredriksson, Julie

1/30/2004 :DRAFT

   

   

    

  

 

  

       

    

   

 

Glossary of Data Qualifiers 

Flag: Application: 

B Analyte concentration found in the sample at a concentration <5x the level found in the procedural blank. 

D Dilution Run.  Initial run outside linear range of instrument. 

E Estimate, result is greater than the highest concentration level in the calibration. 

H Surrogate diluted out. Used when surrogate recovery is affected by excessive dilution of the sample extract. 

J Analyte detected below the sample-specific Reporting Limit (RL). 

ME Significant Matrix Interference - Estimated value. 

MI Significant Matrix Interference - value could not be determined or estimated. 

n Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO), but meets the contingency criteria. 

N Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO) 

NA Not applicable 

T Holding Time (HT) exceeded. 

U Analyte not detected at 3:1 signal:noise ratio. The sample-specific method detection limit (MDL) reported. 

thorn
Cross-Out

thorn
Inserted Text

thorn
Inserted Text

thorn
Cross-Out

thorn
Inserted Text

thorn
Cross-Out

thorn
Inserted Text

thorn
Cross-Out

thorn
Inserted Text



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 
COMP1 A,C,D,E 

BLANK 
COMP1 A,C,D,E 

BLANK 
COMP1 A,C,D,E 

BLANK 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

S8993-P 
SA 

08/11/05 
08/15/05 
08/20/05 

ECD 
NA 
NA 

ELUTRIATE BLANK 
1.00 

L_LIQUID 
NG/L_LIQUID 

S8993DUP-P 
QADU 

08/11/05 
08/15/05 
08/20/05 

ECD 
NA 
NA 

ELUTRIATE BLANK 
1.00 

L_LIQUID 
NG/L_LIQUID 

S8993TRP-P 
QATP 

08/11/05 
08/15/05 
08/20/05 

ECD 
NA 
NA 

ELUTRIATE BLANK 
1.00 

L_LIQUID 
NG/L_LIQUID RSD Qualifier 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

1.01 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 
2.03 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 

100.00 U 
1.01 U 
1.01 U 
1.00 U 
1.00 U 
1.00 U 
1.01 U 
1.01 U 
1.00 U 
1.01 U 
1.00 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 
1.00 U 
1.01 U 
1.00 U 
1.01 U 
1.01 U 
1.00 U 

1.01 
1.01 
1.01 
1.01 
1.01 
2.03 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

100.00 
1.01 
1.01 
1.00 
1.00 
1.00 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.00 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

1.01 
1.01 
1.01 
1.01 
1.01 
2.03 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

100.00 
1.01 
1.01 
1.00 
1.00 
1.00 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.00 
1.01 
1.00 
1.01 
1.01 
1.00 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

84 
88 

88 
85 

85 
89 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Elutriate PCB_Pest(3)_L05-0293ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

COMP6 CC-KK COMP6 CC-KK COMP6 CC-KK 
Client ID BLANK BLANK BLANK 

Battelle ID S8998-P S8998DUP-P S8998TRP-P 
Sample Type SA QADU QATP 
Collection Date 08/11/05 08/11/05 08/11/05 
Extraction Date 08/15/05 08/15/05 08/15/05 
Analysis Date 08/20/05 08/20/05 08/20/05 
Analytical Instrument ECD ECD ECD 
% Moisture NA NA NA 
% Lipid NA NA NA 
Matrix ELUTRIATE BLANK ELUTRIATE BLANK ELUTRIATE BLANK 
Sample Size 1 1 1 
Size Unit-Basis L_LIQUID L_LIQUID L_LIQUID 
Units NG/L_LIQUID NG/L_LIQUID NG/L_LIQUID RSD Qualifier 

4,4'-DDT 1.01 U 1.01 U 1.01 U NA 
aldrin 1.01 U 1.01 U 1.01 U NA 
a-chlordane 1.01 U 1.01 U 1.01 U NA 
g-chlordane 1.01 U 1.01 U 1.01 U NA 
Lindane 1.01 U 1.01 U 1.01 U NA 
Chlorpyrifos 2.03 U 2.03 U 2.03 U NA 
dieldrin 1.01 U 1.01 U 1.01 U NA 
endosulfan I 1.01 U 1.01 U 1.01 U NA 
endosulfan II 1.01 U 1.01 U 1.01 U NA 
endrin 1.01 U 1.01 U 1.01 U NA 
heptachlor 1.01 U 1.01 U 1.01 U NA 
heptachlor epoxide 1.01 U 1.01 U 1.01 U NA 
Toxaphene 100.00 U 100.00 U 100.00 U NA 
Cl2(8) 1.01 U 1.01 U 1.01 U NA 
Cl3(18) 1.01 U 1.01 U 1.01 U NA 
Cl3(28) 1.00 U 1.00 U 1.00 U NA 
Cl4(44) 1.00 U 1.00 U 1.00 U NA 
Cl4(49) 1.00 U 1.00 U 1.00 U NA 
Cl4(52) 1.01 U 1.01 U 1.01 U NA 
Cl4(66) 1.01 U 1.01 U 1.01 U NA 
Cl5(87) 1.00 U 1.00 U 1.00 U NA 
Cl5(101) 1.01 U 1.01 U 1.01 U NA 
Cl5(105) 1.00 U 1.00 U 1.00 U NA 
Cl5(118) 1.01 U 1.01 U 1.01 U NA 
Cl6(128) 1.01 U 1.01 U 1.01 U NA 
Cl6(138) 1.01 U 1.01 U 1.01 U NA 
Cl6(153) 1.01 U 1.01 U 1.01 U NA 
Cl7(170) 1.01 U 1.01 U 1.01 U NA 
Cl7(180) 1.01 U 1.01 U 1.01 U NA 
Cl7(183) 1.00 U 1.00 U 1.00 U NA 
Cl7(184) 1.01 U 1.01 U 1.01 U NA 
Cl7(187) 1.00 U 1.00 U 1.00 U NA 
Cl8(195) 1.01 U 1.01 U 1.01 U NA 
Cl9(206) 1.01 U 1.01 U 1.01 U NA 
Cl10(209) 1.00 U 1.00 U 1.00 U NA 

Surrogate Recoveries (%) 

Cl3(34) 81 79 85 
Cl6(152) 84 92 89 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Elutriate PCB_Pest(3)_L05-0293ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

COMP7 FF-JJ COMP7 FF-JJ COMP7 FF-JJ 
Client ID BLANK BLANK BLANK 

Battelle ID S8999-P S8999DUP-P S8999TRP-P 
Sample Type SA QADU QATP 
Collection Date 08/11/05 08/11/05 08/11/05 
Extraction Date 08/15/05 08/15/05 08/15/05 
Analysis Date 08/20/05 08/20/05 08/20/05 
Analytical Instrument ECD ECD ECD 
% Moisture NA NA NA 
% Lipid NA NA NA 
Matrix ELUTRIATE BLANK ELUTRIATE BLANK ELUTRIATE BLANK 
Sample Size 1 1 1 
Size Unit-Basis L_LIQUID L_LIQUID L_LIQUID 
Units NG/L_LIQUID NG/L_LIQUID NG/L_LIQUID RSD Qualifier 

4,4'-DDT 1.01 U 1.01 U 1.01 U NA 
aldrin 1.01 U 1.01 U 1.01 U NA 
a-chlordane 1.01 U 1.01 U 1.01 U NA 
g-chlordane 1.01 U 1.01 U 1.01 U NA 
Lindane 1.01 U 1.01 U 1.01 U NA 
Chlorpyrifos 2.03 U 2.03 U 2.03 U NA 
dieldrin 1.01 U 1.01 U 1.01 U NA 
endosulfan I 1.01 U 1.01 U 1.01 U NA 
endosulfan II 1.01 U 1.01 U 1.01 U NA 
endrin 1.01 U 1.01 U 1.01 U NA 
heptachlor 1.01 U 1.01 U 1.01 U NA 
heptachlor epoxide 1.01 U 1.01 U 1.01 U NA 
Toxaphene 100.00 U 100.00 U 100.00 U NA 
Cl2(8) 1.01 U 1.01 U 1.01 U NA 
Cl3(18) 1.01 U 1.01 U 1.01 U NA 
Cl3(28) 1.00 U 1.00 U 1.00 U NA 
Cl4(44) 1.00 U 1.00 U 1.00 U NA 
Cl4(49) 1.00 U 1.00 U 1.00 U NA 
Cl4(52) 1.01 U 1.01 U 1.01 U NA 
Cl4(66) 1.01 U 1.01 U 1.01 U NA 
Cl5(87) 1.00 U 1.00 U 1.00 U NA 
Cl5(101) 1.01 U 1.01 U 1.01 U NA 
Cl5(105) 1.00 U 1.00 U 1.00 U NA 
Cl5(118) 1.01 U 1.01 U 1.01 U NA 
Cl6(128) 1.01 U 1.01 U 1.01 U NA 
Cl6(138) 1.01 U 1.01 U 1.01 U NA 
Cl6(153) 1.01 U 1.01 U 1.01 U NA 
Cl7(170) 1.01 U 1.01 U 1.01 U NA 
Cl7(180) 1.01 U 1.01 U 1.01 U NA 
Cl7(183) 1.00 U 1.00 U 1.00 U NA 
Cl7(184) 1.01 U 1.01 U 1.01 U NA 
Cl7(187) 1.00 U 1.00 U 1.00 U NA 
Cl8(195) 1.01 U 1.01 U 1.01 U NA 
Cl9(206) 1.01 U 1.01 U 1.01 U NA 
Cl10(209) 1.00 U 1.00 U 1.00 U NA 

Surrogate Recoveries (%) 

Cl3(34) 75 68 71 
Cl6(152) 85 74 84 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Elutriate PCB_Pest(3)_L05-0293ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID COMP8 F-K BLANK COMP8 F-K BLANK COMP8 F-K BLANK 

Battelle ID S9000-P S9000DUP-P S9000TRP-P 
Sample Type SA QADU QATP 
Collection Date 08/11/05 08/11/05 08/11/05 
Extraction Date 08/15/05 08/15/05 08/15/05 
Analysis Date 08/20/05 08/20/05 08/20/05 
Analytical Instrument ECD ECD ECD 
% Moisture NA NA NA 
% Lipid NA NA NA 
Matrix ELUTRIATE BLANK ELUTRIATE BLANK ELUTRIATE BLANK 
Sample Size 1 1 1 
Size Unit-Basis L_LIQUID L_LIQUID L_LIQUID 
Units NG/L_LIQUID NG/L_LIQUID NG/L_LIQUID RSD Qualifier 

4,4'-DDT 1.01 U 1.01 U 1.01 U NA 
aldrin 1.01 U 1.01 U 1.01 U NA 
a-chlordane 1.01 U 1.01 U 1.01 U NA 
g-chlordane 1.01 U 1.01 U 1.01 U NA 
Lindane 1.01 U 1.01 U 1.01 U NA 
Chlorpyrifos 2.03 U 2.03 U 2.03 U NA 
dieldrin 1.01 U 1.01 U 1.01 U NA 
endosulfan I 1.01 U 1.01 U 1.01 U NA 
endosulfan II 1.01 U 1.01 U 1.01 U NA 
endrin 1.01 U 1.01 U 1.01 U NA 
heptachlor 1.01 U 1.01 U 1.01 U NA 
heptachlor epoxide 1.01 U 1.01 U 1.01 U NA 
Toxaphene 100.00 U 100.00 U 100.00 U NA 
Cl2(8) 1.01 U 1.01 U 1.01 U NA 
Cl3(18) 1.01 U 1.01 U 1.01 U NA 
Cl3(28) 1.00 U 1.00 U 1.00 U NA 
Cl4(44) 1.00 U 1.00 U 1.00 U NA 
Cl4(49) 1.00 U 1.00 U 1.00 U NA 
Cl4(52) 1.01 U 1.01 U 1.01 U NA 
Cl4(66) 1.01 U 1.01 U 1.01 U NA 
Cl5(87) 1.00 U 1.00 U 1.00 U NA 
Cl5(101) 1.01 U 1.01 U 1.01 U NA 
Cl5(105) 1.00 U 1.00 U 1.00 U NA 
Cl5(118) 1.01 U 1.01 U 1.01 U NA 
Cl6(128) 1.01 U 1.01 U 1.01 U NA 
Cl6(138) 1.01 U 1.01 U 1.01 U NA 
Cl6(153) 1.01 U 1.01 U 1.01 U NA 
Cl7(170) 1.01 U 1.01 U 1.01 U NA 
Cl7(180) 1.01 U 1.01 U 1.01 U NA 
Cl7(183) 1.00 U 1.00 U 1.00 U NA 
Cl7(184) 1.01 U 1.01 U 1.01 U NA 
Cl7(187) 1.00 U 1.00 U 1.00 U NA 
Cl8(195) 1.01 U 1.01 U 1.01 U NA 
Cl9(206) 1.01 U 1.01 U 1.01 U NA 
Cl10(209) 1.00 U 1.00 U 1.00 U NA 

Surrogate Recoveries (%) 

Cl3(34) 71 59 80 
Cl6(152) 88 69 89 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 TRP: Elutriate PCB_Pest(3)_L05-0293ECD-Master_128-Final.xls 



 

Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID Procedural Blank 

Battelle ID BG926PB-P 
Sample Type PB 
Collection Date 08/15/05 
Extraction Date 08/15/05 
Analysis Date 08/19/05 
Analytical Instrument ECD 
% Moisture NA 
% Lipid NA 
Matrix LIQUID 
Sample Size 1.00 
Size Unit-Basis L_LIQUID 
Units NG/L_LIQUID 

4,4'-DDT 1.01 U 
aldrin 1.01 U 
a-chlordane 1.01 U 
g-chlordane 1.01 U 
Lindane 1.01 U 
Chlorpyrifos 2.03 U 
dieldrin 1.01 U 
endosulfan I 1.01 U 
endosulfan II 1.01 U 
endrin 1.01 U 
heptachlor 1.01 U 
heptachlor epoxide 1.01 U 
Toxaphene 100.00 U 
Cl2(8) 1.01 U 
Cl3(18) 1.01 U 
Cl3(28) 1.00 U 
Cl4(44) 1.00 U 
Cl4(49) 1.00 U 
Cl4(52) 1.01 U 
Cl4(66) 1.01 U 
Cl5(87) 1.00 U 
Cl5(101) 1.01 U 
Cl5(105) 1.00 U 
Cl5(118) 1.01 U 
Cl6(128) 1.01 U 
Cl6(138) 1.01 U 
Cl6(153) 1.01 U 
Cl7(170) 1.01 U 
Cl7(180) 1.01 U 
Cl7(183) 1.00 U 
Cl7(184) 1.01 U 
Cl7(187) 1.00 U 
Cl8(195) 1.01 U 
Cl9(206) 1.01 U 
Cl10(209) 1.00 U 

Surrogate Recoveries (%) 

Cl3(34) 82 
Cl6(152) 86 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 PB: Elutriate PCB_Pest(3)_L05-0293ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Laboratory Control 
Client ID Sample 

Battelle ID BG927LCS-P 
Sample Type LCS 
Collection Date 08/15/05 
Extraction Date 08/15/05 
Analysis Date 08/20/05 
Analytical Instrument ECD 
% Moisture NA 
% Lipid NA 
Matrix LIQUID 
Sample Size 1.00 
Size Unit-Basis L_LIQUID 
Units NG/L_LIQUID Target % Recovery Qualifier 

4,4'-DDT 38.76 40.02 97 
aldrin 34.24 40.01 86 
a-chlordane 36.15 40.03 90 
g-chlordane 35.83 40.06 89 
Lindane 34.98 40.01 87 
Chlorpyrifos 40.19 40.10 100 
dieldrin 37.19 40.01 93 
endosulfan I 34.87 40.03 87 
endosulfan II 36.50 40.02 91 
endrin 35.94 40.01 90 
heptachlor 36.21 40.00 91 
heptachlor epoxide 39.06 40.01 98 
Toxaphene 100.00 U 
Cl2(8) 42.58 40.12 106 
Cl3(18) 31.64 40.12 79 
Cl3(28) 34.92 40.04 87 
Cl4(44) 33.23 40.08 83 
Cl4(49) 34.45 40.16 86 
Cl4(52) 33.47 40.00 84 
Cl4(66) 35.22 40.04 88 
Cl5(87) 33.16 40.00 83 
Cl5(101) 34.62 40.08 86 
Cl5(105) 34.37 40.04 86 
Cl5(118) 34.18 40.04 85 
Cl6(128) 34.80 40.24 86 
Cl6(138) 34.59 40.08 86 
Cl6(153) 34.10 40.04 85 
Cl7(170) 33.33 40.20 83 
Cl7(180) 33.92 40.16 84 
Cl7(183) 31.99 40.16 80 
Cl7(184) 31.91 40.16 79 
Cl7(187) 31.34 40.12 78 
Cl8(195) 32.03 40.12 80 
Cl9(206) 28.25 40.12 70 
Cl10(209) 28.62 40.04 71 

Surrogate Recoveries (%) 

Cl3(34) 83 
Cl6(152) 86 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 LCS: Elutriate PCB_Pest(3)_L05-0293ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

Client ID 
COMP1 A,C,D,E 

BLANK 
COMP1 A,C,D,E 

BLANK 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

S8993-P 
SA 

08/11/05 
08/15/05 
08/20/05 

ECD 
NA 
NA 

ELUTRIATE BLANK 
1.00 

L_LIQUID 
NG/L_LIQUID 

S8993MS-P 
MS 

08/11/05 
08/15/05 
08/20/05 

ECD 
NA 
NA 

ELUTRIATE BLANK 
1.00 

L_LIQUID 
NG/L_LIQUID Target % Recovery Qualifier 

4,4'-DDT 
aldrin 
a-chlordane 
g-chlordane 
Lindane 
Chlorpyrifos 
dieldrin 
endosulfan I 
endosulfan II 
endrin 
heptachlor 
heptachlor epoxide 
Toxaphene 
Cl2(8) 
Cl3(18) 
Cl3(28) 
Cl4(44) 
Cl4(49) 
Cl4(52) 
Cl4(66) 
Cl5(87) 
Cl5(101) 
Cl5(105) 
Cl5(118) 
Cl6(128) 
Cl6(138) 
Cl6(153) 
Cl7(170) 
Cl7(180) 
Cl7(183) 
Cl7(184) 
Cl7(187) 
Cl8(195) 
Cl9(206) 
Cl10(209) 

1.01 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 
2.03 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 

100.00 U 
1.01 U 
1.01 U 
1.00 U 
1.00 U 
1.00 U 
1.01 U 
1.01 U 
1.00 U 
1.01 U 
1.00 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 
1.01 U 
1.00 U 
1.01 U 
1.00 U 
1.01 U 
1.01 U 
1.00 U 

42.18 
36.99 
38.51 
38.36 
38.33 
46.85 
39.10 
35.07 
37.77 
39.80 
41.41 
41.76 

100.00 
103.96 
30.52 
33.31 
37.75 
34.37 
35.95 
36.71 
35.08 
35.87 
33.22 
34.03 
34.32 
35.88 
33.95 
32.10 
33.35 
31.91 
30.74 
31.65 
31.75 
28.07 
29.55 

U 
ME 

ME 
ME 

40.02 
40.01 
40.03 
40.06 
40.01 
40.10 
40.01 
40.03 
40.02 
40.01 
40.00 
40.01 

40.12 
40.12 
40.04 
40.08 
40.16 
40.00 
40.04 
40.00 
40.08 
40.04 
40.04 
40.24 
40.08 
40.04 
40.20 
40.16 
40.16 
40.16 
40.12 
40.12 
40.12 
40.04 

105 
92 
96 
96 
96 

117 
98 
88 
94 
99 

104 
104 

259 
76 
83 
94 
86 
90 
92 
88 
89 
83 
85 
85 
90 
85 
80 
83 
79 
77 
79 
79 
70 
74 

N 

Surrogate Recoveries (%) 

Cl3(34) 
Cl6(152) 

84 
88 

89 
90 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 MS: Elutriate PCB_Pest(3)_L05-0293ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: USACE/NAE - New Bedford Harbor 
Project Number: G606416-DUX 

COMP1 A,C,D,E 
Client ID BLANK 

Battelle ID S8993MSD-P 
Sample Type MSD 
Collection Date 08/11/05 
Extraction Date 08/15/05 
Analysis Date 08/20/05 
Analytical Instrument ECD 
% Moisture NA 
% Lipid NA 
Matrix ELUTRIATE BLANK 
Sample Size 1.00 
Size Unit-Basis L_LIQUID 
Units NG/L_LIQUID 

4,4'-DDT 42.15 
aldrin 37.69 
a-chlordane 38.55 
g-chlordane 38.51 
Lindane 37.60 
Chlorpyrifos 47.10 
dieldrin 38.77 
endosulfan I 35.70 
endosulfan II 37.21 
endrin 39.39 
heptachlor 41.49 
heptachlor epoxide 42.18 
Toxaphene 100.00 U 
Cl2(8) 92.48 ME 
Cl3(18) 32.09 
Cl3(28) 36.52 
Cl4(44) 38.46 
Cl4(49) 46.53 ME 
Cl4(52) 38.59 ME 
Cl4(66) 38.07 
Cl5(87) 35.49 
Cl5(101) 35.81 
Cl5(105) 33.62 
Cl5(118) 34.42 
Cl6(128) 35.10 
Cl6(138) 36.29 
Cl6(153) 33.03 
Cl7(170) 32.72 
Cl7(180) 33.44 
Cl7(183) 32.20 
Cl7(184) 32.57 
Cl7(187) 31.83 
Cl8(195) 31.87 
Cl9(206) 28.14 
Cl10(209) 29.38 

Surrogate Recoveries (%) 

Cl3(34) 93 
Cl6(152) 91 

Target % Recovery Qualifier RPD (%) Qualifier 

40.02 105 
40.01 94 
40.03 96 
40.06 96 
40.01 94 
40.10 117 
40.01 97 
40.03 89 
40.02 93 
40.01 98 
40.00 104 
40.01 105 

40.12 231 
40.12 80 
40.04 91 
40.08 96 
40.16 116 
40.00 96 
40.04 95 
40.00 89 
40.08 89 
40.04 84 
40.04 86 
40.24 87 
40.08 91 
40.04 82 
40.20 81 
40.16 83 
40.16 80 
40.16 81 
40.12 79 
40.12 79 
40.12 70 
40.04 73 

N 

0.0 
2.2 
0.0 
0.0 
2.1 
0.0 
1.0 
1.1 
1.1 
1.0 
0.0 
1.0 

11.4 
5.1 
9.2 
2.1 

29.7 
6.5 
3.2 
1.1 
0.0 
1.2 
1.2 
2.3 
1.1 
3.6 
1.2 
0.0 
1.3 
5.1 
0.0 
0.0 
0.0 
1.4 

Analyzed by Fredriksson, Julie 
Not Surrogate Corrected 9/18/2006 MS: Elutriate PCB_Pest(3)_L05-0293ECD-Master_128-Final.xls 



Table II-4: Quality Control Summary for Analyses of Polychorinated Biphenyls (PCB congeners) in Sediment, Tissue and 
Water Matrices 

Method Reference Number: 8082A	 Batch 05-0283 (Site Water and Rinsate Blanks) 
Batch 05-0291 (Elutriate) 
Batch 05-0292 (Elutriate and Elutriate Blanks) 
Batch 05-0293 (Elutriate Blanks) 

Quality Control (QC) 
Element 

Acceptance Criteria* Criteria Met? 

Yes/No 

List results outside criteria 

(Cross-reference results 
table in data report) 

Location of Results 

(Retained at Lab or in 
Data Package) 

Initial Calibration Must be performed prior to the 
analysis of any QC sample or field 
sample (<20 % RSD for each 
compound) 

Yes Retained at Lab 

Calculation of Method Detection 
Limits (MDLs) 

For each matrix, analyzed once per 
12 month period (see Section 5.2 for 
MDL procedure) 

Yes In Data Package 

Calibration Verification (Second 
Source) 

Once, after initial calibration. (80 to 
120% recovery of each compound) 

Yes/No PCB 206 was recoveried slightly over the 
method control limit in the calibration 
verification for Batch 05-0291. 

Retained at Lab 

Continuing Calibration  Every 20 injections (+ 15 % D) Yes Retained at Lab 

Standard Reference Materials Within the limits provided by vendor NA In Data Package 

Method Blank No target analytes > RL Yes In Data Package 

Matrix Spike/Matrix Spike 
Duplicate (MS/MSD) 

One set (MS/MSD) per group of field 
samples. Must contain all target 
analytes. (Recovery Limits 50 to 
120%; RPD <30%) 

Yes/No Some PCB congeners were recovered 
outside laboratory control limits in 
MS/MSD samples of Batches 05-0291, 05-
0292, and 05-0293. See QC summaries 
and MS/MSD results for Batches 05-0291, 
05-0292, and 05-0293. 

In Data Package 

Analytical Replicates Analyze one sample in duplicate for 
each group of field samples (RPD < 
30%) 

Yes/No RSDs for 8 PCB congeners exceeded the 
laboratory control limits (<30%RSD) 
among the triplicates for sample COMP8 
F-K in Batch 05-0292. 

In Data Package 

Surrogate Recoveries Calculate % recovery (30 to 150% 
recovery) 

Yes/No In Batch 05-0292, PCB 152 in sample 
S8992MSD (background COMP8 F-K) 
and PCB 34 and PCB 152 in sample 
S8997 (COMP5 O-BB BLANK) were 
under-recovered at 29%, 28%, and 27%, 
respectively. 

In Data Package 

* The Quality Control Acceptance Criteria are general guidelines. If alternate criteria are used, they must be documented in this table.



Table II-3: Quality Control Summary for Analyses of Pesticides in Sediment, Tissue and Water Matrices 

Method Reference Number: 8081B	 Batch 05-0283 (Site Water and Rinsate Blanks) 
Batch 05-0291 (Elutriate) 
Batch 05-0292 (Elutriate and Elutriate Blanks) 
Batch 05-0293 (Elutriate Blanks) 

Quality Control (QC) 
Element 

Acceptance Criteria* Criteria Met? 
Yes/No 

List results outside criteria 
(Cross-reference results table 

in data report) 

Location of Results 
(Retained at Lab or 

in Data Package) 

Initial Calibration Must be performed prior to the analysis of 
any QC sample or field sample (< 20 % 
RSD for each compound) 

Yes Retained at Lab 

Calculation of Method 
Detection Limits (MDLs) 

For each matrix, analyzed once per 12 
month period (see Section 5.2 for MDL 
procedure) 

Yes In Data Package 

Calibration Verification 
(Second Source) 

Once, after initial calibration (80 to 120% 
recovery of each compound) 

Yes Retained at Lab 

Continuing Calibration Every 20 injections (+ 15 % D) Yes Retained at Lab 

Standard Reference Materials Within the limits provided by vendor NA In Data Package 

Method Blank No target analytes > RL Yes In Data Package 

Matrix Spike/Matrix Spike 
Duplicate (MS/MSD) 

One set (MS/MSD) per group of field 
samples. Must contain all target analytes. 
(Recovery Limits 50 to 120%; RPD 
<30%) 

Yes/No Aldrin, Lindane, and heptachlor were 
under-recovered at 45%, 49%, and 46% 
respectively in the MS sample of Batch 05-
0291, and nearly all pesticides were under-
recovered in the MSD samples of Batches 
05-0291 and 05-0292. See QC summaries 
and MS/MSD results for Batches 05-0291 
and 05-0292. 

In Data Package 

Analytical Replicates Analyze one sample in duplicate for each 
group of field samples (RPD < 30%) 

Yes In Data Package 

Surrogate Recoveries Calculate % recovery (30 to 150% 
recovery) 

Yes/No In Batch 05-0292, PCB 152 in sample 
S8992MSD (background COMP8 F-K) and 
PCB 34 and PCB 152 in sample S8997 
(COMP5 O-BB BLANK) were under-
recovered at 29%, 28%, and 27%, 
respectively. 

In Data Package 

* The Quality Control Acceptance Criteria are general guidelines. If alternate criteria are used, they must be documented in this table.



 
 
 
 
 
 
 
 
 
 
 
 

Appendix F 

Pentachlorophenol in Water 
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Appendix F-1 


Pentachlorophenol in Rinsate Blanks and Reference Waters 
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Katahdin 
ANALYTICAL SERVICES 

August 26, 2005 

Ms. Lisa Lefkovitz 
Battelle 
397 Washington St. 
Duxbury,MA 02332 

RE: Katahdin Lab Number: WV3838 

Project ill: NEW BEDFORD 
Project Manager: Mrs. Andrea Colby 

Sample Receipt Date(s): August 02, 2005 

Dear Ms. Letkovitz: 

Please find enclosed the following information: 

* Report of Analysis (Analytical and/or Field) 

* Quality Control Data Summary 

* Chain of Custody (COC) 

* Login Report 

A copy of the Chain of Custody is included in the paginated report. The original COC is attached 
as an addendum to this report. 

Should you have any questions or comments concerning this Report of Analysis, please do not 
hesitate to contact the project manager listed above. This cover letter is an integral part of the 
ROA. 

We certify that the test results provided in this report meet all the requirements of the NELAC 
standards unless otherwise noted in an attached technical narrative or in the Report of Analysis. 

We appreciate your continued use of our laboratory and look forward to working with you in the 
future. The following signature indicates technical review and acceptance of the data. 

Sincerely, 

KATAHDIN ANALYTICAL SERVICES 

O~·O«_D -oS 
Date 

Cert. No. EB76D4 

340 County Road No.5' P.O. Box 720, Westbrook, ME 04098 • Tel: (207) 874-2400 • Fax: (207) 775-4029 • www.katahdinlab.com 

Katahdin Analytical Services 0000001 



Katahdin 
ANALYTICAL SERVICES 

Sample Receipt 

SDG NARRATIVE 
KATAHDlN ANALYTICAL SERVICES 

BATTELLE 
NEW BEDFORD 

WV3838 

The following samples were received on August 2, 2005 were logged in under Katahdin 
Analytical Services work order number WV3838 for a hardcopy due date of August 22,2005. 

KATAHDIN 
Sample No. 
WV3838-1 
WV3838-2 
WV3838-3 
WV3838-4 
WV3838-5 
WV3838-6 
WV3838-7 
WV3838-8 
WV3838-9 

BATTELLE 
Sample Identification 
RISDS SITE WATER A 
RISDS SITE WATER B 
RISDS SITE WATER C 
GRAB RINSATE BLANK 
CORE RINSATE BLANK 
PUMP RINSATE BLANK 
BBDS SITE WATER A 
BBDS SITE WATERB 
BBDS SITE WATER C 

The samples were logged in for the analyses specified on the chain of custody form. All non
conformances noted during sample receipt have been documented on the applicable chain of 
custody or laboratory cooler receipt form. 

We celii:ty that the test results provided in this repOli meet all the requirements of the NELAC 
standards unless otherwise noted in this narrative or in the RepOli of Analysis. 

Sample analyses have been performed by the methods as noted herein. 

Should you have any questions or comments concerning this Repmi of Analysis, please do not 
hesitate to contact your Katahdin Analytical Services Project Manager, Andrea J. Colby. This 
narrative is an integral pati of the RepOli of Analysis. 

Organics Laboratory 

The samples of Work Order W'V3838 were analyzed in accordance with "Test Methods for 
Evaluating Solid Wastes: Physical/Chemical Methods." SW-846, 2nd edition, 1982 (revised 
1984), 3rd edition, 1986, and Updates I, II, IIA, and III 1996, Office of Solid Waste and 
Emergency Response, U.S. EPA, for the specific methods listed below or on the RepOli of 
Analysis. Some manual integrations may have been performed due to split peaks and/or corrected 
baselines. All have been flagged with a "M" (software-generated) on the peliinent quantitation 
repmis. 

Cert. No. E87604 

340 County Road No.5· P.O. Box 720, Wesrbrook, ME 04098 • Tel: (207) 874-2400 • Fax: (207) 775-4029 • www.karahdinlab.com Katahdin Analytical Services WV3838 page 0000002 of 0000035 



Katahdin 
ANALYTICAL SERVICES 

8270C SIM Analysis 

The sample with the client ill RISDS SITE WATER A (laboratory ID WV3 83 8-1) exceeds the 
19-character limit of the Katahdin Analytical Services' organics forms processing system. 
Therefore, the first two characters ("RI") in the client ID for this sample and the associated 
MSIMSD were omitted on all forms. 

Due to analyst oversight sample WV3838-9 was extracted three days out of hold time. Also, the 
associated laboratory method blank WGI9410-1, the laboratory control sample WG19410-2 and 
the laboratory control sample duplicate WG19410-3 were not spiked with the surrogate mix 
solution. In addition, the laboratory control sample WG 19410-2 and the laboratory control 
sample duplicate WG 19410-3 were not spiked with the spiked target analyte solution. 
Consequently, there are no recoveries for the three surrogates or for the spiked target analyte 
pentachlorophenol. Sample WV3838-9 was reextracted eleven days out of hold time. The results 
from both extractions are repOlied. 

The method blank WG 19341-1, laboratory control sample WGI9341-2, matrix spike and matrix 
spike duplicate WG19341-3 and 4, and samples WV3838-1 through 9 had low recoveries for one 
or two surrogates, which were outside the laboratory nominal acceptance limits. Samples 
WV3838-3 through 9 were reextracted eleven days out of hold time. The results from both 
extractions are reported. Due to no additional sample aliquots, samples WV3838-1 and 2 were 
not reextracted. 

Sample WV3838-8RERA had a high recovery for one surrogate, which was outside the 
laboratory nominal acceptance limits. Since this was a reextraction, no fmiher corrective action 
was taken. 

There were no other protocol deviations or observations noted by the organics laboratory staff. 

I celiify that this data package is in compliance with the terms and conditions of the contract, both 
technically and for completeness, for other than the conditions detailed above. Release of the 
data contained in this hardcopy data package has been authorized by the Operations Manager or 
the Quality Assurance Officer as verified by the following signature. 

~D\~ 
'?- dec, -oS" 

Leslie Dimond 
Quality Assurance Officer 

Cert. No. E87604 

340 County Road No.5· P.O. Box 720, Westbrook, ME 04098 • Tel: (207) 874-2400 • Fax: (207) 775-4029 • www.katahdinlab.com Katahdin Analytical Services WV3838 page 0000003 of 0000035 



DATA QUALIFIERS 

U Indicates the compound was analyzed for but not detected above the laboratory Practical 
Quantitation Limit. 

* Compound recovery outside of quality control limits. 

D Indicates the result was obtained from analysis of a diluted sample. Surrogate recoveries 
may not be calculable. 

E Estimated value. This flag identifies compounds whose concentrations exceed the upper 
level of the calibration range of the instrument for that specific analysis. 

J Estimated value. The analyte was detected in the sample at a concentration less than the 
laboratory Practical Quantitation Limit (PQL), but above the Method Detection Limit 
(MDL). 

B Organics- Indicates the analyte was detected in the laboratory method blank analyzed 
concurrently with the sample. 
Metals- Indicates the analyte was detected in the sample at a concentration greater than 
the instrument detection limit, but less than the laboratory's Practical Quantitation Level. 

N Presumptive evidence of a compound based on a mass spectral library search. 

A Indicates that a tentatively identified compound is a suspected aldol-condensation 
product. 

P Used for Pesticide/Arodor analyte when there is a greater than 25% difference for 
detected concentrations between the two GC columns. 

MCL Maximum Contaminant Level 

NL No limit 

Katahdin Analytical Services WV3838 page 0000004 of 0000035 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 07/29/05 
Received Date: 08/02/05 
Extraction Date: 08/05/05 
Analysis Date: 15-AUG-2005 21:10 
Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
Pentachlorophenol U 
2-Fluorophenol 

Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

34% 

* 19% 
72% 

01 of 01 

Lab ID: WV3838-1 
Client ID: SDS SITE WATER A 
SDG: WV3838 
Extracted by: KF 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19341 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1859.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 

PO No: 

Sample Date: 07/29/05 
Received Date: 08/02/05 

Extraction Date: 08/05/05 
Analysis Date: 15-AUG-2005 21:55 

Report Date: 08/23/2005 

Matrix: WATER 

% Solids: NA 

Compound Flags 
Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

39% 

* 22% 
58% 

01 of 01 

Lab ID: WV3838-2 

Client ID: RISDS SITE WATER B 
SDG: WV3838 

Extracted by: KF 
Extraction Method: SW846 3510 

Analyst: JCG 

Analysis Method: SW846 M8270C 

Lab Prep Batch: WG19341 
units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1860.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 07/29/05 
Received Date: 08/02/05 
Extraction Date: 08/05/05 
Analysis Date: 15-AUG-2005 22:41 

Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
Pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

33% 

* 23% 
83% 

01 of 01 

Lab ID: WV3838-3 
Client ID: RISDS SITE WATER C 
SDG: WV3838 

Extracted by: KF 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19341 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1861.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 07/29/05 
Received Date: 08/02/05 
Extraction Date: 08/16/05 
Analysis Date: 18-AUG-2005 19:28 
Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

62% 
52% 
71% 

01 of 01 

Lab ID: WV3838-3RE 
Client ID: RISDS SITE WATER C 
SDG: WV3838 
Extracted by: GN 
Extraction Method: SW846 3520 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19741 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1892.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 07/29/05 
Received Date: 08/02/05 
Extraction Date: 08/05/05 
Analysis Date: 15-AUG-2005 23:27 

Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 

1 

* 29% 

* 16% 
71% 

01 of 01 

Lab ID: WV3838-4 
Client ID: GRAB RINSATE BLANK 
SDG: WV3838 
Extracted by: KF 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19341 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1862.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 07/29/05 
Received Date: 08/02/05 
Extraction Date: 08/16/05 
Analysis Date: 19-AUG-2005 11:55 
Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
Pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

73% 
64% 
91% 

01 of 01 

Lab ID: WV3838-4RERA 
Client ID: GRAB RINSATE BLANK 
SDG: WV3838 
Extracted by: GN 
Extraction Method: SW846 3520 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19741 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1900.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 

PO No: 

Sample Date: 07/29/05 
Received Date: 08/02/05 

Extraction Date: 08/05/05 
Analysis Date: 16-AUG-2005 00:13 

Report Date: 08/23/2005 
Matrix: WATER 

% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 

1 
30% 

* 14% 
62% 

01 of 01 

Lab ID: WV3838-5 

Client ID: CORE RINSATE BLANK 
SDG: WV3838 

Extracted by: KF 

Extraction Method: SW846 3510 

Analyst: JCG 
Analysis Method: SW846 M8270C 

Lab Prep Batch: WG19341 

Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1863.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 07/29/05 
Received Date: 08/02/05 
Extraction Date: 08/16/05 
Analysis Date: 19-AUG-2005 12:41 

Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

72% 
60% 
70% 

01 of 01 

Lab ID: WV3838-5RERA 
Client ID: CORE RINSATE BLANK 
SDG: WV3838 
Extracted by: GN 
Extraction Method: SW846 3520 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19741 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1901.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 

Project: NEW BEDFORD 

PO No: 
Sample Date: 07/29/05 

Received Date: 08/02/05 

Extraction Date: 08/05/05 
Analysis Date: 16-AUG-2005 00:59 

Report Date: 08/23/2005 

Matrix: WATER 

% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2,4,6-Tribromophenol 

Page 01 

Results 
1 

* 29% 

* 21% 
118% 

of 01 

Lab ID: WV3838-6 
Client ID: PUMP RINSATE BLANK 

SDG: WV3838 

Extracted by: KF 
Extraction Method: SW846 3510 

Analyst: JCG 

Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19341 

units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1864.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 07/29/05 
Received Date: 08/02/05 
Extraction Date: 08/16/05 
Analysis Date: 19-AUG-2005 13:26 
Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

76% 
63% 
7l% 

01 of 01 

Lab ID: WV3838-6RERA 
Client ID: PUMP RINSATE BLANK 
SDG: WV3838 
Extracted by: GN 
Extraction Method: SW846 3520 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19741 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1902.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 07/29/05 
Received Date: 08/02/05 
Extraction Date: 08/05/05 
Analysis Date: 17-AUG-2005 13:11 
Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
Pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

32% 

* 17% 
70% 

01 of 01 

Lab ID: WV3838-7 
Client ID: BBDS SITE WATER A 
SDG: WV3838 
Extracted by: KF 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19341 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1873.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 

PO No: 

Sample Date: 07/29/05 
Received Date: 08/02/05 

Extraction Date: 08/16/05 
Analysis Date: 19-AUG-2005 14:12 

Report Date: 08/23/2005 
Matrix: WATER 

% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

73% 

61% 
78% 

01 of 01 

Lab ID: WV3838-7RERA 
Client ID: BBDS SITE WATER A 

SDG: WV3838 

Extracted by: GN 
Extraction Method: SW846 3520 

Analyst: JCG 

Analysis Method: SW846 M8270C 

Lab Prep Batch: WG19741 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1903.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 07/29/05 
Received Date: 08/02/05 
Extraction Date: 08/05/05 
Analysis Date: 17-AUG-2005 13:56 

Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

34% 

* 17% 
68% 

01 of 01 

Lab ID: WV3838-8 
Client ID: BBDS SITE WATER B 
SDG: WV3838 
Extracted by: KF 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19341 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1874.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 

Project: NEW BEDFORD 
PO No: 

Sample Date: 07/29/05 
Received Date: 08/02/05 

Extraction Date: 08/16/05 
Analysis Date: 19-AUG-2005 14:57 

Report Date: 08/23/2005 

Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

67% 

52% 
*178% 

01 of 01 

Lab ID: WV3838-8RERA 

Client ID: BBDS SITE WATER B 
SDG: WV3838 

Extracted by: GN 
Extraction Method: SW846 3520 

Analyst: JCG 

Analysis Method: SW846 M8270C 

Lab Prep Batch: WG19741 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1904.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 07/29/05 
Received Date: 08/02/05 
Extraction Date: 08/08/05 
Analysis Date: 17-AUG-2005 14:42 
Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

34% 

* 16% 
94% 

01 of 01 

Lab ID: WV3838-9 
Client ID: BBDS SITE WATER C 
SDG: WV3838 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19410 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1875.D 

Katahdin Analytical Services WV3838 page 0000019 of 0000035 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 07/29/05 
Received Date: 08/02/05 
Extraction Date: 08/16/05 
Analysis Date: 19-AUG-2005 15:43 
Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
Pentachlorophenol 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
2 

75% 

61% 
85% 

01 of 01 

Lab ID: WV3838-9RERA 
Client ID: BBDS SITE WATER C 
SDG: WV3838 
Extracted by: GN 
Extraction Method: SW846 3520 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19741 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1905.D 
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FORM 4 CLIENT SAMPLE ID 
SEMIVOLATILE METHOD BLANK SUMMARY 

WG19341-BLANK 
Lab Name: KATAHDIN ANALYTICAL SERVICES Lab Code: KAS 

Project: NEW BEDFORD SDG No.: WV3838 

Lab File ID: U1855 Lab Sample ID: WG19341-1 

Instrument ID: GCMS-U Date Extracted: 08/05/05 

Matrix: (soil/water) WATER Date Analyzed: 08/15/05 

Level: (low/med) LOW Time Analyzed: 1807 

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD: 

I CLIENT I LAB I LAB I DATE I TIME I 
I SAMPLE ID I SAMPLE ID I FILE ID I ANALYZED I ANALYZED I 
1=======================1==============1==========1==========1==========1 

011 WG19341-LCS I WG19341-2 I U1856 I 08/15/05 I 1853 I 
021SDS SITE WATER AMS IWG19341-3 I U1857 I 08/15/05 I 1939 I 
031sDS SITE WATER AMSD IWG19341-4 I U1858 I 08/15/05 I 2024 I 
041sDS SITE WATER A IWV3838-1 I U1859 I 08/15/05 I 2110 I 
051RISDS SITE WATER B IWV3838-2 I U1860 I 08/15/05 I 2155 I 
061RISDS SITE WATER C IWV3838-3 I U1861 I 08/15/05 I 2241 I 
07 I GRAB RINSATE BLANK IWV3838-4 I U1862 I 08/15/05 I 2327 I 
08 I CORE RINSATE BLANK IWV3838-5 I U1863 I 08/16/05 I 0013 I 
09 PUMP RINSATE BLANK IWV3838-6 I U1864 I 08/16/05 I 0059 I 
10 BBDS SITE WATER A IWV3838-7 I U1873 I 08/17/05 I 1311 I 
11 BBDS SITE WATER B IWV3838-8 I U1874 I 08/17/05 I 1356 I 
12 I I I I I 
13 I I I I I 
14 I I I I I 
15 I I I I I 
16 I I I I I 
17 I I I I I 
18 I I I I I 
19 I I I I I 
20 I I I I I 
21 I I I I I 
22 I I I I I 
23 I I I I I 
24 I I I I I 
25 I I I I I 
26 I I I I I 
27 I I I I I 
28 I I I I I 
29 I I I I I 
30 I I I I I 

COMMENTS: 

page 1 of 1 
FORM IV SV 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: 
Project: NEW BEDFORD 
PO No: 
Sample Date: 
Received Date: 
Extraction Date: 08/05/05 
Analysis Date: 15-AUG-2005 18:07 
Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
Pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

35% 

* 25% 
68% 

01 of 01 

Lab ID: WG19341-1 
Client ID: WG19341-Blank 
SDG: WV3838 
Extracted by: KF 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19341 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1855.D 

Katahdin Analytical Services WV3838 page 0000022 of 0000035 



Client: 
Project: NEW BEDFORD 

PO No: 

Sample Date: 
Received Date: 
Extraction Date: 08/05/05 

Analysis Date: 08/15/05 

Report Date: 08/23/2005 

Matrix: WATER 

COMPOUND 

Pentachlorophenol 

page 1 of 1 

LCS 

SPIKE 

3.0 

KATAHDIN ANALYTICAL SERVICES 
LAB CONTROL SAMPLE 

SAMPLE 

CONC. 

NA 

Lab ID: WG19341-2 

Client ID: WG19341-LCS 
SDG: WV3838 

Extracted by: KF 

Extraction Method: SW846 3510 

Analyst: JCG 
Analysis Method: SW846 M8270C 

Lab Prep Batch: WG19341 

Units: ug/L 

LCS 

CONC. 

1.8 

%REC. 

62 

QC. 

LIMITS 

30-150 

FORM III SV-1 U1856.D 
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KATAHDIN ANALYTICAL SERVICES 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 07/29/05 
Received Date: 08/02/05 
Extraction Date: 08/05/05 
Analysis Date: 08/15/05 
Report Date: 08/23/2005 
Matrix: WATER 

COMPOUND 

Pentachlorophenol 

page 1 of 1 

MS MSD 

SPIKE SPIKE 

SAMPLE 

CONC. 

0.00 2.9 2.9 

FORM III SV-l 

Lab ID: WG19341-3 & WG19341-4 
Client ID: SDS SITE WATER AMS 
SDG: WV3838 

& SDS SITE WATER AMSD 

Extracted by: KF 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19341 
Units: ug/L 

MS 

CONC. 

2.0 

MSD 

CONC. 

1.9 

MS 

%REC. 

68 

MSD 

%REC. 

67 

%RPD QC. 

%RPD LIMIT LIMITS 

2 30 30-150 

U1857.D & U1858.D 

Katahdin Analytical Services WV3838 page 0000024 of 0000035 



FORM 4 CLIENT SAMPLE ID 
SEMIVOLATILE METHOD BLANK SUMMARY 

WG19410-BLANK 
Lab Name: KATAHDIN ANALYTICAL SERVICES Lab Code: KAS 

Project: NEW BEDFORD SDG No.: WV3838 

Lab File ID: U1870 Lab Sample ID: WG19410-1 

Instrument ID: GCMS-U Date Extracted: 08/08/05 

Matrix: (soil/water) WATER Date Analyzed: 08/17/05 

Level: (low/med) LOW Time Analyzed: 1054 

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD: 

CLIENT I LAB LAB DATE TIME 
I SAMPLE ID I SAMPLE ID I FILE ID I ANALYZED ANALYZED I 
1=======================1==============1==========1========== ==========1 

011 WG19410-LCS I WG19410-2 I U1871 I 08/17/05 1139 I 
021 WG19410-LCSD I WG19410-3 I U1872 I 08/17/05 1225 I 
031BBDS SITE WATER C IWV3838-9 I U1875 I 08/17/05 1442 I 
041 I I I I 
051 I I I I 
061 I I I I 
07 1 I I I I 
08 1 I I I I 
091 I I I I 
10 I I I I I 
111 I I I I 
121 I I I I 
131 I I I I 
141 I I I 
151 I I I 
1 6 1 I I I 
171 I I I 
181 I I I 
191 I I I 
20 I I I I 
211 I I I 
221 I I I 
231 I I I 
241 I I I 
251 I I I 
26 1 I I I 
271 I I I 
281 I I I 
291 I I I 
30 I I I I 

COMMENTS: 

page 1 of 1 
FORM IV SV 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: 
Project: NEW BEDFORD 
PO No: 
Sample Date: 
Received Date: 

Extraction Date: 08/08/05 
Analysis Date: 17-AUG-2005 10:54 

Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 01 

Results 

1 

* 0% 

* 0% 

* 1% 

of 01 

Lab ID: WG19410-1 
Client ID: WG19410-Blank 
SDG: WV3838 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19410 
Units: ug/L 

DF PQL Adj.PQL 

1.0 1 1 

U1870.D 
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Client: 

Project: NEW BEDFORD 
PO No: 

Sample Date: 
Received Date: 

Extraction Date: 08/08/05 

Analysis Date: 08/17/05 

Report Date: 08/23/2005 
Matrix: WATER 

COMPOUND 

Pentachlorophenol 

page 1 of 1 

LCS 

KATAHDIN ANALYTICAL SERVICES 
LAB CONTROL SAMPLE 

LCSD 

Lab ID: WG19410-2 & WG19410-3 
Client ID: WG19410-LCS 

SDG: WV3838 

Extracted by: GN 
Extraction Method: SW846 3510 

Analyst: JCG 

Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19410 

Units: ug/L 

& WG19410-LCSD 

%RPD QC. 
SPIKE SPIKE 

SAMPLE 

CONC. 

LCS 

CONC. 

LCSD 

CONC. 

LCS 

%REC. 

LCSD 

%REC. %RPD LIMIT LIMITS 
NA 30 30-150 

FORM III SV-l UIB71. D & UIB72.D 
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FORM 4 CLIENT SAMPLE ID 
SEMIVOLATILE METHOD BLANK SUMMARY 

WG19741-BLANK 
Lab Name: KATAHDIN ANALYTICAL SERVICES Lab Code: KAS 

Project: NEW BEDFORD SDG No.: WV3838 

Lab File ID: U1889 Lab Sample ID: WG19741-1 

Instrument ID: GCMS-U Date Extracted: 08/16/05 

Matrix: (soil/water) WATER Date Analyzed: 08/18/05 

Level: (low/med) LOW Time Analyzed: 1713 

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD: 

I CLIENT I LAB I LAB I DATE TIME I 
I SAMPLE ID I SAMPLE ID I FILE ID I ANALYZED I ANALYZED I 
1=======================1==============1==========1==========1==========1 

011WG19741-LCS IWG19741-2 I U1890 I 08/18/05 I 1758 I 
02 WG19741-LCSD IWG19741-3 I U1891 I 08/18/05 I 1843 I 
03 RISDS SITE WATER C IWV3838-3RE I U1892 I 08/18/05 I 1928 I 
04 GRAB RINSATE BLANK IWV3838-4RERA I U1900 I 08/19/05 I 1155 I 
05 CORE RINSATE BLANK IWV3838-5RERA I U1901 I 08/19/05 I 1241 I 
06 PUMP RINSATE BLANK IWV3838-6RERA I U1902 I 08/19/05 I 1326 I 
07 BBDS SITE WATER A IWV3838-7RERA I U1903 I 08/19/05 I 1412 I 
08 BBDS SITE WATER B IWV3838-8RERA I U1904 I 08/19/05 I 1457 I 
09 BBDS SITE WATER C IWV3838-9RERA I U1905 I 08/19/05 I 1543 I 
10 I I I I I 
11 I I I I I 
12 I I I I I 
13 I I I I I 
14 I I I I I 
151 I I I I I 
16 1 I I I I I 
171 I I I I I 
181 I I I I I 
191 I I I I I 
20 I I I I I I 
211 I I I I I 
221 I I I I I 
231 I I I I I 
241 I I I I I 
251 I I I I I 
261 I I I I I 
271 I I I I I 
28 1 I I I I I 
291 I I I I I 
30 I I I I I I 

COMMENTS: 

page 1 of 1 
FORM IV SV 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: 
Project: NEW BEDFORD 
PO No: 
Sample Date: 
Received Date: 

Extraction Date: 08/16/05 
Analysis Date: 18-AUG-2005 17:13 
Report Date: 08/23/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1 

73% 
66% 
77% 

01 of 01 

Lab ID: WG19741-1 
Client ID: WG19741-Blank 
SDG: WV3838 
Extracted by: GN 
Extraction Method: SW846 3520 
Analyst: JCG 

Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19741 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1 1 

U1889.D 
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Client: 
Project: NEW BEDFORD 
PO No: 
Sample Date: 
Received Date: 
Extraction Date: OS/16/05 
Analysis Date: OS/lS/05 
Report Date: OS/23/2005 
Matrix: WATER 

COMPOUND 

Pentachlorophenol 

page 1 of 1 

LCS 

KATAHDIN ANALYTICAL SERVICES 
LAB CONTROL SAMPLE 

LCSD 

Lab ID: WG19741-2 & WG19741-3 
Client ID: WG19741-LCS 
SDG: WV3S3S 
Extracted by: GN 
Extraction Method: SWS46 3520 
Analyst: JCG 
Analysis Method: SWS46 MS270C 
Lab Prep Batch: WG19741 
Units: ug/L 

& WG19741-LCSD 

%RPD QC. 
SPIKE SPIKE 

SAMPLE 

CONC. 

LCS 

CONC. 

1.9 

LCSD 

CONC. 

2.1 

LCS 

%REC. 

64 

LCSD 

%REC. 

71 

%RPD LIMIT LIMITS 
3.0 3.0 NA 11 30 30-150 

FORM III SV-l U1890.D & U1891.D 
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t\J\ Il\tIUIN ANJ-\L Y I\L;AL ~l::I{VIL;t::s, INC;. 

SAMPLE RECEIPT CONDITION REPORT 
Tel. (207) 87 4~2400 
Fax (207) 775-4029 

CLI ENT: bccttcl \ e .. 

i. 
• I 

PROJECT: ------------------------------

I. CUSTODY SEALS PRESENT I INTACT? 

2.CHAIN OF CUSTODY PRESENT IN TI'\lS COOLER? 

3. CIIAIN OF CUSTODY S!GNED BY CLIENT? 

4. CHAIN OF CUSTODY MATCHES SAMPLES? 

5. TEMPERATURE BLANKS PRESENT? 

6. SAMPLES RECEIVED AT 4°C +/-,2? 

®ICE PACKS PRESENT (!:yr N? 

7. VOLATILES FREE OF HEADS PACE? 

8. TRIP BLANK PRES HIT IN THIS COOLER 

. 9. PR9PER SAMPLE CONTAINERS AND VOLUME? 

10. SAMPLES WITHIN HOLD TIME UPON RECEIPT? 

11. SAMPLES PROPERLY PRESERVED(i)? 

12. CORRECTIVE ACTION REPORT FILED?.1 

YES 

~ 

a 
~ 

~ 
o 
.~ 

o 
o 
~ 
IQ 
~ 
o 

NO 

0 
0 
0 
0 
~ 

0 

0 
0 
0 
0 
0 
0 

LAB (WORK ORDER) It lJ-.IV '::::'~D 

P/\GE: i OF ;) 

COOLER:_. \ OF ~ . ___ _ 

COCtt. 
SDG# . ____ ~~.~~~~~==~---
DATE'TIfv1E RECEIVED$7:J'1 05 Oq·';;J,d-. 
DELIVERED BY:~~r.==;:-..!:-£5Z::..:.-_______ ~_ 
RECEIVED BY: n-o-
LlMS ENTRY BY: N'>= -
LlMS REVIEW BY-¥-'...3P.L..M-: --'111)"c...---------

EXCEPTIONS COMMENTS RESOLUTION 

0 
0 
0 
0 
0 TEMP BLANK TEMP (0C)== _____ _ 

0 COOLER TEMP ("C)== c;? I Lf NA 

(RECORD COOLER TEMP ONLY IF TEMP BLANI< IS NOT PRESENT) 

~ 
~ 
0 
0 _. 

0 
N/A 

13. ANALYTICAL PROGRAMS (CIRCLE"ONE) ClP HAZWRAP NI:ESC ACOE AFCEE OTHER (STATE OF ORIGIN): 

LOG· IN NQTES(1): 

(1) Use Ihls space (and additionsl sheets if necessar/) 10 document samples that are receIved brol<en or compromised, C-O-C discrepancies. radiation checils, residual chlorine check, rBsulis of pH 
chacll If required. If t;amples required pH adjustment. record volume and type of preservative added. 

K
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r\}\ I HflUII\j ANJ.\L Y IIiL-AL ;)I::K. v IG 1:.;::', INlJ. 

SAMPLE RECEIPT CONDITION REPORT 
Tel. (207) 87<1-2400 
Fax (207) 775-4029 

CLIENT: 1S~4·e..\\e 

" 
PROJ~CT; ______________ . 

1. CUSTODY SEALS PRESENT I INTACT? 

2.CHAIN OF CUSTODY PRESENT IN THIS COOLER? 

3. CHAIN OF CUSTODY SIGNED BY CLIENT? 

4. CHAIN OF CUSTODY MATCHES SAMPLES? 

5. TEMPERATURE BLA-NI<S PRtSENT? 

6. SAMPLES RECEIVED AT 4°C +/-'27 

@/ICE PACKS PRESENT (9or N? 

7. VOLA-TILES FREE OF HEADSPACE7 

B. TRIP BLANK PRESEt·IT IN THIS COOLER 

. 9. PR9PER SAMPLE CONTAINERS AND VOLUME? 

10. SAMPLES WITHIN HOLD TIME UPON RECEIPT? 

11. SAMPLES PROPERLY PRESERVED1i )? 

YES NO 

"a 0 
~ 0 
~ 0 
(ZJ 0 
~ 0 
(XI 0 

o 0 
o 0 
~ 0 
~ 0 
QD 

12. CORRECTIVE ACTION REPOR~ FILED? .. } ~~D 

EXCEPTIONS 

0 
0 
0 
0 
0 
0 

~ 
~ 

o 
o 
o 
N/A 

LA!:! (WUKI\. UI-{utK) IF VJ v J \) v 0 

P/\GE: 2h OF a --
COOLER:_.~ OF ~ ----
COC# _______________________ _ 

SDG# 
DATE' TIME RECEIVEq: B&R()S' ():1! z.:z.. 
DELIVERED BY:~ e;<... 
RECEIVED BY: ~ 
L1MS ENTRY BY; tJ--
L1MS REVIEW BY-+'--"P><"'M-; ---.l5-;:--L----------

COMMENTS RESOLUTION 

TEMP BLA-NK TEMP ("C)::: '5 I S-

COOLER TEMP (OC )= NA 

(RECORD COOLER TEMP ONLY IF TEMP BLANK IS NOT PRESENT) 

.~-----~----------

13. ANALYTICAL PROGRAMS (CIRCLE"b COMMERCIAL ,fLP HAZWRAP NF.ESC ACOE AFCEE OTHER (STATE OF ORIGIN): 
:::> 

LOG - IN NQTES(1): 

(1) Use this space (and additional sheets If necessar/) to document samples that are received brol<en or compromised, C-O-C discrepancies, radiallon checl.s, residual chlorine check, resuUs of pH 
check If required. If samples required pH adjustment, record volume and type of preservative added. 
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'-J 

()Battelle 
••. Putting Technology To Work Chain of Custody Lu\J ~~3~ 

~D~ ~ lk-()OO 1 b I V:;~~rbt7lr 
E-< llifPLERS: Signature~ ANALYSIS REQUESTED ~ ~ 

..- "NUMBER OF CONTAINERS" ~ co :t: ~ I ~ 

DATE TIME BATTELLEID CLIENTID 

~q-dJ I \b\6 Efirr~()51- f'~hf ... 
(/ IDRW I~ OB"J.,- ~~i1f 

r\ I I' l-ltp \\ ... Q53 - tent-
\l D5if II l \ I It-YflD 

:10,0.51 C?~t3 t> I bAt'?· aSt- PiNT 

'm~~ fpf~ 
:Iinqlllihed by: I -, 

A.-__ ----.. 

SAMPLE DESCRIPTION 
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ANALYTICAL SERVICES 

Login Number: WV3838 
Account: BA TTEL002 

Battelle 

Project: BATTELPCP001 

Primary Report Address: 

Lisa Lefkovitz 

Battelle 

397 Washington St. 

Duxbury,MA 02332 

Primary Invoice Address: 

Accounts Payable 

Battelle 

505 King Ave. 

Columbus,OH 43201-2693 

Report CC Addresses: 
Invoice CC Addresses-

Laboratory Client 

Sample 10 Sample Number 

WV3838-1 RISDS SITE WATER A 

Matrix Product 

Aqueous S MS/MSD-SVOA 

Aqueous S SWB270SIM-S 

WV3838-2 RISDS SITE WATER B 

Matrix Product 

Aqueous S SWB270SIM-S 

WV3838-3 RISDS SITE WATER C 

Matrix Product 

Aqueous S SWB270SIM-S 

WV3838-4 GRAB RINSATE BLANK 

Matrix Product 

Aqueous S SWB270SIM-S 

WV3838-5 CORE RINSATE BLANK 

Matrix Product 

Aqueous S SWB270SIM-S 

WV3838-6 PUMP RINSATE BLANK 

Matrix Product 

Aqueous S SWB270SIM-S 

WV3838-7 BBDS SITE WATER A 

Matrix Product 

Aqueous S SWB270SIM-S 

WV3838-8 BBDS SITE WATER B 

Matrix Product 

Aqueous S SWB270SIM-S 

Katahdin Analytical Services 

Login Chain of Custody Report (Ino1) 
Aug. 08, 2005 

NoWeb 

Collect 
Date/Time 

01:07 PM 

Login Information 

ANALYSIS INSTRUCTIONS 

CHECK NO. 

CLIENT PO# 

COOLER TEMPERATURE 

DELIVERY SERVICES 

EDD FORMAT 

MAIL DATE 

PM 

PROJECT NAME 

QC LEVEL 

REGULATORY LIST 

REPORT INSTRUCTIONS 

SDGID 

SDG STATUS 

Receive Verbal 
Date PR Date 

29-JUL-0510:15 02-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

05-AUG-05 1 L N-Amber Glass 2 

29-JUL-0510:15 02-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

05-AUG-05 1 L N-Amber Glass 2 

29-JUL-0510:15 02-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

05-AUG-05 1 L N-Amber Glass 2 

29-JUL-05 08:00 02-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

05-AUG-05 1 L N-Amber Glass 2 

29-JUL-0514:00 02-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

05-AUG-05 1 L N-Amber Glass 2 

29-JUL-05 14:00 02-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

05-AUG-05 1 L N-Amber Glass 2 

29-JUL-05 08:30 02-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

05-AUG-05 1 L N-Amber Glass 2 

29-JUL-05 08:30 02-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

05-AUG-05 1 L N-Amber Glass 2 

Page: 1 of 2 

Ext-need acid extraction for pentachlorophenol. 

200251 

2.4,5.5 

FED EX 

KAS079QC-XLS 

AJC 

NEW BEDFORD 

11+ WITH NARRATIVE 

Due 
Date Comments 

22-AUG-05 MS/MSD. EXT-need acid ext, 
l'leFltaeRleFel'lReFlSI snly 

22-AUG-05 EXT-need acid ext, 
l'leFltaeRlsFSI'lReFlSI snly 

22-AUG-05 EXT-need acid ext, 
1geFltaeRlsF6I9ReFlsl snly 

22-AUG-05 EXT-need acid ext, 
1geFltaeRlsFsl9ReF161 snly 

22-AUG-05 EXT-need acid ext, 
1geFltaeRlsFsl'lReAsl snly 

22-AUG-05 EXT-need acid ext, 
1geAtaeRlsF6I'lReAsl snly 

22-AUG-05 EXT-need acid ext, 
1geAtaeRlsFsl9ReAsl snly 

22-AUG-05 EXT-need acid ext, 
1geAtaeRlsFsl9ReAsl snly 
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ANALYTICAL SERVICES 

Login Number: WV3838 
Account:BATTEL002 

Battelle 

Project: BA TTELPCP001 

Laboratory Client 

Sample 10 Sample Number 

WV3838-9 BBDS SITE WATER C 

Matrix Product 

Aqueous S SWB270SIM-S 

Total Samples: 9 

Katahdin Analytical Services 

Login Chain of Custody Report (In01) 
Aug. 08, 2005 

01:07 PM 

NoWeb 

Collect Receive Verbal 
DatelTime Date PR Date 

29-JUL-05 08:30 02-AUG-05 

Hold Date (shortest) BolI/e Type BolI/e Count 

05-AUG-05 1 L N-Amber Glass 2 

Total Analyses: 10 

Page: 2 of 2 

Due 
Date Comments 

22-AUG-05 EXT-need acid ext, 
peAtBsi9IBFspigeAsl snly 
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Katahdin 
ANALYTI GAL SERVI CES 

September 7, 2005 

Ms. Lisa Lefkovitz 
Battelle 
397 Washington St. 
Duxbury,MA 02332 

RE: Katahdin Lab Number: WV4102 

Project ID: NEW BEDFORD 

Project Manager: Mrs. Andrea Colby 

Sample Receipt Date(s): August 12,2005 

Dear Ms. Lefkovitz: 

Please find enclosed the following information: 

* Report of Analysis (Analytical and/or Field) 

* Quality Control Data Summary 

* Chain of Custody (COC) 

* Login Report 

A copy of the Chain of Custody is included in the paginated report. The original COC is attached 
as an addendum to this report. 

Should you have any questions or comments concerning this Report of Analysis, please do not 
hesitate to contact the project manager listed above. This cover letter is an integral part of the 
ROA. 

We certify that the test results provided in this report meet all the requirements of the NELAC 
standards unless otherwise noted in an attached technical narrative or in the Report of Analysis. 

We appreciate your continued use of our laboratory and look forward to working with you in the 
future. The following signature indicates technical review and acceptance of the data. 

Sincerely, 

KAT ARDIN ANALYTICAL SERVICES 

efl·O/·oS 
Date 

Cert. No. EB7604 

340 County Road No.5· P.O. Box 720, Westbrook, ME 04098 • Tel: (207) 874-2400 • Fax: (207) 775-4029 • www.katahdinlab.com 

Katahdin Analytical Services 0000001 



Katahdin 
AN ALYTI CAL SE RVI C ES 

Sample Receipt 

SDG NARRATIVE 
KATAHDIN ANALYTICAL SERVICES 

BATTELLE 
NEW BEDFORD 

WV4102 

The following samples were received on August 12, 2005 were logged in under Katahdin 
Analytical Services work order number WV4102 for a hardcopy due date of September 1, 2005. 

KATAHDIN 
Sample No. 
WV4102-1 
WV4102-2 
WV4ID2-3 
WV4102-4 
WV4102-5 
WV4102-6 
WV4102-7 
WV4102-8 
WV4102-9 
WV4102-1O 
WV4102-11 
WV4102-12 
WV4102-13 
WV4ID2-14 
WV4102-15 
WV4102-16 
WV4102-17 
WV4102-18 
WV4102-19 
WV4102-20 
WV4102-21 
WV4102-22 
WV4102-23 
WV4102-24 
WV4102-25 
WV4102-26 
WV4102-27 
WV4102-28 
WV4102-29 
WV4102-30 
WV4102-31 
WV4102-32 
WV4102-33 
WV4102-34 
WV4102-35 

BATTELLE 
Sample Identification 
COMPI A,C,D,E-A 
COMPI A,C,D,E-B 
COMPI A,C,D,E-C 
COMP21,2,3-A 
COMP2 1,2,3-B 
COMP2 1,2,3-C 
COMP3 H,J-A 
COMP3 H,J-B 
COMP3 H,J-C 
COMP4 L,M,N-A 
COMP4 L,M,N-B 
COMP4 L,M,N-C 
COMP5 O-BB-A 
COMP5 O-BB-B 
COMP5 O-BB-C 
COMP6 CC-KK-A 
COMP6 CC-KK-B 
COMP6 CC-KK-C 
COMP7 FF-JJ-A 
COMP7 FF-JJ-B 
COMP7 FF-JJ-C 
COMPS F-K-A 
COMPSF-K-B 
COMPSF-K-C 
COMPI BLANK-A 
COMPI BLANK-B 
COMPl BLANK-C 
COMP2 BLANK-A 
COMP2 BLANK-B 
COMP2 BLANK-C 
COMP3 BLANK-A 
COMP3 BLANK-B 
COMP3 BLANK-C 
COMP4 BLANK-A 
COMP4 BLANK-B 

Cert. No. EB7604 
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Katahdin 
ANALYTICAL SERVICES 

WV4102-36 
WV4102-37 
WV4102-38 
WV4102-39 
WV4102-40 
WV4102-41 
WV4102-42 
WV4102-43 
WV4102-44 
WV4102-45 
WV4102-46 
WV4102-47 
WV4102-48 

COMP4 BLANK-C 
COMP5 BLANK-A 
COMP5 BLANK-B 
COMP5 BLANK-C 
COMP6 BLANK-A 
COMP6 BLANK-B 
COMP6 BLANK-C 
COMP7 BLANK-A 
COMP7 BLANK-B 
COMP7 BLANK-C 
COMP8 BLANK-A 
COMP8 BLANK-B 
COMP8 BLANK-C 

The samples were logged in for the analyses specified on the chain of custody form. All non
conformances noted during sample receipt have been documented on the applicable chain of 
custody or laboratory cooler receipt form. 

We certify that the test results provided in this report meet all the requirements ofthe NELAC 
standards unless otherwise noted in this narrative or in the Report of Analysis. 

Sample analyses have been performed by the methods as noted herein. 

Should you have any questions or comments concerning this Report of Analysis, please do not 
hesitate to contact your Katahdin Analytical Services Project Manager, Andrea J. Colby. This 
narrative is an integral part of the Report of Analysis. 

Organics Laboratory 

The samples of Work Order WV4102 were analyzed in accordance with "Test Methods for 
Evaluating Solid Wastes: Physical/Chemical Methods." SW-846. 2nd edition, 1982 (revised 
1984), 3rd edition, 1986, and Updates I, II, IIA, and III 1996, Office of Solid Waste and 
Emergency Response, U.S. EPA, for the specific methods listed below or on the Report of 
Analysis. Samples WV4102-22, 25, and 43 were used for the matrix spike (MS) and matrix spike 
duplicate (MSD), as per client request. Some manual integrations may have been performed due 
to split peaks and/or corrected baselines. All have been flagged with a "M" (software-generated) 
on the pertinent quantitation reports. 

8270C SIM Analysis 

The laboratory method blanks WG19612-1 and WG19747-1 had high recoveries for one 
surrogate, which were outside the laboratory nominal acceptance limits. Since a high recovery 
would indicate a high bias and there were no target analytes detected above the PQL, the samples 
were not reanalyzed. 

Cert. No. E87604 
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Katahdin 
ANALYTICAL SERVICES 

The laboratory method blank WG19629-1 had a low recovery for one surrogate, which was 
outside the laboratory nominal acceptance limits. Since the associated LCS and MS/MSD were 
acceptable, the associated samples were not reextracted. 

Samples WV 4102-2, 17 and 18 had high recoveries for one surrogate, which were outside the 
laboratory nominal limits. Since a high recovery would indicate a high bias and there were no 
target analytes detected above the PQL, the samples were not reanalyzed. 

Samples WV4102-6, 7, 19 through 23 had low recoveries for one or more surrogates, which were 
outside the laboratory nominal acceptance limits. These samples had been extracted in triplicate. 
The remaining sample aliquots (WV4102-4RE, 7RE, 19RE, and 22RE), which correspond to 
samples WV4102-6, 7, 19, and 22, respectively, were reextracted and analyzed. Samples 
WV4102-19RE and 22RE were reextracted one day out of hold time. The results for all of these 
analyses are included in the report. 

Samples WV4102-24 through 31 had low recoveries for one or more surrogates, which were 
outside the laboratory nominal acceptance limits. These samples had been extracted in triplicate. 
The remaining sample aliquots (WV4102-24, 25, 28, and 31), which correspond to samples 
WV4102-24 through 31, were reextracted five or six days out of hold time and analyzed. The 
reextracted samples had similar results. The results from the first extraction are reported. 

Due to a laboratory problem, the MSD for sample WV4102-43 (WGI9747-4) was not able to be 
extracted to completion. 

There were no other protocol deviations or observations noted by the organic laboratory staff. 

I certify that this data package is in compliance with the terms and conditions of the contract, both 
technically and for completeness, for other than the conditions detailed above. Release of the 
data contained in this hardcopy data package has been authorized by the Operations Manager or 
the Quality Assurance Officer as verified by the following signature. 

Leslie Dimond 
Quality Assurance Officer 

Cer!. No. E87604 
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DATA QUALIFIERS 

U Indicates the compound was analyzed for but not detected above the laboratory Practical 
Quantitation Limit. 

* Compound recovery outside of quality control limits. 

D Indicates the result was obtained from analysis of a diluted sample. Surrogate recoveries 
may not be calculable. 

E Estimated value. This flag identifies compounds whose concentrations exceed the upper 
level of the calibration range of the instrument for that specific analysis. 

J Estimated value. The analyte was detected in the sample at a concentration less than the 
laboratory Practical Quantitation Limit (PQL), but above the Method Detection Limit 
(MDL). 

B Organics- Indicates the analyte was detected in the laboratory method blank analyzed 
concurrently with the sample. 
Metals- Indicates the analyte was detected in the sample at a concentration greater than 
the instrument detection limit, but less than the laboratory's Practical Quantitation Level. 

N Presumptive evidence of a compound based on a mass spectral library search. 

A Indicates that a tentatively identified compound is a suspected aldol-condensation 
product. 

P Used for Pesticide/Aroclor analyte when there is a greater than 25% difference for 
detected concentrations between the two GC columns. 

MCL Maximum Contaminant Level 

NL No limit 

Katahdin Analytical Services WV4102 page 0000005 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: OS/09/05 
Received Date: OS/12/05 
Extraction Date: OS/15/05 
Analysis Date: 25-AUG-2005 OS:35 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1.0 
SS% 
91% 

109% 

01 of 01 

Lab ID: WV4102-1 
Client ID: COMP1 A,C,D,E-A 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SWS46 3520 
Analyst: LRS 
Analysis Method: SWS46 MS270C 
Lab Prep Batch: WG19610 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1947.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
Sample Date: 08/09/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 2S-AUG-2005 09:20 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compoWld Flags 
Pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
1.0 

137% 
74% 

*366% 

of 01 

Lab ID: WV4102-2 
Client ID: COMP1 A,C,D,E-B 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1948.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

client: Battelle 
project: NEW BEDFORD 
PO No: 
Sample Date: 08/09/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 10:05 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compoWld Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribrornophenol 

page 01 

Results 
1.0 
73% 
56% 

114% 

of 01 

Lab ID: WV4102-3 
client ID: COMP1 A,C,D,E-C 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1949.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

client: Battelle 
project: NEW BEDFORD 
PO No: 
Sample Date: 08/09/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 10:51 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

Compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
1.0 
66% 
52% 

103% 

of 01 

Lab ID: WV4102-4 
Client ID: COMP2 1,2,3-A 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1950.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: OS/09/05 
Received Date: OS/12/05 
Extraction Date: OS/16/05 
Analysis Date: 31-AUG-2005 00:26 
Report Date: 09/01/2005 
Matrix: WATER 
%" Solids: NA 

compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 
32%" 
49%" 
S7%" 

01 of 01 

Lab rD: WV4102-4RE 
Client rD: COMP2 1,2,3-A 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SWS46 3520 
Analyst: JCG 
Analysis Method: SWS46 MS270C 
Lab prep Batch: WG19741 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U2016.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
Sample Date: 08/09/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 11:36 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
l.0 
68% 
57% 

127% 

01 of 01 

Lab ID: WV4102-5 
Client ID: COMP2 1,2,3-B 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
units: ug/L 

DF PQL Adj.PQL 
1.0 l.0 l.0 

U1951.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

client: Battelle 
project: NEW BEDFORD 
PO No: 
Sample Date: 08/09/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 12:22 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 

* 12% 
* 11% 

31% 

01 of 01 

Lab ID: WV4102-6 
Client ID: COMP2 1,2,3-C 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
units: ug/L 

DF PQL Adj.PQL 

1.0 1.0 1.0 

U1952.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/09/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 13:07 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 

* 25% 

* 15% 
41% 

01 of 01 

Lab ID: WV4102-7 
Client ID: COMP3 H,J-A 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1953.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

client: Battelle 
project: NEW BEDFORD 
PO No: 
Sample Date: 08/09/05 
Received Date: 08/12/05 
Extraction Date: 08/16/05 
Analysis Date: 31-AUG-2005 01:11 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
Pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1.0 
44% 
60% 
98% 

01 of 01 

Lab ID: WV4102-7RE 
client ID: COMP3 H,J-A 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3520 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19741 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U2017.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/09/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 13:53 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 
46% 
38% 
48% 

01 of 01 

Lab ID: WV4102-8 
Client ID: COMP3 H,J-B 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1954.D 

Katahdin Analytical Services WV4102 page 0000015 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: OS/09/05 
Received Date: OS/12/05 
Extraction Date: OS/15/05 
Analysis Date: 25-AUG-2005 14:39 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
1.0 
62% 
52% 

129% 

of 01 

Lab ID: WV4102-9 
Client ID: COMP3 H,J-C 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SWS46 3520 
Analyst: LRS 
Analysis Method: SWS46 MS270C 
Lab prep Batch: WG19610 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1955.D 

Katahdin Analytical Services WV4102 page 0000016 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/09/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 15:25 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1.0 
60% 
66% 
79% 

01 of 01 

Lab ID: WV4102-10 
Client ID: COMP4 L,M,N-A 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1956.D 

Katahdin Analytical Services WV4102 page 0000017 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/09/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 16:11 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 01 

Results 
1.0 
57% 
51% 

143% 

of 01 

Lab ID: WV4102-11 
Client ID: COMP4 L,M,N-B 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
Units: ug/L 

DF PQL Adj.PQL 

1.0 l.0 l.0 

U1957.D 

Katahdin Analytical Services WV4102 page 0000018 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/09/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 16:57 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
1.0 
46% 
36% 

143% 

of 01 

Lab ID: WV4102-12 
Client ID: COMP4 L,M,N-C 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19610 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1958.D 

Katahdin Analytical Services WV4102 page 0000019 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/10/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 17:43 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
1.0 
45% 
36% 

133% 

of 01 

Lab ID: WV4102-13 
Client ID: COMP5 O-BB-A 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1959.D 

Katahdin Analytical Services WV4102 page 0000020 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
sample Date: 08/10/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 18:28 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 01 

Results 
1.1 
42% 
31% 

108% 

of 01 

Lab ID: WV4102-14 
Client ID: COMP5 O-BB-B 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.1 

Ul960.D 

Katahdin Analytical Services WV4102 page 0000021 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

client: Battelle 
project: NEW BEDFORD 
PO No: 
Sample Date: 08/10/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 19:14 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
1.0 
42% 
32% 

117% 

of 01 

Lab ID: WV4102-15 
Client ID: COMP5 O-BB-C 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1961.D 

Katahdin Analytical Services WV4102 page 0000022 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/10/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 31-AUG-2005 20:37 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
2.5 
61% 

103% 
145% 

of 01 

Lab ID: WV4102-16RA3 
Client ID: COMP6 CC-KK-A 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
Units: ug/L 

DF PQI.. Adj.PQI.. 
1.0 1.0 1.0 

U2037.D 

Katahdin Analytical Services WV4102 page 0000023 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/10/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 26-AUG-2005 09:28 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol IT 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
1.0 
42% 
40% 

*205% 

of 01 

Lab ID: WV4102-17 
Client ID: COMP6 CC-KK-B 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19610 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1967.D 

Katahdin Analytical Services WV4102 page 0000024 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

client: Battelle 
project: NEW BEDFORD 
PO No: 
Sample Date: 08/10/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 26-AUG-2005 10:13 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

compound Flags 
pentachlorophenol IT 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
1.0 
47% 
32% 

*192% 

of 01 

Lab ID: WV4102-18 
client ID: COMP6 CC-KK-C 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
units: ug/L 

DF PQL Adj.PQL 

1.0 1.0 1.0 

Ul968.D 

Katahdin Analytical Services WV4102 page 0000025 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
sample Date: OS/10/05 
Received Date: OS/12/05 
Extraction Date: OS/15/05 
Analysis Date: 25-AUG-2005 20:07 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 

* 17% 
* 13% 

144% 

01 of 01 

Lab ID: WV4102-19 
Client ID: COMP7 FF-JJ-A 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SWS46 3510 
Analyst: LRS 
Analysis Method: SWS46 MS270C 
Lab prep Batch: WG19612 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

K0043.D 

Katahdin Analytical Services WV4102 page 0000026 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: OS/10/05 
Received Date: OS/12/05 
Extraction Date: OS/16/05 
Analysis Date: 31-AUG-2005 04:14 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 

*" 2S% 
34% 
77% 

01 of 01 

Lab ID: WV4102-19RE 
Client ID: COMP7 FF-JJ-A 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SWS46 3520 
Analyst: JCG 
Analysis Method: SWS46 MS270C 
Lab prep Batch: WG19741 
units: ug/L 

DF PQL Adj.PQL 

1.0 1.0 1.0 

U2021.D 

Katahdin Analytical Services WV4102 page 0000027 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/10/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 20:51 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
1.0 

* 26% 
* 20% 

144% 

of 01 

Lab ID: WV4102-20 
Client ID: COMP7 FF-JJ-B 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19612 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

K0044.D 

Katahdin Analytical Services WV4102 page 0000028 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/10/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 21:36 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 

* 15% 

* 13% 

114% 

01 of 01 

Lab ID: WV4102-21 
Client ID: COMP? FF-JJ-C 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: LRS 
Analysis Method: SW846 M82?OC 
Lab prep Batch: WG19612 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

K0045.D 

Katahdin Analytical Services WV4102 page 0000029 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/10/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 25-AUG-2005 22:21 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
1.0 

* 17% 
* 16% 

114% 

of 01 

Lab ID: WV4102-22 
Client ID: COMP8 F-K-A 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19612 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

K0046.D 

Katahdin Analytical Services WV4102 page 0000030 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: OS/10/05 
Received Date: OS/12/05 
Extraction Date: OS/16/05 
Analysis Date: 31-AUG-2005 11:30 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

Compound Flags 
pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 
38% 

47% 
93% 

01 of 01 

Lab ID: WV4102-22RE 
Client ID: CaMPS F-K-A 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SWS46 3520 
Analyst: JCG 
Analysis Method: SWS46 MS270C 
Lab Prep Batch: WG19741 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U2025.D 

Katahdin Analytical Services WV4102 page 0000031 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: OS/10/05 
Received Date: OS/12/05 
Extraction Date: OS/15/05 
Analysis Date: 25-AUG-2005 23:06 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 01 

Results 
1.0 

* 21% 

* 15% 
l1S% 

of 01 

Lab ID: WV4102-23 
Client ID: COMPS F-K-B 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SWS46 3510 
Analyst: LRS 
Analysis Method: SWS46 MS270C 
Lab prep Batch: WG19612 
units: ug/L 

DF PQL Adj.PQL 

1.0 1.0 1.0 

K0047.D 

Katahdin Analytical Services WV4102 page 0000032 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: OS/10/05 
Received Date: OS/12/05 
Extraction Date: OS/16/05 
Analysis Date: 29-AUG-2005 16:15 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
l.0 

* 26% 
* 16% 

104% 

of 01 

Lab rD: WV4102-24 
Client rD: CaMPS F-K-C 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SWS46 3510 
Analyst: JCG 
Analysis Method: SWS46 MS270C 
Lab prep Batch: WG19629 
units: ug/L 

DF PQL Adj.PQL 

1.0 l.0 l.0 

U19S6.D 

Katahdin Analytical Services WV4102 page 0000033 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/16/05 
Analysis Date: 29-AUG-2005 17:01 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 
31% 

* 17% 
81% 

01 of 01 

Lab ID: WV4102-25 
Client ID: COMP1 BLANK-A 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19629 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1987.D 

Katahdin Analytical Services WV4102 page 0000034 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/16/05 
Analysis Date: 29-AUG-2005 17:47 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

Compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 
33% 

* 16% 
81% 

01 of 01 

Lab ID: WV4102-26 
Client ID: COMP1 BLANK-B 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19629 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1988.D 

Katahdin Analytical Services WV4102 page 0000035 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/16/05 
Analysis Date: 29-AUG-2005 18:33 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1.0 
47% 

* 23% 
90% 

01 of 01 

Lab ID: WV4102-27 
Client ID: COMP1 BLANK-C 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19629 
Units: ug/L 

DF I?QL Adj .I?QL 
1.0 1.0 1.0 

U1989.D 

Katahdin Analytical Services WV4102 page 0000036 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/16/05 
Analysis Date: 29-AUG-2005 19:19 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

compound Flags 
Pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 
49% 

* 24% 
89% 

01 of 01 

Lab ID: WV4102-28 
client ID: COMP2 BLANK-A 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19629 
Units: ug/L 

DF PQL Adj.PQL 

1.0 1.0 1.0 

U1990.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/16/05 
Analysis Date: 29-AUG-2005 20:04 
Report Date: 09/01/2005 
Matrix: WATER 
%" Solids: NA 

compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1.0 
32%" 

* 18%" 
78%" 

01 of 01 

Lab rD: WV4102-29 
Client rD: COMP2 BLANK-B 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19629 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1991.D 

Katahdin Analytical Services WV4102 page 0000038 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/16/05 
Analysis Date: 29-AUG-2005 20:50 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 

* 28% 
* 16% 

85% 

01 of 01 

Lab rD: WV4102-30 
Client rD: COMP2 BLANK-C 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19629 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1992.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/16/05 
Analysis Date: 29-AUG-2005 21:36 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

compound Flags 
pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 
30% 

* 18% 
79% 

01 of 01 

Lab ID: WV4102-31 
Client ID: COMP3 BLANK-A 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19629 
units: ug/L 

DF PQL Adj .PQL 
1.0 1.0 1.0 

U1993.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 

Project: NEW BEDFORD 

PO No: 
Sample Date: 08/11/05 
Received Date: 08/12/05 

Extraction Date: 08/17/05 
Analysis Date: 26-AUG-2005 10:58 

Report Date: 09/06/2005 

Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 

1.0 
41% 

31% 
133% 

01 of 01 

Lab ID: WV4102-32 

Client ID: COMP3 BLANK-B 
SDG: WV4102 

Extracted by: TR 

Extraction Method: SW846 3520 
Analyst: LRS 

Analysis Method: SW846 M8270C 

Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1969.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/17/05 
Analysis Date: 26-AUG-2005 11:45 
Report Date: 09/06/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
Pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1.0 
48% 
32% 

148% 

01 of 01 

Lab ID: WV4102-33 
Client ID: COMP3 BLANK-C 
SDG: WV4102 
Extracted by: TR 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1970.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 

Project: NEW BEDFORD 
PO No: 

Sample Date: 08/11/05 

Received Date: 08/12/05 

Extraction Date: 08/17/05 
Analysis Date: 26-AUG-2005 12:31 

Report Date: 09/06/2005 

Matrix: WATER 

% Solids: NA 

Compound Flags 
Pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribrornophenol 

Page 01 

Results 
1.0 
94% 

52% 
143% 

of 01 

Lab ID: WV4102-34 

Client ID: COMP4 BLANK-A 
SDG: WV4102 

Extracted by: TR 

Extraction Method: SW846 3520 
Analyst: LRS 

Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1971.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/17/05 
Analysis Date: 26-AUG-2005 13:17 

Report Date: 09/06/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
Pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1.0 
85% 
40% 

117% 

01 of 01 

Lab ID: WV4102-35 
Client ID: COMP4 BLANK-B 
SDG: WV4102 
Extracted by: TR 

Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1972.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 

PO No: 
Sample Date: 08/11/05 

Received Date: 08/12/05 
Extraction Date: 08/17/05 

Analysis Date: 26-AUG-2005 14:03 

Report Date: 09/06/2005 
Matrix: WATER 

% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2,4,6-Tribromophenol 

Page 01 

Results 

1.0 
81% 

33% 

114% 

of 01 

Lab ID: WV4102-36 

Client ID: COMP4 BLANK-C 
SDG: WV4102 

Extracted by: TR 

Extraction Method: SW846 3520 
Analyst: LRS 

Analysis Method: SW846 M8270C 

Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1973.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/17/05 
Analysis Date: 26-AUG-2005 14:49 

Report Date: 09/06/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
Pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 01 

Results 
1.0 
85% 
47% 

115% 

of 01 

Lab ID: WV4102-37 
Client ID: COMP5 BLANK-A 
SDG: WV4102 
Extracted by: TR 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1974.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 

PO No: 

Sample Date: 08/11/05 

Received Date: OB/12/05 
Extraction Date: OB/17/05 

Analysis Date: 26-AUG-2005 15:35 

Report Date: 09/06/2005 
Matrix: WATER 

% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1.0 

10B% 

35% 
120% 

01 of 01 

Lab ID: WV4102-3B 

Client ID: COMP5 BLANK-B 
SDG: WV4102 

Extracted by: TR 

Extraction Method: SWB46 3520 

Analyst: LRS 

Analysis Method: SWB46 MB270C 
Lab Prep Batch: WG19747 

Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1975.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/17/05 
Analysis Date: 26-AUG-2005 16:20 
Report Date: 09/06/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 01 

Results 
1.0 
90% 
46% 

128% 

of 01 

Lab rD: WV4102-39 
Client rD: COMP5 BLANK-C 
SDG: WV4102 
Extracted by: TR 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1976.D 

Katahdin Analytical Services WV4102 page 0000048 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/17/05 
Analysis Date: 29-AUG-2005 15:28 

Report Date: 09/06/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
Pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 01 

Results 
1.0 
67% 
52% 

106% 

of 01 

Lab ID: WV4102-40RA 
Client ID: COMP6 BLANK-A 
SDG: WV4102 
Extracted by: TR 
Extraction Method: SW846 3520 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1985.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 

Project: NEW BEDFORD 
PO No: 

Sample Date: 08/11/05 

Received Date: 08/12/05 
Extraction Date: 08/17/05 

Analysis Date: 30-AUG-2005 18:24 

Report Date: 09/06/2005 

Matrix: WATER 

% Solids: NA 

Compound Flags 
Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1.0 
42% 

60% 

80% 

01 of 01 

Lab ID: WV4102-41 

Client ID: COMP6 BLANK-B 
SDG: WV4102 

Extracted by: TR 

Extraction Method: SW846 3520 
Analyst: JCG 

Analysis Method: SW846 M8270C 

Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U2008.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
Sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/17/05 
Analysis Date: 30-AUG-2005 19:09 
Report Date: 09/06/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 

1.0 
44% 
63% 
84% 

01 of 01 

Lab ID: WV4102-42 
Client ID: COMP6 BLANK-C 
SDG: WV4102 
Extracted by: TR 
Extraction Method: SW846 3520 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U2009.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 

PO No: 

Sample Date: 08/11/05 
Received Date: 08/12/05 

Extraction Date: 08/17/05 
Analysis Date: 30-AUG-2005 19:55 

Report Date: 09/06/2005 
Matrix: WATER 

% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2, 4, 6-Tribromophenol 

Page 

Results 
1.0 
59% 

76% 
90% 

01 of 01 

Lab ID: WV4102-43 

Client ID: COMP7 BLANK-A 
SDG: WV4102 

Extracted by: TR 

Extraction Method: SW846 3520 

Analyst: JCG 

Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19747 

Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U2010.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 

PO No: 
Sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/17/05 
Analysis Date: 30-AUG-2005 20:40 
Report Date: 09/06/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1.0 
40% 
53% 
71% 

01 of 01 

Lab ID: WV4102-44 
Client ID: COMP7 BLANK-B 
SDG: WV4102 
Extracted by: TR 
Extraction Method: SW846 3520 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U2011.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 

Project: NEW BEDFORD 
PO No: 

Sample Date: 08/11/05 
Received Date: 08/12/05 

Extraction Date: 08/17/05 
Analysis Date: 30-AUG-2005 21:25 

Report Date: 09/06/2005 

Matrix: WATER 

%- Solids: NA 

Compound Flags 
Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1.0 

35%-

39% 
60%-

01 of 01 

Lab ID: WV4102-45 

Client ID: COMP7 BLANK-C 
SDG: WV4102 

Extracted by: TR 

Extraction Method: SW846 3520 
Analyst: JCG 

Analysis Method: SW846 M8270C 

Lab Prep Batch: WG19747 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U2012.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 

Project: NEW BEDFORD 

PO No: 
Sample Date: OS/lO/05 

Received Date: 08/l2/05 

Extraction Date: 08/l7/05 
Analysis Date: 30-AUG-2005 22:l0 

Report Date: 09/06/2005 

Matrix: WATER 

% Solids: NA 

Compound Flags 

Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 

l.0 

34% 
42% 

55% 

Ol of Ol 

Lab ID: WV4l02-46 

Client ID: COMPS BLANK-A 
SDG: WV4l02 

Extracted by: TR 
Extraction Method: SWS46 3520 

Analyst: JCG 

Analysis Method: SWS46 M8270C 

Lab Prep Batch: WGl9747 
units: ug/L 

DF PQL Adj.PQL 

l.0 l.0 l.0 

U20l3.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/10/05 
Received Date: 08/12/05 
Extraction Date: 08/17/05 
Analysis Date: 31-AUG-2005 12:15 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 
30% 
38% 
64% 

01 of 01 

Lab ID: WV4102-47 
Client ID: COMP8 BLANK-B 
SDG: WV4102 
Extracted by: TR 
Extraction Method: SW846 3520 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19747 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U2026.D 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: Battelle 
Project: NEW BEDFORD 

PO No: 

Sample Date: OS/10/05 
Received Date: OS/12/05 

Extraction Date: OS/17/05 
Analysis Date: 30-AUG-2005 23:40 

Report Date: 09/06/2005 
Matrix: WATER 

% Solids: NA 

Compound Flags 
Pentachlorophenol U 

2-Fluorophenol 

Phenol-D6 
2,4,6-Tribrornophenol 

Page 

Results 
1.0 
34% 

41% 
51% 

01 of 01 

Lab ID: WV4102-4S 

Client ID: COMPS BLANK-C 
SDG: WV4102 

Extracted by: TR 

Extraction Method: SWS46 3520 
Analyst: JCG 

Analysis Method: SWS46 MS270C 

Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U2015.D 
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FORM 4 CLIENT SAMPLE ID 
SEMIVOLATILE METHOD BLANK SUMMARY 

WGl9610-BLANK 
Lab Name: KATAHDIN ANALYTICAL SERVICES Lab Code: 

Project: NEW BEDFORD SDG No.: WV4102 

Lab File ID: U1942 Lab Sample ID: WG19610-1 

Instrument ID: GCMS-U Date Extracted: 08/15/05 

Matrix: (soil/water) WATER Date Analyzed: 08/24/05 

Level: (low/med) LOW Time Analyzed: 1237 

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD: 

1 CLIENT 1 LAB 1 LAB 1 DATE TIME 
1 SAMPLE ID 1 SAMPLE ID 1 FILE ID 1 ANALYZED 1 ANALYZED 1 
1=======================1==============1==========1==========1==========1 

01IWGl9610-LCS IWGl9610-2 1 U1943 1 08/24/05 1 1322 1 
02IWGl9610-LCSD IWGl9610-3 1 U1944 1 08/24/05 1 l408 1 
031cOMP1 A,C,D,E-A IWV4102-1 1 U1947 1 08/25/05 1 0835 1 
041cOMP1 A,C,D,E-B IWV4102-2 1 U1948 1 08/25/05 1 0920 1 
051cOMP1 A,C,D,E-C IWV4102-3 1 U1949 1 08/25/05 1 1005 1 
061COMP2 1,2,3-A IWV4102-4 1 U1950 1 08/25/05 1 1051 1 
07 COMP2 1,2,3-B IWV4102-5 1 U1951 1 08/25/05 1 1136 1 
08 COMP2 1,2,3-C IWV4102-6 1 U1952 1 08/25/05 1 1222 1 
09 COMP3 H,J-A IWV4102-7 1 U1953 1 08/25/05 1 1307 1 
10 COMP3 H,J-B IWV4102-8 1 U1954 1 08/25/05 1 1353 1 
11 COMP3 H,J-C IWV4102-9 1 U1955 1 08/25/05 1 1439 1 
12 COMP4 L,M,N-A IWV4102-10 1 U1956 1 08/25/05 1 1525 1 
13 COMP4 L,M,N-B IWV4102-11 1 U1957 1 08/25/05 1 1611 1 
14 COMP4 L,M,N-C IWV4102-12 1 U1958 1 08/25/05 1 1657 1 
15 COMP5 O-BB-A IWV4102-13 1 U1959 1 08/25/05 1 1743 1 
16 COMP5 O-BB-B IWV4102-14 1 Ul960 1 08/25/05 1 1828 1 
17 COMP5 O-BB-C IWV4102-15 1 Ul961 1 08/25/05 1 1914 1 
18 COMP6 CC-KK-B IWV4102-17 1 Ul967 1 08/26/05 1 0928 1 
19 COMP6 CC-KK-C IWV4102-18 1 Ul968 1 08/26/05 1 1013 1 
20 COMP6 CC-KK-A IWV4102-16RA3 1 U2037 1 08/31/05 1 2037 1 
21 1 1 1 1 1 
221 1 1 1 1 1 
231 1 1 1 1 1 
241 1 1 1 1 1 
251 1 1 1 1 1 
261 1 1 1 1 1 
271 1 1 1 1 1 
281 1 1 1 1 1 
291 1 1 1 1 1 
301 1 1 1 1 1 

COMMENTS: 

page 1 of 1 
FORM IV SV 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: 
project: NEW BEDFORD 
PO No: 
sample Date: 
Received Date: 
Extraction Date: 08/15/05 
Analysis Date: 24-AUG-2005 12:37 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 

Results 
1.0 
67% 
76% 
37% 

01 of 01 

Lab ID: WG19610-1 
Client ID: WG19610-Blank 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1942.D 
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Client: 
project: NEW BEDFORD 
PO No: 
Sample Date: 
Received Date: 
Extraction Date: 08/15/05 
Analysis Date: 08/24/05 
Report Date: 09/01/2005 
Matrix: WATER 

COMPOUND 

Pentachlorophenol 

page l of l 

KATAHDIN ANALYTICAL SERVICES 
LAB CONTROL SAMPLE 

LCS LCSD 

SPIKE SPIKE 

3.0 3.0 

SAMPLE 

CONC. 

NA 

FORM III SV-l 

Lab ID: WG19610-2 & WG19610-3 
Client ID: WG19610-LCS & WG19610-LCSD 
SDG: WV4102 
Extracted by: KF 
Extraction Method: SW846 3520 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19610 
Units: ug/L 

LCS 

CONC. 

1.4 

LCSD 

CONC. 

1.3 

LCS LCSD 

%REC. %REC. 

48 43 

%RPD QC. 

%RPD LIMIT LIMITS 

II 3D 30-l50 

UB43.D & U1944.D 
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FORM 4 CLIENT SAMPLE ID 
SEMIVOLATILE METHOD BLANK SUMMARY 

WG 19612 - BLANK 
Lab Name: KATAHDIN ANALYTICAL SERVICES Lab Code: 

Project: NEW BEDFORD SDG No.: WV4102 

Lab File ID: K0039 Lab Sample ID: WG19612-1 

Instrument ID: GCMS-K Date Extracted: 08/15/05 

Matrix: (soil/water) WATER Date Analyzed: 08/25/05 

Level: (low/med) LOW Time Analyzed: 1705 

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD: 

I . CLIENT I LAB I LAB DATE I TIME I 
I SAMPLE ID I SAMPLE ID I FILE ID ANALYZED I ANALYZED I 
1=======================1============== ========== ==========1==========1 

011WG19612-LCS IWG19612-2 K0040 08/25/05 I 1751 I 
021cOMP8 F-K-AMS IWG19612-3 K0041 08/25/05 I 1836 I 
031cOMP8 F-K-AMSD IWG19612-4 K0042 08/25/05 I 1921 I 
041cOMP7 FF-JJ-A IWV4102-19 K0043 08/25/05 I 2007 I 
051cOMP7 FF-JJ-B IWV4102-20 K0044 08/25/05 I 2051 I 
061cOMP7 FF-JJ-C IWV4102-21 K0045 08/25/05 I 2136 I 
071COMP8 F-K-A IWV4102-22 K0046 08/25/05 I 2221 I 
081cOMP8 F-K-B IWV4102-23 K0047 08/25/05 I 2306 I 
091 1 _____________ I I 

10 I I I I 
111 I I I 
121 I I I 
l31 I I I 
141 I I I 
151 I I I 
161 I I I 
171 I I I 
181 I I I 
191 I 
20 I I 
211 I 
221 I 
231 I 
241 I 
251 I 
261 I 
271 I 
281 I 
291 I 
30 I I 

COMMENTS: 

page 1 of 1 
FORM IV SV 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: 
project: NEW BEDFORD 
PO No: 
sample Date: 
Received Date: 
Extraction Date: 08/1S/0S 
Analysis Date: 2S-AUG-200S 17:0S 
Report Date: 09/01/200S 
Matrix: WATER 
% Solids: NA 

compound Flags 
pentachlorophenol U 

2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 01 

Results 
1.0 
39% 
32% 

*160% 

of 01 

Lab ID: WG19612-1 
Client ID: WG19612-Blank 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3S10 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19612 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

K0039.D 
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Client: 
project: NEW BEDFORD 
PO No: 
Sample Date: 
Received Date: 
Extraction Date: 08/15/05 
Analysis Date: 08/25/05 
Report Date: 09/01/2005 
Matrix: WATER 

COMPOUND 

Pentachlorophenol 

page 1 of 1 

LCS 

SPIKE 

3.0 

KATAHDIN ANALYTICAL SERVICES 
LAB CONTROL SAMPLE 

SAMPLE 

CONC. 

NA 

Lab ID: WG19612-2 
Client ID: WG19612-LCS 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19612 
units: ug/L 

LCS 

CONC. 

1.6 

%REC. 

55 

QC. 

LIMITS 

30-150 

FORM III SV-l K0040.D 
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KATAHDIN ANALYTICAL SERVICES 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/10/05 
Received Date: 08/12/05 
Extraction Date: 08/15/05 
Analysis Date: 08/25/05 
Report Date: 09/01/2005 
Matrix: WATER 

COMPOUND 

Pentachlorophenol 

page l of l 

MS MSD 

SPIKE SPIKE 

3.0 3.0 

SAMPLE 

CONC. 

0.00 

FORM III SV-l 

Lab rD: WG19612-3 & WG19612-4 
Client rD: COMP8 F-K-AMS 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19612 
units: ug/L 

MS MSD 

%REC. %REC. 

& COMP8 F-K-AMSD 

%RPD QC. 

%RPD LIMIT LIMITS 

MS 

CONC. 

3.0 

MSD 

CONC. 

3.7 99 l22 2l 3D 30-l50 

KDD4l.D & KDD42.D 
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FORM 4 CLIENT SAMPLE ID 
SEMIVOLATILE METHOD BLANK SUMMARY 

WGl9629-BLANK 
Lab Name: KATAHDIN ANALYTICAL SERVICES Lab Code: 

Project: NEW BEDFORD SDG No.: WV4102 

Lab File ID: U1980 Lab Sample ID: WG19629-1 

Instrument ID: GCMS-U Date Extracted: 08/16/05 

Matrix: (soil/water) WATER Date Analyzed: 08/29/05 

Level: (low/med) LOW Time Analyzed: 1139 

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD: 

CLIENT [LAB LAB 
[ SAMPLE ID [SAMPLE ID FILE ID 
[=======================[============== ========== 

01[WG19629-LCS [WG19629-2 U1981 
02 [COMPI BLANK-AMS [WG19629-3 U1982 
03 [COMPI BLANK-AMSD [WG19629-4 U1983 
04[COMP8 F-K-C [WV4102-24 U1986 
05 [COMPI BLANK-A [WV4102-25 U1987 
06 [COMPI BLANK-B [WV4102-26 U1988 
07 [COMPl BLANK-C [WV4102-27 U1989 
08[COMP2 BLANK-A [WV4102-28 U1990 
09 [COMP2 BLANK-B WV4102-29 U1991 
10 [COMP2 BLANK-C WV4102-30 U1992 
11[COMP3 BLANK-A WV4102-31 U1993 

DATE 
ANALYZED 

========== 
08/29/05 
08/29/05 
08/29/05 
08/29/05 
08/29/05 
08/29/05 
08/29/05 
08/29/05 
08/29/05 
08/29/05 
08/29/05 

TIME [ 
ANALYZED [ 

==========[ 
1225 [ 
l311 [ 
l357 [ 
1615 [ 
1701 [ 
1747 [ 
1833 [ 
1919 [ 
2004 [ 
2050 [ 
2136 

12[ ___________________________________________________________ _ 
13[ _________________________________________________________ __ 
14[ ___________________________________________________________ _ 
15[ ___________________________________________________________ _ 
16[ ___________________________________________________________ _ 
17[ __________________________________________________________ _ 
18[ ___________________________________________________________ _ 
19[ __________________________________________________________ _ 
20[ __________________________________________________________ _ 
21[ ________________________________________________________ __ 
22[ __________________________________________________________ _ 
23[ __________________________________________________________ _ 
24[ __________________________________________________________ _ 
25[ ________________________________________________________ __ 
26[ __________________________________________________________ _ 
27[ __________________________________________________________ _ 
28[ __________________________________________________________ _ 
29[ __________________________________________________________ _ 
30[ __________________________________________________________ _ 

COMMENTS: 

page 1 of 1 
FORM IV SV 

Katahdin Analytical Services WV4102 page 0000065 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: 
proj ect: NEW BEDFORD 
PO No: 
sample Date: 
Received Date: 
Extraction Date: 08/16/05 
Analysis Date: 29-AUG-2005 11:39 
Report Date: 09/01/2005 
Matrix: WATER 
% solids: NA 

compound Flags 
pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 
32% 

* 19% 
68% 

01 of 01 

Lab ID: WG19629-1 
Client ID: WG19629-Blank 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19629 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1980.D 

Katahdin Analytical Services WV4102 page 0000066 of 0000087 



Client: 
project: NEW BEDFORD 
PO No: 
sample Date: 
Received Date: 
Extraction Date: 08/16/05 
Analysis Date: 08/29/05 
Report Date: 09/01/2005 
Matrix: WATER 

COMPOUND 

Pentachlorophenol 

page 1 of 1 

LCS 

SPIKE 

3.0 

KATAHDIN ANALYTICAL SERVICES 
LAB CONTROL SAMPLE 

SAMPLE 

CONC. 

NA 

Lab ID: WG19629-2 
Client ID: WG19629-LCS 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19629 
units: ug/L 

LCS 

CONC. 

1.8 

%REC. 

59 

QC. 

LIMITS 

30-150 

FORM III SV-1 U1981.D 
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KATAHDIN ANALYTICAL SERVICES 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY 

Client: Battelle 
project: NEW BEDFORD 
PO No: 
sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/16/05 
Analysis Date: 08/29/05 
Report Date: 09/01/2005 

Matrix: WATER 

COMPOUND 

Pentachlorophenol 

page ~ of ~ 

MS MSD 

SPIKE SPIKE 

3. ~ 3. ~ 

SAMPLE 

CONC. 

0.00 

FORM III sv-~ 

Lab ID: WG19629-3 & WG19629-4 
Client ID: COMP1 BLANK-AMS 
SDG: WV4102 

& COMP1 BLANK-AMSD 

Extracted by: GN 
Extraction Method: SW846 3510 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19629 

units: ug/L 

MS 

CONC. 

2.4 

MSD 

CONC. 

L9 

MS 

%REC. 

78 

MSD 

%REC. 

60 

%RPD QC. 

%RPD LIMIT LIMITS 

25 30 30-~50 

U~982.D & U~983.D 
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FORM 4 CLIENT SAMPLE ID 
SEMIVOLATILE METHOD BLANK SUMMARY 

WG19741-BLANK 
Lab Name: KATAHDIN ANALYTICAL SERVICES Lab Code: KAS 

Project: NEW BEDFORD SDG No.: WV4102 

Lab File ID: U1889 Lab Sample ID: WG19741-1 

Instrument ID: GCMS-U Date Extracted: 08/16/05 

Matrix: (soil/water) WATER Date Analyzed: 08/18/05 

Level: (low/med) LOW Time Analyzed: 1713 

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD: 

I CLIENT I LAB I LAB I DATE I TIME I 
I SAMPLE ID I SAMPLE ID I FILE ID I ANALYZED I ANALYZED I 
1=======================1==============1==========1==========1==========1 

011WG19741-LCS IWG19741-2 I U1890 I 08/18/05 I 1758 I 
021WG19741-LCSD IWG19741-3 I U1891 I 08/18/05 1843 I 
031COMP2 1,2,3-A IWV4102-4RE I U2016 I 08/31/05 0026 I 
041COMP3 H,J-A IWV4102-7RE I U2017 I 08/31/05 0111 I 
051COMP7 FF-JJ-A IWV4102-19RE I U2021 I 08/31/05 0414 I 
061COMP8 F-K-A IWV4102-22RE I U2025 I 08/31/05 1130 I 
07 1 I I I I 
08 1 I I I I 
09 1 I I I I 
10 I I I I I 
111 I I I I 
121 I I I I 
13 1 I I I I 
141 I I I I 
151 I I 1 _______ _ 
16 1 I I 1 _______ _ 

171 I I 1 _______ _ 
18 1 I I 1 _______ _ 

19 1 I I 1 _______ _ 

20 I I I 1 _______ _ 
211 I I 1 _______ _ 
221 I I 1 _______ _ 
23 1 I I 1 _______ _ 

241 I I 1 _______ _ 
25 1 I I 1 _______ _ 

26 1 I I 1 _______ _ 

271 I I 1 _______ _ 
28 1 I I 1 _______ _ 

29 1 I I 1 _______ _ 

30 I I I 1 _______ _ 

COMMENTS: 

page 1 of 1 
FORM IV SV 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: 
project: NEW BEDFORD 
PO No: 
sample Date: 
Received Date: 
Extraction Date: OS/16/05 
Analysis Date: lS-AUG-2005 17:13 
Report Date: 09/01/2005 
Matrix: WATER 
% Solids: NA 

compound Flags 
pentachlorophenol u 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

page 

Results 
1.0 
73% 
66% 
77% 

01 of 01 

Lab ID: WG19741-1 
Client ID: WG19741-Blank 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SWS46 3520 
Analyst: JCG 
Analysis Method: SWS46 MS270C 
Lab prep Batch: WG19741 
units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1SS9.D 
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Client: 
project: NEW BEDFORD 
PO No: 
sample Date: 
Received Date: 
Extraction Date: 08/16/05 
Analysis Date: 08/18/05 
Report Date: 09/01/2005 
Matrix: WATER 

COMPOUND 

Pentachlorophenol 

page l of l 

KATAHDIN ANALYTICAL SERVICES 
LAB CONTROL SAMPLE 

LCS LCSD 

SPIKE SPIKE 

3.0 3.0 

SAMPLE 

CONC. 

NA 

FORM III SV-l 

Lab ID: WG19741-2 & WG19741-3 
Client ID: WG19741-LCS & WG19741-LCSD 
SDG: WV4102 
Extracted by: GN 
Extraction Method: SW846 3520 
Analyst: JCG 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19741 
units: ug/L 

LCS 

CONC. 

1.9 

LCSD 

CONC. 

2.l 

LCS LCSD 

%REC. %REC. 

64 7l 

%RPD OC. 
%RPD LIMIT LIMITS 

II 3D 30-lSD 

Ul89D.D &. Ul891.D 
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FORM 4 CLIENT SAMPLE ID 
SEMIVOLATILE METHOD BLANK SUMMARY 

WG19747-BLANK 
Lab Name: KATAHDIN ANALYTICAL SERVICES Lab Code: 

Project: NEW BEDFORD SDG No.: WV4102 

Lab File ID: U1964 Lab Sample ID: WG19747-1 

Instrument ID: GCMS-U Date Extracted: 08/17/05 

Matrix: (soil/water) WATER Date Analyzed: 08/26/05 

Level: (low/med) LOW Time Analyzed: 0712 

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD: 

CLIENT 1 LAB 1 LAB TIME 1 

1 SAMPLE ID 1 SAMPLE ID 1 FILE ID 
DATE 

ANALYZED ANALYZED 1 
1=======================1==============1========== ==========1 

011WG19747-LCS IWG19747-2 1 U1965 08/26/05 
08/26/05 
08/26/05 
08/26/05 
08/26/05 
08/26/05 
08/26/05 
08/26/05 
08/26/05 
08/26/05 
08/29/05 
08/30/05 
08/30/05 
08/30/05 
08/30/05 
08/30/05 
08/30/05 
08/30/05 
08/31/05 

0757 1 
021cOMP3 BLANK-B IWV4102-32 1 U1969 
031cOMP3 BLANK-C IWV4102-33 1 U1970 
041cOMP4 BLANK-A IWV4102-34 1 U1971 
051cOMP4 BLANK-B IWV4102-35 1 U1972 
061cOMP4 BLANK-C IWV4102-36 U1973 
071cOMP5 BLANK-A IWV4102-37 U1974 
081COMP5 BLANK-B IWV4102-38 U1975 
091cOMP5 BLANK-C IWV4102-39 U1976 
lolcOMP7 BLANK-AMS IWG19747-3 U1978 
111cOMP6 BLANK-A IWV4102-40RA U1985 
121cOMP6 BLANK-B IWV4102-41 U2008 
13 ICOMP6 BLANK-C IWV4102-42 U2009 
141COMP7 BLANK-A IWV4102-43 U2010 
151cOMP7 BLANK-B IWV4102-44 U2011 
161cOMP7 BLANK-C IWV4102-45 U2012 
171cOMP8 BLANK-A IWV4102-46 U2013 
181cOMP8 BLANK-C IWV4102-48 U2015 
191COMP8 BLANK-B IWV4102-47 U2026 

1058 
1145 
1231 
1317 
1403 
1449 
1535 
1620 
1751 
1528 
1824 
1909 
1955 
2040 
2125 
2210 
2340 
1215 

201 1 ____________________ _ 
211 1 ____________________ _ 
221 1 ____________________ _ 
231 1 ______ ____ _______ _ 
241 1 _____________________ _ 
251 1 ______ ____ _______ _ 
261 1 ______ ____ _______ _ 
271 1 _____________________ _ 
281 1 ____________________ _ 
291 1 ______ ____ _______ _ 
301 1 ____________________ _ 

COMMENTS: 

page 1 of 1 
FORM IV SV 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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KATAHDIN ANALYTICAL SERVICES 
Report of Analytical Results 

Client: 
Project: NEW BEDFORD 
PO No: 
Sample Date: 
Received Date: 
Extraction Date: 08/17/05 
Analysis Date: 26-AUG-2005 07:12 

Report Date: 09/06/2005 
Matrix: WATER 
% Solids: NA 

Compound Flags 
Pentachlorophenol U 
2-Fluorophenol 
Phenol-D6 
2,4,6-Tribromophenol 

Page 01 

Results 
1.0 
47% 
40% 

*161% 

of 01 

Lab ID: WG19747-1 

Client ID: WG19747-Blank 
SDG: WV4102 
Extracted by: TR 
Extraction Method: SW846 3520 
Analyst: LRS 

Analysis Method: SW846 M8270C 
Lab Prep Batch: WG19747 
Units: ug/L 

DF PQL Adj.PQL 
1.0 1.0 1.0 

U1964.D 
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Client: 
Project: NEW BEDFORD 
PO No: 
Sample Date: 
Received Date: 
Extraction Date: OB/17/05 
Analysis Date: OB/26/05 
Report Date: 09/06/2005 
Matrix: WATER 

COMPOUND 

Pentachlorophenol 

page 1 of 1 

LCS 

SPIKE 

3.0 

KATAHDIN ANALYTICAL SERVICES 
LAB CONTROL SAMPLE 

SAMPLE 

CONC. 

NA 

Lab ID: WG19747-2 
Client ID: WG19747-LCS 
SDG: WV4102 
Extracted by: TR 
Extraction Method: SWB46 3520 
Analyst: LRS 
Analysis Method: SWB46 M8270C 
Lab Prep Batch: WG19747 
Units: ug/L 

LCS 

CONC. 

1.4 

%REC. 

46 

QC. 

LIMITS 

30-150 

FORM III SV-l UI96S.D 

Katahdin Analytical Services WV4102 page 0000074 of 0000087 



KATAHDIN ANALYTICAL SERVICES 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY 

Client: Battelle 
Project: NEW BEDFORD 
PO No: 
sample Date: 08/11/05 
Received Date: 08/12/05 
Extraction Date: 08/17/05 
Analysis Date: 08/26/05 
Report Date: 09/01/2005 
Matrix: WATER 

COMPOUND 

Pentachlorophenol 

page 1 of 1 

MS 

SPIKE 

2.9 

SAMPLE 

CONC. 

0.0 

Lab ID: WG19747-3 
Client ID: COMP7 BLANK-AMS 
SDG: WV4102 
Extracted by: TR 
Extraction Method: SW846 3510 
Analyst: LRS 
Analysis Method: SW846 M8270C 
Lab prep Batch: WG19747 
units: ug/L 

MS 

CONC. 

2.1 

%REC. 

73 

OC. 
LIMITS 

30-150 

FORM III SV-1 U1978.D 
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. 
IV\ I l\r\ U 11\1 AI\lJ\L Y IIlw-AL ~ 1::1"( V 1\.,.,1::;:', 1I\1\"". 

SAMPLE RECEiPT CONDITION REPORT 
Tel. (207) 874-2400 
Fax (207) 775-4029 

CLIENT: ~{..\\JL 

" 
PRcjJ~CT: _____________ _ 

YES 

1. CUSTODY SEALS PRESENT !INTACT? U¥ 
2.CHAIN OF CUSTODY PRESENT IN THIS COOLER? fUr 
3. CIIAIN OF CUSTODY SIGNED BY CLIENT? lUI' 
4. CHAIN OF CUSTODY MATCHES SAMPLES? ~ 
5. TEMPERATURE BLANKS PRESENT? ~ 

NO 

0 
0 
0 
0 
0 

6.~~LES RECEIVED AT 4°Cf!.!-"Z7 
~ ICE PACKS PRESENT ()I or N? 

~ 0 

7. VOLATILES FREE OF HEADS PACE? 0 0 
B. TRIP BLANK PRESENT IN nils COOLEH 0 [Ur 

. 9. PR9PER SAMPLE CONTAINERS AND VOLUME? ~ 0 
10. SAMPLES WITHII'lHOLD TIME UPON RECEIPT? Gr 0 
11. SAMPLES PROPERLY PRESERVED!i}1 Q.--.D 

12. CORRECTIVE ACTION REPOR~ FILED?.J 0 ~ 

LJ-\I:l \ VVUI\I\. UI\UCI\) It , 

PAGE: , OF G 
COOLER: \ __ ~OFCp 
COC# ____ ~--------------------------
SDG# 
DATE I TIME RECEIVED: ~ (( H 6 'f () ( 't\ 
DELIVERED BY: FeIJ-e;:X 
RECEIVED By: ____ r,f..l,,..;:::b:....-----------
LlMS ENTRY BY: k2 c.. 
L1MS REVIEW BY I PM:---!;h=--=---________ ~ ___ _ 

EXCEPTIONS COMMENTS RESOLUTION 

0 
0 
0 
0 
0 TEMP BLANK TEMP ("C)= ;;;:;, (0 

0 COOLER TEMP ("C )= NA 
(RECORD COOLER TEMP ONLY IF TEMP BLANK IS NOT PRESENT) 

&:;y--

0 
0 

--~.---~-----

0 
0 
WA 

13. ANALYTICAL PROGRAMS (CIRCLIfONE) CLP HAZWRAP NF.ESC ACOE AFCEE OTHER (STATE OF ORIGIN): 

LOG ·IN N9TES(1): 

(1) Use thIs space (and additional sheets Ir necessarl) to document samples I.hat are r13celved brol<en or compromised, C-O-C discrepancies, radiallon checlls, residual chlorine check, results of pH 
check If required. If liamples required pH adjustment. record volume and I~'pe of preservJltive added. 

K
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1..1 \" "." I .. .. 
IV"" I 1'\1 ILlII'f 1-\1'11-\1-1 111..11-\1- ..;JI...I'L V I .... L..'-', 11\1 ..... 

SAMPLE RECEIPT CONDITION REPORT 
Tel. (207) 874-2400 
Fax (207) 775-4029 

CLIENT: B U--1t. iALe.... 

" 
PROJ~CT: _________ - __ _ 

1. CUSTODY SEALS PRESENT J INTACT? 

2.CHAIN OF CUSTODY PRESENT IN THIS COOLER? 

3. CIIAIN OF CUSTODY S!GNED BY CLIENT? 

4. CHAIN OF CUSTODY MATCHES SAMPLES? 

5. TEMPERATURE BLANKS PRE:SENT? 

6'J.!i~LES RECEIVED AT 4"C ;\'2? 
~ICE PJ~CJ(S PRESENT ~r N? 

7. VOLATILES FREE OF HEADS PACE? 

8. TRIP BLANK PRESEt·IT IN TJ-IIS COOLER 

. 9. PR9PER SAMPLE CONTAINERS AND VOLUME? 

YES 

~ 
0 
~ 

GY 
~ 
0 

o 
o 
CJ--

NO 

0 
UJ' 
0 
0 
0 
!iJ' 

o 
~ 

o 
10. SAMPLES WITHIN HOLD TIME UPON RECEIPT? 

11. SAMPLES PROPERLY PRESERVED(1)? 

~ 0 
c;r-.D 

12. CORRECTIVE ACTION REPOR~ FilED? .. } -----9 ~ 

EXCEPTIONS 

0 
0 
0 
0 
0 
0 

~ 

o 
o 
o 
o 
NJA 

,,'-" _-I __ _- , ,. 

PAGE: d- OF __ 4!"",-. _----

COOLER:_. d OF U 
COC# _______________________ _ 

SDG# 
DATE/TIME RECEIVED: ~/( ~{b 'L--tJ'& ~ 
DELIVERED BY: F~e-~ 
RECEIVED BY: _____ 4._-'.-'b""-' ..,---_________ _ 

LlMS ENTRY BY: ___ --<..lo..:"":OC~-----------
L1MS REVIEW BY I PM:,----..A2~v-~------.:.......---

COMMENTS RESOLUTION 

TEMP BLANK TEMP (OC)= \, lc2 
COOLER TEMP (OC )= NA 

(RECORD COOLER TEMP ONLY IF TEMP BLANK IS NOT PRESENT) 

--~r---~-------

13. ANAl'rneAl PROGRAMS (CIRCllfoN ClP HAZWRAP NF.ESC ACOE AFCEE OTHER (STATE OF ORIGIN): 

LOG • II~ NQTES(f): 

(1) Usa lhls space (and additionsl sheels If necessarl) to document samples that are rl3celved brol<en or compromised, C-O-C discrepancies, radiallon chaci<s, residual chlorine check, results of pH 
check If required. If samples required pH adjustment, record volume and I~'pe of preservative added. 

". 
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",-"._ \ ___ ... - ~. ___ . 0,0' 
• ~-"11. I '-~I 1'-'1'" .r-\1"I.r'"lr.t-' 1 I'-Jc-..a.- ............ 1 ~ V • '-wi 1-'-', II .. '-'-

SAMPLE RECEIPT CONDITION REPORT 
Tel. (207) 874-2400 
Fax (207) 775-4029 

CLIENT: M+&.JL 

" PROJ~GT:, __________________________ __ 

1. CUSTODY SEALS PRESENT J II-HACT? 

2.CHAIN OF CUSTODY PRESENT IN TI-IIS COOLER? 

3. CIIAIN OF CUSTODY S!GNED BY CLIENT? 

4. CHAIN OF CUSTODY MATCHES SAMPLES? 

5. TEMPERATURE BLANKS PR~SENT? 

6. ~~LES RECEIVED AT 4D~~'2? 
eY ICE PACKS PRESENT LYor N? 

7. VOLATILES FREE OF HEADSPACE? 

8. TRIP BLANK PRESEtH IN THIS COOLEH 

.9. PROPER SAMPLE CONTAINERS AND VOLUME? 

YES 

11}' 

o 
~ 

~ 

l\':V 
o 
o 
o 
~ 

NO 

o 
~ 

o 
o 
o 
u:v--
o 
I:r 
o 

10. SAMPLES WITHIN HOLD TIME UPON RECEIPT? 

11. SAMPLES PROPERLY PRESERVED(i)? 

G- 0 
~.D 

12. CORRECTIVE ACTION REPOR~ FILED7 . .1 Gr 

EXCEPTIONS 

o 
o 
o 
o 
o 
o 
(iJ/ 

o 
o 
o 
o 
N/A 

PAGE: 3 OF_~4:>,---__ _ 

COOLER:_. ~ OF Co_ 
COC# ______________________________ __ 

SDG# 
DATE ITIME RECEIVED: ~ Il~ll>j Of; ~\ 
DELIVERED BY:--'-m~<..:e:"=.uX-----------
RECEIVED BY: ...tl::b.. 
UMS ENTRY B'~y-: ...L.I.-A;?¥-:::L-----------· 
LlMS REVIEW BY I PM:,-.::..lk1--:...!::L---::::.-______ ~ ____ _ 

COMMENTS RESOLUTION 

TEMP BLANK TEMP ("C)=- ~ (\ "3 
COOLER TEMP (UC )=- NA ,',-,,-

(RECORD COOLER TEMP ONLY IF TEMP BLANK IS NOT PRESENT) 

----~----~-------

13. ANALYTICAL PROGRAMS (CIRCUftiNE) LP HAZWRAP NF.ESG ACOE AFCEE OHlER (STATE OF ORIGIN): 

LOG - IN NQTES(O: 

(1) USB thIs space (and additional sheels If nBcBssar/) 10 document samples that are rF,lcelved brollen or compromised, C-O-C discrepancies, radiallan checlls, resil1ual chlorine check, resul/s of pH 
check If rflquired.1f samples required pH adjustment, record volume amI type of preservative added. 
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\ ,-v -
iV\ I jL\nUIl" 1-\1"1-\1-1 111...1-\1- .. ::H:~r\.V Iv!:;..::!, ""v. 

SAMPLE RECEIPT CONDITION REPORT 
Tel. (207) 874-2400 
Fax (207) 775-4029 

CLIENT: 13 tL ~ 12-\ \.~ 

;; 

Lr\U \VV\JI\I'\. 1,J1 \1-"1-1 'J II 

PAGE: L:t OF~ 
Lf . OF G COOLER: 

COC# ______________________________ __ 

SDG# 
DATE' TIME RECEIVED: (' il A () S- C( 't-c,-
DELIVERED BY:_-LF-,JCI,..<"~i)=e::..!.I(~-__________ _ 
RECEIVED BY: k 9;..' _____________ _ 

PRcjJ~CT: ______________ _ LlMS ENTRY BY: A? L 
LlMS REVIEW B'I'-:-""' '-P-'M'-'-: -Io.---c..-----------

1. CUSTODY SEALS PRESENT liNT ACT? 

2.CHAIN OF CUSTODY PRESENT IN TI-IIS COOLER? 

3. CIIAIN OF CUSTODY S!GNED BY CLIENT? 

4. CHAIN OF CUSTODY MATCHES SAMPLES? 

5. TEMPERATURE BLANKS PRESENT? 

6. ~:LES RECEIVED AT .JDC X'27 e7" ICE PACKS PRESENT C!.Jor N? 

7. VOLATILES FREE OF HEADSPACE? 

8. TRIP BLANK PRESENT IN nils COOLER 

. 9. PR9PER SAMPLE CONTAINERS AND VOLUME? 

10. SAMPLES WITHIN HOLD TIME UPON RECEIPT? 

11. SAMPLES PROPERLY PRESERVED!i)? 

12. CORRECTIVE ACTION REPOR"~ FILED?_.1 

13. ANALYTICAL PROGRAMS (CIRCLIfONE) 

LOG· IN NOTES(l): 

YES 

[iJ/ 

0 
(J/ 

[9/ 

li:V 
[g/ 

o 
o 
Ii:¥
Er 
cr-

NO EXCEPTIONS 

0 0 
~ 0 
0 0 
0 0 
0 0 
ri,.lK'D 

o 
u:;v 
o 
o 

.0 
~ 

u;;v 
o 
o 
o 
o 
N/A 

COMMENTS RESOLUTION 

TEMP BLANK TEMP ("e)::: '3 I (0 
COOLER TEMP (UC )::: NA 

(RECORD COOLER TEMP ONLY IF TEMP BLANK IS NOT PRESENT) 

--~.---~-----

LP HAZWRAP NF.ESC ACOE AFCEE OTHER (STATE OF ORIGIN): 

(1) . Use Ihls space (and addilionalsheels If necBssar/) to document samples lhat are received brol<en or compromised, C-O-C discrepancies, radiallon checl<s, residual chlorine check, results of pH 
check If required. If samples required pH adjustment, record volume and l~rpe of preservative added. 
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--- \ .. ---.. 
I;U-"\, I '-"1.11'-'11" r-\I'I,'''·\,I.-I II"-JT""\.'" ......... l1li1 '\.V I""" ........ ' ..... '..1. 

SAMPLE RECEiPT CONDITION REPORT 
Tel. (207) 874-2400 
Fax (207) 775-4029 

CLIENT: ~-\te.,\ \-e. 

;; 

PROJECT: ______________ _ 

1. CUSTODY SEALS PRESENT !INTACT? 

2.CHAIN OF CUSTODY PRESENT IN THIS COOLER? 

3. CIIAIN OF CUSTODY S!GNED BY CLIENT? 

4. CHAIN OF CUSTODY MATCHES SAMPLES? 

5. TEMPERATURE BLANKS PRESENT? 

6~~PLES RECEIVED AT <l°C +1-'27 

~ ICE PACKS PRESENT (!)or N? 

7. VOLATILES FREE OF HEADS PACE? 

8. TRIP BLANK PRESEt·IT IN THIS COOLER 

, 9. PR9PER SAMPLE CONTAINERS AND VOLUME? 

YES 

u:v 
0 
liJ' 
UK" 
[U/' 

f.\J/ 

o 
o 
g---

NO 

0 
ua---
0 
0 
0 
0 

o 
u:y--
o 

10. SAMPLES WITHIN HOLD TIME UPON RECEIPT? 

11. SAMPLES PROPERLY PRESERVED(1)7 

12. CORRECTIVE ACTION REPORT FILED7 . .l 

[2l 0 
~,D 

o I2r 

EXCEPTIONS 

0 
0 
0 
0 
0 
0 

[U/ 

o 
o 
o 
o 
N/A 

--------, 

PAGE: e::; OF_-=0:::-' _____ _ 

COOLER:_. 5 OF Co 
coctt. 
SDG# 
DATE I TIME RECEIVED: '511~lfn;' 6<j)~ 
DELIVERED BY:_-!t=--7-e:..,;o,-,Z;::::="~ ______ _ 
RECEIVED BY:. __ -1.A-:.....,..:::::D--,----------
L1MS ENTRY BY: IQ t-. 
L1MS REVIEW BY-'-P-M-: ~A7c-.....,-----------

COMMENTS RESOLUTION 

TEMP BLANK TEMP C"G)=- :;d,.{;).. 
COOLER TEMP ("C )=: NA 
(RECORD COOLER TEMP ONLY IF TEMP BLANI< IS NOT PRESENT) 

----~r-----'~--------

13. ANAL'(fICAL PROGRAMS (6IRCLI!ONE) CLP HAZWRAP NF.ESC ACOE AFCEE OTHER (STATE OF ORIGIN): 

LOG· IN NQTES(1): 

(11 Use Ihls space (and additional sheets If necessar/) to document samples that are rP.celved brol(en or compromised, C·O·C discrepancies. radiallon checl(s. residual chlorine check, results of pH 
chalj( If required. If samples required pH adjustment. record volume and t~lpe of preservative added. 

", 
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'-' IV\ I HnUII'II 1-\1'111-\1...1 111,.,1-\1... .. ;:)l;~I""\'V Iva.:;;..;;J, lI'4v. 

SAMPLE RECEIPT CONDITION REPORT 
Tel. (207) 874-2400 
Fax (207) 775-4029 

CLIENT: Bcd~ 

~; 

PRciJ~CT: _____________ _ 

1. CUSTODY SEALS PRESENT I INTACT? 

2.CHAIN OF CUSTODY PRESENT IN THIS COOLER? 

3. CHAIN OF CUSTODY SIGNED BY CLIENT? 

4. CHAIN OF CUSTODY MATCHES SAMPLES? 

5. TEMPERATURE BLANKS PHESENT? 

6. ~LES RECEIVED AT ~~~-'2? 
(!g;))ICE P}~CI(S PRES EN Oor 1'17 

7. VOLATILES FREE OF HEADSPACE? 

8. TRIP BLANK PRESENT IN THIS COOLEFt 

. 9. PR9PER SAMPLE CONTAINERS AND VOLUME? 

10. SAMPLES WITHIN HOLD TIME UPON RECEIPT? 

11. SAMPLES PROPERLY PRESERVED(iI? 

12. CORRECTIVE ACTION REPORT, FILED?.] 

YES 

~ 
B 
o 
m 
~ 

~ 

o 
o 
~ 
~ 
IB 

NO 

0 
0 
0 
0 
0 
0 

0 
e-
0 
0 

.0 
~ 

.... \' .~, , .. ~ .. _-." .. ~LAJ\I\I\ r~ = 

PAGE: l.tc OF h , 

COOLER:_. Co OF ~ 
COC# ____________________________ ___ 

SDG# 

g~rl~~~I~ :;C~:~I(;;U oS: 013 I,~O 
RECEIVED BY: ~Lr-
LlMS ENTRY B':-:y-: ~~--;--c~/c...-------------· 

L1MS REVIEW BY I PM:--'-%:w.CC~ _______ ___=_ ____ _ 

EXCEPTIONS COMMENTS RESOLUTION 

0 
0 
0 
0 
0 TEMP BLANK TEMP (DC)= ,Q ~ 
0 COOLER TEMP ("C )= NA 

(RECORD COOLER TEMP ONLY IF TEMP BLANI< IS NOT PRESENT) 

~ 
O 
0 

----~~----~--------

0 
0 
N/A 

13. ANAL'mCAL PROGRAMS (CIRCLE'ONE) CLP HAZWRAP NF.ESC AGOE AFCEE OTHER (STATE OF ORIGIN): 

LOG • If~ NPTES/I): 

(1) USB Ihls space (and addilionalsheels If necBssar/) to dOGument samples that are n:lCelved brollBn or compromised, C-O-C discrepancies, radiallon checlls, residual chlorine check, results of pH 
check If required. If samples required pH adjustment. rBGord volume alld type of preservative added. 
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Katahdin 
ANALYTICAL SERVICES 

340 County Road No.5 

P.O. Box 720 
Westbrook, ME 04092 
Tel: (207) 874-2400 

Fax: (207) 775-4029 

CHAIN of CUSTODY 
PLEASE BEAR DOWN AND 

PRINT LEGIBLY IN PEN Page __ of __ 

Phone # Fax # 

t1- ,L£!:K/)// /'rz ( 1) t:t 
lddress 3q]= W~/HMtoJ State , 
'urchase Order # Proj. Name / No. AJ!&u t6/E.//I1JIZ;P 
Ii II (if different than above) Address 

iampler (Print / Sign) 

LAB USE ONLY 

IEMARKS: ____________________ ___ 

iHIPPING INFO: ~'FED EX o UPS o CLIENT 

\IRBILL NO: _______________________________ _ 

·EMp·C o TEMP BLANK 0 INTACT 

Sample Description Date/Time 
coll'd 

o NOTINT 

Matrix No. of 
Cntrs. 

Timllt Received By: b"J~IJ.ta,J:!.' 

Relinquished By: (Signature) ature) Relinquished By: (Signature) 

'oJ:H) ( 
Zip Code 

Katahdin Quote # 

Date / Time Received By: (Signature) 

THE TERMS AND CONDITIONS ON THE REVERSE SIDE HEREOF SHALL GOVERN 
cC:O\llrc:c C:Vr-COT IAIUCAI A C/~II.Ic:::n "-'f""lAITD A f""'TI 1111 II~DC:::C:::""C:::"'T C:::Vlr'I'Tr'I 
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Katahdin 
ANALYTICAL SERVICES 

340 County Road No.5 
P.O. Box 720 
Westbrook, ME 04092 
Tel: (207) 874-2400 
Fax: (207) 775-4029 

CJIAIN of CUSTODY 

f ,. 

PLEASE BEAR DOWN AND 
PRINT LEGIBLY IN PEN • _-PagEl~-of __ . 

Fax # 

( ) 

::>urchase Order # Proj. Name I No. I ';:;1) ,t).y::::-,-,,'-"-;""/1 h Katahdin Quote # 
1'.,.1.;/[.( f....,-YhAL.-v-

3ill (if different than above) Address 

~EMARKS:_------~---~----~~---___ 

,HIPPING INFO: '51 FED EX ,-.. o UPS o CLIENT 

~IRBILL NO:' _________ -----------------

rEMP"C o TEMP BLANK 0 INTACT o NOTINT 

Sample Description-

.-
~in~uiShed By: (pigoature) 

ll.~~ latA C
. r 

l . ~.k . . 
Relinquished By: (Signature) 

Date/Time 
coll'd Matrix No. of 

Cntrs. 

~ite I Tim!')- Received By: ~i~nature) 

V. 65 #r /(¢.IDS;-
{II! 10m (l u (~'.:r-(=J.~"~.£&.d. ~.~';' 
Date I Time Received By: (Sig'nature) 

Relinquished By: (Signature) Date I Time 

----
Relinquished By: (Signature) Date I Time 

THE TERMS AND CONDITIONS ON THE REVERSE SIDE 'HEREOF ·SHALL GOVERN 
.~t=QIlIr't=~ t=Yr't=PT--rMI-lt=AI 11 ~/r-Alt=n r'nAlTDJlr'Tlljll Jl0-Dt::t::Ut::A1T t::VIC'TC' 

Received By: (Signature) 

Received By: (Signature) 
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ANALYTICAL SERVICES 

Login Number: WV4102 
Account: BA TTEL002 

Battelle 

Project: BATTELPCP001 

Primary Report Address: 
Lisa Lefkovitz 

Battelle 

397 Washington St. 

Duxbury,MA 02332 

Primary Invoice Address: 

Accounts Payable 

Battelle 

505 King Ave. 

Columbus,OH 43201-2693 

Report CC Addresses: 
Invoice CC Addresses: 

Laboratory Client 
Sample ID Sample Number 

WV4102-1 COMP1 A,C,D,E-A 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-2 COMP1 A,C,D,E-B 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-3 COMP1 A,C,D,E-C 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-4 COMP2 1,2,3-A 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-5 COMP2 1,2,3-B 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-6 COMP2 1,2,3-C 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-7 COMP3 H,J-A 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-8 COMP3 H,J-B 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-9 COMP3 H,J-C 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-10 COMP4 L,M,N-A 

Matrix Product 

Aqueous S SWB270SIM-S 

Katahdin Analytical Services 

Login Chain of Custody Report (In01) 
Aug. 12, 2005 

10:53 AM 

NoWeb 
Login Information 

ANALYSIS INSTRUCTIONS 

CHECK NO. 

CLIENT PO# 

COOLER TEMPERATURE 

DELIVERY SERVICES 

EDD FORMAT 

MAIL DATE 

PM 

PROJECT NAME 

QC LEVEL 

REGULATORY LIST 

REPORT INSTRUCTIONS 

SDGID 

SDG STATUS 

Collect Receive Verbal 
DatelTime Date PR Date 

09-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

16-AUG-05 1 L N-Amber Glass 1 

09-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bailie Type Bottle Count 

16-AUG-05 1 L N-Amber Glass 1 

09-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

16-AUG-05 1 L N-Amber Glass 1 

09-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

16-AUG-05 1 L N-Amber Glass 2 

09-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

16-AUG-05 1 L N-Amber Glass 2 

09-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bailie Type Bottle Count 

16-AUG-05 1 L N-Amber Glass 2 

09-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

16-AUG-05 1 L N-Amber Glass 2 

09-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

16-AUG-05 1 L N-Amber Glass 2 

09-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bailie Type Bottle Count 

16-AUG-05 1 L N-Amber Glass 2 

09-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

16-AUG-05 1 L N-Amber Glass 2 

Page: 1 of 4 

EXT-need acid extraction for SIM 
pentachlorophenol only. 

200251 

FEDEX 

KAS079QC-XLS 

AJC 

NEW BEDFORD 

11+ 

Include narrative. 

Due 
Date Comments 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 
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ANALYTICAL SERVICES 

Login Number: WV4102 
Account: 8A TTEL002 

8attelle 

Project: 8ATTELPCP001 

Laboratory Client 
Sample 10 Sample Number 

WV4102-11 COMP4 L,M,N-8 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-12 COMP4 L,M,N-C 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-13 COMP5 0-88-A 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-14 COMP5 0-88-8 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-15 COMP5 0-88-C 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-16 COMP6 CC-KK-A 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-1? COMP6 CC-KK-8 

Matrix Product 

Aqueous S SW8270SIM-S 

WV41 02-1 S COMP6 CC-KK-C 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-19 COMP? FF-JJ-A 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-20 COMP? FF-JJ-8 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-21 COMP? FF-JJ-C 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-22 COMPS F-K-A 

Matrix Product 

Aqueous S MSIMSD-SVOA 

Aqueous S SW8270SIM-S 

WV4102-23 COMPS F-K-8 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-24 COMPS F-K-C 

Matrix Product 

Aqueous S SW8270SIM-S 

Katahdin Analytical Services 

Login Chain of Custody Report (In01) 
Aug. 12, 2005 

10:53 AM 

NoWeb 

Collect Receive Verbal 
DatelTime Date PR Date 

09-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

16-AUG-05 1 L N-Amber Glass 2 

09-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

16-AUG-05 1 L N-Amber Glass 2 

10-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 2 

10-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 2 

10-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 2 

10-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 2 

10-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 2 

1 0-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 2 

1 0-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 2 

10-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 2 

10-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 2 

10-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 6 

10-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 4 

10-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 4 

Page: 2 of 4 

Due 
Date Comments 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 MS/MSD 

01-SEP-05 

01-SEP-05 
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ANALYTICAL SERVICES 

Login Number: WV4102 
Account: BA TTEL002 

Battelle 

Project: BATTELPCP001 

Laboratory Client 

Sample ID Sample Number 

WV4102-2S COMP1 BLANK-A 

Matrix Product 

Aqueous S MS/MSD-SVOA 

Aqueous S SWB270SIM-S 

WV4102-26 COMP1 BLANK-B 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-27 COMP1 BLANK-C 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-28 COMP2 BLANK-A 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-29 COMP2 BLANK-B 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-30 COMP2 BLANK-C 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-31 COMP3 BLANK-A 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-32 COMP3 BLANK-B 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-33 COMP3 BLANK-C 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-34 COMP4 BLANK-A 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-3S COMP4 BLANK-B 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-36 COMP4 BLANK-C 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-37 COMPS BLANK-A 

Matrix Product 

Aqueous S SWB270SIM-S 

WV4102-38 COMPS BLANK-B 

Matrix Product 

Aqueous S SWB270SIM-S 

Katahdin Analytical Services 

Login Chain of Custody Report (In01) 
Aug. 12, 2005 

10:53 AM 

NoWeb 

Collect Receive Verbal 
DatelTime Date PR Date 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Bottle Type Bottle Count 

1B-AUG-05 1 L N-Amber Glass 4 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Boltle Type Bottle Count 

1B-AUG-D5 1 L N-Amber Glass 2 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Bottle Type Bottle Count 

1B-AUG-D5 1 L N-Amber Glass 2 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Bottle Type Bottle Count 

1B-AUG-05 1 L N-Amber Glass 2 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Bottle Type Bottle Count 

1B-AUG-05 1 L N-Amber Glass 2 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Boltle Type Bottle Count 

1B-AUG-D5 1 L N-Amber Glass 2 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Bottle Type Bottle Count 

1B-AUG-05 1 L N-Amber Glass 2 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Bottle Type Bottle Count 

1B-AUG-05 1 L N-Amber Glass 2 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Bottle Type Bottle Count 

1B-AUG-05 1 L N-Amber Glass 2 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Bottle Type Bottle Count 

1B-AUG-05 1 L N-Amber Glass 2 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Bottle Type Bottle Count 

18-AUG-D5 1 L N-Amber Glass 2 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Boltle Type Bottle Count 

1B-AUG-05 1 L N-Amber Glass 2 

11-AUG-OS 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type BotlleCount 

1B-AUG-D5 1 L N-Amber Glass 2 

11-AUG-OS 00:00 12-AUG-OS 

Hold Date (shortest) Boltle Type Bottle Count 

1B-AUG-D5 1 L N-Amber Glass 2 

Page: 3 of 4 

Due 
Date Comments 

01-SEP-OS MS/MSD 

01-SEP-OS 

01-SEP-OS 

01-SEP-OS 

01-SEP-OS 

01-SEP-OS 

01-SEP-OS 

01-SEP-OS 

01-SEP-OS 

01-SEP-OS 

01-SEP-OS 

01-SEP-05 

01-SEP-05 

01-SEP-05 
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ANALYTICAL SERVICES 

Login Number: WV4102 
Account: BA TTEL002 

Battelle 

Project: BATTELPCP001 

Laboratory Client 
Sample ID Sample Number 

WV4102-39 COMP5 BLANK-C 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-40 COMP6 BLANK-A 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-41 COMP6 BLANK-B 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-42 COMP6 BLANK-C 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-43 COMP7 BLANK-A 

Matrix Product 

Aqueous S MS/MSD-SVOA 
Aqueous S SW8270SIM-S 

WV4102-44 COMP7 BLANK-B 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-45 COMP7 BLANK-C 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-46 COMP8 BLANK-A 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-47 COMP8 BLANK-B 

Matrix Product 

Aqueous S SW8270SIM-S 

WV4102-48 COMP8 BLANK-C 

Matrix Product 

Aqueous S SW8270SIM-S 

Total Samples: 48 

Katahdin Analytical Services 

Login Chain of Custody Report (In01) 
Aug. 12, 2005 

10:53 AM 

NoWeb 

Collect Receive Verbal 
DatelTime Date PR Date 

11-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

18-AUG-05 1 L N-Amber Glass 2 

11-AUG-0500:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

18-AUG-05 1 L N-Amber Glass 2 

11-AUG-0500:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

18-AUG-05 1 L N-Amber Glass 2 

11-AUG-0500:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

18-AUG-05 1 L N-Amber Glass 2 

11-AUG-0500:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

18-AUG-05 1 L N-Amber Glass 5 

11-AUG-0500:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

18-AUG-05 1 L N-Amber Glass 2 

11-AUG-0500:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

18-AUG-05 1 L N-Amber Glass 2 

10-AUG-0500:00 12-AUG-05 

Hold Date (shortest) BotlleType Bottle Count 

17-AUG-05 1 L N-Amber Glass 2 

10-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type BotlleCount 

17-AUG-05 1 L N-Amber Glass 2 

10-AUG-05 00:00 12-AUG-05 

Hold Date (shortest) Bottle Type Bottle Count 

17-AUG-05 1 L N-Amber Glass 2 

Total Analyses: 51 

Page: 4 of 4 

Due 
Date Comments 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 MS/MSD 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

01-SEP-05 

Katahdin Analytical Services WV4102 page 0000087 of 0000087 
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1.0 INTRODUCTION 

As part of a comprehensive plan to reduce adverse environmental impacts of ocean 
dumping, Section 103 of the Marine Protection, Research and Sanctuaries Act of 1972, 
specifies that all sediments to be discharged into ocean waters must be evaluated to define their 
potential impact on existing benthic communities. The United States Environmental Protection 
Agency (U.S. EPA) has determined that the most effective means to make such an assessment 
is through the use of bioassay tests which provide a relatively direct estimate of potential 
impact. 

Laboratory testing conducted for this project was designed to evaluate proposed 
dredged sediment for disposal at an approved offshore disposal site.  Protocol for tests 
conducted as part of the evaluation followed procedures established by the U.S. EPA and the 
U.S. ACOE for testing of dredge material. Procedures are presented in "Evaluation of Dredged 
Material Proposed for Ocean Disposal - Testing Manual" (U.S. EPA, Corps of Engineers 1991), 
“Regional Implementation Manual for the Evaluation of Dredged Material Proposed for Disposal 
in New England Waters” (U.S. EPA, Corps of Engineers 2004), and “Evaluation of Dredged 
Material Proposed for Discharge in Waters of the U.S. - Test Manual” (U.S. EPA, Corps of 
Engineers 1994). Acute Suspended Particulate Phase (SPP) testing was conducted using the 
mysid shrimp, Americamysis bahia, inland silverside, Menidia beryllina, and larvae of the sea 
urchin, Arbacia punctulata. Toxicity testing and supporting analytical chemistry were conducted 
at EnviroSystems, Incorporated (ESI), Hampton, New Hampshire.  

2.0 MATERIALS AND METHODS

 2.1 Sample Collection 

Sediment samples for toxicological analysis were collected from the dredge footprint 
proposed project by Battelle staff between July 28 and 30, 2005. The samples were received on 
August 01, 2005 in 2.5 gallon polyethylene buckets.  Prior to toxicological analysis, the samples 
were composited at Battelle based on the compositing scheme provided by the U.S. Army 
Corps of Engineers. Reference water was collected from the Rhode Island Sound Disposal Site 
(RISDS) and Buzzards Bay Disposal Site (BBDS) reference sites on July 29 and 30, 2005, 
respectively. Upon arrival at the laboratory, all samples received an internal sample control 
number and were logged into the project sample control system. Prior to testing, samples were 
placed in a secure refrigerator and stored at a temperature of 2-4°C until test initiation. Sample 
identification, collection and receipt information is summarized in Table 1. 

Water for the internal laboratory control was obtained from the Hampton Estuary, 
Hampton, New Hampshire.  Water from this source has been used for culture and maintenance 
of test organisms at ESI since 1978.  Seawater is obtained through a filter system located on 
the bottom of the estuary at a point approximately 1 mile from the open ocean. The estuary 
receives no direct industrial discharges and the water is classified as SA-1. 

2.2 SPP/ Elutriate Sample Preparation 

The SPP/ Elutriate sample was prepared by placing one volume of test sediment and 
four volumes of overlying site water into a 30 liter glass container and mixing with a mechanical 
stirring device for 30 minutes. Speed of the stirring motor was set so that the sample did not 
cavitate, entrain air, and/or oxidize.   At the end of the 30 minute period, the sediment/water 
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mixture was allowed to settle for one hour and the elutriate was siphoned off for biological and 
/or chemical evaluation. If a sample was sufficiently turbid to prevent clear observations of the 
test organisms, the sample was centrifuged at 3000 rpm for 15 minutes to remove excess 
suspended sediment levels. 

Test concentrations were mixed by diluting the SPP sample with the diluent water 
collected from the RISDS and BBDS disposal sites. Test concentrations for all assays were 
100% undiluted, 50%, 10% and 1% SPP. Diluent controls were included to verify the relative 
toxicity of the reference sites and a Hampton Estuary control was included to verify the relative 
health of the test organisms 

2.3 Test Species 

A. bahia, 3-5 days old, were obtained from cultures maintained by ESI.  Prior to use, test 
organisms were held for a minimum of 2 hours under temperature, salinity, and photoperiod 
conditions similar to those used in the assay.  Organisms were transferred to test vessels using 
a large bore pipet to minimize the amount of water added to test solutions. 

M. beryllina, 10 days old, were obtained from Aquatic Research Organisms, ARO, 
Hampton, New Hampshire. Prior to use, test organisms were held for a minimum of 2 hours 
under temperature, salinity, and photoperiod conditions similar to those used in the assay.  Fish 
were transferred to the test beakers using a large bore pipet to minimize the amount of culture 
water added to the test solution. Twenty representative fish, measured at the start of the assay, 
were used to determine loading rates, data is provided in the data appendix. The loading rate 
was <0.40 g/L suggested for acute assays (EPA 2002). 

Adult A. punctulata were from cultures maintained by ESI.  Original stock was obtained 
from a commercial supply.  Adult sea urchins are maintained in the laboratory for up to six 
months prior to use. Urchins may be spawned several times during this period.  Male and 
female urchins are maintained in separate chambers.  Adult sea urchins were maintained in 
culture at a temperature of approximately 20±3°C during culture. 

2.4 Suspended Particulate Phase  Assays 

Due to the number of samples being evaluated, suspended particulate phase assays 
were conducted in two (2) series of assays. The first series of assays was started on August 3, 
2005. The second series was started on August 4, 2005. Table 3 provides a summary of SPP 
preparation and assay start dates.  

2.4.1 Acute SPP Evaluations - A. bahia and M. beryllina 

The 96 hour static acute toxicity tests were conducted at 20±2°C with a photoperiod of 
16:8 hours light:dark. Test chambers were 250 mL glass beakers each containing 200 mL of 
test solution in each of 5 replicates with 10 organisms/replicate. Survival in all test replicates 
was recorded after 4, 8, 24, 48, 72, and 96 hours of exposure. Dissolved oxygen, pH, 
temperature, and salinity were measured daily in one replicate of each treatment.  A. bahia and 
M. beryllina were fed daily throughout testing. 
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2.4.2 Embryo Survival and Development SPP Evaluation - A. punctulata 

The A. punctulata embryo survival and development test was conducted at 20±2°C with 
a photoperiod of 16:8 hours light:dark. Test chambers for the acute assay were 250 mL glass 
beakers containing 200 mL test solution in each of 5 replicates. Dissolved oxygen, pH, 
temperature, and salinity were measured in all replicates at the start and end of the test.  
Gametes were obtained by potassium chloride injection to induce spawning. Gametes were 
collected dry and diluted with filtered laboratory seawater to yield a desired concentration of 
approximately 5 x 107 sperm/mL and 8500 eggs/mL.  Fertilization success was monitored 15 
minutes later, and the density of embryos calculated.  Based on embryo density counts, 
aliquots of the stock solution were added to each test vessel to achieve a final concentration of 
approximately 30 embryos/mL of SPP solution. Details of egg/sperm dilutions and 
spawning/fertilization times are provided in the data appendix.  Prior to transferring embryos 
from the holding vessel to the individual test vessels, the embryo stock solution was thoroughly 
homogenized to ensure even distribution. Embryo counts in three surrogate vessels were 
conducted just after the addition of the embryos to determine the actual embryo concentration in 
the final SPP solutions. 

Observations in surrogate vessels were also used to determine the endpoint of the test. 
The test is terminated when 70% of the fertilized embryos in the control vessels have reached 
the pluteus larval stage (between 48 and 96 hours). The tests were terminated after 
approximately 72 hours.  At the end of the assay the test solution was gently homogenized to 
insure even distribution of the embryos and a 5 mL aliquot of each test replicate was removed 
and placed in a vial. The solution was preserved with 5µl of 10% buffered formalin solution and 
counted to determine survival and normal development.  Survival percentages were calculated 
as surviving larvae in the 5 mL aliquot at 72 hours divided by the mean number of embryos 
counted in the laboratory control at the end of the assay. 

2.5 Data Analysis 

Statistical analysis of acute and chronic exposure data was completed using CETIS, 
Comprehensive Environmental Toxicity Testing System, software.  The program computes 
acute exposure endpoints, LC and EC-50 values, plus Inhibition and No Effect Concentrations 
(NOEC) based on EPA decision tree guidelines specified in individual test methods. For No 
Effect Concentration endpoints statistical significance was accepted at % <0.05. 

2.6 Quality Control 

As part of the laboratory quality control program standard reference toxicant assays are 
conducted on a regular basis for each test species. These results provide relative health and 
response data while allowing for comparison with historic data sets. A summary of acute 
exposure reference toxicant assays conducted in support of this study is provided in Table 2.  

2.7 Protocol Deviations 

Review of the data and procedures associated with these tests documented no 
deviations from established protocols.  

3 




 
 
 

 

 
 
 

 
  
 
 
 

 
  

 
 

  
 

 
 

 

 
 

 
 

Acute Suspended Particulate Phase Assays October 2005 

3.0 RESULTS AND DISCUSSION 

A summary of endpoints and adverse effects on each species is provided in Tables 4 
and 5. Support data including bench sheets, statistical analysis reports and supplemental water 
quality data (total and unionized ammonia) are provided in Appendix A. 

3.1 Acute SPP Evaluations - Laboratory and Site Diluent Controls 

At the end of the 96 hour exposure period, A. bahia survival in the Hampton Estuary 
control treatment for the two series of assays was 98% and 94%. This meets the minimum test 
acceptability criteria of 90% survival and is an indication that the test organisms were healthy 
and not stressed by handling.  At the end of the 96-hour exposure periods, mean mysid survival 
in the BBDS diluent control was 98% and 100%.    At the end of the 96-hour exposure period, 
mean mysid survival in the RISDS diluent control was 100% for both assays. These results 
indicate that seawater from the disposal site used to dilute the suspended particulate phase 
solutions had no adverse impact on the outcome of the assays. 

At the end of the 96 hour exposure period M. beryllina survival in the Hampton Estuary 
control treatment for the two series of assay was 92% for both assays. This meets the minimum 
test acceptability criteria of 90% survival and is an indication that the test organisms were 
healthy and not stressed by handling.  At the end of the 96-hour exposure period, mean minnow 
survival in the BBDS diluent control was 94% and 92%.  At the end of the 96-hour exposure 
period, mean minnow survival in the RISDS diluent control was 98% and 80%. 

Counts made in the Hampton Estuary laboratory surrogate test vessels at the initiation of 
the A. punctulata assays indicate an average initial embryo concentration of 33.2 and 30.2 
embryos/mL for the assays. The majority of the larvae (>70%) reached the pluteus larval stage 
approximately 72 hours after the start of the assays. 

For the initial series of assays, counts in the Hampton Estuary control treatment showed 
90.1% of the embryos survived after 72 hours with 88.7% of the surviving embryos showing 
normally developed pluteus larvae.  For the second series of assays, counts in the Hampton 
Estuary control treatment showed that 76.2% of the embryos survived after 72 hours with 75.6% 
of the original embryos being normally developed pluteus larvae.  In both series of assays 
survival and development results meet minimum acceptability criteria of 70% embryo survival 
and 70% normal development.   

Counts of the BBDS diluent controls show that an average of  64.9% and 97.0% of the 
embryos survived and that 64.8% and 97.0% of the original embryos developed into normal 
pluteus larvae for the two sets of assays. Counts of embryos in the RISDS diluent control for the 
single set of assays showed that an average of 82.1% of the embryos survived and that 81.5% 
of the original embryos developed into normal pluteus larvae. These results indicate that the 
water from the disposal site used to dilute the suspended particulate phase solutions had no 
adverse impact on the outcome of the assay. 

3.2 Summary 

The SPP solutions prepared from the 8 New Bedford Harbor project site composite 
sediments and diluted with water from either the BBDS or RISDS reference sites did not have 
an adverse impact on the survival of the mysid shrimp, Americamysis bahia. Survival of Menidia 
beryllina was significantly impacted after 96-hours exposure to SPP solutions prepared from 4 
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of the project site composites, composites 1, 2, 4 and 5.  Survival and normal development of 
the sea urchin larvae, Arbacia punctulata larvae were both significantly impacted by exposure to 
all 8 of the composite sediment SPP solutions. 

4.0 REFERENCES 

APHA. 1998.  Standard Methods for the Examination of Water and Wastewater, 20th  edition. 
Washington D.C. 
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TABLE 1. Summary of Sample Collection Information.  Suspended Particulate Phase 
Evaluation. New Bedford Harbor Tier III Sediment Evaluation. August 2005. 

Field ID Matrix Collection Receipt 
ESI 

Reference 

EAG-1001-I (Comp 1) Sediment 07/29/05 08/01/05 13569-001 
EAG-1002-I (Comp 8) Sediment 07/29/05 07/29/05 13569-008 
EAG-1003-I (Comp 3) Sediment 07/27/05 08/01/05 13569-003 
EAG-1004-I (Comp 4) Sediment 07/28/05 07/29/05 13569-004 
EAG-1005-I (Comp 5) Sediment 07/27/05 08/01/05 13569-005 
EAG-1006-I (Comp 6) Sediment 07/27/05 08/01/05 13569-006 
EAG-1007-I (Comp 7) Sediment 07/28/05 07/29/05 13569-007 
EAG-1008-I (Comp BBDS) Sediment 07/30/05 08/01/05 13569-010 
EAG-1009-I (Comp RISDS) Sediment 07/29/05 08/01/05 13569-009   
EAG-1010-I (Comp 2) Sediment 07/28/05 07/29/05 13569-002 
Site A,C,D,E Comp Water 07/28/05 07/29/05 13569-011 
Site F,G,I,K Comp Water 07/28/05 07/29/05 13569-012 
Site H,J Comp Water 07/28/05 07/29/05 13569-013 
Site O,P,Q,R,S,T,U,V,W,X,Y,AA,BB Comp Water 07/28/05 07/29/05 13569-014 
Site CC,DD,GG,HH,LL,MM,KK Comp Water 07/28/05 07/29/05 13569-015 
Site EE,FF,II,JJ Comp Water 07/28/05 07/29/05 13569-016 
Site 1,2,3 Comp Water 07/28/05 07/29/05 13569-017 
Site L,M,N Comp Water 07/28/05 07/29/05 13569-018 
EAG-051; RISDS Comp Water Water 07/29/05 08/01/05 13569-019 
EAG-056; BBDS Comp Water Water 07/30/05 08/01/05 13569-020 

TABLE 2. Reference Toxicant Data Summary.  Suspended Particulate Phase  
Evaluation. New Bedford Harbor Tier III Sediment Evaluation. August 2005. 

Reference Toxicant: Copper (mg/L) 

Species Endpoint Date Value 
Historic 

Mean 
Number 
of Tests 

±1 Std 
Deviation 

± 2 Std 
Deviations 

A. bahia LC-50 08/04/05 23.44 4.14 20 1.77 3.55 

M. beryllina LC-50 08/04/05 7.07 3.15 20 4.27 8.54 

A. punctulata EC-50 08/04/05 0.30 0.44 24 0.33 0.65 
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TABLE 3. Elutriate Solution Preparation.  Suspended Particulate Phase Evaluation. 
New Bedford Harbor Tier III Sediment Evaluation. August 2005. 

Composite Sample 
ID Test Species Assay Start Assay End 

Composite 1 
08/02/05 A. bahia 

M. beryllina 

08/03/05 

08/03/05 

08/07/05 

08/07/05 

08/03/05 A. punctulata 08/04/05 08/07/05 

Composite 2 
08/02/05 

A. bahia 

M. beryllina 

08/03/05 

08/03/05 

08/07/05 

08/07/05 

08/03/05 A. punctulata 08/04/05 08/07/05 

Composite 3 
08/02/05 

A. bahia 

M. beryllina 

08/03/05 

08/03/05 

08/07/05 

08/07/05 

08/03/05 A. punctulata 08/04/05 08/07/05 

Composite 4 
08/02/05 

A. bahia 

M. beryllina 

08/03/05 

08/03/05 

08/07/05 

08/07/05 

08/03/05 A. punctulata 08/04/05 08/07/05 

A. bahia 08/05/05 08/08/05 
Composite 5 08/03/05 M. beryllina 08/04/05 08/08/05 

A. punctulata 08/04/05 08/07/05 

A. bahia 08/05/05 08/08/05 
Composite 6 08/03/05 M. beryllina 08/04/05 08/08/05 

A. punctulata 08/04/05 08/07/05 

A. bahia 08/05/05 08/08/05 
Composite 7 08/03/05 M. beryllina 08/04/05 08/08/05 

A. punctulata 08/04/05 08/07/05 

A. bahia 08/05/05 08/08/05 
Composite 8 08/03/05 M. beryllina 08/04/05 08/08/05 

A. punctulata 08/04/05 08/07/05 

Elutriate 
Preparation Date 
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TABLE 4. Summary of Endpoints and Adverse Effects. Suspended Particulate Phase  
Evaluation. New Bedford Harbor Tier III Sediment Evaluation. August 2005. 

Sample ID Americamysis 
b hi  

Menidia beryllina Arbacia punctulata 

RISDS Diluent LC-50 Endpoint LC-50 Endpoint LC-50 Endpoint EC-50 Endpoint 

Composite 1 (-001) >100% >100% 23.0% 13.7% 

Composite 2 (-002) >100% >100% 24.7% 17.9% 

Composite 3 (-003) >100% >100% >100% 52.6% 

Composite 4 (-004) >100% 82.3% 11.6% 10.0% 

Composite 5 (-005) >100% >100% 20.7% 16.2% 

Composite 6 (-006) >100% >100% 20.6% 16.4% 

Composite 7 (-007) >100% >100% 19.7% 15.3% 

Composite 8 (-008) >100% >100% 23.1% 14.2% 

RISDS Diluent 
Adverse Effect 

(NOEC) 
Adverse Effect 

(NOEC) 
Adverse Effect 

(NOEC) 

Composite 1 (-001) 100% 10% 10% 

Composite 2 (-002) 100% <1% 1% 

Composite 3 (-003) 100% 100% 1% 

Composite 4 (-004) 100% 10% 1% 

Composite 5 (-005) 100% <1% <1% 

Composite 6 (-006) 100% 100% <1% 

Composite 7 (-007) 100% 100% 1% 

Composite 8 (-008) 100% 100% 1% 

Notes: 

An “Adverse Effect” was considered to have occurred when there was a significant (p=<0.05) 
difference in survival between the SPP elutriate and the reference site diluent. The NOEC values 
identifies the lowest concentration not exhibiting a significant negative impact.  NOEC of 100% 
signifies no significant adverse effect. 
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TABLE 5. Summary of Endpoints and Adverse Effects. Suspended Particulate Phase  
Evaluation. New Bedford Harbor Tier III Sediment Evaluation. August 2005. 

Sample ID Americamysis bahia Menidia beryllina Arbacia punctulata 

BBDS Diluent LC-50 Endpoint LC-50 Endpoint LC-50 Endpoint EC-50 Endpoint 

Composite 1 (-001) >100% >100% 30.3% 18.7% 

Composite 2 (-002) >100% >100% 35.6% 22.6% 

Composite 3 (-003) >100% >100% >100% 58.4% 

Composite 4 (-004) >100% 89.3% 27.6% 22.4% 

Composite 5 (-005) >100% >100% 21.8% 14.5% 

Composite 6 (-006) >100% >100% 8.0% 5.2% 

Composite 7 (-007) >100% >100% 32.7% 11.1% 

Composite 8 (-008) >100% >100% 15.9% 9.2% 

BBDS Diluent 
Adverse Effect 

(NOEC) 
Adverse Effect 

(NOEC) 
Adverse Effect 

(NOEC) 

Composite 1 (-001) 100% 10% 10% 

Composite 2 (-002) 100% 50% 10% 

Composite 3 (-003) 100% 100% 50% 

Composite 4 (-004) 100% 50% 10% 

Composite 5 (-005) 100% 100% <1% 

Composite 6 (-006) 100% 100% <1% 

Composite 7 (-007) 100% 100% <1% 

Composite 8 (-008) 100% 100% <1% 

Notes: 

An “Adverse Effect” was considered to have occurred when there was a significant (p=<0.05) 
difference in survival between the SPP elutriate and the reference site diluent. The NOEC values 
identifies the lowest concentration not exhibiting a significant negative impact.  NOEC of 100% 
signifies no significant adverse effect. 
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APPENDIX A  

Contents 

RAW DATA & SUPPORT 

Number 
Pages 

A. bahia SPP Evaluations: Series 1 Assays - Composites 1 - 4 
Survival and Water Quality Bench Sheets 	 15 
Statistical Analysis 16 

A. bahia SPP Evaluations: Series 2 Assays - Composites 5 - 8 
Survival and Water Quality Bench Sheets 15 

Statistical Analysis 16 


M. beryllina SPP Evaluations:  Series 1 Assays - Composites 1 - 4 
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1.0 INTRODUCTION 

As part of a comprehensive plan to reduce adverse environmental impacts of ocean 

dumping, Section 103 of the Marine Protection, Research and Sanctuaries Act of 1972 specifies 

that all sediments to be discharged into ocean waters must be evaluated to define their potential 

impact on existing benthic communities. The United States Environmental Protection Agency 

(U.S. EPA) has determined that the most effective means to make such an assessment is 

through the use of bioassay tests which provide a relatively direct estimate of potential impact. 

This project was designed to evaluate the potential toxicity of sediments from the area of 

dredging proposed by the Corps of Engineers New England District as part of the New Bedford 

Harbor Maintenance Dredging Program, New Bedford, Massachusetts. Testing involved 

conduct of acute exposure 10 day mysid shrimp, Americamysis bahia, and 10 day amphipod, 

Ampelisca abdita, assays.  Testing followed procedures established by the U.S. EPA and the 

U.S. Army Corps of Engineers (USACE) for testing of dredged material. Procedures are 

presented in “Guidance for Performing Tests on Dredged Material to be Disposed of in Open 

Waters” (U.S. EPA, USACE 2004), “Evaluation of Dredged Material Proposed for Ocean 

Disposal” (U.S. EPA, USACE 1991) and “Evaluation of Dredged Material Proposed for 

Discharge in Waters of the U.S. - Testing Manual” (U.S. EPA, USACE 1994). 

2.0 MATERIALS AND METHODS 

2.1 Sample Collection, Preservation and Storage 

Sediment samples for toxicological analysis were collected from the proposed dredge 

footprint by Battelle staff between July 28 and 30, 2005. The samples were received on August 

01, 2005 in 2.5 gallon polyethylene buckets.  Prior to toxicological analysis, the samples were 

composited at Battelle based on the compositing scheme provided by the U.S. Army Corps of 

Engineers. Reference sediment was collected from the Rhode Island Sound Disposal Site 

(RISDS) and Buzzards Bay Disposal Site (BBDS) reference sites on July 29 and 30, 2005, 

respectively. Upon arrival at the laboratory, all samples received an internal sample control 

number and were logged into the project sample control system. Prior to testing, samples were 

placed in a secure refrigerator and stored at a temperature of 2-4deg C until test initiation. 

Sample identification, collection and receipt information is summarized in Table 1. 

Control sediment used in the A. abdita assay was provided by Aquatic Research 

Organisms Inc. (ARO) of Hampton, New Hampshire.  The control sediment used in the A. bahia 
assays was an artificial sediment consisting primarily of silica sand prepared at ESI.  Prior to 

testing, samples were placed in a secure refrigerator and stored at a temperature of 24(C until 

test initiation. 
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2.2 Bioassay Procedures 

2.2.1 Acute Exposure Solid Phase A. bahia Evaluation 

Project, reference and control sediments were all sieved through a two mm screen to 

remove macroinvertebrates, large shell hash, and rocks prior to use in the assays.   

Before mysids were added to the test vessels, ammonia levels in the overlying water 

were determined. If the level of ammonia in the overlying water was >20 mg/L, the sediments 

were “washed” to reduce ammonia levels.  Sediment washing involved removing the overlying 

water in the test chamber and replacing it with fresh overlying water.  In cases where the level of 

ammonia was <20 mg/L, the sample was not “washed” prior to testing.  

The acute exposure toxicity tests were conducted using A. bahia obtained from ESI. 

Prior to use, test organisms were held for a minimum of 2 hours under  temperature, salinity, 

and photoperiod conditions similar to those  used in the assay. A. bahia used in the assay were 

4 days old at the start of the test.  

The assay was conducted in a static renewal mode.  Test chambers were 1 liter beakers 

modified for static renewal testing. Each beaker contained approximately 4 cm of sediment and 

was filled to the 1 liter mark with seawater.  The test chambers were allowed to stabilize for a 

minimum of 24 hours, or until unionized ammonia levels were within acceptable limits, prior to 

the addition of the test organisms.  A total of 20 mysids were randomly selected from the pool of 

organisms and added to each treatment, reference, and control beaker. Five replicates were 

used for each treatment. 

Each day during the test, chambers received approximately 50% renewal of seawater 

having similar salinity and temperature as the overlying water in the vessels. Water temperature 

was 20r2 deg C, and the salinity regimen was established at 30r2‰. The photoperiod was set 

at 16:8 hours light:dark.  Dissolved oxygen, pH, salinity and temperature were measured in one 

replicate of each treatment daily and in all replicates on days 0 and 10. Ammonia levels were 

measured in the overlying water of a surrogate test chamber on days 0, 3 and 10.  Dissolved 

oxygen levels were maintained at 4.0 mg/L or greater, and aeration was initiated if values fell 

below this threshold.  If aeration was required, it was applied to all test vessels. Water quality 

measurements were completed prior to water renewals. Test chambers were observed daily 

and any organisms found floating on the surface were noted on the data sheets. After 10 days 

of exposure, the organisms were recovered from the sediments.

 The A. bahia assay was conducted from August 05-14, 2005.   

2.2.2 Acute Exposure Solid Phase A. abdita Evaluation 

Project, reference and control sediments were all sieved through a two mm screen to 

remove macroinvertebrates, large shell hash, and rocks prior to use in the assays.   

Before amphipods were added to the test vessels, ammonia levels in the sediment pore 

water were determined.  If the level of ammonia in the pore water was >20 mg/L, or 0.4 mg/L as 

unionized ammonia, the sediments were “washed” to reduce ammonia levels.  Sediment 

washing involved removing the overlying water  in the test chamber and replacing it with fresh 
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overlying water.  In cases where the level of total ammonia in the sediment pore water was <20 

mg/L, or 0.4 mg/L as unionized ammonia, the sample was not “washed” prior to testing.  

The acute exposure assay was conducted using A.abdita provided by ARO. Prior to 

use, test organisms were held for a minimum of 2 hours under  temperature, salinity, and 

photoperiod conditions similar to those used in the assay.  A. abdita received from ARO on 

August 20, 2005 were non-reproductive adults, between 0.71 and 1.18 mm in length. 

The assay was conducted in static renewal mode.  Test chambers were 1 liter beakers 

modified for static renewal testing. Each beaker contained approximately 4 cm of sediment and 

was filled to the 1 liter mark with seawater.  The test chambers were allowed to stabilize for a 

minimum of 24 hours, or until  ammonia levels were within acceptable limits, prior to the addition 

of the test organisms.  A total of 20 amphipods were randomly selected from the pool of 

organisms and added to each treatment, reference, and control beaker. Five replicates were 

used for each treatment. 

Each day during the test, chambers received approximately 50% renewal of seawater 

having similar salinity and temperature as the overlying water in the vessels. Water temperature 

was 20r2degC, and the salinity regimen was established at 30r2‰. The photoperiod was set at 

24:0 hours light:dark. Dissolved oxygen, pH, salinity and temperature were measured in one 

replicate of each treatment daily and in all replicates on days 0 and 10. Ammonia levels were 

measured in pore water and overlying water in a surrogate test chamber on days 0, 5 and 10.  

Dissolved oxygen levels were maintained at 4.0 mg/L or greater, and aeration was initiated  if 

values fell below this threshold.  If aeration was required, it was applied to all test vessels. 

Water quality measurements were completed prior to water renewals. Test chambers were 

observed daily and any organisms found floating on the surface were noted on the data sheets.  

Dead animals were removed from the test chambers and live animals were counter sunk. After 

10 days of exposure, the organisms were recovered from the sediments. 

The A. abdita assay was conducted from August 05-14, 2005. 

2.3 Statistical Analysis 

Survival data were analyzed using CETIS® software to determine significant differences 

between the project sediments and reference sites. Statistical comparisons for each sample 

were made against each reference site. Survival data were evaluated to determine homogeneity 

of sample variances and normality of distribution using appropriate statistics. Data sets were 

subsequently evaluated using the appropriate parametric or non-parametric Analysis of 

Variance (ANOVA) statistic. Pair-wise comparisons were based on the appropriate statistical 

analysis. Statistical difference was evaluated at �=0.05.

 2.4 Quality Control 

As part of the laboratory quality control program, standard reference toxicant assays 

were conducted for each test species. These results, Table 2, provided relative health and 

response data while allowing for comparison with historic data sets. Additionally, survival of the 

test organisms in the laboratory control treatment is summarized in the data appendix. 
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2.5 Protocol Deviations 

Review of the data collected for these assays documented no protocol deviations. 

3.0 RESULTS AND DISCUSSION 

Survival data and subsequent statistical evaluations from the A. bahia and A. abdita 
assays are included in Tables 3 and 4, respectively. Tables 5 and 6 summarize water quality 

data collected during the A. bahia and A. abdita assays, respectively. Support data, including 

copies of bench sheets and statistical analyses, are included in Appendix A. 

3.1  A. bahia 10 Day Solid Phase Assay 

Mean mysid survival in the laboratory control sediment was 90% with a minimum 

survival level of 75%.  Protocol mandates that mean control survival must be �90% and survival 

cannot be <70% in any replicate. Based on these data, the mysids were considered healthy and 

were determined to have had no adverse impact on the outcome of the assay.  Mean survival in 

the RISDS and BBDS Reference site sediments was 91 and 93%, respectively. 

Table 3 provides a summary of mysid survival data. 

3.2 A. abdita 10 Day Solid Phase Assay 

Mean amphipod survival in the laboratory control sediment was 91% with a minimum 

survival level of 80%.  Protocol mandates that mean control survival must be �90% and survival 

cannot be <70% in any replicate. Based on the laboratory control sediment data, the amphipods 

were considered healthy and were determined to have had no adverse impact on the outcome 

of the assay. Mean survival in the RISDS and BBDS Reference site sediments was 85 and 

78%, respectively. 

Table 4 provides a summary of amphipod survival data. 

4.0 SUMMARY 

Review of data presented in Tables 3 and 4 documents statistically significant reduction 

in survival of the after 10 days exposure to a portion of the project site composites for either the 

amphipod or mysid shrimp for statistical comparisons made against the project’s disposal site 

reference sediments. Of the two species, the amphipod, Ampelisca abdita, showed the greatest 

negative response to the sediments. 
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TABLE 1.	 Summary of Sample Collection Information.  Acute Solid Phase 
Sediment Evaluation. New Bedford Harbor Tier III sediment 
Evaluation. August 2005. 

ESI 

Field ID Matrix Collection Receipt Reference 

EAG-1001-I (Comp 1) – [sites A, C, D,E] Sediment 07/29/05 08/01/05 13569-001 


U,V,W,X,Y, AA,BB] 


HH,LL,MM,KK] 


EAG-1002-I (Comp 8) – [sites F, G, I, K] Sediment 07/29/05 07/29/05 13569-008 


EAG-1003-I (Comp 3) – [sites H, J] Sediment 07/27/05 08/01/05 13569-003 


EAG-1004-I (Comp 4) – [sites L, M, N] Sediment 07/28/05 07/29/05 13569-004 


EAG-1005-I (Comp 5) – [sites O,P, Q,R,S,T,   Sediment 07/27/05 08/01/05 13569-005 


EAG-1006-I (Comp 6) – [sites CC, DD,GG, Sediment 07/27/05 08/01/05 13569-006 


EAG-1007-I (Comp 7) – [sites EE,FF,II,JJ] Sediment 07/28/05 07/29/05 13569-007 


EAG-1008-I (Comp BBDS) Sediment 07/30/05 08/01/05 13569-010 


EAG-1009-I (Comp RISDS) Sediment 07/29/05 08/01/05 13569-009 


EAG-1010-I (Comp 2) – [sites 1,2,3] Sediment 07/28/05 07/29/05 13569-002 


Site A,C,D,E Comp Water 07/28/05 07/29/05 13569-011 


Site F,G,I,K Comp Water 07/28/05 07/29/05 13569-012 


Site H,J Comp Water 07/28/05 07/29/05 13569-013 


Site O,P,Q,R,S,T,U,V,W,X,Y,AA,BB Comp Water 07/28/05 07/29/05 13569-014 


Site CC,DD,GG,HH,LL,MM,KK Comp Water 07/28/05 07/29/05 13569-015 


Site EE,FF,II,JJ Comp Water 07/28/05 07/29/05 13569-016 


Site 1,2,3 Comp Water 07/28/05 07/29/05 13569-017 


Site L,M,N Comp Water 07/28/05 07/29/05 13569-018 


EAG-051; RISDS Comp Water Water 07/29/05 08/01/05 13569-019 


EAG-056; BBDS Comp Water Water 07/30/05 08/01/05 13569-020 


TABLE 2.	 Summary of Reference Toxicant  Data. Acute Solid Phase Sediment 
Evaluation. New Bedford Harbor Tier III sediment Evaluation. August 
2005. 

Historic Mean/ Acceptable 

Date Endpoint Value Central Tendency Range Reference Toxicant 

A. bahia 

08/05/05 Survival LC-50 23.4 4.14 0 - 13.9 µg/L Copper 

A. abdita 

08/05/05 Survival LC-50 0.77 0.75 0.09 - 1.41 µg/L Cadmium 
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TABLE 3.	 Summary of Survival Data: A. bahia. Acute Solid Phase Sediment 
Evaluation. New Bedford Harbor Tier III sediment Evaluation. August 
2005. 

Mean	 Critical Significantly
p Value

Site Survival Distribution Variance Statistic Value	 "<" 

LAB CONTROL 90% 

RISDS (-009) 91% 	 Normal Equal 0.1189 1.8596 0.4542 NO LAB 

BBDS (-010) 93% 	 Normal Equal -0.2585 1.8596 0.5987 NO LAB 

Normal Equal 0.4903 1.8596 0.3185 NO LAB 

Composite 1 
89% Normal Equal 0.7537 1.8596 0.2363 NO RISDS

(-001) 

Normal Equal 1.7412 1.8596 0.0599 NO BBDS 

Normal Equal 1.3492 1.8596 0.1071 NO LAB 

Composite 2 
82% Normal Equal 1.9922 1.8596 0.0407 YES RISDS 

(-002) 

Normal Equal 2.7026 1.8596 0.0135 YES BBDS 

Normal Equal -0.1823 1.8596 0.6788 NO LAB 

Composite 3 
94% Normal Equal -1.1234 1.8596 0.8531 NO RISDS

(-003) 

Normal Equal -0.4996 1.8596 0.6846 NO BBDS 

Normal Equal 0.0169 1.8596 0.4935 NO LAB 

Composite 4 
90% Normal Equal -0.0974 1.8596 0.5396 NO RISDS

(-004) 

Normal Equal 0.2841 1.8596 0.3918 NO BBDS 

Normal Equal 1.2174 1.8596 0.1291 NO LAB 

Composite 5 
83% Normal Equal 1.7568 1.8596 0.0585 NO RISDS

(-005) 

Normal Equal 2.4292 1.8596 0.0206 YES BBDS 

Normal Equal 0.6322 1.8596 0.2725 NO LAB 

Composite 6 
87% Normal Equal 0.8198 1.8596 0.2180 NO RISDS

(-006) 

Normal Equal 1.4097 1.8596 0.0982 NO BBDS 

Normal Equal -0.2774 1.8596 0.6058 NO LAB 

Composite 7 
93% Normal Equal -0.7153 1.8596 0.7526 NO RISDS

(-007) 

Normal Equal -0.0722 1.8596 0.5279 NO BBDS 

Normal Equal -0.9380 1.8596 0.8122 NO LAB 

Composite 8 
96% Normal Equal -2.3953 1.8596 0.9783 NO RISDS

(-008) 

Normal Equal -1.8700 1.8596 0.9508 NO BBDS 

New Bedford Harbor Maintenance Dredging,  Page 7 

Tier III Solid Phase Evaluation. 

ESI Study Number 13569 



 

       

 

 

 

 

 

 

 

 

TABLE 4.	 Summary of Survival Data: A. abdita. Acute Solid Phase Sediment 
Evaluation. New Bedford Harbor Tier III sediment Evaluation. August 
2005. 

Mean	 Critical Significantlyp Value
Distribution VarianceSite Survival	 Statistic Value "<" 

LAB CONTROL 91% 

RISDS (-009) 85% Normal Equal 0.7447 1.8596 0.2389 NO LAB 

BBDS (-010) 78% Normal Equal 1.7744 1.8596 0.0570 NO LAB 

Composite 1 

(-001) 
85% 

Normal 

Normal 

Normal 

Equal 

Equal 

Equal 

1.2434 

0.1826 

-0.8414 

1.8596 

1.8596 

1.8596 

0.1245 

0.4298 

0.7877 

NO 

NO 

NO 

LAB 

RISDS 

BBDS 

Composite 2 

(-002) 
8% 

Normal 

Normal 

Normal 

Equal 

Equal 

Equal 

14.7440 

9.7333 

9.1157 

1.8596 

1.8596 

1.8596 

0.0000 

0.0000 

0.0000 

YES LAB 

YES RISDS 

YES BBDS 

Composite 3 

(-003) 
93% 

Normal 

Normal 

Normal 

Equal 

Equal 

Equal 

-0.4278 

-1.1046 

-2.2093 

1.8596 

1.8596 

1.8596 

0.6600 

0.8493 

0.9709 

NO 

NO 

NO 

LAB 

RISDS 

BBDS 

Composite 4 

(-004) 
14% 

Normal 

Normal 

Normal 

Equal 

Equal 

Equal 

12.8215 

8.5389 

7.8548 

1.8596 

1.8596 

1.8596 

0.0000 

0.0000 

0.0000 

YES LAB 

YES RISDS 

YES BBDS 

Composite 5 

(-005) 
20% 

Normal 

Normal 

Normal 

Equal 

Equal 

Equal 

12.6735 

8.0098 

7.2942 

1.8596 

1.8596 

1.8596 

0.0000 

0.0000 

0.0000 

YES LAB 

YES RISDS 

YES BBDS 

Composite 6 

(-006) 
14% 

Normal 

Normal 

Normal 

Equal 

Equal 

Equal 

10.8232 

7.7856 

7.1144 

1.8596 

1.8596 

1.8596 

0.0000 

0.0000 

0.0001 

YES LAB 

YES RISDS 

YES BBDS 

Composite 7 

(-007) 
11% 

Normal 

Normal 

Normal 

Equal 

Equal 

Equal 

12.7456 

8.7627 

8.1089 

1.8596 

1.8596 

1.8596 

0.0000 

0.0000 

0.0000 

YES LAB 

YES RISDS 

YES BBDS 

Composite 8 

(-008) 
88% 

Normal 

Normal 

Normal 

Equal 

Equal 

Equal 

0.3904 

-0.3405 

-1.2352 

1.8596 

1.8596 

1.8596 

0.3532 

0.6289 

0.8741 

NO 

NO 

NO 

LAB 

RISDS 

BBDS 
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Table 5. Summary of Water Quality Data: A. bahia. Acute Solid Phase 
Sediment Evaluation. New Bedford Harbor Tier III sediment 
Evaluation. August 2005. 

Dissolved Total Unionized 

Oxygen pH Salinity Ammonia Ammonia 

Site (mg/L) (SU) (‰) (mg/L) (mg/L) 

DAY 0 08/05/05 Overlying Water 
Lab Control 7.1 7.68 29 <0.1 <0.002 

RISDS 7.1 7.89 29 0.88 0.026 

BBDS 7.3 7.90 29 1.2 0.037 

Composite 1 7.2 8.06 29 0.28 0.012 

Composite 2 7.1 7.90 29 1.1 0.034 

Composite 3 7.2 7.92 29 3.4 0.108 

Composite 4 7.1 7.93 29 1.9 0.062 

Composite 5 7.1 7.91 29 1.9 0.059 

Composite 6 7.2 7.97 29 2.2 0.078 

Composite 7 7.1 7.92 29 0.3 0.010 

Composite 8 7.1 7.90 29 0.21 0.006 

DAY 3 08/08/05 
Lab Control 7.4 8.06 29 <0.1 <0.004 

RISDS 7.4 8.06 29 1.3 0.053 

BBDS 7.4 8.07 29 1.9 0.079 

Composite 1 7.4 8.08 29 0.53 0.022 

Composite 2 7.4 8.11 29 1.5 0.068 

Composite 3 7.4 8.10 29 5.5 0.000 

Composite 4 7.3 8.04 29 3.6 0.140 

Composite 5 7.3 8.10 29 4.4 0.195 

Composite 6 7.3 8.13 29 4 0.189 

Composite 7 7.4 8.13 29 0.84 0.040 

Composite 8 7.3 8.12 29 0.16 0.007 

DAY 10 08/15/05 
Lab Control 7.3 7.95 30 0.53 0.017 

RISDS 7.3 8.01 30 0.51 0.018 

BBDS 7.4 8.07 30 1.6 0.066 

Composite 1 7.4 8.19 30 0.19 0.010 

Composite 2 7.2 8.26 30 1.3 0.082 

Composite 3 7.4 8.18 30 2.2 0.116 

Composite 4 7.3 8.15 30 1.7 0.084 

Composite 5 7.3 8.23 30 1.6 0.094 

Composite 6 7.4 8.16 30 1.8 0.091 

Composite 7 7.3 8.31 30 <0.1 <0.007 

Composite 8 7.2 8.25 30 <0.1 <0.006 
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Table 6. Summary of Water Quality Data: A. abdita. Acute Solid Phase 
Sediment Evaluation. New Bedford Harbor Tier III sediment 
Evaluation. August 2005. 

Dissolved Total Unionized 

Oxygen pH Salinity Ammonia Ammonia 

Site (mg/L) (SU) (‰) (mg/L) (mg/L) 

DAY 0 08/05/05 Overlying Water 
Lab Control 7.2 7.88 29 2 0.058 

RISDS 7.2 7.92 29 3.7 0.118 

BBDS 7.3 7.91 29 11 0.343 

Composite 1 7.2 7.93 29 3.4 0.111 

Composite 2 7.1 7.93 29 1.5 0.049 

Composite 3 7.2 7.93 29 3.7 0.121 

Composite 4 7.1 7.93 29 3.2 0.104 

Composite 5 7.2 7.93 29 12 0.391 

Composite 6 7.2 7.95 29 3.3 0.112 

Composite 7 7.1 7.92 29 0.6 0.019 

Composite 8 7.2 7.94 29 0.58 0.019 

DAY 3 08/08/05 
Lab Control 7.4 8.01 29 0.51 0.018 

RISDS 7.5 8.11 29 2.3 0.104 

BBDS 7.4 8.10 29 5.2 0.230 

Composite 1 7.4 8.03 29 0.69 0.026 

Composite 2 7.3 8.02 29 2.9 0.108 

Composite 3 7.4 8.09 29 4.6 0.199 

Composite 4 7.3 8.08 29 4.4 0.186 

Composite 5 7.4 8.09 29 5 0.216 

Composite 6 7.4 8.12 29 5.9 0.273 

Composite 7 7.4 8.12 29 1 0.046 

Composite 8 7.3 8.18 29 0.53 0.028 

DAY 10 08/15/05 
Lab Control 7.4 8.05 30 0.93 0.037 

RISDS 7.4 8.12 30 0.35 0.016 

BBDS 7.5 8.13 30 2.2 0.104 

Composite 1 7.3 8.28 30 0.48 0.031 

Composite 2 7.3 8.24 30 0.96 0.058 

Composite 3 7.4 8.29 30 1.3 0.087 

Composite 4 7.4 8.23 30 1.6 0.094 

Composite 5 7.3 8.41 30 2.6 0.225 

Composite 6 7.2 8.25 30 1.8 0.110 

Composite 7 7.2 8.45 30 0.21 0.020 

Composite 8 7.3 8.32 30 0.16 0.011 
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CETIS Test Summary 
Americamysis bahia 10~Day Survival Sediment Test 

Test No: 10-1764-6971 Test Type: Survival 

Start Date: 05 AU9-05 01:00 PM Protocol: EPN600/R-94/025 (1994) 

Ending Date: lS AU9-0S 03:00 PM Oil Water: Laboratory Seawater 

Setup Date: OS AU9-0S 01 :00 PM Brine: Not Applicable 

Sample No: 06-4796-5238 Material: Dredged Sediment Suspended Particu 

Sample Date: 04 AU9-0S 10:00 AM Code: 13569-0 

Receive Date: 04 AU9-05 10:00 AM Source: New Bedford Harbor, MA 

Sample Age: 27h Station: Lab Control 

Sample No: 04-7399-9752 Material: Dredged Sediment Suspended Particu 

Sample Date: 27 Jul-05 Code: 13S69-1 

Receive Date: 29 Jul-05 12:00 PM Source: New Bedford Harbor, MA 

Sample Age: 9d 13h Station: Composite 1 

Sample No: 07-1195-7239 Material: Dredged Sediment Suspended Particu 

Sample Date: 27 Jul-OS 12:00 PM Code: 13569-10 

Receive Date: 29 Jul-05 10:00 AM Source: New Bedford Harbor, MA 

Sample Age: 9d lh Station: BBDS - Reference Site 

Sample No: 17-6029-9398 Material: Dredged Sediment Suspended Particu 

Sample Date: 27 Jul-05 Code: 13569-2 

Receive Date: 29 Jul-05 12:00 PM Source: New Bedford Harbor, MA 

Sample Age: 9d 13h Station: Composite 2 

Sample No: 02-4724-2483 Material: Dredged Sediment Suspended Particu 

Sample Date: 27 Jul-05 Code: 13569-3 

Receive Date: 29 Jul-05 12:00 PM Source: New Bedford Hamor, MA 

Sample Age: 9d 13h Station: Composite 3 

Sample No: OS-9168-4368 Material: Dredged Sediment Suspended Particu 

Sample Date: 27 Jul-05 Code: 13569-4 

Receive Date: 29 Jul-OS12:00 PM Source: New Bedford Harbor, MA 

Sample Age: 9d 13h Station: Composite 4 

Sample No: 13-9540-8488 Material: Dredged Sediment Suspended Partlcu 

Sample Date: 27 Jul-05 Code: 13569-5 

Receive Date: 29 Jul-05 10:00 AM Source: New Bedford Harbor, MA 

Sample Age: 9d 13h Station: Composite 5 

Sample No: 04-4271-8242 Material: Dredged Sediment Suspended Particu 

Sample Date: 27 Jul-05 12:00 PM Code: 13S69-6 

Receive Date: 29 Jul-OS 10:00 AM Source: New Bedford Harbor, MA 

Sample Age: 9d lh Station: Composite 6 

Sample No: 14-6208-4339 Material: Dredged Sediment Suspended Particu 

Sample Date: 27 Jul-05 12:00 PM Code: 13569-7 

Receive Date: 29 Jul-OS 10:00 AM Source: New Bedford Harbor, MA 

Sample Age: 9d lh Station: Composite 7 

Sample No: 02-7684-9294 Material: Dredged Sediment Suspended Particu 

Sample Date: 27 Jul-OS 12:00 PM Code: 13S69-8 

Receive Date: 29 Jul-05 12:00 PM Source: New Bedford Harbor, MA 

Sample Age: 9d lh Station: Composite 8 

Sample No: OS-3183-7796 Material: Dredged Sediment Suspended Partlcu 

Sample Date: 27 Jul-05 12:00 PM Code: 13S69-9 

Receive Date: 29 Jul-OS 10:00 AM Source: New Bedford Harbor, MA 

Sample Age: 9d lh Station: RISDS - Reference Site 

000-148-126-1 GETIS'" v1_026G 

Duration: 

Species: 

Source: 

Client: 

Project: 

Client: 

Project: 

Client: 

Project: 

Client: 

Project: 

Client: 

Project: 

Client: 

Project: 

Client: 

Project: 

CUent: 

Project: 

Client: 

Project: 

Client: 

Project: 

Client: 

Project: 

Report Date: 

Link: 

10d 2h 

Page 1 of 2 

15 AU9-05 3:49 PM 

07-2450-9849 

EnviroSystems, Inc. 

Americamysis bahla 

In-House Culture 

Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 
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Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 
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CETIS Test Summary 
Proportion Survived Summary 

Sample Code Reps Mean Minimum 

13569·0 5 0.90000 0.75000 

13569·9 5 0.91000 0.85000 

13569·10 5 0.93000 0.90000 

13569·1 5 0.89000 0.85000 

13569·2 5 0.82000 0.75000 

13569·3 5 0.94000 0.90000 

13569-4 5 0.90000 0.70000 

13569·5 5 0.B3000 0.65000 

13569·6 5 0.B7000 0.70000 

13569·7 5 0.93000 0.90000 

13569·8 5 0.96000 0.95000 

Proportion Survived Detail 

Sample Code Rep 1 Rep 2 Rep 3 

13569·0 O.BOOOO 0.95000 1.00000 

13569·9 0.95000 0.90000 0.95000 

13569·10 0.90000 0.95000 0.95000 

13569·1 0.90000 0.85000 0.90000 

13569·2 0.B5000 0.75000 0.95000 

13569·3 1.00000 0.95000 0.95000 

13569·4 1.00000 0.90000 1.00000 

13569·5 0.85000 0.85000 0.90000 

13569·6 0.90000 0.90000 0.70000 

13569·7 1.00000 0.90000 0.95000 

13569·B 0.95000 1.00000 0.95000 

000·148·126·1 

Maximum SE 

1.00000 0.05244 

0.95000 0.01871 

0.95000 0.01225 

0.95000 0.01871 

0.95000 0.03742 

1.00000 0.01871 

1.00000 0.05477 

0.90000 0.04637 

0.95000 0.04359 

1.00000 0.02000 

1.00000 0.01000 

Rep4 Rep 5 

1.00000 0.75000 

0.90000 0.85000 

0.95000 0.90000 

0.95000 0.B5000 

0.75000 O.BOOOO 

0.90000 0.90000 

0.90000 0.70000 

0.90000 0.65000 

0.95000 0.90000 

0.90000 0.90000 

0.95000 0.95000 

CETIS'" v1.026C 

SD 

0.11726 

0.04183 

0.02739 

0.04183 

0.08367 

0.04183 

0.12247 

0.10368 

0.09747 

0.04472 

0.02236 

Report Date: 

Link: 

CV 

13.03% 

4.60% 

2.94% 

4.70% 

10.20% 

4.45% 

13.61% 

12.49% 

11.20% 

4.81% 

2.33% 

Analyst: __ _ 
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15 AU9·05 3:49 PM 

07·2450·9849 

Approval: __ _ 



CETIS Data Worksheet 
Americamysis bahia 10-Day Survival Sediment Test 

Start Date: 05 Aug-OS 01 :00 PM Species: Americamysis bahia 

Ending Date: 15 Aug-OS 03:00 PM Protocol: EPN600/R-94/025 (1994) 

Report Date: 

Link: 

Sample Code: 13569-0 

Page 1 of 2 

15 Aug-OS 3:47 PM 

07-2450-9849 

EnviroSystems, Inc. 

Sample Source: New Bedford Harbor, MA 

Sample Date: 04 Aug-OS 10:00 AM Material: Dredged Sediment Suspended Particul Sample Station: Lab Control 

Sample Code !Rep;Pos; #Exposed ;_ # Survived Notes 

13569-0- 1 25 20 
---16 .. -----'~· -.,~.-,-.. 

--~"'-

13569·0· -'----.. "-~~!2-~;-~-
20 19 

-. - - ... ~ - . __ ._,. 

13569-0 3 
, 

27 20 20 
i .- ..... - -- -- -- ----- _. "'-" ----------

13569-0 I 4 50 -2Cj'"- 20 
. -- --"-- _.- -- .. _--

13569-0 I 5 41 20 15 
-- ---'" ------

I 1 21 19 13569-9 20 
i -- .--"-~ ---_._.-

13569-9 I 2 2 20 18 
i 

-~-".- --- ,._-
13569·9 I 3 23 20 19 

! 

13569-9 I 4 37 20 18 , 

13569-9 I 5 51 20 
- ----"1T-- I 

-""- --"- .. ,-,-- -- ------

13569-10 I 1 52 20 --'--1'8--
! 

- -----~ 

13569-10 I 2 48 20 ""19 i 
--,,-,--~---

13569-10 I 3 26 20 
-- ---19--

'i 

-- --- - - -.----~ 

13569-10 I 4 4 20 -19 , 
-~"'- -- ------

, 

13569-10 I 5 18 20 , 18 
.J - " --'" -

13569-1 I 1 33 20 I 18 , 
I I - _-.". -

13569-1 I 2 22 20 i 17 , 

-- - --
13569-1 I 3 31 20 I 18 , 

- --- ~--
13569-1 I 4 8 20 I 19 , _._._-
13569-1 I 5 16 20 I 17 

, 

13569-2 
, 

1 L~_" 20 I 17 I , 
13569-2 

i 2 1
34 

I 
20 I 15 I 

13569-2 , 3--7-[ 20 
, 

19 L '------ I --
13569-2 14~ 20 I 15 

13569-2 I 5 I 14 I 20 I 16 
--

13569-3 I 1 
! 

24 i 20 I 20 
----

13569-3 

I 
2 I 3! 20 I 19 I 

13569-3 3 ! 491--201 19 I 
13569-3 

-
4 1'-43''''' 20 I 18 

13569-3 5 j 42 I 20 I 18 

13569-4 1 32 ! 20 i 20 
--- ... _"'''---

13569-4 2 17 i 20 i 18 

13569-4 3 I 39 I 20 I 20 I 
13569-4 4 

, 
12 I 20 I 18 I I --- --

13569-4 5 i 47 I 20 I 14 I , 
13569-5 I 1 I 9 I 20 I 17 i , 
13569-5 I 2 I 46 I 20 I 17 I , 
13569·5 I 3 I 44 I 20 i 18 I 
13569-5 I 4 I 28 I 20 i 18 

- -
I 

,,----

13569-5 I 5 I 45 I 20 I 13 I 
13569-6 I 1 6 20 I 

I 
18 

13569-6 2 13 20 I 18 
._""" 

13569-6 3 19 20 i 14 
, 

13569·6 4 1 20 I 19 

13569-6 I 5 30 20 I 18 
--

13569-7 I 1 40 20 I 20 

13569-7 I 2 I 11 20 I ---18 ------

13569-7 I 3 38 20 I 
----19 I 

13569-7 I 4 I 15 20 I '''''18-- I 
13569-7 I 5 I 55 20 I -'8 I 

---~ 

13569-8 I 1 I 20 I 20 I 19 
-,,-----

13569-8 i 2J 36 I 20 I 20 I I 
13569-8 I 3 L29j 20 --.-1_ 19 I _.- ---

000-148-126-1 GETIS'" v1.026G Analyst:. __ _ Reviewed By: __ _ 



CETIS Data Worksheet 
Sample Code IRePiPosl # Exposed : 

13569-8 I 4 I 10 I 20 

13569-8 
I 

5 I 35 i 20 

000-148-126-1 

# Survived 

19 , 
19 I 

CETIS"" v1.026C 

Report Date: 

Link: 
Notes 

Analyst: __ _ 

Page 2 of 2 

15 Aug-05 3:47 PM 

07-2450-9849 

Reviewed 8y: __ _ 



CETIS Analysis Detail 
Americamysis bahia 10~Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 7.05360 

Distribution Shapiro-Wilk W 0.93908 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0003068 0.0003068 1 

Error 0.1737627 0.0217203 8 

Total 0.17406954 0.0220272 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-0 13569-9 0.11885 1.85955 

Sample link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.08485 

0.78055 0.51405 

F Statistic P Level 
0.01 0.90832 

P Level MSD 

0.4542 0.17333 

Comparisons: 

Report Date: 
Analysis: 

Date Analyzed 

15 AU9-05 3:47 PM 

Toxic Units ChV 

NfA 

Decislon(0.01) 

Equal Variances 
Normal Distribution 

Decision(O.05) 

Non-Significant Effect 

Decision(O.05} 

Non-Significant Effect 

Page 26 of 26 

15 AU9-05 3:49 PM 

20-5187-0541 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-0 5 0.90000 0.75000 1.00000 0.11726 1.28343 1.04720 1.45876 0.19506 

13569-9 5 0.91000 0.85000 0.95000 0.04183 1.27235 1.17310 1.34528 0.07344 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-0 0.80000 0.95000 1.00000 1.00000 0.75000 

13569-9 0.95000 0.90000 0.95000 0.90000 0.85000 

Graphics 

In 
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0'0 , 

/0 D.' ~ 0.15 

aJ 0,8 I 0.10 i 
~ 0.7 ]i !o 0 0 , 
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c 0,6 ~< , 
0 

.§~ 0.00 ....... -------------------~-------.--.-- -------------------_. __ .. ----- ---------~ 
& 0.5 0 , 

..(J.05 
, 

e , .. 0.4 , 
03· 

·0.10 
, 
, 

0.2 '0.15 0 i 
0.1~ ·0.20 , 
0.0 '0.25 

j 
13559-0 13559·9 ·2.0 ·1.5 ·1.0 '0.5 0.0 0.5 1.0 1.5 2.0 

Sample Code Ranldts 
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CETIS Analysis Detail 
Americamysls bahia 10~Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 13.69338 

Distribution Shapiro-Wilk W 0.92804 

ANOYA Table 

Source Sum of Squares Mean Square OF 

Between 0.0013641 0.0013641 1 

Error 0.1633008 0.0204126 8 

Total 0.16466492 0.0217767 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-0 13569-10 -0.2585 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z INOEL LOEL 

Critical P Level 

23.15450 0.02653 

0.78055 0040581 

F Statistic P Level 

0.07 0.80254 

P Level MSO 

0.5987 0.16803 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 AU9-05 3:47 PM 

Toxic Units ChY 

N/A 

Decision(O.01) 

EqualVariancBs 
Normal Distribution 

Decision(O.05) 

Non-Significant Effect 

Oecislon(0.05) 

Non-Significant Effect 
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15 AU9-05 3:49 PM 

13-4596-1858 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-0 5 0.90000 0.75000 1.00000 0.11726 1.28343 1.04720 1.45876 0.19506 

13569-10 5 0.93000 0.90000 0.95000 0.02739 1.30679 1.24905 1.34528 0.05271 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-0 0.80000 0.95000 1.00000 1.00000 0.75000 

13569-10 0.90000 0.95000 0.95000 0.95000 0.90000 
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GETIS Analysis Detail 
Americamysis bahia iD-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 7.54206 

Distribution Shaplro-Wllk W 0.94823 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0051792 0.0051792 1 

Error 0.1723654 0.0215457 B 

Total 0.17754455 0.0267249 9 

Group Comparisons 

Sample vs Sample Statistic Critical 
13569-0 13569-1 0.49029 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z INOEL LOEL 

Critical P Level 

23.15450 0.07581 

0.78055 0.61709 

F Statistic P Level 

0.24 0.63709 

P Level MSD 

0.3185 0.17263 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 AU9-05 3:47 PM 

Toxic Units ChV 

N/A 

Decision(O.01) 

Equal Variances 

Normal Distribution 

Decision(O.05) 

Non-Significant Effect 

Declsion(0.05) 

Non-Significant Effect 
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15 AU9-05 3:49 PM 

05-0224-7170 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-0 5 0.90000 0.75000 1.00000 0.11726 1.28343 1.04720 1.45876 0.19506 

13569-1 5 0.89000 0.85000 0.95000 0.04183 1.23791 1.17310 1.34528 0.07103 

Data Detail 

SalJlple Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep8 Rep 9 Rep10 

13569-0 0.80000 0.95000 1.00000 1.00000 0.75000 

13569-1 0.90000 0.85000 0.90000 0.95000 0.85000 
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CETIS Analysis Detail 
Americamysis bahia 10~Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 1.06925 

Distribution Shapiro-Wilk W 0.94839 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0029648 0.0029648 1 

Error 0.0417542 0.0052193 8 

Total 0.04471900 0.0081841 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-9 13569-1 0.75369 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.94982 

0.78055 0.61897 

F Statistic P Level 

0.57 0.47263 

P Level MSD 

0.2363 0.08497 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 Aug-05 3:48 PM 

Toxic Units ChV 

NfA 

Decislon(0.01) 

Equal Variances 
Normal Distribution 

Declsion(0.05) 

Non-Significant Effect 

Decislon(0.05) 

Non-Significant Effect 
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15 Aug-05 3:49 PM 

17-3115-7286 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-9 5 0.91000 0.85000 0.95000 0.04183 1.27235 1.17310 1.34528 0.07344 

13569-1 5 0.89000 0.85000 0.95000 0.04183 1.23791 1.17310 1.34528 0.07103 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep B Rep 9 Rep 10 

13569-9 0.95000 0.90000 0.95000 0.90000 0.85000 

13569-1 0.90000 0.85000 0.90000 0.95000 0.85000 
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CETIS Analysis Detail 
Americamysis bahia 1 a-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t G>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 1.8156D 

Distribution Shapiro-Wilk W D.87214 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between D.D118592 D.0118592 1 

Error D.D312923 D.OD39115 8 

Total D.D4315154 D.0157708 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-10 13569-1 1.74122 1.85955 

Sample Link Control Link 

D7 -245D-9849 D7-245D-9849 

Z I NOEL LOEL 

Critical P Level 

23.1545D D.57764 

D.78D55 D.1D785 

F Statistic P Level 

3.D3 D.11982 

P Level MSD 

D.D599 D.07355 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 Aug-D5 3:49 PM 

Toxic Units ChV 

N/A 

Decision(O.01) 

Equal Variances 
Normal Distribution 

Decision(O.05) 

Non-Significant Effect 

Decision(O.OS) 

Non-Significant Effect 
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15 Aug-D5 3:49 PM 

D3-9223-9236 

EnviroSystems, Inc. 

Version 

GETISv1.D26 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-10 5 0.93000 D.9DDDO 0.95DOO 0.02739 1.30679 1.249D5 1.34528 D.05271 

13569-1 5 D.89DDD D.85DDO 0.95DOO D.04183 1.23791 1.17310 1.34528 0.D71D3 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-10 D.90DDD 0.95DOD 0.9500D D.950DD 0.9DDDO 

13569-1 D.90DDD 0.85DOD 0.9DOOD D.950DD 0.B5DDD 
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CETIS Analysis Detail 
Americamysis bahia 10-0ay Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method All H Data Transform 

Equal Variance t G>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 2.47616 

Distribution Shapiro-Wilk W 0.93574 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.048612 0.048612 1 

Error 0.2136478 0.026706 8 

Total 0.26225980 0.075318 9 

Group Comparisons 

Sample v. Sample Statistic Critical 

13569-0 13569-2 1.34917 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.40131 

0.78055 0.47928 

F Statistic P Level 

1.82 0.21422 

P Level M5D 

0.1071 0.19219 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 Aug-05 3:47 PM 

Toxic Units ChV 

N/A 

Decislon(O.01) 

Equal Variances 

Normal Distribution 

Decision(O.05) 

Non-Significant Effect 

Decision(O.05) 

Non-Significant Effect 
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15 Aug-05 3:49 PM 

15-3577-9524 

EnviroSystems, Inc. 

Version 

GETISv1.026 

M5Dp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum 5D Mean Minimum Maximum SO 

13569-0 5 0.90000 0.75000 1.00000 0.11726 1.28343 1.04720 1.45876 0.19506 

13569-2 5 0.82000 0.75000 0.95000 0.08367 1.14398 1.04720 1.34528 0.12396 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep a Rep 9 Rep 10 

13569-0 0.80000 0.95000 1.00000 1.00000 0.75000 

13569-2 0.85000 0.75000 0.95000 0.75000 0.80000 
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CETIS Analysis Detail 
Americamysls bahla 10-0ay Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 2.84861 

Distribution Shapiro-Wilk W 0.89590 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0411947 0.0411947 1 

Error 0.0830367 0.0103796 8 

Total 0.12423132 0.0515742 9 

Group Comparisons 

Sample v. Sample Statistic Critical 

13569-9 13569-2 1.99219 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.33491 

0.78055 0.19266 

F Statistic P Level 

3.97 0.08150 

P Level MSD 

0.0407 0.11982 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 Aug-05 3:48 PM 

Toxic Units ChV 

N/A 

Declsion(O.01} 

Equal Variances 
Normal Distribution 

Decision(O.05) 

Non-Significant Effect 

Decision(O.05) 

Significant Effect 
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15 Aug-05 3:49 PM 

13-4995-3775 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-9 5 0.91000 0.85000 0.95000 0.04183 1.27235 1.17310 1.34528 0.07344 

13569-2 5 0.82000 0.75000 0.95000 0.08367 1.14398 1.04720 1.34528 0.12396 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep10 

13569-9 0.95000 0.90000 0.95000 0.90000 0.85000 

13569-2 0.85000 0.75000 0.95000 0.75000 0.80000 
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CETIS Analysis Detail 
Americamysis bahia 10wDay Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 5.53009 

Distribution Shapiro-Wilk W 0.86537 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0662623 0.0662623 1 

Error 0.0725748 0.0090718 8 

Total 0.13883711 0.0753342 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-10 13569-2 2.70262 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.12634 

0.78055 0.09114 

F Statistic P Level 

7.30 0.02696 

P Level MSD 

0.0135 0.11202 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 AU9-05 3:49 PM 

Toxic Units ChV 

N/A 

Decision(O.01} 

Equal Variances 

Normal Distribution 

Decision(O.05) 

Significant Effect 

Decision(O.05) 

Significant Effect 
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15 Aug-05 3:49 PM 

03-2092-5410 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-10 5 0.93000 0.90000 0.95000 0.02739 1.30679 1.24905 1.34528 0.05271 

13569-2 5 0.82000 0.75000 0.95000 0.08367 1.14398 1.04720 1.34528 0.12396 

Data Detail 

Sample Code Rep 1 Rep2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 RepS Rep 9 Rep10 

13569-10 0.90000 0.95000 0.95000 0.95000 0.90000 

13569-2 0.85000 0.75000 0.95000 0.75000 0.80000 
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CETIS Analysis Detail 
Americamysis bahia 10~Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Aft H Data Transform 

Equal Variance t G>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 5.D4736 

Distribution Shapiro-Wilk W 0.94101 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0053024 D.D053024 1 

Error 0.1823387 0.0227923 8 

Total 0.18764112 0.D280947 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-0 13569-3 -0.4823 1.85955 

Sample Link Control Link 

D7 -245D-9849 D7-245D-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.14598 

0.78055 0.53489 

F Statistic P Level 

0.23 0.64249 

P Level MSD 

0.6788 D.17755 

Comparisons: . 

Report Date: 

Analysis: 

Date Analyzed 

15 AU9-D5 3:47 PM 

Toxic Units ChV 

NIA 

Deeislon(O.Ol) 

Equal Variances 

Normal Distribution 

Decision(O.05) 

Non~Significant Effect 

Decision(O.05) 

Non-Significant Effect 
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15 AU9-D5 3:49 PM 

D5-239D-6584 

EnviroSystems, Inc. 

Version 

GETISv1.D26 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-0 5 0.90000 0.7500D 1.0000D 0.11726 1.28343 1.04720 1.45876 0.19506 

13569-3 5 0.94000 0.90000 1.00DOD 0.04183 1.32948 1.24905 1.45876 0.08682 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep B Rep 9 Rep 10 

13569-0 0.80000 D.95000 1.00000 1.00000 0.750DO 

13569-3 1.00000 0.95000 0.95000 0.90000 0.90000 
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CETIS Analysis Detail 
Americamysis bahla 10-0ay Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 1.39748 

Distribution Shapiro-Wilk W 0.94257 

ANOVA Table 

Source Sum of Squares Mean Square OF 

Between 0.0081603 0.0081603 1 

Error 0.0517275 0.0064659 8 

Total 0.05988781 0.0146262 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-9 13569-3 -1.1234 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z INOEL LOEL 

Critical P Level 

23.15450 0.75359 

0.78055 0.55213 

F Statistic P Level 

1.26 0.29384 

P Level MSO 

0.8531 0.09457 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 AU9-05 3:48 PM 

Toxic Units ChV 

N/A 

Oeclsion(0.01) 

Equal Variances 

Normal Distribution 

Oecislon(0.05) 

Non-Significant Effect 

Decislon(O.05) 

Non-Significant Effect 
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15 AU9-05 3:49 PM 

11-8167-8746 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSOp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-9 5 0.91000 0.85000 0.95000 0.04183 1.27235 1.17310 1.34528 0.07344 

13569-3 5 0.94000 0.90000 1.00000 0.04183 1.32948 1.24905 1.45876 0.08682 

Data Oetail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep7 Rep 8 Rep 9 Rep 10 

13569-9 0.95000 0.90000 0.95000 0.90000 0.85000 

13569-3 1.00000 0.95000 0.95000 0.90000 0.90000 
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CETIS Analysis Detail 
Americamysis bahla 10-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 2.71298 

Distribution Shapiro-Wilk W 0.89220 

ANOVA Table 

Source Sum of Squares Mean Square DF 
Between 0.0012877 0.0012877 1 

Error 0.0412657 0.0051582 8 

Total 0.04255335 0.0064459 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-10 13569-3 -0.4996 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.35707 

0.78055 0.17624 

F Statistic P Level 

0.25 0.63078 

P Level MSD 

0.6846 0.08447 

Comparisons: 

Report Date: 
Analysis: 

Date Analyzed 

15 AU9-05 3:49 PM 

Toxic Units ChV 

N/A 

Declsion(0.01) 

Equal Variances 
Normal Distribution 

Decision{O.05) 

Non-Significant Effect 

Decision(O,05) 

Non-Significant Effect 
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15 AU9-05 3:49 PM 

15-4968-1342 

EnviroSystems, Inc. 

Version 

GETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-10 5 0.93000 0.90000 0.95000 0.02739 1.30679 1.24905 1.34528 0.05271 

13569-3 5 0.94000 0.90000 1.00000 0.04183 1.32948 1.24905 1.45876 0.08682 

Data Detail 

Sample Code Rep 1 Rep2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep8 Rep 9 Rep 10 

13569-10 0.90000 0.95000 0.95000 0.95000 0.90000 

13569-3 1.00000 0.95000 0.95000 0.90000 0.90000 
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CETIS Analysis Detail 
Americamysis bahia i0-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t G>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 1.01970 

Distribution Shapiro-Wilk W 0.85928 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 1.078E-05 1.078E-05 1 

Error 0.301434 0.0376792 8 

Total 0.30144473 0.0376900 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-0 13569-4 0.01691 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.98537 

0.78055 0.07825 

F Statistic P Level 

0.00 0.98692 

P Level MSD 

0.4935 0.22829 

Comparisons: 

Report Date: 
Analysis: 

Date Analyzed 

15 Aug-05 3:48 PM 

Toxic Units ChV 

NIA 

Declsion(O.01) 

Equal Variances 
Normal Distribution 

Declsion(O.05) 

Non-Significant Effect 

Decision(O.05) 

Non-Significant Effect 
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15 Aug-05 3:49 PM 

04-7753-8050 

EnviroSystems, Inc. 

Version 

GETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-0 5 0.90000 0.75000 1.00000 0.11726 1.28343 1.04720 1.45876 0.19506 

13569-4 5 0.90000 0.70000 1.00000 0.12247 1.28135 0.99116 1.45876 0.19316 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-0 0.80000 0.95000 1.00000 1.00000 0.75000 

13569-4 1.00000 0.90000 1.00000 0.90000 0.70000 
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CETIS Analysis Detail 
Americamysis bahia 10-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method All H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 6.91734 

Distribution Shapiro-Wilk W 0.91253 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0002026 0.0002026 1 

Error 0.1708228 0.0213529 8 

Tolal 0.17102540 0.0215555 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-9 13569-4 -0.0974 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.08766 

0.78055 0.28549 

F Statistic P Level 

0.01 0.92480 

P Level MSD 

0.5376 0.17186 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 AU9-05 3:48 PM 

Toxic Units ChV 

N/A 

Decision(O.01) 

Equal Variances 

Normal Distribution 

Decislan(O.05) 

Non-Significant Effect 

Decision(O.05) 

Non-Significant Effect 
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15 AU9-05 3:49 PM 

07-1007-5768 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transfonned Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-9 5 0.91000 0.85000 0.95000 0.04183 1.27235 1.17310 1.34528 0.07344 

13569-4 5 0.90000 0.70000 1.00000 0.12247 1.28135 0.99116 1.45876 0.19316 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-9 0.95000 0.90000 0.95000 0.90000 0.85000 

13569-4 1.00000 0.90000 1.00000 0.90000 0.70000 
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CETIS Analysis Detail 
Americamysis bahia 1 a-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method All H Data Transform 

Equal Variance t G>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 13.42885 

Distribution Shapiro-Wilk W 0.89026 

ANOVA Table 

Source Sum of Squares Mean Square OF 

Between 0.0016173 0.0016173 1 

Error 0.1603609 0.0200451 8 

Total 0.16197828 0.0216625 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-10 13569-4 0.28405 1.85955 

Sample Link Control link 
07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.02749 

0.78055 0.16814 

F Statistic P Level 

0.08 0.78358 

P Level MSO 

0.3918 0.16651 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 AU9-05 3:49 PM 

Toxic Units ChV 

N/A 

Decision(O.01} 

Equal Variances 

Normal Distribution 

Oeclslon(0.05) 

Non-Significant Effect 

Decision(O.05) 

Nan-Significant Effect 
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15 AU9-05 3:49 PM 

05-1622-1888 

EnviroSystems, Inc. 

Version 
GETISv1.026 

MSOp 

I 

Data Summary Original Data Transformed Data 

SampJeCode Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-10 5 0.93000 0.90000 0.95000 0.02739 1.30679 1.24905 1.34528 0.05271 

13569-4 5 0.90000 0.70000 1.00000 0.12247 1.28135 0.99116 1.45876 0.19316 

Oata Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep7 RepS Rep 9 Rep 10 

13569-10 0.90000 0.95000 0.95000 0.95000 0.90000 

13569-4 1.00000 0.90000 1.00000 0.90000 0.70000 
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CETIS Analysis Detail 
Americamysis bahla 10-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 2.32225 

Distribution Shaplro-Wllk W 0.86724 

ANOVA Table 

Source Sum of Squares Mean Square OF 

Between 0.0403373 0.0403373 1 

Error 0.2177212 0.0272152 8 

Total 0.25805854 0.0675525 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-0 13569-5 1.21744 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.43452 

0.78055 0.09549 

F Statistic P Level 

1.48 0.25813 

P Level MSD 

0.1291 0.19402 

Comparisons: 

Report Date: 
Analysis: 

Date Analyzed 

15 AU9-05 3:48 PM 

Toxic Units ChV 

N/A 

Decision(O.01) 

Equal Variances 
Normal Distribution 

Deelslon(0.05) 

Non-Significant Effect 

Decision(O.05) 

Non-Significant Effect 
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15 AU9-05 3:49 PM 

04-4239-5541 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-0 5 0.90000 0.75000 1.00000 0.11726 1.28343 1.04720 1.45876 0.19506 

13569-5 5 0.83000 0.65000 0.90000 0.10368 1.15641 0.93774 1.24905 0.12800 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-0 0.80000 0.95000 1.00000 1.00000 0.75000 

13569-5 0.85000 0.85000 0.90000 0.90000 0.65000 
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CETIS Analysis Detail 
Americamysls bahia 10~Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t G>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 3.03740 

Distribution Shapiro-Wilk W 0.66306 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0336060 0.0336060 1 

Error 0.0671101 0.0106666 6 

Total 0.1207161 0.0444966 9 

Group Comparisons 

Sample V5 Sample Statistic Critical 

13569-9 13569-5 1.75664 1.65955 

Sample Link Control Link 

07-2450-9649 07-2450-9649 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.30731 

0.76055 0.06603 

F Statistic P Level 

3.09 0.11701 

P Level MSD 

0.0565 0.12272 

Comparisons: 

Report Dale: 

Analysis: 

Date Analyzed 

15 AU9-05 3:46 PM 

Toxic Units ChV 

N/A 

Decision(O.01) 

Equal Variances 

Normal Distribution 

Decision(O.05} 

Non-Significant Effect 

DeeI510n(0.05) 

Non-Significant Effect 
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15 Aug-05 3:49 PM 

13-6122-5669 

EnviroSystems, Inc. 

Version 

GETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum sD 

13569-9 5 0.91000 0.65000 0.95000 0.04163 1.27235 1.17310 1.34526 0.07344 

13569-5 5 0.63000 0.65000 0.90000 0.10366 1.15641 0.93774 1.24905 0.12600 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep 6 Rep9 Rep 10 

13569-9 0.95000 0.90000 0.95000 0.90000 0.65000 

13569-5 0.65000 0.85000 0.90000 0.90000 0.65000 
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CETIS Analysis Detail 
Americamysis bahia 10-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method All H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 5.89660 

Distribution Shapiro-Wilk W 0.83042 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0565369 0.0565369 1 

Error 0.0766482 0.0095810 8 

Total 0.13318512 0.066118 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569·10 13569·5 2.42918 1.85955 

Sample Link Control Link 

07·2450·9849 07·2450·9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.11395 

0.78055 0.03754 

F Statistic P Level 

5.90 0.04125 

P Level MSD 

0.0206 ·0.11512 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 Aug·05 3:49 PM 

Toxic Units ChV 

N/A 

Decision(O.01) 

Equal Variances 

Normal Distribution 

Decision(O.05) 

Significant Effect 

Declsion(0.05) 

Significant Effect 
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15 Aug·05 3:49 PM 

01·134g·1136 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximul!' SD 

13569·10 5 0.93000 0.90000 0.95000 0.02739 1.30679 1.24905 1.34528 0.05271 

13569·5 5 0.83000 0.65000 0.90000 0.10368 1.15641 0.93774 1.24905 0.12800 

Data Detail 

Sample Code Rep 1 Rep2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-10 0.90000 0.95000 0.95000 0.95000 0.90000 

13569·5 0.85000 0.85000 0.90000 0.90000 0.65000 
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CETIS Analysis Detail 
Americamysis bahia i0-Day Survival Sediment Test 

Endp~int Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 2.15739 

Distribution Shapiro-Wilk W 0.85744 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0111269 0.0111269 1 

Error 0.2227291 0.0278411 8 

Total 0.23385596 0.0389680 9 

Group Comparisons 

Sample vs Sample Statistic Critical 
13569-0 13569-6 0.63218 1.85955 

Sample link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.47478 

0.78055 0.07472 

F Statistic P Level 

0.40 0.54491 

P Level MSD 

0.2725 0.19624 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 Aug-05 3:48 PM 

Toxic Units ChV 

N/A 

Decision(O.01} 

Equal Variances 

Normal Distribution 

Decision(O.05) 

Non-Significant Effect 

Decision(O.05) 

Non-Significant Effect 
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15 Aug-05 3:49 PM 

01-5010-7972 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-0 5 0.90000 0.75000 1.00000 0.11726 1.28343 1.04720 1.45876 0.19506 
13569-6 5 0.87000 0.70000 0.95000 0.09747 1.21672 0.99116 1.34528 0.13280 

Data Detail 

Sample Code Rep 1 Rep2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-0 0.80000 0.95000 1.00000 1.00000 0.75000 

13569-6 0.90000 0.90000 0.70000 0.95000 0.90000 
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CETIS Analysis Detail 
Americamysis bahia 1 D-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 3.26951 

Distribution Shapiro-Wilk W 0.89612 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0077383 0.0077383 1 

Error 0.0921179 0.0115147 8 

Total 0.09985618 0.0192530 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-9 13569-6 0.81978 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.27776 

0.78055 0.19369 

F Statistic P Level 

0.67 0.43609 

P Level MSD 

0.2180 0.12620 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 AU9-05 3:48 PM 

Toxic Units ChV 

N/A 

Decislon(0.01) 

Equal Variances 

Normal Distribution 

Decision(0.05) 

Nan-Significant Effect 

Decision(O.05) 

Non-Significant Effect 

Page 5 of 26 

15 AU9-05 3:49 PM 

02-6062-6602 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-9 5 0.91000 0.85000 0.95000 0.04183 1.27235 1.17310 1.34528 0.07344 

13569-6 5 0.87000 0.70000 0.95000 0.09747 1.21672 0.99116 1.34528 0.13280 

Oat. Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep8 Rep 9 Rep 10 

13569-9 0.95000 0.90000 0.95000 0.90000 0.85000 

13569-6 0.90000 0.90000 0.70000 0.95000 0.90000 

Graphics 

1.~ 0.15 i a 
o.~· ~ ! 0.10 I ] 0.8- I a 

0.05 oio ~ 0.7 I ]~ , 
'" 

, 
c D.' ~~ 0.00 .. ........... _ .. _ ..... _ ............................ .......•..... 
0 . ~ a a , 
:e , 
8- 0.5. Ull -0.05 , , 
e 0.4 

-0.1~ 

, .. , , 
0.3 

, 
-0.15 , 

0.2 
, 

0.1 
-0,20 l 

0 i 
0.0 '0,25 

, 
13569·9 13569-6 ->0 -1.5 -1.0 -0.5 0.0 D.' 1.0 I.' 2.0 

Sample Code RankJts 

000-148-126-1 CETlsm v1.026C Analyst: __ _ Approval: __ _ 



CETIS Analysis Detail 
Americamysis bahla 10~Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 6.34720 

Distribution Shapiro-Wilk W 0.80424 

ANOVA Table 

Source Sum of Squares Mean Square OF 

Between 0.0202827 0.0202827 1 

Error 0.0816561 0.0102070 8 

Total 0.10193878 0.0304897 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-10 13569-6 1.40966 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.10106 

0.78055 0.01892 

F Statistic P Level 

1.99 0.19631 

P Level MsO 

0.0982 0.11882 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 AU9-05 3:49 PM 

Toxic Units ChV 

NIA 

Oeclslon(0.01) 

EquaiVarianc8s 

Normal Distribution 

Oeclsion(0.05) 

Non-Significant Effect 

Decision(O.05) 

Non-Significant Effect 
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15 AU9-05 3:49 PM 

02-3750-8691 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MsOp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-10 5 0.93000 0.90000 0.95000 0.02739 1.30679 1.24905 1.34528 0.05271 

13569-6 5 0.87000 0.70000 0.95000 0.09747 1.21672 0.99116 1.34528 0.13280 

Data Detail 

Sample Code Rep 1 Rep2 Rep 3 Rep4 Rep 5 Rep 6 Rep7 Rep 8 Rep 9 Rep10 

13569-10 0.90000 0.95000 0.95000 0.95000 0.90000 

13569-6 0.90000 0.90000 0.70000 0.95000 0.90000 
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CETIS Analysis Detail 
Americamysis bahia 10-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion 5U1vived Comparison 

Method Alt H Data Transform 

Equal Variance t G>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 4-40866 

Distribution Shapiro-Wilk W 0.92559 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0017965 0.0017965 1 

Error 0.1867069 0.0233384 8 

Total 0.18850341 0.0251348 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-0 13569-7 -0.2774 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23_15450 0.17982 

0.78055 0.38437 

F Statistic P Level 

0.08 0.78847 

P Level MSD 

0.6058 0.17967 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 Aug-05 3:48 PM 

Toxic Units ChV 

NIA 

Decision(O.01} 

Equal Variances 

Normal Distribution 

DecisiDn(0.05) 

Non-Significant Effect 

Decision(O.05} 

Non-Significant Effect 
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Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum 5D Mean Minimum Maximum SD 

13569-0 5 0.90000 0.75000 1.00000 0.11726 1.28343 1.04720 1.45876 0.19506 

13569-7 5 0.93000 0.90000 1.00000 0.04472 1.31024 1.24905 1.45876 0.09290 

Data Detail 

Sample Code Rep 1 Rep2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep B Rep 9 Rep 10 

13569-0 0.80000 0.95000 1.00000 1.00000 0.75000 

13569-7 1.00000 0.90000 0.95000 0.90000 0.90000 
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CETIS Analysis Detail 
Americamysis bahia 10-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 1.59994 

Distribution Shapiro-Wilk W 0.91724 

ANOVA Table 

Source Sum of Squares Mean Square OF 

Between 0.0035882 0.0035882 1 

Error 0.0560958 0.007012 8 

Total 0.05968395 0.0106001 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-9 13569-7 -0.7153 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.66001 

0.78055 0.31826 

F Statistic P Level 

0.51 0.49474 

P Level MSO 

0.7526 0.09848 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 Aug-05 3:48 PM 

Toxic Units ChV 

N/A 

Decision{O.01) 

Equal Variances 
Nonnal Distribution 

Decision(O.05) 

Non-Significant Effect 

Decislon(O.05) 

Non-Significant Effect 
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Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-9 5 0.91000 0.85000 0.95000 0.04183 1.27235 1.17310 1.34528 0.07344 

13569-7 5 0.93000 0.90000 1.00000 0.04472 1.31024 1.24905 1.45876 0.09290 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep B Rep 9 Rep 10 

13569-9 0.95000 0.90000 0.95000 0.90000 0.85000 

13569-7 1.00000 0.90000 0.95000 0.90000 0.90000 
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CETIS Analysis Detail 
Americamysis bahia 1 a-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method All H Data Transform 

Equal Variance t G>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 3.10602 

Distribution Shapiro-Wilk W 0.79095 

ANOVA Table 

Source Sum of Squares Mean Square OF 

Between 2.972E-05 2.972E-05 1 

Error 0.0456339 0.0057042 8 

Total 0.04566363 0.005734 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-10 13569-7 -0.0722 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critic-al P Level 

23.15450 0.29810 

0.78055 0.01326 

F Statistic P Level 

0.01 0.94423 

P Level MSO 

0.5279 0.08883 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 Aug-OS 3:49 PM 

Toxic Units ChV 

N/A 

Oeclsion(0.01) 

Equal Variances 

Normal Distribution 

Decision(O.05) 

Non-Significant Effect 

Decision(O.05) 

Non-Significant Effect 
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08-2288-7359 

EnviroSystems, Inc. 

Version 

GETISv1.026 
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Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-10 5 0.93000 0.90000 0.95000 0.02739 1.30679 1.24905 1.34528 0.05271 

13569-7 5 0.93000 0.90000 1.00000 0.04472 1.31024 1.24905 1.45876 0.09290 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-10 0.90000 0.95000 0.95000 0.95000 0.90000 

13569-7 1.00000 0.90000 0.95000 0.90000 0.90000 
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GETIS Analysis Detail 
Americamysis bahia 10-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method All H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 14.77342 

Distribution Shapiro-Wilk W 0.91960 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0178712 0.0178712 1 

Error 0.1624883 0.0203110 8 

Total 0.18035957 0.0381823 9 

Group Comparisons 

Sample vs Sample Statistic Critical 
13569-0 13569-8 -0.9380 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.02310 

0.78055 0.33583 

F Statistic P Level 

0.88 0.37569 

P Level MSD 

0.8122 0.16761 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 Aug-05 3:48 PM 

Toxic Units ChV 

N/A 

Decision(O.01) 

Equal Variances 

Normal Distribution 

Decision(O.05) 

Non-Significant Effect 

Decision(O.05) 

Non-Significant Effect 
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Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-0 5 0.90000 0.75000 1.00000 0.11726 1.28343 1.04720 1.45876 0.19506 

13569-8 5 0.96000 0.95000 1.00000 0.02236 1.36798 1.34528 1.45876 0.05075 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-0 0.80000 0.95000 1.00000 1.00000 0.75000 

13569-8 0.95000 1.00000 0.95000 0.95000 0.95000 
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CETIS Analysis Detail 
Americamysis bahia 1 D-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method All H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 2.09445 

Distribution Shapiro-Wllk W 0.81656 

ANOVA Table 

Source Sum of Squares Mean Square OF 

Between 0.0228614 0.0228614 1 

Error 0.0318772 0.0039846 8 

Total 0.05473858 0.0268461 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-9 13569-8 -2.3953 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.49160 

0.78055 0.02618 

F Statistic P Level 

5.74 0.04350 

P Level MSO 

0.9783 0.07424 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 Aug-05 3:48 PM 

Toxic Units ChV 

N/A 

Decislon(O.01) 

Equal Variances 

Normal Distribution 

Decision(O.05) 

Significant Effect 

Decision(O.05) 

Non-Significant Effect 
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Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-9 5 0.91000 0.85000 0.95000 0.04183 1.27235 1.17310 1.34528 0.07344 

13569-8 5 0.96000 0.95000 1.00000 0.02236 1.36798 1.34528 1.45876 0.05075 

Data Detail 

Sample Code Rep 1 Rep2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-9 0.95000 0.90000 0.95000 0.90000 0.85000 

13569-8 0.95000 1.00000 0.95000 0.95000 0.95000 
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CETIS Analysis Detail 
Americamysis bahia 10-Day Survival Sediment Test 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 1.07887 

Distribution Shapiro-Wilk W 0.88283 

ANOVA Table 

Source Sum of Squares Mean Square OF 

Between 0.0093605 0.0093605 1 

Error 0.0214153 0.0026769 8 

Total 0.03077585 0.0120375 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-10 13569-8 -1.87 1.85955 

Sample Link Control Link 

07-2450-9849 07-2450-9849 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.94312 

0.78055 0.14032 

F Statistic P Level 

3.50 0.09841 

P Level MSO 

0.9508 0.06085 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

15 AU9-05 3:49 PM 

Toxic Units ChV 

N/A 

Decision{O.01) 

Equal Variances 
Normal Distribution 

Decision(O.05) 

Non-Significant Effect 

Decision(O.05) 

Non-Significant Effect 
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Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-10 5 0.93000 0.90000 0.95000 0.02739 1.30679 1.24905 1.34528 0.05271 

13569-8 5 0.96000 0.95000 1.00000 0.02236 1.36798 1.34528 1.45876 0.05075 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep7 Rep 8 Rep 9 Rep10 

13569-10 0.90000 0.95000 0.95000 0.95000 0.90000 

13569-8 0.95000 1.00000 0.95000 0.95000 0.95000 
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Aquatic Research Organisms 

DATA SIillET 

L Organism History 

Species: 

Source: Lab reared / Hatchery reared __ _ Field collected __ _ 

Hatch date __ -->?c..--=2=--_o_S""-_ Receipt date, _______ _ 

Lot number Strffin _________ __ 

Brood Origination _____ --'n_-wi 1f2O!h..!../bb?Lr1"-________ _ 

IL Water Quality 

Temperature Z C °C Salinity !:!-30 ppt DO -

pH 7. 5t Hardness, ___ ppm 

III. Culture Conditions 
, 

System: _______ ~<.;-"'~=I'--'rz-=:::::c=__ ________ __ 

,/ 
Diet: Flake Food___ Phytoplan1-'ton __ _ Trout Chow ../" 

.,/ 
Brine Shrimp __ _ Rotifers, __ _ 

Prophylactic Treatments:~ _______________ _ 

Comments: _________ ~---~~--------'-

IV. Shipping Information 

Client:_~---'-r5---...<$"'---"'L=· ______ _ # of Organisms: /'S'c:r(,) j--

Carrier: ___________ _ Date Shipped: ?-\-Q\"' -

BiOlogiSt: _______ ~~"----"""'·~Ll?___b_~1:Z, ~"""'7=7f--/,LJa""'~49----

1 - 800 - 927 - 1650 
PO Box 1271 • One Lafayette Road· Hampton, NH 03842 • (663) 926·1650 
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Bioaccumulation Test Progress Report – Survival
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Survival Report 
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New Bedford Harbor, Tier III Solid Phase Evaluation. Battelle November 2005 
ESI Study Number 13569 

1.0 INTRODUCTION 

As part of a comprehensive plan to reduce adverse environmental impacts of ocean 
dumping, Section 103 of the Marine Protection, Research and Sanctuaries Act of 1972, 
specifies that all sediments to be discharged into ocean waters must be evaluated to define their 
potential impact on existing benthic communities. The United States Environmental Protection 
Agency (U.S. EPA) has determined that the most effective means to make such an assessment 
is through the use of bioassay tests which provide a relatively direct estimate of potential 
impact. 

Laboratory testing conducted for this project was designed to evaluate proposed dredge 
spoil for disposal at an approved offshore disposal site.  Protocol for tests conducted as part of 
the evaluation followed procedures established by the U.S. EPA and the US Army Corps of 
Engineers for testing of dredged material. Procedures are presented in “Regional 
Implementation Manual for the Evaluation of Dredged Material Proposed for Disposal in New 
England Waters” (U.S. EPA, Corps of Engineers 2004) and “Evaluation of Dredged Material 
Proposed for Discharge in Waters of the U.S. - Test Manual” (U.S. EPA, Corps of Engineers 
1998). Specific tests conducted for this project were bioaccumulation evaluations investigating 
impacts of the solid phase of the proposed dredge material.  Species utilized were the 
polychaete worm, Nereis virens, and the bivalve clam, Macoma nasuta. Biological and chemical 
testing was performed at EnviroSystems, Incorporated (ESI), Hampton, New Hampshire.  

2.0 METHODS AND MATERIALS

 2.1 Sample Collection 

Sediment samples for toxicological analysis were collected from the dredge footprint 
proposed project by Battelle staff on July 27 - 29, 2005. Prior to toxicological analyses, the 
samples were composited based on the composting scheme developed by the US Army Corps 
of Engineers and approved by the U.S. EPA.  The samples were received on July 29 and 
August 1, 2005 in 2.5-gallon polyethylene buckets. Sediment samples were collected from the 
Rhode Island Sound Disposal Site (RISDS) and Buzzards Bay Disposal Site (BBDS) on July 29 
and 30, 2005. Upon arrival at the laboratory, all samples received an internal sample control 
number and were logged into the project sample control system. Prior to testing, samples were 
placed in a secure refrigerator and stored at a temperature of 2-4°C until test initiation. Sample 
identification, collection and receipt information is summarized in Table 1. 
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New Bedford Harbor, Tier III Solid Phase Evaluation. Battelle November 2005 
ESI Study Number 13569 

Sediment for the laboratory control treatment was collected from the Hampton Estuary, 
Hampton, New Hampshire. The area is not known to receive any direct industrial inputs and has 
been used as a laboratory reference sediment in the testing of marine sediments for nearly 25 
years. Overlying seawater was obtained from the Hampton Estuary.  Water from the estuary 
has been used for the culture and maintenance of test organisms at ESI since 1978. Seawater 
is obtained through a filter system located on the bottom of the estuary at a point approximately 
1 mile from the open ocean. The water is classified as SA-1. 

2.2 Test Organisms 

M. nasuta,  15-40 mm in total length, were obtained from Aquatic Research Organisms, 
Hampton, New Hampshire.  Organisms were field collected along the California coast and 
shipped to ARO via overnight delivery.  At ESI, the clams were placed in Hampton Estuary 
sediment with flowing seawater and monitored for at least 24 hours prior to use.  Damaged 
bivalves and those that would not close when prodded were discarded.  

Adult N. virens were obtained from the Maine Bait Company, Newcastle, Maine. Worms 
were collected in the field and shipped to ESI via overnight delivery.  Worms were placed in 
control sediment and flowing seawater and monitored for at least 24 hours prior to use. 
Damaged and inactive worms were not used in the assay.  

2.3 Bioaccumulation Evaluation 

The assay was started by placing a 5-7 cm layer of sediment (control, reference, or 
project site composite) into 10-gallon aquaria designed for flow-through testing. Overlying water 
was added to each aquarium.  The volume of the overlying water in these chambers was 
approximately 6 gallons. Water flow was adjusted to provide approximately 5 volume additions 
of water/day to each aquarium. Each aquarium was set so that incoming water mixed 
throughout the tank and did not stratify as a surface layer.  

M. nasuta and N. virens  were indiscriminately selected from the pool of organisms and 
randomly added to the aquaria.  A total of 20 worms and 30 clams were added to each 
replicate; species were tested in separate test chambers.  Temperature was maintained at 
15±2°C. Salinity was maintained at 28 ±2‰. The photoperiod was set at 16:8 hours light:dark. 
Dissolved oxygen, pH, temperature, and salinity were measured daily in one replicate of each 
treatment. Dissolved oxygen levels were maintained at a minimum level of 5.0 mg/L by 
providing aeration to all tanks from the start of the assay. Organisms were not fed during the 
exposure period. The bioaccumulation assays were initiated on 8/24/05 for N. virens and on 
9/14/05 for M. nasuta. Each assay was terminated 28 days later. 

After 28 days exposure, M. nasuta and N. virens were recovered from the test sediments 
and counted.  Survival counts were used for statistical survival analysis.  All living organisms 
were transferred to clean test vessels and maintained in flowing water for 24 hours to allow for 
removal of sediment from the animals' digestive tract.  After the depuration period, organisms 
were transferred to plastic bags and frozen. Frozen tissue samples were transferred to ESI’s 
analytical group for subsequent analysis. 
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2.4 Data Analysis 

Survival data were analyzed using CETIS® software to determine  significant differences 
between the laboratory sediment and the reference site sediment. Survival data were evaluated 
to determine homogeneity of sample variances and normality of distribution using appropriate 
statistics. Data sets were subsequently evaluated using the appropriate parametric or non-
parametric Analysis of Variance (ANOVA) statistic. Statistical difference was evaluated at 
α=0.05. 

2.5 Protocol Deviations 

Review of the toxicity testing procedures and associated data indicate no protocol 
deviations occurred during the assay.  However, the initial M.nasuta  assay was terminated after 
approximately 10 days due to excessive mortality.  No cause was determined for this mortality 
and a new batch of clams was ordered.  The assay was re-initiated on 9/14/05 without incident. 

3.0 RESULTS 

Table 1 provides a summary of sample collection and compositing data.  Tables 2 and 3 
provide a summary M. nasuta and N. virens survival data and statistical analyses. Water quality 
parameters from the 28 day assays are summarized in Tables 4 and 5. Laboratory bench 
sheets and associated statistical support data are included in Appendix A.  

3.1 Macoma Nasuta Survival

 Mean M. nasuta survival was 96.0% in the laboratory control. Survival in the RISDS and 
BBDS reference sites was 96.7% and 98.0%, respectively. Surviving organisms from the control 
and reference site provided sufficient tissue for preparation and analysis of body burdens. The 
endpoints were met and or exceeded requirements specified in the current version of the RIM. 

Survival of the bivalve in project site sediments ranged from 94.0 to 96.7%.  Results of 
statistical evaluation of the data showed no significant reduction in survival for bivalves 
maintained in project site sediments when compared to the laboratory sediment or sediments 
from either of the two reference sites 

3.2 Nereis virens Survival 

Mean N. virens survival was 94% in the laboratory control. Nereis survival in the two 
reference site sediments was 96% and 97% in the RISDS and BBDS reference sites, 
respectively. Surviving organisms from the control and reference site provided sufficient tissue 
for preparation and analysis of body burdens. The endpoints were met and or exceeded 
requirements specified in the current version of the RIM. 

Nereis survival in the survival in the project sites after 28 days exposure ranged from 93 
to 97%, Table 4. Results of statistical evaluation of the data showed no significant reduction in 
survival for worms maintained in any of the project site sediments when compared to the 
laboratory sediment or sediments from either of the two reference sites. 

3




 

 

 
 

 
 
 

 
 

 

 
 

 

 

 

New Bedford Harbor, Tier III Solid Phase Evaluation. Battelle November 2005 
ESI Study Number 13569 

3.3 Summary 

This program utilized protocols developed by the U.S. EPA and the U.S. Army Corps of 
Engineers to assess the potential impact of the proposed dredge material on the marine 
environment.  Results of the 28 day bioaccumulation evaluation indicate that long term 
exposure to the composite sediment samples from the New Bedford Harbor project site had no 
impact on the survival of either Macoma nasuta or Nereis virens when compared against either 
of the two alternative disposal site reference sediments. 

4.0 REFERENCES 

U.S. EPA, U.S., Army Corps of Engineers. 1991. Evaluation of Dredged Material  Proposed for 
Ocean Disposal. - Testing Manual. EPA-503/8-91/001, February, 1991. 

U.S. EPA, U.S., Army Corps of Engineers. 1998. Evaluation of Dredged Material  Proposed for 
Discharge in Waters of the U.S. - Testing Manual. EPA-823-B-98-004, February1998. 

U.S. EPA Region I, U.S. Army Corps of  	Engineers, New England Division. 2004. Regional 
Implementation Manual for the Evaluation of Dredged Material Proposed for Disposal in 
New England Waters. April 2004. 

U.S. EPA 1994.Test Methods for Evaluating Solid Waste Physical/Chemical Methods, US EPA 
SW 846, Final Update: Method 8081A and 8082. 
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TABLE 1. Summary of Sample Collection Information. Bioaccumulation Evaluation. 
New Bedford Harbor Tier III Sediment Evaluation. September 2005. 

Field ID Matrix Collection Receipt 
ESI 

Reference 

EAG-1001-I (Comp 1) Sediment 07/29/05 08/01/05 13569-001 
EAG-1002-I (Comp 8) Sediment 07/29/05 07/29/05 13569-008 
EAG-1003-I (Comp 3) Sediment 07/27/05 08/01/05 13569-003 
EAG-1004-I (Comp 4) Sediment 07/28/05 07/29/05 13569-004 
EAG-1005-I (Comp 5) Sediment 07/27/05 08/01/05 13569-005 
EAG-1006-I (Comp 6) Sediment 07/27/05 08/01/05 13569-006 
EAG-1007-I (Comp 7) Sediment 07/28/05 07/29/05 13569-007 
EAG-1008-I (Comp BBDS) Sediment 07/30/05 08/01/05 13569-010 
EAG-1009-I (Comp RISDS) Sediment 07/29/05 08/01/05 13569-009 
EAG-1010-I (Comp 2) Sediment 07/28/05 07/29/05 13569-002 
Site A,C,D,E Comp Water 07/28/05 07/29/05 13569-011 
Site F,G,I,K Comp Water 07/28/05 07/29/05 13569-012 
Site H,J Comp Water 07/28/05 07/29/05 13569-013 
Site O,P,Q,R,S,T,U,V,W,X,Y,AA,BB Comp Water 07/28/05 07/29/05 13569-014 
Site CC,DD,GG,HH,LL,MM,KK Comp Water 07/28/05 07/29/05 13569-015 
Site EE,FF,II,JJ Comp Water 07/28/05 07/29/05 13569-016 
Site 1,2,3 Comp Water 07/28/05 07/29/05 13569-017 
Site L,M,N Comp Water 07/28/05 07/29/05 13569-018 
EAG-051; RISDS Comp Water Water 07/29/05 08/01/05 13569-019 
EAG-056; BBDS Comp Water Water 07/30/05 08/01/05 13569-020 
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Table 2. 	 Summary of Macoma nasuta Day 28 Survival Data. Bioaccumulation 
Evaluation. New Bedford Harbor Tier III Sediment Evaluation. September 
2005. 

Sample ESI ID Reps Mean 
Survival 

Minimum 
Survival 

Maximum 
Survival 

SD CV 

LAB CONTROL 13569-000 5 96.0% 93.3% 96.7% 0.01491 1.55% 

EAG-1009-I (Comp RISDS) 13569-009 5 96.7% 90.0% 100.0% 0.04714 4.88% 

EAG-1008-I (Comp BBDS) 13569-010 5 98.0% 93.3% 100.0% 0.02981 3.04% 

EAG-1001-I (Comp 1) 13569-001 5 94.0% 90.0% 100.0% 0.04346 4.62% 

EAG-1003-I (Comp 3) 13569-003 5 94.0% 86.7% 96.7% 0.04346 4.62% 

EAG-1002-I (Comp 8) 13569-008 5 96.7% 90.0% 100.0% 0.04082 4.22% 

Site 
Mean 

Survival 

Significantly 
"<"Critical 

Sample ID Statistic Value p Value 
LAB CONTROL 96.0% - - - -

EAG-1009-I (Comp RISDS) 96.7% -0.5295 1.8596 0.6946 NO LAB CONTROL 

EAG-1008-I (Comp BBDS) 98.0% -1.4678 1.8596 0.9098 NO LAB CONTROL 

EAG-1001-I (Comp 1) 94.0% 
0.7868 1.8596 0.2270 NO LAB CONTROL 

0.9678 1.8596 0.1807 NO RISDS 

1.6471 1.8596 0.0691 NO BBDS 

EAG-1003-I (Comp 3) 94.0% 
0.9413 1.8596 0.1871 NO LAB CONTROL 

1.0544 1.8596 0.1613 NO RISDS 

20.0000 - 0.0754 NO BBDS 

EAG-1002-I (Comp 8) 96.7% 
-0.0554 1.8596 0.7015 NO LAB CONTROL 

0.0448 1.8596 0.4827 NO RISDS 

0.5614 1.8596 0.2949 NO BBDS 
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Table 3. 	 Summary of Nereis virens Day 28 Survival Data.  Bioaccumulation 
Evaluation. New Bedford Harbor Tier III Sediment Evaluation. September 
2005. 

Sample ESI ID Reps Mean 
Survival 

Minimum 
Survival 

Maximum 
Survival 

SD CV 

LAB CONTROL 13569-000 5 94.0% 85.0% 100.0% 0.06519 6.94% 

EAG-1009-I (Comp RISDS) 13569-009 5 96.0% 90.0% 100.0% 0.04183 4.36% 

EAG-1008-I (Comp BBDS) 13569-010 5 97.0% 90.0% 100.0% 0.04472 4.61% 

EAG-1001-I (Comp 1) 13569-001 5 94.0% 85.0% 100.0% 0.06519 6.94% 

EAG-1003-I (Comp 3) 13569-003 5 93.0% 80.0% 100.0% 0.07583 8.15% 

EAG-1002-I (Comp 8) 13569-008 5 97.0% 95.0% 100.0% 0.02739 2.82% 

Site 
Mean 

Survival 

Significantly 
"<"Critical 

Sample ID Statistic Value p Value 
LAB CONTROL 94.0% - - - -

EAG-1009-I (Comp RISDS) 96.0% -0.4973 1.8596 0.6836 NO LAB CONTROL 

EAG-1008-I (Comp BBDS) 97.0% -0.8068 1.8596 0.7785 NO LAB CONTROL 

EAG-1001-I (Comp 1) 94.0% 
0.0000 1.8596 0.5000 NO LAB CONTROL 

0.4973 1.8596 0.3162 NO RISDS 

0.8068 1.8596 0.2215 NO BBDS 

EAG-1003-I (Comp 3) 93.0% 
0.5057 1.8596 0.4211 NO LAB CONTROL 

0.7294 1.8596 0.2433 NO RISDS 

1.0308 1.8596 0.1664 NO BBDS 

EAG-1002-I (Comp 8) 97.0% 
-0.8500 1.8596 0.7900 NO LAB CONTROL 

-0.3968 1.8596 0.6491 NO RISDS 

0.0680 1.8596 0.4737 NO BBDS 
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TABLE 4. Summary of Overlying Water Qualities. Bioaccumulation Evaluation. New 
Bedford Harbor Tier III Sediment Evaluation. September 2005. 

Treatment 
Temp. 
(ΕC) 

DO2 
(mg/L) 

pH 
(SU) 

Salinity 
(ppt) 

Ammonia 
(mg/L)* 

Unionized 
Ammonia 
(mg/L)* 

Macoma nasuta: 

LAB CONTROL Max 17 7.9 7.92 31 0.87 0.008 
Mean 14.3 7.4 30.3 
Min 13 6.6 7.50 29 0.23 0.003 

EAG-1009-I  
(Comp RISDS) 

Max 17 8.0 8.00 31 0.68 0.010 

Mean 14.3 7.4 30.6 
Min 13 6.7 7.66 28 <0.1 <0.002 

EAG-1008-I  
(Comp BBDS) 

Max 17 8.0 8.00 31 0.38 0.006 
Mean 14.3 7.5 30.6 
Min 13 6.6 7.66 28 <0.1 <0.002 

EAG-1001-I  
(Comp 1) 

Max 17 7.9 7.92 31 0.57 0.007 
Mean 14.3 7.4 30.4 
Min 13 6.5 7.68 28 <0.1 <0.002 

EAG-1003-I  
(Comp 3) 

Max 17 8.0 7.97 31 0.54 0.008 

Mean 14.3 7.3 30.4 
Min 13 6.4 7.68 27 <0.1 <0.002 

EAG-1002-I  
(Comp 8) 

Max 17 8.0 8.00 31 0.69 0.010 

Mean 14.3 7.4 30.6 
Min 13 6.6 7.71 27 <0.1 <0.002 

NOTE: 

* Ammonia values are presented for data at the Start (Max) and End (Min) of the Assay 
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TABLE 5. Summary of Overlying Water Qualities. Bioaccumulation Evaluation. New 
Bedford Harbor Tier III Sediment Evaluation. September 2005. 

Treatment 
Temp. 
(ΕC) 

DO2 
(mg/L) 

pH 
(SU) 

Salinity 
(ppt) 

Ammonia 
(mg/L)* 

Unionized 
Ammonia 
(mg/L)* 

Nereis virens: 

LAB CONTROL Max 16 7.8 7.96 31 0.83 0.012 
Mean 14.4 7.4 30.6 
Min 13 6.4 7.58 30 <0.1 <0.001 

EAG-1009-I  
(Comp RISDS) 

Max 16 7.8 8.02 31 1.10 0.018 

Mean 14.4 7.5 30.6 
Min 13 7.0 7.72 30 <0.1 <0.001 

EAG-1008-I  
(Comp BBDS) 

Max 16 7.9 8.04 31 0.70 0.012 
Mean 14.4 7.5 30.6 
Min 13 7.1 7.70 30 <0.1 <0.001 

EAG-1001-I  
(Comp 1) 

Max 16 7.9 8.00 31 3.0 0.051 
Mean 14.4 7.4 30.6 
Min 13 6.7 7.71 30 <0.1 <0.001 

EAG-1003-I  
(Comp 3) 

Max 16 7.8 7.99 31 1.2 0.022 

Mean 14.4 7.4 30.6 
Min 13 6.8 7.68 30 <0.1 <0.001 

EAG-1002-I  
(Comp 8) 

Max 16 8.0 8.01 31 3.7 0.060 

Mean 14.4 7.5 30.6 
Min 13 6.9 7.69 30 <0.1 <0.001 

NOTE: 

* Ammonia values are presented for data at the Start (Max) and End (Min) of the Assay 
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APPENDIX A 
RAW DATA 

STATISTICAL SUPPORT 

CONTENTS Number of Pages 

Macoma nasuta 28-Day Evaluation 
Daily Water Quality Bench Sheets 3 
Day 28 Recovery Bench Sheets 2 
Survival Statistical Analysis 14 

 Organisms Culture Record 1 
Nereis virens 28-Day Evaluation 

Daily Water Quality Bench Sheets 3 
Day 28 Recovery Bench Sheets 2 
Survival Statistical Analysis 14 

 Organisms Culture Record 1 

Unionized Ammonia Calculations 1 
Sample Receipt Records 2 
Chain of Custody Records 4 
Total Appendix Pages 47 
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CETIS Test Summary 
Bloaccumulation Evaluation 

Test No: 06-5949-3929 Test Type: 

Slar! Date: 24 Aug-0512:00 PM Protocol: 

Ending Date: 21 Sep-05 12:00 PM 011 Water: 

Setup Date: 24 Aug-OS 12:00 PM Brine: 

Sample No: 06-4796-5238 Material: 

Sample Date: 04 Aug-05 10:00 AM Code: 
Receive Date: 04 Aug-OS 10:00 AM Source: 
Sample Age: 20d 2h Slatlon: 

Sample No: 04-7399-9752 Material: 

Sample Date: 27 Jul-05 Code: 

Receive Date: 29 Jul-05 12:00 PM Source: 
Sample Age: 28d 12h Slatlon: 

Sample No: 07-1195-7239 Material: 

Sample Date: 27 Jul-05 12:00 PM Code: 
Receive Date: 29 Jul-05 10:00 AM Source: 
Sample Age: 28d Oh Slation: 

Sample No: 02-4724-2483 Material: 
Sample Date: 27 Jul-05 Code: 
Receive Date: 29 Jul-05 12:00 PM Source: 
Sample Age: 28d 12h Station: 

Sample No: 02-7684-9294 Material: 

Sample Dale: 27 Jul-05 12:00 PM Code: 

Receive Date: 29 Jul-0512:00 PM Source: 
Sample Age: 2Bd Oh Station: 

Sample No: 05-3183-7796 Material: 

Sample Date: 27 Jul-05 12:00 PM Code: 
Receive Date: 29 Jul-05 10:00 AM Source: 
Sample Age: 2Bd Oh Slatlon: 

Proportion Survived Summary 

Sample Code Reps Mean 

13569-0 5 0.94000 

13569-9 5 0.96000 

13569-10 5 0.97000 

13569-1 5 0.94000 

13569-3 5 0.93000 

13569-8 5 0.97000 

Proportion Survived Detail 

Sample Code Rep 1 Rep 2 

13569-0 1.00000 0.95000 

13569-9 0.90000 0.95000 

13569-10 1.00000 1.00000 

13569-1 1.00000 0.95000 

13569-3 1.00000 0.95000 

13569-B 0.95000 0.95000 

000-14B-126-2 

Survival 

Laboratory Seawater 

Not Applicable 

Dredged Sediment Suspended Particul 
13569-0 

New Bedford Harbor, MA 

Lab Control 

Dredged Sediment Suspended Particul 

13569-1 

New Bedford Harbor, MA 

Composite 1 

Dredged Sediment Suspended Particul 
13569-10 

New Bedford Harbor, MA 

BBDS - Reference Site 

Dredged Sediment Suspended Partlcul 
13569-3 

New Bedford Harbor, MA 

Composite 3 

Dredged Sediment Suspended Partlcul 
13569-8 

New Bedford Harbor, MA 

Composite 8 

Dredged Sediment Suspended Partlcul 

13569-9 

New Bedford Harbor, MA 

RISDS - Reference Sfte 

Minimum Maximum SE 

0.85000 1.00000 0.02915 

0.90000 1.00000 0.01871 

0.90000 1.00000 0.02000 

0.85000 1.00000 0.02915 

0.80000 1.00000 0.03391 

0.95000 1.00000 0.01225 

Rep 3 Rep 4 Rep 5 

1.00000 0.90000 0.85000 

0.95000 1.00000 1.00000 

0.95000 0.90000 1.00000 

1.00000 0.B5000 0.90000 

0.95000 0.80000 0.95000 

1.00000 0.95000 1.00000 

CETIS'" v1.026C 

Duration: 

Species: 
Source: 

Client: 
Project: 

Client: 
Project: 

Client: 

Project: 

Client: 

Project: 

Client: 

Project: 

Client: 

Project: 

SO 

0.06519 

0.04183 

0.04472 

0.06519 

0.07583 

0.02739 

Report Date: 

Link: 

28d Oh 

Nereis virens 

Page 1 of 1 

25 Sep-05 8:52 PM 

17-2479-2112 

EnviroSyslems. Inc. 

Aquatic Research Organisms, NH 

Battelle Labs 

Dredged Sediment Evaluation 

Baltelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

Baltelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

CV 

6.94% 
4.36% 
4.61% 
6.94% 

8.15% 
2.82% 

Analyst. __ _ Approval: __ _ 



CETIS Data Worksheet 
81oaccumulation Evaluation 

Ster! Date: 24 Aug-05 12:00 PM Species: Nerels virens 
Ending Date: 21 Sep-05 12:00 PM Protocol: 
Sample Date: 04 Aug-05 10:00 AM Material: Dredged Sediment Suspended Particul 

Conc~% Rep Pos I # Exposed # Survived 

13569-0 1 9 20 20 

13569-0 2 24 20 19 

13569-0 3 22 20 20 

13569-0 I 4 2 20 I 18 

13569-0 5 7 20 17 

13569·9 I 1 1 20 18 

13569-9 I 2 I 13 20 19 

13569-9 3 I 12 20 19 

13569·9 4 11 20 20 

13569-9 5 28 20 20 

13569-10 1 20 20 20 

13569-10 2 8 20 20 

13569-10 3 29 20 19 

135e9-10 4 18 20 18 

13569-10 5 27 20 20 I 
13569-1 1 28 20 20 

13569-1 2 23 I 20 19 

13569-1 3 16 20 I 20 

13569-1 4 19 20 17 

13569-1 5 30 20 18 

13569-3 

I 
1 25 20 I 20 

13569-3 2 8 20 19 

13569-3 I 3 5 20 19 

13569-3 I 4 10 20 16 

13569-3 5 14 20 19 

13569-8 1 15 20 19 

13569-8 I 2 I 4 20 19 

13569-8 3 I 3 20 20 

13569-8 4 I 21 20 19 

13569-8 5 I 17 20 20 

000-148-126-2 CETIS'" v1,026C 

Repor! Date: 

Link: 

Sample Code: 13569-0 

Page 1 of 1 

25 Sep-05 8:47 PM 

17-2479-2112 

EnviroSystems, Inc. 

Sample Source: New Bedford Harbor, MA 

Sample Stetlon: Lab Control 

Notes 

Analyst:, __ _ Reviewed By:, __ _ 



CETIS Analysis Detail 
Bioaccumulation Evaluation 

Endpoint Analysis Type Sample Link 
Proportion Survived Comparison 17-2479-2112 

Method Alt H Data Transfonn z 

Comparisons: 
Report Dale: 

Analysis: 

Control Link Date Analyzed 
17-2479-2112 25 Sep-05 8:47 PM 

LOEL Toxic Units ChV 

Page 7 of 12 
25 Sep-05 8:51 PM 

09-7647-4302 

EnviroSyslems, Inc. 

Version 
CETISv1.026 

MSDp 

Equal Variance t C>T Angular (Corrected) 
I NOEL 

NIA 

ANOVA Assumptions 

Attribute Test Statistic Critical P Level Declslon(O.Ol ) 

Variances Variance Ratio 2.03555 23.15450 0.50814 Equal Variances 

Distribution Shapiro-Wilk W 0.92014 0.78055 0.34001 Normal Distribution 

ANOVA Table 

Source Sum of Squares Mean Square DF F Statistic P Level Declslon(0.05) 

Between 0.0029648 0.0029648 1 0.25 0.63237 Non-Significant Effect 

Error 0.095917 0.0119896 8 

Total 0.09888177 0.0149544 9 

Group Comparisons 

Sample vs Sample Statistic Critical P Level MSD Declsion(0.05) 

13569-0 13569-9 -0.4973 1.85955 0.6838 0.12878 Non-Significant Effect 

Data Summary 

Sample Code 

Original Data Transformed Data 

13569-0 

13569-9 

Data Detail 

Sample Code 

13569-0 

13569-9 

Graphics 

] 

L' 

, .. 
'.D 

i! 0.1 
~ . , .. 
I 05 

,., 

'.1 

count 
5 

5 

Rep 1 
1.00000 

0.90000 

Mean 
0.94000 

0.96000 

Rep 2 

0.95000 

0.95000 

Minimum 
0.85000 

0.90000 

Rep 3 

1.00000 

0.95000 

,.,'----------;---------. 
lJ56!Hl 

Silmpl"eadc 

000-14B-126-2 

Maximum SD 
1.00000 0.06519 

1.00000 0.04183 

Rep4 
0.90000 

1.00000 

Rep 5 

0.S5000 

1.00000 

CETIS"" v1.026C 

Mean 
1.33699 

1.37143 

Rep 6 Rep 7 

Minimum 
1.17310 

1.24905 

RepS 

RallkJt:s 

Maximum SD 
1.45876 0.126B1 

1.45876 0.OBBB8 

Rep 9 Rep 10 

Analyst: __ _ Approval: __ _ 



CETIS Analysis Detail 
Bioaccumulation Evaluation 

Endpoint Analysis Type 
Proportion Survived Comparison 

Method Alt H Data Transform 
Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 1.78833 

Distribution Shaplro-Wilk W 0.90082 

ANOVA Table 

Source Sum of Squares Mean Square OF 
Between 0.0081603 0.0081603 1 
Error 0.1002852 0.0125357 8 
Total 0.10844547 0.0206959 9 

Group Comparisons 

Sample vs Sample Statistic Critical 
13569-0 13569-10 -0.8068 1.85955 

Sample Link Control Link 
17-2479-2112 17-2479-2112 

Z I NOEL LOEL 

Critical P Level 
23.15450 0.58721 

0.78055 0.21673 

F Statistic P Level 
0.65 0.44309 

P Level MSD 
0.7785 0.13168 

Comparisons: 
Report Date: 
Analysis: 

Dale Analyzed 
25 Sep-05 8:47 PM 

Toxic Units ChV 
N/A 

Declslon(0.01 ) 
Equal Variances 

Normal Distribution 

Declslon(0.05) 
Non-Significant Effect 

Decision(0.05) 
Non-Significant Effect 

Page 1 of 12 
25 Sep-05 8:51 PM 

01-8351-3275 

EnviroSystems. Inc. 

Version 
CETISv1.026 

MSDp 

I 

Data Summary Original Data Transfonned Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 
13569-0 5 0.94000 0.85000 1.00000 0.06519 1.33699 1.17310 1.45876 0.12681 
13569-10 5 0.97000 0.90000 1.00000 0.04472 1.39412 1.24905 1.45876 0.09482 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 
13569-0 1.00000 0.95000 1.00000 0.90000 0.85000 
13569-10 1.00000 1.00000 0.95000 0.90000 1.00000 
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CETIS Analysis Detail 
Bioaccumulation Evaluation 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 
Equal Variance t C>T Angular (Correcled) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 1.13824 

Distribution Shaplro-Wilk W 0.86268 

ANOVA Table 

Source Sum of Squares Mean Square OF 

Between 0.0012877 0.0012877 1 

Error 0.0675639 0.0084455 8 

Total 0.06885158 0.0097332 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-9 13569-10 -0.3905 1.85955 

Sample Link Control Link 

17-2479-2112 17-2479-2112 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.90316 

0.78055 0.08520 

F Statistic P Level 

0.15 0.70638 

P Level MSO 

0.6468 0.10808 

Comparisons: 
Report Date: 
Analysis: 

Date Analyzed 
25 Sep-05 8:47 PM 

Toxic Units ChV 

N/A 

Oeclslon(O.Ol ) 

Equal Variances 

Normal Distribution 

Oecision(0.05) 

Non-5lgnlficant Effect 

Oeclslon(0_05) 

Non-Significant Effect 

Page 2 of 12 

25 Sep-05 8:51 PM 

03-9603-8830 

EnviroSystems, Inc. 

Version 
CETISv1.026 

MSOp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-9 5 0.96000 0.90000 1.00000 0.04183 1.37143 1.24905 1.45876 0.08888 

13569-10 5 0.97000 0.90000 1.00000 0.04472 1.39412 1.24905 1.45876 0.09482 

Oata Oetail 

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 RepS RepS Rep 7 Rep 8 Rep 9 Rep 10 

13569-9 0.90000 0.95000 0.95000 1.00000 1.00000 

13569-10 1.00000 1.00000 0.95000 0.90000 1.00000 
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CETIS Analysis Detail 
Bioaccumulation Evaluation 

Endpoint Analysis Type 
Proportion SUrvived Comparison 

Method Alt H Data Transfonn 
Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 1.00000 

Distribution Shapiro-Wllk W 0.83899 

ANOVA Table 

Source S urn of Squares Mean Square DF 

Between 0 0 1 

Error 0.1286383 0.0160798 8 

Total 0.12863825 0.0160798 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-0 13569-1 o 1.85955 

Comparisons: 
Report Date: 
Analysis: 

Sample Link Control Link Date Analyzed 

17-2479-2112 17-2479-2112 25 Sep-05 8:47 PM 

I NOEL LOEL Toxic Units ChV z 
N/A 

Critical P Level Decision(0.01) 

23.15450 1.00000 Equal Variances 

0.78055 0.04679 Normal Distribution 

F Statistic P Level Declslon(0.05) 

0.00 1.00000 Non-Significant Effect 

P Level MSD Decision(0.05) 

0.5000 0.14913 Non-Significant Effect 

Page 9 of 12 

25 Sep-05 8:51 PM 
10-7275-6962 

EnviroSystems, Inc. 

Version 
CETISv1.026 

MSDp 

Data Summary 

Sample Code 

OrigInal Data Transfonned Data 

13569-0 

13569-1 

Data Detail 

Sample Code 

13569-0 

13569-1 

Graphics 

,., 
~ 
0:. 0.7 

" S 0.6-

" i o~ 
'.4 

'" ,., 

Count Mean Minimum Maximum SD Mean Minimum Maximum SO 
5 0.94000 0.85000 1.00000 0.06519 1.33699 

1.33699 

1.17310 1.45876 0.12681 

5 0.94000 0.85000 1.00000 0.06519 1.17310 1.45876 0.12681 

Rep 1 
1.00000 

1.00000 

Rep 2 Rep 3 

0.95000 1.00000 
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0.85000 

0.90000 

Rep 6 Rep 7 Rep 8 

o 0 

1l.1n. : /' 

,~ !/ 

Rep 9 

// 

P o 

O.DD - - - - - - - - - - - - - ~"f0- - - - - - - - - - - - - 

/' -D.rer /f : 

.,.'. 

.,.'" 

/ , 
/0 a I 

/" : 

Rep 10 

}/o i 
.,,01---''0-,.--,.--.:'....--,---,--,--, 

-2.0 -1.5 -1.0 ·0.5 0,0 

,.,L _______ -. ____ .,-___ , 
13569-0 13569-1 05 ,., " 

SamplaCoda Ranklts 

000-148-126-2 CETIS'" v1.026C Analyst: __ _ Approval: __ _ 



CETIS Analysis Detail 
Bioaccumulation Evaluation 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transfonn 
Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 2.03555 

Distribution Shaplro-Wllk W 0.92014 

ANOVATable 

Source Sum of Squares Mean Square OF 

Between 0.0029648 0.0029648 1 

Error 0.095917 0.0119896 8 

Total 0.09B88177 0.0149544 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-9 13569-1 0.49727 1.85955 

Sample Link Control Link 

17-2479-2112 17-2479-2112 

Z II NOEL LOEL 

Critfcal P Level 

23.15450 0.50814 

0.78055 0.34001 

F Statistic P Level 

0.25 0.63237 

P Level MSO 

0.3162 0.12878 

Comparisons: 
Report Date: 
Analysis: 

Date Analyzed 
25 Sep-05 8:47 PM 

Toxic Units ChV 

N/A 

Oeclslon(0.01) 

Equal Variances 
Normal Distribution 

Oeclslon(0.05) 

Non-Significant Effect 

Oeclslon(0.05) 

Non-Significant Effect 

Page 8 of 12 

25 Sep-05 8:51 PM 

09-9536-5229 

EnviroSystems. Inc. 

Version 
CETISv1.026 

MSOp 

I 

Data Summary Original Data Transformed Data 

SampJeCode Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-9 5 0.96000 0.90000 1.00000 0.04183 1.37143 1.24905 1.45876 0.088BB 

13569-1 5 0.94000 0.85000 1.00000 0.06519 1.33699 1.17310 1.45B76 0.12681 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-9 0.90000 0.95000 0.95000 1.00000 1.00000 

13569-1 1.00000 0.95000 1.00000 0.85000 0.90000 
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CETIS Analysis Detail 
Bloaccumulatfon Evaluation 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transfonn 
Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 1.78833 

Distribution Shaplro-Wilk W 0.90082 

ANOVA Table 

Source Sum of Squares Mean Square OF 

Between 0.0081603 0.0081603 1 

Error 0.1002852 0.0125357 8 

Total 0.10844547 0.0206959 9 

Group Comparisons 

Sample vs Sample statistic Critical 
13569-10 13569-1 0.80682 1.85955 

Sample Link Control Link 

17-2479-2112 17-2479-2112 

Z I NOEL LOEL 

Crill cal P Level 

23.15450 0.58721 

0.78055 0.21673 

F Statistic P Level 

0.65 0.44309 

P Level MSD 

0.2215 0.13168 

Comparisons: 
Report Date: 
Analysis: 

Date Analyzed 
25 Sep-05 8:47 PM 

Toxic Units ChV 

N/A 

Declsion(0.01 ) 

Equal Variances 
Normal Distribution 

Declsion(0.05) 

Non-Significant Effect 

Declslon(0.05) 

Non-Significant Effect 

Page 6 of 12 

25 Sep-05 8:51 PM 

07-2405-9627 

EnvlroSystems. Inc. 

Version 
CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 
13569-10 5 0.97000 0.90000 1.00000 0.04472 1.39412 1.24905 1.45876 0.09482 

13569-1 5 0.94000 0.85000 1.00000 0.06519 1.33699 1.17310 1.45876 0.12681 

Data Detail 

SampJeCode Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 RepS Rep 9 Rep 10 

13569-10 1.00000 1.00000 0.95000 0.90000 1.00000 

13569-1 1.00000 0.95000 1.00000 0.85000 0.90000 
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CETIS Analysis Detail 
Bioaccumulalion Evaluation 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 1.03354 

Distribution Shapiro-Wllk W 0.89810 

ANOVA Table 

Source Sum of Squares Mean Square OF 

Between 0.0006920 0.0006920 1 

Error 0.1307958 0.0163495 8 

Total 0.13148784 0.0170415 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-0 13569-3 0.20573 1.85955 

Sample Link Control Link 

17-2479-2112 17-2479-2112 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.97526 

0.78055 0.20309 

F Statistic P Level 

0.04 0.84214 

P Level MSD 

0.4211 0.15038 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

25 Sep-05 8:47 PM 

Toxic Units ChV 

N/A 

Declslon(O_Ol) 

Equal Variances 

Normal Distribution 

Decislon(0.05) 

Non-Significant Effect 

Declslon(0.05) 

Non-Significant Effect 

Page110! 12 

25 Sep-05 8:51 PM 

14-9186-9873 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-0 5 0.94000 0.85000 1.00000 0.06519 1.33699 1.17310 1.45876 0.12661 

13569-3 5 0.93000 0.80000 1.00000 0.07583 1.32035 1.10715 1.45876 0.12892 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 RepS Rep 7 Rep 8 Rep 9 Rep 10 

13569-0 1.00000 0.95000 1.00000 0.90000 0.85000 

13569-3 1.00000 0.95000 0.95000 0.80000 0.95000 
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CETIS Analysis Detail 
Bloaccumulation Evaluation 

Endpoint Analysis Type 
Proportion Survived Comparison 

Method All H Oata Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 2.10384 

Olslributlon Shapiro-Wilk W 0.92596 

ANOVA Table 

Source Sum of Squares Mean Square OF 

Between 0.0065215 0.0065215 1 

Error 0.0980745 0.0122593 B 

Total 0.10459607 0.0187808 9 

Group Comparisons 

Sample vs Sample Statistic Critical 
13569-9 13569-3 0.72936 1.85955 

Sample Link Control Link 
17-2479-2112 17-2479-2112 

Z NOEL LOEL 

Critical P Level 
23.15450 0.48904 

0.78055 0.38752 

F Statistic P Level 
0.53 0.4865B 

P Level MSO 
0.2433 0.13022 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

25 Sep-05 8:47 PM 

Toxic Units ChV 
N/A 

Oeclsion(O.OI ) 

Equal Variances 

Normal Distribution 

Oeclslon(0.05) 
Non-Significant Effect 

Oeclslon(0.05) 
Non-Significant Effect 

Page 4 of 12 
25 Sep-05 8:51 PM 

05-2159-5682 

EnviroSystems, Inc. 

Version 
CETISvl.026 

MSOp 

Data Summary Original Oata Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 
13569-9 5 0.96000 0.90000 1.00000 0.04183 1.37143 1.24905 1.45876 0.088B8 

13569-3 5 0.93000 0.80000 1.00000 0.07583 1.32035 1.10715 1.45876 0.12892 

Oata Oetall 

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 RepS Rep 7 Rep 8 Rep 9 Rep 10 

13569-9 0.90000 0.95000 0.95000 1.00000 1.00000 

13569-3 1.00000 0.95000 0.95000 0.80000 0.95000 
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CETIS Analysis Detail 
BioaccumulatIon EValuation 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 

Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 1.84832 

Distribution Shaplro-Wllk W 0.87831 

ANOVATable 

Source Sum of Squares Mean Square DF 

Between 0.0136049 0.0136049 1 

Error 0.1024428 0.0128054 8 

Total 0.1160477 0.0264103 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-10 13569-3 1.03075 1.85955 

Sample Link Control Link 

17-2479-2112 17-2479-2112 

Z I NOEL LOEL 

Critical P Level 
23.15450 0.56646 

0.78055 0.12558 

F Statistic P Level 

1.06 0.33281 

P Level MSD 

0.1664 0.13309 

Comparisons: 

Report Date: 

Analysis: 

Date Analyzed 

25 Sep-OS 8:47 PM 

Toxic Units ChV 

N/A 

Decislon(0.01) 

Equal Variances 

Normal Distribution 

Declslon(0.05) 

Non-Significant Effect 

Decislon(0.05) 

Non-8lgnificant Effect 

Page 3 of 12 

25 Sep-05 8:51 PM 

04-3390-7112 

EnviroSystems, Inc. 

Version 

CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-10 5 0.97000 0.90000 1.00000 0.04472 1.39412 1.24905 1.45876 0.09482 

13569-3 5 0.93000 0.80000 1.00000 0.07583 1.32035 1.10715 1.45876 0.12892 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 RepS Rep 6 Rep 7 Rep 8 Rep 9 Rep10 

13569-10 1.00000 1.00000 0.95000 0.90000 1.00000 

13569-3 1.00000 0.95000 0.95000 0.80000 0.95000 
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CETIS Analysis Detail 
Bioaccumulation Evaluation 

Endpoint Analysis Type 

Proportion Survived Comparison 

Method Alt H Data Transform 
Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 4.16249 

Distribution Shapiro-Wilk W 0.93623 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 0.0072051 0.0072051 1 

Error 0.0797712 0.0099714 8 

Total 0.08697633 0.0171765 9 

Group Comparisons 

Sample vs Sample Statistic Critical 
13569-0 13569-8 -0.8500 1.85955 

Sample Link Control Link 
17-2479-2112 17-2479-2112 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.19606 

0.78055 0.48431 

F Statistic P Level 

0.72 0.42001 

P Level MsD 

0.7900 0.11744 

Comparisons: 
Report Date: 
Analysis: 

Date Analyzed 
25 Sep-05 8:47 PM 

Toxic Units ChV 

N/A 

Declslon(0.01 ) 

Equal Variances 
Normal Dlstnbution 

Decision(0.05) 

Non-Significant Effect 

Decision(O.OS) 

Non-Significant Effect 

Page 10 of 12 

25 Sep-05 8:51 PM 

14-6159-4082 

EnviroSystems, Inc. 

Version 
CETISv1.026 

MSDp 

I 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum sD Mean Minimum Maximum sD 

13569-0 5 0.94000 0.85000 1.00000 0.06519 1.33699 1.17310 1.45876 0.12681 

13569-8 5 0.97000 0.95000 1.00000 0.02739 1.39067 1.34528 1.45876 0.062t5 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 RepS RepS Rep 7 Rep B Rep 9 Rep 10 

13569-0 1.00000 0.95000 1.00000 0.90000 0.85000 

13569-8 0.95000 0.95000 1.00000 0.95000 1.00000 
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CETIS Analysis Detail 
Bioaccumulatlon Evaluation 

Endpoint Analysis Type 
Proportion Survived Comparison 

Method Alt H Data Transform 
Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 2.04489 

Distribution Shapiro-Wllk W 0.86912 

ANOVA Table 

Source Sum of Squares Mean Square OF 
Between 0.0009262 0.0009262 1 

Error 0.0470499 0.0058812 8 

Total 0.04797609 0.0068074 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-9 13569-8 -0.3968 1.85955 

Comparisons: 
Report Date: 

Analysis: 

Sample Link Control Link Date Analyzed 

17-2479-2112 17-2479-2112 25 Sep-05 8:47 PM 

z NOEL LOEL Toxic Units ChV 

N/A 

Critical P Level Decislon(0.01) 

23.15450 0.50546 Equal Variances 

0.78055 0.10006 Normal Distribution 

F Statistic P Level Declsion(0.05) 

0.16 0.70187 Non-Significant Effect 

P Level MSD Declslon(0.05) 

0.6491 0.09019 Non-Significant Effect 

Page 5 of 12 

25 Sep-05 8:51 PM 

06-5023-9996 

EnviroSystems, Inc. 

Version 
CETISv1.026 

MSDp 

Data Summary 

Sample Code 

Original Data Transformed Data 

13569-9 

13569-8 

Data Detail 

Sample Code 

13569-9 

13569-8 

Graphics 

L. 

0.9-

0.1 

Count 
5 

5 

Rep 1 

0.90000 

0.95000 

Mean 
0.96000 

0.97000 

Rep 2 

0.95000 

0.95000 

MinImum 
0.90000 

0.95000 

Rep 3 

0.95000 

1.00000 

0.0'-----------,--------, 
1351i'1-9 I'"'' 

SamplllCodIi 

000-148-126-2 

Maximum SO 
1.00000 0.04183 

1.00000 0.02739 

Rep4 

1.00000 

0.95000 

RepS 

1.00000 

1.00000 

0." 

-0." 

Mean 
1.37143 

1.39067 

Rep 6 Rep 7 

-2.0 -1.5 -1.0 -05 

Minimum 
1.24905 

1.3452B 

RepB 

Maximum 
1.45B76 

1.45876 

Rep 9 

SO 

0.088BB 

0.06215 

Rep 10 

.0 0.5 1.0 1.5 2.0 

RIInklts 

CETIS'" v1.026C Analyst: __ _ Approval:. __ _ 



CETIS Analysis Detail 
Bioaccumulation Evaluation 

Endpoint Analysis Type 
Proportion Survived Comparison 

Method Alt H Data Transfonn 
Equal Variance t C>T Angular (Corrected) 

ANOVA Assumptions 

Attribute Test Statistic 

Variances Variance Ratio 2.32758 

Distribution Shapiro-Wllk W 0.79536 

ANOVA Table 

Source Sum of Squares Mean Square DF 

Between 2.972E-05 2.972E-05 1 

Error 0.0514182 0.0064273 8 

Total 0.05144789 0.006457 9 

Group Comparisons 

Sample vs Sample Statistic Critical 

13569-10 13569-8 0.068 1.85955 

Sample Link Control Link 

17-2479-2112 17-2479-2112 

Z I NOEL LOEL 

Critical P Level 

23.15450 0.43331 

0.78055 0.01493 

F Statistic P Level 
0.00 0.94746 

P Level MSD 

0.4737 0.09429 

Comparisons: 
Report Date: 

Analysis: 

Date Analyzed 

25 Sep-05 8:48 PM 

Toxic Units ChV 

N/A 

Decislon(0.01 ) 

Equal Variances 

Normal Distribution 

Declsion(0.05) 

Non-Significant Effect 

Decision(0.05) 

Nan-Significant Effect 

Page 12 of 12 

25 Sep-05 8:51 PM 

21-1021-7356 

EnviroSystemst Inc. 

Version 
CETISvl.026 

MSDp 

I 

Data Summary Original Data Transfonned Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 
13569-10 5 0.97000 0.90000 1.00000 0.04472 1.39412 1.24905 1.45876 0.09482 

13569-8 5 0.97000 0.95000 1.00000 0.02739 1.39067 1.34528 1.45876 0.06215 

Data Detail 

Sample Code Rep 1 Rep 2 Rep3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 ReplD 

13569-10 1.00000 1.00000 0.95000 0.90000 1.00000 

13569-8 0.95000 0.95000 1.00000 0.95000 1.00000 
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STUDY # 13569'" 

D LAB 

T(~~i DO 
(m~IL) 

a ;5 fD.8S-
1 15 '7.25 
2 Il.l 7,~ 
3 fI./ 7,,/ 

4 13 '7. s 
5 11 7.~'5""' 
6 I~ 1.~ 
7 14 I. "Z-
a 15" 7. 1-L 
9 ]~ 7.'2.5" 

10 i'1 /; R 
11 I~ &.K 
12 11 -0-/ 
13 f~ 1.° 
14 iY '7.S 
15 lLj 7.3 
16 It . .., ,5"'5 

17 /3 10. £, 

1B \ ".5 ).7 
19 jLi 7. I 
20 jL ?So 
21 1'1 ~ 
22 I L '7.7 
23 I L.l t.Ll 
24 to..{ 7.-'5 
25 I") 7'1 , . 
26 iLl 7·& 
27 /3 7.l 
2B IS- 1;7 

SEDIMENT BIOACCUMULATION ASSAY 
Macoma nasusta CLAMS 

CLIENT: Battelle Overlying Water: Lab Salt ST~~J1j!J? , -

-DOt 
CHECK WQ 

pH . SAL TEMP DO pH SAL FLOW STATION 
c'SU) . (ppt) (·C) (m~IL) (SU) (ppt) RATE # DATE 
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STUDY # 13569 

SEDIMENT BIOACCUMULATIONASSAY 
Macoma nasusta 

CLIENT: Battelle Overlying Water: Lab Salt STAR~~l%s-' 

D '~OD3 .-. ooB 
CHECK WQ 

Tf~; DO (~~) S~~ TEMP DO pH SAL FLOW STATION 
(mg/L) (ppt (OC) (mQ/L) (SU\ (DOt) RATE # DATE 

0 Ii.( c.CI 7.75 :5/ ifJ 7.0 '7:75 3/ 'J I CfItf(Cl> 
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-\ f.85 3( if '2. rt2,k 
9 ILJ 1.3 /.8 0 3( ILl '7.~ ( .. 82> 3/ of z.... 9/~< 
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SEDIMENT BIOACCUMULATION ASSAY 
Macoma nasusta 

STUDY # 13569 CLIENT: Battelle Overlying Water: Lab Salt STAR9Z1%s-

D KIS]::s 
T~MP DO pH SAL 

DAY I'C) (mg/L) (SLJ) (ppt 

/ 

CHECK WQ 
FLOW STATION 
RATE # DATE INIT. 

TEMP DO pH SAL 
('C) (mg/L) (5U) (ppt) 

14 '7. 2.. 7.77 3/ v / 
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Macoma nasuta SEDIMENT BIOACCUMULATION ASSAY 
28 Day Survival Data 

STUDY # n 5~1 CLIENT: 13o...\{ <:..1 ~ Overlying Water: 
Hampton Estuary 

Replicate Organisms Added at Test Initiation 

~LSO i) \I) \ 

Initials ---lbo.LU--,,«· +-+1 --;;;-_ 
Date --+l-;-e-t\ltc+:l op\ i\lj;,],----

START DATE: 

Organisms Recovered at Day 28 

27 

30 
10 

27 
)0 



Macoma nasuta SEDIMENT BIOACCUMULATION ASSAY 
28 Day Survival Data 

STUDY # I)')" ~ CLlE~~~ l V Overlying Water: 
HamDton Estuary 

START DATE: 

Replicate Organisms Added at Test Initiation Organisms Recovered at Day 28 

U~\1S /~ )0 -:SO 
?2: (.$ O~ ~ J.q 
,,e,~Q) ( ?o 
Oil\?) (I) 2? 

--e ~O~ E-- V 'Sf) 



CETIS Test Summary 
Bioaccumulation Evaluation 

Test No: 06-5671-8723 Test Type: 

Start Date: 14 Sep-05 12:00 PM Protocol: 

Ending Date: 12 Oct-0512:00 PM Oil Water: 
Setup Date: 14 Sep-05 12:00 PM Brine: 

Sample No: 01-8359-6054 Material: 

Sample Date: 13 Sep-05 12:00 PM Code: 

Receive Date: 13 Sep-0512:00 PM Source: 

SampJeAge: 24h Station: 

Sample No: 04-7399-9752 Material: 

Sample Date: 27 Jul-05 Code: 
Receive Date: 29 Jul-0512:00 PM Source: 
Sample Age: 49d 12h Station: 

Sample No: 07-1195-7239 Material: 

Sample Date: 27 Jul-05 12:00 PM Code: 

Receive Date: 29 Jul-05 10:00 AM Source: 

Sample Age: 49d Oh Station: 

Sample No: 02-4724-2483 Material: 

Sample Date: 27 Jul-05 Code: 

Receive Date: 29 Jul-05 12:00 PM Source: 

Sample Age: 49d 12h Station: 

Sample No: 02-7684-9294 Material: 

Sample Date: 27 Jul-05 12:00 PM Code: 

Receive Date: 29 Jul-05 12:00 PM Source: 

Sample Age: 49d Oh Station: 

Sample No: 05-3183-7796 Material: 

Sample Date: 27 Jul-05 12:00 PM Code: 

Receive Date: 29 Jul-0510:00 AM Source: 

Sample Age: 49d Oh Station: 

Proportion Survived Summary 

Sample Code Reps Mean 

13569-000 5 0.96000 

13569-9 5 0.96667 

13569-10 5 0.98000 

13569-1 5 0.94000 

13569-3 5 0.94000 

13569-8 5 0.96667 

Proportion Survived Detail 

Sample Code Rep 1 Rep 2 

13569-000 0.96667 0.93333 

13569-9 0.93333 0.90000 

13569-10 1.00000 0.96667 

13569-1 0.90000 0.93333 

13569-3 0.93333 0.96667 

13569-8 0.96667 0.96667 

000-148-126-1 

Survival 

Laboratory Seawater 

Not Applicable 

Dredged Sediment Suspended Particul 

13569-000 

New Bedford Harbor, MA 

Lab Control 

Dredged Sediment Suspended Particul 

13569-1 

New Bedford Harbor, MA 

Composite 1 

Dredged Sediment Suspended Particul 

13569-10 

New Bedford Harbor, MA 

BBDS - Reference Site 

Dredged Sediment Suspended Particul 

13569-3 

New Bedford Harbor, MA 

Composite 3 

Dredged Sediment Suspended Particul 

13569-8 

New Bedford Harbor. MA 

Composite B 

Dredged Sediment Suspended Particul 

13569-9 

New Bedford Harbor, MA 

RISDS - Reference Site 

Minimum Maximum SE 
0.93333 0.96667 0.00667 

0.90000 1.00000 0.02108 

0.93333 1.00000 0.01333 

0.90000 1.00000 0.01944 

0.86667 0.96667 0.01944 

0.90000 1.00000 0.01826 

Rep 3 Rep4 Rep 5 

0.96667 0.96667 0.96667 

1.00000 1.00000 1.00000 

1.00000 0.93333 1.00000 

1.00000 0.96667 0.90000 

0.86667 0.96667 0.96667 

0.90000 1.00000 1.00000 

CETIS'" v1.026C 

Duration: 

Species: 

Source: 

Client: 

Project: 

Client: 

Project: 

Client: 

Project: 

Client: 

Project: 

Client: 

Project: 

Client: 

Project: 

SO 

0.01491 

0.04714 

0.02981 

0.04346 

0.04346 

0.04082 

Report Date: 

Link: 

28d Oh 

Macoma nasuta 

Page 1 of 1 

26 Oct-05 11 :40 AM 

11-3837-3039 

EnviroSystems, Inc. 

Aquatic Research Organisms, NH 

Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

Battelle Labs 

Dredged Sediment Evaluation 

CV 
1.55% 

4.88% 

3.04% 

4.62% 

4.62% 

4.22% 

Analyst. __ _ Approval:. ___ _ 



CETIS Data Worksheet 
Bioaccumulatlon Evaluation 

Start Date: 14 Sep-05 12:00 PM Species: Macoma nasuta 

Report Date: 

Link" 

Sample Code: 13569-000 

Page 1 of 1 

26 oct-05 11 :39 AM 

11-3837-3039 

EnviroSystems,lnc. 

Ending Date: 12 Oct-05 12:00 PM Protocol: Sample Source: New Bedford Harbor, MA 

Sample Date: 13 Sep-0512:0D PM Material: Dredged Sediment Suspended Partlcul Sample Station: Lab Control 

Conc-"/a I Rep i Pas I # Exposed # Survived I 

13569-000 1 1 1 25 1 3D • 29--r" 
13569-000 i 2 14! 30 28 1-"----------------"--------------

13569-9 

13569-9 

13569-10 

13569-10 

13569-10 

13569-10 

13569-10 1 5 16 1 3D 3D 

13569-1 1 29 1 3D 27 1 
I~~----~~~~--~--~~~-+------------------------------------------I 
13569-1 2 10 30 28 

13569-1 3 13 30 30 

13569-1 4 1 23 3D 29 

13569-1 1 5 26 3D • 27 

13569-3 1 11 3D " 28 

13569-3 2 2 3D 29 

13569-3 3 4 3D 26 

1'3569-3 4 1 3D 29 

1'3569-3 5 18 3D 29 

13569--8 1 15 30 29 

13569-8 2 1 20 3D 29 

13569-8 3 28 30 27 

13569-8 4 B 3D 3D 

13569-8 5 22 30 3D 
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CETIS Analysis Detail 
Bioaccumulatlon Evaluation 

Test No: 06-5671-8723 Test Type: 

Start Date: 14 Sep-05 12:00 PM Protocol: 
Ending Date: 12 Oct-05 12:00 PM Dil Water: 

Setup Date: 14 Sep-05 12:00 PM Brine: 

Survival 

Laboratory Seawater 

Not Applicable 

Comparisons: 

Report Date: 
Analysis: 

Duration: 28d Oh 
Species: Macoma nasuta 

Page 12 of 12 

26 Oct-05 11 :40 AM 

15-2659-2714 

EnviroSystems, Inc. 

Source: Aquatic Research Organisms, NH 

Endpoint Analysis Type Sample Link Control Link Date Analyzed Version 

Proportion Survived Comparison 11-3837-3039 11-3837-3039 26 Oct-05 11 :39 AM GETISv1.026 

Method Alt H Data Transform Z I NOEL LOEL Toxic Units GhV MSDp 

I Equal Variance t G>T Angular (Corrected) N/A 

ANOVA Assumptions 

Attribute Test Statistic Critical P Level DecI510n(0.01) 

Variances Variance Ratio 10.36132 23.15450 0.04376 EquaiVarianc8s 
Distribution Shaplro-Wllk W 0.87308 0.78055 0.11037 Normal Distribution 

ANOVA Table 

Source Sum of Squares Mean Square DF F Statistic P Level Deci510n(0.05) 

Between 0.0019161 0.0019161 1 0.28 0.61081 Non-Significant Effect 

Error 0.0546664 0.0068333 8 

Total 0.05658249 0.0087494 9 

Group Comparisons 

Sample V5 Sample Statistic Critical P Level MSD Decision(O.05} 

13569-000 13569-9 -0.5295 1.85955 0.6946 0.09722 Non-Significant Effect 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 
13569-000 5 0.96000 0.93333 0.96667 0.01491 1.37168 1.30964 1.38719 0.03468 
13569-9 5 0.96667 0.90000 1.00000 0.04714 1.39937 1.24905 1.47938 0.11164 

Data Detail 

Sample Code Rep 1 Rep2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-000 0.96667 0.93333 0.96667 0.96667 0.96667 

13569-9 0.93333 0.90000 1.00000 1.00000 1.00000 
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CETIS Analysis Detail 
Bioaccumulation Evaluation 

Test No: 06-5671-8723 Test Type: Survival 

Start Date: 14 Sep-0512:00 PM Protocol: 

Comparisons: 

Report Date: 

Analysis: 

Duration: 28d Oh 

Species: Macoma nasuta 

Page 1 of 12 

26 Oct-05 11 :40 AM 

05-2488-0824 

EnviroSystems,lnc. 

Ending Date: 12 Oct-05 12:00 PM Oil Water: Laboratory Seawater Source: Aquatic Research Organisms, NH 

Setup Date: 14 Sep-05 12:00 PM Brine: Not Applicable 

Endpoint Analysis Type Sample Link Control Link Date Analyzed Version 

Proportion Survived Comparison 11-3837-3039 11-3837-3039 26 Ocl-05 11 :39 AM CETISvl.026 

Method All H Data Transform Z I NOEL LOEL Toxic Units ChV MSDp 

I Equal Variance t C>T An9ular (Corrected) N/A 

ANOVA Assumptions 

Attribute Test Statistic Critical P Level Decislon(0.01) 

Variances Variance Ratio 4.90269 23.15450 0.15276 Equal Variances 

Distribution Shaplro-Wilk W 0.84386 0.78055 0.05298 Normal Distribution 

ANOVA Table 

Source Sum of Squares Mean Square DF F Statistic P Level Decision(O.05) 

Between 0.0076490 0.0076490 1 2.15 0.18033 Non~S!gnificant Effect 

Error 0.0284015 0.0035502 8 

Total 0.03605055 0.0111992 9 

Group Comparisons 

Sample vs Sample Statistic Critical P Level MSD Decislon(0.05) 

13569-000 13569-10 -1.4678 1.85955 0.9098 0.07008 Non~Slgnlficant Effect 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-000 5 0.96000 0.93333 0.96667 0.01491 1.37168 1.30964 1.38719 0.03466 

13569-10 5 0.98000 0.93333 1.00000 0.02981 1.42700 1.30964 1.47938 0.07680 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep9 Rep 10 

13569-000 0.96667 0.93333 0.96667 0.96667 0.96667 

13569-10 1.00000 0.96667 1.00000 0.93333 1.00000 
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CETIS Analysis Detail 
Bioaccumulatlon Evaluation 

Test No: 06-5671-8723 Test Type: Survival 

Start Date: 14 Sep-05 12:00 PM Protocol: 

Comparisons: 

Report Date: 

Analysis: 

Duration: 28d Oh 

Species: Macoma nasuta 

Page70f 12 

26 Oct-05 11:40 AM 

09-9428-7323 

EnviroSystems, Inc. 

Ending Date: 12 Oct-05 12:00 PM Oil Water: Laboratory Seawater Source: Aquatic Research Organisms, NH 

Setup Date: 14 Sep-05 12:00 PM Brine: Not Applicable 

Endpoint Analysis Type Sample Link Control Link Date Analyzed Version 

Proportion Survived Comparison 11-3837-3039 11-3837-3039 26 Oct-05 11 :40 AM CETISv1.026 

Method All H Data Transform Z I NOEL LOEL Toxic Units ChV MSOp 

I Equal Variance t C>T Angular (Corrected) N/A 

ANOVA Assumptions 

Attribute Test Statistic Critical P Level Decislon(O.01) 

Variances Variance Ratio 2.11340 23.15450 0.48645 Equal Variances 

Distribution Shapiro-Wilk W 0.81576 0.78055 0.02563 Normal Distribution 

ANOVA Table 

Source Sum of Squares Mean Square OF F Statistic P Level Oec1s10n(0.05) 

Between 0.0019084 0.0019084 1 0.21 0.66056 Non-Significant Effect 

Error 0.0734447 0.0091806 8 

Total 0.07535312 0.0110890 9 

Group Comparisons 

Sample vs Sample Statistic Critical P Level MSO Decision{O.05) 

13569-9 13569-10 -0.4559 1.85955 0.6697 0.11269 Non-Significant Effect 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-9 5 0.96667 0.90000 1.00000 0.04714 1.39937 1.24905 1.47938 0.11164 

13569-10 5 0.98000 0.93333 1.00000 0.02981 1.42700 1.30964 1.47938 0.07680 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep7 Rep 8 Rep 9 Rep 10 

13569-9 0.93333 0.90000 1.00000 1.00000 1.00000 

13569-10 1.00000 0.96667 1.00000 0.93333 1.00000 
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CETIS Analysis Detail 
Bioaccumulation Evaluation 

Test No: 06-5671-8723 Test Type: 

Start Date: 14 Sep-05 12:00 PM Protocol: 

Ending Date: 12 Oct-0512:00 PM Oil Water: 

Setup Date: 14 Sep-05 12:00 PM Brine: 

Survival 

Laboratory Seawater 

Not Applicable 

Comparisons: 

Report Date: 

Analysis: 

Duration: 28d Oh 

Species: Macoma nasuta 

Page 10 of 12 

26 Oct-05 11 :40 AM 

13-7103-8641 

EnviroSystems, Inc. 

Source: Aquatic Research Organisms, NH 

Endpoint Analysis Type Sample Link Control Link Date Analyzed Version 

Proportion Survived Comparison 11-3837-3039 11-3837-3039 26 Oct-05 11 :39 AM CETtSvl.026 

Method Att H Data Transform Z I NOEL LOEL Toxic Units ChV MSOp 

I Equal Variance t C>T Angular (Corrected) NIA 

ANOVA Assumptions 

Attribute Test Statistic Critical P Level Oeclsion(O.Ol) 

Variances Variance Ratio 8.10320 23.15450 0.06710 Equal Variances 

Distribution Shapiro-Wilk W 0.90633 0.78055 0.24689 Normal Distribution 

ANOVA Table 

Source Sum of Squares Mean Square OF F Statistic P Level Decision(O.05) 

Between 0.0033894 0.0033894 1 0.62 0.45407 NQn~Significant Effect 

Error 0.0438012 0.0054751 8 

Total 0.04719057 0_0088646 9 

Group Comparisons 

Sample vs Sample Statistic Critical P Level MSO Oeclsion(O.05) 

13569-000 13569-1 0.7868 1.85955 0.2270 0.08702 Non~Significant Effect 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-000 5 0.96000 0.93333 0.96667 0.01491 1.37168 1_30964 1.38719 0.03468 

13569-1 5 0.94000 0.90000 1_00000 0.04346 1.33486 1.24905 1.47938 0.09873 

Data Detail 

Sample Code Rep 1 Rep2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep B Rep9 Rep 10 

13569-000 0.96667 0.93333 0.96667 0.96667 0.96667 

13569-1 0.90000 0_93333 1.00000 0.96667 0.90000 
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CETIS Analysis Detail 
Bioaccumulatlon Evaluation 

Test No: 06-5671-8723 Test Type: 

Start Dale: 14 Sep-05 12:00 PM Protocol: 

Comparisons: 

Report Date: 

Analysis: 

Survival Duration: 28d Oh 

Species: Macoma nasuta 

Page 2 of 12 

26 Ocl-05 11 :40 AM 

05-2680-6055 

EnviroSystems, Inc. 

Ending Date: 12 Ocl-0512:00 PM 011 Water: Laboratory Seawater Source: Aquatic Research Organisms, NH 

Setup Date: 14 Sep-0512:00 PM Brine: Nol Applicable 

Endpoint Analysis Type Sample Link Control Link Date Analyzed Version 

Proportion Survived Comparison 11-3837-3039 11-3837-3039 26 Ocl-05 11 :40 AM CETISv1.026 

Method All H Data Transform Z I NOEL LOEL Toxic Units ChV MSDp 

I Equal Variance t C>T Angular (Corrected) N/A 

ANOVA Assumptions 

Attribute Test Statistic Critical P Level Decision(O.01} 

Variances Variance Ratio 1.27867 23.15450 0.81747 Equal Variances 

Distribution ShapiroMWilk W 0.90763 0.78055 0.25461 Normal Distribution 

ANOVA Table 

Source Sum of Squares Mean Square OF F Statistic P Level Decislon(O.05) 

Between 0.0104023 0.0104023 1 0.94 0.36148 Non-Significant Effect 

Error 0.0888443 0.0111055 8 

Tolal 0.09924661 0.0215078 9 

Group Comparisons 

Sample vs Sample Statistic Critical P Level MSD Decision(O.05) 

13569-9 13569-1 0.96782 1.85955 0.1807 0.12394 Non-Significant Effect 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-9 5 0.96667 0.90000 1.00000 0.04714 1.39937 1.24905 1.47938 0.11164 

13569-1 5 0.94000 0.90000 1.00000 0.04346 1.33486 1.24905 1.47938 0.09873 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep B Rep 9 Rep10 

13569-9 0.93333 0.90000 1.00000 1.00000 1.00000 

13569-1 0.90000 0.93333 1.00000 0.96667 0.90000 
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CETIS Analysis Detail 
Bioaccumulation Evaluation 

Test No: 06·5671-8723 

Start Date: 14 Sep-0512:00 PM 

Test Type: Survival 

Protocol: 

Comparisons: 

Report Date: 

Analysis: 

Duration: 28d Oh 

Species: Macoma nasuta 

Page 11 of 12 

26 Oct-05 11:40 AM 

14-3715-3560 

EnviroSystems, Inc. 

Ending Date: 12 0<t-0512:00 PM 

Setup Date: 14 Sep-0512:00 PM 

Oil Water: Laboratory Seawater Source: Aquatic Research Organisms, NH 

Brine: Not Applicable 

Endpoint Analysis Type Sample Link Control Link Date Analyzed Version 

Proportion Survived Comparison 11-3837-3039 11-3837-3039 26 Oct-05 11 :40 AM GETISv1.026 

Alt H Data Transform Z I NOEL LOEL Toxic Units ChV MSDp 
G>T Angular (Corrected) NIA 

Method 

Equal Variance t 

ANOVA Assumptions 

Attribute Test Statistic Critical P Level Declsion(O.01) 

Variances Variance Ratio 1.65281 23.15450 0.63833 Equal Variances 
Distribution Shapiro-Wilk W 0.91845 0.78055 0.32713 Normal Distribution 

ANOVA Table 

Source Sum of Squares Mean Square OF F Statistic P Level Decision(O.05) 

Between 0.0212219 0.0212219 1 2.71 0.13815 Non~Significant Effect 

Error 0.0625794 0.0078224 8 

Total 0.08380133 0.0290443 9 

Group Comparisons 

Sample vs Sample Statistic Critical P Level MSD Declsion(0.05) 

13569-10 13569-1 1.64711 1.85955 0.0691 0.10402 Non~Slgnificant Effect 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum 

13569-10 5 0.98000 0.93333 

13569-1 5 0.94000 0.90000 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 

13569-10 1.00000 0.96667 1.00000 

13569-1 0.90000 0.93333 1.00000 

Graphics 

1.0 '( 
0.' ? 

~ 0.6 

, 11.7-

'" c 0.' c 
'E 

0.' 8. 
E 0.4 "-

0.3 

0.2 

0.1 

0.0 
13569-10 13569-1 

Sample Code 

000-148-126-1 

Maximum SO 

1.00000 0.02981 

1.00000 0.04346 

Rep4 Rep 5 

0.93333 1.00000 

0.96667 0.90000 

0.15 

11.10 

)1 0.05 

5 t: uB 0.00 

-0.115 

-0.10-

Mean Minimum Maximum SO 
1.42700 1.30964 1.47938 0.07680 

1.33486 1.24905 1.47938 0.09873 

Rep 6 Rep 7 Rep8 Rep 9 Rep 10 

/ 
~o "/"1 ............. . 

;/ - , 
-0.15-/-.£...--.--.---'--.---.---.---, 
~ ~ ~ ~ M M U U U 

Rankits 

GETIS'" v1.026G Analyst __ _ Approval: __ _ 

I 



CETIS Analysis Detail 
Bloaccumulation EValuation 

Test No: 06-5671-8723 Test Type: Survival 

Start Date: 14 Sep-05 12:00 PM Protocol: 
Ending Date: 12 Ocl-05 12:00 PM Oil Water: Laboratory Seawater 

Setup Date: 14 Sep-05 12:00 PM Brine: Not Applicable 

Comparisons: 

Report Date: 
Analysis: 

Duration: 28d Oh 

Species: Macoma nasuta 

Page 4 of 12 
26 Ocl-05 11 :40 AM 

09-1858-2272 

EnviroSystems, Inc. 

Source: Aquatic Research Organisms, NH 

Endpoint Analysis Type Sample Link Control Link Date Analyzed Version 

Proportion Survived Comparison 11-3837-3039 11-3837-3039 26 Ocl-05 11 :39 AM CETISv1.026 

Method Alt H Data Transform Z I NOEL LOEL Toxic Units ChV MSOp 

I Equal Variance t C>T Angular (Corrected) N/A 

ANOVA Assumptions 

Attribute Test Statistic Critical P Level Decision(O.01) 

Variances Variance Ratio 5.78785 23.15450 0.11743 Equal Variances 

Distribution Shapiro-Witk W 0.82143 0.78055 0.02973 Normal Distribution 

ANOVA Table 

Source Sum of Squares Mean Square OF F Statistic P Level Decision(O.05) 

Between 0.0036172 0.0036172 1 0.89 0.37411 Non-Significant Effect 

Error 0.0326606 0.0040826 8 

Tolal 0.03627773 0.0076997 9 

Group Comparisons 

Sample v. Sample Statistic Critical P Level MSO Decision{O.05) 

13569-000 13569-3 0.94128 1.85955 0.1871 0.07515 Non-Significant Effect 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-000 5 0.96000 0.93333 0.96667 0.01491 1.37168 1.30964 1.38719 0.03468 

13569-3 5 0.94000 0.86667 0.96667 0.04346 1.33364 1.19700 1.38719 0.08344 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep7 Rep 8 Rep 9 Rep 10 

13569-000 0.96667 0.93333 0.96667 0.96667 0.96667 

13569-3 0.93333 0.96667 0.86667 0.96667 0.96667 
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CETIS Analysis Detail 
Bioaccumulation Evaluation 

Test No: 06-5671-8723 Test Type: Survival 

Start Date: 14 Sep-0512:00 PM Protocol: 

Comparisons: 

Report Date: 

Analysis: 

Duration: 28d Oh 

Species: Macoma nasuta 

Page80f 12 

26 Oct-05 11 :40 AM 

10-8438-7159 

EnviroSystems,lnc. 

Ending Date: 12 Oct-05 12:00 PM Oil Water: Laboratory Seawater Source: Aquatic Research Organisms, NH 

Setup Date: 14 Sep-0512:00 PM Brine: Not Applicable 

Endpoint Analysis Type Sample Link· Control Link Date Analyzed Version 

Proportion Survived Comparison 11-3837-3039 11-3837-3039 26 Oct-05 11 :40 AM CETISv1.026 

Method Alt H Data Transform Z I NOEL LOEL Toxic Units ChV MSOp 

I Equal Variance t C>T An9ular (Corrected) N/A 

ANOVA Assumptions 

Attribute Test Statistic Critical P level Decision(O.01) 

Variances Variance Ratio 1.79018 23.15450 0.58655 Equal Variances 

Distribution Shapiro-Wilk W 0.80000 0.78055 0.01691 Normal Distribution 

ANOVA Table 

Source Sum of Squares Mean Square OF F Statistic P Level Decision(O.05) 

Between 0.0107985 0.0107985 1 1.11 0.32250 Non-Significant Effect 

Error 0.0777037 0.009713 8 

Total 0.08850224 0.0205115 9 

Group Comparisons 

Sample vs Sample Statistic Critical P Level MSO Oeclsion(0.05) 

13569-9 13569-3 1.0544 1.85955 0.1613 0.11591 Non-Significant Effect 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SD 
13569-9 5 0.96667 0.90000 1.00000 0.04714 1.39937 1.24905 1.47938 0.11164 

13569-3 5 0.94000 0.86667 0.96667 0.04346 1.33364 1.19700 1.38719 0.08344 

Data Detail 

Sample Code Rep 1 Rep2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-9 0.93333 0.90000 1.00000 1.00000 1.00000 

13569-3 0.93333 0.96667 0.86667 0.96667 0.96667 
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CETIS Analysis Detail 
Bioaccumulation Evaluation 

Test No: 06-5671-8723 Test Type: Survival 

Start Date: 14 Sep-05 12:00 PM Protocol: 

Comparisons: 

Report Date: 

Analysis: 

Duration: 28d Oh 

Species: Macoma nasuta 
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26 Oct-05 11 :40 AM 

12-9925-2466 

EnvlroSystems, Inc. 

Ending Date: 12 Oct-05 12:00 PM Oil Water: Laboratory Seawater Source: Aquatic Research Organisms, NH 

Setup Date: 14 Sep-05 12:00 PM Brine: Not Applicable 

Endpoint Analysis Type Sample Link Control Link Date Analyzed Version 

Proportion Survived Comparison 11-3837-3039 11-3837-3039 26 Oct-05 11 :40 AM GETISv1.026 

Method All H Data Transform Z I NOEL LOEL Toxic Units ChV MSDp 

I Mann-Whitney U G>T Angular (Corrected) N/A 

ANOVA Assumptions 

Attribute Test Statistic Critical P Level Decision{O.01) 

Variances Variance Ratio 1.18055 23.15450 0.87609 Equal Variances 

Distribution Shaplro-Wilk W 0.73719 0.78055 0.00294 Non-normal Distribution 

ANOVA Table 

Source Sum of Squares Mean Square DF F Statistic P Level Declslon(0_05) 

Between 0.0217862 0.0217862 1 3.39 0.10293 Non-Significant Effect 

Error 0.0514389 0.0064299 8 

Total 0.07322507 0.0282161 9 

Group Comparisons 

Sample vs Sample Statistic Critical P Level Ties Decision{O.05) 

13569-10 13569-3 20 0.0754 3 Non-Significant Effect 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SD Mean Minimum Maximum SD 

13569-10 5 0.98000 0.93333 1.00000 0.02981 1.42700 1.30964 1.47938 0.07680 

13569-3 5 0.94000 0.86667 0.96667 0.04346 1.33364 1.19700 1.38719 0.08344 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-10 1.00000 0.96667 1.00000 0.93333 1.00000 

13569-3 0.93333 0.96667 0.86667 0.96667 0.96667 
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CETIS Analysis Detail 
Bioaccumulation Evaluation 

Test No: 06-5671-8723 Test Type: 

Start Date: 14 Sep-05 12:00 PM Prolocol: 

Comparisons: 

Report Date: 

Analysis: 

Survival Duration: 28d Oh 

Species: Macoma nasula 

Page60f 12 

26 Oct-05 11 :40 AM 

09-6693-1777 

EnviroSystems, tnc. 

Ending Date: 12 Oct-05 12:00 PM Dil Water: Laboratory Seawater Source: Aquatic Research Organisms. NH 

Setup Date: 14 Sep-05 12:00 PM Brine: Not Applicable 

Endpoint Analysis Type Sample Link Control Link Date Analyzed Version 

Proportion Survived Comparison 11-3837-3039 11-3837-3039 26 Oct-05 11:40 AM CETISv1.026 

Method All H Data Transform Z I NOEL LOEL Toxic Units ChY MSOp 

I Equal Variance t C>T Angular (Corrected) N/A 

ANaVA Assumptions 

Attribute Test Statistic Critical P Level Decision(O.01} 

Variances Variance Ratio 7.41015 23.15450 0.07810 Equal Variances 

Distribution Shapiro-Wilk W 0.87560 0.78055 0.11749 Normal Distribution 

ANOYA Table 

Source Sum of Squares Mean Square OF F Statistic P Level Decision(O.05) 

Between 0.0015323 0.0015323 1 0.30 0.59708 Non-Significant Effect 

Error 0.0404665 0.0050583 8 

Total 0.04199876 0.0065906 9 

Group Comparisons 

Sample vs Sample Statistic Critical P Level MSO Decision(O.05) 

13569-000 13569-8 -0.5504 1.85955 0.7015 0.08365 Non-Significant Effect 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-000 5 0.96000 0.93333 0.96667 0.01491 1.37168 1.30964 1.38719 0.03468 

13569-8 5 0.96667 0.90000 1.00000 0.04082 1.39644 1.24905 1.47938 0.09441 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-000 0.96667 0.93333 0.96667 0.96667 0.96667 

13569-8 0.96667 0.96667 0.90000 1.00000 1.00000 
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CETIS Analysis Detail 
Bioaccumulatlon Evaluation 

Test No: 06-5671-8723 

Start Date: 14 Sep-05 12:00 PM 

Ending Date: 12 Ocl-0512:00 PM 

Setup Date: 14 Sep-05 12:00 PM 

Test Type: Survival 

Protocol: 

Dil Water: Laboratory Seawater 

Brine: Not Applicable 

Comparisons: 

Report Date: 

Analysis: 

Duration: 28d Oh 

Species: Macoma na5uta 

Page50f 12 

26 Oct-05 11 :40 AM 

09-6129-3871 

EnviroSystems, Inc. 

Source: Aquatic Research Organisms, NH 

Endpoint Analysis Type Sample link Control Link Date Analyzed Version 

Proportion Survived Comparison 11-3837-3039 11-3837-3039 260cl-0511:40AM GETISv1.026 

I NOEL Method Data Transform z LDEL Toxic Units ChV At! H MSDp 

Angular (Corrected) N/A Equal Variance t G>T 

ANOVA Assumptions 

Attribute Test Statistic Critical P Level Decision(O.01} 

Variances Variance Ratio 1.39826 23.15450 0.75320 Equal Variances 
Distribution Shaplro-Wilk W 0.79361 0.78055 0.01425 Normal Distribution 

ANOVA Table 

Source Sum of Squares Mean Square OF F Statistic P Level Declsion(O.05) 

Between 2.142E-05 2.142E-05 1 0.00 0.96539 Non-Significant Effect 

Error 0.0855096 0.0106887 8 

Total 0.08553104 0.0107101 9 

Group Comparisons 

Sample vs Sample Statistic Critical P Level MSD Decislon(0.05) 

13569-9 13569-8 0.04477 1.85955 0.4827 0.12159 Non-Significant Effect 

Data Summary 

Sample Code 

Original Data Transformed Data 

13569-9 

13569-8 

Data Detail 

Sample Code 

13569-9 

13569-8 

Graphics 
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CETIS Analysis Detail 
Bloaccumulation Evaluation 

Test No: 06-5671-8723 Test Type: 

Start Date: 14 Sep-05 12:00 PM Protocol: 

Ending Date: 12 Oct-05 12:00 PM Dil Water: 

Setup Date: 14 Sep-05 12:00 PM Brine: 

Survival 

Laboratory Seawater 

Not Applicable 

Comparisons: 

Report Date: 

Analysis: 

Duration: 28d Oh 

Species: Macoma nasuta 

Page30f 12 

26 Oct-05 11 :40 AM 

08-6017-8598 

EnviroSystems, Inc. 

Source: Aquatic Research Organisms, NH 

Endpoint Analysis Type Sample Link Control Link Date Analyzed Version 

Proportion Survived Comparison 11-3837-3039 11-3837-3039 26 Oct-05 11 :40 AM CETISv1,026 

Method Att H Data Transform Z I NOEL LOEL Toxic Units ChV MSOp 

I Equal Variance t C>T Angular (Corrected) NfA 

ANOVA Assumptions 

Attribute Test Statistic Critlc-a I P Level Oecislon(0.01) 

Variances Variance RaUo 1,51145 23.15450 0.69875 Equal Variances 
Distribution Shaplro·Wilk W 0.87629 0.78055 0.11948 Normal Distribution 

ANOVA Table 

Source Sum of Squares Mean Square OF F Statistic P Level Decislon(O.05) 

Between 0.0023343 0,0023343 1 0,32 0.58988 Non-Significant Effect 

Error 0.0592447 0,0074056 8 

Total 0.06157898 0.0097398 9 

Group Comparisons 

Sample vs Sample Statistic Critical P Level MSO Decision(O.05) 

13569-10 13569-8 0,56143 1,85955 0.2949 0.10121 Non-Significant Effect 

Data Summary Original Data Transformed Data 

Sample Code Count Mean Minimum Maximum SO Mean Minimum Maximum SO 

13569-10 5 0,98000 0,93333 1.00000 0,02981 1.42700 1.30964 1.47938 0,07680 

13569-8 5 0.96667 0.90000 1.00000 0.04082 1.39644 1,24905 1.47938 0,09441 

Data Detail 

Sample Code Rep 1 Rep 2 Rep 3 Rep4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10 

13569-10 1,00000 0.96667 1,00000 0.93333 1.00000 

13569-8 0.96667 0.96667 0.90000 1.00000 1.00000 
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STUDY: 13569 
CLIENT: Battelle 

PROJECT: New Bedford 
TASK: Unionized Ammonia Calculations 

Species Treatment NH3 Exposure 
Conc Days 

Macoma 
LAB CONTROL 0 

28 
EAG-1009-1 0 
(Comp RISDS) 28 
EAG-1008-1 0 
(Comp BBDS) 28 
EAG-1001-1 0 
(Comp 1) 28 
EAG-1003-1 0 
(Comp 3) 28 
EAG-1002-1 0 
(Comp 8) 28 

Nereis 
LAB CONTROL 0 

28 
EAG-1009-1 0 
(Comp RISDS) 28 
EAG-1008-1 0 
(Comp BBDS) 28 
EAG-1001-1 0 
(Comp 1) 28 
EAG-1003-1 0 
(Comp 3) 28 
EAG-1002-1 0 
(Comp 8) 28 

Temperature 

DegC 


15.00 
15.00 
14.00 
14.00 
14.00 
14.00 
14.00 
14.00 
14.00 
14.00 
14.00 
14.00 

16 
14 
16 
14 
16 
14 
16 
14 
16 
14 
16 
14 

Sample Unionized 
pH NH3 NH3 
SU mg/L mg/L 

7.54 0.87 0.008 
7.61 0.23 0.003 
7.75 0.68 0.010 
7.88 0.10 0.002 
7.78 0.38 0.006 
7.87 0.10 0.002 
7.71 0.57 0.007 
7.87 0.10 0.002 
7.78 0.54 0.008 
7.85 0.10 0.002 
7.77 0.69 0.010 
7.84 0.10 0.002 

0.000 
0.000 

7.69 0.83 0.012 
7.58 0.1 0.001 
7.75 1.1 0.018 
7.72 0.1 0.001 
7.79 0.7 0.012 
7.76 0.1 0.001 
7.77 3 0.051 
7.75 0.1 0.001 
7.80 1.2 0.022 
7.73 0.10 0.001 
7.75 3.70 0.060 
7.76 0.10 0.001 



Lab Nv 13569-131 0.83 0.1 08/25105 
RISOS Nv 13569-135 1.1 0.1 08/25/05 
BBOS Nv 13569-136 0.7 0.1 08/25/05 
-001 Nv 13569-132 3 0.1 08/25/05 
-003 Nv 13569-133 1.2 0.1 08/25/05 
-008 Nv 13569-134 3.7 0.1 08/25/05 

Lab Nv 092105 13569-143 NO 0.1 09/21/05 
BBOS Nv 092105 13569-147 NO 0.1 09/21/05 
RISOS Nv 092105 13569-148 NO 0.1 09/21/05 
-001 Nv 092105 13569-144 NO 0.1 09/21/05 
-003 Nv 092105 13569-145 NO 0.1 09/21/05 
-008 Nv 092105 13569-146 NO 0.1 09/21/05 

Lab Mn 091605 13569-137 0.87 0.1 09/16/05 
RISOS Mn 091605 13569-141 0.68 0.1 09/16/05 
BBOS Mn 091605 13569-142 0.38 0.1 09/16/05 
-001 Mn 091605 13569-138 0.57 0.1 09/16/05 
-003 Mn 091605 13569-139 0.54 0.1 09/16/05 
-008 Mn 091605 13569-140 0.69 0.1 09/16/05 

Lab Mn End 13569-149 0.23 0.1 10/12/05 
RISOS Mn End 13569-153 NO 0.1 10/12/05 
BBOS Mn End 13569-154 NO 0.1 10/12/05 
-001Mn End 13569-150 NO 0.1 10/12/05 
-003 Mn End 13569-151 NO 0.1 10/12/05 
-008 Mn End 13569-152 NO 0.1 10/12/05 



LABORATORY SAMPLE RECEIVING LOG 

ESI Project Number: 1") S" 'j . DatelTime Received: 7/2 "i /0 r::;-
Client Name and Address:. __ 'E-!="(\"'"'-}->-k'-'=·;.l.=k""-_----------______ _ 

/L50 

Method of Shipment! Pick Up: From: __ -'C=:.-'\_; --,-t""",,-,-,,,C~ _____________ _ 

via: __ --=L=-:..\:-'C.,..:I!\:...l.....:.y ___________ _ 

Description of Shipping! Packing Containers(s),_--'I~+_'__'\r'__"v'_'~"'\,('_'\,'__ __________ _ 
(Number, Type, Size) 

/' 
E!SI# # ContainersNollWt Sampled { Sample 10 Other 
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·11+J 
0, Pia IIZ,S{T, (A,V11.\Jx,'GAJI Be 
ee, DI) ,<ire; ,ltl\ /..L, J'lk,Kl::. 

c: E.., F FL.r.:c , 3'-:1 

\ t 2. ~ 

L,t'l,N 

Sample Storage Location and Required Storage Conditions Refrigerator "F" L~ked. 4°C & Dark 

Signature: ~ '?2 Date: -+-f:""lfz'-b-~Q~UL,5~/-------
Nores: ______________________________ ___ 

Date and Description of Final Sample Removal! Disposal: ______________ _ 
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LABORATORY SAMPLE RECEIVING LOG 

ESI Project Number: I:' ')\ L \ DatelTime Received:_...."bL) f-/1y{...."OLS=..l.) _---'--'!\-.:O::..=O 

Client Name and Address: __ BI;. .... n. ......... H--e--'---'--\.,...,\""'\L~ __________ ' _____ _ 

Method of Shipment! Pick Up: From: __ -""C~\'-'-N-"'-'vJr"""'-_____________ _ 

via: __ ----'-C~\I-'~r!"-'V\Ll..lL} _____________ _ 

Description of Shipping! Packing Containers(s)_-,-I_+,--,---,r-".)--"l_'~,. ___________ _ 
(Number, Type, Size) 

Sample 10 

r EAG-~Ioo\ -T 

EAG--IDI:>5- ]: 

EA&-IOoS--:J: 

fAG -10<:>6 - I-

fAG-- \0.:>9 - J. 

EA<.;.- loo'l- r. 

ESI# # ContainerslVollWt Other Sampled 

Sample Storage Location and Required Storage Conditions Refrigerator "F" Locked. 4"C & Dark 

Signature: _~ ,~ - Date: --=3"+7-+/,-1 HG",-~ "~',-------
Notes: ____________________________ _ 

Date and Description of Final Sample Removal! Disposal: _____________ _ 
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Appendix J 


Bioaccumulation Test – Tissue Chemistry 
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Appendix J-1 


Tissue PCB and Pesticide Data 
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Pesticide/PCB–QA/QC SUMMARY 06-0195 
M. nasuta 

PROJECT:	 New Bedford Harbor O&M 2005 Tissue Analysis 
PARAMETER: 	 Pesticide/PCB 
LABORATORY: 	 Battelle, Duxbury, MA 
MATRIX: 	 Tissue – M. nasuta 
SAMPLE CUSTODY: 	 Tissue samples for this project were collected on 10/13/05.  The shipment was 

received on 10/28/05.  Upon arrival, the cooler temperatures were recorded at -27.7°C 
and -3.0°C.  No custody issues were noted. The samples were logged in to LIMS and 
assigned unique Battelle IDs.  Samples were stored in a limited-access walk-in freezer 
until preparation could begin. 

QA/QC DATA QUALITY OBJECTIVES: 
Achieved 

Sample Detection 
Replicate Limit 

Reference Surrogate LCS/MS SRM Relative (ug/Kg 
Method Blank Recovery Recovery % Diff. Precision Wet Wt) 

Pesticide General < 5x MDL 30-150% 50-120% PD < 30% plus < 30% RPD MDL: 0.02 
NS&T Recovery variance.  Target for analytes – 0.19/PCB 

concentration >10 x MDLfor MS target 
must be > 5 x	 Toxaphene spike must be > 
MDL 	 RL: 3.47 5 x background 

METHOD:	 Tissue samples were extracted for Pesticides/PCB following general NS&T methods. 
Approximately 30 g of tissue was spiked with surrogates and extracted three times with 
dichloromethane using tissuemizer and shaker table techniques.  The combined extract was 
dried over anhydrous sodium sulfate, concentrated, processed through alumina cleanup 
column, concentrated, and further purified by GPC/HPLC.  The post-HPLC extract was 
concentrated, fortified with internal standards (IS) and split 50:50 for analysis.  Extracts 
intended for Pesticides/PCB analysis were analyzed using gas chromatography/electron 
capture detector (GC/ECD), following general NS&T methods.  Sample data were 
quantified by the method of internal standards, using the IS compounds.  During initial 
analysis, problems arose due to interference from sample matrix (lipid).  The extracts were 
sent back to the lab for further clean-up.  Extracts were processed through silica gel 
columns, and then concentrated and resubmitted for analysis.  Data was evaluated against 
2006 MDLs. 

HOLDING 
TIMES: 

Holding times for tissues (frozen) are 365-days for extraction and 40-days from extraction to 
analysis. Tissue samples were stored frozen until sample preparation could begin.  All 
samples were extracted within 8 months of collection and analyzed within 27 days of 
extraction. 

Batch  Extraction Date   Analysis Date  
06-0195   6/13/2006 7/07/2006 – 7/10/2006 
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Pesticide/PCB–QA/QC SUMMARY 06-0195 
M. nasuta 

BLANKS: A procedural blank (PB) was prepared with the analytical batch.  Blanks were analyzed to 
ensure the sample extraction and analysis methods were free of contamination.  

06-0195 – No exceedences noted. 

Comments – No target pesticides or PCBs were detected in the procedural blank. 

LABORATORY 
CONTROL 
SAMPLE (Blank 
Spike) 

A laboratory control sample (LCS) was prepared for the analytical batch.   The percent 
recoveries of pesticides and PCB compounds were calculated to measure data quality in 
terms of accuracy. 

06-0195 – All percent recoveries for spiked analytes were within laboratory control limits 
(50-120%). 

Comments – None. 

MATRIX 
SPIKES/MATRIX 
SPIKE 
DUPLCATE: 

A pair of matrix spike (MS) and matrix spike duplicate (MSD) samples was prepared with 
the analytical batch. The percent recoveries of PCB and pesticide were calculated to 
measure data quality in terms of accuracy and precision.  The RPD between percent 
recoveries was calculated to measure the data quality in terms of precision. 

06-0195 – 1 (out of 72) percent recovery exceedence noted. No RPD exceedences noted. 

Comments – All percent recoveries for spiked analytes were within laboratory control 
limits (50-120%), except for PCB 28 in sample S9764MS (background BBDS A M.n 
Tissue).  PCB 28 was under-recovered at 49%. Chromatography and calculations were 
reviewed.  No discrepancies were found.   The data was qualified and no corrective action 
was taken.  Accuracy for PCB 28 was demonstrated in the LCS, MSD, and SRM QC 
samples. 

SURROGATES: Two surrogate compounds were added prior to extraction, including PCB 34, and PCB 152. 
The recovery of each surrogate compound was calculated to measure data quality in terms 
of accuracy (extraction efficiency).   

06-0195 – All percent recoveries for surrogates were within laboratory control limits (30
150%). 

Comments – None 

DUPLICATES: Duplicate samples were prepared with the analytical batch.  The RPD between replicate 
analyses for pesticides and PCB compounds were calculated to measure data quality in 
terms of precision. 

06-0195 – All RPDs were calculated to be within the laboratory control limits (<30%) 

Comments  – None 
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Pesticide/PCB–QA/QC SUMMARY 06-0195 
M. nasuta 

SRM: 	 A standard reference material (SRM, NIST 2977) was prepared with the analytical batch. 
The percent difference (PD) between the measured value and the certified value was 
calculated to measure data quality in terms of accuracy. 

06-0195 – Two exceedences noted. 

Comments – All percent differences were calculated to be within the laboratory control 
limits (<30% PD, plus variance) except for a-chlordane and PCB 8.  a-chlordane was under-
recovered.  The results for this analyte historically have been low.  No corrective action was 
taken.  PCB 8 was over-recovered in the SRM.  Chromatograms and calculations were 
reviewed, and no discrepancies were found.  It should be noted that results for a-chlordane 
in the field samples may be biased low, and results for PCB 8 may be biased high. 

CALIBRATIONS: 	 The GC/ECD was calibrated with a 6 level curve, with a correlation coefficient of >0.995. 
Each batch of samples analyzed is bracketed by continuing calibration verification (CCV) 
samples, running at a frequency of minimally every 24 hours.  The PD between the initial 
calibration (ICAL) RF and the continuing calibration samples should be <20% for each 
compound.  Additionally an Initial Calibration Check (ICC) sample is run immediately 
following the ICAL.  The ICC is to have a percent difference < 20%. 

06-0195 – No ICAL exceedences. 1 CCV exceedences.  No ICC exceedences. 

Comments – Methoxychlor was over-recovered in CCV M6006.d.  The analyte was not 
detected in any of the associated field samples and therefore sample data were not affected. 
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Glossary of Data Qualifiers 

Flag: Application: 

B Analyte concentration found in the sample at a concentration <5x the level found in the procedural blank. 

D Dilution Run.  Initial run outside linear range of instrument. 

E Estimate, result is greater than the highest concentration level in the calibration. 

H Surrogate diluted out. Used when surrogate recovery is affected by excessive dilution of the sample extract. 

J Analyte detected below the sample-specific Reporting Limit (RL). 

ME Significant Matrix Interference - Estimated value. 

MI Significant Matrix Interference - value could not be determined or estimated. 

n Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO), but meets the contingency criteria. 

N Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO) 

NA Not applicable 

T Holding Time (HT) exceeded. 

U Analyte not detected at 3:1 signal:noise ratio. The sample-specific method detection limit (MDL) reported. 
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Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID BBDS A M.n. Tissue BBDS B M.n. Tissue BBDS C M.n. Tissue BBDS D M.n. Tissue 

Battelle ID S9764-P S9765-P S9766-P S9767-P 
Sample Type SA SA SA SA 
Collection Date 10/13/05 10/13/05 10/13/05 10/13/05 
Extraction Date 06/13/06 06/13/06 06/13/06 06/13/06 
Analysis Date 07/08/06 07/08/06 07/08/06 07/08/06 
Analytical Instrument ECD ECD ECD ECD 
% Moisture 89.59 88.76 88.11 89.27 
% Lipid 0.8 0.72 0.84 0.81 
Matrix CLAMS CLAMS CLAMS CLAMS 
Sample Size 30.08 29.73 30.46 30.06 
Size Unit-Basis G_WET G_WET G_WET G_WET 
Units UG/KG_WET UG/KG_WET UG/KG_WET UG/KG_WET 

4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 0.14 0.26 0.24 0.22 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
a-chlordane 0.04 U 0.04 0.05 0.04 
g-chlordane 0.04 U 0.04 U 0.04 U 0.04 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
cis-nonachlor 0.05 U 0.05 U 0.05 U 0.05 U 
trans-nonachlor 0.04 U 0.04 U 0.04 U 0.04 U 
oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
dieldrin 0.06 U 0.06 U 0.06 U 0.1 
endosulfan I 0.02 U 0.02 U 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 
methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 3.47 U 3.51 U 3.43 U 3.47 U 
Cl2(8) 0.52 1.43 1.13 1.16 
Cl3(18) 0.08 0.04 U 0.1 0.04 
Cl3(28) 0.17 0.22 0.22 0.21 
Cl4(44) 0.09 0.05 0.17 0.16 
Cl4(52) 0.18 0.26 0.24 0.2 
Cl4(66) 0.83 1.1 1.14 1 
Cl5(101) 0.31 0.45 0.43 0.53 
Cl5(105) 0.09 0.14 0.13 0.09 
Cl5(118) 0.48 0.78 0.63 0.7 
Cl6(128) 0.11 0.19 0.29 0.25 
Cl6(138) 0.59 0.99 0.88 0.9 
Cl6(153) 0.71 1.15 0.95 1.04 
Cl7(170) 0.08 0.12 0.1 0.11 
Cl7(180) 0.08 0.1 0.12 0.12 
Cl7(187) 0.08 0.13 0.13 0.11 
Cl8(195) 0.03 U 0.03 U 0.03 U 0.03 U 
Cl9(206) 0.02 U 0.02 U 0.02 U 0.02 U 
Cl10(209) 0.03 U 0.03 U 0.03 U 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 54 48 50 46 
Cl6(152) 73 76 72 81 

Analyzed by Sisson, Jeannine 
Not Surrogate Corrected 9/18/2006 Main: T06-0195ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID BBDS E M.n. Tissue RISDS A M.n. Tissue 

Battelle ID S9768-P S9769-P 
Sample Type SA SA 
Collection Date 10/13/05 10/13/05 
Extraction Date 06/13/06 06/13/06 
Analysis Date 07/08/06 07/08/06 
Analytical Instrument ECD ECD 
% Moisture 88.74 90.27 
% Lipid 1.04 0.89 
Matrix CLAMS CLAMS 
Sample Size 29.99 29.79 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET 

4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 0.16 0.11 0.12 0.18 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
a-chlordane 0.04 U 0.04 U 0.04 U 0.04 U 
g-chlordane 0.04 U 0.04 U 0.04 U 0.04 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
cis-nonachlor 0.05 U 0.05 U 0.05 U 0.05 U 
trans-nonachlor 0.04 U 0.04 U 0.04 U 0.04 U 
oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 
endosulfan I 0.02 U 0.02 U 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 
methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 3.48 U 3.51 U 3.43 U 3.47 U 
Cl2(8) 0.19 U 0.19 U 0.77 0.19 U 
Cl3(18) 0.04 U 0.04 U 0.04 U 0.04 U 
Cl3(28) 0.23 0.13 0.08 0.11 
Cl4(44) 0.1 0.23 0.03 U 0.03 U 
Cl4(52) 0.21 0.1 0.08 0.11 
Cl4(66) 0.82 0.86 0.03 U 0.03 U 
Cl5(101) 0.35 0.1 0.1 0.15 
Cl5(105) 0.11 0.05 U 0.05 U 0.05 U 
Cl5(118) 0.63 0.1 0.13 0.12 
Cl6(128) 0.22 0.03 U 0.03 U 0.03 U 
Cl6(138) 0.82 0.12 0.2 0.26 
Cl6(153) 0.91 0.13 0.14 0.19 
Cl7(170) 0.14 0.03 U 0.08 0.03 U 
Cl7(180) 0.11 0.03 U 0.06 0.08 
Cl7(187) 0.12 0.04 U 0.04 U 0.06 
Cl8(195) 0.03 U 0.03 U 0.03 U 0.03 U 
Cl9(206) 0.02 U 0.02 U 0.02 U 0.02 U 
Cl10(209) 0.03 U 0.03 U 0.03 U 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 50 66 57 51 
Cl6(152) 85 73 77 80 

RISDS B M.n. Tissue 

S9770-P 
SA 

10/13/05 
06/13/06 
07/09/06 

ECD 
89.72 
0.84 

CLAMS 
30.41 

G_WET 
UG/KG_WET 

RISDS C M.n. Tissue 

S9771-P 
SA 

10/13/05 
06/13/06 
07/09/06 

ECD 
88.4 
0.85 

CLAMS 
30.11 

G_WET 
UG/KG_WET 

Analyzed by Sisson, Jeannine 
Not Surrogate Corrected 9/18/2006 Main: T06-0195ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID RISDS D M.n. Tissue RISDS E M.n. Tissue 

Battelle ID S9772-P S9773-P 
Sample Type SA SA 
Collection Date 10/13/05 10/13/05 
Extraction Date 06/13/06 06/13/06 
Analysis Date 07/09/06 07/12/06 
Analytical Instrument ECD ECD 
% Moisture 88.75 88.6 
% Lipid 0.89 0.85 
Matrix CLAMS CLAMS 
Sample Size 29.94 29.74 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET 

4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 0.16 0.2 1.48 1.83 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
a-chlordane 0.04 U 0.04 U 0.04 U 0.04 U 
g-chlordane 0.04 U 0.04 U 0.04 U 0.04 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
cis-nonachlor 0.05 U 0.05 U 0.05 U 0.05 U 
trans-nonachlor 0.04 U 0.04 U 0.04 U 0.04 U 
oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 
endosulfan I 0.02 U 0.02 U 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 
methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 3.49 U 3.51 U 3.38 U 3.45 U 
Cl2(8) 0.19 U 1.16 5.26 5.93 
Cl3(18) 0.04 U 0.04 U 6.75 8.31 
Cl3(28) 0.1 0.12 22.02 D 25.81 D 
Cl4(44) 0.03 U 0.03 U 10.35 D 8.25 
Cl4(52) 0.12 0.11 43.14 D 53.13 D 
Cl4(66) 0.03 U 0.03 U 16.24 D 19.71 D 
Cl5(101) 0.11 0.09 46.83 D 62.14 D 
Cl5(105) 0.05 U 0.05 U 11.83 D 19.19 
Cl5(118) 0.13 0.15 31.17 D 40.66 D 
Cl6(128) 0.03 U 0.03 U 8.29 10.74 
Cl6(138) 0.25 0.27 34.07 D 45.88 D 
Cl6(153) 0.2 0.16 33.78 D 44.12 D 
Cl7(170) 0.07 0.08 2.29 2.97 
Cl7(180) 0.07 0.09 2.89 3.83 
Cl7(187) 0.05 0.04 U 2.04 2.6 
Cl8(195) 0.03 U 0.03 U 0.26 0.33 
Cl9(206) 0.02 U 0.02 U 0.06 0.09 
Cl10(209) 0.03 U 0.03 U 0.03 U 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 52 42 63 52 
Cl6(152) 84 77 81 90 

001 A M.n. Tissue 001 B M.n. Tissue 

S9774-P S9775-P 
SA SA 

10/13/05 10/13/05 
06/13/06 06/13/06 
07/09/06 07/09/06 

ECD ECD 
90.03 88.65 
0.68 0.78 

CLAMS CLAMS 
30.94 30.29 

G_WET G_WET 
UG/KG_WET UG/KG_WET 

Analyzed by Sisson, Jeannine 
Not Surrogate Corrected 9/18/2006 Main: T06-0195ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 001 C M.n. Tissue 001 D M.n. Tissue 

Battelle ID S9776-P S9777-P 
Sample Type SA SA 
Collection Date 10/13/05 10/13/05 
Extraction Date 06/13/06 06/13/06 
Analysis Date 07/09/06 07/09/06 
Analytical Instrument ECD ECD 
% Moisture 89.57 89.85 
% Lipid 0.85 0.72 
Matrix CLAMS CLAMS 
Sample Size 30.12 30.91 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET 

4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 1.38 1.69 1.95 1.21 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
a-chlordane 0.04 U 0.04 U 0.04 U 0.04 U 
g-chlordane 0.04 U 0.04 U 0.04 U 0.04 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
cis-nonachlor 0.05 U 0.05 U 0.05 U 0.05 U 
trans-nonachlor 0.04 U 0.04 U 0.04 U 0.04 U 
oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 
endosulfan I 0.02 U 0.02 U 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 
methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 3.47 U 3.38 U 3.49 U 3.53 U 
Cl2(8) 5.36 5.81 6.17 3.73 
Cl3(18) 7.56 12.69 D 12.62 D 10.33 D 
Cl3(28) 22.78 D 24.08 D 28.64 D 19.03 D 
Cl4(44) 7.17 12.04 D 11.85 D 9.63 D 
Cl4(52) 44.53 D 50.41 D 55.73 D 47.32 D 
Cl4(66) 17.53 D 18.06 D 22.42 D 12.62 D 
Cl5(101) 49.3 D 53.84 D 65.22 D 34.96 D 
Cl5(105) 14.22 14.54 D 17.29 D 8.22 D 
Cl5(118) 32.42 D 36.32 D 42.52 D 21.56 D 
Cl6(128) 8.08 9.75 10.73 D 6.67 
Cl6(138) 35.66 D 41.49 D 46.45 D 29.17 D 
Cl6(153) 34.51 D 38.85 D 44.85 D 29.26 D 
Cl7(170) 2.18 2.68 2.79 1.65 
Cl7(180) 2.86 3.58 3.69 2.21 
Cl7(187) 1.97 2.44 2.57 1.8 
Cl8(195) 0.26 0.31 0.35 0.19 
Cl9(206) 0.07 0.08 0.1 0.05 
Cl10(209) 0.03 U 0.03 U 0.03 U 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 62 62 57 74 
Cl6(152) 81 90 82 94 

001 E M.n. Tissue 003 A M.n. Tissue 

S9778-P S9779-P 
SA SA 

10/13/05 10/13/05 
06/13/06 06/13/06 
07/09/06 07/10/06 

ECD ECD 
89.25 89.79 
0.66 0.8 

CLAMS CLAMS 
29.94 29.56 

G_WET G_WET 
UG/KG_WET UG/KG_WET 

Analyzed by Sisson, Jeannine 
Not Surrogate Corrected 9/18/2006 Main: T06-0195ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 003 B M.n. Tissue 003 C M.n. Tissue 

Battelle ID S9780-P S9781-P 
Sample Type SA SA 
Collection Date 10/13/05 10/13/05 
Extraction Date 06/13/06 06/13/06 
Analysis Date 07/10/06 07/10/06 
Analytical Instrument ECD ECD 
% Moisture 88.49 88.99 
% Lipid 0.94 0.95 
Matrix CLAMS CLAMS 
Sample Size 29.39 29.83 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET 

4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 1.5 1.56 1.44 1.74 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
a-chlordane 0.04 U 0.04 U 0.04 U 0.04 U 
g-chlordane 0.04 U 0.04 U 0.04 U 0.04 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
cis-nonachlor 0.05 U 0.05 U 0.05 U 0.05 U 
trans-nonachlor 0.04 U 0.04 U 0.04 U 0.04 U 
oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 
endosulfan I 0.02 U 0.02 U 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 
methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 3.55 U 3.5 U 3.49 U 3.48 U 
Cl2(8) 4.17 4.52 4.35 5.66 
Cl3(18) 10.67 D 14.79 D 13.8 D 13.78 D 
Cl3(28) 19.99 D 23.68 D 22.74 D 25.45 D 
Cl4(44) 10.9 D 14.72 D 11.69 D 15.18 D 
Cl4(52) 51.71 D 61.34 D 59.31 D 63.58 D 
Cl4(66) 12.95 D 15.17 D 14.96 D 16.91 D 
Cl5(101) 40.41 D 48.04 D 47.32 D 47.99 D 
Cl5(105) 9.58 D 11.56 D 11.2 D 11.84 D 
Cl5(118) 24.23 D 29.36 D 28.21 D 29.24 D 
Cl6(128) 7.82 D 9.61 D 9.35 9.09 D 
Cl6(138) 34.28 D 41.02 D 40.1 D 40.39 D 
Cl6(153) 34.58 D 42.5 D 40.03 D 40.56 D 
Cl7(170) 2.48 2.65 2.71 2.84 
Cl7(180) 3.18 3.48 3.53 3.84 
Cl7(187) 2.4 2.69 2.58 2.96 
Cl8(195) 0.28 0.32 0.32 0.35 
Cl9(206) 0.1 0.11 0.1 0.09 
Cl10(209) 0.03 U 0.03 U 0.03 U 0.03 

Surrogate Recoveries (%) 

Cl3(34) 67 64 59 68 
Cl6(152) 69 78 68 90 

003 D M.n. Tissue 003 E M.n. Tissue 

S9782-P S9783-P 
SA SA 

10/13/05 10/13/05 
06/13/06 06/13/06 
07/10/06 07/10/06 

ECD ECD 
90.16 88.55 
0.82 0.82 

CLAMS CLAMS 
29.93 30.01 

G_WET G_WET 
UG/KG_WET UG/KG_WET 

Analyzed by Sisson, Jeannine 
Not Surrogate Corrected 9/18/2006 Main: T06-0195ECD-Master_128-Final.xls 



 

Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Procedural Blank 

Battelle ID BI992PB-P 
Sample Type PB 
Collection Date 06/13/06 
Extraction Date 06/13/06 
Analysis Date 07/07/06 
Analytical Instrument ECD 
% Moisture 89.18 
% Lipid NA 
Matrix CLAMS 
Sample Size 30.06 
Size Unit-Basis G_WET 
Units UG/KG_WET 

4,4'-DDD 0.05 U 
4,4'-DDE 0.06 U 
4,4'-DDT 0.05 U 
aldrin 0.03 U 
a-chlordane 0.04 U 
g-chlordane 0.04 U 
Lindane 0.05 U 
cis-nonachlor 0.05 U 
trans-nonachlor 0.04 U 
oxychlordane 0.05 U 
dieldrin 0.06 U 
endosulfan I 0.02 U 
endosulfan II 0.06 U 
endrin 0.05 U 
heptachlor 0.04 U 
heptachlor epoxide 0.02 U 
Hexachlorobenzene 0.05 U 
methoxychlor 0.05 U 
Toxaphene 3.47 U 
Cl2(8) 0.19 U 
Cl3(18) 0.04 U 
Cl3(28) 0.05 U 
Cl4(44) 0.03 U 
Cl4(52) 0.05 U 
Cl4(66) 0.03 U 
Cl5(101) 0.05 U 
Cl5(105) 0.05 U 
Cl5(118) 0.05 U 
Cl6(128) 0.03 U 
Cl6(138) 0.06 U 
Cl6(153) 0.04 U 
Cl7(170) 0.03 U 
Cl7(180) 0.03 U 
Cl7(187) 0.04 U 
Cl8(195) 0.03 U 
Cl9(206) 0.02 U 
Cl10(209) 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 72
 
Cl6(152) 76
 

Analyzed by Sisson, Jeannine 
Not Surrogate Corrected 9/18/2006 PB: T06-0195ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 060313-01: Tilapia 

Battelle ID BI993LCS-P 
Sample Type LCS 
Collection Date 06/13/06 
Extraction Date 06/13/06 
Analysis Date 07/08/06 
Analytical Instrument ECD 
% Moisture 78.37 
% Lipid NA 
Matrix CLAMS 
Sample Size 30.03 
Size Unit-Basis G_WET 
Units UG/KG_WET Target % Recovery Qualifier 

4,4'-DDD 2 2.67 75 
4,4'-DDE 2.02 2.67 76 
4,4'-DDT 2.07 2.67 78 
aldrin 1.66 2.67 62 
a-chlordane 1.85 2.67 69 
g-chlordane 1.81 2.67 68 
Lindane 1.59 2.67 60 
cis-nonachlor 1.9 2.67 71 
trans-nonachlor 1.91 2.67 72 
oxychlordane 1.86 2.68 69 
dieldrin 1.88 2.67 70 
endosulfan I 1.87 2.67 70 
endosulfan II 1.97 2.67 74 
endrin 2.11 2.67 79 
heptachlor 1.71 2.67 64 
heptachlor epoxide 2.02 2.67 76 
Hexachlorobenzene 2.08 2.67 78 
methoxychlor 2.32 2.66 87 
Toxaphene 3.48 U 
Cl2(8) 2.18 2.67 82 
Cl3(18) 2.01 2.67 75 
Cl3(28) 1.61 2.67 60 
Cl4(44) 1.72 2.67 64 
Cl4(52) 1.75 2.66 66 
Cl4(66) 1.76 2.67 66 
Cl5(101) 1.82 2.67 68 
Cl5(105) 1.75 2.67 66 
Cl5(118) 1.73 2.67 65 
Cl6(128) 1.85 2.68 69 
Cl6(138) 1.79 2.67 67 
Cl6(153) 1.69 2.67 63 
Cl7(170) 1.84 2.68 69 
Cl7(180) 1.76 2.67 66 
Cl7(187) 1.63 2.67 61 
Cl8(195) 1.79 2.67 67 
Cl9(206) 1.65 2.67 62 
Cl10(209) 1.87 2.67 70 

Surrogate Recoveries (%) 

Cl3(34) 71
 
Cl6(152) 76
 

Analyzed by Sisson, Jeannine 
Not Surrogate Corrected 9/18/2006 LCS: T06-0195ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 060406-01: NIST 2977 

Battelle ID BI994SRM-P 
Sample Type SRM 
Collection Date 06/13/06 
Extraction Date 06/13/06 
Analysis Date 07/08/06 
Analytical Instrument ECD 
% Moisture NA 
% Lipid NA 
Matrix CLAMS 
Sample Size 2.00 
Size Unit-Basis G_WET Certified Passing Actual 
Units UG/KG_WET Value +/- %Difference %Difference Qualifier 

4,4'-DDD 2.91 4.3 0.38 38.84 32.3 
4,4'-DDE 7.5 12.5 1.60 42.8 40 
4,4'-DDT 1.08 1.28 0.18 44.06 15.6 
aldrin 0.03 U 
a-chlordane 0.63 1.42 0.13 39.15 55.6 N 
g-chlordane 0.04 U 
Lindane 0.69 
cis-nonachlor 1.64 
trans-nonachlor 0.97 1.43 0.10 36.99 32.2 
oxychlordane 0.05 U 
dieldrin 7.91 6.04 0.52 38.61 31 
endosulfan I 0.02 U 
endosulfan II 1.76 
endrin 1.01 
heptachlor 0.04 U 
heptachlor epoxide 0.02 U 
Hexachlorobenzene 1.18 
methoxychlor 0.05 U 
Toxaphene 52.22 U 
Cl2(8) 13.08 2.1 0.15 37.14 522.9 N 
Cl3(18) 2.26 2.65 0.30 41.32 14.7 
Cl3(28) 3.49 5.37 0.44 38.19 35 
Cl4(44) 4.44 3.25 0.63 49.38 36.6 
Cl4(52) 6.46 8.37 0.54 36.45 22.8 
Cl4(66) 4.67 3.64 0.32 38.79 28.3 
Cl5(101) 7.66 11.2 1.20 40.71 31.6 
Cl5(105) 2.46 3.76 0.49 43.03 34.6 
Cl5(118) 8.34 10.5 1.00 39.52 20.6 
Cl6(128) 3.05 2.49 0.28 41.24 22.5 
Cl6(138) 11.02 16.6 1.60 39.64 33.6 
Cl6(153) 10.74 14.1 1.00 37.09 23.8 
Cl7(170) 2.79 2.95 0.23 37.8 5.4 
Cl7(180) 6.91 ME 6.79 0.67 39.87 1.8 
Cl7(187) 2.97 4.76 0.38 37.98 37.6 
Cl8(195) 0.03 U 
Cl9(206) 0.02 U 
Cl10(209) 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 79 
Cl6(152) 97 

Analyzed by Sisson, Jeannine 
Not Surrogate Corrected 9/18/2006 SRM: T06-0195ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID BBDS A M.n. Tissue BBDS A M.n. Tissue 

Battelle ID S9764-P S9764MS-P 
Sample Type SA MS 
Collection Date 10/13/05 10/13/2005 
Extraction Date 06/13/06 6/13/2006 
Analysis Date 07/08/06 7/8/2006 
Analytical Instrument ECD ECD 
% Moisture 89.59 89.44 
% Lipid 0.8 NA 
Matrix CLAMS CLAMS 
Sample Size 30.08 30.16 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET Target % Recovery Qualifier 

4,4'-DDD 0.05 U 2.26 2.65 85 
4,4'-DDE 0.14 2.29 2.65 81 
4,4'-DDT 0.05 U 2.25 2.65 85 
aldrin 0.03 U 1.46 2.65 55 
a-chlordane 0.04 U 1.62 2.65 61 
g-chlordane 0.04 U 1.55 2.66 58 
Lindane 0.05 U 1.45 2.65 54 
cis-nonachlor 0.05 U 2.12 2.65 80 
trans-nonachlor 0.04 U 1.58 2.66 59 
oxychlordane 0.05 U 1.95 2.67 73 
dieldrin 0.06 U 2.12 2.65 80 
endosulfan I 0.02 U 1.56 2.65 59 
endosulfan II 0.06 U 2.17 2.65 82 
endrin 0.05 U 2.53 2.65 95 
heptachlor 0.04 U 1.52 2.65 57 
heptachlor epoxide 0.02 U 1.74 2.65 66 
Hexachlorobenzene 0.05 U 1.67 2.66 63 
methoxychlor 0.05 U 2.54 2.65 96 
Toxaphene 3.47 U 3.46 U 
Cl2(8) 0.52 3.1 2.66 97 
Cl3(18) 0.08 1.67 2.66 60 
Cl3(28) 0.17 1.48 2.66 49 N 
Cl4(44) 0.09 1.59 2.66 56 
Cl4(52) 0.18 1.61 2.65 54 
Cl4(66) 0.83 2.3 2.66 55 
Cl5(101) 0.31 1.77 2.66 55 
Cl5(105) 0.09 2.09 2.66 75 
Cl5(118) 0.48 2.32 2.66 69 
Cl6(128) 0.11 1.98 2.67 70 
Cl6(138) 0.59 2.43 2.66 69 
Cl6(153) 0.71 2.37 2.66 62 
Cl7(170) 0.08 1.94 2.67 70 
Cl7(180) 0.08 1.94 2.66 70 
Cl7(187) 0.08 1.8 2.66 65 
Cl8(195) 0.03 U 1.95 2.66 73 
Cl9(206) 0.02 U 1.8 2.66 68 
Cl10(209) 0.03 U 2.01 2.66 76 

Surrogate Recoveries (%) 

Cl3(34) 54 55 
Cl6(152) 73 70 

Analyzed by Sisson, Jeannine 
Not Surrogate Corrected 9/18/2006 MS: T06-0195ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID BBDS A M.n. Tissue 

Battelle ID S9764MSD-P 
Sample Type MSD 
Collection Date 10/13/2005 
Extraction Date 6/13/2006 
Analysis Date 7/8/2006 
Analytical Instrument ECD 
% Moisture 89.26 
% Lipid NA 
Matrix CLAMS 
Sample Size 29.83 
Size Unit-Basis G_WET 
Units UG/KG_WET 

4,4'-DDD 2.34 
4,4'-DDE 2.36 
4,4'-DDT 2.32 
aldrin 1.41 
a-chlordane 1.62 
g-chlordane 1.52 
Lindane 1.37 
cis-nonachlor 2.15 
trans-nonachlor 1.54 
oxychlordane 1.85 
dieldrin 2.12 
endosulfan I 1.46 
endosulfan II 2.17 
endrin 2.75 
heptachlor 1.43 
heptachlor epoxide 1.69 
Hexachlorobenzene 1.79 
methoxychlor 2.7 
Toxaphene 3.5 U 
Cl2(8) 3.12 
Cl3(18) 1.83 
Cl3(28) 1.6 
Cl4(44) 1.66 
Cl4(52) 1.74 
Cl4(66) 2.36 
Cl5(101) 1.83 
Cl5(105) 2.14 
Cl5(118) 2.4 
Cl6(128) 2.11 
Cl6(138) 2.62 
Cl6(153) 2.63 
Cl7(170) 2.12 
Cl7(180) 2.12 
Cl7(187) 1.89 
Cl8(195) 2.11 
Cl9(206) 1.9 
Cl10(209) 2.04 

Surrogate Recoveries (%) 

Cl3(34) 61 
Cl6(152) 74 

Target % Recovery Qualifier RPD (%) Qualifier 

2.68 87 
2.68 83 
2.68 87 
2.68 53 
2.68 60 
2.69 57 
2.68 50 
2.68 80 
2.69 57 
2.70 69 
2.68 79 
2.68 54 
2.68 81 
2.68 103 
2.68 53 
2.68 63 
2.69 67 
2.68 101 

2.69 97 
2.69 65 
2.68 53 
2.69 58 
2.68 58 
2.68 57 
2.69 57 
2.68 76 
2.68 72 
2.70 74 
2.69 75 
2.68 72 
2.70 76 
2.69 76 
2.69 67 
2.69 78 
2.69 71 
2.68 76 

2.3 
2.4 
2.3 
3.7 
1.7 
1.7 
7.7 
0.0 
3.4 
5.6 
1.3 
8.8 
1.2 
8.1 
7.3 
4.7 
6.2 
5.1 

0.0 
8.0 
7.8 
3.5 
7.1 
3.6 
3.6 
1.3 
4.3 
5.6 
8.3 

14.9 
8.2 
8.2 
3.0 
6.6 
4.3 
0.0 

Analyzed by Sisson, Jeannine 
Not Surrogate Corrected 9/18/2006 MS: T06-0195ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 001 A M.n. Tissue 001 A M.n. Tissue 

Battelle ID S9774-P S9774DUP-P 
Sample Type SA QADU 
Collection Date 10/13/05 10/13/2005 
Extraction Date 06/13/06 6/13/2006 
Analysis Date 07/09/06 7/9/2006 
Analytical Instrument ECD ECD 
% Moisture 90.03 90.06 
% Lipid 0.68 NA 
Matrix CLAMS CLAMS 
Sample Size 30.94 29.53 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET RPD Qualifier 

4,4'-DDD 0.05 U 0.05 U NA 
4,4'-DDE 1.48 1.56 5.3 
4,4'-DDT 0.05 U 0.05 U NA 
aldrin 0.03 U 0.03 U NA 
a-chlordane 0.04 U 0.04 U NA 
g-chlordane 0.04 U 0.04 U NA 
Lindane 0.05 U 0.05 U NA 
cis-nonachlor 0.05 U 0.05 U NA 
trans-nonachlor 0.04 U 0.04 U NA 
oxychlordane 0.05 U 0.05 U NA 
dieldrin 0.06 U 0.06 U NA 
endosulfan I 0.02 U 0.02 U NA 
endosulfan II 0.06 U 0.06 U NA 
endrin 0.05 U 0.05 U NA 
heptachlor 0.04 U 0.04 U NA 
heptachlor epoxide 0.02 U 0.02 U NA 
Hexachlorobenzene 0.05 U 0.05 U NA 
methoxychlor 0.05 U 0.05 U NA 
Toxaphene 3.38 U 3.54 U NA 
Cl2(8) 5.26 5.67 7.5 
Cl3(18) 6.75 7.25 7.1 
Cl3(28) 22.02 D 21.98 D 0.2 
Cl4(44) 10.35 D 10.4 D 0.5 
Cl4(52) 43.14 D 45.42 D 5.1 
Cl4(66) 16.24 D 17.27 D 6.1 
Cl5(101) 46.83 D 50.45 D 7.4 
Cl5(105) 11.83 D 13.3 D 11.7 
Cl5(118) 31.17 D 32.21 D 3.3 
Cl6(128) 8.29 8.51 2.6 
Cl6(138) 34.07 D 37.16 D 8.7 
Cl6(153) 33.78 D 34.89 D 3.2 
Cl7(170) 2.29 2.43 5.9 
Cl7(180) 2.89 3.14 8.3 
Cl7(187) 2.04 2.14 4.8 
Cl8(195) 0.26 0.27 3.8 
Cl9(206) 0.06 0.08 28.6 
Cl10(209) 0.03 U 0.03 U NA 

Surrogate Recoveries (%) 

Cl3(34) 63 66 
Cl6(152) 81 87 

Analyzed by Sisson, Jeannine 
Not Surrogate Corrected 9/18/2006 DUP: T06-0195ECD-Master_128-Final.xls 



 

  

  

 
   

    
 

  
  
  
 

 
 

 
  

 

 
 
 

     

 

 

 

         
          

  
  

 
 

 
 

 
  

   
    

  
 
 

  

  
    

    
   

 
 

                                           
                                   

 

  

 

Pesticide/PCB–QA/QC SUMMARY 06-0196 
N. virens 

PROJECT:	 New Bedford Harbor O&M 2005 Tissue Analysis 
PARAMETER: 	 Pestcide/PCB 
LABORATORY: 	 Battelle, Duxbury, MA 
MATRIX: 	 Tissue –N. virens 
SAMPLE CUSTODY: 	 Tissue samples for this project were collected on 9/22/05.   The shipment was received 

on 10/28/05. Upon arrival, the cooler temperatures were recorded at -27.7°C and 
3.0°C. No custody issues were noted.  The samples were logged in to LIMS and 
assigned unique Battelle IDs.  Samples were stored in a limited-access walk-in freezer 
until preparation could begin. 

QA/QC DATA QUALITY OBJECTIVES: 
Achieved 

Sample Detection 
Replicate Limit 

Reference Surrogate LCS/MS SRM Relative (ug/Kg 
Method Blank Recovery Recovery % Diff. Precision Wet Wt) 

Pesticide General < 5x MDL 30-150% 50-120% PD < 30% plus < 30% RPD ~0.02 – 
NS&T Recovery variance.  Target for analytes 0.06/PCB 

concentration >10 x MDL (no MDLfor MS target 
must be > 5 x	 available spike must be > 
MDL 	 for5 x background 

Toxaphene, 
RL = 3.07) 

METHOD:	 Tissue samples were extracted for Pesticides/PCB following general NS&T methods. 
Approximately 30 g of tissue was spiked with surrogates and extracted three times with 
dichloromethane using tissuemizer and shaker table techniques.  The combined extract was 
dried over anhydrous sodium sulfate, concentrated, processed through alumina cleanup 
column, concentrated, and further purified by GPC/HPLC.  The post-HPLC extract was then 
concentrated, processed through silica gel columns, concentrated, fortified with internal 
standards (IS) and split 50:50 for analysis.  Extracts intended for Pesticides/PCB analysis 
were analyzed using gas chromatography/electron capture detector  (GC/ECD), following 
general NS&T methods.  Sample data were quantified by the method of internal standards, 
using the IS compounds. Data was evaluated against 2006 MDLs. 

HOLDING	 Holding times for tissues (frozen) are 365-days for extraction and 40-days from extraction to 
TIMES: 	 analysis.  Tissue samples were stored frozen until sample preparation could begin.  All 

samples were extracted within 9 months of collection and analyzed within 29 days of 
extraction. 

Batch  Extraction Date   Analysis Date  
06-0196   6/19/2006 7/14/2006 – 7/18/2006 

Page 1 of 3 



 

  

 
    

 
 

 
   

 
 

  

 
 

 
 

 
  

 

  
 

  

 
 

 

 
 

 
 

 
 

  

 
 

 

    
 

 

 
  

   
 

 
   

 

 

 
   

 
  

 

 

Pesticide/PCB–QA/QC SUMMARY 06-0196 
N. virens 

BLANKS: A procedural blank (PB) was prepared with the analytical batch.  Blanks were analyzed to 
ensure the sample extraction and analysis methods were free of contamination.  

06-0196 – No exceedences noted. 

Comments – No target pesticides or PCBs were detected in the procedural blank. 

LABORATORY 
CONTROL 
SAMPLE (Blank 
Spike) 

A laboratory control sample (LCS) was prepared for the analytical batch.   The percent 
recoveries of pesticides and PCB compounds were calculated to measure data quality in 
terms of accuracy. 

06-0196 – All percent recoveries were within the laboratory control limits (50-120%) 

Comments – None. 

MATRIX 
SPIKES/MATRIX 
SPIKE 
DUPLCATE: 

A pair of matrix spike (MS) and matrix spike duplicate (MSD) samples was prepared with 
the analytical batch. The percent recoveries of PCB and pesticide were calculated to 
measure data quality in terms of accuracy and precision.  The RPD between percent 
recoveries was calculated to measure the data quality in terms of precision. 

06-0196 –  36 (out of 72) percent recovery exceedences noted. 36 (out of 36) RPD 
exceedence noted. 

Comments – All percent recoveries for spiked analytes were within laboratory control 
limits (50-120%) for the MS sample.  However, all percent recoveries failed low in the 
MSD sample.  In addition, although meeting the criteria, the surrogate recoveries for the 
MSD sample were also low (32% - 37%), indicating an extract loss during sample 
preparation.  Results from the PAH analysis for this batch are also low, further indicating an 
extract loss.  All exceedences were qualified with an “N”.  Precision was demonstrated 
between the lab duplicates S9809 and S9809DUP.  No corrective action was taken. 

SURROGATES: Two surrogate compounds were added prior to extraction, including PCB 34, and PCB 152. 
The recovery of each surrogate compound was calculated to measure data quality in terms 
of accuracy (extraction efficiency).   

06-0196 – 2 exceedences noted. 

Comments – All percent recoveries for surrogates were within laboratory control limits 
(30-150%), except for the SIS recoveries for sample S9813 (003 E N.v Tissue).  Both PCB 
34 and 152 were under-recovered at 27% and 28%, respectively.  In the sample prep 
records, the technician noted that an extract loss of sample S9813 occurred after it went 
through the clean-up column.  Re-extraction was not possible due to limited sample mass. 
No corrective action was taken. It should be noted that results for this sample are biased 
low.  

DUPLICATES: Duplicate samples were prepared with the analytical batch.  The RPD between replicate 
analyses for pesticides and PCB compounds were calculated to measure data quality in 
terms of precision. 

06-0196 – All RPDs were calculated to be within the laboratory control limits (<30%) 

Comments  – None 

Page 2 of 3 



 

  

  
 

  
 

 
 

  
  

 
 

 

  
 
 

 

    
   

  
  

 
 

 
 

 
   

  

 
 

 
 

   
  

 
   

 

 

 

 

Pesticide/PCB–QA/QC SUMMARY 06-0196 
N. virens 

SRM: 	 A standard reference material (SRM, NIST 2977) was prepared with the analytical batch. 
The percent difference (PD) between the measured value and the certified value was 
calculated to measure data quality in terms of accuracy. 

06-0196 – 5 (out of 21) exceedences noted. 

Comments – All percent differences were calculated to be within the laboratory control 
limits (<30% PD, plus variance) except for a-chlordane, endosulfan I, PCB 8, PCB 170, and 
PCB 180. a-chlordane was recovered low and the other four compounds were recovered 
high. Integrations, calibrations, and calculations were reviewed, and no error was found. 
The GC/ECD analyst notes a matrix interference affecting the chromatography for PCB 
180.  This result has been qualified with an “ME” in the SRM to indicate the result is an 
estimate.  Exceedences were qualified and no corrective action was taken. It should be noted 
that in the field samples, results for a-chlordane may be biased low, and results for the other 
four compounds may have a high bias. 

CALIBRATIONS: 	 The GC/ECD was calibrated with a 6 level curve, with a correlation coefficient of >0.995. 
Each batch of samples analyzed is bracketed by continuing calibration verification (CCV) 
samples, running at a frequency of minimally every 24 hours.  The PD between the initial 
calibration (ICAL) RF and the continuing calibration samples should be <20% for each 
compound.  Additionally an Initial Calibration Check (ICC) sample is run immediately 
following the ICAL.  The ICC is to have a percent difference < 20%. 

06-0196 – No ICAL exceedences. 21 CCV exceedences.  1 ICC exceedences. 

Comments – PCB/pesticide data for this project was collected over 3 sequences, each with 
its own ICAL, CCV, and ICC.  The exceedences listed above are the totals over all three 
sequences. 

In the ICC GL57 data file L6429.d, from method ML0145E, 4,4’-DDT is under-recovered. 
The percent difference is 23.5%.  This compound passes in the ICAL, as well as in the LCS 
and MS QC samples.  The exceedence was qualified on the ICC report and no corrective 
action was taken. 

21 pesticides did not meet DQO criteria in various CCVs.  All exceedences are due to over-
recoveries, except for methoxychlor.  Methoxychlor failed low in CCV L6442,d and 
L6427.d at 24.7% and 24.3%, respectively.  None of the over-recovered pesticides were 
detected in any field samples, and therefore data was not impacted.  The GC/ECD analyst 
notes that the methoxychlor failures are due to sample matrix interference, and therefore re
analyzing the samples would not be beneficial.  The following samples are bracketed by the 
above failing mids and may have biased low data for methoxychlor: BI999PB, BJ001LCS, 
BJ002SRM, S9794, S9795, S9796, S9797, S9798, S9799, S9799MS, S9799MSD, S9800, 
S9801, S9802, S9803, S9804, S9805, and S9806. However, it should be noted that both the 
LCS and MS have acceptable recoveries for methoxychlor, indicating the impact of CCV 
failure is insignificant.   
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Glossary of Data Qualifiers 

Flag: Application: 

B Analyte concentration found in the sample at a concentration <5x the level found in the procedural blank. 

D Dilution Run.  Initial run outside linear range of instrument. 

E Estimate, result is greater than the highest concentration level in the calibration. 

H Surrogate diluted out. Used when surrogate recovery is affected by excessive dilution of the sample extract. 

J Analyte detected below the sample-specific Reporting Limit (RL). 

ME Significant Matrix Interference - Estimated value. 

MI Significant Matrix Interference - value could not be determined or estimated. 

n Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO), but meets the contingency criteria. 

N Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO) 

NA Not applicable 

T Holding Time (HT) exceeded. 

U Analyte not detected at 3:1 signal:noise ratio. The sample-specific method detection limit (MDL) reported. 

thorn
Cross-Out

thorn
Inserted Text

thorn
Inserted Text

thorn
Cross-Out

thorn
Inserted Text

thorn
Cross-Out

thorn
Inserted Text

thorn
Cross-Out

thorn
Inserted Text



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID BBDS A N.v. Tissue BBDS B N.v. Tissue BBDS C N.v. Tissue BBDS D N.v. Tissue 

Battelle ID S9794-P S9795-P S9796-P S9797-P 
Sample Type SA SA SA SA 
Collection Date 09/22/05 09/22/05 09/22/05 09/22/05 
Extraction Date 06/19/06 06/19/06 06/19/06 06/19/06 
Analysis Date 07/14/06 07/14/06 07/14/06 07/14/06 
Analytical Instrument ECD ECD ECD ECD 
% Moisture 88.2 88.64 87.89 87.26 
% Lipid 1.16 1.15 1.26 1.24 
Matrix WORMS WORMS WORMS WORMS 
Sample Size 29.14 20.65 29.61 29.24 
Size Unit-Basis G_WET G_WET G_WET G_WET 
Units UG/KG_WET UG/KG_WET UG/KG_WET UG/KG_WET 

4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 0.06 U 0.06 U 0.06 U 0.06 U 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
a-chlordane 0.04 0.04 U 0.04 0.04 
g-chlordane 0.04 U 0.04 U 0.04 U 0.04 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
cis-nonachlor 0.05 0.05 U 0.05 0.05 
trans-nonachlor 0.25 0.21 0.23 0.22 
oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 
endosulfan I 0.02 U 0.02 U 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 
methoxychlor 0.05 U 0.05 U 0.12 0.26 
Toxaphene 2.87 U 4.05 U 2.82 U 2.86 U 
Cl2(8) 0.19 U 0.19 U 0.19 U 0.19 U 
Cl3(18) 0.08 0.07 0.08 0.09 
Cl3(28) 0.06 0.06 0.06 0.07 
Cl4(44) 0.07 0.09 0.07 0.08 
Cl4(52) 0.23 0.23 0.2 0.22 
Cl4(66) 0.04 ME 0.05 ME 0.04 ME 0.06 ME 
Cl5(101) 0.29 0.31 0.27 0.32 
Cl5(105) 0.07 0.08 0.06 0.07 
Cl5(118) 0.16 0.17 0.13 0.16 
Cl6(128) 0.12 0.16 0.12 0.13 
Cl6(138) 0.57 0.67 0.55 0.65 
Cl6(153) 0.71 0.84 0.71 0.7 
Cl7(170) 0.17 0.32 0.2 0.4 
Cl7(180) 0.11 0.15 0.11 0.14 
Cl7(187) 0.11 0.12 0.11 0.11 
Cl8(195) 0.03 U 0.03 U 0.03 U 0.03 U 
Cl9(206) 0.02 J 0.02 J 0.02 J 0.03 
Cl10(209) 0.03 U 0.03 U 0.03 U 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 76 72 78 73 
Cl6(152) 79 73 77 67 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 Main: T06-0196ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID BBDS E N.v. Tissue RISDS A N.v. Tissue 

Battelle ID S9798-P S9799-P 
Sample Type SA SA 
Collection Date 09/22/05 09/22/05 
Extraction Date 06/19/06 06/19/06 
Analysis Date 07/15/06 07/15/06 
Analytical Instrument ECD ECD 
% Moisture 87.05 86.81 
% Lipid 1.41 1.32 
Matrix WORMS WORMS 
Sample Size 29.36 14.82 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET 

4,4'-DDD 0.05 U 0.05 U 0.06 0.05 U 
4,4'-DDE 0.06 U 0.06 U 0.06 U 0.06 U 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
a-chlordane 0.07 0.07 0.06 0.05 
g-chlordane 0.05 0.04 J 0.04 0.04 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
cis-nonachlor 0.07 0.07 0.06 0.05 
trans-nonachlor 0.33 0.33 0.32 0.29 
oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 
endosulfan I 0.02 U 0.02 U 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 
methoxychlor 0.67 0.96 0.05 U 0.05 U 
Toxaphene 2.85 U 5.64 U 2.82 U 2.79 U 
Cl2(8) 0.19 U 0.19 U 0.19 U 0.19 U 
Cl3(18) 0.11 0.12 0.09 0.08 
Cl3(28) 0.1 0.09 0.06 0.05 U 
Cl4(44) 0.13 0.18 0.11 0.08 
Cl4(52) 0.25 0.24 0.17 0.13 
Cl4(66) 0.06 ME 0.03 JME 0.03 U 0.03 U 
Cl5(101) 0.33 0.18 0.15 0.11 
Cl5(105) 0.08 0.06 0.05 U 0.05 U 
Cl5(118) 0.19 0.1 0.07 0.05 
Cl6(128) 0.13 0.12 0.06 0.05 
Cl6(138) 0.59 0.42 0.29 0.23 
Cl6(153) 0.72 0.37 0.32 0.27 
Cl7(170) 0.24 0.55 0.18 0.13 
Cl7(180) 0.1 0.12 0.1 0.08 
Cl7(187) 0.12 0.1 0.1 0.08 
Cl8(195) 0.03 U 0.03 U 0.03 U 0.03 U 
Cl9(206) 0.02 J 0.03 J 0.02 J 0.02 J 
Cl10(209) 0.03 U 0.03 U 0.03 U 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 78 76 81 74 
Cl6(152) 76 80 79 73 

RISDS B N.v. Tissue RISDS C N.v. Tissue 

S9800-P S9801-P 
SA SA 

09/22/05 09/22/05 
06/19/06 06/19/06 
07/15/06 07/16/06 

ECD ECD 
86.94 87.64 

1.4 1.29 
WORMS WORMS 

29.60 29.91 
G_WET G_WET 

UG/KG_WET UG/KG_WET 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 Main: T06-0196ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID RISDS D N.v. Tissue RISDS E N.v. Tissue 

Battelle ID S9802-P S9803-P 
Sample Type SA SA 
Collection Date 09/22/05 09/22/05 
Extraction Date 06/19/06 06/19/06 
Analysis Date 07/16/06 07/16/06 
Analytical Instrument ECD ECD 
% Moisture 87.77 87.9 
% Lipid 1.39 1.38 
Matrix WORMS WORMS 
Sample Size 29.51 29.68 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET 

4,4'-DDD 0.05 U 0.05 U 
4,4'-DDE 0.06 U 0.06 U 
4,4'-DDT 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 
a-chlordane 0.06 0.06 
g-chlordane 0.04 0.04 
Lindane 0.05 U 0.05 U 
cis-nonachlor 0.06 0.05 
trans-nonachlor 0.32 0.3 
oxychlordane 0.05 U 0.05 U 
dieldrin 0.06 U 0.06 U 
endosulfan I 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 
methoxychlor 0.05 U 0.05 J 
Toxaphene 2.83 U 2.82 U 
Cl2(8) 0.19 U 0.19 U 
Cl3(18) 0.1 0.1 
Cl3(28) 0.05 0.05 
Cl4(44) 0.14 0.08 
Cl4(52) 0.16 0.16 
Cl4(66) 0.03 ME 0.03 ME 
Cl5(101) 0.14 0.11 
Cl5(105) 0.05 0.05 U 
Cl5(118) 0.06 0.05 
Cl6(128) 0.06 0.06 
Cl6(138) 0.29 0.25 
Cl6(153) 0.34 0.27 
Cl7(170) 0.16 0.16 
Cl7(180) 0.1 0.08 
Cl7(187) 0.1 0.08 
Cl8(195) 0.03 U 0.03 U 
Cl9(206) 0.03 0.02 J 
Cl10(209) 0.03 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 79 81 
Cl6(152) 81 78 

001 A N.v. Tissue 001 B N.v. Tissue 

S9804-P S9805-P 
SA SA 

09/22/05 09/22/05 
06/19/06 06/19/06 
07/16/06 07/16/06 

ECD ECD 
87.55 87.79 
0.95 1.32 

WORMS WORMS 
30.10 29.30 

G_WET G_WET 
UG/KG_WET UG/KG_WET 

2.09 1.59 
0.62 0.46 
0.05 U 0.05 U 
0.03 U 0.03 U 
0.14 0.12 
0.1 0.11 

0.05 U 0.05 U 
2.06 1.53 
0.34 0.3 
0.05 U 0.05 U 
0.06 U 0.06 U 
0.02 U 0.02 U 
0.06 U 0.06 U 
0.05 U 0.05 U 
0.04 U 0.04 U 
0.02 U 0.02 U 
0.05 U 0.05 U 
0.05 U 0.05 U 
2.78 U 2.85 U 
1.46 1.96 

14.62 D 14.96 D 
10.66 D 10.77 D 
7.15 D 7.34 D 

43.22 D 40.64 D 
5.29 DME 6.43 ME 

43.31 D 36.5 D 
15.65 D 11.73 D 
18.21 D 15.28 D 
11.6 D 8.69 D 

52.53 D 38.69 D 
48.21 D 37.05 D 
4.24 D 5.35 
6.71 D 7.47 
3.95 D 3.68 
0.46 0.34 
0.29 0.26 
0.08 0.07 

73 71 
86 85 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 Main: T06-0196ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 001 C N.v. Tissue 

Battelle ID S9806-P 
Sample Type SA 
Collection Date 09/22/05 
Extraction Date 06/19/06 
Analysis Date 07/16/06 
Analytical Instrument ECD 
% Moisture 87.15 
% Lipid 1.24 
Matrix WORMS 
Sample Size 30.01 
Size Unit-Basis G_WET 
Units UG/KG_WET 

4,4'-DDD 2.95 1.2 1.08 0.92 
4,4'-DDE 0.6 0.39 0.33 0.39 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
a-chlordane 0.16 0.11 0.13 0.11 
g-chlordane 0.15 0.09 0.12 0.1 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
cis-nonachlor 1.75 1.29 1.04 1.25 
trans-nonachlor 0.33 0.27 0.29 0.33 
oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 
endosulfan I 0.02 U 0.02 U 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 
methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 2.78 U 2.85 U 2.8 U 5.65 U 
Cl2(8) 1.74 1.33 1.38 1.19 
Cl3(18) 16.05 D 13.29 D 13.4 D 15.03 D 
Cl3(28) 10.76 D 8.69 D 8.55 D 8.13 D 
Cl4(44) 8.16 D 5.36 D 5.74 D 8.31 
Cl4(52) 42.88 D 34.25 D 31.47 D 40.76 D 
Cl4(66) 4.68 DME 4.03 D 3.11 D 4.35 
Cl5(101) 37.32 D 29.61 D 23.74 D 24.72 D 
Cl5(105) 11.64 D 9.9 D 8.02 D 11.58 
Cl5(118) 15.77 D 12.32 D 9.17 D 12.34 
Cl6(128) 8.16 D 7.31 D 5.62 D 9.01 
Cl6(138) 37.02 D 33.42 D 24.83 D 30.83 D 
Cl6(153) 36.11 D 32.54 D 24.79 D 30.86 D 
Cl7(170) 3.39 D 4.54 3.31 4.22 
Cl7(180) 4.73 D 4.45 D 4.53 5.5 
Cl7(187) 4.02 3.2 2.31 3.19 
Cl8(195) 0.35 0.29 0.22 0.29 
Cl9(206) 0.25 0.2 0.16 0.23 
Cl10(209) 0.07 0.05 0.05 0.06 

Surrogate Recoveries (%) 

Cl3(34) 72 77 67 76 
Cl6(152) 81 83 76 81 

001 D N.v. Tissue 001 E N.v. Tissue 003 A N.v. Tissue 

S9807-P S9808-P S9809-P 
SA SA SA 

09/22/05 09/22/05 09/22/05 
06/19/06 06/19/06 06/19/06 
07/16/06 07/16/06 07/16/06 

ECD ECD ECD 
88.62 87.8 87.74 
1.08 1.42 1.09 

WORMS WORMS WORMS 
29.34 29.86 14.78 

G_WET G_WET G_WET 
UG/KG_WET UG/KG_WET UG/KG_WET 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 Main: T06-0196ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 003 B N.v. Tissue 

Battelle ID S9810-P 
Sample Type SA 
Collection Date 09/22/05 
Extraction Date 06/19/06 
Analysis Date 07/17/06 
Analytical Instrument ECD 
% Moisture 87.92 
% Lipid 1.11 
Matrix WORMS 
Sample Size 28.89 
Size Unit-Basis G_WET 
Units UG/KG_WET 

4,4'-DDD 1.21 0.74 0.71 0.32 
4,4'-DDE 0.42 0.23 0.26 0.11 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
a-chlordane 0.11 0.09 0.08 0.04 U 
g-chlordane 0.1 0.08 0.08 0.04 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
cis-nonachlor 1.64 1.08 1.03 0.5 
trans-nonachlor 0.31 0.3 0.27 0.1 
oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 
endosulfan I 0.02 U 0.02 U 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 
methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 2.89 U 3.95 U 2.73 U 2.96 U 
Cl2(8) 1.46 0.9 1.1 0.42 
Cl3(18) 11.31 D 8.43 D 10.06 D 5.07 
Cl3(28) 6.65 D 4.5 D 4.98 D 2.66 
Cl4(44) 5.04 D 4.22 3.97 D 2.03 
Cl4(52) 37.29 D 25.99 D 29.88 D 12.28 D 
Cl4(66) 3.35 D 2.46 2.23 1.17 
Cl5(101) 27.57 D 15.9 D 17.46 D 8.18 D 
Cl5(105) 9.09 D 5.07 D 5.88 D 3.97 
Cl5(118) 11.06 D 5.65 D 5.81 D 4.11 
Cl6(128) 8.18 D 4.91 D 5.44 D 3.44 
Cl6(138) 36.13 D 21.63 D 23.8 D 11.8 D 
Cl6(153) 34.57 D 22.56 D 24.71 D 12.14 D 
Cl7(170) 3.74 D 3.53 3.38 1.71 
Cl7(180) 5.2 D 4.82 4.67 2.22 
Cl7(187) 3.17 D 2.65 2.53 1.28 
Cl8(195) 0.36 0.25 0.24 0.12 
Cl9(206) 0.26 0.19 0.18 0.09 
Cl10(209) 0.07 0.06 0.05 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 77 71 74 27 N 
Cl6(152) 82 74 81 28 N 

003 C N.v. Tissue 003 D N.v. Tissue 003 E N.v. Tissue 

S9811-P S9812-P S9813-P 
SA SA SA 

09/22/05 09/22/05 09/22/05 
06/19/06 06/19/06 06/19/06 
07/17/06 07/17/06 07/17/06 

ECD ECD ECD 
87.12 88.83 88.36 
1.23 1.11 1.19 

WORMS WORMS WORMS 
21.18 30.56 28.26 

G_WET G_WET G_WET 
UG/KG_WET UG/KG_WET UG/KG_WET 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 Main: T06-0196ECD-Master_128-Final.xls 



 

Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Procedural Blank 

Battelle ID BI999PB-P 
Sample Type PB 
Collection Date 06/19/06 
Extraction Date 06/19/06 
Analysis Date 07/14/06 
Analytical Instrument ECD 
% Moisture 87.75 
% Lipid NA 
Matrix WORMS 
Sample Size 27.19 
Size Unit-Basis G_WET 
Units UG/KG_WET 

4,4'-DDD 0.05 U 
4,4'-DDE 0.06 U 
4,4'-DDT 0.05 U 
aldrin 0.03 U 
a-chlordane 0.04 U 
g-chlordane 0.04 U 
Lindane 0.05 U 
cis-nonachlor 0.05 U 
trans-nonachlor 0.04 U 
oxychlordane 0.05 U 
dieldrin 0.06 U 
endosulfan I 0.02 U 
endosulfan II 0.06 U 
endrin 0.05 U 
heptachlor 0.04 U 
heptachlor epoxide 0.02 U 
Hexachlorobenzene 0.05 U 
methoxychlor 0.05 U 
Toxaphene 3.07 U 
Cl2(8) 0.19 U 
Cl3(18) 0.04 U 
Cl3(28) 0.05 U 
Cl4(44) 0.03 U 
Cl4(52) 0.05 U 
Cl4(66) 0.03 U 
Cl5(101) 0.05 U 
Cl5(105) 0.05 U 
Cl5(118) 0.05 U 
Cl6(128) 0.03 U 
Cl6(138) 0.06 U 
Cl6(153) 0.04 U 
Cl7(170) 0.03 U 
Cl7(180) 0.03 U 
Cl7(187) 0.04 U 
Cl8(195) 0.03 U 
Cl9(206) 0.02 U 
Cl10(209) 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 76
 
Cl6(152) 75
 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 PB: T06-0196ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 060313-01: Tilapia 

Battelle ID BJ001LCS-P 
Sample Type LCS 
Collection Date 06/19/06 
Extraction Date 06/19/06 
Analysis Date 07/18/06 
Analytical Instrument ECD 
% Moisture 78.37 
% Lipid NA 
Matrix WORMS 
Sample Size 30.12 
Size Unit-Basis G_WET 
Units UG/KG_WET Target % Recovery Qualifier 

4,4'-DDD 2.36 2.66 89 
4,4'-DDE 2.4 2.66 90 
4,4'-DDT 2.86 2.66 108 
aldrin 2.69 2.66 101 
a-chlordane 2.63 2.66 99 
g-chlordane 2.58 2.66 97 
Lindane 2.77 2.66 104 
cis-nonachlor 2.25 2.66 85 
trans-nonachlor 2.77 2.66 104 
oxychlordane 2.78 2.67 104 
dieldrin 2.25 2.66 85 
endosulfan I 2.49 2.66 94 
endosulfan II 2.04 2.66 77 
endrin 2.29 2.66 86 
heptachlor 2.97 2.66 112 
heptachlor epoxide 2.6 2.66 98 
Hexachlorobenzene 2.21 2.66 83 
methoxychlor 2.25 2.66 85 
Toxaphene 2.77 U 
Cl2(8) 1.49 2.66 56 
Cl3(18) 1.64 2.66 62 
Cl3(28) 1.88 2.66 71 
Cl4(44) 2.05 2.66 77 
Cl4(52) 1.95 2.66 73 
Cl4(66) 2.35 2.66 88 
Cl5(101) 2.25 2.66 85 
Cl5(105) 1.96 2.66 74 
Cl5(118) 1.87 2.66 70 
Cl6(128) 2.09 2.67 78 
Cl6(138) 2.07 2.66 78 
Cl6(153) 1.83 2.66 69 
Cl7(170) 2.29 2.67 86 
Cl7(180) 2.11 2.67 79 
Cl7(187) 1.82 2.66 68 
Cl8(195) 2.07 2.66 78 
Cl9(206) 1.79 2.66 67 
Cl10(209) 2.02 2.66 76 

Surrogate Recoveries (%) 

Cl3(34) 87
 
Cl6(152) 69
 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 LCS: T06-0196ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 060406-01: NIST 2977 

Battelle ID BJ002SRM-P 
Sample Type SRM 
Collection Date 06/19/06 
Extraction Date 06/19/06 
Analysis Date 07/14/06 
Analytical Instrument ECD 
% Moisture NA 
% Lipid NA 
Matrix WORMS 
Sample Size 1.91 
Size Unit-Basis G_WET Certified Passing Actual 
Units UG/KG_WET Value +/- %Difference %Difference Qualifier 

4,4'-DDD 3.57 4.3 0.38 38.84 17 
4,4'-DDE 11.04 12.5 1.60 42.8 11.7 
4,4'-DDT 1.22 J 1.28 0.18 44.06 4.7 
aldrin 0.03 U 
a-chlordane 0.76 1.42 0.13 39.15 46.5 N 
g-chlordane 1.15 
Lindane 0.72 
cis-nonachlor 2.06 
trans-nonachlor 1.3 1.43 0.10 36.99 9.1 
oxychlordane 0.05 U 
dieldrin 8.97 6.04 0.52 38.61 48.5 N 
endosulfan I 0.02 U 
endosulfan II 0.06 U 
endrin 2.02 
heptachlor 0.04 U 
heptachlor epoxide 0.02 U 
Hexachlorobenzene 0.76 
methoxychlor 0.05 U 
Toxaphene 43.75 U 
Cl2(8) 6.55 2.1 0.15 37.14 211.9 N 
Cl3(18) 2.83 2.65 0.30 41.32 6.8 
Cl3(28) 6.05 5.37 0.44 38.19 12.7 
Cl4(44) 2.64 3.25 0.63 49.38 18.8 
Cl4(52) 8.02 8.37 0.54 36.45 4.2 
Cl4(66) 4.11 3.64 0.32 38.79 12.9 
Cl5(101) 10.56 11.2 1.20 40.71 5.7 
Cl5(105) 3.24 3.76 0.49 43.03 13.8 
Cl5(118) 13.55 10.5 1.00 39.52 29 
Cl6(128) 2.71 2.49 0.28 41.24 8.8 
Cl6(138) 15.4 16.6 1.60 39.64 7.2 
Cl6(153) 16.51 14.1 1.00 37.09 17.1 
Cl7(170) 5.87 2.95 0.23 37.8 99 N 
Cl7(180) 10.71 ME 6.79 0.67 39.87 57.7 N 
Cl7(187) 5.16 4.76 0.38 37.98 8.4 
Cl8(195) 0.27 J 
Cl9(206) 0.02 U 
Cl10(209) 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 71 
Cl6(152) 68 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 SRM: T06-0196ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID RISDS A N.v. Tissue RISDS A N.v. Tissue 

Battelle ID S9799-P S9799MS-P 
Sample Type SA MS 
Collection Date 09/22/05 9/22/2005 
Extraction Date 06/19/06 6/19/2006 
Analysis Date 07/15/06 7/15/2006 
Analytical Instrument ECD ECD 
% Moisture 86.81 87.09 
% Lipid 1.32 NA 
Matrix WORMS WORMS 
Sample Size 14.82 10.68 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET Target % Recovery Qualifier 

4,4'-DDD 0.05 U 6.99 7.49 93 
4,4'-DDE 0.06 U 6.74 7.50 90 
4,4'-DDT 0.05 U 8.46 7.49 113 
aldrin 0.03 U 7.03 7.49 94 
a-chlordane 0.07 7.18 7.50 95 
g-chlordane 0.04 J 6.94 7.50 92 
Lindane 0.05 U 7.72 7.50 103 
cis-nonachlor 0.07 6.32 7.50 83 
trans-nonachlor 0.33 7.68 7.50 98 
oxychlordane 0.05 U 7.71 7.53 102 
dieldrin 0.06 U 6.64 7.49 89 
endosulfan I 0.02 U 7.4 7.50 99 
endosulfan II 0.06 U 5.95 7.50 79 
endrin 0.05 U 6.49 7.49 87 
heptachlor 0.04 U 8.53 7.49 114 
heptachlor epoxide 0.02 U 7.2 7.50 96 
Hexachlorobenzene 0.05 U 6.59 7.50 87 
methoxychlor 0.96 7.71 7.49 90 
Toxaphene 5.64 U 7.82 U 
Cl2(8) 0.19 U 5.21 7.51 69 
Cl3(18) 0.12 5.33 7.51 69 
Cl3(28) 0.09 5.65 7.50 74 
Cl4(44) 0.18 5.86 7.51 76 
Cl4(52) 0.24 5.89 7.49 75 
Cl4(66) 0.03 JME 7.05 7.50 94 
Cl5(101) 0.18 6.25 7.51 81 
Cl5(105) 0.06 5.85 7.50 77 
Cl5(118) 0.1 5.9 7.50 77 
Cl6(128) 0.12 5.73 7.54 74 
Cl6(138) 0.42 6.22 7.51 77 
Cl6(153) 0.37 5.44 7.50 68 
Cl7(170) 0.55 6.43 7.53 78 
Cl7(180) 0.12 6.22 7.52 81 
Cl7(187) 0.1 5.45 7.51 71 
Cl8(195) 0.03 U 6.06 7.51 80 
Cl9(206) 0.03 J 5.35 7.51 71 
Cl10(209) 0.03 U 5.88 7.50 78 

Surrogate Recoveries (%) 

Cl3(34) 76 86 
Cl6(152) 80 74 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 MS: T06-0196ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID RISDS A N.v. Tissue 

Battelle ID S9799MSD-P 
Sample Type MSD 
Collection Date 9/22/2005 
Extraction Date 6/19/2006 
Analysis Date 7/15/2006 
Analytical Instrument ECD 
% Moisture 87.03 
% Lipid NA 
Matrix WORMS 
Sample Size 10.05 
Size Unit-Basis G_WET 
Units UG/KG_WET Target % Recovery Qualifier RPD (%) Qualifier 

4,4'-DDD 2.67 7.96 33 N 95.2 N 
4,4'-DDE 2.7 7.97 34 N 90.3 N 
4,4'-DDT 2.71 7.96 34 N 107.5 N 
aldrin 2.94 7.96 37 N 87.0 N 
a-chlordane 2.94 7.97 36 N 90.1 N 
g-chlordane 2.84 7.97 35 N 89.8 N 
Lindane 2.98 7.97 37 N 94.3 N 
cis-nonachlor 2.53 7.97 31 N 91.2 N 
trans-nonachlor 3.09 7.97 35 N 94.7 N 
oxychlordane 3.26 8.00 41 N 85.3 N 
dieldrin 2.55 7.96 32 N 94.2 N 
endosulfan I 2.98 7.97 37 N 91.2 N 
endosulfan II 2.39 7.97 30 N 89.9 N 
endrin 2.46 7.96 31 N 94.9 N 
heptachlor 2.64 7.96 33 N 110.2 N 
heptachlor epoxide 3.04 7.97 38 N 86.6 N 
Hexachlorobenzene 3.07 7.97 38 N 78.4 N 
methoxychlor 2.81 7.96 23 N 118.6 N 
Toxaphene 8.32 U 
Cl2(8) 2.63 7.98 33 N 70.6 N 
Cl3(18) 2.53 7.98 30 N 78.8 N 
Cl3(28) 2.53 7.97 31 N 81.9 N 
Cl4(44) 2.77 7.98 32 N 81.5 N 
Cl4(52) 2.72 7.96 31 N 83.0 N 
Cl4(66) 3.15 7.97 39 N 82.7 N 
Cl5(101) 2.8 7.98 33 N 84.2 N 
Cl5(105) 2.47 7.97 30 N 87.9 N 
Cl5(118) 2.49 7.97 30 N 87.9 N 
Cl6(128) 2.51 8.01 30 N 84.6 N 
Cl6(138) 2.84 7.98 30 N 87.9 N 
Cl6(153) 2.61 7.97 28 N 83.3 N 
Cl7(170) 3.13 8.00 32 N 83.6 N 
Cl7(180) 2.78 7.99 33 N 84.2 N 
Cl7(187) 2.46 7.98 30 N 81.2 N 
Cl8(195) 2.71 7.98 34 N 80.7 N 
Cl9(206) 2.44 7.98 30 N 81.2 N 
Cl10(209) 2.73 7.97 34 N 78.6 N 

Surrogate Recoveries (%) 

Cl3(34) 37 
Cl6(152) 32 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 MS: T06-0196ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 003 A N.v. Tissue 003 A N.v. Tissue 

Battelle ID S9809-P S9809DUP-P 
Sample Type SA QADU 
Collection Date 09/22/05 9/22/2005 
Extraction Date 06/19/06 6/19/2006 
Analysis Date 07/16/06 7/16/2006 
Analytical Instrument ECD ECD 
% Moisture 87.74 88.07 
% Lipid NA NA 
Matrix WORMS WORMS 
Sample Size 14.78 14.37 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET RPD Qualifier 

4,4'-DDD 0.92 0.78 16.5 
4,4'-DDE 0.39 0.31 22.9 
4,4'-DDT 0.05 U 0.05 U NA 
aldrin 0.03 U 0.03 U NA 
a-chlordane 0.11 0.1 9.5 
g-chlordane 0.1 0.08 22.2 
Lindane 0.05 U 0.05 U NA 
cis-nonachlor 1.25 1.04 18.3 
trans-nonachlor 0.33 0.27 20.0 
oxychlordane 0.05 U 0.05 U NA 
dieldrin 0.06 U 0.06 U NA 
endosulfan I 0.02 U 0.02 U NA 
endosulfan II 0.06 U 0.06 U NA 
endrin 0.05 U 0.05 U NA 
heptachlor 0.04 U 0.04 U NA 
heptachlor epoxide 0.02 U 0.02 U NA 
Hexachlorobenzene 0.05 U 0.05 U NA 
methoxychlor 0.05 U 0.05 U NA 
Toxaphene 5.65 U 5.82 U NA 
Cl2(8) 1.19 1.09 8.8 
Cl3(18) 15.03 D 11.58 D 25.9 
Cl3(28) 8.13 D 8.22 1.1 
Cl4(44) 8.31 6.88 18.8 
Cl4(52) 40.76 D 31.88 D 24.4 
Cl4(66) 4.35 3.46 22.8 
Cl5(101) 24.72 D 18.94 D 26.5 
Cl5(105) 11.58 9.14 23.6 
Cl5(118) 12.34 10.06 20.4 
Cl6(128) 9.01 7.53 17.9 
Cl6(138) 30.83 D 24.21 D 24.1 
Cl6(153) 30.86 D 24.51 D 22.9 
Cl7(170) 4.22 3.57 16.7 
Cl7(180) 5.5 4.61 17.6 
Cl7(187) 3.19 2.66 18.1 
Cl8(195) 0.29 0.25 14.8 
Cl9(206) 0.23 0.19 19.0 
Cl10(209) 0.06 0.06 0.0 

Surrogate Recoveries (%) 

Cl3(34) 76 70 
Cl6(152) 81 75 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 DUP: T06-0196ECD-Master_128-Final.xls 



 

  

  

   
 
  

  
  
 

 
 

 
  

 

 
 
 

     

 

 

 

 

 
 

         
          

  
  

 
 

 
 

  
  

   
    

  
 
 

  

  
    

    
   

 
 

                                           
                                   

 

  

 

Pesticide/PCB–QA/QC SUMMARY 06-0197 
M. nasuta and N. virens 

PROJECT:	 New Bedford Harbor O&M 2005 Tissue Analysis 
PARAMETER: 	 Pesticide/PCB 
LABORATORY: 	 Battelle, Duxbury, MA 
MATRIX: 	 Tissue – M. nasuta and N. virens 
SAMPLE CUSTODY: 	 Tissue samples for this project were collected on 9/22/05 and 10/13/05.   The shipment 

was received on 10/28/05.  Upon arrival, the cooler temperatures were recorded at 
27.7°C and -3.0°C.  No custody issues were noted.  The samples were logged in to 
LIMS and assigned unique Battelle IDs.  Samples were stored in a limited-access 
walk-in freezer until preparation could begin. 

QA/QC DATA QUALITY OBJECTIVES: 
Achieved 

Sample Detection 
Replicate Limit 

Reference Surrogate LCS/MS SRM Relative (ug/Kg 
Method Blank Recovery Recovery % Diff. Precision Wet Wt) 

Pesticide General < 5x MDL 30-150% 50-120% PD < 30% plus < 30% RPD MDL: 0.02 
NS&T Recovery variance.  Target for analytes – 0.19/PCB 

concentration >10 x MDLfor MS target 
must be > 5 x	 Toxaphene spike must be > 
MDL 	 RL: 3.0 5 x background 

METHOD:	 Tissue samples were extracted for Pesticides/PCB following general NS&T methods. 
Approximately 30 g of tissue was spiked with surrogates and extracted three times with 
dichloromethane using tissuemizer and shaker table techniques.  The combined extract was 
dried over anhydrous sodium sulfate, concentrated, processed through alumina cleanup 
column, concentrated, and further purified by GPC/HPLC.  The post-HPLC extract was 
concentrated, processed through silica gel columns, concentrated, fortified with internal 
standard (IS) and split 50:50 for analysis. Extracts intended for Pesticides/PCB analysis 
were analyzed using gas chromatography/electron capture detector  (GC/ECD), following 
general NS&T methods.  Sample data were quantified by the method of internal standards, 
using the IS compounds. Data was evaluated against 2006 MDLs. 

HOLDING	 Holding times for tissues (frozen) are 365-days for extraction and 40-days from extraction to 
TIMES: 	 analysis.  Tissue samples were stored frozen until sample preparation could begin.  All 

samples were extracted within 9 months of collection and analyzed within 25 days of 
extraction. 

Batch  Extraction Date   Analysis Date  
06-0197   6/22/2006 7/13/2006 – 7/27/2006 
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Pesticide/PCB–QA/QC SUMMARY 06-0197 
M. nasuta and N. virens 

BLANKS: A procedural blank (PB) was prepared with the analytical batch.  Blanks were analyzed to 
ensure the sample extraction and analysis methods were free of contamination.  

06-0197 – No exceedences noted. 

Comments – No target pesticides or PCBs were detected in the procedural blank. 

LABORATORY 
CONTROL 
SAMPLE (Blank 
Spike) 

A laboratory control sample (LCS) was prepared for the analytical batch.   The percent 
recoveries of pesticides and PCB compounds were calculated to measure data quality in 
terms of accuracy. 

06-0197 – 12 (out of 36) exceedences noted. 

Comments – Percent recoveries varied for sample BJ004LCS, from 33% to 175%. The two 
exceedences involving over-recoveries were for PCB 138 and PCB 170, with recoveries at 
139% and 175%, respectively.  These exceedences are due to phthalate interference as noted 
by the GC/ECD analyst.  Results for PCB 138 and PCB 170 have been flagged with an 
“ME” in the LCS to indicate the results are estimates.  All other exceedences were due to 
under-recoveries.  Chromatography and calculations were reviewed, and no errors were 
found.  In the sample prep records, however, an extract loss for the LCS due to a leaky KD 
apparatus was noted. The exceedences were qualified with an “N” and no corrective action 
was taken.  The LCS extract split for PAH analysis also had similarly low recoveries, 
confirming the extract loss during sample prep.  Since this was an isolated incident, the 
exceedences should have no impact on the field sample data.  Accuracy for all failed 
compounds in LCS was demonstrated in the MS and MSD samples.   

MATRIX A pair of matrix spike (MS) and matrix spike duplicate (MSD) samples was prepared with 
SPIKES/MATRIX the analytical batch. The percent recoveries of PCB and pesticide were calculated to 
SPIKE measure data quality in terms of accuracy and precision.  The RPD between percent 
DUPLCATE: recoveries was calculated to measure the data quality in terms of precision. 

06-0197 –  3 (out of 72) percent recovery exceedences noted. 1 (out of 36) RPD exceedence 
noted. 

Comments – All percent recoveries for spiked analytes were within laboratory control 
limits (50-120%), except for 4,4-DDT and endrin in sample S9759MS and endrin in sample 
S9759MSD (background Lab A M.n Tissue).  4,4-DDT was over-recovered at 128%, while 
endrin was under-recovered in both samples at 10% and 36%, respectively. The RPD 
between endrin percent recoveries was also calculated to be in exceedence at 113%. 
Chromatography and calculations were reviewed, and no discrepancies were found.  The 
MS/MSD samples were re-run with similar results.  The data was qualified and no further 
corrective action was taken. It should be noted that endrin results for the field samples in 
this batch may be biased low.  Accuracy for 4,4-DDT was demonstrated in the SRM. 

SURROGATES:	 Two surrogate compounds were added prior to extraction, including PCB 34, and PCB 152. 
The recovery of each surrogate compound was calculated to measure data quality in terms 
of accuracy (extraction efficiency).   

06-0197 – All percent recoveries for surrogates were within laboratory control limits (30
150%). 

Comments – None 

Page 2 of 3 



 

  

 
   

 
  

 

 
 

 

  
 

  
 

 

 

   

   
  

 
 

 

    
   

  
  

 
 

 
   

 
   

 
  

  
 

  
 

  
   

 

   
     

    
 

    
 

 

 

Pesticide/PCB–QA/QC SUMMARY 06-0197 
M. nasuta and N. virens 

DUPLICATES: 	 Duplicate samples were prepared with the analytical batch.  The RPD between replicate 
analyses for pesticides and PCB compounds were calculated to measure data quality in 
terms of precision. 

06-0197 – All RPDs were calculated to be within the laboratory control limits (<30%) 

Comments  – None 

SRM: 	 A standard reference material (SRM, NIST 2977) was prepared with the analytical batch. 
The percent difference (PD) between the measured value and the certified value was 
calculated to measure data quality in terms of accuracy. 

06-0197 – 2 exceedences noted. 

Comments – All percent differences were calculated to be within the laboratory control 
limits (<30% PD, plus variance) except for dieldrin and PCB 170 which were over-
recovered in the SRM.  All integrations, calibrations, and calculations were checked, and no 
discrepancy was found. The GC/ECD analyst notes a phthalate interference affecting the 
chromatography for PCB 170.  This result has been qualified with an “ME” in the SRM to 
indicate the result is an estimate.  Exceedences were qualified and no corrective action was 
taken. It should be noted that the results for dieldrin and PCB 170 in the field samples of 
this batch may be biased high. 

CALIBRATIONS: 	 The GC/ECD was calibrated with a 6 level curve, with a correlation coefficient of >0.995. 
Each batch of samples analyzed is bracketed by continuing calibration verification (CCV) 
samples, running at a frequency of minimally every 24 hours.  The PD between the initial 
calibration (ICAL) RF and the continuing calibration samples should be <20% for each 
compound.  Additionally an Initial Calibration Check (ICC) sample is run immediately 
following the ICAL.  The ICC is to have a percent difference < 20%. 

06-0197 – No ICAL exceedences. 7 CCV exceedences.  2 ICC exceedences. 

Comments – Data for this batch was acquired on 3 methods.  Each method has its own 
associated ICAL, CCV and ICC samples.  

In the ICC data file L6505.d, method ML0148, PCB 206 and PCB 209 were both under-
recovered.  Their percent differences were calculated to be 29% and 23.2%, respectively.  
Chromatography and calculations were reviewed.  No discrepancies were found.  While 
data for these compounds may be considered biased low, both accuracy and precision for 
these compounds were demonstrated in the MS and MSD samples.  The exceedences were 
qualified on the ICC evaluation report, no corrective action was taken. 

All CCV samples had acceptable results except for CCV GK44 mid, data file M6046.d.  In 
this CCV, g-BHC, heptachlor, heptachlor epoxide, oxychlordane, and methoxychlor were 
all over-recovered.  However, since these compounds were not detected in any of the 
affected samples, sample data were not affected.  PCB 206 and PCB 209 were also over-
recovered at 27.2% and 23.5%, respectively.  Chromatography and calculations were 
reviewed.  PCB 206 and PCB 209 data maybe biased high for the following samples: 
S9814, S9814DUP, S9815, S9816k, S9817, S9818, and S9788. However, due to the low 
concentrations of PCB 206 and PCB 209 relative to other lighter PCBs in the samples, the 
contribution of the two compounds to the total PCB concentrations is insignificant. No 
corrective action was taken.  
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Glossary of Data Qualifiers 

Flag: Application: 

B Analyte concentration found in the sample at a concentration <5x the level found in the procedural blank. 

D Dilution Run.  Initial run outside linear range of instrument. 

E Estimate, result is greater than the highest concentration level in the calibration. 

H Surrogate diluted out. Used when surrogate recovery is affected by excessive dilution of the sample extract. 

J Analyte detected below the sample-specific Reporting Limit (RL). 

ME Significant Matrix Interference - Estimated value. 

MI Significant Matrix Interference - value could not be determined or estimated. 

n Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO), but meets the contingency criteria. 

N Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO) 

NA Not applicable 

T Holding Time (HT) exceeded. 

U Analyte not detected at 3:1 signal:noise ratio. The sample-specific method detection limit (MDL) reported. 
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Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Lab A M.n. Tissue Lab B M.n. Tissue Lab C M.n. Tissue 008 A M.n. Tissue 

Battelle ID S9759-P S9760-P S9761-P S9784-P 
Sample Type SA SA SA SA 
Collection Date 10/13/05 10/13/05 10/13/05 10/13/05 
Extraction Date 06/22/06 06/22/06 06/22/06 06/22/06 
Analysis Date 07/26/06 07/27/06 07/27/06 07/13/06 
Analytical Instrument ECD ECD ECD ECD 
% Moisture 88.13 90.55 90.97 90.78 
% Lipid 0.87 0.85 0.8 0.73 
Matrix CLAMS CLAMS CLAMS CLAMS 
Sample Size 19.86 29.48 29.45 29.97 
Size Unit-Basis G_WET G_WET G_WET G_WET 
Units UG/KG_WET UG/KG_WET UG/KG_WET UG/KG_WET 

4,4'-DDD 0.36 0.21 0.17 0.05 U 
4,4'-DDE 0.37 0.25 0.23 1.35 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
a-chlordane 0.11 0.06 0.05 0.07 
g-chlordane 0.04 0.04 U 0.04 U 0.08 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
cis-nonachlor 0.05 0.05 U 0.05 U 1.45 
trans-nonachlor 0.06 0.04 U 0.04 U 0.04 
oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
dieldrin 0.11 0.07 0.07 0.06 U 
endosulfan I 0.02 U 0.02 U 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.23 0.18 0.12 0.05 U 
methoxychlor 0.05 U 0.21 0.05 U 0.05 U 
Toxaphene 4.21 U 2.83 U 2.84 U 2.79 U 
Cl2(8) 0.19 U 0.19 U 0.19 U 25.4 D 
Cl3(18) 0.04 U 0.05 0.04 U 29.19 D 
Cl3(28) 0.17 0.13 0.11 47.19 D 
Cl4(44) 0.03 U 0.03 U 0.03 U 16.3 D 
Cl4(52) 0.18 0.13 0.11 77.45 D 
Cl4(66) 0.18 0.03 U 0.03 U 17.65 D 
Cl5(101) 0.19 0.11 0.11 36.47 D 
Cl5(105) 0.05 0.05 U 0.05 U 8 D 
Cl5(118) 0.15 0.09 0.09 22.92 D 
Cl6(128) 0.03 J 0.03 U 0.03 U 4.96 D 
Cl6(138) 0.19 0.11 0.12 25.61 D 
Cl6(153) 0.2 0.13 0.13 26.22 D 
Cl7(170) 0.29 0.18 0.13 2.14 
Cl7(180) 0.15 0.08 0.07 2.5 
Cl7(187) 0.05 0.04 0.04 2 
Cl8(195) 0.03 U 0.03 U 0.03 U 0.24 
Cl9(206) 0.02 U 0.02 U 0.02 U 0.1 
Cl10(209) 0.03 U 0.03 U 0.03 U 0.04 

Surrogate Recoveries (%) 

Cl3(34) 72 65 70 73 
Cl6(152) 67 64 71 78 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 Main: T06-0197ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 008 B M.n. Tissue 008 C M.n. Tissue 008 D M.n. Tissue 

Battelle ID S9785-P S9786-P S9787-P 
Sample Type SA SA SA 
Collection Date 10/13/05 10/13/05 10/13/05 
Extraction Date 06/22/06 06/22/06 06/22/06 
Analysis Date 07/13/06 07/13/06 07/13/06 
Analytical Instrument ECD ECD ECD 
% Moisture 90.3 91.62 91.13 
% Lipid 0.68 0.68 0.75 
Matrix CLAMS CLAMS CLAMS 
Sample Size 30.38 30.53 30.18 
Size Unit-Basis G_WET G_WET G_WET 
Units UG/KG_WET UG/KG_WET UG/KG_WET 

0.05 U 
1.84 
0.05 U 
0.03 U 
0.07 
0.11 
0.05 U 

2 
0.04 
0.05 U 
0.06 U 
0.02 U 
0.06 U 
0.05 U 
0.04 U 
0.02 U 
0.05 U 
0.05 U 
2.77 U 

33.37 D 
39.87 D 
66.45 D 
20.87 D 

107.68 D 
23.34 D 
49.33 D 
12.76 D 
34.16 D 
7.32 D 

37.56 D 
38.92 D 
2.81 
3.58 
2.81 
0.34 
0.16 
0.05 

67 
76 

008 E M.n. Tissue 

S9788-P 
SA 

10/13/05 
06/22/06 
07/14/06 

ECD 
90.47 
0.68 

CLAMS 
29.16 

G_WET 
UG/KG_WET 

0.05 U 
2.42 
0.05 U 
0.03 U 
0.09 
0.08 
0.05 U 
2.5 

0.05 
0.05 U 
0.06 U 
0.02 U 
0.06 U 
0.05 U 
0.04 U 
0.02 U 
0.05 U 
0.05 U 
2.87 U 

27.07 D 
34.73 D 
51.58 D 
24.14 D 

113.59 D 
21.4 D 

58.92 D 
13.98 D 
38.57 D 

9.6 D 
50.29 D 
52.98 D 
4.35 
3.77 D 
3.93 
0.53 
0.21 
0.09 

70 
74 

4,4'-DDD 0.05 U 0.05 U 
4,4'-DDE 2.23 1.51 
4,4'-DDT 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 
a-chlordane 0.09 0.06 
g-chlordane 0.1 0.08 
Lindane 0.05 U 0.05 U 
cis-nonachlor 2.36 1.59 
trans-nonachlor 0.05 0.04 
oxychlordane 0.05 U 0.05 U 
dieldrin 0.06 U 0.06 U 
endosulfan I 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 
methoxychlor 0.05 U 0.05 U 
Toxaphene 2.75 U 2.74 U 
Cl2(8) 33.13 D 28.37 D 
Cl3(18) 45.96 D 30.93 D 
Cl3(28) 66.85 D 46.6 D 
Cl4(44) 27.32 D 18.4 D 
Cl4(52) 108.67 D 76.78 D 
Cl4(66) 23.68 D 19.05 D 
Cl5(101) 53.05 D 40 D 
Cl5(105) 13.66 D 9.67 D 
Cl5(118) 37.87 D 26.96 D 
Cl6(128) 8.01 D 6.09 D 
Cl6(138) 41.87 D 31.22 D 
Cl6(153) 44.27 D 31.44 D 
Cl7(170) 3.63 2.55 
Cl7(180) 4.45 3.19 
Cl7(187) 3.33 2.24 
Cl8(195) 0.45 0.3 
Cl9(206) 0.19 0.13 
Cl10(209) 0.07 0.05 

Surrogate Recoveries (%) 

Cl3(34) 81 69 
Cl6(152) 93 77 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 Main: T06-0197ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Lab A N.v. Tissue Lab B N.v. Tissue Lab C N.v. Tissue 

Battelle ID S9789-P S9790-P S9791-P 
Sample Type SA SA SA 
Collection Date 09/22/05 09/22/05 09/22/05 
Extraction Date 06/22/06 06/22/06 06/22/06 
Analysis Date 07/13/06 07/13/06 07/14/06 
Analytical Instrument ECD ECD ECD 
% Moisture 88.11 88.36 88.48 
% Lipid 1.61 1.27 1.35 
Matrix WORMS WORMS WORMS 
Sample Size 30.13 26.97 26.40 
Size Unit-Basis G_WET G_WET G_WET 
Units UG/KG_WET UG/KG_WET UG/KG_WET 

0.05 U 
0.06 U 
0.05 U 
0.03 U 
0.08 
0.04 
0.05 U 
0.05 
0.24 
0.05 U 
0.11 
0.02 U 
0.06 U 
0.05 U 
0.04 U 
0.02 U 
0.11 
0.05 U 
3.17 U 
0.19 U 
0.04 U 
0.05 U 
0.03 U 
0.11 
0.03 U 
0.1 

0.05 U 
0.05 U 
0.03 U 
0.14 
0.21 
0.13 
0.06 
0.05 
0.03 U 
0.02 U 
0.03 U 

62 
67 

008 A N.v. Tissue 

S9814-P 
SA 

09/22/05 
06/22/06 
07/14/06 

ECD 
88.36 
1.44 

WORMS 
15.41 

G_WET 
UG/KG_WET 

0.05 U 
0.61 
0.05 U 
0.03 U 
0.13 
0.12 
0.05 U 
1.43 
0.29 
0.05 U 
0.06 U 
0.02 U 
0.06 U 
0.05 U 
0.04 U 
0.02 U 
0.05 U 
0.05 U 
5.42 U 
1.09 

39.31 D 
29.21 D 
14.12 D 
80.19 D 
8.84 D 

30.82 D 
10.23 D 
14.59 D 
8.27 

32.92 D 
30.18 D 
3.85 
4.99 
3.02 
0.29 
0.25 
0.08 

69 
90 

4,4'-DDD 0.05 U 0.05 U 
4,4'-DDE 0.06 U 0.06 U 
4,4'-DDT 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 
a-chlordane 0.08 0.06 
g-chlordane 0.05 0.04 U 
Lindane 0.05 U 0.05 U 
cis-nonachlor 0.06 0.05 
trans-nonachlor 0.26 0.26 
oxychlordane 0.05 U 0.05 U 
dieldrin 0.12 0.1 
endosulfan I 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 
Hexachlorobenzene 0.14 0.24 
methoxychlor 2.46 D 0.06 
Toxaphene 2.77 U 3.1 U 
Cl2(8) 0.19 U 0.19 U 
Cl3(18) 0.09 0.04 U 
Cl3(28) 0.13 0.05 U 
Cl4(44) 0.07 0.03 U 
Cl4(52) 0.27 0.1 
Cl4(66) 0.05 0.03 U 
Cl5(101) 0.18 0.06 
Cl5(105) 0.06 0.05 U 
Cl5(118) 0.1 0.05 U 
Cl6(128) 0.04 0.03 
Cl6(138) 0.23 0.15 
Cl6(153) 0.29 0.19 
Cl7(170) 0.33 0.19 
Cl7(180) 0.08 0.07 
Cl7(187) 0.06 0.05 
Cl8(195) 0.03 U 0.03 U 
Cl9(206) 0.02 U 0.02 U 
Cl10(209) 0.03 U 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 66 72 
Cl6(152) 68 77 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 Main: T06-0197ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 008 B N.v. Tissue 008 C N.v. Tissue 008 D N.v. Tissue 

Battelle ID S9815-P S9816-P S9817-P 
Sample Type SA SA SA 
Collection Date 09/22/05 09/22/05 09/22/05 
Extraction Date 06/22/06 06/22/06 06/22/06 
Analysis Date 07/14/06 07/14/06 07/14/06 
Analytical Instrument ECD ECD ECD 
% Moisture 89.41 88.11 89.03 
% Lipid 1.29 1.67 1.46 
Matrix WORMS WORMS WORMS 
Sample Size 30.29 29.51 29.20 
Size Unit-Basis G_WET G_WET G_WET 
Units UG/KG_WET UG/KG_WET UG/KG_WET 

0.05 U 
0.73 
0.05 U 
0.03 U 
0.12 
0.1 

0.05 U 
1.77 
0.27 
0.05 U 
0.06 U 
0.02 U 
0.06 U 
0.05 U 
0.04 U 
0.02 U 
0.05 U 
0.05 U 
2.86 U 
1.18 

35.25 D 
24.9 D 

14.94 D 
83.7 D 
7.86 D 

36 D 
10.86 D 
16.61 D 

8.1 D 
40.35 D 
36.14 D 
3.23 D 
4.9 D 

4.08 
0.43 
0.37 
0.08 

69 
87 

008 E N.v. Tissue 

S9818-P 
SA 

09/22/05 
06/22/06 
07/14/06 

ECD 
88.32 

1.5 
WORMS 

29.49 
G_WET 

UG/KG_WET 

0.05 U 
0.71 
0.05 U 
0.03 U 
0.12 
0.11 
0.05 U 
1.69 
0.31 
0.05 U 
0.06 U 
0.02 U 
0.06 U 
0.05 U 
0.04 U 
0.02 U 
0.05 U 
0.05 U 
2.83 U 
0.7 

29.76 D 
20.29 D 
13.69 D 
79.5 D 
6.86 D 

35.07 D 
11.6 D 
14.4 D 
8.56 D 

41.56 D 
39.07 D 
3.24 D 
5.02 D 
3.22 D 
0.43 
0.34 
0.09 

64 
79 

4,4'-DDD 0.05 U 0.05 U 
4,4'-DDE 0.73 0.68 
4,4'-DDT 0.05 U 0.05 U 
aldrin 0.03 U 0.03 U 
a-chlordane 0.1 0.1 
g-chlordane 0.07 0.09 
Lindane 0.05 U 0.05 U 
cis-nonachlor 1.79 1.82 
trans-nonachlor 0.22 0.26 
oxychlordane 0.05 U 0.05 U 
dieldrin 0.06 U 0.06 U 
endosulfan I 0.02 U 0.02 U 
endosulfan II 0.06 U 0.06 U 
endrin 0.05 U 0.05 U 
heptachlor 0.04 U 0.04 U 
heptachlor epoxide 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 
methoxychlor 0.05 U 0.05 U 
Toxaphene 2.76 U 2.83 U 
Cl2(8) 0.71 1.32 
Cl3(18) 28.63 D 37.73 D 
Cl3(28) 20.48 D 28.96 D 
Cl4(44) 11.9 D 13.53 D 
Cl4(52) 72.36 D 97.08 D 
Cl4(66) 7.59 D 8.48 D 
Cl5(101) 32.73 D 37.38 D 
Cl5(105) 10.84 D 12.64 D 
Cl5(118) 15.11 D 16.89 D 
Cl6(128) 7.64 D 8.61 D 
Cl6(138) 39.03 D 42.26 D 
Cl6(153) 36.19 D 39.33 D 
Cl7(170) 4.93 4.87 
Cl7(180) 4.65 D 5.07 D 
Cl7(187) 4.11 3.89 
Cl8(195) 0.38 0.37 
Cl9(206) 0.31 0.32 
Cl10(209) 0.07 0.07 

Surrogate Recoveries (%) 

Cl3(34) 65 65 
Cl6(152) 88 89 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 Main: T06-0197ECD-Master_128-Final.xls 



 

Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Procedural Blank 

Battelle ID BJ003PB-P 
Sample Type PB 
Collection Date 06/22/06 
Extraction Date 06/22/06 
Analysis Date 07/26/06 
Analytical Instrument ECD 
% Moisture 89.51 
% Lipid NA 
Matrix CLAMS, WORMS 
Sample Size 27.90 
Size Unit-Basis G_WET 
Units UG/KG_WET 

4,4'-DDD 0.05 U 
4,4'-DDE 0.06 U 
4,4'-DDT 0.05 U 
aldrin 0.03 U 
a-chlordane 0.04 U 
g-chlordane 0.04 U 
Lindane 0.05 U 
cis-nonachlor 0.05 U 
trans-nonachlor 0.04 U 
oxychlordane 0.05 U 
dieldrin 0.06 U 
endosulfan I 0.02 U 
endosulfan II 0.06 U 
endrin 0.05 U 
heptachlor 0.04 U 
heptachlor epoxide 0.02 U 
Hexachlorobenzene 0.05 U 
methoxychlor 0.05 U 
Toxaphene 3 U 
Cl2(8) 0.19 U 
Cl3(18) 0.04 U 
Cl3(28) 0.05 U 
Cl4(44) 0.03 U 
Cl4(52) 0.05 U 
Cl4(66) 0.03 U 
Cl5(101) 0.05 U 
Cl5(105) 0.05 U 
Cl5(118) 0.05 U 
Cl6(128) 0.03 U 
Cl6(138) 0.06 U 
Cl6(153) 0.04 U 
Cl7(170) 0.03 U 
Cl7(180) 0.03 U 
Cl7(187) 0.04 U 
Cl8(195) 0.03 U 
Cl9(206) 0.02 U 
Cl10(209) 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 65
 
Cl6(152) 67
 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 PB: T06-0197ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 060313-01: Tilapia 

Battelle ID BJ004LCS-P 
Sample Type LCS 
Collection Date 06/22/06 
Extraction Date 06/22/06 
Analysis Date 07/26/06 
Analytical Instrument ECD 
% Moisture 78.37 
% Lipid NA 
Matrix CLAMS, WORMS 
Sample Size 29.73 
Size Unit-Basis G_WET 
Units UG/KG_WET Target % Recovery Qualifier 

4,4'-DDD 1.85 2.69 69 
4,4'-DDE 1.55 2.69 58 
4,4'-DDT 2.64 2.69 98 
aldrin 1.4 2.69 52 
a-chlordane 1.68 2.69 62 
g-chlordane 1.72 2.70 64 
Lindane 1.64 2.69 61 
cis-nonachlor 1.64 2.69 61 
trans-nonachlor 1.86 2.69 69 
oxychlordane 2.16 2.70 80 
dieldrin 1.77 2.69 66 
endosulfan I 1.44 2.69 54 
endosulfan II 1.71 2.69 64 
endrin 1.89 2.69 70 
heptachlor 2.28 2.69 85 
heptachlor epoxide 2.04 2.69 76 
Hexachlorobenzene 1.12 2.69 42 N 
methoxychlor 2.76 2.69 103 
Toxaphene 2.81 U 
Cl2(8) 1.14 2.70 42 N 
Cl3(18) 0.89 2.70 33 N 
Cl3(28) 1.09 2.69 41 N 
Cl4(44) 1.17 2.70 43 N 
Cl4(52) 1.15 2.69 43 N 
Cl4(66) 1.32 2.69 49 N 
Cl5(101) 1.29 2.70 48 N 
Cl5(105) 1.28 2.69 48 N 
Cl5(118) 1.27 2.69 47 N 
Cl6(128) 1.28 2.71 47 N 
Cl6(138) 3.76 ME 2.70 139 N 
Cl6(153) 1.38 2.69 51 
Cl7(170) 4.73 ME 2.70 175 N 
Cl7(180) 1.52 2.70 56 
Cl7(187) 1.27 2.70 47 N 
Cl8(195) 1.2 2.70 44 N 
Cl9(206) 1.08 2.70 40 N 
Cl10(209) 1.11 2.69 41 N 

Surrogate Recoveries (%) 

Cl3(34) 41 
Cl6(152) 48 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 LCS: T06-0197ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 060406-01: NIST 2977 

Battelle ID BJ005SRM-P 
Sample Type SRM 
Collection Date 06/22/06 
Extraction Date 06/22/06 
Analysis Date 07/26/06 
Analytical Instrument ECD 
% Moisture NA 
% Lipid NA 
Matrix CLAMS, WORMS 
Sample Size 1.67 
Size Unit-Basis G_WET Certified Passing Actual 
Units UG/KG_WET Value +/- %Difference %Difference Qualifier 

4,4'-DDD 4.86 4.3 0.38 38.84 13 
4,4'-DDE 13.98 12.5 1.60 42.8 11.8 
4,4'-DDT 1.42 1.28 0.18 44.06 10.9 
aldrin 0.03 U 
a-chlordane 0.87 1.42 0.13 39.15 38.7 
g-chlordane 0.04 U 
Lindane 0.05 U 
cis-nonachlor 0.05 U 
trans-nonachlor 1.74 1.43 0.10 36.99 21.7 
oxychlordane 0.05 U 
dieldrin 12.89 6.04 0.52 38.61 113.4 N 
endosulfan I 0.02 U 
endosulfan II 0.06 U 
endrin 0.05 U 
heptachlor 0.04 U 
heptachlor epoxide 0.02 U 
Hexachlorobenzene 0.05 U 
methoxychlor 0.05 U 
Toxaphene 50.04 U 
Cl2(8) 2.39 2.1 0.15 37.14 13.8 
Cl3(18) 2.44 2.65 0.30 41.32 7.9 
Cl3(28) 6.98 5.37 0.44 38.19 30 
Cl4(44) 2.94 3.25 0.63 49.38 9.5 
Cl4(52) 8.04 8.37 0.54 36.45 3.9 
Cl4(66) 4.37 3.64 0.32 38.79 20.1 
Cl5(101) 10.87 11.2 1.20 40.71 2.9 
Cl5(105) 3.3 3.76 0.49 43.03 12.2 
Cl5(118) 12.19 10.5 1.00 39.52 16.1 
Cl6(128) 2.16 2.49 0.28 41.24 13.3 
Cl6(138) 14.56 16.6 1.60 39.64 12.3 
Cl6(153) 16.88 14.1 1.00 37.09 19.7 
Cl7(170) 7.85 ME 2.95 0.23 37.8 166.1 N 
Cl7(180) 4.4 ME 6.79 0.67 39.87 35.2 
Cl7(187) 5.22 4.76 0.38 37.98 9.7 
Cl8(195) 0.03 U 
Cl9(206) 0.02 U 
Cl10(209) 0.03 U 

Surrogate Recoveries (%) 

Cl3(34) 79 
Cl6(152) 72 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 SRM: T06-0197ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Lab A M.n. Tissue Lab A M.n. Tissue 

Battelle ID S9759-P S9759MS-P 
Sample Type SA MS 
Collection Date 10/13/05 10/13/2005 
Extraction Date 06/22/06 6/22/2006 
Analysis Date 07/26/06 7/27/2006 
Analytical Instrument ECD ECD 
% Moisture 88.13 88.22 
% Lipid 0.87 NA 
Matrix CLAMS CLAMS 
Sample Size 19.86 14.92 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET Target % Recovery Qualifier 

4,4'-DDD 0.36 5.63 5.36 98 
4,4'-DDE 0.37 4.9 5.37 84 
4,4'-DDT 0.05 U 6.86 5.36 128 N 
aldrin 0.03 U 4.93 5.36 92 
a-chlordane 0.11 5.65 5.37 103 
g-chlordane 0.04 5.57 5.37 103 
Lindane 0.05 U 6.07 5.37 113 
cis-nonachlor 0.05 5.02 5.37 93 
trans-nonachlor 0.06 5.98 5.37 110 
oxychlordane 0.05 U 6.47 5.39 120 
dieldrin 0.11 5.59 5.36 102 
endosulfan I 0.02 U 5.12 5.37 95 
endosulfan II 0.06 U 4.94 5.37 92 
endrin 0.05 U 0.54 5.36 10 N 
heptachlor 0.04 U 6.43 5.36 120 
heptachlor epoxide 0.02 U 6.2 5.37 115 
Hexachlorobenzene 0.23 5.12 5.37 91 
methoxychlor 0.05 U 6.01 5.36 112 
Toxaphene 4.21 U 5.6 U 
Cl2(8) 0.19 U 3.66 5.38 68 
Cl3(18) 0.04 U 3.48 5.38 65 
Cl3(28) 0.17 4.11 5.37 73 
Cl4(44) 0.03 U 4.14 5.37 77 
Cl4(52) 0.18 4.36 5.36 78 
Cl4(66) 0.18 4.44 5.37 79 
Cl5(101) 0.19 4.56 5.37 81 
Cl5(105) 0.05 3.85 5.37 71 
Cl5(118) 0.15 3.98 5.37 71 
Cl6(128) 0.03 J 3.8 5.39 70 
Cl6(138) 0.19 4.12 5.37 73 
Cl6(153) 0.2 4.34 5.37 77 
Cl7(170) 0.29 4.21 5.39 73 
Cl7(180) 0.15 4.33 5.38 78 
Cl7(187) 0.05 3.96 5.38 73 
Cl8(195) 0.03 U 3.99 5.38 74 
Cl9(206) 0.02 U 3.35 5.38 62 
Cl10(209) 0.03 U 3.85 5.37 72 

Surrogate Recoveries (%) 

Cl3(34) 72 83 
Cl6(152) 67 74 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 MS: T06-0197ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 

Battelle ID 
Sample Type 
Collection Date 
Extraction Date 
Analysis Date 
Analytical Instrument 
% Moisture 
% Lipid 
Matrix 
Sample Size 
Size Unit-Basis 
Units 

Lab A M.n. Tissue 

S9759MSD-P 
MSD 

10/13/2005 
6/22/2006 
7/27/2006 

ECD 
89.41 

NA 
CLAMS 

14.87 
G_WET 

UG/KG_WET 

4,4'-DDD 5.09 
4,4'-DDE 4.69 
4,4'-DDT 5.76 
aldrin 4.67 
a-chlordane 5.32 
g-chlordane 5.12 
Lindane 5.24 
cis-nonachlor 4.69 
trans-nonachlor 5.49 
oxychlordane 6.03 
dieldrin 5.12 
endosulfan I 5.11 
endosulfan II 4.45 
endrin 1.91 
heptachlor 5.75 
heptachlor epoxide 5.47 
Hexachlorobenzene 4.42 
methoxychlor 4.65 
Toxaphene 5.62 U 
Cl2(8) 3.37 
Cl3(18) 3.34 
Cl3(28) 4 
Cl4(44) 4.05 
Cl4(52) 4.17 
Cl4(66) 4.97 
Cl5(101) 4.39 
Cl5(105) 3.76 
Cl5(118) 3.89 
Cl6(128) 3.63 
Cl6(138) 3.96 
Cl6(153) 4.09 
Cl7(170) 3.91 
Cl7(180) 4.02 
Cl7(187) 3.79 
Cl8(195) 3.73 
Cl9(206) 3.13 
Cl10(209) 3.57 

Surrogate Recoveries (%) 

Cl3(34) 79 
Cl6(152) 73 

Target % Recovery Qualifier RPD (%) Qualifier 

5.38 88 
5.38 80 
5.38 107 
5.38 87 
5.38 97 
5.39 94 
5.38 97 
5.38 86 
5.39 101 
5.41 111 
5.38 93 
5.38 95 
5.38 83 
5.38 36 
5.38 107 
5.38 102 
5.39 78 
5.38 86 

5.40 62 
5.40 62 
5.39 71 
5.39 75 
5.38 74 
5.39 89 
5.39 78 
5.39 69 
5.39 69 
5.41 67 
5.39 70 
5.39 72 
5.41 67 
5.40 72 
5.40 69 
5.40 69 
5.40 58 
5.39 66 

N 

10.8 
4.9 

17.9 
5.6 
6.0 
9.1 

15.2 
7.8 
8.5 
7.8 
9.2 
0.0 

10.3 
113.0 
11.5 
12.0 
15.4 
26.3 

9.2 
4.7 
2.8 
2.6 
5.3 

11.9 
3.8 
2.9 
2.9 
4.4 
4.2 
6.7 
8.6 
8.0 
5.6 
7.0 
6.7 
8.7 

N 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 MS: T06-0197ECD-Master_128-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 008 A N.v. Tissue 008 A N.v. Tissue 

Battelle ID S9814-P S9814DUP-P 
Sample Type SA QADU 
Collection Date 09/22/05 9/22/2005 
Extraction Date 06/22/06 6/22/2006 
Analysis Date 07/14/06 7/14/2006 
Analytical Instrument ECD ECD 
% Moisture 88.36 88.91 
% Lipid 1.44 NA 
Matrix WORMS WORMS 
Sample Size 15.41 15.99 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET RPD Qualifier 

4,4'-DDD 0.05 U 0.05 U NA 
4,4'-DDE 0.61 0.55 10.3 
4,4'-DDT 0.05 U 0.05 U NA 
aldrin 0.03 U 0.03 U NA 
a-chlordane 0.13 0.12 8.0 
g-chlordane 0.12 0.1 18.2 
Lindane 0.05 U 0.05 U NA 
cis-nonachlor 1.43 1.25 13.4 
trans-nonachlor 0.29 0.28 3.5 
oxychlordane 0.05 U 0.05 U NA 
dieldrin 0.06 U 0.06 U NA 
endosulfan I 0.02 U 0.02 U NA 
endosulfan II 0.06 U 0.06 U NA 
endrin 0.05 U 0.05 U NA 
heptachlor 0.04 U 0.04 U NA 
heptachlor epoxide 0.02 U 0.02 U NA 
Hexachlorobenzene 0.05 U 0.05 U NA 
methoxychlor 0.05 U 0.05 U NA 
Toxaphene 5.42 U 5.23 U NA 
Cl2(8) 1.09 0.86 23.6 
Cl3(18) 39.31 D 38.17 D 2.9 
Cl3(28) 29.21 D 27.76 D 5.1 
Cl4(44) 14.12 D 13.04 D 8.0 
Cl4(52) 80.19 D 74.17 D 7.8 
Cl4(66) 8.84 D 8.15 D 8.1 
Cl5(101) 30.82 D 28.61 D 7.4 
Cl5(105) 10.23 D 9.31 D 9.4 
Cl5(118) 14.59 D 13.05 D 11.1 
Cl6(128) 8.27 7.41 11.0 
Cl6(138) 32.92 D 29.56 D 10.8 
Cl6(153) 30.18 D 27.63 D 8.8 
Cl7(170) 3.85 3.45 11.0 
Cl7(180) 4.99 4.54 9.4 
Cl7(187) 3.02 2.71 10.8 
Cl8(195) 0.29 0.26 10.9 
Cl9(206) 0.25 0.22 12.8 
Cl10(209) 0.08 0.08 0.0 

Surrogate Recoveries (%) 

Cl3(34) 69 67 
Cl6(152) 90 89 

Analyzed by Restucci Jr, Richard 
Not Surrogate Corrected 9/18/2006 DUP: T06-0197ECD-Master_128-Final.xls 
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PAH – QA/QC SUMMARY 06-0195 
M. nasuta 

PROJECT:	 New Bedford Harbor O&M 2005 Tissue Analysis 
PARAMETER: 	 PAH 
LABORATORY: 	 Battelle, Duxbury, MA 
MATRIX: 	 Tissue – M. nasuta  
SAMPLE CUSTODY: 	 Tissue samples for this project were collected on 10/13/05.  The shipment was 

received on 10/28/05.  Upon arrival, the cooler temperatures were recorded at -27.7°C 
and -3.0°C.  No custody issues were noted. The samples were logged in to LIMS and 
assigned unique Battelle IDs.  Samples were stored in a limited-access walk-in freezer 
until preparation could begin. 

QA/QC DATA QUALITY OBJECTIVES: 
Achieved 

Sample Detection 
Replicate Limit 

Reference Surrogate LCS/MS SRM Relative (ug/Kg 
Method Blank Recovery Recovery % Diff. Precision Wet Wt) 

PAH General < 5x MDL 30-150% 50-120% PD < 30% plus < 30% RPD PAH 
NS&T Recovery variance.  Target for analytes ~0.02 – 

concentration >10 x MDL 0.14for MS target 
must be > 5 xspike must be > 
MDL5 x background 

METHOD:	 Tissue samples were extracted for PAH following general NS&T methods. Approximately 
30 g of tissue was spiked with surrogates and extracted three times with dichloromethane 
using tissuemizer and shaker table techniques.  The combined extract was dried over 
anhydrous sodium sulfate, concentrated, processed through alumina cleanup column, 
concentrated, and further purified by GPC/HPLC. The extracts were then concentrated, 
fortified with internal standard (IS) and split for analysis.  Extracts intended for PAH 
analysis were analyzed using gas chromatography/mass spectrometry (GC/MS), following 
general NS&T methods.  Sample data were quantified by the method of internal standards, 
using the IS compounds.  During initial analysis, problems arose due to interference from 
sample matrix (lipid).  The extracts were sent back to the lab for further clean-up.  Extracts 
were processed through silica gel columns, and then concentrated and resubmitted to the lab. 
Data was evaluated against sample-specific 2005 MDLs. 

HOLDING	 Holding times for tissues (frozen) are 365-days for extraction and 40-days from extraction to 
TIMES: 	 analysis.  Tissue samples were stored frozen until sample preparation could begin.  All 

samples were extracted within 8 months of collection and analyzed within 18 days of 
extraction. 

Batch  Extraction Date   Analysis Date  
06-0195   6/13/2006 6/29/2006 – 7/1/2006 

Page 1 of 3 



 

 
 

 

  

 
    

 
 

 

  
  

 
 

  

 
 

 

 
  

 
 

 
 

  

 
 

 

 

 
  

 

 
 

 

   

 

 
 

 

 
 

 

    
 

  
 

 

PAH – QA/QC SUMMARY 06-0195 
M. nasuta 

BLANKS: A procedural blank (PB) was prepared with the analytical batch.  Blanks were analyzed to 
ensure the sample extraction and analysis methods were free of contamination.  

06-0195 – No exceedences noted. 

Comments – No target analytes were detected in the blank at a level greater than the 
laboratory control limit ( 5 x MDL).  However naphthalene was detected in the blank at a 
concentration greater than the RL.  Any authentic field sample concentration for 
naphthalene that was greater than the RL but less than 3x the concentration detected in the 
blank, was qualified with a “B”.  This resulted in all but one field samples in this batch 
being “B” qualified for naphthalene. 

LABORATORY 
CONTROL 
SAMPLE (Blank 
Spike) 

A laboratory control sample (LCS) was prepared the analytical batch.  The percent 
recoveries of PAH were calculated to measure data quality in terms of accuracy. 

06-0195 – All percent recoveries for spiked analytes were within laboratory control limits 
(50-120%). 

Comments – None. 

MATRIX 
SPIKES/MATRIX 
SPIKE 
DUPLCATE: 

A pair of matrix spike (MS) and matrix spike duplicate (MSD) samples was prepared with 
the analytical batch. The percent recoveries of PAH were calculated to measure data quality 
in terms of accuracy and precision.  The RPD between percent recoveries was calculated to 
measure the data quality in terms of precision. 

06-0195 – All percent recoveries for spiked analytes were within laboratory control limits 
(50-120%), and all RPDs were within laboratory control limits (<30%). 

Comments – None. 

SURROGATES: Five surrogate compounds were added prior to extraction, including napthalene-d8, 
acenaphthene-d10, phenanthrene-d10, benzo(b)fluoranthene-d12, and benzo(a)pyrene-d12.  
The recovery of each surrogate compound was calculated to measure data quality in terms 
of accuracy (extraction efficiency).   

06-0195 – All percent recoveries for surrogates were within laboratory control limits (30
150%). 

Comments – None 

DUPLICATES: Duplicate samples were prepared with the analytical batch.  The RPD between replicate 
analyses for PAH is calculated to measure data quality in terms of precision. 

06-0195 – All RPDs were calculated to be within the laboratory control limits (<30%) 

Comments  – None 
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PAH – QA/QC SUMMARY 06-0195 
M. nasuta 

SRM: 	 A standard reference material (SRM, NIST 2977) was prepared with the analytical batch. 
The percent difference (PD) between the measured value and the certified value was 
calculated to measure data quality in terms of accuracy. 

06-0195 – Two exceedences noted. 

Comments – All percent differences were calculated to be within the laboratory control 
limits (<30% PD, plus variance), except for benzo(a)pyrene and benzo(g,h,i)perylene which 
were under-recovered in the SRM sample.  Chromatography and calculations were 
reviewed.  No discrepancies were found.  Since all other QC samples met the criteria and all 
calibration requirements were met for these two compounds, no corrective action was taken. 
The SRM exceedences were qualified with an “N”.  The results for the two compounds in 
the field samples may be slightly biased low. 

CALIBRATIONS: 	 The GC/MS is calibrated with a 7 level curve.  The RSD between response factors for the 
individual target analytes must be <30%.  Each batch of samples analyzed is bracketed by a 
continuing calibration check (CCC) sample, run at a frequency of minimally every 12 hours.  
This percent difference (PD) between the initial calibration RF and the CCC should be 
<25% for individual analytes.  Additionally an initial calibration check (ICC) sample is run 
immediately after each initial calibration. The PD between the ICC and the initial 
calibration should be < 25%. 

06-0195 – No initial calibration, ICC, or CCC exceedences noted. 

Comments – None. 

Page 3 of 3 



Not Surrogate Corrected
Analyzed By Fredriksson, Julie
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Glossary of Data Qualifiers 

Flag: Application: 

B Analyte concentration found in the sample at a concentration <5x the level found in the procedural blank. 

D Dilution Run.  Initial run outside linear range of instrument. 

E Estimate, result is greater than the highest concentration level in the calibration. 

H Surrogate diluted out. Used when surrogate recovery is affected by excessive dilution of the sample extract. 

J Analyte detected below the sample-specific Reporting Limit (RL). 

ME Significant Matrix Interference - Estimated value. 

MI Significant Matrix Interference - value could not be determined or estimated. 

n Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO), but meets the contingency criteria. 

N Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO) 

NA Not applicable 

T Holding Time (HT) exceeded. 

U Analyte not detected at 3:1 signal:noise ratio. The sample-specific method detection limit (MDL) reported. 
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Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID BBDS A M.n. Tissue BBDS B M.n. Tissue BBDS C M.n. Tissue BBDS D M.n. Tissue 

Battelle ID S9764-P S9765-P S9766-P S9767-P 
Sample Type SA SA SA SA 
Collection Date 10/13/05 10/13/05 10/13/05 10/13/05 
Extraction Date 06/13/06 06/13/06 06/13/06 06/13/06 
Analysis Date 06/29/06 06/30/06 06/30/06 06/30/06 
Analytical Instrument MS MS MS MS 
% Moisture 89.59 88.76 88.11 89.27 
% Lipid 0.8 0.72 0.84 0.81 
Matrix CLAMS CLAMS CLAMS CLAMS 
Sample Size 30.08 29.73 30.46 30.06 
Size Unit-Basis G_WET G_WET G_WET G_WET 
Units UG/KG_WET UG/KG_WET UG/KG_WET UG/KG_WET 

Naphthalene 0.38 B 0.42 B 0.4 B 0.4 B 
Acenaphthylene 0.09 J 0.14 0.14 0.1 J 
Acenaphthene 0.13 J 0.19 0.21 0.17 
Fluorene 0.52 0.71 0.72 0.66 
Anthracene 0.25 0.3 0.31 0.25 
Phenanthrene 3.95 5.37 6.82 5.61 
Fluoranthene 2.66 3.55 4.79 3.33 
Pyrene 1.84 2.6 3.34 2.32 
Benzo(a)anthracene 0.49 0.42 0.56 0.33 
Chrysene 0.91 0.96 0.99 0.79 
Benzo(b)fluoranthene 0.69 0.81 0.78 0.7 
Benzo(k)fluoranthene 0.68 0.79 0.74 0.68 
Benzo(a)pyrene 0.51 0.49 0.56 0.45 
Indeno(1,2,3-cd)pyrene 0.32 0.39 0.37 0.29 
Dibenz(a,h)anthracene 0.08 J 0.08 J 0.09 J 0.07 J 
Benzo(g,h,i)perylene 0.36 0.43 0.43 0.35 

Surrogate Recoveries (%) 

Naphthalene-d8 64 63 65 61 
Acenaphthene-d10 72 71 73 70 
Phenanthrene-d10 84 85 90 86 
Benzo(b)fluoranthene-d12 90 84 86 82 
Benzo(a)pyrene-d12 72 66 67 68 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0195MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID BBDS E M.n. Tissue RISDS A M.n. Tissue 

Battelle ID S9768-P S9769-P 
Sample Type SA SA 
Collection Date 10/13/05 10/13/05 
Extraction Date 06/13/06 06/13/06 
Analysis Date 06/30/06 06/30/06 
Analytical Instrument MS MS 
% Moisture 88.74 90.27 
% Lipid 1.04 0.89 
Matrix CLAMS CLAMS 
Sample Size 29.99 29.79 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET 

Naphthalene 0.43 B 0.41 B 0.33 B 0.32 B 
Acenaphthylene 0.12 J 0.07 J 0.06 J 0.09 J 
Acenaphthene 0.35 0.12 J 0.18 0.19 
Fluorene 0.72 0.49 0.56 0.64 
Anthracene 0.34 0.13 J 0.16 0.21 
Phenanthrene 6.9 4.25 4.73 5.77 
Fluoranthene 4.34 2.06 2.78 3.45 
Pyrene 3 1.11 1.68 2.02 
Benzo(a)anthracene 0.48 0.2 0.21 0.31 
Chrysene 1.02 0.52 0.53 0.84 
Benzo(b)fluoranthene 0.77 0.42 0.48 0.63 
Benzo(k)fluoranthene 0.74 0.38 0.41 0.57 
Benzo(a)pyrene 0.59 0.22 0.25 0.34 
Indeno(1,2,3-cd)pyrene 0.34 0.17 0.18 0.25 
Dibenz(a,h)anthracene 0.08 J 0.03 J 0.04 J 0.05 J 
Benzo(g,h,i)perylene 0.42 0.19 0.2 0.28 

Surrogate Recoveries (%) 

Naphthalene-d8 64 67 69 60 
Acenaphthene-d10 74 75 76 69 
Phenanthrene-d10 92 93 95 87 
Benzo(b)fluoranthene-d12 89 88 88 83 
Benzo(a)pyrene-d12 70 68 69 65 

RISDS B M.n. Tissue RISDS C M.n. Tissue 

S9770-P S9771-P 
SA SA 

10/13/05 10/13/05 
06/13/06 06/13/06 
06/30/06 06/30/06 

MS MS 
89.72 88.4 
0.84 0.85 

CLAMS CLAMS 
30.41 30.11 

G_WET G_WET 
UG/KG_WET UG/KG_WET 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0195MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID RISDS D M.n. Tissue RISDS E M.n. Tissue 

Battelle ID S9772-P S9773-P 
Sample Type SA SA 
Collection Date 10/13/05 10/13/05 
Extraction Date 06/13/06 06/13/06 
Analysis Date 06/30/06 06/30/06 
Analytical Instrument MS MS 
% Moisture 88.75 88.6 
% Lipid 0.89 0.85 
Matrix CLAMS CLAMS 
Sample Size 29.94 29.74 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET 

Naphthalene 0.36 B 0.35 B 0.52 B 0.62 B 
Acenaphthylene 0.09 J 0.1 J 0.47 0.49 
Acenaphthene 0.18 0.2 0.21 0.26 
Fluorene 0.68 0.79 0.51 0.68 
Anthracene 0.19 0.21 0.87 0.94 
Phenanthrene 6.17 7.97 4.67 5.98 
Fluoranthene 3.27 3.98 6.43 7.46 
Pyrene 1.91 2.17 11.84 13.75 
Benzo(a)anthracene 0.29 0.26 2.93 2.97 
Chrysene 0.71 0.7 4.05 4.39 
Benzo(b)fluoranthene 0.63 0.56 2.79 2.95 
Benzo(k)fluoranthene 0.55 0.51 3.16 3.57 
Benzo(a)pyrene 0.34 0.3 3.41 3.43 
Indeno(1,2,3-cd)pyrene 0.24 0.23 1.71 1.77 
Dibenz(a,h)anthracene 0.05 J 0.05 J 0.43 0.43 
Benzo(g,h,i)perylene 0.27 0.26 2.04 2.03 

Surrogate Recoveries (%) 

Naphthalene-d8 70 63 60 65 
Acenaphthene-d10 78 76 76 78 
Phenanthrene-d10 95 97 105 110 
Benzo(b)fluoranthene-d12 92 88 95 96 
Benzo(a)pyrene-d12 73 68 78 81 

001 A M.n. Tissue 001 B M.n. Tissue 

S9774-P S9775-P 
SA SA 

10/13/05 10/13/05 
06/13/06 06/13/06 
06/30/06 06/30/06 

MS MS 
90.03 88.65 
0.68 0.78 

CLAMS CLAMS 
30.94 30.29 

G_WET G_WET 
UG/KG_WET UG/KG_WET 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0195MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 001 C M.n. Tissue 001 D M.n. Tissue 

Battelle ID S9776-P S9777-P 
Sample Type SA SA 
Collection Date 10/13/05 10/13/05 
Extraction Date 06/13/06 06/13/06 
Analysis Date 06/30/06 06/30/06 
Analytical Instrument MS MS 
% Moisture 89.57 89.85 
% Lipid 0.85 0.72 
Matrix CLAMS CLAMS 
Sample Size 30.12 30.91 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET 

0.61 B 0.68 B 0.51 B 
0.52 0.85 0.3 
0.21 0.28 0.19 
0.6 0.63 0.47 

0.84 1.28 0.58 
4.79 5.45 3.56 
6.41 8.65 3.34 

10.78 13.86 5.99 
2.98 4.53 1.26 
4.15 5.78 2.2 
2.83 3.97 1.65 
3.34 4.81 1.84 
3.39 5.36 1.69 
1.73 2.77 0.95 
0.45 0.7 0.26 
1.77 2.15 0.21 

63 61 64 
73 70 72 

102 95 99 
92 90 90 
76 75 74 

001 E M.n. Tissue 003 A M.n. Tissue 

S9778-P S9779-P 
SA SA 

10/13/05 10/13/05 
06/13/06 06/13/06 
07/01/06 07/01/06 

MS MS 
89.25 89.79 
0.66 0.8 

CLAMS CLAMS 
29.94 29.56 

G_WET G_WET 
UG/KG_WET UG/KG_WET 

Naphthalene 0.53 B 
Acenaphthylene 0.31 
Acenaphthene 0.19 
Fluorene 0.51 
Anthracene 0.73 
Phenanthrene 4.25 
Fluoranthene 5.61 
Pyrene 9.94 
Benzo(a)anthracene 2.32 
Chrysene 3.53 
Benzo(b)fluoranthene 2.37 
Benzo(k)fluoranthene 2.84 
Benzo(a)pyrene 2.62 
Indeno(1,2,3-cd)pyrene 1.28 
Dibenz(a,h)anthracene 0.34 
Benzo(g,h,i)perylene 1.54 

Surrogate Recoveries (%) 

Naphthalene-d8 66 
Acenaphthene-d10 75 
Phenanthrene-d10 103 
Benzo(b)fluoranthene-d12 93 
Benzo(a)pyrene-d12 76 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0195MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 003 B M.n. Tissue 003 C M.n. Tissue 

Battelle ID S9780-P S9781-P 
Sample Type SA SA 
Collection Date 10/13/05 10/13/05 
Extraction Date 06/13/06 06/13/06 
Analysis Date 07/01/06 07/01/06 
Analytical Instrument MS MS 
% Moisture 88.49 88.99 
% Lipid 0.94 0.95 
Matrix CLAMS CLAMS 
Sample Size 29.39 29.83 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET 

1.18 0.85 B 0.88 B 
1.3 0.61 0.74 

0.41 0.26 0.24 
0.84 0.73 0.68 
2.2 1.07 1.31 

7.51 5.42 5.41 
11.36 6.64 6.74 
16.17 10.47 10.71 
5.56 2.9 3.4 
6.92 4.34 4.93 
4.79 3.33 3.72 
5.97 3.84 4.29 
6.53 4.08 4.61 
3.54 2.32 2.57 
0.89 0.6 0.7 
1.45 1.17 2.26 

66 64 62 
74 73 72 

102 101 99 
90 93 93 
70 77 78 

003 D M.n. Tissue 003 E M.n. Tissue 

S9782-P S9783-P 
SA SA 

10/13/05 10/13/05 
06/13/06 06/13/06 
07/01/06 07/01/06 

MS MS 
90.16 88.55 
0.82 0.82 

CLAMS CLAMS 
29.93 30.01 

G_WET G_WET 
UG/KG_WET UG/KG_WET 

Naphthalene 0.78 B 
Acenaphthylene 0.57 
Acenaphthene 0.32 
Fluorene 0.57 
Anthracene 0.9 
Phenanthrene 4.39 
Fluoranthene 5.3 
Pyrene 9.38 
Benzo(a)anthracene 2.69 
Chrysene 3.9 
Benzo(b)fluoranthene 3.09 
Benzo(k)fluoranthene 3.6 
Benzo(a)pyrene 3.76 
Indeno(1,2,3-cd)pyrene 2.09 
Dibenz(a,h)anthracene 0.55 
Benzo(g,h,i)perylene 2.32 

Surrogate Recoveries (%) 

Naphthalene-d8 66 
Acenaphthene-d10 73 
Phenanthrene-d10 99 
Benzo(b)fluoranthene-d12 92 
Benzo(a)pyrene-d12 77 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0195MS-Master_157-Final.xls 



 

Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Procedural Blank 

Battelle ID BI992PB-P 
Sample Type PB 
Collection Date 06/13/06 
Extraction Date 06/13/06 
Analysis Date 06/29/06 
Analytical Instrument MS 
% Moisture 89.18 
% Lipid NA 
Matrix CLAMS 
Sample Size 30.06 
Size Unit-Basis G_WET 
Units UG/KG_WET 

Naphthalene 0.2 
Acenaphthylene 0.02 U 
Acenaphthene 0.04 U 
Fluorene 0.05 U 
Anthracene 0.04 U 
Phenanthrene 0.09 U 
Fluoranthene 0.07 U 
Pyrene 0.12 U 
Benzo(a)anthracene 0.02 U 
Chrysene 0.04 U 
Benzo(b)fluoranthene 0.04 U 
Benzo(k)fluoranthene 0.04 U 
Benzo(a)pyrene 0.05 U 
Indeno(1,2,3-cd)pyrene 0.07 U 
Dibenz(a,h)anthracene 0.02 U 
Benzo(g,h,i)perylene 0.09 U 

Surrogate Recoveries (%) 

Naphthalene-d8 53 
Acenaphthene-d10 65 
Phenanthrene-d10 85 
Benzo(b)fluoranthene-d12 90 
Benzo(a)pyrene-d12 70 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 PB: T06-0195MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 060313-01: Tilapia 

Battelle ID BI993LCS-P 
Sample Type LCS 
Collection Date 06/13/06 
Extraction Date 06/13/06 
Analysis Date 06/29/06 
Analytical Instrument MS 
% Moisture 78.37 
% Lipid NA 
Matrix CLAMS 
Sample Size 30.03 
Size Unit-Basis G_WET 
Units UG/KG_WET Target % Recovery Qualifier 

Naphthalene 16.64 33.31 50 
Acenaphthylene 20.03 33.33 60 
Acenaphthene 20.76 33.32 62 
Fluorene 21.98 33.32 66 
Anthracene 26.47 33.31 79 
Phenanthrene 23.88 33.32 72 
Fluoranthene 23.15 33.32 69 
Pyrene 24.29 33.31 73 
Benzo(a)anthracene 19.4 33.31 58 
Chrysene 18.74 33.31 56 
Benzo(b)fluoranthene 18.43 33.33 55 
Benzo(k)fluoranthene 20.55 33.32 62 
Benzo(a)pyrene 19.78 33.33 59 
Indeno(1,2,3-cd)pyrene 19.01 33.32 57 
Dibenz(a,h)anthracene 19.66 33.32 59 
Benzo(g,h,i)perylene 18.64 33.31 56 

Surrogate Recoveries (%) 

Naphthalene-d8 52 
Acenaphthene-d10 60 
Phenanthrene-d10 77 
Benzo(b)fluoranthene-d12 75 
Benzo(a)pyrene-d12 59 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 LCS: T06-0195MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 060406-01: NIST 2977 

Battelle ID BI994SRM-P 
Sample Type SRM 
Collection Date 06/13/06 
Extraction Date 06/13/06 
Analysis Date 06/29/06 
Analytical Instrument MS 
% Moisture NA 
% Lipid NA 
Matrix CLAMS 
Sample Size 2.00 
Size Unit-Basis G_WET Certified Passing Actual 
Units UG/KG_WET Value +/- %Difference %Difference Qualifier 

Naphthalene 13.14 
Acenaphthylene 2.57 
Acenaphthene 0.65 U 
Fluorene 9.73 10.24 0.43 34.2 5 
Anthracene 5.87 
Phenanthrene 32.02 35.1 3.80 40.83 8.8 
Fluoranthene 30.15 38.7 1.00 32.58 22.1 
Pyrene 65.27 78.9 3.50 34.44 17.3 
Benzo(a)anthracene 13.96 20.34 0.78 33.83 31.4 
Chrysene 52.63 
Benzo(b)fluoranthene 10.38 11.01 0.28 32.54 5.7 
Benzo(k)fluoranthene 8.96 
Benzo(a)pyrene 4.55 8.35 0.72 38.62 45.5 N 
Indeno(1,2,3-cd)pyrene 3.58 4.84 0.81 46.74 26 
Dibenz(a,h)anthracene 1.65 J 1.41 0.19 43.48 17 
Benzo(g,h,i)perylene 6.03 9.53 0.43 34.51 36.7 N 

Surrogate Recoveries (%) 

Naphthalene-d8 53 
Acenaphthene-d10 62 
Phenanthrene-d10 79 
Benzo(b)fluoranthene-d12 81 
Benzo(a)pyrene-d12 66 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 SRM: T06-0195MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID BBDS A M.n. Tissue BBDS A M.n. Tissue 

Battelle ID S9764-P S9764MS-P 
Sample Type SA MS 
Collection Date 10/13/05 10/13/2005 
Extraction Date 06/13/06 6/13/2006 
Analysis Date 06/29/06 6/30/2006 
Analytical Instrument MS MS 
% Moisture 89.59 89.44 
% Lipid 0.8 NA 
Matrix CLAMS CLAMS 
Sample Size 30.08 30.16 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET Target % Recovery Qualifier 

Naphthalene 0.38 B 19.81 33.16 59 
Acenaphthylene 0.09 J 23.19 33.19 70 
Acenaphthene 0.13 J 25.76 33.18 77 
Fluorene 0.52 25.61 33.17 76 
Anthracene 0.25 29.11 33.16 87 
Phenanthrene 3.95 29.7 33.17 78 
Fluoranthene 2.66 28.16 33.17 77 
Pyrene 1.84 28.53 33.17 80 
Benzo(a)anthracene 0.49 22.75 33.16 67 
Chrysene 0.91 22.2 33.17 64 
Benzo(b)fluoranthene 0.69 22.52 33.18 66 
Benzo(k)fluoranthene 0.68 24.9 33.17 73 
Benzo(a)pyrene 0.51 23.27 33.18 69 
Indeno(1,2,3-cd)pyrene 0.32 22.59 33.17 67 
Dibenz(a,h)anthracene 0.08 J 23.26 33.17 70 
Benzo(g,h,i)perylene 0.36 22.2 33.17 66 

Surrogate Recoveries (%) 

Naphthalene-d8 64 61 
Acenaphthene-d10 72 69 
Phenanthrene-d10 84 83 
Benzo(b)fluoranthene-d12 90 85 
Benzo(a)pyrene-d12 72 66 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 MS: T06-0195MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID BBDS A M.n. Tissue 

Battelle ID S9764MSD-P 
Sample Type MSD 
Collection Date 10/13/2005 
Extraction Date 6/13/2006 
Analysis Date 6/30/2006 
Analytical Instrument MS 
% Moisture 89.26 
% Lipid NA 
Matrix CLAMS 
Sample Size 29.83 
Size Unit-Basis G_WET 
Units UG/KG_WET Target % Recovery Qualifier RPD (%) Qualifier 

33.53 65 9.7 
33.55 73 4.2 
33.55 80 3.8 
33.54 78 2.6 
33.53 88 1.1 
33.54 79 1.3 
33.54 79 2.6 
33.54 82 2.5 
33.53 69 2.9 
33.54 66 3.1 
33.55 67 1.5 
33.54 74 1.4 
33.55 69 0.0 
33.54 68 1.5 
33.54 71 1.4 
33.53 67 1.5 

Naphthalene 22.21 
Acenaphthylene 24.67 
Acenaphthene 26.98 
Fluorene 26.59 
Anthracene 29.79 
Phenanthrene 30.49 
Fluoranthene 28.99 
Pyrene 29.39 
Benzo(a)anthracene 23.48 
Chrysene 23.13 
Benzo(b)fluoranthene 23.1 
Benzo(k)fluoranthene 25.62 
Benzo(a)pyrene 23.82 
Indeno(1,2,3-cd)pyrene 23.03 
Dibenz(a,h)anthracene 23.88 
Benzo(g,h,i)perylene 22.85 

Surrogate Recoveries (%) 

Naphthalene-d8 68 
Acenaphthene-d10 74 
Phenanthrene-d10 85 
Benzo(b)fluoranthene-d12 88 
Benzo(a)pyrene-d12 68 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 MS: T06-0195MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 001 A M.n. Tissue 001 A M.n. Tissue 

Battelle ID S9774-P S9774DUP-P 
Sample Type SA QADU 
Collection Date 10/13/05 10/13/2005 
Extraction Date 06/13/06 6/13/2006 
Analysis Date 06/30/06 6/30/2006 
Analytical Instrument MS MS 
% Moisture 90.03 90.06 
% Lipid 0.68 NA 
Matrix CLAMS CLAMS 
Sample Size 30.94 29.53 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET RPD Qualifier 

Naphthalene 0.52 B 0.57 B 9.2 
Acenaphthylene 0.47 0.46 2.2 
Acenaphthene 0.21 0.21 0.0 
Fluorene 0.51 0.56 9.3 
Anthracene 0.87 0.88 1.1 
Phenanthrene 4.67 4.42 5.5 
Fluoranthene 6.43 6.36 1.1 
Pyrene 11.84 11.01 7.3 
Benzo(a)anthracene 2.93 2.63 10.8 
Chrysene 4.05 3.69 9.3 
Benzo(b)fluoranthene 2.79 2.55 9.0 
Benzo(k)fluoranthene 3.16 3.12 1.3 
Benzo(a)pyrene 3.41 3.04 11.5 
Indeno(1,2,3-cd)pyrene 1.71 1.55 9.8 
Dibenz(a,h)anthracene 0.43 0.37 15.0 
Benzo(g,h,i)perylene 2.04 1.82 11.4 

Surrogate Recoveries (%) 

Naphthalene-d8 60 64 
Acenaphthene-d10 76 74 
Phenanthrene-d10 105 100 
Benzo(b)fluoranthene-d12 95 92 
Benzo(a)pyrene-d12 78 75 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 PAH_DUP: T06-0195MS-Master_157-Final.xls 



 

 

  

    

   
    

 
  

  
  
 

 
 

 
  

 

 
 
 

 
   

 
 

 

 
         
          

  
 

 

 
 

  
  

  
  

 
 

  

  
    

    
   

 
 

                                             
                                 

 

  

 

PAH – QA/QC SUMMARY 06-0196 
N. virens 

PROJECT:	 New Bedford Harbor Dredging Tissue Analysis 
PARAMETER: 	 PAH 
LABORATORY: 	 Battelle, Duxbury, MA 
MATRIX: 	 Tissue –N. virens 
SAMPLE CUSTODY: 	 Tissue samples for this project were colleted on 9/22/05.   The shipment was received 

on 10/28/05. Upon arrival, the cooler temperatures were recorded at -27.7°C and 
3.0°C. No custody issues were noted.  The samples were logged in to LIMS and 
assigned unique Battelle IDs.  Samples were stored in a limited-access walk-in freezer 
until preparation could begin. 

QA/QC DATA QUALITY OBJECTIVES: 
Achieved 

Sample Detection 
Replicate Limit 

Reference Surrogate LCS/MS SRM Relative (ug/Kg 
Method Blank Recovery Recovery % Diff. Precision Wet Wt) 

PAH General < 5x MDL 30-150% 50-120% (for 	 PD < 30% plus < 30% PSD PAH 
NS&T Recovery LCS)	 variance.  Target for analytes ~0.02 – 

concentration >5 x MDL 0.15 
must be > 5 x (Deviationsfor MS target 

spike must be > MDL must be 
5 x background documented) 

METHOD:	 Tissue samples were extracted for PAH following general NS&T methods. Approximately 
30 g of tissue was spiked with surrogates and extracted three times with dichloromethane 
using tissuemizer and shaker table techniques.  The combined extract was dried over 
anhydrous sodium sulfate, concentrated, processed through alumina cleanup column, 
concentrated, and further purified by GPC/HPLC.  The post-HPLC extract was further 
cleaned using silica gel gravity columns.  Next the extracts were concentrated, fortified with 
RIS and split for analysis.  Extracts intended for PAH analysis were analyzed using gas 
chromatography/mass spectrometry (GC/MS), following general NS&T methods.  Sample 
data were quantified by the method of internal standards, using the Recovery Internal 
Standard (RIS) compounds. Data was evaluated against sample-specific 2005 MDLs. 

HOLDING	 Holding times for tissues are 365-days for extraction and 40-days from extraction to 
TIMES: 	 analysis.  Tissue samples were stored frozen until sample preparation could begin.  All 

samples were extracted within 9 months of collection and analyzed within 11 days of 
extraction. 

Batch  Extraction Date     Analysis Date 
06-0196  6/19/2006  7/1/2006 – 7/4/2006 

Page 1 of 3 



 

 

 

 

  

 
    

 
 

 

    
 

     
 

 
 
 

  

 
 

 

 
 

 
 

  
 

    
 

  

 
 

  

 
 

 

 

 
 

 
 

  
 

   
 

 
 

 

PAH – QA/QC SUMMARY 06-0196 
N. virens 

BLANKS: A procedural blank (PB) was prepared with the analytical batch.  Blanks were analyzed to 
ensure the sample extraction and analysis methods were free of contamination.  

06-0197 – No exceedences noted. 

Comments – No target analytes were detected in the blank at a level greater than the 
laboratory control limit ( 5 x MDL). However, amounts of naphthalene and phenanthrene 
were detected at a concentration greater than the RL.  Any authentic field sample 
concentration for these analytes, that was greater than the RL but not greater than three 
times the concentration detected in the blank, was qualified with a “B”.  This resulted in 15 
samples being “B” qualified for naphthalene and one sample being “B” qualified for 
phenanthrene. 

LABORATORY 
CONTROL 
SAMPLE (Blank 
Spike) 

A laboratory control sample (LCS) was prepared the analytical batch.  The percent 
recoveries of PAH were calculated to measure data quality in terms of accuracy. 

06-0197 – 2 exceedences noted. 

Comments – All percent recoveries for spiked analytes were within laboratory control 
limits (50-120%), except for benzo(a)pyrene and indeno(1,2,3-cd)pyrene.  Both of these 
compounds were under-recovered at 45% and 44%, respectively.  Chromatography and 
calculations were reviewed. No discrepancies were found.  Since all bracketing mid checks, 
as well as the MS sample, had acceptable recoveries for these compounds, it appears this 
issue is exclusive to the LCS. While data for these two compounds may be considered 
biased low, the impact on the data is thought to be minimal.  Accuracy for all target PAH 
was demonstrated in the MS sample.  The exceedences were qualified and no further 
corrective action was taken. 

MATRIX 
SPIKES/MATRIX 
SPIKE 
DUPLCATE: 

A pair of matrix spike (MS) and matrix spike duplicate (MSD) samples was prepared with 
the analytical batch. The percent recoveries of PAH were calculated to measure data quality 
in terms of accuracy and precision.  The RPD between percent recoveries was calculated to 
measure the data quality in terms of precision. 

06-0197 –  16 exceedences noted. 

Comments – All percent recoveries for spiked analytes were within laboratory control 
limits (50-120%), for the MS sample.  However, all compounds failed low in the MSD 
sample.  Surrogate recoveries for the MSD sample were also low, ranging from 25% - 40%.  
These results indicate an extract loss during sample preparation.  Results from the ECD 
analysis are also low, again indicating an extract loss.  All exceedences were qualified with 
an “N”.  Precision was demonstrated between the lab duplicates S9809 and S9809DUP. No 
further corrective action was taken. 

Page 2 of 3 



 

 

  

 
   

 

 

 
  

 
 

 

 
 

 

    
 

  
 

 
 

 

  
 

  
 

 

 
 

    
 

 
 

 

 
  

  
   

 
 

 
 

    
 

    
  

 
 

 

PAH – QA/QC SUMMARY 06-0196 
N. virens 

SURROGATES:	 Five surrogate compounds were added prior to extraction, including napthalene-d8, 
acenaphthene-d10, phenanthrene-d10, benzo(b)fluoranthene-d12, and benzo(a)pyrene-d12.  
The recovery of each surrogate compound was calculated to measure data quality in terms 
of accuracy (extraction efficiency).   

06-0197 – 5 exceedences noted. 

Comments – All percent recoveries for surrogates were within laboratory control limits 
(30-150%), except for naphthalene-d8 and benzo(a)pyrene in sample S9799MSD and 
naphthalene-d8, acenaphtene-d10, and benzo(a)pyrene-d12 in sample S9813 (003- E N.v 
tissue).  The MSD failures are most likely indicative of an undocumented extract loss as 
described above.  In the sample prep records, the technician does note that an extract loss of 
sample S9813 did occur after it went through the clean-up column.  No archive extract 
existed for this sample.  Additionally, re-extraction was not possible due to limited sample 
mass.  

DUPLICATES: 	 Duplicate samples were prepared with the analytical batch.  The RPD between replicate 
analyses for PAH is calculated to measure data quality in terms of precision. 

06-0197 – All RPDs were calculated to be within the laboratory control limits (<30%) 

Comments  – None 

SRM: 	 A standard reference material (SRM, NIST 2977) was prepared with the analytical batch. 
The percent difference (PD) between the measured value and the certified value was 
calculated to measure data quality in terms of accuracy. 

06-0197 – 2 exceedences noted. 

Comments – All percent differences were calculated to be within the laboratory control 
limits (<30% PD, plus variance), except for benzo(a)anthracene and benzo(a)pyrene.  Both 
compounds were under-recovered.  Chromatography and calculations were reviewed. No 
discrepancies were found. Although data may be considered biased low for these 
compounds, the affect is thought to be minimal because these compounds were within 
laboratory control limits in both the surrounding midchecks and in the MS sample.  The 
exceedences were qualified with an “N”.  No further corrective action was taken. 

CALIBRATIONS: 	 The GC/MS is calibrated with a 7 level curve.  The RSD between response factors for the 
individual target analytes must be <30%.  Each batch of samples analyzed is bracketed by a 
continuing calibration check (CCC) sample, run at a frequency of minimally every 12 hours.  
This percent difference (PD) between the initial calibration RF and the CCC should be 
<25% for individual analytes.  Additionally an initial calibration check (ICC) sample is run 
immediately after each initial calibration. The PD between the ICC and the initial 
calibration should be < 25%. 

06-0197 – No initial calibration or ICC. 1 CCC exceedences noted. 

Comments – Indeno(1,2,3-cd)pyrene was under-recovered in file G2499.  The PD was 
calculated to be 25.2%.  Calculations were reviewed.  No discrepancies were found.  The 
CCCs prior to and after the failing mids had acceptable results.  The CCC exceedence was 
noted and qualified.  No further corrective action was taken. 
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Glossary of Data Qualifiers 

Flag: Application: 

B Analyte concentration found in the sample at a concentration <5x the level found in the procedural blank. 

D Dilution Run.  Initial run outside linear range of instrument. 

E Estimate, result is greater than the highest concentration level in the calibration. 

H Surrogate diluted out. Used when surrogate recovery is affected by excessive dilution of the sample extract. 

J Analyte detected below the sample-specific Reporting Limit (RL). 

ME Significant Matrix Interference - Estimated value. 

MI Significant Matrix Interference - value could not be determined or estimated. 

n Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO), but meets the contingency criteria. 

N Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO) 

NA Not applicable 

T Holding Time (HT) exceeded. 

U Analyte not detected at 3:1 signal:noise ratio. The sample-specific method detection limit (MDL) reported. 
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Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID BBDS A N.v. Tissue BBDS B N.v. Tissue BBDS C N.v. Tissue BBDS D N.v. Tissue 

Battelle ID S9794-P S9795-P S9796-P S9797-P 
Sample Type SA SA SA SA 
Collection Date 09/22/05 09/22/05 09/22/05 09/22/05 
Extraction Date 06/19/06 06/19/06 06/19/06 06/19/06 
Analysis Date 07/01/06 07/01/06 07/01/06 07/01/06 
Analytical Instrument MS MS MS MS 
% Moisture 88.2 88.64 87.89 87.26 
% Lipid 1.16 1.15 1.26 1.24 
Matrix WORMS WORMS WORMS WORMS 
Sample Size 29.14 20.65 29.61 29.24 
Size Unit-Basis G_WET G_WET G_WET G_WET 
Units UG/KG_WET UG/KG_WET UG/KG_WET UG/KG_WET 

Naphthalene 1.08 B 1.98 1 B 0.88 B 
Acenaphthylene 0.07 J 0.03 U 0.07 J 0.07 J 
Acenaphthene 0.91 0.06 U 0.93 0.84 
Fluorene 0.35 0.08 U 0.4 0.33 
Anthracene 0.04 J 0.06 U 0.07 J 0.07 J 
Phenanthrene 1.68 2.31 1.81 1.62 
Fluoranthene 0.62 0.94 0.63 0.76 
Pyrene 0.32 0.57 0.26 0.64 
Benzo(a)anthracene 0.02 J 0.03 U 0.02 J 0.05 J 
Chrysene 0.06 J 0.05 U 0.06 J 0.13 J 
Benzo(b)fluoranthene 0.04 U 0.06 U 0.04 U 0.08 J 
Benzo(k)fluoranthene 0.04 U 0.06 U 0.04 U 0.08 J 
Benzo(a)pyrene 0.06 U 0.08 U 0.06 U 0.06 U 
Indeno(1,2,3-cd)pyrene 0.07 U 0.1 U 0.07 U 0.07 U 
Dibenz(a,h)anthracene 0.02 U 0.03 U 0.02 U 0.02 U 
Benzo(g,h,i)perylene 0.09 U 0.13 U 0.09 U 0.09 U 

Surrogate Recoveries (%) 

Naphthalene-d8 72 79 68 64 
Acenaphthene-d10 84 81 80 76 
Phenanthrene-d10 102 95 98 90 
Benzo(b)fluoranthene-d12 99 83 92 86 
Benzo(a)pyrene-d12 77 50 71 67 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0196MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID BBDS E N.v. Tissue RISDS A N.v. Tissue 

Battelle ID S9798-P S9799-P 
Sample Type SA SA 
Collection Date 09/22/05 09/22/05 
Extraction Date 06/19/06 06/19/06 
Analysis Date 07/01/06 07/02/06 
Analytical Instrument MS MS 
% Moisture 87.05 86.81 
% Lipid 1.41 1.32 
Matrix WORMS WORMS 
Sample Size 29.36 14.82 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET 

Naphthalene 0.83 B 1.29 0.76 B 1.08 B 
Acenaphthylene 0.07 J 0.09 J 0.07 J 0.07 J 
Acenaphthene 1.1 1.12 0.89 1.01 
Fluorene 0.39 0.6 0.41 0.47 
Anthracene 0.07 J 0.08 J 0.08 J 0.06 J 
Phenanthrene 1.77 2.68 1.9 2.15 
Fluoranthene 0.66 0.85 0.9 0.85 
Pyrene 0.33 0.42 0.37 0.39 
Benzo(a)anthracene 0.04 J 0.06 J 0.02 J 0.02 J 
Chrysene 0.09 J 0.13 J 0.09 J 0.1 J 
Benzo(b)fluoranthene 0.04 J 0.09 U 0.05 J 0.04 J 
Benzo(k)fluoranthene 0.05 J 0.08 U 0.04 U 0.04 U 
Benzo(a)pyrene 0.06 U 0.11 U 0.06 U 0.05 U 
Indeno(1,2,3-cd)pyrene 0.07 U 0.13 U 0.07 U 0.07 U 
Dibenz(a,h)anthracene 0.02 U 0.04 U 0.02 U 0.02 U 
Benzo(g,h,i)perylene 0.09 U 0.18 U 0.09 U 0.09 U 

Surrogate Recoveries (%) 

Naphthalene-d8 64 68 68 65 
Acenaphthene-d10 76 82 80 80 
Phenanthrene-d10 95 99 95 100 
Benzo(b)fluoranthene-d12 88 96 90 94 
Benzo(a)pyrene-d12 68 73 67 73 

RISDS B N.v. Tissue 

S9800-P 
SA 

09/22/05 
06/19/06 
07/02/06 

MS 
86.94 

1.4 
WORMS 

29.60 
G_WET 

UG/KG_WET 

RISDS C N.v. Tissue 

S9801-P 
SA 

09/22/05 
06/19/06 
07/02/06 

MS 
87.64 
1.29 

WORMS 
29.91 

G_WET 
UG/KG_WET 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0196MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID RISDS D N.v. Tissue RISDS E N.v. Tissue 

Battelle ID S9802-P S9803-P 
Sample Type SA SA 
Collection Date 09/22/05 09/22/05 
Extraction Date 06/19/06 06/19/06 
Analysis Date 07/02/06 07/02/06 
Analytical Instrument MS MS 
% Moisture 87.77 87.9 
% Lipid 1.39 1.38 
Matrix WORMS WORMS 
Sample Size 29.51 29.68 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET 

Naphthalene 1.38 1.12 B 1.3 1.14 B 
Acenaphthylene 0.08 J 0.08 J 0.29 0.21 
Acenaphthene 1.29 1.14 1.08 1.07 
Fluorene 0.6 0.48 0.72 0.52 
Anthracene 0.08 J 0.08 J 0.45 0.3 
Phenanthrene 3.04 2.3 3.49 2.35 
Fluoranthene 0.86 0.67 2.3 1.24 
Pyrene 0.35 0.26 2.83 1.72 
Benzo(a)anthracene 0.02 U 0.02 U 0.54 0.25 
Chrysene 0.06 J 0.05 J 1.15 0.65 
Benzo(b)fluoranthene 0.04 U 0.04 U 0.62 0.29 
Benzo(k)fluoranthene 0.04 U 0.04 U 0.81 0.4 
Benzo(a)pyrene 0.06 U 0.06 U 0.73 0.34 
Indeno(1,2,3-cd)pyrene 0.07 U 0.07 U 0.51 0.2 
Dibenz(a,h)anthracene 0.02 U 0.02 U 0.13 J 0.05 J 
Benzo(g,h,i)perylene 0.09 U 0.09 U 0.62 0.27 

Surrogate Recoveries (%) 

Naphthalene-d8 68 67 62 66 
Acenaphthene-d10 79 80 77 82 
Phenanthrene-d10 97 97 105 107 
Benzo(b)fluoranthene-d12 93 91 95 96 
Benzo(a)pyrene-d12 71 68 78 76 

001 A N.v. Tissue 001 B N.v. Tissue 

S9804-P S9805-P 
SA SA 

09/22/05 09/22/05 
06/19/06 06/19/06 
07/02/06 07/02/06 

MS MS 
87.55 87.79 
0.95 1.32 

WORMS WORMS 
30.10 29.30 

G_WET G_WET 
UG/KG_WET UG/KG_WET 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0196MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 001 C N.v. Tissue 

Battelle ID S9806-P 
Sample Type SA 
Collection Date 09/22/05 
Extraction Date 06/19/06 
Analysis Date 07/02/06 
Analytical Instrument MS 
% Moisture 87.15 
% Lipid 1.24 
Matrix WORMS 
Sample Size 30.01 
Size Unit-Basis G_WET 
Units UG/KG_WET 

001 D N.v. Tissue 

S9807-P 
SA 

09/22/05 
06/19/06 
07/02/06 

MS 
88.62 
1.08 

WORMS 
29.34 

G_WET 
UG/KG_WET 

1.08 B 1.12 B 1.27 
0.13 J 0.16 0.17 J 
1.01 1.3 1.06 
0.45 0.7 0.58 
0.21 0.32 0.21 J 
2.09 3.27 3.15 
0.93 2.26 1.1 
1.14 2.39 1.17 
0.04 J 0.29 0.05 J 
0.3 0.74 0.3 

0.08 J 0.29 0.12 J 
0.09 J 0.38 0.17 J 
0.06 U 0.28 0.11 U 
0.07 U 0.18 0.13 U 
0.02 U 0.05 J 0.04 U 
0.09 U 0.22 0.18 U 

68 62 75 
81 73 86 

104 96 107 
96 90 98 
77 72 77 

001 E N.v. Tissue 003 A N.v. Tissue 

S9808-P S9809-P 
SA SA 

09/22/05 09/22/05 
06/19/06 06/19/06 
07/02/06 07/02/06 

MS MS 
87.8 87.74 
1.42 1.09 

WORMS WORMS 
29.86 14.78 

G_WET G_WET 
UG/KG_WET UG/KG_WET 

Naphthalene 1.3 
Acenaphthylene 0.19 
Acenaphthene 1.33 
Fluorene 0.69 
Anthracene 0.33 
Phenanthrene 3.09 
Fluoranthene 2.01 
Pyrene 2.13 
Benzo(a)anthracene 0.18 
Chrysene 0.71 
Benzo(b)fluoranthene 0.22 
Benzo(k)fluoranthene 0.33 
Benzo(a)pyrene 0.2 
Indeno(1,2,3-cd)pyrene 0.13 J 
Dibenz(a,h)anthracene 0.04 J 
Benzo(g,h,i)perylene 0.19 

Surrogate Recoveries (%) 

Naphthalene-d8 64 
Acenaphthene-d10 79 
Phenanthrene-d10 107 
Benzo(b)fluoranthene-d12 94 
Benzo(a)pyrene-d12 75 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0196MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 003 B N.v. Tissue 

Battelle ID S9810-P 
Sample Type SA 
Collection Date 09/22/05 
Extraction Date 06/19/06 
Analysis Date 07/02/06 
Analytical Instrument MS 
% Moisture 87.92 
% Lipid 1.11 
Matrix WORMS 
Sample Size 28.89 
Size Unit-Basis G_WET 
Units UG/KG_WET 

003 C N.v. Tissue 

S9811-P 
SA 

09/22/05 
06/19/06 
07/02/06 

MS 
87.12 
1.23 

WORMS 
21.18 

G_WET 
UG/KG_WET 

0.99 B 0.84 B 0.62 B 
0.15 J 0.14 0.06 J 
0.85 0.84 0.31 
0.4 0.37 0.19 

0.27 0.24 0.09 J 
2.24 1.72 0.97 B 
1.24 1.31 0.25 
1.18 1.32 0.29 
0.14 J 0.13 J 0.02 U 
0.4 0.44 0.06 J 

0.17 J 0.19 0.05 U 
0.21 J 0.25 J 0.04 U 
0.16 J 0.19 0.06 U 
0.1 J 0.12 J 0.07 U 

0.03 J 0.04 J 0.02 U 
0.14 J 0.15 0.09 U 

60 69 22 N 
72 83 25 N 
92 105 33 
88 97 30 
68 78 22 N 

003 D N.v. Tissue 003 E N.v. Tissue 

S9812-P S9813-P 
SA SA 

09/22/05 09/22/05 
06/19/06 06/19/06 
07/03/06 07/03/06 

MS MS 
88.83 88.36 
1.11 1.19 

WORMS WORMS 
30.56 28.26 

G_WET G_WET 
UG/KG_WET UG/KG_WET 

Naphthalene 1.14 B 
Acenaphthylene 0.28 
Acenaphthene 0.97 
Fluorene 0.57 
Anthracene 0.81 
Phenanthrene 3.87 
Fluoranthene 4.09 
Pyrene 4.76 
Benzo(a)anthracene 1.51 
Chrysene 1.85 
Benzo(b)fluoranthene 1.11 
Benzo(k)fluoranthene 1.58 
Benzo(a)pyrene 1.72 
Indeno(1,2,3-cd)pyrene 0.94 
Dibenz(a,h)anthracene 0.24 
Benzo(g,h,i)perylene 1.11 

Surrogate Recoveries (%) 

Naphthalene-d8 65 
Acenaphthene-d10 80 
Phenanthrene-d10 101 
Benzo(b)fluoranthene-d12 96 
Benzo(a)pyrene-d12 78 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0196MS-Master_157-Final.xls 



 

Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Procedural Blank 

Battelle ID BI999PB-P 
Sample Type PB 
Collection Date 06/19/06 
Extraction Date 06/19/06 
Analysis Date 07/01/06 
Analytical Instrument MS 
% Moisture 87.75 
% Lipid 0.06 
Matrix WORMS 
Sample Size 27.19 
Size Unit-Basis G_WET 
Units UG/KG_WET 

Naphthalene 0.25 
Acenaphthylene 0.02 U 
Acenaphthene 0.05 U 
Fluorene 0.06 U 
Anthracene 0.04 U 
Phenanthrene 0.28 
Fluoranthene 0.08 U 
Pyrene 0.14 U 
Benzo(a)anthracene 0.03 U 
Chrysene 0.04 U 
Benzo(b)fluoranthene 0.05 U 
Benzo(k)fluoranthene 0.04 U 
Benzo(a)pyrene 0.06 U 
Indeno(1,2,3-cd)pyrene 0.07 U 
Dibenz(a,h)anthracene 0.02 U 
Benzo(g,h,i)perylene 0.1 U 

Surrogate Recoveries (%) 

Naphthalene-d8 75 
Acenaphthene-d10 77 
Phenanthrene-d10 91 
Benzo(b)fluoranthene-d12 93 
Benzo(a)pyrene-d12 67 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 PB: T06-0196MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 060313-01: Tilapia 

Battelle ID BJ001LCS-P 
Sample Type LCS 
Collection Date 06/19/06 
Extraction Date 06/19/06 
Analysis Date 07/01/06 
Analytical Instrument MS 
% Moisture 78.37 
% Lipid NA 
Matrix WORMS 
Sample Size 30.12 
Size Unit-Basis G_WET 
Units UG/KG_WET Target % Recovery Qualifier 

Naphthalene 24.54 33.21 74 
Acenaphthylene 22.63 33.23 68 
Acenaphthene 26.96 33.22 81 
Fluorene 27.09 33.22 82 
Anthracene 26.93 33.21 81 
Phenanthrene 30.36 33.22 91 
Fluoranthene 28.82 33.22 87 
Pyrene 28.93 33.21 87 
Benzo(a)anthracene 17.71 33.21 53 
Chrysene 20.96 33.21 63 
Benzo(b)fluoranthene 17.36 33.23 52 
Benzo(k)fluoranthene 19.26 33.22 58 
Benzo(a)pyrene 14.94 33.23 45 N 
Indeno(1,2,3-cd)pyrene 14.77 33.22 44 N 
Dibenz(a,h)anthracene 16.97 33.22 51 
Benzo(g,h,i)perylene 18.59 33.21 56 

Surrogate Recoveries (%) 

Naphthalene-d8 80 
Acenaphthene-d10 83 
Phenanthrene-d10 96 
Benzo(b)fluoranthene-d12 74 
Benzo(a)pyrene-d12 44 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 LCS: T06-0196MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 060406-01: NIST 2977 

Battelle ID BJ002SRM-P 
Sample Type SRM 
Collection Date 06/19/06 
Extraction Date 06/19/06 
Analysis Date 07/01/06 
Analytical Instrument MS 
% Moisture NA 
% Lipid NA 
Matrix WORMS 
Sample Size 1.91 
Size Unit-Basis G_WET Certified Passing Actual 
Units UG/KG_WET Value +/- %Difference %Difference Qualifier 

Naphthalene 11.32 
Acenaphthylene 1.86 J 
Acenaphthene 0.68 U 
Fluorene 9.63 10.24 0.43 34.2 6 
Anthracene 4.75 
Phenanthrene 33.78 35.1 3.80 40.83 3.8 
Fluoranthene 29.56 38.7 1.00 32.58 23.6 
Pyrene 65.55 78.9 3.50 34.44 16.9 
Benzo(a)anthracene 12.37 20.34 0.78 33.83 39.2 N 
Chrysene 52.38 
Benzo(b)fluoranthene 10.03 11.01 0.28 32.54 8.9 
Benzo(k)fluoranthene 8.85 
Benzo(a)pyrene 3.52 8.35 0.72 38.62 57.8 N 
Indeno(1,2,3-cd)pyrene 2.6 4.84 0.81 46.74 46.3 
Dibenz(a,h)anthracene 1.14 J 1.41 0.19 43.48 19.1 
Benzo(g,h,i)perylene 7.01 9.53 0.43 34.51 26.4 

Surrogate Recoveries (%) 

Naphthalene-d8 67 
Acenaphthene-d10 75 
Phenanthrene-d10 89 
Benzo(b)fluoranthene-d12 89 
Benzo(a)pyrene-d12 69 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 SRM: T06-0196MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID RISDS A N.v. Tissue RISDS A N.v. Tissue 

Battelle ID S9799-P S9799MS-P 
Sample Type SA MS 
Collection Date 09/22/05 9/22/2005 
Extraction Date 06/19/06 6/19/2006 
Analysis Date 07/02/06 7/2/2006 
Analytical Instrument MS MS 
% Moisture 86.81 87.09 
% Lipid 1.32 NA 
Matrix WORMS WORMS 
Sample Size 14.82 10.68 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET Target % Recovery Qualifier 

Naphthalene 1.29 59.79 93.65 62 
Acenaphthylene 0.09 J 67.54 93.72 72 
Acenaphthene 1.12 74.71 93.69 79 
Fluorene 0.6 78.34 93.68 83 
Anthracene 0.08 J 91.22 93.65 97 
Phenanthrene 2.68 87.64 93.68 91 
Fluoranthene 0.85 85.12 93.68 90 
Pyrene 0.42 85.14 93.67 90 
Benzo(a)anthracene 0.06 J 60.07 93.66 64 
Chrysene 0.13 J 62.03 93.67 66 
Benzo(b)fluoranthene 0.09 U 60.61 93.71 65 
Benzo(k)fluoranthene 0.08 U 68.82 93.68 73 
Benzo(a)pyrene 0.11 U 61.93 93.71 66 
Indeno(1,2,3-cd)pyrene 0.13 U 57.69 93.68 62 
Dibenz(a,h)anthracene 0.04 U 63.84 93.68 68 
Benzo(g,h,i)perylene 0.18 U 61.8 93.66 66 

Surrogate Recoveries (%) 

Naphthalene-d8 68 69 
Acenaphthene-d10 82 81 
Phenanthrene-d10 99 101 
Benzo(b)fluoranthene-d12 96 90 
Benzo(a)pyrene-d12 73 68 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 MS: T06-0196MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID RISDS A N.v. Tissue 

Battelle ID S9799MSD-P 
Sample Type MSD 
Collection Date 9/22/2005 
Extraction Date 6/19/2006 
Analysis Date 7/4/2006 
Analytical Instrument MS 
% Moisture 87.03 
% Lipid NA 
Matrix WORMS 
Sample Size 10.05 
Size Unit-Basis G_WET 
Units UG/KG_WET Target % Recovery Qualifier RPD (%) Qualifier 

Naphthalene 25.5 99.52 24 N 88.4 N 
Acenaphthylene 28.02 99.59 28 N 88.0 N 
Acenaphthene 31.04 99.57 30 N 89.9 N 
Fluorene 32.78 99.56 32 N 88.7 N 
Anthracene 37.61 99.52 38 N 87.4 N 
Phenanthrene 37.68 99.55 35 N 88.9 N 
Fluoranthene 36.67 99.55 36 N 85.7 N 
Pyrene 36.05 99.54 36 N 85.7 N 
Benzo(a)anthracene 24.5 99.53 25 N 87.6 N 
Chrysene 26.17 99.54 26 N 87.0 N 
Benzo(b)fluoranthene 24.2 99.59 24 N 92.1 N 
Benzo(k)fluoranthene 28.86 99.56 29 N 86.3 N 
Benzo(a)pyrene 23.7 99.58 24 N 93.3 N 
Indeno(1,2,3-cd)pyrene 19.98 99.55 20 N 102.4 N 
Dibenz(a,h)anthracene 22.69 99.56 23 N 98.9 N 
Benzo(g,h,i)perylene 22.9 99.53 23 N 96.6 N 

Surrogate Recoveries (%) 

Naphthalene-d8 27 N 
Acenaphthene-d10 32 
Phenanthrene-d10 40 
Benzo(b)fluoranthene-d12 35 
Benzo(a)pyrene-d12 25 N 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 MS: T06-0196MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 003 A N.v. Tissue 003 A N.v. Tissue 

Battelle ID S9809-P S9809DUP-P 
Sample Type SA QADU 
Collection Date 09/22/05 9/22/2005 
Extraction Date 06/19/06 6/19/2006 
Analysis Date 07/02/06 7/2/2006 
Analytical Instrument MS MS 
% Moisture 87.74 88.07 
% Lipid NA NA 
Matrix WORMS WORMS 
Sample Size 14.78 14.37 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET RPD Qualifier 

Naphthalene 1.27 1.15 B 9.9 
Acenaphthylene 0.17 J 0.13 J NA 
Acenaphthene 1.06 0.91 15.2 
Fluorene 0.58 0.47 21.0 
Anthracene 0.21 J 0.22 J NA 
Phenanthrene 3.15 2.41 26.6 
Fluoranthene 1.1 0.89 21.1 
Pyrene 1.17 0.93 22.9 
Benzo(a)anthracene 0.05 J 0.05 J NA 
Chrysene 0.3 0.26 J 14.3 
Benzo(b)fluoranthene 0.12 J 0.09 J NA 
Benzo(k)fluoranthene 0.17 J 0.1 J NA 
Benzo(a)pyrene 0.11 U 0.11 U NA 
Indeno(1,2,3-cd)pyrene 0.13 U 0.14 U NA 
Dibenz(a,h)anthracene 0.04 U 0.04 U NA 
Benzo(g,h,i)perylene 0.18 U 0.19 U NA 

Surrogate Recoveries (%) 

Naphthalene-d8 75 69 
Acenaphthene-d10 86 81 
Phenanthrene-d10 107 100 
Benzo(b)fluoranthene-d12 98 94 
Benzo(a)pyrene-d12 77 74 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 PAH_DUP: T06-0196MS-Master_157-Final.xls 



 
 

 

  

  

  
 
  

  
  
 

 
 

 
  

 

 
 
 

 
    

 

 

 

         
          

  
 

 

 
   

  
  

 
 

  

  
    

    
   

 
 

                                           
                                  

 

  

 

PAH – QA/QC SUMMARY 06-0197 
M. nasuta and N. virens 

PROJECT:	 New Bedford Harbor O&M 2005 Tissue Analysis 
PARAMETER: 	 PAH 
LABORATORY: 	 Battelle, Duxbury, MA 
MATRIX: 	 Tissue – M. nasuta and N. virens 
SAMPLE CUSTODY: 	 Tissue samples for this project were colleted on 9/22/05 and 10/13/05.   The shipment 

was received on 10/28/05.  Upon arrival, the cooler temperatures were recorded at 
27.7°C and -3.0°C.  No custody issues were noted.  The samples were logged in to 
LIMS and assigned unique Battelle IDs.  Samples were stored in a limited-access 
walk-in freezer until preparation could begin. 

QA/QC DATA QUALITY OBJECTIVES: 
Achieved 

Sample Detection 
Replicate Limit 

Reference Surrogate LCS/MS SRM Relative (ug/Kg 
Method Blank Recovery Recovery % Diff. Precision Wet Wt) 

PAH General < 5x MDL 30-150% 50-120% PD < 30% plus < 30% RPD PAH 
NS&T Recovery variance.  Target for analytes ~0.02 – 

concentration >10 x MDL 0.15for MS target 
must be > 5 xspike must be > 
MDL5 x background 

METHOD:	 Tissue samples were extracted for PAH following general NS&T methods. Approximately 
30 g of tissue was spiked with surrogates and extracted three times with dichloromethane 
using tissuemizer and shaker table techniques.  The combined extract was dried over 
anhydrous sodium sulfate, concentrated, processed through alumina cleanup column, 
concentrated, and further purified by GPC/HPLC.  The post-HPLC extract was further 
cleaned using silica gel columns.  The extracts were then concentrated, fortified with 
internal standards (IS) and split for analysis.  Extracts intended for PAH analysis were 
analyzed using gas chromatography/mass spectrometry (GC/MS), following general NS&T 
methods.  Sample data were quantified by the method of internal standards, using the IS 
compounds.  Data was evaluated against sample-specific 2005 MDLs. 

HOLDING	 Holding times for tissues (frozen) are 365-days for extraction and 40-days from extraction to 
TIMES: 	 analysis.  Tissue samples were stored frozen until sample preparation could begin.  All 

samples were extracted within 9 months of collection and analyzed within 12 days of 
extraction. 

Batch  Extraction Date   Analysis Date  
06-0197   6/22/2006 7/3/2006 – 7/4/2006 

Page 1 of 3 



 

 
 

 

  

 
    

 
 

 

 

   

 
 

  

 
 

 

 
 

 
   

 
  

 
 

  

 
 

 

 

 
  

 

 
 

 

   

 

 
 

 

 
 

 

    
 

  

 

PAH – QA/QC SUMMARY 06-0197 
M. nasuta and N. virens 

BLANKS:	 A procedural blank (PB) was prepared with the analytical batch.  Blanks were analyzed to 
ensure the sample extraction and analysis methods were free of contamination.  

06-0197 – No exceedences noted. 

Comments – No target analytes were detected in the blank at a level greater than the 
laboratory control limit ( 5 x MDL).  However, naphthalene and phenanthrene were detected 
at a concentration greater than the RL.  Any authentic field sample concentration for these 
analytes that was greater than the RL but less than 3x the concentration detected in the 
blank, was qualified with a “B”.  This resulted in 14 field samples being “B” qualified for 
naphthalene. 

LABORATORY A laboratory control sample (LCS) was prepared the analytical batch.  The percent 

CONTROL recoveries of PAH were calculated to measure data quality in terms of accuracy. 

SAMPLE (Blank
 
Spike) 06-0197 – 12 (out of 16) exceedences noted.  


Comments – Percent recoveries for the LCS sample ranged from 36% to 52%.  Although 
meeting the laboratory control limit (30% - 150%), the surrogate recoveries (45% - 62%) in 
the LCS sample were lower than those recovered in the other samples of this batch. 
Chromatography and calculations were reviewed, and no errors were found.  In the sample 
prep records, an extract loss for the LCS due to a leaky KD apparatus was noted.  The 
exceedences were qualified with an “N” and no corrective action was taken.  Accuracy for 
target PAHs was demonstrated in both the MS and MSD samples.   

MATRIX A pair of matrix spike (MS) and matrix spike duplicate (MSD) samples was prepared with 
SPIKES/MATRIX the analytical batch. The percent recoveries of PAH were calculated to measure data quality 
SPIKE in terms of accuracy and precision.  The RPD between percent recoveries was calculated to 
DUPLCATE: measure the data quality in terms of precision. 

06-0197 – All percent recoveries for spiked analytes were within laboratory control limits 
(50-120%), and all RPDs were within laboratory control limits (<30%). 

Comments – None. 

SURROGATES:	 Five surrogate compounds were added prior to extraction, including napthalene-d8, 
acenaphthene-d10, phenanthrene-d10, benzo(b)fluoranthene-d12, and benzo(a)pyrene-d12.  
The recovery of each surrogate compound was calculated to measure data quality in terms 
of accuracy (extraction efficiency).   

06-0197 – All percent recoveries for surrogates were within laboratory control limits (30
150%). 

Comments – None 

DUPLICATES: 	 Duplicate samples were prepared with the analytical batch.  The RPD between replicate 
analyses for PAH is calculated to measure data quality in terms of precision. 

06-0197 – All RPDs were calculated to be within the laboratory control limits (<30%) 

Page 2 of 3 



 
 

 

  

 

 
 

  
 

  
 

 

 

 
 

 

 
  

  
   

 
 

 
 

    
 

   
  

 

   

 

 
 
 
 

PAH – QA/QC SUMMARY 06-0197 
M. nasuta and N. virens 

Comments  – None 

SRM: 	 A standard reference material (SRM, NIST 2977) was prepared with the analytical batch. 
The percent difference (PD) between the measured value and the certified value was 
calculated to measure data quality in terms of accuracy. 

06-0197 – All percent differences were calculated to be within the laboratory control limits 
(<30% PD, plus variance). 

Comments – None. 

CALIBRATIONS: 	 The GC/MS is calibrated with a 7 level curve.  The RSD between response factors for the 
individual target analytes must be <30%.  Each batch of samples analyzed is bracketed by a 
continuing calibration check (CCC) sample, run at a frequency of minimally every 12 hours.  
This percent difference (PD) between the initial calibration RF and the CCC should be 
<25% for individual analytes.  Additionally an initial calibration check (ICC) sample is run 
immediately after each initial calibration. The PD between the ICC and the initial 
calibration should be < 25%. 

06-0197 – No initial calibration or ICC. 2 CCC exceedences noted. 

Comments – Indeno(1,2,3-cd)pyrene was under-recovered in files G2499 and C2527.  The 
PDs were 25.2% and 32.5%, respectively.  Calculations were reviewed and no discrepancies 
were found.  The CCCs prior to and after the failing CCCs had acceptable results.  Field 
sample data maybe biased low for this compound, however the LCS, SRM, and MS QC 
samples affected by the failing CCVs all had acceptable results for indeno(1,2,3-cd)pyrene.  
The CCC exceedences were noted and qualified. No corrective action was taken. 
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Glossary of Data Qualifiers 

Flag: Application: 

B Analyte concentration found in the sample at a concentration <5x the level found in the procedural blank. 

D Dilution Run.  Initial run outside linear range of instrument. 

E Estimate, result is greater than the highest concentration level in the calibration. 

H Surrogate diluted out. Used when surrogate recovery is affected by excessive dilution of the sample extract. 

J Analyte detected below the sample-specific Reporting Limit (RL). 

ME Significant Matrix Interference - Estimated value. 

MI Significant Matrix Interference - value could not be determined or estimated. 

n Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO), but meets the contingency criteria. 

N Quality Control (QC) value is outside the accuracy or precision Data Quality Objective (DQO) 

NA Not applicable 

T Holding Time (HT) exceeded. 

U Analyte not detected at 3:1 signal:noise ratio. The sample-specific method detection limit (MDL) reported. 
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Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Lab A M.n. Tissue Lab B M.n. Tissue Lab C M.n. Tissue 008 A M.n. Tissue 

Battelle ID S9759-P S9760-P S9761-P S9784-P 
Sample Type SA SA SA SA 
Collection Date 10/13/05 10/13/05 10/13/05 10/13/05 
Extraction Date 06/22/06 06/22/06 06/22/06 06/22/06 
Analysis Date 07/03/06 07/03/06 07/03/06 07/03/06 
Analytical Instrument MS MS MS MS 
% Moisture 88.13 90.55 90.97 90.78 
% Lipid 0.87 0.85 0.8 0.73 
Matrix CLAMS CLAMS CLAMS CLAMS 
Sample Size 19.86 29.48 29.45 29.97 
Size Unit-Basis G_WET G_WET G_WET G_WET 
Units UG/KG_WET UG/KG_WET UG/KG_WET UG/KG_WET 

Naphthalene 0.44 B 0.31 B 0.34 B 0.47 B 
Acenaphthylene 0.13 J 0.11 J 0.08 J 0.34 
Acenaphthene 0.2 J 0.17 0.16 0.2 
Fluorene 0.78 0.58 0.43 0.51 
Anthracene 0.32 0.26 0.2 0.8 
Phenanthrene 6.23 4.54 3.45 4.53 
Fluoranthene 4.19 3.39 2.38 7.31 
Pyrene 3.28 2.61 1.77 9.46 
Benzo(a)anthracene 0.51 0.42 0.28 2.48 
Chrysene 1.17 0.99 0.64 3.89 
Benzo(b)fluoranthene 0.78 0.62 0.44 2.46 
Benzo(k)fluoranthene 0.86 0.65 0.45 2.82 
Benzo(a)pyrene 0.44 0.36 0.24 2.44 
Indeno(1,2,3-cd)pyrene 0.36 0.27 0.18 1.15 
Dibenz(a,h)anthracene 0.07 J 0.07 J 0.04 J 0.31 
Benzo(g,h,i)perylene 0.38 0.31 0.22 1.57 

Surrogate Recoveries (%) 

Naphthalene-d8 64 58 60 57 
Acenaphthene-d10 74 68 72 71 
Phenanthrene-d10 88 83 89 108 
Benzo(b)fluoranthene-d12 90 82 87 91 
Benzo(a)pyrene-d12 67 60 62 71 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0197MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 008 B M.n. Tissue 

Battelle ID S9785-P 
Sample Type SA 
Collection Date 10/13/05 
Extraction Date 06/22/06 
Analysis Date 07/03/06 
Analytical Instrument MS 
% Moisture 90.3 
% Lipid 0.68 
Matrix CLAMS 
Sample Size 30.38 
Size Unit-Basis G_WET 
Units UG/KG_WET 

Naphthalene 0.72 B 0.69 B 0.82 B 0.96 B 
Acenaphthylene 0.79 0.45 0.56 0.64 
Acenaphthene 0.38 0.26 0.35 0.32 
Fluorene 0.84 0.6 0.75 0.8 
Anthracene 1.52 0.94 1.3 1.27 
Phenanthrene 7.7 4.63 6.91 6.86 
Fluoranthene 14.27 7.56 11.56 9.91 
Pyrene 17.56 8.81 13.92 13.9 
Benzo(a)anthracene 5.32 2.97 4.15 3.75 
Chrysene 7.4 4.39 6.14 5.97 
Benzo(b)fluoranthene 4.7 2.94 4.13 3.85 
Benzo(k)fluoranthene 5.82 3.38 4.84 4.56 
Benzo(a)pyrene 5.57 3.15 4.51 4.15 
Indeno(1,2,3-cd)pyrene 2.79 1.65 2.38 2.15 
Dibenz(a,h)anthracene 0.7 0.38 0.59 0.55 
Benzo(g,h,i)perylene 3.41 2 2.95 2.81 

Surrogate Recoveries (%) 

Naphthalene-d8 60 59 60 59 
Acenaphthene-d10 72 68 67 68 
Phenanthrene-d10 117 101 99 102 
Benzo(b)fluoranthene-d12 94 86 82 87 
Benzo(a)pyrene-d12 76 68 65 70 

008 C M.n. Tissue 008 D M.n. Tissue 008 E M.n. Tissue 

S9786-P S9787-P S9788-P 
SA SA SA 

10/13/05 10/13/05 10/13/05 
06/22/06 06/22/06 06/22/06 
07/03/06 07/03/06 07/03/06 

MS MS MS 
91.62 91.13 90.47 
0.68 0.75 0.68 

CLAMS CLAMS CLAMS 
30.53 30.18 29.16 

G_WET G_WET G_WET 
UG/KG_WET UG/KG_WET UG/KG_WET 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0197MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Lab A N.v. Tissue 

Battelle ID S9789-P 
Sample Type SA 
Collection Date 09/22/05 
Extraction Date 06/22/06 
Analysis Date 07/04/06 
Analytical Instrument MS 
% Moisture 88.11 
% Lipid 1.61 
Matrix WORMS 
Sample Size 30.13 
Size Unit-Basis G_WET 
Units UG/KG_WET 

Naphthalene 0.82 B 0.88 B 0.78 B 1.09 
Acenaphthylene 0.08 J 0.24 0.07 J 0.17 J 
Acenaphthene 1.12 1.19 1.07 1.22 
Fluorene 0.42 0.76 0.43 0.54 
Anthracene 0.07 J 0.69 0.08 J 0.29 
Phenanthrene 1.74 2.78 1.79 2.51 
Fluoranthene 0.87 1.72 0.7 2.25 
Pyrene 0.49 1.15 0.36 2.04 
Benzo(a)anthracene 0.12 J 0.56 0.06 J 0.18 J 
Chrysene 0.18 0.68 0.14 J 0.73 
Benzo(b)fluoranthene 0.11 J 0.66 0.12 J 0.26 J 
Benzo(k)fluoranthene 0.12 J 1.35 0.19 J 0.35 J 
Benzo(a)pyrene 0.08 J 0.6 0.06 J 0.14 J 
Indeno(1,2,3-cd)pyrene 0.07 U 0.55 0.1 J 0.13 J 
Dibenz(a,h)anthracene 0.02 J 0.52 0.08 J 0.07 J 
Benzo(g,h,i)perylene 0.09 U 0.65 0.14 J 0.2 J 

Surrogate Recoveries (%) 

Naphthalene-d8 65 67 60 70 
Acenaphthene-d10 72 77 68 78 
Phenanthrene-d10 83 93 79 106 
Benzo(b)fluoranthene-d12 82 91 79 94 
Benzo(a)pyrene-d12 63 69 58 73 

Lab B N.v. Tissue Lab C N.v. Tissue 008 A N.v. Tissue 

S9790-P S9791-P S9814-P 
SA SA SA 

09/22/05 09/22/05 09/22/05 
06/22/06 06/22/06 06/22/06 
07/04/06 07/04/06 07/04/06 

MS MS MS 
88.36 88.48 88.36 
1.27 1.35 1.44 

WORMS WORMS WORMS 
26.97 26.40 15.41 

G_WET G_WET G_WET 
UG/KG_WET UG/KG_WET UG/KG_WET 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0197MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 008 B N.v. Tissue 

Battelle ID S9815-P 
Sample Type SA 
Collection Date 09/22/05 
Extraction Date 06/22/06 
Analysis Date 07/04/06 
Analytical Instrument MS 
% Moisture 89.41 
% Lipid 1.29 
Matrix WORMS 
Sample Size 30.29 
Size Unit-Basis G_WET 
Units UG/KG_WET 

Naphthalene 0.73 B 0.9 B 0.84 B 1.16 
Acenaphthylene 0.14 0.17 0.18 0.21 
Acenaphthene 0.76 1.23 1.09 1.43 
Fluorene 0.33 0.5 0.56 0.78 
Anthracene 0.24 0.29 0.28 0.38 
Phenanthrene 1.38 2.02 2.3 3.24 
Fluoranthene 1.05 1.73 1.42 1.98 
Pyrene 1.02 1.65 1.34 1.74 
Benzo(a)anthracene 0.07 J 0.11 J 0.09 J 0.14 
Chrysene 0.45 0.65 0.48 0.64 
Benzo(b)fluoranthene 0.13 J 0.14 0.13 J 0.18 
Benzo(k)fluoranthene 0.16 J 0.22 J 0.16 J 0.31 
Benzo(a)pyrene 0.07 J 0.09 J 0.06 J 0.11 J 
Indeno(1,2,3-cd)pyrene 0.07 U 0.07 U 0.07 U 0.1 J 
Dibenz(a,h)anthracene 0.02 J 0.03 J 0.02 J 0.07 J 
Benzo(g,h,i)perylene 0.09 J 0.09 J 0.09 U 0.15 

Surrogate Recoveries (%) 

Naphthalene-d8 62 66 68 67 
Acenaphthene-d10 69 74 77 77 
Phenanthrene-d10 99 108 110 110 
Benzo(b)fluoranthene-d12 88 95 98 97 
Benzo(a)pyrene-d12 70 75 78 77 

008 C N.v. Tissue 008 D N.v. Tissue 008 E N.v. Tissue 

S9816-P S9817-P S9818-P 
SA SA SA 

09/22/05 09/22/05 09/22/05 
06/22/06 06/22/06 06/22/06 
07/04/06 07/04/06 07/04/06 

MS MS MS 
88.11 89.03 88.32 
1.67 1.46 1.5 

WORMS WORMS WORMS 
29.51 29.20 29.49 

G_WET G_WET G_WET 
UG/KG_WET UG/KG_WET UG/KG_WET 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 Main: T06-0197MS-Master_157-Final.xls 



 

Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Procedural Blank 

Battelle ID BJ003PB-P 
Sample Type PB 
Collection Date 06/22/06 
Extraction Date 06/22/06 
Analysis Date 07/03/06 
Analytical Instrument MS 
% Moisture 89.51 
% Lipid NA 
Matrix CLAMS, WORMS 
Sample Size 27.90 
Size Unit-Basis G_WET 
Units UG/KG_WET 

Naphthalene 0.2 
Acenaphthylene 0.02 U 
Acenaphthene 0.05 U 
Fluorene 0.06 U 
Anthracene 0.04 U 
Phenanthrene 0.15 
Fluoranthene 0.08 U 
Pyrene 0.13 U 
Benzo(a)anthracene 0.02 U 
Chrysene 0.04 U 
Benzo(b)fluoranthene 0.05 U 
Benzo(k)fluoranthene 0.04 U 
Benzo(a)pyrene 0.06 U 
Indeno(1,2,3-cd)pyrene 0.07 U 
Dibenz(a,h)anthracene 0.02 U 
Benzo(g,h,i)perylene 0.1 U 

Surrogate Recoveries (%) 

Naphthalene-d8 62 
Acenaphthene-d10 71 
Phenanthrene-d10 86 
Benzo(b)fluoranthene-d12 88 
Benzo(a)pyrene-d12 60 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 PB: T06-0197MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 060313-01: Tilapia 

Battelle ID BJ004LCS-P 
Sample Type LCS 
Collection Date 06/22/06 
Extraction Date 06/22/06 
Analysis Date 07/03/06 
Analytical Instrument MS 
% Moisture 78.37 
% Lipid NA 
Matrix CLAMS, WORMS 
Sample Size 29.73 
Size Unit-Basis G_WET 
Units UG/KG_WET Target % Recovery Qualifier 

Naphthalene 12.04 33.64 36 N 
Acenaphthylene 13.08 33.67 39 N 
Acenaphthene 14.12 33.66 42 N 
Fluorene 15.08 33.65 45 N 
Anthracene 17.37 33.64 52 
Phenanthrene 16.74 33.65 50 
Fluoranthene 16.77 33.65 50 
Pyrene 17.44 33.65 52 
Benzo(a)anthracene 12.51 33.64 37 N 
Chrysene 12.35 33.65 37 N 
Benzo(b)fluoranthene 12.4 33.66 37 N 
Benzo(k)fluoranthene 14.23 33.65 42 N 
Benzo(a)pyrene 13.39 33.66 40 N 
Indeno(1,2,3-cd)pyrene 13.35 33.65 40 N 
Dibenz(a,h)anthracene 14.44 33.65 43 N 
Benzo(g,h,i)perylene 13.79 33.65 41 N 

Surrogate Recoveries (%) 

Naphthalene-d8 45 
Acenaphthene-d10 52 
Phenanthrene-d10 65 
Benzo(b)fluoranthene-d12 62 
Benzo(a)pyrene-d12 50 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 LCS: T06-0197MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 060406-01: NIST 2977 

Battelle ID BJ005SRM-P 
Sample Type SRM 
Collection Date 06/22/06 
Extraction Date 06/22/06 
Analysis Date 07/03/06 
Analytical Instrument MS 
% Moisture NA 
% Lipid NA 
Matrix CLAMS, WORMS 
Sample Size 1.67 
Size Unit-Basis G_WET Certified Passing Actual 
Units UG/KG_WET Value +/- %Difference %Difference Qualifier 

Naphthalene 11.87 
Acenaphthylene 2.57 
Acenaphthene 5.33 
Fluorene 9.69 10.24 0.43 34.2 5.4 
Anthracene 5.68 
Phenanthrene 38.28 35.1 3.80 40.83 9.1 
Fluoranthene 33.24 38.7 1.00 32.58 14.1 
Pyrene 69.72 78.9 3.50 34.44 11.6 
Benzo(a)anthracene 14.95 20.34 0.78 33.83 26.5 
Chrysene 57.89 
Benzo(b)fluoranthene 11.95 11.01 0.28 32.54 8.5 
Benzo(k)fluoranthene 10.56 
Benzo(a)pyrene 5.6 8.35 0.72 38.62 32.9 
Indeno(1,2,3-cd)pyrene 3.87 4.84 0.81 46.74 20 
Dibenz(a,h)anthracene 1.63 J 1.41 0.19 43.48 15.6 
Benzo(g,h,i)perylene 8.63 9.53 0.43 34.51 9.4 

Surrogate Recoveries (%) 

Naphthalene-d8 66 
Acenaphthene-d10 74 
Phenanthrene-d10 86 
Benzo(b)fluoranthene-d12 95 
Benzo(a)pyrene-d12 75 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 SRM: T06-0197MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Lab A M.n. Tissue Lab A M.n. Tissue 

Battelle ID S9759-P S9759MS-P 
Sample Type SA MS 
Collection Date 10/13/05 10/13/2005 
Extraction Date 06/22/06 6/22/2006 
Analysis Date 07/03/06 7/3/2006 
Analytical Instrument MS MS 
% Moisture 88.13 88.22 
% Lipid 0.87 NA 
Matrix CLAMS CLAMS 
Sample Size 19.86 14.92 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET Target % Recovery Qualifier 

Naphthalene 0.44 B 38.27 67.04 56 
Acenaphthylene 0.13 J 42.69 67.08 63 
Acenaphthene 0.2 J 48.99 67.07 73 
Fluorene 0.78 49.06 67.06 72 
Anthracene 0.32 53.62 67.03 80 
Phenanthrene 6.23 56.33 67.06 75 
Fluoranthene 4.19 54.14 67.06 74 
Pyrene 3.28 54.8 67.05 77 
Benzo(a)anthracene 0.51 41.83 67.04 62 
Chrysene 1.17 42.68 67.05 62 
Benzo(b)fluoranthene 0.78 41.89 67.08 61 
Benzo(k)fluoranthene 0.86 47.36 67.06 69 
Benzo(a)pyrene 0.44 42.2 67.08 62 
Indeno(1,2,3-cd)pyrene 0.36 41.19 67.06 61 
Dibenz(a,h)anthracene 0.07 J 44.09 67.06 66 
Benzo(g,h,i)perylene 0.38 42.32 67.04 63 

Surrogate Recoveries (%) 

Naphthalene-d8 64 67 
Acenaphthene-d10 74 76 
Phenanthrene-d10 88 92 
Benzo(b)fluoranthene-d12 90 93 
Benzo(a)pyrene-d12 67 69 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 MS: T06-0197MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID Lab A M.n. Tissue 

Battelle ID S9759MSD-P 
Sample Type MSD 
Collection Date 10/13/2005 
Extraction Date 6/22/2006 
Analysis Date 7/3/2006 
Analytical Instrument MS 
% Moisture 89.41 
% Lipid NA 
Matrix CLAMS 
Sample Size 14.87 
Size Unit-Basis G_WET 
Units UG/KG_WET Target % Recovery Qualifier RPD (%) Qualifier 

67.26 59 5.2 
67.31 68 7.6 
67.29 77 5.3 
67.29 76 5.4 
67.26 85 6.1 
67.28 80 6.5 
67.28 78 5.3 
67.27 80 3.8 
67.27 63 1.6 
67.28 63 1.6 
67.31 62 1.6 
67.29 72 4.3 
67.30 63 1.6 
67.28 61 0.0 
67.29 66 0.0 
67.27 63 0.0 

Naphthalene 40.3 
Acenaphthylene 45.57 
Acenaphthene 52.33 
Fluorene 52.03 
Anthracene 57.64 
Phenanthrene 59.88 
Fluoranthene 56.6 
Pyrene 57.1 
Benzo(a)anthracene 42.6 
Chrysene 43.57 
Benzo(b)fluoranthene 42.76 
Benzo(k)fluoranthene 49.2 
Benzo(a)pyrene 42.94 
Indeno(1,2,3-cd)pyrene 41.54 
Dibenz(a,h)anthracene 44.69 
Benzo(g,h,i)perylene 43.04 

Surrogate Recoveries (%) 

Naphthalene-d8 64 
Acenaphthene-d10 74 
Phenanthrene-d10 90 
Benzo(b)fluoranthene-d12 88 
Benzo(a)pyrene-d12 66 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 MS: T06-0197MS-Master_157-Final.xls 



Project Client: USACE - North Atlantic Division 
Project Name: Tissue Analysis for PCB/Pest, PAHs, and Lipid Content 
Project Number: G606416-DUXTISCHEM 

Client ID 008 A N.v. Tissue 008 A N.v. Tissue 

Battelle ID S9814-P S9814DUP-P 
Sample Type SA QADU 
Collection Date 09/22/05 9/22/2005 
Extraction Date 06/22/06 6/22/2006 
Analysis Date 07/04/06 7/4/2006 
Analytical Instrument MS MS 
% Moisture 88.36 88.91 
% Lipid 1.44 NA 
Matrix WORMS WORMS 
Sample Size 15.41 15.99 
Size Unit-Basis G_WET G_WET 
Units UG/KG_WET UG/KG_WET RPD Qualifier 

Naphthalene 1.09 0.99 B 9.6 
Acenaphthylene 0.17 J 0.15 J NA 
Acenaphthene 1.22 0.95 24.9 
Fluorene 0.54 0.49 9.7 
Anthracene 0.29 0.25 J 14.8 
Phenanthrene 2.51 2.12 16.8 
Fluoranthene 2.25 1.7 27.8 
Pyrene 2.04 1.58 25.4 
Benzo(a)anthracene 0.18 J 0.08 J NA 
Chrysene 0.73 0.58 22.9 
Benzo(b)fluoranthene 0.26 J 0.15 J NA 
Benzo(k)fluoranthene 0.35 J 0.2 J NA 
Benzo(a)pyrene 0.14 J 0.1 U NA 
Indeno(1,2,3-cd)pyrene 0.13 J 0.12 U NA 
Dibenz(a,h)anthracene 0.07 J 0.04 J NA 
Benzo(g,h,i)perylene 0.2 J 0.17 U NA 

Surrogate Recoveries (%) 

Naphthalene-d8 70 68 
Acenaphthene-d10 78 77 
Phenanthrene-d10 106 102 
Benzo(b)fluoranthene-d12 94 97 
Benzo(a)pyrene-d12 73 75 

Analyzed by Mitchell, Michael 
Not Surrogate Corrected 9/18/2006 PAH DUP: T06-0197MS-Master_157-Final.xls 
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Tissue Metals Data 
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QUALITY CONTROL SUMMARY - METALS 

STUDY NO: 14737 
PROJECT: New Bedford Harbor O&M 2005 Tissue Analysis 
PARAMETER: Total Metals: As, Cd, Cr, Cu, Pb, Ni, Hg, Zn 
LABORATORY: EnviroSystems, Inc.  Hampton, NH 
MATRIX: Tissue 

SAMPLE CUSTODY:	 Tissue samples for this project were collected on 09/22/05 and 10/13/05. The 
shipment was received on 07/12/06. No custody issues were noted. Upon 
arrival, the cooler temperatures were recorded at -17.8/C (estimate). The 
samples were logged in to the laboratory and assigned unique lab IDs. Samples 
were stored in a limited-access freezer until preparation. 

DATA QUALITY OBJECTIVES FOR QC MEASUREMENTS: 

Referenced Method	 EPA Method 200.7, 245.7 

Blank	 < RL or < 5 x MDL 

LCS/MS Recovery	 75 -125% 

SRM % Recovery	 70 -130% 

Sample MS/MSD < 30% RPD 
Relative Precision 

Achieved Detection	 As 0.4 ug/g Pb 0.2 ug/g 
Limit (ug/g Wet Wt)	 Cd 0.05 ug/g Ni 0.1 ug/g 

Cr 0.1 ug/g Hg 0.02 ug/g 
Cu 0.1 ug/g Zn 0.1 ug/g 

METHOD:	 Tissue samples were digested for mercury following EPA and USCOE  methods. 
Two to three hundred milligrams of tissue was digested with ultrapure nitric acid 
using closed reflux techniques. The digests were brought to analytical volume 
with reagent water and analyzed by cold vapor atomic fluorescence 
spectrophotometry. 

Tissue samples were digested for other metals following EPA and USCOE 
methods. One to four grams of tissue was digested with ultrapure nitric acid 
using open reflux techniques. The digests were brought to analytical volume 
with reagent water and analyzed by inductively-coupled plasma emission 
spectrometry. 

HOLDING TIMES:	 Holding times for tissues (frozen) are 365-days for digestion and 60-days from 
digestion to analysis. Tissue samples were stored frozen until sample 
preparation could begin. All samples were digested within 12 months of 
collection and analyzed within 60 days of digestion. 

EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 



 

Batch Digestion Date Analysis Date 
873W 07/18/06 07/20/06 - 07/28/06 
874W 07/19/06 07/30/06 
875W 07/20/06 07/31/06 
562G 07/26/06 07/27/06 
563G 07/27/06 07/28/06 
564G 07/28/06 07/31/06 

BLANKS:	 A procedural blank (PB) was prepared with each analytical batch. Blanks were 
analyzed to ensure the sample digestion and analysis methods were free of 
contamination. Blanks met acceptance criteria. Comments - No target analytes 
were detected in the blank at a level greater than the laboratory control limit ( RL 
or 5 x MDL). Field sample concentrations for analytes greater than the RL but 
less than 5x the concentration detected in the blank, are qualified with a "B". No 
field samples in this batch needed "B" qualification for any analyte. 

LABORATORY	 A laboratory control sample (LCS) and duplicate were prepared with the 
CONTROL SAMPLE	 analytical batch. The percent recoveries of the metals were calculated to 
(Blank Spike)	 measure data quality in terms of accuracy. - Recovery for spiked analytes were 

within laboratory control limits (75-125%). Comments - None. 

MATRIX SPIKE/	 A pair of matrix spike (MS) and matrix spike duplicate (MSD) samples was 
MATRIX SPIKE	 prepared with the analytical batch. The percent recovery for each spiked analyte 
DUPLCATE:	 was calculated to measure data quality in terms of accuracy. The RPD between 

percent recoveries was calculated to measure the data quality in terms of 
precision. All percent recoveries for spiked analytes were within laboratory 
control limits (75-125%), and all RPDs were within acceptance limits 
(<30%).Comments - None. 

SRM:	 A standard reference material was prepared with the analytical batch. The 
percent recovery between the measured value and the reference value of all 
analytes were calculated to measure accuracy and were all within the laboratory 
control limits (70-130%). Comments - None. 

INSTRUMENT	 The ICP is calibrated daily. An initial calibration verification (ICV) standard is run 
CALIBRATION:	 immediately after initial calibration. The percent difference (PD) should be 

<10%. A continuing calibration verification (CCV) standard is run at least every 
ten samples and at the end of an analytical session. The PD was <10%. The ICV 
and all CCV's met acceptance criteria. 

The Cold Vapor Atomic Fluorescence instrument is calibrated at 5 levels. The 
RSD over the range must be <15%. An initial calibration verification (ICV) 
standard is run immediately after initial calibration. The percent difference (PD) 
should be <20%. A continuing calibration verification (CCV) standard is run at 
least every ten samples and at the end of an analytical session. The PD was 
<20%. Initial calibration, the ICV and all CCV's met acceptance criteria. 

EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03843-0778 603-926-3345 fax 603-926-3521 



ESI 

Cheryl Biggs PO Number: 

EnviroSystems, Inc. 
One Lafayette Road 
P.O. Bo>, 778 
Hampton, f\l.H. 038-13-0778 
(603) 926·ll'15 . (603) 926·3521 Fax 
www.envirosystems.com 

Battelle Ocean Science Laboratory 
397 Washington Street 

Report Number: 
None 
14737 
07/12106 
08/04/06 

Date Received: 
Duxbury, MA 02332 Date Reported: 

Project: New Bedford O&M Tissues 

Attached please find results for analyses performed on samples received on 07/12106 at 1015. 

Samples were received in acceptable condition and under chain of custody. 

Instruments used in analysis were calibrated with the appropriate frequency and to the 
specifications of the referenced methods. 

Except as noted analytes in blanks were below levels effecting sample results. 

Matrix effects as monitored by matrix spike recovery or unusual physical properties were not 
apparent. 

Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits. 

EnvlroSystems, Incorporated 

Authorized 
Signature 

Attachment 
Report 

Date, __ -='i?+-!4.....,{f-OCl""(,'----_ 



Inorganic Analytes In Tissue 

Study: 

Site: 
SpecIes: 

Lab Number: 
Sample Designation: 
Date Sampled: 
Matrix: 

Analyte 

Total water content 

Arsenic, total 
Cadmium, total 
Chromium. total 
Copper. total 
Lead. total 
Mercury. total 
Nickel. total 
Zinc. total 

Analyte 

Arsenic. total 
Cadmium, total 
Chromium. total 
Copper. total 
Lead, total 
Mercury, total 
Nickel. total 
Zinc. total 

EnviroSystems, Inc. 

14737 

New Bedford O&M Tissues 
Macoma nasuta 

14737-001 
LAB A MN 
10/13/05 
Solid 

Units Result Qual 

ug/g 3 
ug/g 0.097 
ug/g 1.9 
ug/g 1.3 
ug/g 0.39 
ug/g 0.02 U 
ug/g 0.75 
ug/g 12 

Method 

200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
EPA 245.7 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 

14737-002 
LAB B MN 
10/13/05 
Solid 

Result Qual 

2.8 
0.058 

1.2 
0.99 
0.3 U 

0.02 U 
0.69 
9.9 

One Lafayette Road Hampton. NH 03843~0778 

14737-003 14737-004 14737-005 
LAB C MN LAB D MN LAB E MN 
10/13/05 10/13/05 10/13/05 
Solid Solid Solid 

Result Qual Result Qual Result Qual 

2.5 2.7 2.8 
0.05 0.055 0.061 
0.86 1.3 1.1 
0.97 1.1 1.1 
0.2 U 0.35 0.31 

0.02 U 0.02 U 0.02 U 
0.59 0.76 0.74 
11 12 12 

ESI 
603~926~3345 fax 603~926~3521 www.envirosystems.com 



Inorganic Analytes In T1ssue 

Study: 

Site: 
Spec1es: 

Lab Number: 
Sample Designation: 
Date Sampled: 
Matrix: 

Analyte 

Total water content 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

Analyte 

Arsenic, total 
Cadmium, total 
ChromIum, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

EnviroSystems, [nco 

14737 

New Bedford O&M T1ssues 
Macoma nasuta 

14737-006 
BBDS A MN 
10113105 
Solid 

Units Result Qual 

uglg 2.2 
uglg 0.058 
uglg 0.93 
uglg 0.99 
uglg 0.32 
uglg 0.02 U 
uglg 0.68 
uglg 11 

Method 

200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
EPA 245.7 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 

14737-007 
BBDS B MN 
10113105 
Solid 

Result Qual 

2.9 
0.059 
0.90 
0.87 
0.2 U 

0.02 U 
0.63 
10 

One Lafayette Road Hampton, NH 03843-0778 

14737-008 14737-009 14737-010 
BBDS C MN BBDS D MN BBDS E MN 
10113105 10113105 10113105 
Solid Solid Solid 

Result Qual Result Qual Result Qual 

2.9 2.5 2.7 
0.069 0.069 0.069 
0.96 0.99 1.1 
1.4 1.2 1.2 

0.37 0.26 0.27 
0.02 U 0.02 U 0.02 U 
0.63 0.63 0.69 
11 11 10 

ESI 
603-926-3345 fax 603-926-3521 www.envlrosystems.com 



InorganIc Analytes in Tissue 

Study: 

Site: 
Species: 

Lab Number: 
Sample Designation: 
Date Sampled: 
Matrix: 

Analyte 

Total water content 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

Analyte 

ArsenIc, total 
Cadmium, total 
ChromIum, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

14737 

New Bedford O&M TIssues 
Macoma nasuta 

14737-011 
RISDS A MN 
10/13/05 
Solid 

Units Result Qual 

ug/g 2.3 
ug/g 0.07 
ug/g 0.89 
ug/g 1.0 
ug/g 0.2 U 
ug/g 0.02 U 
ug/g 0.61 
ug/g 11 

Method 

200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
EPA 245.7 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 

14737-012 
RISDS B MN 
10/13/05 
Solid 

Result Qual 

1.9 
0.064 

1.1 
1.0 

0.25 
0.02 U 
0.65 
9.8 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

14737-013 14737-014 14737-015 
RISDS C MN RISDS D MN RISDS E MN 
10/13/05 10/13105 10/13/05 
Solid Solid Solid 

Result Qual Result Qual Result Qual 

2.5 2.8 2.6 
0.068 0.055 0.063 
0.91 1.2 1.0 
0.95 1.0 1.0 
0.2 U 0.2 U 0.2 U 

0.02 U 0.02 U 0.02 U 
0.70 0.68 0.62 
10 9.8 11 

ESI 
603-926-3345 fax 603-926-3521 www.envirosystems.com 



Inorganic Analytes in Tissue 

Study: 

Site: 
Species: 

Lab Number. 
Sample Designation: 
Date Sampled: 
Matrix: 

Analyte 

Total water content 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
ZInc, total 

Analyte 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel. total 
Zinc, total 

14737 

New Bedford O&M Tissues 
Macoma nasuta 

14737-016 
001 A MN 
10113105 
Solid 

Units Result Qual 

uglg 2.2 
uglg 0.059 
uglg 0.93 
uglg 1.3 
uglg 0.35 
uglg 0.02 U 
uglg 0.57 
uglg 10 

Method 

200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
EPA 245.7 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 

14737-017 
001 B MN 
10113105 
Solid 

Result Qual 

2.8 
0.064 

1.4 
1.4 

0.42 
0.02 U 
0.6 
14 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

14737-018 14737-019 14737-020 
001 C MN 001 D MN 001 E MN 
10113105 10113105 10113105 
Solid Solid Solid 

Result Qual Result Qual Result Qual 

2.7 2.6 2.4 
0.075 0.077 0.065 

1.1 1.2 0.95 
1.4 1.3 1.3 

0.49 0.39 0.38 
0.02 U 0.02 U 0.02 U 
0.6 0.52 0.51 
12 12 11 

ESI 
603-926-3345 fax 603-926-3521 www.envirosyslems.com 



Inorganic Analytes In Tissue 

Study: 

Site: 
Species: 

Lab Number: 
Sample Designation: 
Date Sampled: 
Matrix: 

Analyte 

Total water content 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc. total 

Analyte 

Arsenic. total 
Cadmium. total 
Chromium, total 
Copper, total 
Lead. total 
Mercury, total 
Nickel, total 
Zinc. total 

14737 

New Bedford O&M Tissues 
Macoma nasuta 

14737-021 
003A MN 
10/13/05 
Solid 

Units Result Qual 

ug/g 2.4 
ug/g 0.1 
ug/g 0.93 
ug/g 1.4 
ug/g 0.41 
ug/9 0.02 U 
ug/g 0.61 
ug/g 12 

Method 

200.7 EPA eOO/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA eOO/R-94/111 
200.7 EPA eOO/R-94/111 
EPA 245.7 
200.7 EPA eOO/R-94/111 
200.7 EPA eOO/R-94/111 

14737-022 
003 B MN 
10/13/05 
Solid 

Result Qual 

3 
0.095 

1.2 
2.2 
0.45 
0.02 U 
0.e7 
12 

EnviroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 

14737-023 14737-024 14737-025 
003 C MN 003 D MN 003 E MN 
10/13/05 10/13/05 10/13/05 
Solid Solid Solid 

Result Qual Result Qual Result Qual 

2.5 2.1 2.7 
0.094 0.091 0.089 

1.3 1 0.98 
2.2 1.7 1.8 

0.53 0.56 0.49 
0.02 U 0.02 U 0.02 U 
0.7e 0.63 0.61 
13 13 11 

ESI 
603-926-3345 fax 603-926-3521 www.envirosyslems.com 



Inorganic Analytes in Tissue 

Study: 

Site: 
Species: 

Lab Number. 
Sample Designation: 
Date Sampled: 
Matrix: 

Analyte 

Total water content 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel. tolal 
Zinc. tolal 

Analyte 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel. tolal 
Zinc, total 

EnviroSystems, Inc. 

14737 

New Bedford O&M Tissues 
Macoma nasuta 

14737-026 
OOBA MN 
10/13/05 
Solid 

Units Result Qual 

uglg 2.3 
uglg 0.073 
uglg 1.2 
uglg 3.2 
uglg 0.44 
uglg 0.02 U 
ug/g 0.59 
uglg 11 

Method 

200.7 EPA 6001R-94/111 
200.7 EPA 6001R-941111 
200.7 EPA 600/R-941111 
200.7 EPA 600/R-941111 
200.7 EPA 6001R-941111 
EPA 245.7 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-94/111 

14737-027 
OOB B MN 
10/13/05 
Solid 

Result Qual 

2.5 
O.OBB 

1.2 
1.5 

0.32 
0.02 U 
0.61 
11 

One Lafayette Road Hampton, NH 03B43~077B 

14737-02B 14737-029 14737-030 
OOB C MN OOB D MN OOB E MN 
10/13/05 10/13/05 10/13105 
Solid Solid Solid 

Result Qual Result Qual Result Qual 

2.4 2.3 2.6 
0.091 0.094 0.OB7 

1.2 1.4 1.2 
1.7 1.B 1.8 

O.4g 0.57 0.46 
0.02 U 0.02 U 0.02 U 
0.61 0.67 0.61 
11 11 11 

ESI 
603~926~3345 fax 603~926~3521 www.envlrosystems.com 



Inorganic Analytes In Tissue 

Study: 

Site: 
Species: 

Lab Number: 
Sample Designation: 
Date Sampled: 
Matrix: 

Analyte 

Total water content 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

Analyte 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

EnvlroSystems, Inc. 

14737 

New Bedford O&M TIssues 
Nerels virens 

14737-031 
LAB A NV 
09/22/05 
Solid 

Units Result Qual 

ug/g 1.7 
ug/g 0.12 
ug/g 0.32 
ug/g 1.5 
ug/g 0.2 U 
uglg 0.02 U 
ug/g 0.49 
ug/g B.7 

Method 

200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
EPA 245.7 
200.7 EPA 600/R-94/111 
200.7 EPA 6001R-94/111 

14737-032 
LAB B NV 
09/22/05 
Solid 

Result Qual 

1.B 
0.13 
0.33 
1.3 
0.2 U 

0.02 U 
0.43 
B.1 

One Lafayette Road Hampton, NH 03843-0778 

14737-033 14737-034 14737-035 
LAB C NV LAB D NV LAB E NV 
09/22/05 09/22/05 09/22/05 
Solid Solid Solid 

Result Qual Result Qual Result Qual 

1.7 1.7 1.4 
0.12 0.13 0.13 
0.3 0.27 0.75 
1.4 1.3 1.3 
0.2 U 0.2 U 0.2 U 

0.02 U 0.02 U 0.02 U 
0.43 0.46 0.5 

B B.5 9.3 

ESI 
603-926-3345 fax 603-926-3521 www.envirosyslems.com 



Inorganic Analytes In Tissue 

Study: 

Site: 
Species: 

Lab NUmber: 
Sample Designation: 
Date Sampled: 
Matrix: 

Analyte 

Total water content 

Arsenic, total 
Cadmium, total 
ChromIum, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

Analyte 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

EnviroSystems, Inc. 

14737 

New Bedford O&M Tissues 
Nerels vlrens 

14737-036 
BBDSANV 
09122105 
Solid 

Units Result Qual 

uglg 1.3 
uglg 0.11 
uglg 0.32 
uglg 1.3 
uglg 0.26 
uglg 0.02 U 
uglg 0,47 
uglg B.1 

Method 

200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
EPA 245.7 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 

14737-037 
BBDS B NV 
09122105 
Solid 

Result Qual 

1.5 
0.11 
0.36 
1.2 
0.2 U 

0.02 U 
0,46 
7.7 

One Lafayette Road Hampton, NH 03843-0778 

14737-03B 14737-039 14737-040 
BBDS C NV BBDS D NV BBDS E NV 
09122105 09122105 09122105 
Solid Solid Solid 

Result Qual Result Qual Result Qual 

1,4 1.5 1.6 
0.12 0.12 0.12 
0.32 0,43 0.37 
1,4 1,4 1.5 
0.2 U 0.2 U 0.2 U 
0.02 U 0.02 U 0.02 U 
O,4B 0.56 0,44 
23 16 9.2 

ESI 
603-926-3345 fax 603-926-3521 www.envirosystems.com 



Inorganic Analytes In Tissue 

Study: 

Site: 
Species: 

Lab Number: 
Sample DesIgnation: 
Date Sampled: 
Matrix: 

Analyte 

Total water content 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

Analyte 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

EnviroSystems, Inc. 

14737 

New Bedford O&M Tissues 
Nerels vlrens 

14737-041 
RISDS A NV 
09/22105 
Solid 

Units Result Qual 

uglg 1.9 
uglg 0.074 
uglg 0.4 
uglg 1.2 
uglg 0.2 U 
uglg 0.02 U 
uglg 0.32 
uglg 8 

Method 

200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 

EPA 245.7 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 

14737-042 
RISDS B NV 
09/22105 
Solid 

Result Qual 

1.2 
0.12 
0.3 
1.4 
0.3 U 

0.02 U 
0.36 
11 

One Lafayette Road Hampton, NH 03843-0778 

14737-043 14737-044 14737-045 
RISDS C NV RISDS D NV RISDS E NV 
09/22/05 09/22/05 09/22/05 
Solid Solid Solid 

Result Qual Result Qual Result Qual 

1.3 1.9 1.9 
0.11 0.11 0.097 
0.32 0.26 0.23 
1.5 1.4 1.4 
0.2 U 0.2 U 0.2 U 

0.02 U 0.02 U 0.02 U 
0.45 0.43 0.42 
11 9.7 7.6 

ESI 
603-926-3345 fax 603-926-3521 www.envirosystems.com 



Inorganic Analytes In Tissue 

Study: 

Site: 
Species: 

Lab Number: 
Sample Designation: 
Date Sampled: 
Matrix: 

Analyte 

Total water content 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead. total 
Mercury, total 
Nickel. total 
Zinc, total 

Analyte 

Arsenic, total 
Cadmium. total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel. total 
Zinc, total 

EnvJroSystems, Inc. 

14737 

New Bedford O&M Tissues 
Nerels virens 

14737-046 
001 A NV 
09/22/05 
Solid 

Units Result Qual 

ug/g 1.5 
ug/g 0.11 
ug/g 0.55 
ug/g 2.1 
ug/g 0.2 U 
ug/g 0.02 U 
ug/g 0.40 
ug/g 12 

Method 

200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
EPA 245.7 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 

14737-047 
001 B NV 
09/22/05 
Solid 

Result Qual 

1.7 
0.12 
0.43 
1.9 
0.2 U 

0.02 U 
0.41 
8.6 

One Lafayette Road Hampton, NH 03843-0776 

14737-048 14737-049 14737-050 
001 C NV 0010 NV 001 E NV 
09/22105 09/22/05 09/22105 
Solid Solid Solid 

Result Qual Result Qual Result Qual 

1.3 1.1 1.4 
0.12 0.11 0.12 
0.30 0.23 0.36 
1.6 1.5 1.7 
0.2 U 0.2 U 0.2 U 

0.02 U 0.02 U 0.02 U 
0.28 0.30 0.38 
8.0 9.7 8.8 

ESI 
603-926-3345 fax 603-926-3521 www.envirosystems.com 



Inorganic Analytes in Tissue 

Study: 

Site: 
Species: 

Lab Number: 
Sample Designation: 
Date Sampled: 
Matrix: 

Analyte 

Total water content 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

Analyte 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

EnvlroSystems, Inc. 

14737 

New Bedford O&M Tissues 
Nerels virens 

14737-051 
003 A NV 
09122105 
Solid 

Units Result Qual 

uglg 1.1 
uglg 0.11 
uglg 0.26 
uglg 1.7 
uglg 0.3 U 
uglg 0.02 U 
uglg 0.35 
uglg 7.5 

Method 

200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 
EPA 245.7 
200.7 EPA 6001R-941111 
200.7 EPA 6001R-941111 

14737-052 
003 B NV 
09122105 
Solid 

Result Qual 

1.2 
0.12 
0.47 
2.1 

0.39 
0.02 U 
0.32 
16 

One Lafayette Road Hampton, NH 03843~0778 

14737-053 14737-054 14737-055 
003 C NV 003 D NV 003 E NV 
09122105 09122105 09122105 
Solid Solid Solid 

Result Qual Result Qual Result Qual 

1.4 1.1 1.0 
0.13 0.11 0.13 
0.35 0.46 0.26 
1.9 1.7 1.9 
0.2 U 0.2 U 0.2 U 

0.02 U 0.02 U 0.02 U 
0.35 0.30 0.39 
8.7 9.3 13 

ESI 
www.env!rosystems.com 



InorganIc Analytes In Tissue 

Study: 

Site: 
Species: 

Lab Number: 
Sample DesIgnation: 
Date Sampled: 
Matrix: 

Analyte 

Total water content 

Arsenic, total 
Cadmium, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

Analyte 

Arsenic, total 
CadmIum, total 
Chromium, total 
Copper, total 
Lead, total 
Mercury, total 
Nickel, total 
Zinc, total 

EnviroSystems, Inc. 

14737 

New Bedford O&M Tissues 
Nerels virens 

14737-056 
008A NV 
09/22/05 
Solid 

Units Result Qual 

uglg 1.7 
u9/g 0.12 
uglg 0.21 
uglg 1.7 
uglg 0.2 U 
uglg 0.02 U 
uglg 0.37 
uglg 9.4 

Method 

200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 
EPA 245.7 
200.7 EPA 600/R-94/111 
200.7 EPA 600/R-94/111 

14737-057 
008 B NV 
09/22/05 
Solid 

Result Qual 

1.4 
0.11 
0.23 
1.7 
0.2 U 

0.02 U 
0.37 
9.3 

One Lafayette Road Hampton, NH 03B43~0778 

14737-058 14737-059 14737-060 
008e NV 008 D NV 008 E NV 
09/22/05 09/22/05 09/22/05 
Solid Solid Solid 

Result Qual Result Qual Result Qual 

1.7 1.5 1.7 
0.11 0.12 0.091 
0.21 0.21 0.31 
1.5 1.6 1.6 
0.2 U 0.2 U 0.3 U 

0.02 U 0.02 U 0.02 U 
0.30 0.35 0.27 
10 8.6 19 

ESI 
603~926~3345 fax 603~926~3521 www.envirosystems.com 



Quality Gontrol Summary 

Parameter: Arsenic, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: B73W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

14737-001 LAB A MN 14737-011 
14737-002 LAB B MN 14737-012 
14737-003 LAB C MN 14737-013 
14737-004 LAB D MN 14737-014 
14737-005 LAB E MN 14737-015 
14737-006 BBDSA MN 14737-016 
14737-007 BBDS B MN 14737-017 
14737-008 BBDS C MN 14737-018 
14737-009 BBDS D MN 14737-019 
14737-010 BBDS E MN 14737-020 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+/- U9\9 Q 

PBB73W 0.25 0.25 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% U9\9 ug\g 

LCSB73W 75-125 26 25 

DUPLICATE ANALYSIS 

Sample ID 

RISDSA MN 
RISDS B MN 
RISDS C MN 
RISDS D MN 
RISDS E MN 
001 A MN 
001 B MN 
001 C MN 
001 D MN 
001 E MN 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug\g 

104 26 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug\g ug\g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug\g ug\g ug\g 

14737-001S 70-130 27 25 3.0 
14737-001SD 70-130 27 25 3.0 

EnvlroSyslems, Inc. One Lafayetle Road Hampton, NH 03843-0778 603-926-3345 

True 
Value 
ug\g %R 

25 104 Pass 

Q 

Pass 

(lluR Q 

96 Pass 
96 Pass 

ESI 

fax 603-926-3521 www.envirosyslems.com 



Quality Control Summary 

Parameter: Arsenic, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

ac Batch No: 874W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

14737-021 003AMN 14737-031 
14737-022 003 B MN 14737-032 
14737-023 003 C MN 14737-033 
14737-024 003 D MN 14737-034 
14737-025 003 E MN 14737-035 
14737-026 008A MN 14737-036 
14737-027 008 B MN 14737-037 
14737-028 008 C MN 14737-038 
14737-029 008 D MN 14737-039 
14737-030 008 E MN 14737-040 

METHOD BLANK 

Control Preparation 
10 Limit Blank Result 

+1- uglg a 
PB874W 0.25 0.25 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
10 Limit Sample Result Value 

% uglg uglg 

LCS874W 75-125 27 25 

DUPLICATE ANALYSIS 

Sample ID 

LAB A NV 
LAB B NV 
LAB C NV 
LAB D NV 
LAB E NV 
BBDS ANV 
BBDS B NV 
BBDS C NV 
BBDS 0 NV 
BBDS E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

uglg 

108 27 

Control Duplicate Sample 
limit Result a Result a RPD 

10 % uglg uglg 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
10 Limit Result Added Result a 

% uglg ug/g uglg 

14737-021S 70-130 27 24 2.4 
14737-021 SO 70-130 26 24 2.4 

EnvirnSystems, Inc, One Lafayette Road Hampton, NH 03843-0778 603-926-3345 

True 
Value 
uglg %R 

25 108 Pass 

a 

Pass 

%R a 

103 Pass 
98 Pass 

ESI 

fax 603-926-3521 www.envinJsyslems.com 



Quality Control Summary 

Arsenic, total Parameter. 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 875W 

Pertains to samples: 

Lab 10 Sample 10 Lab 10 

14737-041 RISOSA NV 14737-051 
14737-042 RISOS B NV 14737-052 
14737-043 RISOS C NV 14737-053 
14737-044 RISOS 0 NV 14737-054 
14737-045 RISOS E NV 14737-055 
14737-046 001 A NV 14737-056 
14737-047 001 B NV 14737-057 
14737-048 001 C NV 14737-058 
14737-049 0010 NV 14737-059 
14737-050 001 E NV 14737-060 

METHOD BLANK 

Control Preparation 
10 limit Blank Result 

+1- uglg Q 

PBB75W 0.25 0.25 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
10 Limit Sample Result Value 

% uglg uglg 

LCSB75W 75-125 2B 25 

DUPLICATE ANALYSIS 

Sample 10 

003 A NV 
003 B NV 
003 C NV 
0030 NV 
003 E NV 
OOBA NV 
008 B NV 
OOB C NV 
OOB 0 NV 
OOB E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

uglg 

112 27 

Control Duplicate Sample 
Limit Result Q Result Q RPO 

10 % uglg uglg 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
10 limit Result Added Result Q 

% uglg uglg uglg 

14737-041S 70-130 26 25 1.9 
14737-041S0 70-130 25 25 1.9 

EnvlroSystems, Inc. One lafayette Road Hampton, NH 03843-0778 603-926-3345 

True 
Value 
uglg %R 

25 10B Pass 

Q 

Pass 

%R Q 

96 Pass 
92 Pass 

ESI 

fax 603-926-3521 www.envlrosystems.com 



Quality Control Summary 

Parameter: Cadmium, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 873W 

Pertains to samples: 

LablD Sample ID Lab ID 

14737-001 LAB AMN 14737-011 
14737-002 LAB B MN 14737-012 
14737-003 LAB C MN 14737-013 
14737-004 LAB D MN 14737-014 
14737-005 LAB E MN 14737-015 
14737-006 BBDS AMN 14737-016 
14737-007 BBDS B MN 14737-017 
14737-008 BBDS C MN 14737-018 
14737-009 BBDS D MN 14737-019 
14737-010 BBDS E MN 14737-020 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+/- ug\g Q 

PB873W 0.05 0.05 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug\g ug\g 

LCS873W 75-125 13 13 

DUPLICATE ANALYSIS 

Sample ID 

RISDS A MN 
RISDS B MN 
RISDS C MN 
RISDS D MN 
RISDS E MN 
001 AMN 
001 B MN 
001 C MN 
001 D MN 
001 E MN 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug\g 

100 13 

Control Dupllcale Sample 
Limit Result Q Result Q RPD 

ID % ug\g ug\g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug\g ug\g ug\g 

14737-001S 70-130 12 12 0.10 
14737-001SD 70-130 11 12 0.10 

EnvlroSystems, Inc. One Lafayette Road Hampton, NH 03843-0776 603·926-3345 

True 
Value 
ug\g %R 

13 100 Pass 

Q 

Pass 

%R Q 

99 Pass 
91 Pass 

ESI 

fax 603-926-3521 www.envlrosystems.com 



Quality Control Summary 

Cadmium, total Parameter. 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 874W 

Pertains to samples: 

LablD Sample ID LablD 

14737-021 003A MN 14737-031 
14737-022 003 B MN 14737-032 
14737-023 003 C MN 14737-033 
14737-024 003 D MN 14737-034 
14737-025 003 E MN 14737-035 
14737-026 008A MN 14737-036 
14737-027 008 B MN 14737-037 
14737-028 008C MN 14737-038 
14737-029 008 D MN 14737-039 
14737-030 008 E MN 14737-040 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- uglg Q 

PB874W 0.05 0.05 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% uglg uglg 

LCS874W 75-125 14 13 

DUPLICATE ANALYSIS 

Sample ID 

LAB ANV 
LAB B NV 
LAB C NV 
LAB D NV 
LAB E NV 
BBDS A NV 
BBDS B NV 
BBDS C NV 
BBDS D NV 
BBDS E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

uglg 

108 14 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % uglg uglg 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% uglg uglg uglg 

14737-021S 70-130 12 12 0.10 
14737-021SD 70-130 12 12 0.10 

EnvlroSystems, Inc. One Lafayette Road Hampton, NH 03843-0775 603-926-3345 

True 
Value 
uglg %R 

13 108 Pass 

Q 

Pass 

%R Q 

99 Pass 
99 Pass 

ESI 

fax 603-926-3521 www.envirosyslems.com 



Quality Control Summary 

Parameter: Cadmium, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: B75W 

Pertains to samples: 

Lab ID Sample ID LablD 

14737-041 RISDS ANV 14737-051 
14737-042 RISDS B NV 14737-052 
14737-043 RISDS C NV 14737-053 
14737-044 RISDS D NV 14737-054 
14737-045 RISDS E NV 14737-055 
14737-046 001 A NV 14737-056 
14737-047 001 B NV 14737-057 
14737-04B 001 C NV 14737-05B 
14737-049 001 D NV 14737-059 
14737-050 001 E NV 14737-060 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- U9/9 Q 

PBB75W 0.05 0.05 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% U9/9 U9/9 

LCSB75W 75-125 14 13 

DUPLICATE ANALYSIS 

Sample ID 

003A NV 
003 B NV 
003 C NV 
003 D NV 
003 E NV 
OOB A NV 
OOB B NV 
OOBC NV 
OOB D NV 
OOB E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug/g 

10B 14 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g ug/g ug/g 

14737-041S 70-130 12 12 0.074 
14737-041SD 70-130 12 12 0.074 

EnvlroSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 

True 
Value 
ug/g %R 

13 10B Pass 

Q 

Pass 

%R Q 

99 Pass 
99 Pass 

ESI 

fax 603-926-3521 www.envirosystems.com 



Quality Control Summary 

Chromium, total Parameter. 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 873W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

14737-001 LAB AMN 14737-011 
14737-002 LAB B MN 14737-012 
14737-003 LAB C MN 14737-013 
14737-004 LAB D MN 14737-014 
14737-005 LAB E MN 14737-015 
14737-006 BBDS AMN 14737-016 
14737-007 BBDS B MN 14737-017 
14737-008 BBDS C MN 14737-018 
14737-009 BBDS D MN 14737-019 
14737-010 BBDS E MN 14737-020 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+/- ug\g Q 

PB873W 0.1 0.1 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug\g ug\g 

LCS873W 75-125 5.3 5.0 

DUPLICATE ANALYSIS 

Sample ID 

RISDSAMN 
RISDS B MN 
RISDS C MN 
RISDS D MN 
RISDS E MN 
001 A MN 
001 B MN 
001 C MN 
001 D MN 
001 E MN 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug\g 

105 5.2 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug\g ug\g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID limit Result Added Result Q 

% ug\g ug\g ug\g 

14737-001S 70-130 6.5 5.0 1.9 
14737-001SD 70-130 6.3 5.0 1.9 

EnvirnSystems, Inc. One lafayette Road Hampton, NH 03843-0778 603·926-3345 

True 
Value 
ug\g %R 

5.0 105 Pass 

Q 

Pass 

%R Q 

93 Pass 
88 Pass 

ESI 

www.envirosyslems.com 



Quality Control Summary 

Parameter: Chromium, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 874W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

14737-021 003 A MN 14737-031 
14737-022 003 B MN 14737-032 
14737-023 003 C MN 14737-033 
14737-024 003 D MN 14737-034 
14737-025 003 E MN 14737-035 
14737-026 008AMN 14737-036 
14737-027 008 B MN 14737-037 
14737-028 008 C MN 14737-038 
14737-029 008 D MN 14737-039 
14737-030 008 E MN 14737-040 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- ug/g Q 

PB874W 0.1 0.1 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g ug/g 

LCS874W 75-125 5.3 5.0 

DUPLICATE ANALYSIS 

Sample ID 

LAB A NV 
LAB B NV 
LAB C NV 
LAB D NV 
LAB E NV 
BBDS ANV 
BBDS B NV 
BBDS C NV 
BBDS D NV 
BBDS E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug/g 

107 5.3 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g ug/g ug/g 

14737-0215 70-130 5.6 4.8 0.94 
14737-0215D 70-130 5.5 4.8 0.94 

EnviroSystems, Inc. One Lafayette Road Hampton. NH 03843-0778 603-926-3345 

True 
Value 
ug/g %R 

5.0 106 Pass 

Q 

Pass 

%R Q 

95 Pass 
95 Pass 

ESI 

fax 603-926·3521 www.envlrosysiems.com 



Quality Control Summary 

Parameter: Chromium, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 875W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

14737-041 RISDSANV 14737-051 
14737-042 RISDS B NV 14737-052 
14737-043 RISDS C NV 14737-053 
14737-044 RISDS D NV 14737-054 
14737-045 RISDS E NV 14737-055 
14737-046 001 A NV 14737-056 
14737-047 001 B NV 14737-057 
14737-048 001 C NV 14737-058 
14737-049 001 D NV 14737-059 
14737-050 001 E NV 14737-060 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- u9/g Q 

PB875W 0.1 0.1 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g ug/g 

LCS875W 75-125 5.4 5.0 

DUPLICATE ANALYSIS 

Sample ID 

003 ANV 
003 B NV 
003 C NV 
003 D NV 
003 E NV 
008A NV 
008 B NV 
008 C NV 
008 D NV 
008 E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug/g 

107 5.3 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g ug/g ug/g 

14737-041S 70-130 5.0 4.9 0.40 
14737-041SD 70-130 5.0 4.9 0.40 

EnvlroSyslems, Inc. One LafayeUe Road Hampton. NH 03643-0778 603-926-3345 

True 
Value 
ug/g %R 

5.0 106 Pass 

Q 

Pass 

%R Q 

93 Pass 
93 Pass 

ESI 

fax 603-926-3521 www.envlrosyslems.com 



Quality Control Summary 

Parameter: Copper. total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 873W 

Pertains to samples: 

Lab ID Sample ID LablD 

14737-001 LABAMN 14737-011 
14737-002 LAB B MN 14737-012 
14737-003 LAB C MN 14737-013 
14737-004 LAB D MN 14737-014 
14737-005 LAB E MN 14737-015 
14737-006 BBDS A MN 14737-016 
14737-007 BBDS B MN 14737-017 
14737-008 BBDS C MN 14737-018 
14737-009 BBDS D MN 14737-019 
14737-010 BBDS E MN 14737-020 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- ug\g Q 

PB873W 0.1 0.1 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug\g ug\g 

LCS873W 75-125 6.4 6.3 

DUPLICATE ANALYSIS 

Sample ID 

RISDS AMN 
RISDS B MN 
RISDS C MN 
RISDS D MN 
RISDS E MN 
001 A MN 
001 B MN 
001 C MN 
001 D MN 
001 E MN 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug\g 

102 6.2 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug\g ug\g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug\g ug\g ug\g 

14737-001S 70-130 7.7 6.2 1.3 
14737-001SD 70-130 7.6 6.2 1.3 

EnvirnSyslems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 

True 
Value 
ug\g %R 

6.3 99 Pass 

Q 

Pass 

%R Q 

103 Pass 
101 Pass 

ESI 

fax 603-926-3521 www.envlrosystems.com 



Quality Control Summary 

Parameter: Copper, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: B74W 

Pertains to samples: 

LablD Sample ID Lab ID 

14737-021 003A MN 14737-031 
14737-022 003 B MN 14737-032 
14737-023 003 C MN 14737-033 
14737-024 003 D MN 14737-034 
14737-025 003 E MN 14737-035 
14737-026 OOBA MN 14737-036 
14737-027 OOB B MN 14737-037 
14737-02B OOB C MN 14737-038 
14737-029 OOB D MN 14737-039 
14737-030 OOB E MN 14737-040 

METHOD BLANK 

Control Preparation 
ID limit Blank Result 

+1- ug/g Q 

PBB74W 0.1 0.19 I B 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g ug/g 

LCSB74W 75-125 6.2 6.3 

DUPLICATE ANALYSIS 

Sample ID 

LAB A NV 
LAB B NV 
LAB C NV 
LAB D NV 
LAB E NV 
BBDS ANV 
BBDS B NV 
BBDS C NV 
BBDS D NV 
BBDS E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug/g 

99 6.3 

Control Duplicate Sample 
limit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
lD Limit Result Added Result Q 

% ug/g ug/g ug/g 

14737-021S 70-130 7.4 6.0 1.4 
14737-021SD 70-130 7.6 6.0 1.4 

EnvlroSyslems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 

True 
Value 
ug/g %R 

6.3 100 Pass 

Q 

Pass 

%R Q 

99 Pass 
104 Pass 

ESI 

fax 603-926-3521 www.envlrosystems.com 



Quality Control Summary 

Parameter: Copper. total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 875W 

Pertains to samples: 

LablD Sample ID Lab ID 

14737-041 RISDSANV 14737-051 
14737-042 RISDS B NV 14737-052 
14737-043 RISDS C NV 14737-053 
14737-044 RISDS D NV 14737-054 
14737-045 RISDS E NV 14737-055 
14737-046 001 A NV 14737-056 
14737-047 001 B NV 14737-057 
14737-048 001 C NV 14737-058 
14737-049 001 D NV 14737-059 
14737-050 001 E NV 14737-060 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- ug/g Q 

PB875W 0.1 0.1 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g ug/g 

LCS875W 75-125 6.1 6.3 

DUPLICATE ANALYSIS 

Sample ID 

003ANV 
003 B NV 
003 C NV 
003 D NV 
003 E NV 
008A NV 
008 B NV 
008 C NV 
008 D NV 
008 E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug/g 

98 6.1 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g ug/g ug/g 

14737-041S 70-130 7.6 6.1 1.2 
14737-041SD 70-130 7.6 6.2 1.2 

Env!roSystems, Inc. One Lafayette Road Hampton. NH 03843-0778 603-926-3345 

True 
Value 
ug/g %R 

6.3 98 Pass 

Q 

Pass 

%R Q 

103 Pass 
104 Pass 

ESI 

fax 603·926-3521 www.envlrosystems.com 



Quality Control Summary 

Parameter: Lead, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 873W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

14737-001 LAB AMN 14737-011 
14737-002 LAB B MN 14737-012 
14737-003 LAB C MN 14737-013 
14737-004 LAB D MN 14737-014 
14737-005 LAB E MN 14737-015 
14737-006 BBDS AMN 14737-016 
14737-007 BBDS B MN 14737-017 
14737-008 BBDS C MN 14737-018 
14737-009 BBDS D MN 14737-019 
14737-010 BBDS E MN 14737-020 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+/- ug/g Q 

PB873W 0.25 0.25 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g ug/g 

LCS873W 75-125 28 25 

DUPLICATE ANALYSIS 

Sample ID 

RISDS AMN 
RISDS B MN 
RISDS C MN 
RISDS D MN 
RISDS E MN 
001 A MN 
001 B MN 
001 C MN 
001 D MN 
001 E MN 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug/g 

112 28 

Control Duplicate Sample 
LImit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g ug/g ug/g 

14737-001S 70-130 24 24 0.39 
14737-001 SD 70-130 24 24 0.39 

EnviroSyslems, InG. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 

True 
Value 
ug/g %R 

25 112 Pass 

Q 

Pass 

%R Q 

98 Pass 
98 Pass 

ESI 

fax 603-926-3521 www.envirosystems.com 



Quality Control Summary 

Parameter: Lead, total 
Project: 
Matrix: 

New Bedford O&M TIssues 
Solid 

QC Batch No: 874W 

Pertains to samples: 

Lab ID Sample ID LablD 

14737-021 003A MN 14737-031 
14737-022 003 B MN 14737-032 
14737-023 003 C MN 14737-033 
14737-024 003 D MN 14737-034 
14737-025 003 E MN 14737-035 
14737-026 008AMN 14737-036 
14737-027 008 B MN 14737-037 
14737-028 008 C MN 14737-038 
14737-029 008 D MN 14737-039 
14737-030 008 E MN 14737-040 

METHOD BLANK 

Control Preparation 
ID Umit Blank Result 

+1- uglg Q 

PB874W 0.25 0.25 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% uglg ugl9 

LCS874W 75-125 28 25 

DUPLICATE ANALYSIS 

Sample ID 

LAB A NV 
LAB B NV 
LAB C NV 
LAB D NV 
LAB E NV 
BBDS ANV 
BBDS B NV 
BBDS C NV 
BBDS D NV 
BBDS E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

uglg 

112 28 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % uglg uglg 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% uglg uglg uglg 

14737-021S 70-130 25 24 0.41 
14737-021SD 70-130 25 24 0.41 

EnvlroSystems, Inc:, One Lafayette Road Hampton, NH 03843-0778 603-926·3345 

True 
Value 
uglg %R 

25 112 Pass 

Q 

Pass 

%R Q 

102 Pass 
102 Pass 

ESI 

fax 603-926-3521 www.envirosys!ems.com 



Quality Control Summary 

Parameter: Lead, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 875W 

Pertains to samples: 

LabtD Sample ID LablD 

14737-041 RISDS A NV 14737-051 
14737-042 RISDS B NV 14737-052 
14737-043 RISDS C NV 14737-053 
14737-044 RISDS D NV 14737-054 
14737-045 RISDS E NV 14737-055 
14737-046 001 A NV 14737-056 
14737-047 001 B NV 14737-057 
14737-048 001 C NV 14737-058 
14737-049 001 D NV 14737-059 
14737-050 001 E NV 14737-060 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- uglg Q 

PB875W 0.25 0.25 I u 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% uglg uglg 

LCS875W 75-125 28 25 

DUPLICATE ANALYSIS 

Sample ID 

003ANV 
003 B NV 
003 C NV 
003 D NV 
003 E NV 
008 A NV 
008 B NV 
008C NV 
008 D NV 
008 E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

uglg 

112 28 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % uglg uglg 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% uglg uglg uglg 

14737-041S 70-130 25 25 ND 
14737-041SD 70-130 25 25 ND 

EnvlroSystems, Inc. One Lafayette Road Hampton, NH 03843-0776 

True 
Value 
uglg %R 

25 112 Pass 

Q 

Pass 

%R Q 

100 Pass 
100 Pass 

ESI 

fax 603-926-3521 www.env!rosySlems.com 



Quality Control Summary 

Parameter: Nickel, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 873W 

Pertains to samples: 

LablD Sample ID LablD 

14737-001 LAB AMN 14737-011 
14737-002 LAB B MN 14737-012 
14737-003 LAB C MN 14737-013 
14737-004 LAB D MN 14737-014 
14737-005 LAB E MN 14737-015 
14737-006 BBDS A MN 14737-016 
14737-007 BBDS B MN 14737-017 
14737-008 BBDS C MN 14737-018 
14737-009 BBDS D MN 14737-019 
14737-010 BBDS E MN 14737-020 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+/- ug\g Q 

PB873W 0.13 0.13 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug\g ug\g 

LCS873W 75-125 13 13 

DUPLICATE ANALYSIS 

Sample ID 

RISDS AMN 
RISDS B MN 
RISDS C MN 
RISDS D MN 
RISDS E MN 
001 A MN 
001 B MN 
001 C MN 
001 D MN 
001 E MN 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug\g 

100 13 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug\g ug\g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug\g ug\g ug\g 

14737-0015 70-130 12 12 0.75 
14737-001SD 70-130 12 12 0.75 

EnviruSyslems, Inc. One Lafayette Read Hampton, NH 03843-0778 603-926-3345 

True 
Value 
ug\g %R 

13 100 Pass 

Q 

Pass 

%R Q 

94 Pass 
94 Pass 

ESI 

fax 603-926-3521 www.envil1Jsyslems.com 



Quality Control Summary 

Parameter: Nickel, total 
Project: 
MatrIx: 

New Bedford O&M TIssues 
Solid 

QC Batch No: 874W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

14737-021 003AMN 14737-031 
14737-022 003 B MN 14737-032 
14737-023 003 C MN 14737-033 
14737-024 003 D MN 14737-034 
14737-025 003 E MN 14737-035 
14737-026 008AMN 14737-036 
14737-027 008 B MN 14737-037 
14737-028 008C MN 14737-038 
14737-029 008 D MN 14737-039 
14737-030 008 E MN 14737-040 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- ug/g Q 

PB874W 0.13 0.13 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g ug/g 

LCS874W 75-125 13 13 

DUPLICATE ANALYSIS 

Sample ID 

LAB A NV 
LAB B NV 
LAB C NV 
LAB D NV 
LAB E NV 
BBDS A NV 
BBDS B NV 
BBDS C NV 
BBDS D NV 
BBDS E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug/g 

100 13 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g ug/g ug/g 

14737-021S 70-130 12 12 0.62 
14737-021SD 70-130 12 12 0.62 

EnvlroSYSlems, Inc. One Lafayette Road Hampton, NH 03843-077B 603·926-3345 

True 
Value 
ug/g %R 

13 100 Pass 

Q 

Pass 

%R Q 

95 Pass 
95 Pass 

ESI 

fax 603-926-3521 www.envirosyslems.com 



Quality Control Summary 

Nickel, total Parameter. 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: B75W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

14737-041 RISDS ANV 14737-051 
14737-042 RISDS B NV 14737-052 
14737-043 RISDS C NV 14737-053 
14737-044 RISDS D NV 14737-054 
14737-045 RISDS E NV 14737-055 
14737-046 001 A NV 14737-056 
14737-047 001 B NV 14737-057 
14737-04B 001 C NV 14737-05B 
14737-049 001 D NV 14737-059 
14737-050 001 E NV 14737-060 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- ug/g Q 

PBB75W 0.13 0.13 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g uglg 

LCSB75W 75-125 14 13 

DUPLICATE ANALYSIS 

Sample ID 

003 ANV 
003 B NV 
003 C NV 
003 D NV 
003 E NV 
OOBA NV 
OOB B NV 
OOB C NV 
OOB D NV 
OOB E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

uglg 

10B 13 

Control DUplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g ug/g ug/g 

14737-041S 70-130 12 12 0.32 
14737-041SD 70-130 12 12 0.32 

EnvlroSyslems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 

True 
Value 
ug/g %R 

13 100 Pass 

Q 

Pass 

%R Q 

97 Pass 
97 Pass 

ESI 

fax 603-926-3521 www.envirosystems.com 



Quality Control Summary 

Parameter: Zinc, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 873W 

Pertains to samples: 

Lab ID Sample ID LablD 

14737-001 LAB A MN 14737-011 
14737-002 LAB B MN 14737-012 
14737-003 LAB C MN 14737-013 
14737-004 LAB D MN 14737-014 
14737-005 LAB E MN 14737-015 
14737-006 BBDS AMN 14737-016 
14737-007 BBDS B MN 14737-017 
14737-008 BBDS C MN 14737-018 
14737-009 BBDS D MN 14737-019 
14737-010 BBDS E MN 14737-020 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+/- ug\g Q 

PB873W 0.1 0.16 I B 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug\g ug\g 

LCS873W 75-125 14 13 

DUPLICATE ANALYSIS 

Sample ID 

RISDS AMN 
RISDS B MN 
RISDS C MN 
RISDS D MN 
RISDS E MN 
001 AMN 
001 B MN 
001 C MN 
001 D MN 
001 E MN 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug\g 

108 14 

Gontrol Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug\g ug\g 

25 

SPIKE SAMPLE ANALYSIS 

Gontrol Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug\g ug\g ug\g 

14737-001S 70-130 24 12 12 
14737-001SD 70-130 24 12 12 

EnviroSystems, Inc. One lafayette Road Hampton, NH 03843-0778 603·926-3345 

True 
Value 
ug\g %R 

13 108 Pass 

Q 

Pass 

%R Q 

100 Pass 
100 Pass 

ESI 

fax 603-926-3521 www.envlrosyslams.com 



Quality Control Summary 

Parameter: Zinc, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 874W 

Pertains to samples: 

Lab ID Sample ID Lab ID 

14737-021 003A MN 14737-031 
14737-022 003 B MN 14737-032 
14737-023 003 C MN 14737-033 
14737-024 003 D MN 14737-034 
14737-025 003 E MN 14737-035 
14737-026 008A MN 14737-036 
14737-027 008 B MN 14737-037 
14737-028 008 C MN 14737-038 
14737-029 008 D MN 14737-039 
14737-030 008 E MN 14737-040 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- ug/g Q 

PB874W 0.1 0.22 I B 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g ug/g 

LCS874W 75-125 15 13 

DUPliCATE ANALYSIS 

Sample ID 

LAB ANV 
LAB B NV 
LAB C NV 
LAB D NV 
LAB E NV 
BBDSA NV 
BBDS B NV 
BBDS C NV 
BBDS D NV 
BBDS E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug/g 

115 15 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID limit Result Added Result Q 

% ug/g ug/g uglg 

14737-021S 70-130 24 12 12 
14737-021SD 70-130 23 12 12 

EnvlrnSystems, Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 

True 
Value 
ug/g %R 

13 115 Pass 

Q 

Pass 

%R Q 

100 Pass 
92 Pass 

ESI 

www.envlrosyslems.com 



Quality Control Summary 

Zinc, total Parameter. 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: B75W 

Pertains to samples: 

Lab ID Sample ID LablD 

14737-041 RISDS ANV 14737-051 
14737-042 RISDS B NV 14737-052 
14737-043 RISDS C NV 14737-053 
14737-044 RISDS D NV 14737-054 
14737-045 RISDS E NV 14737-055 
14737-046 001 A NV 14737-056 
14737-047 001 B NV 14737-057 
14737-04B 001 C NV 14737-058 
14737-049 001 D NV 14737-059 
14737-050 001 E NV 14737-060 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- ug/g Q 

PB875W 0.1 0.29 I B 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g ug/g 

LCSB75W 75-125 15 13 

DUPLICATE ANALYSIS 

Sample ID 

003 A NV 
003 B NV 
003 C NV 
003 D NV 
003 E NV 
OOBA NV 
OOB B NV 
OOB C NV 
OOB D NV 
OOB E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug/g 

115 15 

Control Duplicate Sample 
limit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g ug/g ug/g 

14737-041S 70-130 21 12 B.O 
14737-041SD 70-130 21 12 B.O 

EnviroSystems, Inc, One Lafayette Road Hampton, NH 03843-0778 603·926-3345 

True 
Value 
ug/g °/IlR 

13 115 Pass 

Q 

Pass 

%R Q 

10B Pass 
10B Pass 

ESI 

fax 603-926-3521 www.envlrosyslems.com 



Quality Control Summary 

Mercury, total Parameter. 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 562G 

Pertains to samples: 

Lab ID Sample ID Lab ID 

14737-001 LABAMN 14737-011 
14737-002 LAB B MN 14737-012 
14737-003 LAB C MN 14737-013 
14737-004 LAB D MN 14737-014 
14737-005 LAB E MN 14737-015 
14737-006 BBDSA MN 14737-016 
14737-007 BBDS B MN 14737-017 
14737-008 BBDS C MN 14737-018 
14737-009 BBDS D MN 14737-019 
14737-010 BBDS E MN 14737-020 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- ug/g Q 

PB562G 0.003 0.003 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g ug/g 

LCS562G 75-125 0.019 0.017 

DUPLICATE ANALYSIS 

Sample ID 

RISDSA MN 
RISDS B MN 
RISDS C MN 
RISDS D MN 
RISDS E MN 
001 A MN 
001 B MN 
001 C MN 
001 D MN 
001 E MN 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug/g 

112 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g ug/g ug/g 

14737-001S 70-130 0.023 0.015 0.000 
14737-001SD 70-130 0.024 0.015 0.000 

EnvlroSystems, Inc. One Lafayette Road Hampton, NH 03643-0778 603-926-3345 

True 
Value 
ug/g %R 

Pass 

Q 

Pass 

%R Q 

119 Pass 
125 Pass 

ESI 

fax 603-926-3521 www.envlrosyslems.com 



Quality Control Summary 

Parameter: Mercury, total 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 563G 

Pertains to samples: 

Lab ID Sample ID LablD 

14737-021 003A MN 14737-031 
14737-022 003 B MN 14737-032 
14737-023 003 C MN 14737-033 
14737-024 003 D MN 14737-034 
14737-025 003 E MN 14737-035 
14737-026 008A MN 14737-036 
14737-027 008 B MN 14737-037 
14737-028 008 C MN 14737-038 
14737-029 008 D MN 14737-039 
14737-030 008 E MN 14737-040 

METHOD BLANK 

Control Preparation 
ID Limit Blank Result 

+1- ug/g Q 

PB563G 0.003 0.003 Iu 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g ug/g 

LCS563G 75-125 0.019 0.017 

DUPLICATE ANALYSIS 

Sample ID 

LAB A NV 
LAB B NV 
LAB C NV 
LAB D NV 
LAB E NV 
BBDS ANV 
BBDS B NV 
BBDS C NV 
BBDS D NV 
BBDS E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug/g 

112 

Control Duplicate Sample 
Limit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g ug/g ug/g 

14737-021S 70-130 0.022 0.016 0.000 
14737-021SD 70-130 0.019 0.014 0.000 

EnvlroSystems, Inc. One Lafayette Read Hamplon, NH 03843-0778 603-926-3345 

True 
Value 
ug/g %R 

Pass 

Q 

Pass 

%R Q 

113 Pass 
108 Pass 

ESI 

www.envlrosystems.com 



Quality Control Summary 

Mercury, total Parameter. 
Project: 
Matrix: 

New Bedford O&M Tissues 
Solid 

QC Batch No: 564G 

Pertains to samples: 

LablD Sample ID Lab ID 

14737-041 RISDS ANV 14737-051 
14737-042 RISDS B NV 14737-052 
14737-043 RISDS C NV 14737-053 
14737-044 RISDS D NV 14737-054 
14737-045 RISDS E NV 14737-055 
14737-046 001 A NV 14737-056 
14737-047 001 B NV 14737-057 
14737-04B 001 C NV 14737-05B 
14737-049 001 D NV 14737-059 
14737-050 001 E NV 14737-060 

METHOD BLANK 

Control Preparation 
ID limit Blank Result 

+1- ug/g Q 

PB564G 0.003 0.003 I U 

LABORATORY CONTROL SAMPLE RECOVERY 

Control Lab Control True 
ID Limit Sample Result Value 

% ug/g ug/g 

LCS564G 75-125 0.019 0.017 

DUPLICATE ANALYSIS 

Sample ID 

003A NV 
003 B NV 
003 C NV 
003 D NV 
003 E NV 
OOBA NV 
OOB B NV 
OOBC NV 
OOB D NV 
OOB E NV 

M 

Pass 

Lab Control Dup 
%R Sample Result 

ug/g 

112 

Control Duplicate Sample 
limit Result Q Result Q RPD 

ID % ug/g ug/g 

25 

SPIKE SAMPLE ANALYSIS 

Control Spiked Sample Spike Sample 
ID Limit Result Added Result Q 

% ug/g uglg ug/g 

14737-041S 70-130 0.020 0.016 0.000 
14737-041SD 70-130 0.020 0.016 0.000 

EnviroSystems. Inc. One Lafayette Road Hampton, NH 03843-0778 603-926-3345 

True 
Value 
ug/g %R 

Pass 

Q 

Pass 

%R Q 

114 Pass 
114 Pass 

ESI 

fax 603-926-3521 www.envirosystems.com 



Report No: 14737 SDG: New Bedford Q&M Tissues 
Project: New Bedford O&M Tissues 

Sample ID: SRM2976 
Matrix: Solid 
Batch: 873W& 562G 

Parameter Result Quant Reference Date Date of Method/Reference 
Limit Value Limit Prepared Analysis 

(ug/g) (ug/g) (ug/g) (ug/g) 
Arsenic, tolal 11.6 0.4 13.3 9.7 - 16.9 07/18106 07/20106 200.7 EPA 600/R-94/111 

Cadmium, total 0.86 0.05 0.82 0.5 - 1.14 07/18/06 07/20106 200.7 EPA 600/R-94/111 

Chromium, total 0.75 0.1 0.50 0.18 - 0.82 07/18106 07/20106 200.7 EPA 600/R-94/111 

Copper, tolal 4.48 0.1 4.02 3.36 - 4.68 07/18/06 07/20106 200.7 EPA 600/R-94/111 

Lead, total 0.95 0.25 1.19 0.83 - 1.55 07/18106 07/28/06 200.7 EPA 600/R-94/111 

Nickel, total 0.77 0.125 0.93 0.69 - 1.17 07/18/06 07/20106 200.7 EPA 600/R-94/111 

Zinc, total 113 0.1 137 111 - 163 07118106 07/20106 200.7 EPA 600/R-94/111 

Mercury, tolal 0.058 0.003 0.061 0.0427 - 0.0793 07/26/06 07/27/06 EPA 245.7 

Notes: 

ESI 

----------~~~--~--~~~--~~~~~--~------~-----
EnviroSyslems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosys!ems.com 

http:www.envirosys!ems.com


Report No: 14737 SOG: New Bedford O&M Tissues 
Project New Bedford O&M Tissues 

Sample 10: SRM2976 
Matrix: Solid 
Batch: 674W & 563G 

Parameter Result Quant Reference Date Dale of Method/Reference 
Limit Value Limit Prepared Analysis 

(U919) (uglg) (uglg) (uglg) 
Arsenic, total 11.6 0.4 13.3 9.7 - 16.9 07119106 07130106 200.7 EPA 6001R-941111 

Cadmium, total 0.93 0.05 0.62 0.5 - 1.14 07119106 07130106 200.7 EPA 6001R-941111 

Chromium, total 0.71 0.1 0.50 0.16 - 0.62 07119106 07130106 200.7 EPA 6001R-941111 

Copper, total 4.35 0.1 4.02 3.36 - 4.66 07119106 07130106 200.7 EPA 6001R-941111 
Lead, total 1.01 0.25 1.19 0.63 - 1.55 07119106 07130106 200.7 EPA 6001R-941111 
Nickel, total 0.67 0.125 0.93 0.69 - 1.17 07119106 07130106 200.7 EPA 6001R-941111 

Zinc, total 120 0.1 137 111 - 163 07119106 07130106 200.7 EPA 6001R-941111 

Mercury, total 0.043 0.003 0.061 0.0427 - 0.0793 07127106 07126106 EPA 245.7 

Notes: 

ESI 

EnvlroSyslems, Inc. P.O. Box 778 Hampton, NH 03842-0778 603-926-3345 fax 603-926-3521 www.envirosystems.com 



Report No: 14737 SOG: New Bedford O&M Tissues 
Project: New Bedford O&M Tissues 

Sample 10: SRM2976 
Matrix; Solid 
Batch: 875W& 564G 

Parameler Result Quant Reference Date Dale of Method/Reference 
Limit Value Limit Prepared Analysis 

(ug/g) (ug/g) (ug/g) (ug/g) 
Arsenic, total 11.5 0.4 13.3 9.7 - 16.9 07/20/06 07/31/06 200.7 EPA 600/R-94/111 
Cadmium, total 0.89 0.05 0.82 0.5 - 1.14 07/20/06 07/31106 200.7 EPA 600/R-94/111 
Chromium, total 0.68 0.1 0.50 0.18 - 0.82 07/20/06 07/31/06 200.7 EPA 600/R-94/111 
Copper, total 4.48 0.1 4.02 3.36 - 4.68 07/20/06 07/31/06 200.7 EPA 600/R-94/111 
Lead, tolal 1.1 0.25 1.19 0.83 - 1.55 07/20106 07/31106 200.7 EPA 600/R-94/111 
Nickel, total 0.71 0.125 0.93 0.69 - 1.17 07/20/06 07/31/06 200.7 EPA 600/R-94/111 
Zinc, total 117 0.1 137 111 - 163 07120/06 07/31/06 200.7 EPA 600/R-94/111 
Mercury, total 0.045 0.003 0.061 0.0427 - 0.0793 07/28/06 07/31/06 EPA 245.7 

Notes: 

ESI 

EnviroSystems, Inc. P.O. Box 778 Hampton, NH 03842~0778 603-926~3345 fax 603-926-3521 www.envirosystems.com 



Table 11-5: Ouality Control SummaI)' for Analvses of Metals in Sediments. Tissue and Water Matrices 

Method Reference Numbers: EPA 200.7 & 245.7 

Tablc 11-5: Quality Control Summary for Analyses of Metnls in Scdiments. Tissue and Water Matrices 

Method Reference Numbers: EPA 200.7 & 245.7 
Quality Control (QC) Acceptance Criteria· Criteria Met? Yes/No Ust results outside criteria Location of Results 

Element (Cross-reference results (Retained at Lab or 
table in data reoortl in Data Packaae) 

Unear Range Oetennlnatlon for ICP Perfonned Quarterly V" Retained at Lab 

Initial Calibration for AA, Hg Perfonned Dally (Correlation Coefficient 0.995) V", Retained at Lab 

Calculation of Method Detection Umlts For each malrix, analyzed once per 12 month period (see Section 5.2 for MOL procedure) V" In Data Package 

Initial Calibration Verificatlonl Hg: 80 10 1200/0 recovery OIher metals: 90 to 110% recovery Yes Retained al lab 
Continuing Calibration Verification 

Inlllal Calibration Blank\ No largel analyles ;> three Ume Instrument Detection Umlt (IDL) V" Retained at lab 
ContinuIng Calibration Blank Target analytes over RL tess Ihan one fifth associated sample value 

Standard Reference Materials Within the limits provided by vendor V", In Data Package 

Method Blank Target analytes over RL less than five Umes assocIated sample value. V", Cu 0.1 85 No samples qualified. In Dala Package 
Zn 0.155,0.22,0.288 No samples 

qualified. 

Sample Spike! Sample Duplicate One set per group of field samples. Must con lain alttarget analytes. Yes In Data Package 
Recovery Umlls (70 to 130%; RPD <:: 30%) 

Analytical Replicales Analyze one sample In duplicate for each group offield samples (RPD <:: 30%) V", In Data Package 

. The Quality Control Acceptance Criteria are general guidelines. If aHemale crileria are used. they must be documented in this table. 



ESI 
EnviroSystems, Inc. 
One Lafayette Road 
P.O. Box 778 
Hampton, NH 03843-0778 
Telephone: 603-926-3345 

SAMPLE RECEIPT RECORD 

ESI STUDY NUMBER: \I:j t-s 7 CLIENT: l "I+'-el~ 

SAMPLE RECEIPT: 
BY: KS DATE: I/I;}A)(, TIME: \01 ~ 

DELIVERED VIA: ~FEDEX 0 CLIENT 0 ESI 0 UPS 0 OTHER 

LOGGED INTO LAB: 
DATE: 1./\'), TIME: __ ,_0_1_0_' __ BY: -----

SAMPLE CONDITION: 

COMMENTS: 

CHAIN OF CUSTODY: 

CHAIN OF CUSTODY SIGNED: 

CHAIN OF CUSTODY COMPLETE: 

SAMPLE DATE: 
SAMPLE TIME RECORDED: 
SAMPLE TYPE IDENTIFIED: 

CUSTODY SEAL IN PLACE: 

SHIPPING CONTAINER INTACT: 

$YES 

i'll YES 

!ttYES 

Fv
ES 
ES 

YES 

~YES 

if! YES 

DNO 

DNO 

DNO 

DNO 
DNO 
DNO 

DNO 

/0 NO 

SAMPLE TEMPERATURE (AT ARRIVAL): _tc..:'c::07-..::....:...R-''''''----__ o'''-C 

DOES CLIENT NEED NOTIFICATION OF TEMPERATURE? 
DYES ij3-NO 

SAMPLE ARRIVED ON ICE: t4r YES DNO 

NPDES\FORMS\Labforms\Chem&lablogBooks\ACUTE RECEIPT.FRM 



Battelle ,,1.n'1/ 
Chain of Custody 

TI7I! Business of Il1l1ovatiOl1 Shipment No:i SHP-060711-01 

Proj. Name: " -"----"""" ----I 
___ . N~w.~edford ()&M Tissues .. __ ..... . ... __ 1 __ .... ... ... .. . .. _. __ 

jSAiIPI.-'E.IU .. S: Singat.ll.re .-.. -- . . [I A N A L Y S 1. S R E QUE S TED .... ~.' ! I D' ! _-< 
i "NUMBER OF CONTAINERS" ,i Q,a 

1,~r~rl'~IE '1' .. ·1;'~TTELLE ~)·I!-·-~LmNT If)r--F;~;"D LOC ·r- MATI~:l-:)(L-' .., I bb": II , I" H 
, i 'CODE I! [ ! ''.f; ..., 

~( I :~;:~;~~.~~~~ .i.~:~~~ I~~~::::;;:~: 1-· .... __ 1 ~~~ .. I· ~L.· B i B,B r m B I B·i BIB ~.~ 
1 10113/05 0:00 S9761 L Lab C M.n. Tissue I i CLAMS .' I O. i 0 1 0 I 0 I 0 I 0 I 0 l_a.1 0 I 0 I romm50:OO i S9762 I Lab D M.n. Tissue 1 I CLAMS .. .1 I OJ 0 I 0 i 0 ,0 0 i 0 1 . .0 0 _0 .:_1_ 

,,0,110/13/050:00 IS9763 iLabEM.n.Tissue I 1 CLAMS 1 0 [ O! 0 i 01 O.D_I.J:::L...D. 010.'_1_ 
JOI13/05.~:00 S9764 I B~DS A M.n. Tiss.~e... I CLAMS 1 .. .1 0 , 0 'HI 0 0, 0 ! 0 I 0 I 0 0 I I 
10/13/050:00 S9765 i..IJ.~DS B M.n. Tissue I CLAMS . ! 0 I 0 1 0 I 0 OJ 0 i 0 i 0 I 0 OJ_I_ 

I 101131050:00 .... J S9766 __ I BBDS C M.n. Tissue I CLAMS I I 0 I 0 1 0 I. 0 . 0 I 0 I 0 I'.J:::LL. O--.il.L_I_ 
10/13/050:00 I S9767 ,BBDSDM.n.Tissue J CLAMS 1 I 0 1 O! 0 I 0 I 01 0 I 0 0 I 0 I 01 I 

-OIOII01l3/~50:00J~9768 ._!BBDSEM.n.Tissue ICLAM~ 1_.. 01..0 101.0 0 10! 0 10 10 0 I I 
JOII3/0~0:00 I S97~.'1. I RISI?~AM.n,TIssue ! CLAMS ' J_O i 0 .1.D_I.J:::L_O_I.J:::Lj 0 i ot 0 OJ . .I. 
10/13/~~O:00 I smo. I RlSQ.S. B M.n. Tissue I CLAMS 0; 0..\ 0 0 . .0 I 0 I 0.1 O! 0 0 c..1 

I 0113/05 O:O~ .. _ I S9771 .... _. RISDS C M.n. Tissue .--'CLAMS 0 I 0 I 0 I 0 L 0 I 0 I 0 I...DJ.J:::L .J:::Li..! 
IOl13/050:00 .'S9772 !.RlSDSDM.n.Tissue ICLAMS .. 01 0 i 0 I 0 '.J:::L. 0 I 0 ._.0 1 0 0 I I -Q\~ i.10/131050:00iS9773 !~!§gSEM.n.Tissue I CLAMS 01 .. 0 I 0 'HO~. 0,01..0 10 10.1.0 ...... '_. _1_ 

~/13/050:00 .. J.S9774 '1 .. ~OIAM.n.TIssue I CLAlvIS L.... ! O! OJ 0 0 . .0 I 0 I 0 I 0 i 0 _0_1_'_ . 
. I 1011 .. 3/050:00 i S97~? DOl B M.n. Tissue I CLAMS. I =±Bj0 i 0 I .0.1 0 I 0 i 0 J 0 i 0 I O. 0 I I 

~
' 10113/05 .tJ:00 ---J S9776 .. I DOl C M.n. Tissue ... __ 1 CLAMS I _0 I 0 I 0 C5l 0 I 0 1 . .oJ 0 0 . .0 I 

10113/050:00 I S9777 1 001 D M.n. Tissue CLAMS 0 0 I 0 I 0 i 0 I 01 0 I 0 I O· 0 I 

~" """.--,~ [jim 100"",,-TI"", , J ~ . ~ 1 0 I 0 I 0 , 0 I 0 1 0 I 0 loJ 
,ltclinquishcd by: i .. rr' I Received by: ) k4i1 i' 'D3t\.'l 1 line: Datcn'ilnc: 

IHeather.~:lson ~\.) . __ t;1112006 I-~;;;~ _ __ . _ 0:r~'L 11c,1161S-
I HeliullUh;hcd by: I Ree \'cd b\': I 
i . Dalcffimc: ~ Dutcffimc: 

i···· I'· ,.... . ....... ~ 

ri;·;;~j. Nil: ~,--

Cflml11cnl~: 
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Battelle Chain of Custody r---

r/7e Business 0/ Innoyation Shipment Not~HP-06071J~~_ 

Il'rllj. Nu: r~:;~~u;~~ord O&~;;:sues 
1 SAMI·LER.~: Singa!u!"c -.-.- -----. I A -N-·ALY S IS R E QU EST E.' ]) I·-T I I' .T1··-·-llT·-1 •. -······--:-
I i "NlIMBER OF CONTAINERS" iii !6ig: 

[
I DATEnTME -I. BATTELLE ill r CLIENT [()--·-I---I;;I~:1l LOC- MA. Tlux·r -OIL II. II '!...:. I !! 

·1' ! CODE i i! '.r. ...., 

! I' Ii! i 
iJ I 110113/05 0:00 i·:::~9:=77:::9c---1 003 A M.n. Tissue I I CLAMS· . I.JJ I. 0 r 0 1 0 1 0 0 '. 0 I 0 i 0 0 1 

110/13/050:00 IS9780 I 003 B M.n.Tissue . iCLAMS 1 ol 0 i O! Q 0 10 i 0 10 10 0 

ilOI13/050:00 ,-_S9781 ! 003CM.n.Tissue _ . .1.._ 1 CLAMS 10 I 01 01-.0.-0 I 01.D.1 O! O! 0 i. 

f 
10/13/05 0:00 i S9782 1 003 D M.n. Tissue I i CLAMS rn' 0 I 0 0 0 1 0 1 0 ! 0 I 0 I 0 , 

].~ .10113/050:00 IS9783 1003EM;n.Tissuc [CLAMS 10101010 0 OJ O! 0 i 0 I QI_1_ 
10113/050:00 1 S9784 1 008AM.n.Tissue I CLAMS 0 I O! 0 I O! 01 0 i 0 I ~ I ~ ~, 

~05 0:00 i S9785 ~ 008 B M.n. Tissue I CLAMS 1 0 1 0 ; 0 i 0 0 1 0 i 0. I '-' I '-' I '-' 
! 10113/05 0:00 i S9786 i 008 C M.n. Tissue i CLAMS I 1 O! 0 I 0 I 0 0 1 0 1 0 1 0 I ~ 
[iii!i3/050:00 I S9787 i 008 D M"". Tissue _ICLAMS .. ....1 1 0, 0 I 0 1.D._OJ 0 I 0, 0_1 '-' , '-' , 

.Q"iO!.J0113/050:00 j. S9788 [ 008 E 1I-!.n. Tissue __ I CLAMS I 1 C:::U 0 I. 0 1_0 0 1 0 I. _0_1 .. 0 0 1 0 ! 
'I 09/221050:00 ... S9789 Lnb A N.v. Tissue . WORMS 1 0 1_ 0 I 0 i. o..l~ 0 i. O.LO I. 0 0 i 

09/221050:00 ! S9790 1 LnhBN.v.Tissue I WORMS 'I 1 01 O! 0 i 0 0 0 i 0 I 0 I 0 1 0 i 
i 09/221050:00 .J S9791 rr::;;i, CN.v. Tissue -1--·1 WORMS .-. 1.1:1..1-01 0 L . .o. 0 O! OLO i 0 0 I 1. 

I 09122/050:00 1 S9792 1 Lab D N.v. Tissue 1 i WORMS I 1 0 i 0 1 0 1 0 O! oj 0 1 0 I 0 I 0..1_1_ 

-G~I ! 09/22105 ~:O~ 1 S9793 . Lnb E N.v. Tissue. 1 I WORMS ! C:::U 0 1 0 I.D.I 0 i 0 1 0 1 0 1 0 : 0 I 1 

I 09/221050:00 1 S9794 1 BBDS A N.v. Tissue . [ WORMS I 0 i 0 I 0 1 0 0 
! 09/22105 ~:OO I S9795 J BBDS B N.v. Tiss~-;'~. __ I WORMS 1-1:::1_1 0 i 0 1 OJ 0 

09/22/050:00 i S9796 I BBDS C N.v. Tissue . I WORMS 1 0 1 0 I 0 i 0 0 
09/22~05 0:00 I S9797 1 BBDS D N.v. Tissue j- [ ",aRMS 1 0 I [j I 0 I 0 d 

_"_tOI 09/221050:00 ... _LS9798 I BBDS EN.v. Tissue 1 I W?~S. -I. rA.L~ ~ I~O 0 
! nclinqul~IIl'U II.\'; 

I Heather carl_so_n_·~_G ____ . _____ _ 

f Relinquished by: 

1··8 ofolo ._ 0 r I 

OiO!O O! 1 

18 OiOiO 01 1 

01010 01 I 

rb 01010 o u .. 

""_ .. _-j 

Comments: i Dale/Time: J_··-r··---

I Reeci 
~ Datl'ffimc: 

1.-2'11/2006 8:05 AM I .J::t1~ I r w 'I ~. ~ ! v , 

I' neccv;:·cd hy: 
. Dlltcrfime: 

7~ 
.! --.~,.--

_._----_ .•.•.• - ----
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Battelle Chain of Custody 
T/7e Business of Innovation Shipment No:l SHP-060711-01 

I Pr<;j:N(J:l~:~ ~:~ord ~~~ Tissues 
=~~~.~. 

! SAr\'JPLER.~: Singatllrc ANALYSIS REQUESTED -,I IIJ 'T" ~r- . 

I 
"NUMBER OF CONTAI,~NERS"! 'I I I H 

DATErflME IlATIELLEill I CLmNTl[) FmLDLOC MATRIX I Cr:;~E ~ I. I I H 
,,,, I -:0"'9/'1"1I'"''''05'"'0'"':0:-::0---+-::S=97=9'''9--~--i RISDS A N,v, Tissue WORMS I 0 i of 0 0 1 0 I O-'""O=-l-I '""O=-~O=-'--;=O=-'-c-

091211050:00 S9800 i RISDS B N.v. Tissue~ __ ._. . .. ___ ! WORMS I 0 : 0 I.D 0 I 0 I 0 I 0 I boo 
09/211050:00 S9801 I RISDS C N.v. Tissue . I WORMS I 0 1 0 0 0 I 0 I 0 I 0 

I WORMS ~~l 0 I 0 i 0 [[]l 0 0 i 0 I Dr TIl 0 : 

, 
09/22/05 0;00 S9802 
09/22105 0:00 S9803 
09/21105 0:00 S9804 
09/22105 0:00 S9805 

010101 I 
RISD5 0 N.v. Tissue I I WORMS iOIO DiD DID 01 oi 0 OJ_I_ 
RlSDS E N.v. Tissue I WORMS I 0-1 0 DID DID 0010 011 
001 AN.v. Tissue I ' WORMS 1010 DID DID DIDIO o i I , 

Gvh 

001 B N.v. Tissue 

09/22105 0:00 

09122105 0:00 

,,,0 09/22/050:00 

09/21105 0:00 

I: S9806 i 001 C N.v. Tissue 

I S9807 I 001D N.v. Tissue 

I S9808 I 001 E N.v. Tissue 
i S9809 003 A N.v. Tissue 

I WORMS ! 0 ! 0 I 0 I 0 [0 0 I 0 I 0 I 0 I 0 i I 

,I WORMS : i 0 I 0 I 0 I 0 I 0 0 [ Cn-.OJ 0 I 0 I I 

1 

WORMS I I 0 I 0 I 0 ,0 0 0 I. 0 I 0 i 0 I 0 ! 
. ------1. WORMS I I 0 I D : 0 ! 0 0 0 I 0 I 0 I 0 I 0 i='--
I I WORMS. I LD-,~ 0, 0 I 0 0 0 I 0 I 0 I 0 [ 01-'. 09/22/050:00 ! 59810 I 003 B N.v. Tissue 

I , WORMS I 10 ' 0 ,Dill 0 0 I 0 I 0 I 0 L 0 I I 
I I WORMS ! I 0 LD_i 0 I 0 , 0 I 0 I 0 I 0 i 0 i 0 I 1 

I WORMS ' I 0 i.LLLO I 0 I 0 i 0 L 0 i 0 I O. I O..lI. 
j WORMS j 01 oj Of 01 01 01 Oi 01 0 Oil 

WORMS . 0101010 0 OIOIOJO!OII 

'09/221050:00 OJ 59811 i 003 C N.v. Tissue 

I 09/211050:00 .. I 59812 i 003D N.v. Tissue 
-0'" 1 09/211050:00 , S9813 I 003 E N.v. Tissu~ 

09/2 ... __ '05 0:00 I S9814 I 008 A N.v.TIssue 
,~-. I S9815 09/22/05 0:00 I 008 B N.v. Tissue 

~_I*I.1 
oc,o[ 091211050:00 JS9i1l8 I 008~}';N.v. Tissue~ .... I WORMS i I oj 0 i 0 I 0 Pc5-1-g i BIB I 8tfti : -

1 RclinquL,hcd hy: I) . I Recc' 'd h)~: gny ~ I'~ rr' 
'1 Heather Carlson , \.. c:..... atl'lTullC_: -------.1 ------:;:::.:::1-/ Date i fmc: _ 

y- 7/11/2006 I 8:05 AM _ __-' Jibc'N-~ 
I RcliIHIUishcd by: . Reel!' 'cd by: . 
, DatcrfmlC: Datcffunc: 
! ~,."""""""-"" ""'--

09121105 0:00 I S9816 I 008 C N.v. Tissue --~----I WOllMS T DID DIDio I 0 I o !CIT 
, 09/22105 0:00 S9817 r- 008 D N.v. Tissue I WORMS I DID DID 

, 1 i 
i ! 

I c()~m"l;l" 

Printed on 7/11/2006 Page 3 of 3 



 
 
 
 
 
 
 
 
 
 
 

 
 

[This page left intentionally blank] 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Appendix J-4 


Tissue Bligh and Dyer Lipid Data 
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BATTELLE - DUXBURY OPERATIONS
 
BLIGH AND DYER LIPID WEIGHT DETERMINATION
 

Project Title(s) 
New Bedford Harbor Dredging Tissue Analysis 

Project No.(s) 
G606416-
DUXTISCHE 
M 

06-0246 
Tissue Analysis for PCB/Pest, PAHs, and Lipid Content
 

CLAMS, WORMS
 

Sample ID: Sample 
Wet Wt 

(g) 

Vial Tare 
Wt. (g) 

Vial and 
Residue 

(g) 

Lipid Wt. 
(g) 

% Dry 
Wt. 

Sample 
Dry Wt. 

(g) 

% Total 
Lipid 
(Wet) 

% Total 
Lipid 
(Dry) 

BJ133PB-BD 1.79 26.127100 26.127200 0.000100 10.49 0.187770 0.01 0.05 

S9759-BD 1.82 26.273800 26.289670 0.015870 11.87 0.216030 0.87 7.35 

S9760-BD 1.78 26.180400 26.195470 0.015070 9.45 0.168210 0.85 8.96 

S9761-BD 1.76 26.251100 26.265190 0.014090 9.03 0.158930 0.80 8.87 

S9784-BD 1.77 26.255680 26.268620 0.012940 9.22 0.163190 0.73 7.93 

S9785-BD 1.78 26.110100 26.122180 0.012080 9.70 0.172660 0.68 7.00 

S9786-BD 1.74 26.177800 26.189640 0.011840 8.38 0.145810 0.68 8.12 

S9787-BD 1.77 26.169400 26.182620 0.013220 8.87 0.157000 0.75 8.42 

S9788-BD 1.77 26.338600 26.350720 0.012120 9.53 0.168680 0.68 7.19 

S9789-BD 1.83 26.363500 26.392940 0.029440 11.89 0.217590 1.61 13.53 

S9790-BD 1.82 26.266800 26.289980 0.023180 11.64 0.211850 1.27 10.94 

S9791-BD 

S9814-BD 

1.81 

1.80 

26.329100 

26.228200 

26.353620 

26.254120 

0.024520 

0.025920 

11.52 

11.64 

0.208510 

0.209520 

1.35 

1.44 

11.76 

12.37 

S9815-BD 1.79 26.274500 26.297560 0.023060 10.59 0.189560 1.29 12.16 

S9815DUP-BD 1.78 26.196900 26.218670 0.021770 10.59 0.188500 1.22 11.55 

S9816-BD 1.82 26.254800 26.285240 0.030440 11.89 0.216400 1.67 14.07 

S9817-BD 

S9818-BD 

1.80 

1.82 

25.423600 

26.323500 

25.449920 

26.350870 

0.026320 

0.027370 

10.97 

11.68 

0.197460 

0.212580 

1.46 

1.50 

13.33 

12.88 

Lipid Weight (g) = Vial and Residue (g) - Vial Tare Weight ( Validated: 
Sample Dry Weight (%) = [(Sample Wet Weight (g) * (% Dry Weight/100 
% total Lipid (Wet) = [Lipid Weight (g)/Sample Wet Weight (g)]*1 
% total Lipid (Dry) = [Lipid Weight (g)/Sample Dry Weight (g)]*1 
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BATTELLE - DUXBURY OPERATIONS
 
BLIGH AND DYER LIPID WEIGHT DETERMINATION
 

Project Title(s) 
New Bedford Harbor Dredging Tissue Analysis 

Project No.(s) 
G606416-
DUXTISCHE 
M 

06-0245 
Tissue Analysis for PCB/Pest, PAHs, and Lipid Content
 

WORMS
 

Sample ID: Sample 
Wet Wt 

(g) 

Vial Tare 
Wt. (g) 

Vial and 
Residue 

(g) 

Lipid Wt. 
(g) 

% Dry 
Wt. 

Sample 
Dry Wt. 

(g) 

% Total 
Lipid 
(Wet) 

% Total 
Lipid 
(Dry) 

BJ128PB-BD 1.82 26.295900 26.297030 0.001130 12.25 0.222950 0.06 0.51 

S9794-BD 1.80 26.209530 26.230490 0.020960 11.80 0.212400 1.16 9.87 

S9795-BD 1.80 26.354000 26.374730 0.020730 11.36 0.204480 1.15 10.14 

S9796-BD 1.82 26.261140 26.284030 0.022890 12.11 0.220400 1.26 10.39 

S9797-BD 1.84 26.175460 26.198300 0.022840 12.74 0.234420 1.24 9.74 

S9798-BD 1.84 26.166380 26.192390 0.026010 12.95 0.238280 1.41 10.92 

S9799-BD 1.83 26.313500 26.337590 0.024090 13.19 0.241380 1.32 9.98 

S9800-BD 1.83 26.058210 26.083780 0.025570 13.06 0.239000 1.40 10.70 

S9801-BD 1.82 26.278040 26.301430 0.023390 12.36 0.224950 1.29 10.40 

S9802-BD 1.81 26.232840 26.258050 0.025210 12.23 0.221360 1.39 11.39 

S9803-BD 1.82 26.155670 26.180750 0.025080 12.10 0.220220 1.38 11.39 

S9804-BD 

S9805-BD 

1.84 

1.82 

26.234530 

26.205460 

26.252090 

26.229510 

0.017560 

0.024050 

12.45 

12.21 

0.229080 

0.222220 

0.95 

1.32 

7.67 

10.82 

S9805DUP-BD 1.83 26.153070 26.177440 0.024370 12.21 0.223440 1.33 10.91 

S9806-BD 1.83 26.299020 26.321760 0.022740 12.85 0.235160 1.24 9.67 

S9807-BD 1.80 26.161670 26.181190 0.019520 11.38 0.204840 1.08 9.53 

S9808-BD 

S9809-BD 

1.82 

1.81 

26.142320 

26.213200 

26.168160 

26.232900 

0.025840 

0.019700 

12.20 

12.26 

0.222040 

0.221910 

1.42 

1.09 

11.64 

8.88 

S9810-BD 1.81 26.046950 26.067090 0.020140 12.08 0.218650 1.11 9.21 

S9811-BD 1.84 26.268730 26.291400 0.022670 12.88 0.236990 1.23 9.57 

S9812-BD 1.80 26.346230 26.366290 0.020060 11.17 0.201060 1.11 9.98 

S9813-BD 1.82 26.285140 26.306720 0.021580 11.64 0.211850 1.19 10.19 
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BATTELLE - DUXBURY OPERATIONS
 
BLIGH AND DYER LIPID WEIGHT DETERMINATION
 

Project Title(s) 
New Bedford Harbor Dredging Tissue Analysis 

Project No.(s) 
G606416-
DUXTISCHE 
M 

06-0244 
Tissue Analysis for PCB/Pest, PAHs, and Lipid Content
 

CLAMS
 

Sample ID: Sample 
Wet Wt 

(g) 

Vial Tare 
Wt. (g) 

Vial and 
Residue 

(g) 

Lipid Wt. 
(g) 

% Dry 
Wt. 

Sample 
Dry Wt. 

(g) 

% Total 
Lipid 
(Wet) 

% Total 
Lipid 
(Dry) 

BJ127PB-BD 1.79 26.313500 26.319010 0.005510 10.82 0.193680 0.31 2.84 

S9764-BD 1.78 26.302090 26.316270 0.014180 10.41 0.185300 0.80 7.65 

S9764DUP-BD 1.78 26.305760 26.321870 0.016110 10.41 0.185300 0.91 8.69 

S9765-BD 1.80 26.270640 26.283600 0.012960 11.24 0.202320 0.72 6.41 

S9766-BD 1.82 26.199410 26.214770 0.015360 11.89 0.216400 0.84 7.10 

S9767-BD 1.78 26.191650 26.206020 0.014370 10.73 0.190990 0.81 7.52 

S9768-BD 1.81 26.298680 26.317420 0.018740 11.26 0.203810 1.04 9.20 

S9769-BD 1.77 26.231170 26.247010 0.015840 9.73 0.172220 0.89 9.20 

S9770-BD 1.79 26.344730 26.359680 0.014950 10.28 0.184010 0.84 8.12 

S9771-BD 1.81 26.302860 26.318210 0.015350 11.60 0.209960 0.85 7.31 

S9772-BD 1.80 26.170780 26.186850 0.016070 11.25 0.202500 0.89 7.94 

S9773-BD 

S9774-BD 

1.82 

1.79 

26.346360 

26.169230 

26.361830 

26.181370 

0.015470 

0.012140 

11.40 

9.97 

0.207480 

0.178460 

0.85 

0.68 

7.46 

6.80 

S9775-BD 1.79 26.363860 26.377850 0.013990 11.35 0.203170 0.78 6.89 

S9776-BD 1.78 26.329740 26.344950 0.015210 10.43 0.185650 0.85 8.19 

S9777-BD 1.77 26.285640 26.298450 0.012810 10.15 0.179660 0.72 7.13 

S9778-BD 

S9779-BD 

1.80 

1.78 

26.180210 

26.178910 

26.192040 

26.193150 

0.011830 

0.014240 

10.75 

10.21 

0.193500 

0.181740 

0.66 

0.80 

6.11 

7.84 

S9780-BD 1.81 26.073990 26.090930 0.016940 11.51 0.208330 0.94 8.13 

S9781-BD 1.80 26.237900 26.254980 0.017080 11.01 0.198180 0.95 8.62 

S9782-BD 1.76 25.993290 26.007660 0.014370 9.84 0.173180 0.82 8.30 

S9783-BD 1.81 26.360990 26.375790 0.014800 11.45 0.207250 0.82 7.14 
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Bioaccumulation Statistics 
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Appendix K - 1 


BBDS Bioaccumulation Statistics 
(BBDS Reference) 
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Table 1. Mean Wet Weight Concentrations of Bioaccumulation Tissues for Project Harbor (Macoma nasuta and Nereis virens ) 
Project Name: 
Project Number: 

CONTAMINANT BBDS * Comp 001 * Comp 003 * Comp 008 * 

Macoma nasuta 
Metals (ug/g wet weight) 
Arsenic 2.64 2.54  NS 2.54  NS 2.42  NS 
Cadmium 0.06 0.07  NS 0.09  S 0.09  S 
Chromium 0.98 1.12  NS 1.08  NS 1.24  S 
Copper 1.13 1.34  S 1.86  S 2.00  S 
Lead 0.28 a 0.41  S 0.49  S 0.46  S 
Mercury 0.02 a 0.02 a 0.02 a 0.02 a 
Nickel 0.65 0.56  NS 0.66  NS 0.62  NS 
Zinc 10.60 11.80  S 12.20  S 11.00  NS 

PAHs (ng/g wet weight) 
Acenaphthene 0.21 b 0.23  NS 0.28  NS 0.30  S 
Acenaphthylene 0.12 b 0.53  S 0.70  S 0.56  S 
Anthracene 0.29 0.93  S 1.21  S 1.17  S 
Benzo(a)anthracene 0.46 3.15  S 3.16  S 3.73  S 
Benzo(a)pyrene 0.52 3.64  S 4.13  S 3.96  S 
Benzo(b)fluoranthene 0.75 2.98  S 3.32  S 3.62  S 
Benzo(k)fluoranthene 0.73 3.54  S 3.91  S 4.28  S 
Benzo(g,h,i)perylene 0.40 1.91  S 1.48  NS 2.55  S 
Chrysene 0.93 4.38  S 4.46  S 5.56  S 
Dibenzo(a,h)anthracene 0.08 b 0.47  S 0.60  S 0.51  S 
Fluoranthene 3.73 6.91  S 6.68  S 10.12  S 
Fluorene 0.67 0.59  NS 0.66  NS 0.70  NS 
Indeno(1,2,3-c,d)pyrene 0.34 1.85  S 2.29  S 2.02  S 
Naphthalene 0.41 0.59  S 0.84  S 0.73  S 
Phenanthrene 5.73 5.03  NS 5.26  NS 6.13  NS 
Pyrene 2.62 12.03  S 10.54  S 12.73  S 
PAH Total 17.98 48.76  S 49.53  S 58.67  S 

Macoma nasuta 

PCB Congeners (ng/g wet wt.) 
8 0.89 a 5.71  S 4.49  S 29.47  S 
18 0.06 a 9.59  S 12.67  S 36.14  S 
28 0.21 24.67  S 22.18  S 55.73  S 
44 0.11 9.93  S 12.42  S 21.41  S 
52 0.22 49.39  S 56.65  S 96.83  S 
66 0.98 18.79  S 14.52  S 21.02  S 
101 0.41 55.47  S 43.74  S 47.55  S 
105 0.11 15.41  S 10.48  S 11.61  S 
118 0.64 36.62  S 26.52  S 32.10  S 
128 0.21 9.52  S 8.51  S 7.20  S 
138 0.84 40.71  S 36.99  S 37.31  S 
153 0.95 39.22  S 37.39  S 38.77  S 
170 0.11 2.58  S 2.47  S 3.10  S 
180 0.11 3.37  S 3.25  S 3.50  S 
187 0.11 2.32  S 2.49  S 2.86  S 
195 0.03 a 0.30  c 0.29  c 0.37  c 
206 0.02 a 0.08  c 0.09  c 0.16  c 
209 0.03 a 0.03 a 0.03 a 0.06 c 
Total PCBs 12.09 S 647.41 S 590.36 S 890.37 S 



 
   

   
   
   

 
 
 
 

 

 
 

 

Macoma nasuta 

Pesticides (ng/g wet weight) 
Aldrin 0.03 a 0.03 a 0.03 a 0.03 a 
cis-Chlordane 0.04 a 0.04 a 0.04 a 0.08 S 
trans-Chlordane 0.04 a 0.04 a 0.04 a 0.09 c 
cis-Nonachlor 0.05 a 0.05 a 0.05 a 1.98 c 
trans-Nonachlor 0.04 a 0.04 a 0.04 a 0.04 c 
Oxychlordane 0.05 a 0.05 a 0.05 a 0.05 a 
Total Chlordanes 0.22 a 0.22 a 0.22 a 2.24 S 
4,4'-DDT 0.05 a 0.05 a 0.05 a 0.05 a 
4,4'-DDD 0.05 a 0.05 a 0.05 a 0.05 a 
4,4'-DDE 0.20 1.67  S 1.49  S 1.87  S 
Total DDT 0.30 1.77  S 1.59  S 1.97  S 
Dieldrin 0.07 a 0.06 a 0.06 a 0.06 a 
alpha-Endosulfan 0.02 a 0.02 a 0.02 a 0.02 a 
beta-Endosulfan 0.06 a 0.06 a 0.06 a 0.06 a 
Endosulfans (Total) 0.08 0.08 a 0.08 a 0.08 a 
Endrin 0.05 a 0.05 a 0.05 a 0.05 a 
Heptachlor 0.04 a 0.04 a 0.04 a 0.04 a 
Heptachlor epoxide 0.02 a 0.02 a 0.02 a 0.02 a 
Hexachlorobenzene 0.05 a 0.05 a 0.05 a 0.05 a 
Lindane 0.05 a 0.05 a 0.05 a 0.05 a 
Methoxychlor 0.05 a 0.05 a 0.05 a 0.05 a 
Toxaphene 3.47 a 3.43 a 3.51 a 2.78 a 

Macoma nasuta 

Dioxins (pg/g wet weight) 
2378 TCDD NA NA NA NA 
12378 PeDD NA NA NA NA 
123478 HxDD NA NA NA NA 
123678 HxDD NA NA NA NA 
123789 HxDD NA NA NA NA 
1234678 HpDD NA NA NA NA 
OCDD NA NA NA NA 
2378 TCDF NA NA NA NA 
12378 PeDF NA NA NA NA 
23478 PeDF NA NA NA NA 
123478 HxDF NA NA NA NA 
123678 HxDF NA NA NA NA 
123789 HxDF NA NA NA NA 
234678 HxDF NA NA NA NA 
1234678 HpDF NA NA NA NA 
1234789 HpDF NA NA NA NA 
OCDF NA NA NA NA 
PCB - 77 NA NA NA NA 
PCB - 81 NA NA NA NA 
PCB - 105 NA NA NA NA 
PCB - 114 NA NA NA NA 
PCB - 118 NA NA NA NA 
PCB - 123 NA NA NA NA 
PCB - 126 NA NA NA NA 
PCB - 156 NA NA NA NA 
PCB - 157 NA NA NA NA 
PCB - 167 NA NA NA NA 
PCB - 169 NA NA NA NA 
PCB - 189 NA NA NA NA 

* = Qualifiers 

NA Not Analyzed 
S 	 Treatment mean is statistically greater than Reference mean (state statistical test used) 
NS Treatment mean is not significantly greater than Reference mean (state statistical test used) 
a 	 Analyte not detected (below Method Detection Limit) in at least one replicate; mean value was calculated using Method Detection Limit 
b 	 Analyte estimated (detected below Reporting Limit but above Method Detection Limit) in at least one replicate; mean value calculated using estimated value 

Analyte was detected in the Treatment sample at a higher mean concentration than Reference; 
statistical analyses not conducted because analyte was not detected in any Reference replicates 

Nereis virens 

c  



 
 
 
 

 
 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Metals (ug/g wet weight) 
Arsenic 1.46 1.40  NS 1.16  NS 1.60  NS 
Cadmium 0.12 0.12  NS 0.12  NS 0.11  NS 
Chromium 0.36 0.37  NS 0.36  NS 0.23  NS 
Copper 1.36 1.76  S 1.86  S 1.62  S 
Lead 0.21 a 0.20 a 0.26 a NS 0.22 a 
Mercury 0.02 a 0.02 a 0.02 a 0.02 a 
Nickel 0.48 0.35  NS 0.34  NS 0.33  NS 
Zinc 12.80 9.42  NS 10.90  NS 11.26  NS 

PAHs (ng/g wet weight) 
Acenaphthene 0.77 a 1.16  S 0.93  NS 1.15  S 
Acenaphthylene 0.06 a b 0.20 b S 0.19 b S 0.17 b S 
Anthracene 0.06 a b 0.32  S 0.38 b S 0.30  S 
Benzo(a)anthracene 0.03 a b 0.26 b S 0.46 b S 0.12 b S 
Benzo(a)pyrene 0.06 a 0.32 a c 0.55 a b c 0.09  c 
Benzo(b)fluoranthene 0.05 a b 0.30 b S 0.40 b S 0.17 b S 
Benzo(k)fluoranthene 0.05 a b 0.40 b S 0.55 b S 0.24 b S 
Benzo(g,h,i)perylene 0.10 a 0.28 a c 0.40 a b c 0.12 a b c 
Chrysene 0.08 a b 0.71  S 0.75  S 0.59  S 
Dibenzo(a,h)anthracene 0.02 a 0.06 a b c 0.09 a b c 0.04  c 
Fluoranthene 0.72 1.75  S 1.94  S 1.69  S 
Fluorene 0.31 a 0.62  S 0.48  NS 0.54  S 
Indeno(1,2,3-c,d)pyrene 0.08 a 0.22 a c 0.32 a b c 0.09 a b c 
Naphthalene 1.15 1.19  NS 1.06  NS 0.94  NS 
Phenanthrene 1.84 2.86  S 2.75  S 2.29  NS 
Pyrene 0.42 2.04  S 2.11  S 1.56  S 
PAH Total 5.82 12.68  S 13.33  S 10.10  S 

Nereis virens 

PCB Congeners (ng/g wet wt.) 
8 0.19 a 1.57  c 1.16  c 1.00  c 
18 0.09 14.46  S 11.21  S 34.14  S 
28 0.07 9.89  S 6.07  S 24.77  S 
44 0.09 6.75  S 5.39  S 13.64  S 
52 0.23 38.49  S 33.48  S 82.57  S 
66 0.05 4.71  S 3.10  S 7.93  S 
101 0.30 34.10  S 21.41  S 34.40  S 
105 0.07 11.39  S 7.91  S 11.23  S 
118 0.16 14.15  S 8.72  S 15.52  S 
128 0.13 8.28  S 6.89  S 8.24  S 
138 0.61 37.30  S 28.10  S 39.22  S 
153 0.74 35.74  S 28.18  S 36.18  S 
170 0.27 4.17  S 3.72  S 4.02  S 
180 0.12 5.58  S 5.05  S 4.93  S 
187 0.11 3.43  S 2.89  S 3.66  S 
195 0.03 a 0.33  c 0.29  c 0.38  c 
206 0.02 b 0.23  S 0.22  S 0.32  S 
209 0.03 a 0.06  c 0.06  c 0.08  c 
Total PCBs 6.61 461.25  S 347.60  S 644.44  S 



 
   

   
   
   

 

 

 

 

Nereis virens 

Pesticides (ng/g wet weight) 
Aldrin 0.03 a 0.03 a 0.03 a 0.03 a 
cis-Chlordane 0.05 a 0.13  S 0.10  S 0.11  S 
trans-Chlordane 0.04 a 0.11  S 0.09  S 0.10  S 
cis-Nonachlor 0.05 a 1.53  S 1.25  S 1.70  S 
trans-Nonachlor 0.25 0.31  S 0.30  S 0.27  NS 
Oxychlordane 0.05 a 0.05 a 0.05 a 0.05 a 
Total Chlordanes 0.44 2.14  S 1.79  S 2.23  S 
4,4'-DDT 0.05 a 0.05 a 0.05 a 0.05 a 
4,4'-DDD 0.05 a 1.78  c 0.90  c 0.05 a 
4,4'-DDE 0.06 a 0.48  c 0.33  c 0.69  c 
Total DDT 0.16 2.31  S 1.27  S 0.79  S 
Dieldrin 0.06 a 0.06 a 0.06 a 0.06 a 
alpha-Endosulfan 0.02 a 0.02 a 0.02 a 0.02 a 
beta-Endosulfan 0.06 a 0.06 a 0.06 a 0.06 a 
Endosulfans (Total) 0.08 0.08 a 0.08 a 0.08 a 
Endrin 0.05 a 0.05 a 0.05 a 0.05 a 
Heptachlor 0.04 a 0.04 a 0.04 a 0.04 a 
Heptachlor epoxide 0.02 a 0.02 a 0.02 a 0.02 a 
Hexachlorobenzene 0.05 a 0.05 a 0.05 a 0.05 a 
Lindane 0.05 a 0.05 a 0.05 a 0.05 a 
Methoxychlor 0.23 a 0.05 a 0.05 a NS 0.05 a 
Toxaphene 3.09 a 2.81 a 3.81 a 3.34 a 

Nereis virens 

Dioxins (pg/g wet weight) 
2378 TCDD NA NA NA NA 
12378 PeDD NA NA NA NA 
123478 HxDD NA NA NA NA 
123678 HxDD NA NA NA NA 
123789 HxDD NA NA NA NA 
1234678 HpDD NA NA NA NA 
OCDD NA NA NA NA 
2378 TCDF NA NA NA NA 
12378 PeDF NA NA NA NA 
23478 PeDF NA NA NA NA 
123478 HxDF NA NA NA NA 
123678 HxDF NA NA NA NA 
123789 HxDF NA NA NA NA 
234678 HxDF NA NA NA NA 
1234678 HpDF NA NA NA NA 
1234789 HpDF NA NA NA NA 
OCDF NA NA NA NA 
PCB - 77 NA NA NA NA 
PCB - 81 NA NA NA NA 
PCB - 105 NA NA NA NA 
PCB - 114 NA NA NA NA 
PCB - 118 NA NA NA NA 
PCB - 123 NA NA NA NA 
PCB - 126 NA NA NA NA 
PCB - 156 NA NA NA NA 
PCB - 157 NA NA NA NA 
PCB - 167 NA NA NA NA 
PCB - 169 NA NA NA NA 
PCB - 189 NA NA NA NA 

* = Qualifiers 

NA Not Analyzed 
S 	 Treatment mean is statistically greater than Reference mean (state statistical test used) 
NS Treatment mean is not significantly greater than Reference mean (state statistical test used) 
a 	 Analyte not detected (below Method Detection Limit) in at least one replicate; mean value was calculated using Method Detection Limit 
b 	 Analyte estimated (detected below Reporting Limit but above Method Detection Limit) in at least one replicate; mean value calculated using estimated value 

Analyte was detected in the Treatment at a higher mean concentration than Reference; 
statistical analyses not conducted because analyte was not detected in any Reference replicates 

c  



   
   

 

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE CLAM Macoma nasuta ) 
BBDS 
BBDS A M.n. Tissue BBDS B M.n. Tissue BBDS C M.n. Tissue BBDS D M.n. Tissue BBDS E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 2.2 2.9 2.9 2.5 2.7 
Cadmium 0.058 0.059 0.069 0.069 0.069 
Chromium 0.93 0.9 0.96 0.99 1.1 
Copper 0.99 0.87 1.4 1.2 1.2 
Lead 0.32 0.2 U 0.37 0.26 0.27 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.68 0.63 0.63 0.63 0.69 
Zinc 11. 10. 11. 11. 10. 

PAHs (ng/g wet weight) 
Acenaphthene 0.13 J 0.19 0.21 0.17 0.35 
Acenaphthylene 0.09 J 0.14 0.14 0.1 J 0.12 J 
Anthracene 0.25 0.3 0.31 0.25 0.34 
Benzo(a)anthracene 0.49 0.42 0.56 0.33 0.48 
Benzo(a)pyrene 0.51 0.49 0.56 0.45 0.59 
Benzo(b)fluoranthene 0.69 0.81 0.78 0.7 0.77 
Benzo(k)fluoranthene 0.68 0.79 0.74 0.68 0.74 
Benzo(g,h,i)perylene 0.36 0.43 0.43 0.35 0.42 
Chrysene 0.91 0.96 0.99 0.79 1.02 
Dibenzo(a,h)anthracene 0.08 J 0.08 J 0.09 J 0.07 J 0.08 J 
Fluoranthene 2.66 3.55 4.79 3.33 4.34 
Fluorene 0.52 0.71 0.72 0.66 0.72 
Indeno(1,2,3-c,d)pyrene 0.32 0.39 0.37 0.29 0.34 
Naphthalene 0.38 0.42 0.4 0.4 0.43 
Phenanthrene 3.95 5.37 6.82 5.61 6.9 
Pyrene 1.84 2.6 3.34 2.32 3. 
PAH Total 13.86 17.65 21.25 16.50 20.64 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE CLAM Macoma nasuta ) 
BBDS 
BBDS A M.n. Tissue BBDS B M.n. Tissue BBDS C M.n. Tissue BBDS D M.n. Tissue BBDS E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 

PCB Congeners (ng/g wet wt.) 
8 0.52 1.43 1.13 1.16 0.19 U 
18 0.08 0.04 U 0.1 0.04 0.04 U 
28 0.17 0.22 0.22 0.21 0.23 
44 0.09 0.05 0.17 0.16 0.1 
52 0.18 0.26 0.24 0.2 0.21 
66 0.83 1.1 1.14 1. 0.82 
101 0.31 0.45 0.43 0.53 0.35 
105 0.09 0.14 0.13 0.09 0.11 
118 0.48 0.78 0.63 0.7 0.63 
128 0.11 0.19 0.29 0.25 0.22 
138 0.59 0.99 0.88 0.9 0.82 
153 0.71 1.15 0.95 1.04 0.91 
170 0.08 0.12 0.1 0.11 0.14 
180 0.08 0.1 0.12 0.12 0.11 
187 0.08 0.13 0.13 0.11 0.12 
195 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
206 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
209 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
Total PCBs 8.96 14.46 13.48 13.40 10.16 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE CLAM Macoma nasuta ) 
BBDS 
BBDS A M.n. Tissue BBDS B M.n. Tissue BBDS C M.n. Tissue BBDS D M.n. Tissue BBDS E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.04 U 0.04 0.05 0.04 0.04 U 
trans-Chlordane 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
cis-Nonachlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
trans-Nonachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 0.22 0.22 0.23 0.22 0.22 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 0.14 0.26 0.24 0.22 0.16 
Total DDT 0.24 0.36 0.34 0.32 0.26 
Dieldrin 0.06 U 0.06 U 0.06 U 0.1 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 3.47 U 3.51 U 3.43 U 3.47 U 3.48 U 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE CLAM Macoma nasuta ) 
BBDS 
BBDS A M.n. Tissue BBDS B M.n. Tissue BBDS C M.n. Tissue BBDS D M.n. Tissue BBDS E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Dioxins (pg/g wet weight) 
2378 TCDD NA NA NA NA NA 
12378 PeDD NA NA NA NA NA 
123478 HxDD NA NA NA NA NA 
123678 HxDD NA NA NA NA NA 
123789 HxDD NA NA NA NA NA 
1234678 HpDD NA NA NA NA NA 
OCDD NA NA NA NA NA 
2378 TCDF NA NA NA NA NA 
12378 PeDF NA NA NA NA NA 
23478 PeDF NA NA NA NA NA 
123478 HxDF NA NA NA NA NA 
123678 HxDF NA NA NA NA NA 
123789 HxDF NA NA NA NA NA 
234678 HxDF NA NA NA NA NA 
1234678 HpDF NA NA NA NA NA 
1234789 HpDF NA NA NA NA NA 
OCDF NA NA NA NA NA 
PCB - 77 NA NA NA NA NA 
PCB - 81 NA NA NA NA NA 
PCB - 105 NA NA NA NA NA 
PCB - 114 NA NA NA NA NA 
PCB - 118 NA NA NA NA NA 
PCB - 123 NA NA NA NA NA 
PCB - 126 NA NA NA NA NA 
PCB - 156 NA NA NA NA NA 
PCB - 157 NA NA NA NA NA 
PCB - 167 NA NA NA NA NA 
PCB - 169 NA NA NA NA NA 
PCB - 189 NA NA NA NA NA 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCU 
001 
001 A M.n. Tissue 001 B M.n. Tissue 001 C M.n. Tissue 001 D M.n. Tissue 001 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 2.2 2.8 2.7 2.6 2.4 
Cadmium 0.059 0.064 0.075 0.077 0.065 
Chromium 0.93 1.4 1.1 1.2 0.95 
Copper 1.3 1.4 1.4 1.3 1.3 
Lead 0.35 0.42 0.49 0.39 0.38 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.57 0.6 0.6 0.52 0.51 
Zinc 10. 14. 12. 12. 11. 

PAHs (ng/g wet weight) 
Acenaphthene 0.21 0.26 0.19 0.21 0.28 
Acenaphthylene 0.47 0.49 0.31 0.52 0.85 
Anthracene 0.87 0.94 0.73 0.84 1.28 
Benzo(a)anthracene 2.93 2.97 2.32 2.98 4.53 
Benzo(a)pyrene 3.41 3.43 2.62 3.39 5.36 
Benzo(b)fluoranthene 2.79 2.95 2.37 2.83 3.97 
Benzo(k)fluoranthene 3.16 3.57 2.84 3.34 4.81 
Benzo(g,h,i)perylene 2.04 2.03 1.54 1.77 2.15 
Chrysene 4.05 4.39 3.53 4.15 5.78 
Dibenzo(a,h)anthracene 0.43 0.43 0.34 0.45 0.7 
Fluoranthene 6.43 7.46 5.61 6.41 8.65 
Fluorene 0.51 0.68 0.51 0.6 0.63 
Indeno(1,2,3-c,d)pyrene 1.71 1.77 1.28 1.73 2.77 
Naphthalene 0.52 0.62 0.53 0.61 0.68 
Phenanthrene 4.67 5.98 4.25 4.79 5.45 
Pyrene 11.84 13.75 9.94 10.78 13.86 
PAH Total 46.04 51.72 38.91 45.40 61.75 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCU 
001 
001 A M.n. Tissue 001 B M.n. Tissue 001 C M.n. Tissue 001 D M.n. Tissue 001 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 

PCB Congeners (ng/g wet wt.) 
8 5.26 5.93 5.36 5.81 6.17 
18 6.75 8.31 7.56 12.69 12.62 
28 22.02 25.81 22.78 24.08 28.64 
44 10.35 8.25 7.17 12.04 11.85 
52 43.14 53.13 44.53 50.41 55.73 
66 16.24 19.71 17.53 18.06 22.42 
101 46.83 62.14 49.3 53.84 65.22 
105 11.83 19.19 14.22 14.54 17.29 
118 31.17 40.66 32.42 36.32 42.52 
128 8.29 10.74 8.08 9.75 10.73 
138 34.07 45.88 35.66 41.49 46.45 
153 33.78 44.12 34.51 38.85 44.85 
170 2.29 2.97 2.18 2.68 2.79 
180 2.89 3.83 2.86 3.58 3.69 
187 2.04 2.6 1.97 2.44 2.57 
195 0.26 0.33 0.26 0.31 0.35 
206 0.06 0.09 0.07 0.08 0.1 
209 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
Total PCBs 554.60 707.44 572.98 654.00 748.04 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCU 
001 
001 A M.n. Tissue 001 B M.n. Tissue 001 C M.n. Tissue 001 D M.n. Tissue 001 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
trans-Chlordane 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
cis-Nonachlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
trans-Nonachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 0.22 0.22 0.22 0.22 0.22 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 1.48 1.83 1.38 1.69 1.95 
Total DDT 1.58 1.93 1.48 1.79 2.05 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 3.38 U 3.45 U 3.47 U 3.38 U 3.49 U 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCU 

CONTAMINANT 
Dioxins (pg/g wet weight) 
2378 TCDD 
12378 PeDD 
123478 HxDD 
123678 HxDD 
123789 HxDD 
1234678 HpDD 
OCDD 
2378 TCDF 
12378 PeDF 
23478 PeDF 
123478 HxDF 
123678 HxDF 
123789 HxDF 
234678 HxDF 
1234678 HpDF 
1234789 HpDF 
OCDF 
PCB - 77 
PCB - 81 
PCB - 105 
PCB - 114 
PCB - 118 
PCB - 123 
PCB - 126 
PCB - 156 
PCB - 157 
PCB - 167 
PCB - 169 
PCB - 189 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 

001 
001 A M.n. Tissue 001 B M.n. Tissue 001 C M.n. Tissue 001 D M.n. Tissue 001 E M.n. Tissue 

REP1 * REP2 * REP3 * REP4 * REP5 * 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCU 
003 
003 A M.n. Tissue 003 B M.n. Tissue 003 C M.n. Tissue 003 D M.n. Tissue 003 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 2.4 3. 2.5 2.1 2.7 
Cadmium 0.1 0.095 0.094 0.091 0.089 
Chromium 0.93 1.2 1.3 1. 0.98 
Copper 1.4 2.2 2.2 1.7 1.8 
Lead 0.41 0.45 0.53 0.56 0.49 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.61 0.67 0.76 0.63 0.61 
Zinc 12. 12. 13. 13. 11. 

PAHs (ng/g wet weight) 
Acenaphthene 0.19 0.32 0.41 0.26 0.24 
Acenaphthylene 0.3 0.57 1.3 0.61 0.74 
Anthracene 0.58 0.9 2.2 1.07 1.31 
Benzo(a)anthracene 1.26 2.69 5.56 2.9 3.4 
Benzo(a)pyrene 1.69 3.76 6.53 4.08 4.61 
Benzo(b)fluoranthene 1.65 3.09 4.79 3.33 3.72 
Benzo(k)fluoranthene 1.84 3.6 5.97 3.84 4.29 
Benzo(g,h,i)perylene 0.21 2.32 1.45 1.17 2.26 
Chrysene 2.2 3.9 6.92 4.34 4.93 
Dibenzo(a,h)anthracene 0.26 0.55 0.89 0.6 0.7 
Fluoranthene 3.34 5.3 11.36 6.64 6.74 
Fluorene 0.47 0.57 0.84 0.73 0.68 
Indeno(1,2,3-c,d)pyrene 0.95 2.09 3.54 2.32 2.57 
Naphthalene 0.51 0.78 1.18 0.85 0.88 
Phenanthrene 3.56 4.39 7.51 5.42 5.41 
Pyrene 5.99 9.38 16.17 10.47 10.71 
PAH Total 25.00 44.21 76.62 48.63 53.19 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCU 
003 
003 A M.n. Tissue 003 B M.n. Tissue 003 C M.n. Tissue 003 D M.n. Tissue 003 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 

PCB Congeners (ng/g wet wt.) 
8 3.73 4.17 4.52 4.35 5.66 
18 10.33 10.67 14.79 13.8 13.78 
28 19.03 19.99 23.68 22.74 25.45 
44 9.63 10.9 14.72 11.69 15.18 
52 47.32 51.71 61.34 59.31 63.58 
66 12.62 12.95 15.17 14.96 16.91 
101 34.96 40.41 48.04 47.32 47.99 
105 8.22 9.58 11.56 11.2 11.84 
118 21.56 24.23 29.36 28.21 29.24 
128 6.67 7.82 9.61 9.35 9.09 
138 29.17 34.28 41.02 40.1 40.39 
153 29.26 34.58 42.5 40.03 40.56 
170 1.65 2.48 2.65 2.71 2.84 
180 2.21 3.18 3.48 3.53 3.84 
187 1.8 2.4 2.69 2.58 2.96 
195 0.19 0.28 0.32 0.32 0.35 
206 0.05 0.1 0.11 0.1 0.09 
209 0.03 U 0.03 U 0.03 U 0.03 U 0.03 
Total PCBs 476.86 539.52 651.18 624.66 659.56 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCU 
003 
003 A M.n. Tissue 003 B M.n. Tissue 003 C M.n. Tissue 003 D M.n. Tissue 003 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
trans-Chlordane 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
cis-Nonachlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
trans-Nonachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 0.22 0.22 0.22 0.22 0.22 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 1.21 1.5 1.56 1.44 1.74 
Total DDT 1.31 1.60 1.66 1.54 1.84 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 3.53 U 3.55 U 3.5 U 3.49 U 3.48 U 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCU 

CONTAMINANT 
Dioxins (pg/g wet weight) 
2378 TCDD 
12378 PeDD 
123478 HxDD 
123678 HxDD 
123789 HxDD 
1234678 HpDD 
OCDD 
2378 TCDF 
12378 PeDF 
23478 PeDF 
123478 HxDF 
123678 HxDF 
123789 HxDF 
234678 HxDF 
1234678 HpDF 
1234789 HpDF 
OCDF 
PCB - 77 
PCB - 81 
PCB - 105 
PCB - 114 
PCB - 118 
PCB - 123 
PCB - 126 
PCB - 156 
PCB - 157 
PCB - 167 
PCB - 169 
PCB - 189 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 

003 
003 A M.n. Tissue 003 B M.n. Tissue 003 C M.n. Tissue 003 D M.n. Tissue 003 E M.n. Tissue 

REP1 * REP2 * REP3 * REP4 * REP5 * 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCU 
008 
008 A M.n. Tissue 008 B M.n. Tissue 008 C M.n. Tissue 008 D M.n. Tissue 008 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 2.3 2.5 2.4 2.3 2.6 
Cadmium 0.073 0.088 0.091 0.094 0.087 
Chromium 1.2 1.2 1.2 1.4 1.2 
Copper 3.2 1.5 1.7 1.8 1.8 
Lead 0.44 0.32 0.49 0.57 0.46 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.59 0.61 0.61 0.67 0.61 
Zinc 11. 11. 11. 11. 11. 

PAHs (ng/g wet weight) 
Acenaphthene 0.2 0.38 0.26 0.35 0.32 
Acenaphthylene 0.34 0.79 0.45 0.56 0.64 
Anthracene 0.8 1.52 0.94 1.3 1.27 
Benzo(a)anthracene 2.48 5.32 2.97 4.15 3.75 
Benzo(a)pyrene 2.44 5.57 3.15 4.51 4.15 
Benzo(b)fluoranthene 2.46 4.7 2.94 4.13 3.85 
Benzo(k)fluoranthene 2.82 5.82 3.38 4.84 4.56 
Benzo(g,h,i)perylene 1.57 3.41 2. 2.95 2.81 
Chrysene 3.89 7.4 4.39 6.14 5.97 
Dibenzo(a,h)anthracene 0.31 0.7 0.38 0.59 0.55 
Fluoranthene 7.31 14.27 7.56 11.56 9.91 
Fluorene 0.51 0.84 0.6 0.75 0.8 
Indeno(1,2,3-c,d)pyrene 1.15 2.79 1.65 2.38 2.15 
Naphthalene 0.47 0.72 0.69 0.82 0.96 
Phenanthrene 4.53 7.7 4.63 6.91 6.86 
Pyrene 9.46 17.56 8.81 13.92 13.9 
PAH Total 40.74 79.49 44.80 65.86 62.45 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCU 
008 
008 A M.n. Tissue 008 B M.n. Tissue 008 C M.n. Tissue 008 D M.n. Tissue 008 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 

PCB Congeners (ng/g wet wt.) 
8 25.4 33.13 28.37 33.37 27.07 
18 29.19 45.96 30.93 39.87 34.73 
28 47.19 66.85 46.6 66.45 51.58 
44 16.3 27.32 18.4 20.87 24.14 
52 77.45 108.67 76.78 107.68 113.59 
66 17.65 23.68 19.05 23.34 21.4 
101 36.47 53.05 40. 49.33 58.92 
105 8. 13.66 9.67 12.76 13.98 
118 22.92 37.87 26.96 34.16 38.57 
128 4.96 8.01 6.09 7.32 9.6 
138 25.61 41.87 31.22 37.56 50.29 
153 26.22 44.27 31.44 38.92 52.98 
170 2.14 3.63 2.55 2.81 4.35 
180 2.5 4.45 3.19 3.58 3.77 
187 2. 3.33 2.24 2.81 3.93 
195 0.24 0.45 0.3 0.34 0.53 
206 0.1 0.19 0.13 0.16 0.21 
209 0.04 0.07 0.05 0.05 0.09 
Total PCBs 688.76 1032.92 747.94 962.76 1019.46 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCU 
008 
008 A M.n. Tissue 008 B M.n. Tissue 008 C M.n. Tissue 008 D M.n. Tissue 008 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.07 0.09 0.06 0.07 0.09 
trans-Chlordane 0.08 0.1 0.08 0.11 0.08 
cis-Nonachlor 1.45 2.36 1.59 2. 2.5 
trans-Nonachlor 0.04 0.05 0.04 0.04 0.05 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 1.69 2.65 1.82 2.27 2.77 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 1.35 2.23 1.51 1.84 2.42 
Total DDT 1.45 2.33 1.61 1.94 2.52 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 2.79 U 2.75 U 2.74 U 2.77 U 2.87 U 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCU 

CONTAMINANT 
Dioxins (pg/g wet weight) 
2378 TCDD 
12378 PeDD 
123478 HxDD 
123678 HxDD 
123789 HxDD 
1234678 HpDD 
OCDD 
2378 TCDF 
12378 PeDF 
23478 PeDF 
123478 HxDF 
123678 HxDF 
123789 HxDF 
234678 HxDF 
1234678 HpDF 
1234789 HpDF 
OCDF 
PCB - 77 
PCB - 81 
PCB - 105 
PCB - 114 
PCB - 118 
PCB - 123 
PCB - 126 
PCB - 156 
PCB - 157 
PCB - 167 
PCB - 169 
PCB - 189 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 

008 
008 A M.n. Tissue 008 B M.n. Tissue 008 C M.n. Tissue 008 D M.n. Tissue 008 E M.n. Tissue 

REP1 * REP2 * REP3 * REP4 * REP5 * 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE WORM Nereis virens ) 
BBDS 
BBDS A N.v. Tissue BBDS B N.v. Tissue BBDS C N.v. Tissue BBDS D N.v. Tissue BBDS E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 1.3 1.5 1.4 1.5 1.6 
Cadmium 0.11 0.11 0.12 0.12 0.12 
Chromium 0.32 0.36 0.32 0.43 0.37 
Copper 1.3 1.2 1.4 1.4 1.5 
Lead 0.26 0.2 U 0.2 U 0.2 U 0.2 U 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.47 0.46 0.48 0.56 0.44 
Zinc 8.1 7.7 23. 16. 9.2 

PAHs (ng/g wet weight) 
Acenaphthene 0.91 0.06 U 0.93 0.84 1.1 
Acenaphthylene 0.07 J 0.03 U 0.07 J 0.07 J 0.07 J 
Anthracene 0.04 J 0.06 U 0.07 J 0.07 J 0.07 J 
Benzo(a)anthracene 0.02 J 0.03 U 0.02 J 0.05 J 0.04 J 
Benzo(a)pyrene 0.06 U 0.08 U 0.06 U 0.06 U 0.06 U 
Benzo(b)fluoranthene 0.04 U 0.06 U 0.04 U 0.08 J 0.04 J 
Benzo(k)fluoranthene 0.04 U 0.06 U 0.04 U 0.08 J 0.05 J 
Benzo(g,h,i)perylene 0.09 U 0.13 U 0.09 U 0.09 U 0.09 U 
Chrysene 0.06 J 0.05 U 0.06 J 0.13 J 0.09 J 
Dibenzo(a,h)anthracene 0.02 U 0.03 U 0.02 U 0.02 U 0.02 U 
Fluoranthene 0.62 0.94 0.63 0.76 0.66 
Fluorene 0.35 0.08 U 0.4 0.33 0.39 
Indeno(1,2,3-c,d)pyrene 0.07 U 0.1 U 0.07 U 0.07 U 0.07 U 
Naphthalene 1.08 1.98 1. 0.88 0.83 
Phenanthrene 1.68 2.31 1.81 1.62 1.77 
Pyrene 0.32 0.57 0.26 0.64 0.33 
PAH Total 5.47 6.57 5.57 5.79 5.68 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



   
   

 

BBDS 
BBDS A N.v. Tissue BBDS B N.v. Tissue BBDS C N.v. Tissue BBDS D N.v. Tissue BBDS E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
PCB Congeners (ng/g wet wt.) 
8 0.19 U 0.19 U 0.19 U 0.19 U 0.19 U 
18 0.08 0.07 0.08 0.09 0.11 
28 0.06 0.06 0.06 0.07 0.1 
44 0.07 0.09 0.07 0.08 0.13 
52 0.23 0.23 0.2 0.22 0.25 
66 0.04 0.05 0.04 0.06 0.06 
101 0.29 0.31 0.27 0.32 0.33 
105 0.07 0.08 0.06 0.07 0.08 
118 0.16 0.17 0.13 0.16 0.19 
128 0.12 0.16 0.12 0.13 0.13 
138 0.57 0.67 0.55 0.65 0.59 
153 0.71 0.84 0.71 0.7 0.72 
170 0.17 0.32 0.2 0.4 0.24 
180 0.11 0.15 0.11 0.14 0.1 
187 0.11 0.12 0.11 0.11 0.12 
195 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
206 0.02 J 0.02 J 0.02 J 0.03 0.02 J 
209 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
Total PCBs 6.12 7.18 5.96 6.96 6.84 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



   
   

 

BBDS 
BBDS A N.v. Tissue BBDS B N.v. Tissue BBDS C N.v. Tissue BBDS D N.v. Tissue BBDS E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.04 0.04 U 0.04 0.04 0.07 
trans-Chlordane 0.04 U 0.04 U 0.04 U 0.04 U 0.05 
cis-Nonachlor 0.05 0.05 U 0.05 0.05 0.07 
trans-Nonachlor 0.25 0.21 0.23 0.22 0.33 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 0.43 0.39 0.41 0.40 0.57 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Total DDT 0.16 0.16 0.16 0.16 0.16 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.12 0.26 0.67 
Toxaphene 2.87 U 4.05 U 2.82 U 2.86 U 2.85 U 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



   
   

 

BBDS 
BBDS A N.v. Tissue BBDS B N.v. Tissue BBDS C N.v. Tissue BBDS D N.v. Tissue BBDS E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Dioxins (pg/g wet weight) 
2378 TCDD NA NA NA NA NA 
12378 PeDD NA NA NA NA NA 
123478 HxDD NA NA NA NA NA 
123678 HxDD NA NA NA NA NA 
123789 HxDD NA NA NA NA NA 
1234678 HpDD NA NA NA NA NA 
OCDD NA NA NA NA NA 
2378 TCDF NA NA NA NA NA 
12378 PeDF NA NA NA NA NA 
23478 PeDF NA NA NA NA NA 
123478 HxDF NA NA NA NA NA 
123678 HxDF NA NA NA NA NA 
123789 HxDF NA NA NA NA NA 
234678 HxDF NA NA NA NA NA 
1234678 HpDF NA NA NA NA NA 
1234789 HpDF NA NA NA NA NA 
OCDF NA NA NA NA NA 
PCB - 77 NA NA NA NA NA 
PCB - 81 NA NA NA NA NA 
PCB - 105 NA NA NA NA NA 
PCB - 114 NA NA NA NA NA 
PCB - 118 NA NA NA NA NA 
PCB - 123 NA NA NA NA NA 
PCB - 126 NA NA NA NA NA 
PCB - 156 NA NA NA NA NA 
PCB - 157 NA NA NA NA NA 
PCB - 167 NA NA NA NA NA 
PCB - 169 NA NA NA NA NA 
PCB - 189 NA NA NA NA NA 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOA 
001 
001 A N.v. Tissue 001 B N.v. Tissue 001 C N.v. Tissue 001 D N.v. Tissue 001 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 1.5 1.7 1.3 1.1 1.4 
Cadmium 0.11 0.12 0.12 0.11 0.12 
Chromium 0.55 0.43 0.3 0.23 0.36 
Copper 2.1 1.9 1.6 1.5 1.7 
Lead 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.4 0.41 0.28 0.3 0.38 
Zinc 12. 8.6 8. 9.7 8.8 

PAHs (ng/g wet weight) 
Acenaphthene 1.08 1.07 1.33 1.01 1.3 
Acenaphthylene 0.29 0.21 0.19 0.13 J 0.16 
Anthracene 0.45 0.3 0.33 0.21 0.32 
Benzo(a)anthracene 0.54 0.25 0.18 0.04 J 0.29 
Benzo(a)pyrene 0.73 0.34 0.2 0.06 U 0.28 
Benzo(b)fluoranthene 0.62 0.29 0.22 0.08 J 0.29 
Benzo(k)fluoranthene 0.81 0.4 0.33 0.09 J 0.38 
Benzo(g,h,i)perylene 0.62 0.27 0.19 0.09 U 0.22 
Chrysene 1.15 0.65 0.71 0.3 0.74 
Dibenzo(a,h)anthracene 0.13 J 0.05 J 0.04 J 0.02 U 0.05 J 
Fluoranthene 2.3 1.24 2.01 0.93 2.26 
Fluorene 0.72 0.52 0.69 0.45 0.7 
Indeno(1,2,3-c,d)pyrene 0.51 0.2 0.13 J 0.07 U 0.18 
Naphthalene 1.3 1.14 1.3 1.08 1.12 
Phenanthrene 3.49 2.35 3.09 2.09 3.27 
Pyrene 2.83 1.72 2.13 1.14 2.39 
PAH Total 17.57 11.00 13.07 7.79 13.95 

* = Qualifiers 
U Analyte not detected; below Meth 
J Analyte estimated; detection belo 
NA Not Analyzed 



   
   

 

001 
001 A N.v. Tissue 001 B N.v. Tissue 001 C N.v. Tissue 001 D N.v. Tissue 001 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
PCB Congeners (ng/g wet wt.) 
8 1.46 1.96 1.74 1.33 1.38 
18 14.62 14.96 16.05 13.29 13.4 
28 10.66 10.77 10.76 8.69 8.55 
44 7.15 7.34 8.16 5.36 5.74 
52 43.22 40.64 42.88 34.25 31.47 
66 5.29 6.43 4.68 4.03 3.11 
101 43.31 36.5 37.32 29.61 23.74 
105 15.65 11.73 11.64 9.9 8.02 
118 18.21 15.28 15.77 12.32 9.17 
128 11.6 8.69 8.16 7.31 5.62 
138 52.53 38.69 37.02 33.42 24.83 
153 48.21 37.05 36.11 32.54 24.79 
170 4.24 5.35 3.39 4.54 3.31 
180 6.71 7.47 4.73 4.45 4.53 
187 3.95 3.68 4.02 3.2 2.31 
195 0.46 0.34 0.35 0.29 0.22 
206 0.29 0.26 0.25 0.2 0.16 
209 0.08 0.07 0.07 0.05 0.05 
Total PCBs 575.28 494.42 486.20 409.56 340.80 

* = Qualifiers 
U Analyte not detected; below Meth 
J Analyte estimated; detection belo 
NA Not Analyzed 



   
   

 

001 
001 A N.v. Tissue 001 B N.v. Tissue 001 C N.v. Tissue 001 D N.v. Tissue 001 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.14 0.12 0.16 0.11 0.13 
trans-Chlordane 0.1 0.11 0.15 0.09 0.12 
cis-Nonachlor 2.06 1.53 1.75 1.29 1.04 
trans-Nonachlor 0.34 0.3 0.33 0.27 0.29 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 2.69 2.11 2.44 1.81 1.63 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 2.09 1.59 2.95 1.2 1.08 
4,4'-DDE 0.62 0.46 0.6 0.39 0.33 
Total DDT 2.76 2.10 3.60 1.64 1.46 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 2.78 U 2.85 U 2.78 U 2.85 U 2.8 U 

* = Qualifiers 
U Analyte not detected; below Meth 
J Analyte estimated; detection belo 
NA Not Analyzed 



   
   

 

CONTAMINANT 
Dioxins (pg/g wet weight) 
2378 TCDD 
12378 PeDD 
123478 HxDD 
123678 HxDD 
123789 HxDD 
1234678 HpDD 
OCDD 
2378 TCDF 
12378 PeDF 
23478 PeDF 
123478 HxDF 
123678 HxDF 
123789 HxDF 
234678 HxDF 
1234678 HpDF 
1234789 HpDF 
OCDF 
PCB - 77 
PCB - 81 
PCB - 105 
PCB - 114 
PCB - 118 
PCB - 123 
PCB - 126 
PCB - 156 
PCB - 157 
PCB - 167 
PCB - 169 
PCB - 189 

* = Qualifiers 
U Analyte not detected; below Meth 
J Analyte estimated; detection belo 
NA Not Analyzed 

001 
001 A N.v. Tissue 001 B N.v. Tissue 001 C N.v. Tissue 001 D N.v. Tissue 001 E N.v. Tissue 

REP1 * REP2 * REP3 * REP4 * REP5 * 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 



   
   

 

APPENDIX TABLE. REPLICATE BIOA 
003 
003 A N.v. Tissue 003 B N.v. Tissue 003 C N.v. Tissue 003 D N.v. Tissue 003 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 1.1 1.2 1.4 1.1 1. 
Cadmium 0.11 0.12 0.13 0.11 0.13 
Chromium 0.26 0.47 0.35 0.46 0.26 
Copper 1.7 2.1 1.9 1.7 1.9 
Lead 0.3 U 0.39 0.2 U 0.2 U 0.2 U 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.35 0.32 0.35 0.3 0.39 
Zinc 7.5 16. 8.7 9.3 13. 

PAHs (ng/g wet weight) 
Acenaphthene 1.06 0.97 0.85 0.84 
Acenaphthylene 0.17 J 0.28 0.15 J 0.14 
Anthracene 0.21 J 0.81 0.27 0.24 
Benzo(a)anthracene 0.05 J 1.51 0.14 J 0.13 J 
Benzo(a)pyrene 0.11 U 1.72 0.16 J 0.19 
Benzo(b)fluoranthene 0.12 J 1.11 0.17 J 0.19 
Benzo(k)fluoranthene 0.17 J 1.58 0.21 J 0.25 J 
Benzo(g,h,i)perylene 0.18 U 1.11 0.14 J 0.15 
Chrysene 0.3 1.85 0.4 0.44 
Dibenzo(a,h)anthracene 0.04 U 0.24 0.03 J 0.04 J 
Fluoranthene 1.1 4.09 1.24 1.31 
Fluorene 0.58 0.57 0.4 0.37 
Indeno(1,2,3-c,d)pyrene 0.13 U 0.94 0.1 J 0.12 J 
Naphthalene 1.27 1.14 0.99 0.84 
Phenanthrene 3.15 3.87 2.24 1.72 
Pyrene 1.17 4.76 1.18 1.32 
PAH Total 9.81 26.55 8.67 8.29 0.00 

* = Qualifiers 
U Analyte not detected; below Meth 
J Analyte estimated; detection belo 
NA Not Analyzed 



   
   

 

003 
003 A N.v. Tissue 003 B N.v. Tissue 003 C N.v. Tissue 003 D N.v. Tissue 003 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
PCB Congeners (ng/g wet wt.) 
8 1.19 1.46 0.9 1.1 
18 15.03 11.31 8.43 10.06 
28 8.13 6.65 4.5 4.98 
44 8.31 5.04 4.22 3.97 
52 40.76 37.29 25.99 29.88 
66 4.35 3.35 2.46 2.23 
101 24.72 27.57 15.9 17.46 
105 11.58 9.09 5.07 5.88 
118 12.34 11.06 5.65 5.81 
128 9.01 8.18 4.91 5.44 
138 30.83 36.13 21.63 23.8 
153 30.86 34.57 22.56 24.71 
170 4.22 3.74 3.53 3.38 
180 5.5 5.2 4.82 4.67 
187 3.19 3.17 2.65 2.53 
195 0.29 0.36 0.25 0.24 
206 0.23 0.26 0.19 0.18 
209 0.06 0.07 0.06 0.05 
Total PCBs 421.20 409.00 267.44 292.74 0.00 

* = Qualifiers 
U Analyte not detected; below Meth 
J Analyte estimated; detection belo 
NA Not Analyzed 



   
   

 

003 
003 A N.v. Tissue 003 B N.v. Tissue 003 C N.v. Tissue 003 D N.v. Tissue 003 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.11 0.11 0.09 0.08 
trans-Chlordane 0.1 0.1 0.08 0.08 
cis-Nonachlor 1.25 1.64 1.08 1.03 
trans-Nonachlor 0.33 0.31 0.3 0.27 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 1.84 2.21 1.60 1.51 0.00 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.92 1.21 0.74 0.71 
4,4'-DDE 0.39 0.42 0.23 0.26 
Total DDT 1.36 1.68 1.02 1.02 0.00 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.00 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 5.65 U 2.89 U 3.95 U 2.73 U 

* = Qualifiers 
U Analyte not detected; below Meth 
J Analyte estimated; detection belo 
NA Not Analyzed 



   
   

 

CONTAMINANT 
Dioxins (pg/g wet weight) 
2378 TCDD 
12378 PeDD 
123478 HxDD 
123678 HxDD 
123789 HxDD 
1234678 HpDD 
OCDD 
2378 TCDF 
12378 PeDF 
23478 PeDF 
123478 HxDF 
123678 HxDF 
123789 HxDF 
234678 HxDF 
1234678 HpDF 
1234789 HpDF 
OCDF 
PCB - 77 
PCB - 81 
PCB - 105 
PCB - 114 
PCB - 118 
PCB - 123 
PCB - 126 
PCB - 156 
PCB - 157 
PCB - 167 
PCB - 169 
PCB - 189 

* = Qualifiers 
U Analyte not detected; below Meth 
J Analyte estimated; detection belo 
NA Not Analyzed 

003 
003 A N.v. Tissue 003 B N.v. Tissue 003 C N.v. Tissue 003 D N.v. Tissue 003 E N.v. Tissue 

REP1 * REP2 * REP3 * REP4 * REP5 * 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 



   
   

 

APPENDIX TABLE. REPLICATE BIOA 
008 
008 A N.v. Tissue 008 B N.v. Tissue 008 C N.v. Tissue 008 D N.v. Tissue 008 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 1.7 1.4 1.7 1.5 1.7 
Cadmium 0.12 0.11 0.11 0.12 0.091 
Chromium 0.21 0.23 0.21 0.21 0.31 
Copper 1.7 1.7 1.5 1.6 1.6 
Lead 0.2 U 0.2 U 0.2 U 0.2 U 0.3 U 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.37 0.37 0.3 0.35 0.27 
Zinc 9.4 9.3 10. 8.6 19. 

PAHs (ng/g wet weight) 
Acenaphthene 1.22 0.76 1.23 1.09 1.43 
Acenaphthylene 0.17 J 0.14 0.17 0.18 0.21 
Anthracene 0.29 0.24 0.29 0.28 0.38 
Benzo(a)anthracene 0.18 J 0.07 J 0.11 J 0.09 J 0.14 
Benzo(a)pyrene 0.14 J 0.07 J 0.09 J 0.06 J 0.11 J 
Benzo(b)fluoranthene 0.26 J 0.13 J 0.14 0.13 J 0.18 
Benzo(k)fluoranthene 0.35 J 0.16 J 0.22 J 0.16 J 0.31 
Benzo(g,h,i)perylene 0.2 J 0.09 J 0.09 J 0.09 U 0.15 
Chrysene 0.73 0.45 0.65 0.48 0.64 
Dibenzo(a,h)anthracene 0.07 J 0.02 J 0.03 J 0.02 J 0.07 J 
Fluoranthene 2.25 1.05 1.73 1.42 1.98 
Fluorene 0.54 0.33 0.5 0.56 0.78 
Indeno(1,2,3-c,d)pyrene 0.13 J 0.07 U 0.07 U 0.07 U 0.1 J 
Naphthalene 1.09 0.73 0.9 0.84 1.16 
Phenanthrene 2.51 1.38 2.02 2.3 3.24 
Pyrene 2.04 1.02 1.65 1.34 1.74 
PAH Total 12.17 6.71 9.89 9.11 12.62 

* = Qualifiers 
U Analyte not detected; below Meth 
J Analyte estimated; detection belo 
NA Not Analyzed 



   
   

 

008 
008 A N.v. Tissue 008 B N.v. Tissue 008 C N.v. Tissue 008 D N.v. Tissue 008 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
PCB Congeners (ng/g wet wt.) 
8 1.09 0.71 1.32 1.18 0.7 
18 39.31 28.63 37.73 35.25 29.76 
28 29.21 20.48 28.96 24.9 20.29 
44 14.12 11.9 13.53 14.94 13.69 
52 80.19 72.36 97.08 83.7 79.5 
66 8.84 7.59 8.48 7.86 6.86 
101 30.82 32.73 37.38 36. 35.07 
105 10.23 10.84 12.64 10.86 11.6 
118 14.59 15.11 16.89 16.61 14.4 
128 8.27 7.64 8.61 8.1 8.56 
138 32.92 39.03 42.26 40.35 41.56 
153 30.18 36.19 39.33 36.14 39.07 
170 3.85 4.93 4.87 3.23 3.24 
180 4.99 4.65 5.07 4.9 5.02 
187 3.02 4.11 3.89 4.08 3.22 
195 0.29 0.38 0.37 0.43 0.43 
206 0.25 0.31 0.32 0.37 0.34 
209 0.08 0.07 0.07 0.08 0.09 
Total PCBs 624.50 595.32 717.60 657.96 626.80 

* = Qualifiers 
U Analyte not detected; below Meth 
J Analyte estimated; detection belo 
NA Not Analyzed 



   
   

 

008 
008 A N.v. Tissue 008 B N.v. Tissue 008 C N.v. Tissue 008 D N.v. Tissue 008 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.13 0.1 0.1 0.12 0.12 
trans-Chlordane 0.12 0.07 0.09 0.1 0.11 
cis-Nonachlor 1.43 1.79 1.82 1.77 1.69 
trans-Nonachlor 0.29 0.22 0.26 0.27 0.31 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 2.02 2.23 2.32 2.31 2.28 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 0.61 0.73 0.68 0.73 0.71 
Total DDT 0.71 0.83 0.78 0.83 0.81 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 5.42 U 2.76 U 2.83 U 2.86 U 2.83 U 

* = Qualifiers 
U Analyte not detected; below Meth 
J Analyte estimated; detection belo 
NA Not Analyzed 



   
   

 

CONTAMINANT 
Dioxins (pg/g wet weight) 
2378 TCDD 
12378 PeDD 
123478 HxDD 
123678 HxDD 
123789 HxDD 
1234678 HpDD 
OCDD 
2378 TCDF 
12378 PeDF 
23478 PeDF 
123478 HxDF 
123678 HxDF 
123789 HxDF 
234678 HxDF 
1234678 HpDF 
1234789 HpDF 
OCDF 
PCB - 77 
PCB - 81 
PCB - 105 
PCB - 114 
PCB - 118 
PCB - 123 
PCB - 126 
PCB - 156 
PCB - 157 
PCB - 167 
PCB - 169 
PCB - 189 

* = Qualifiers 
U Analyte not detected; below Meth 
J Analyte estimated; detection belo 
NA Not Analyzed 

008 
008 A N.v. Tissue 008 B N.v. Tissue 008 C N.v. Tissue 008 D N.v. Tissue 008 E N.v. Tissue 

REP1 * REP2 * REP3 * REP4 * REP5 * 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
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Table 1. Mean Wet Weight Concentrations of Bioaccumulation Tissues for Project Harbor (Macoma nasuta and Nereis virens ) 
Project Name: 
Project Number: 

CONTAMINANT RISDS * Comp 001 * Comp 003 * Comp 008 * 

Macoma nasuta 
Metals (ug/g wet weight) 
Arsenic 2.42 2.54  NS 2.54  NS 2.42  NS 
Cadmium 0.06 0.07  NS 0.09  S 0.09  S 
Chromium 1.02 1.12  NS 1.08  NS 1.24  S 
Copper 0.99 1.34  S 1.86  S 2.00  S 
Lead 0.21 a 0.41  S 0.49  S 0.46  S 
Mercury 0.02 a 0.02 a 0.02 a 0.02 a 
Nickel 0.65 0.56  NS 0.66  NS 0.62  NS 
Zinc 10.32 11.80  S 12.20  S 11.00  NS 

PAHs (ng/g wet weight) 
Acenaphthene 0.17 b 0.23  NS 0.28  S 0.30  S 
Acenaphthylene 0.08 b 0.53  S 0.70  S 0.56  S 
Anthracene 0.18 b 0.93  S 1.21  S 1.17  S 
Benzo(a)anthracene 0.25 3.15  S 3.16  S 3.73  S 
Benzo(a)pyrene 0.29 3.64  S 4.13  S 3.96  S 
Benzo(b)fluoranthene 0.54 2.98  S 3.32  S 3.62  S 
Benzo(k)fluoranthene 0.48 3.54  S 3.91  S 4.28  S 
Benzo(g,h,i)perylene 0.24 1.91  S 1.48  S 2.55  S 
Chrysene 0.66 4.38  S 4.46  S 5.56  S 
Dibenzo(a,h)anthracene 0.04 b 0.47  S 0.60  S 0.51  S 
Fluoranthene 3.11 6.91  S 6.68  S 10.12  S 
Fluorene 0.63 0.59  NS 0.66  NS 0.70  NS 
Indeno(1,2,3-c,d)pyrene 0.21 1.85  S 2.29  S 2.02  S 
Naphthalene 0.35 0.59  S 0.84  S 0.73  S 
Phenanthrene 5.78 5.03  NS 5.26  NS 6.13  NS 
Pyrene 1.78 12.03  S 10.54  S 12.73  S 
PAH Total 14.82 48.76  S 49.53  S 58.67  S 

Macoma nasuta 

PCB Congeners (ng/g wet wt.) 
8 0.50 a 5.71  S 4.49  S 29.47  S 
18 0.04 a 9.59  c 12.67  c 36.14  c 
28 0.11 24.67  S 22.18  S 55.73  S 
44 0.07 a 9.93  S 12.42  S 21.41  S 
52 0.10 49.39  S 56.65  S 96.83  S 
66 0.20 a 18.79  S 14.52  S 21.02  S 
101 0.11 55.47  S 43.74  S 47.55  S 
105 0.05 a 15.41  c 10.48  c 11.61  c 
118 0.13 36.62  S 26.52  S 32.10  S 
128 0.03 a 9.52  c 8.51  c 7.20  c 
138 0.22 40.71  S 36.99  S 37.31  S 
153 0.16 39.22  S 37.39  S 38.77  S 
170 0.06 a 2.58  S 2.47  S 3.10  S 
180 0.07 a 3.37  S 3.25  S 3.50  S 
187 0.05 a 2.32  S 2.49  S 2.86  S 
195 0.03 a 0.30  c 0.29  c 0.37  c 
206 0.02 a 0.08  c 0.09  c 0.16  c 
209 0.03 a 0.03 a 0.03 a 0.06 c 
Total PCBs 3.94 647.41 S 590.36 S 890.37 S 



 
   

   
   
   

 
 
 
 

  

 
 

 

Table 1. Mean Wet Weight Concentrations of Bioaccumulation Tissues for Project Harbor (Macoma nasuta and Nereis virens ) 
Macoma nasuta 

Pesticides (ng/g wet weight) 
Aldrin 0.03 a 0.03 a 0.03 a 0.03 a 
cis-Chlordane 0.04 a 0.04 a 0.04 a 0.08 c 
trans-Chlordane 0.04 a 0.04 a 0.04 a 0.09 c 
cis-Nonachlor 0.05 a 0.05 a 0.05 a 1.98 c 
trans-Nonachlor 0.04 a 0.04 a 0.04 a 0.04 c 
Oxychlordane 0.05 a 0.05 a 0.05 a 0.05 a 
Total Chlordanes 0.22 0.22 a 0.22 a 2.24 S 
4,4'-DDT 0.05 a 0.05 a 0.05 a 0.05 a 
4,4'-DDD 0.05 a 0.05 a 0.05 a 0.05 a 
4,4'-DDE 0.20 1.67  S 1.49  S 1.87  S 
Total DDT 0.30 1.77  S 1.59  S 1.97  S 
Dieldrin 0.06 a 0.06 a 0.06 a 0.06 a 
alpha-Endosulfan 0.02 a 0.02 a 0.02 a 0.02 a 
beta-Endosulfan 0.06 a 0.06 a 0.06 a 0.06 a 
Endosulfans 0.08 0.08 a 0.08 a 0.08 a 
Endrin 0.05 a 0.05 a 0.05 a 0.05 a 
Heptachlor 0.04 a 0.04 a 0.04 a 0.04 a 
Heptachlor epoxide 0.02 a 0.02 a 0.02 a 0.02 a 
Hexachlorobenzene 0.05 a 0.05 a 0.05 a 0.05 a 
Lindane 0.05 a 0.05 a 0.05 a 0.05 a 
Methoxychlor 0.05 a 0.05 a 0.05 a 0.05 a 
Toxaphene 3.48 a 3.43 a 3.51 a 2.78 a 

Macoma nasuta 

Dioxins (pg/g wet weight) 
2378 TCDD NA NA NA NA 
12378 PeDD NA NA NA NA 
123478 HxDD NA NA NA NA 
123678 HxDD NA NA NA NA 
123789 HxDD NA NA NA NA 
1234678 HpDD NA NA NA NA 
OCDD NA NA NA NA 
2378 TCDF NA NA NA NA 
12378 PeDF NA NA NA NA 
23478 PeDF NA NA NA NA 
123478 HxDF NA NA NA NA 
123678 HxDF NA NA NA NA 
123789 HxDF NA NA NA NA 
234678 HxDF NA NA NA NA 
1234678 HpDF NA NA NA NA 
1234789 HpDF NA NA NA NA 
OCDF NA NA NA NA 
PCB - 77 NA NA NA NA 
PCB - 81 NA NA NA NA 
PCB - 105 NA NA NA NA 
PCB - 114 NA NA NA NA 
PCB - 118 NA NA NA NA 
PCB - 123 NA NA NA NA 
PCB - 126 NA NA NA NA 
PCB - 156 NA NA NA NA 
PCB - 157 NA NA NA NA 
PCB - 167 NA NA NA NA 
PCB - 169 NA NA NA NA 
PCB - 189 NA NA NA NA 

* = Qualifiers 

NA Not Analyzed 
S 	 Treatment mean is statistically greater than Reference mean (state statistical test used) 
NS Treatment mean is not significantly greater than Reference mean (state statistical test used) 
a 	 Analyte not detected (below Method Detection Limit) in at least one replicate; mean value was calculated using Method Detection Limit 
b 	 Analyte estimated (detected below Reporting Limit but above Method Detection Limit) in at least one replicate; mean value calculated using estimated value 

Analyte was detected in the Treatment sample at a higher mean concentration than Reference; 
statistical analyses not conducted because analyte was not detected in any Reference replicates 

c  



 
 
 
 

 
 

 

 

 
 

 
 
 
 

 

 
 

 

 
 
 
 
 
 
 

 

Table 1. Mean Wet Weight Concentrations of Bioaccumulation Tissues for Project Harbor (Macoma nasuta and Nereis virens ) 
Nereis virens 

Metals (ug/g wet weight) 
Arsenic 1.64 1.40  NS 1.16  NS 1.60  NS 
Cadmium 0.10 0.12  NS 0.12  S 0.11  NS 
Chromium 0.30 0.37  NS 0.36  NS 0.23  NS 
Copper 1.38 1.76  S 1.86  S 1.62  S 
Lead 0.22 a 0.20 a 0.26 a 0.22 a 
Mercury 0.02 a 0.02 a 0.02 a 0.02 a 
Nickel 0.40 0.35  NS 0.34  NS 0.33  NS 
Zinc 9.46 9.42  NS 10.90  NS 11.26  NS 

PAHs (ng/g wet weight) 
Acenaphthene 1.09 1.16  NS 0.93 NS 1.15  NS 
Acenaphthylene 0.08 b 0.20 b S 0.19 b S 0.17 b S 
Anthracene 0.08 b 0.32  S 0.38 b S 0.30  S 
Benzo(a)anthracene 0.03 a b 0.26 b S 0.46 b S 0.12 b S 
Benzo(a)pyrene 0.07 a 0.32 a c 0.55 a b c 0.09  c 
Benzo(b)fluoranthene 0.05 a b 0.30 b S 0.40 b S 0.17 b S 
Benzo(k)fluoranthene 0.05 0.40 b c 0.55 b c 0.24 b c 
Benzo(g,h,i)perylene 0.11 a 0.28 a c 0.40 a b c 0.12 a b c 
Chrysene 0.09 b 0.71  S 0.75  S 0.59  S 
Dibenzo(a,h)anthracene 0.02 a 0.06 a b c 0.09 a b c 0.04  c 
Fluoranthene 0.83 1.75  S 1.94  S 1.69  S 
Fluorene 0.51 0.62  NS 0.48  NS 0.54  NS 
Indeno(1,2,3-c,d)pyrene 0.08 a 0.22 a c 0.32 a b c 0.09 a b c 
Naphthalene 1.13 1.19  NS 1.06  NS 0.94  NS 
Phenanthrene 2.41 2.86  NS 2.75  NS 2.29  NS 
Pyrene 0.36 2.04  S 2.11  S 1.56  S 
PAH Total 6.98 12.68  S 13.33  S 10.10  S 

Nereis virens 

PCB Congeners (ng/g wet wt.) 
8 0.19 a 1.57  c 1.16  c 1.00  c 
18 0.10 14.46  S 11.21  S 34.14  S 
28 0.06 a 9.89  S 6.07  S 24.77  S 
44 0.12 6.75  S 5.39  S 13.64  S 
52 0.17 38.49  S 33.48  S 82.57  S 
66 0.03 a b 4.71  S 3.10  S 7.93  S 
101 0.14 34.10  S 21.41  S 34.40  S 
105 0.05 a 11.39  S 7.91  S 11.23  S 
118 0.07 14.15  S 8.72  S 15.52  S 
128 0.07 8.28  S 6.89  S 8.24  S 
138 0.30 37.30  S 28.10  S 39.22  S 
153 0.31 35.74  S 28.18  S 36.18  S 
170 0.24 4.17  S 3.72  S 4.02  S 
180 0.10 5.58  S 5.05  S 4.93  S 
187 0.09 3.43  S 2.89  S 3.66  S 
195 0.03 a 0.33  c 0.29  c 0.38  c 
206 0.02 b 0.23  S 0.22  S 0.32  S 
209 0.03 a 0.06  S 0.06  S 0.08  S 
Total PCBs 4.22 461.25  S 347.60  S 644.44  S 



 
   

   
   
   

 

 
 

 

 

 

Table 1. Mean Wet Weight Concentrations of Bioaccumulation Tissues for Project Harbor (Macoma nasuta and Nereis virens ) 
Nereis virens 

Pesticides (ng/g wet weight) 
Aldrin 0.03 a 0.03 a 0.03 a 0.03 a 
cis-Chlordane 0.06 0.13  S 0.10  S 0.11  S 
trans-Chlordane 0.04 b 0.11  S 0.09  S 0.10  S 
cis-Nonachlor 0.06 1.53  S 1.25  S 1.70  S 
trans-Nonachlor 0.31 0.31  NS 0.30  NS 0.27  NS 
Oxychlordane 0.05 a 0.05 a 0.05 a 0.05 a 
Total Chlordanes 0.52 2.14  S 1.79  S 2.23  S 
4,4'-DDT 0.05 a 0.05 a 0.05 a 0.05 a 
4,4'-DDD 0.05 a 1.78  S 0.90  S 0.05 a 
4,4'-DDE 0.06 a 0.48  c 0.33  c 0.69  c 
Total DDT 0.16 2.31  S 1.27  S 0.79  S 
Dieldrin 0.06 a 0.06 a 0.06 a 0.06 a 
alpha-Endosulfan 0.02 a 0.02 a 0.02 a 0.02 a 
beta-Endosulfan 0.06 a 0.06 a 0.06 a 0.06 a 
Endosulfans 0.08 0.08 a 0.08 a 0.08 a 
Endrin 0.05 a 0.05 a 0.05 a 0.05 a 
Heptachlor 0.04 a 0.04 a 0.04 a 0.04 a 
Heptachlor epoxide 0.02 a 0.02 a 0.02 a 0.02 a 
Hexachlorobenzene 0.05 a 0.05 a 0.05 a 0.05 a 
Lindane 0.05 a 0.05 a 0.05 a 0.05 a 
Methoxychlor 0.23 a 0.05 a 0.05 a NS 0.05 a 
Toxaphene 3.38 a 2.81 a 3.81 a 3.34 a 

Nereis virens 

Dioxins (pg/g wet weight) 
2378 TCDD NA NA NA NA 
12378 PeDD NA NA NA NA 
123478 HxDD NA NA NA NA 
123678 HxDD NA NA NA NA 
123789 HxDD NA NA NA NA 
1234678 HpDD NA NA NA NA 
OCDD NA NA NA NA 
2378 TCDF NA NA NA NA 
12378 PeDF NA NA NA NA 
23478 PeDF NA NA NA NA 
123478 HxDF NA NA NA NA 
123678 HxDF NA NA NA NA 
123789 HxDF NA NA NA NA 
234678 HxDF NA NA NA NA 
1234678 HpDF NA NA NA NA 
1234789 HpDF NA NA NA NA 
OCDF NA NA NA NA 
PCB - 77 NA NA NA NA 
PCB - 81 NA NA NA NA 
PCB - 105 NA NA NA NA 
PCB - 114 NA NA NA NA 
PCB - 118 NA NA NA NA 
PCB - 123 NA NA NA NA 
PCB - 126 NA NA NA NA 
PCB - 156 NA NA NA NA 
PCB - 157 NA NA NA NA 
PCB - 167 NA NA NA NA 
PCB - 169 NA NA NA NA 
PCB - 189 NA NA NA NA 

* = Qualifiers 

NA Not Analyzed 
S 	 Treatment mean is statistically greater than Reference mean (state statistical test used) 
NS Treatment mean is not significantly greater than Reference mean (state statistical test used) 
a 	 Analyte not detected (below Method Detection Limit) in at least one replicate; mean value was calculated using Method Detection Limit 
b 	 Analyte estimated (detected below Reporting Limit but above Method Detection Limit) in at least one replicate; mean value calculated using estimated value 

Analyte was detected in the Treatment at a higher mean concentration than Reference; 
statistical analyses not conducted because analyte was not detected in any Reference replicates 

c  



 

   
   

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE CLAM Macoma nasuta ) 
RISDS 
RISDS A M.n. Tissue RISDS B M.n. Tissue RISDS C M.n. Tissue RISDS D M.n. Tissue RISDS E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 2.3 1.9 2.5 2.8 2.6 
Cadmium 0.07 0.064 0.068 0.055 0.063 
Chromium 0.89 1.1 0.91 1.2 1. 
Copper 1. 1. 0.95 1. 1. 
Lead 0.2 U 0.25 0.2 U 0.2 U 0.2 U 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.61 0.65 0.7 0.68 0.62 
Zinc 11. 9.8 10. 9.8 11. 

PAHs (ng/g wet weight) 
Acenaphthene 0.12 J 0.18 0.19 0.18 0.2 
Acenaphthylene 0.07 J 0.06 J 0.09 J 0.09 J 0.1 J 
Anthracene 0.13 J 0.16 0.21 0.19 0.21 
Benzo(a)anthracene 0.2 0.21 0.31 0.29 0.26 
Benzo(a)pyrene 0.22 0.25 0.34 0.34 0.3 
Benzo(b)fluoranthene 0.42 0.48 0.63 0.63 0.56 
Benzo(k)fluoranthene 0.38 0.41 0.57 0.55 0.51 
Benzo(g,h,i)perylene 0.19 0.2 0.28 0.27 0.26 
Chrysene 0.52 0.53 0.84 0.71 0.7 
Dibenzo(a,h)anthracene 0.03 J 0.04 J 0.05 J 0.05 J 0.05 J 
Fluoranthene 2.06 2.78 3.45 3.27 3.98 
Fluorene 0.49 0.56 0.64 0.68 0.79 
Indeno(1,2,3-c,d)pyrene 0.17 0.18 0.25 0.24 0.23 
Naphthalene 0.41 0.33 0.32 0.36 0.35 
Phenanthrene 4.25 4.73 5.77 6.17 7.97 
Pyrene 1.11 1.68 2.02 1.91 2.17 
PAH Total 10.77 12.78 15.96 15.93 18.64 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE CLAM Macoma nasuta ) 
RISDS 
RISDS A M.n. Tissue RISDS B M.n. Tissue RISDS C M.n. Tissue RISDS D M.n. Tissue RISDS E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 

PCB Congeners (ng/g wet wt.) 
8 0.19 U 0.77 0.19 U 0.19 U 1.16 
18 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
28 0.13 0.08 0.11 0.1 0.12 
44 0.23 0.03 U 0.03 U 0.03 U 0.03 U 
52 0.1 0.08 0.11 0.12 0.11 
66 0.86 0.03 U 0.03 U 0.03 U 0.03 U 
101 0.1 0.1 0.15 0.11 0.09 
105 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
118 0.1 0.13 0.12 0.13 0.15 
128 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
138 0.12 0.2 0.26 0.25 0.27 
153 0.13 0.14 0.19 0.2 0.16 
170 0.03 U 0.08 0.03 U 0.07 0.08 
180 0.03 U 0.06 0.08 0.07 0.09 
187 0.04 U 0.04 U 0.06 0.05 0.04 U 
195 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
206 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
209 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
Total PCBs 4.52 3.88 3.12 3.10 5.06 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE CLAM Macoma nasuta ) 
RISDS 
RISDS A M.n. Tissue RISDS B M.n. Tissue RISDS C M.n. Tissue RISDS D M.n. Tissue RISDS E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
trans-Chlordane 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
cis-Nonachlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
trans-Nonachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 0.22 0.22 0.22 0.22 0.22 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 0.11 0.12 0.18 0.16 0.2 
Total DDT 0.21 0.22 0.28 0.26 0.30 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 3.51 U 3.43 U 3.47 U 3.49 U 3.51 U 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE CLAM Macoma nasuta ) 
RISDS 
RISDS A M.n. Tissue RISDS B M.n. Tissue RISDS C M.n. Tissue RISDS D M.n. Tissue RISDS E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 

Dioxins (pg/g wet weight) 
2378 TCDD NA NA NA NA NA 
12378 PeDD NA NA NA NA NA 
123478 HxDD NA NA NA NA NA 
123678 HxDD NA NA NA NA NA 
123789 HxDD NA NA NA NA NA 
1234678 HpDD NA NA NA NA NA 
OCDD NA NA NA NA NA 
2378 TCDF NA NA NA NA NA 
12378 PeDF NA NA NA NA NA 
23478 PeDF NA NA NA NA NA 
123478 HxDF NA NA NA NA NA 
123678 HxDF NA NA NA NA NA 
123789 HxDF NA NA NA NA NA 
234678 HxDF NA NA NA NA NA 
1234678 HpDF NA NA NA NA NA 
1234789 HpDF NA NA NA NA NA 
OCDF NA NA NA NA NA 
PCB - 77 NA NA NA NA NA 
PCB - 81 NA NA NA NA NA 
PCB - 105 NA NA NA NA NA 
PCB - 114 NA NA NA NA NA 
PCB - 118 NA NA NA NA NA 
PCB - 123 NA NA NA NA NA 
PCB - 126 NA NA NA NA NA 
PCB - 156 NA NA NA NA NA 
PCB - 157 NA NA NA NA NA 
PCB - 167 NA NA NA NA NA 
PCB - 169 NA NA NA NA NA 
PCB - 189 NA NA NA NA NA 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCU 
001 
001 A M.n. Tissue 001 B M.n. Tissue 001 C M.n. Tissue 001 D M.n. Tissue 001 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 2.2 2.8 2.7 2.6 2.4 
Cadmium 0.059 0.064 0.075 0.077 0.065 
Chromium 0.93 1.4 1.1 1.2 0.95 
Copper 1.3 1.4 1.4 1.3 1.3 
Lead 0.35 0.42 0.49 0.39 0.38 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.57 0.6 0.6 0.52 0.51 
Zinc 10. 14. 12. 12. 11. 

PAHs (ng/g wet weight) 
Acenaphthene 0.21 0.26 0.19 0.21 0.28 
Acenaphthylene 0.47 0.49 0.31 0.52 0.85 
Anthracene 0.87 0.94 0.73 0.84 1.28 
Benzo(a)anthracene 2.93 2.97 2.32 2.98 4.53 
Benzo(a)pyrene 3.41 3.43 2.62 3.39 5.36 
Benzo(b)fluoranthene 2.79 2.95 2.37 2.83 3.97 
Benzo(k)fluoranthene 3.16 3.57 2.84 3.34 4.81 
Benzo(g,h,i)perylene 2.04 2.03 1.54 1.77 2.15 
Chrysene 4.05 4.39 3.53 4.15 5.78 
Dibenzo(a,h)anthracene 0.43 0.43 0.34 0.45 0.7 
Fluoranthene 6.43 7.46 5.61 6.41 8.65 
Fluorene 0.51 0.68 0.51 0.6 0.63 
Indeno(1,2,3-c,d)pyrene 1.71 1.77 1.28 1.73 2.77 
Naphthalene 0.52 0.62 0.53 0.61 0.68 
Phenanthrene 4.67 5.98 4.25 4.79 5.45 
Pyrene 11.84 13.75 9.94 10.78 13.86 
PAH Total 46.04 51.72 38.91 45.40 61.75 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCU 
001 
001 A M.n. Tissue 001 B M.n. Tissue 001 C M.n. Tissue 001 D M.n. Tissue 001 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 

PCB Congeners (ng/g wet wt.) 
8 5.26 5.93 5.36 5.81 6.17 
18 6.75 8.31 7.56 12.69 12.62 
28 22.02 25.81 22.78 24.08 28.64 
44 10.35 8.25 7.17 12.04 11.85 
52 43.14 53.13 44.53 50.41 55.73 
66 16.24 19.71 17.53 18.06 22.42 
101 46.83 62.14 49.3 53.84 65.22 
105 11.83 19.19 14.22 14.54 17.29 
118 31.17 40.66 32.42 36.32 42.52 
128 8.29 10.74 8.08 9.75 10.73 
138 34.07 45.88 35.66 41.49 46.45 
153 33.78 44.12 34.51 38.85 44.85 
170 2.29 2.97 2.18 2.68 2.79 
180 2.89 3.83 2.86 3.58 3.69 
187 2.04 2.6 1.97 2.44 2.57 
195 0.26 0.33 0.26 0.31 0.35 
206 0.06 0.09 0.07 0.08 0.1 
209 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
Total PCBs 554.60 707.44 572.98 654.00 748.04 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCU 
001 
001 A M.n. Tissue 001 B M.n. Tissue 001 C M.n. Tissue 001 D M.n. Tissue 001 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
trans-Chlordane 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
cis-Nonachlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
trans-Nonachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 0.22 0.22 0.22 0.22 0.22 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 1.48 1.83 1.38 1.69 1.95 
Total DDT 1.58 1.93 1.48 1.79 2.05 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 3.38 U 3.45 U 3.47 U 3.38 U 3.49 U 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCU 

CONTAMINANT 

Dioxins (pg/g wet weight) 
2378 TCDD 
12378 PeDD 
123478 HxDD 
123678 HxDD 
123789 HxDD 
1234678 HpDD 
OCDD 
2378 TCDF 
12378 PeDF 
23478 PeDF 
123478 HxDF 
123678 HxDF 
123789 HxDF 
234678 HxDF 
1234678 HpDF 
1234789 HpDF 
OCDF 
PCB - 77 
PCB - 81 
PCB - 105 
PCB - 114 
PCB - 118 
PCB - 123 
PCB - 126 
PCB - 156 
PCB - 157 
PCB - 167 
PCB - 169 
PCB - 189 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 

001 
001 A M.n. Tissue 001 B M.n. Tissue 001 C M.n. Tissue 001 D M.n. Tissue 001 E M.n. Tissue 

REP1 * REP2 * REP3 * REP4 * REP5 * 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCU 
003 
003 A M.n. Tissue 003 B M.n. Tissue 003 C M.n. Tissue 003 D M.n. Tissue 003 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 2.4 3. 2.5 2.1 2.7 
Cadmium 0.1 0.095 0.094 0.091 0.089 
Chromium 0.93 1.2 1.3 1. 0.98 
Copper 1.4 2.2 2.2 1.7 1.8 
Lead 0.41 0.45 0.53 0.56 0.49 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.61 0.67 0.76 0.63 0.61 
Zinc 12. 12. 13. 13. 11. 

PAHs (ng/g wet weight) 
Acenaphthene 0.19 0.32 0.41 0.26 0.24 
Acenaphthylene 0.3 0.57 1.3 0.61 0.74 
Anthracene 0.58 0.9 2.2 1.07 1.31 
Benzo(a)anthracene 1.26 2.69 5.56 2.9 3.4 
Benzo(a)pyrene 1.69 3.76 6.53 4.08 4.61 
Benzo(b)fluoranthene 1.65 3.09 4.79 3.33 3.72 
Benzo(k)fluoranthene 1.84 3.6 5.97 3.84 4.29 
Benzo(g,h,i)perylene 0.21 2.32 1.45 1.17 2.26 
Chrysene 2.2 3.9 6.92 4.34 4.93 
Dibenzo(a,h)anthracene 0.26 0.55 0.89 0.6 0.7 
Fluoranthene 3.34 5.3 11.36 6.64 6.74 
Fluorene 0.47 0.57 0.84 0.73 0.68 
Indeno(1,2,3-c,d)pyrene 0.95 2.09 3.54 2.32 2.57 
Naphthalene 0.51 0.78 1.18 0.85 0.88 
Phenanthrene 3.56 4.39 7.51 5.42 5.41 
Pyrene 5.99 9.38 16.17 10.47 10.71 
PAH Total 25.00 44.21 76.62 48.63 53.19 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCU 
003 
003 A M.n. Tissue 003 B M.n. Tissue 003 C M.n. Tissue 003 D M.n. Tissue 003 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 

PCB Congeners (ng/g wet wt.) 
8 3.73 4.17 4.52 4.35 5.66 
18 10.33 10.67 14.79 13.8 13.78 
28 19.03 19.99 23.68 22.74 25.45 
44 9.63 10.9 14.72 11.69 15.18 
52 47.32 51.71 61.34 59.31 63.58 
66 12.62 12.95 15.17 14.96 16.91 
101 34.96 40.41 48.04 47.32 47.99 
105 8.22 9.58 11.56 11.2 11.84 
118 21.56 24.23 29.36 28.21 29.24 
128 6.67 7.82 9.61 9.35 9.09 
138 29.17 34.28 41.02 40.1 40.39 
153 29.26 34.58 42.5 40.03 40.56 
170 1.65 2.48 2.65 2.71 2.84 
180 2.21 3.18 3.48 3.53 3.84 
187 1.8 2.4 2.69 2.58 2.96 
195 0.19 0.28 0.32 0.32 0.35 
206 0.05 0.1 0.11 0.1 0.09 
209 0.03 U 0.03 U 0.03 U 0.03 U 0.03 
Total PCBs 476.86 539.52 651.18 624.66 659.56 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCU 
003 
003 A M.n. Tissue 003 B M.n. Tissue 003 C M.n. Tissue 003 D M.n. Tissue 003 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
trans-Chlordane 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
cis-Nonachlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
trans-Nonachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 0.22 0.22 0.22 0.22 0.22 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 1.21 1.5 1.56 1.44 1.74 
Total DDT 1.31 1.60 1.66 1.54 1.84 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 3.53 U 3.55 U 3.5 U 3.49 U 3.48 U 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCU 

CONTAMINANT 

Dioxins (pg/g wet weight) 
2378 TCDD 
12378 PeDD 
123478 HxDD 
123678 HxDD 
123789 HxDD 
1234678 HpDD 
OCDD 
2378 TCDF 
12378 PeDF 
23478 PeDF 
123478 HxDF 
123678 HxDF 
123789 HxDF 
234678 HxDF 
1234678 HpDF 
1234789 HpDF 
OCDF 
PCB - 77 
PCB - 81 
PCB - 105 
PCB - 114 
PCB - 118 
PCB - 123 
PCB - 126 
PCB - 156 
PCB - 157 
PCB - 167 
PCB - 169 
PCB - 189 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 

003 
003 A M.n. Tissue 003 B M.n. Tissue 003 C M.n. Tissue 003 D M.n. Tissue 003 E M.n. Tissue 

REP1 * REP2 * REP3 * REP4 * REP5 * 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCU 
008 
008 A M.n. Tissue 008 B M.n. Tissue 008 C M.n. Tissue 008 D M.n. Tissue 008 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 2.3 2.5 2.4 2.3 2.6 
Cadmium 0.073 0.088 0.091 0.094 0.087 
Chromium 1.2 1.2 1.2 1.4 1.2 
Copper 3.2 1.5 1.7 1.8 1.8 
Lead 0.44 0.32 0.49 0.57 0.46 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.59 0.61 0.61 0.67 0.61 
Zinc 11. 11. 11. 11. 11. 

PAHs (ng/g wet weight) 
Acenaphthene 0.2 0.38 0.26 0.35 0.32 
Acenaphthylene 0.34 0.79 0.45 0.56 0.64 
Anthracene 0.8 1.52 0.94 1.3 1.27 
Benzo(a)anthracene 2.48 5.32 2.97 4.15 3.75 
Benzo(a)pyrene 2.44 5.57 3.15 4.51 4.15 
Benzo(b)fluoranthene 2.46 4.7 2.94 4.13 3.85 
Benzo(k)fluoranthene 2.82 5.82 3.38 4.84 4.56 
Benzo(g,h,i)perylene 1.57 3.41 2. 2.95 2.81 
Chrysene 3.89 7.4 4.39 6.14 5.97 
Dibenzo(a,h)anthracene 0.31 0.7 0.38 0.59 0.55 
Fluoranthene 7.31 14.27 7.56 11.56 9.91 
Fluorene 0.51 0.84 0.6 0.75 0.8 
Indeno(1,2,3-c,d)pyrene 1.15 2.79 1.65 2.38 2.15 
Naphthalene 0.47 0.72 0.69 0.82 0.96 
Phenanthrene 4.53 7.7 4.63 6.91 6.86 
Pyrene 9.46 17.56 8.81 13.92 13.9 
PAH Total 40.74 79.49 44.80 65.86 62.45 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCU 
008 
008 A M.n. Tissue 008 B M.n. Tissue 008 C M.n. Tissue 008 D M.n. Tissue 008 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 

PCB Congeners (ng/g wet wt.) 
8 25.4 33.13 28.37 33.37 27.07 
18 29.19 45.96 30.93 39.87 34.73 
28 47.19 66.85 46.6 66.45 51.58 
44 16.3 27.32 18.4 20.87 24.14 
52 77.45 108.67 76.78 107.68 113.59 
66 17.65 23.68 19.05 23.34 21.4 
101 36.47 53.05 40. 49.33 58.92 
105 8. 13.66 9.67 12.76 13.98 
118 22.92 37.87 26.96 34.16 38.57 
128 4.96 8.01 6.09 7.32 9.6 
138 25.61 41.87 31.22 37.56 50.29 
153 26.22 44.27 31.44 38.92 52.98 
170 2.14 3.63 2.55 2.81 4.35 
180 2.5 4.45 3.19 3.58 3.77 
187 2. 3.33 2.24 2.81 3.93 
195 0.24 0.45 0.3 0.34 0.53 
206 0.1 0.19 0.13 0.16 0.21 
209 0.04 0.07 0.05 0.05 0.09 
Total PCBs 688.76 1032.92 747.94 962.76 1019.46 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCU 
008 
008 A M.n. Tissue 008 B M.n. Tissue 008 C M.n. Tissue 008 D M.n. Tissue 008 E M.n. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.07 0.09 0.06 0.07 0.09 
trans-Chlordane 0.08 0.1 0.08 0.11 0.08 
cis-Nonachlor 1.45 2.36 1.59 2. 2.5 
trans-Nonachlor 0.04 0.05 0.04 0.04 0.05 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 1.69 2.65 1.82 2.27 2.77 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 1.35 2.23 1.51 1.84 2.42 
Total DDT 1.45 2.33 1.61 1.94 2.52 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 2.79 U 2.75 U 2.74 U 2.77 U 2.87 U 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 



 

   
   

APPENDIX TABLE. REPLICATE BIOACCU 

CONTAMINANT 

Dioxins (pg/g wet weight) 
2378 TCDD 
12378 PeDD 
123478 HxDD 
123678 HxDD 
123789 HxDD 
1234678 HpDD 
OCDD 
2378 TCDF 
12378 PeDF 
23478 PeDF 
123478 HxDF 
123678 HxDF 
123789 HxDF 
234678 HxDF 
1234678 HpDF 
1234789 HpDF 
OCDF 
PCB - 77 
PCB - 81 
PCB - 105 
PCB - 114 
PCB - 118 
PCB - 123 
PCB - 126 
PCB - 156 
PCB - 157 
PCB - 167 
PCB - 169 
PCB - 189 

* = Qualifiers 
U Analyte not detected; below Method 
J Analyte estimated; detection below R 
NA Not Analyzed 

008 
008 A M.n. Tissue 008 B M.n. Tissue 008 C M.n. Tissue 008 D M.n. Tissue 008 E M.n. Tissue 

REP1 * REP2 * REP3 * REP4 * REP5 * 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE WORM (Nereis viren 
RISDS 
RISDS A N.v. Tissue RISDS B N.v. Tissue RISDS C N.v. Tissue RISDS D N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * 
Metals (ug/g wet weight) 
Arsenic 1.9 1.2 1.3 1.9 
Cadmium 0.074 0.12 0.11 0.11 
Chromium 0.4 0.3 0.32 0.26 
Copper 1.2 1.4 1.5 1.4 
Lead 0.2 U 0.3 U 0.2 U 0.2 U 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.32 0.36 0.45 0.43 
Zinc 8. 11. 11. 9.7 

PAHs (ng/g wet weight) 
Acenaphthene 1.12 0.89 1.01 1.29 
Acenaphthylene 0.09 J 0.07 J 0.07 J 0.08 J 
Anthracene 0.08 J 0.08 J 0.06 J 0.08 J 
Benzo(a)anthracene 0.06 J 0.02 J 0.02 J 0.02 U 
Benzo(a)pyrene 0.11 U 0.06 U 0.05 U 0.06 U 
Benzo(b)fluoranthene 0.09 U 0.05 J 0.04 J 0.04 U 
Benzo(k)fluoranthene 0.08 U 0.04 U 0.04 U 0.04 U 
Benzo(g,h,i)perylene 0.18 U 0.09 U 0.09 U 0.09 U 
Chrysene 0.13 J 0.09 J 0.1 J 0.06 J 
Dibenzo(a,h)anthracene 0.04 U 0.02 U 0.02 U 0.02 U 
Fluoranthene 0.85 0.9 0.85 0.86 
Fluorene 0.6 0.41 0.47 0.6 
Indeno(1,2,3-c,d)pyrene 0.13 U 0.07 U 0.07 U 0.07 U 
Naphthalene 1.29 0.76 1.08 1.38 
Phenanthrene 2.68 1.9 2.15 3.04 
Pyrene 0.42 0.37 0.39 0.35 
PAH Total 7.95 5.82 6.51 8.08 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE WORM (Nereis viren 
RISDS 
RISDS A N.v. Tissue RISDS B N.v. Tissue RISDS C N.v. Tissue RISDS D N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * 
PCB Congeners (ng/g wet wt.) 
8 0.19 U 0.19 U 0.19 U 0.19 U 
18 0.12 0.09 0.08 0.1 
28 0.09 0.06 0.05 U 0.05 
44 0.18 0.11 0.08 0.14 
52 0.24 0.17 0.13 0.16 
66 0.03 J 0.03 U 0.03 U 0.03 
101 0.18 0.15 0.11 0.14 
105 0.06 0.05 U 0.05 U 0.05 
118 0.1 0.07 0.05 0.06 
128 0.12 0.06 0.05 0.06 
138 0.42 0.29 0.23 0.29 
153 0.37 0.32 0.27 0.34 
170 0.55 0.18 0.13 0.16 
180 0.12 0.1 0.08 0.1 
187 0.1 0.1 0.08 0.1 
195 0.03 U 0.03 U 0.03 U 0.03 U 
206 0.03 J 0.02 J 0.02 J 0.03 
209 0.03 U 0.03 U 0.03 U 0.03 
Total PCBs 5.92 4.10 3.38 4.12 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE WORM (Nereis viren 
RISDS 
RISDS A N.v. Tissue RISDS B N.v. Tissue RISDS C N.v. Tissue RISDS D N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.07 0.06 0.05 0.06 
trans-Chlordane 0.04 J 0.04 0.04 0.04 
cis-Nonachlor 0.07 0.06 0.05 0.06 
trans-Nonachlor 0.33 0.32 0.29 0.32 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 0.56 0.53 0.48 0.53 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 0.06 0.05 U 0.05 U 
4,4'-DDE 0.06 U 0.06 U 0.06 U 0.06 U 
Total DDT 0.16 0.17 0.16 0.16 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.96 0.05 U 0.05 U 0.05 U 
Toxaphene 5.64 U 2.82 U 2.79 U 2.83 U 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACCUMULATION CONCENTRATIONS OF CONTAMINANTS IN THE WORM (Nereis viren 
RISDS 
RISDS A N.v. Tissue RISDS B N.v. Tissue RISDS C N.v. Tissue RISDS D N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * 

Dioxins (pg/g wet weight) 
2378 TCDD NA NA NA NA 
12378 PeDD NA NA NA NA 
123478 HxDD NA NA NA NA 
123678 HxDD NA NA NA NA 
123789 HxDD NA NA NA NA 
1234678 HpDD NA NA NA NA 
OCDD NA NA NA NA 
2378 TCDF NA NA NA NA 
12378 PeDF NA NA NA NA 
23478 PeDF NA NA NA NA 
123478 HxDF NA NA NA NA 
123678 HxDF NA NA NA NA 
123789 HxDF NA NA NA NA 
234678 HxDF NA NA NA NA 
1234678 HpDF NA NA NA NA 
1234789 HpDF NA NA NA NA 
OCDF NA NA NA NA 
PCB - 77 NA NA NA NA 
PCB - 81 NA NA NA NA 
PCB - 105 NA NA NA NA 
PCB - 114 NA NA NA NA 
PCB - 118 NA NA NA NA 
PCB - 123 NA NA NA NA 
PCB - 126 NA NA NA NA 
PCB - 156 NA NA NA NA 
PCB - 157 NA NA NA NA 
PCB - 167 NA NA NA NA 
PCB - 169 NA NA NA NA 
PCB - 189 NA NA NA NA 

* = Qualifiers 
U Analyte not detected; below Method Detection Limit; value is Method Detection Limit 
J Analyte estimated; detection below Reporting Limit but above Method Detection Limit 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACns ) 
001 

RISDS E N.v. Tissue 001 A N.v. Tissue 001 B N.v. Tissue 001 C N.v. Tissue 001 D N.v. Tissue 001 E N.v. Tissue 

CONTAMINANT REP5 * REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 1.9 1.5 1.7 1.3 1.1 1.4 
Cadmium 0.097 0.11 0.12 0.12 0.11 0.12 
Chromium 0.23 0.55 0.43 0.3 0.23 0.36 
Copper 1.4 2.1 1.9 1.6 1.5 1.7 
Lead 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.42 0.4 0.41 0.28 0.3 0.38 
Zinc 7.6 12. 8.6 8. 9.7 8.8 

PAHs (ng/g wet weight) 
Acenaphthene 1.14 1.08 1.07 1.33 1.01 1.3 
Acenaphthylene 0.08 J 0.29 0.21 0.19 0.13 J 0.16 
Anthracene 0.08 J 0.45 0.3 0.33 0.21 0.32 
Benzo(a)anthracene 0.02 U 0.54 0.25 0.18 0.04 J 0.29 
Benzo(a)pyrene 0.06 U 0.73 0.34 0.2 0.06 U 0.28 
Benzo(b)fluoranthene 0.04 U 0.62 0.29 0.22 0.08 J 0.29 
Benzo(k)fluoranthene 0.04 U 0.81 0.4 0.33 0.09 J 0.38 
Benzo(g,h,i)perylene 0.09 U 0.62 0.27 0.19 0.09 U 0.22 
Chrysene 0.05 J 1.15 0.65 0.71 0.3 0.74 
Dibenzo(a,h)anthracene 0.02 U 0.13 J 0.05 J 0.04 J 0.02 U 0.05 J 
Fluoranthene 0.67 2.3 1.24 2.01 0.93 2.26 
Fluorene 0.48 0.72 0.52 0.69 0.45 0.7 
Indeno(1,2,3-c,d)pyrene 0.07 U 0.51 0.2 0.13 J 0.07 U 0.18 
Naphthalene 1.12 1.3 1.14 1.3 1.08 1.12 
Phenanthrene 2.3 3.49 2.35 3.09 2.09 3.27 
Pyrene 0.26 2.83 1.72 2.13 1.14 2.39 
PAH Total 6.52 17.57 11.00 13.07 7.79 13.95 

* = Qualifiers 
U Analyte not detected; below Metho 
J Analyte estimated; detection below 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACns ) 
001 

RISDS E N.v. Tissue 001 A N.v. Tissue 001 B N.v. Tissue 001 C N.v. Tissue 001 D N.v. Tissue 001 E N.v. Tissue 

CONTAMINANT REP5 * REP1 * REP2 * REP3 * REP4 * REP5 * 
PCB Congeners (ng/g wet wt.) 
8 0.19 U 1.46 1.96 1.74 1.33 1.38 
18 0.1 14.62 14.96 16.05 13.29 13.4 
28 0.05 10.66 10.77 10.76 8.69 8.55 
44 0.08 7.15 7.34 8.16 5.36 5.74 
52 0.16 43.22 40.64 42.88 34.25 31.47 
66 0.03 5.29 6.43 4.68 4.03 3.11 
101 0.11 43.31 36.5 37.32 29.61 23.74 
105 0.05 U 15.65 11.73 11.64 9.9 8.02 
118 0.05 18.21 15.28 15.77 12.32 9.17 
128 0.06 11.6 8.69 8.16 7.31 5.62 
138 0.25 52.53 38.69 37.02 33.42 24.83 
153 0.27 48.21 37.05 36.11 32.54 24.79 
170 0.16 4.24 5.35 3.39 4.54 3.31 
180 0.08 6.71 7.47 4.73 4.45 4.53 
187 0.08 3.95 3.68 4.02 3.2 2.31 
195 0.03 U 0.46 0.34 0.35 0.29 0.22 
206 0.02 J 0.29 0.26 0.25 0.2 0.16 
209 0.03 U 0.08 0.07 0.07 0.05 0.05 
Total PCBs 3.60 575.28 494.42 486.20 409.56 340.80 

* = Qualifiers 
U Analyte not detected; below Metho 
J Analyte estimated; detection below 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACns ) 
001 

RISDS E N.v. Tissue 001 A N.v. Tissue 001 B N.v. Tissue 001 C N.v. Tissue 001 D N.v. Tissue 001 E N.v. Tissue 

CONTAMINANT REP5 * REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.06 0.14 0.12 0.16 0.11 0.13 
trans-Chlordane 0.04 0.1 0.11 0.15 0.09 0.12 
cis-Nonachlor 0.05 2.06 1.53 1.75 1.29 1.04 
trans-Nonachlor 0.3 0.34 0.3 0.33 0.27 0.29 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 0.50 2.69 2.11 2.44 1.81 1.63 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 2.09 1.59 2.95 1.2 1.08 
4,4'-DDE 0.06 U 0.62 0.46 0.6 0.39 0.33 
Total DDT 0.16 2.76 2.10 3.60 1.64 1.46 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 J 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 2.82 U 2.78 U 2.85 U 2.78 U 2.85 U 2.8 U 

* = Qualifiers 
U Analyte not detected; below Metho 
J Analyte estimated; detection below 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOACns ) 
001 

RISDS E N.v. Tissue 001 A N.v. Tissue 001 B N.v. Tissue 001 C N.v. Tissue 001 D N.v. Tissue 001 E N.v. Tissue 

CONTAMINANT REP5 * REP1 * REP2 * REP3 * REP4 * REP5 * 

Dioxins (pg/g wet weight) 
2378 TCDD NA NA NA NA NA NA 
12378 PeDD NA NA NA NA NA NA 
123478 HxDD NA NA NA NA NA NA 
123678 HxDD NA NA NA NA NA NA 
123789 HxDD NA NA NA NA NA NA 
1234678 HpDD NA NA NA NA NA NA 
OCDD NA NA NA NA NA NA 
2378 TCDF NA NA NA NA NA NA 
12378 PeDF NA NA NA NA NA NA 
23478 PeDF NA NA NA NA NA NA 
123478 HxDF NA NA NA NA NA NA 
123678 HxDF NA NA NA NA NA NA 
123789 HxDF NA NA NA NA NA NA 
234678 HxDF NA NA NA NA NA NA 
1234678 HpDF NA NA NA NA NA NA 
1234789 HpDF NA NA NA NA NA NA 
OCDF NA NA NA NA NA NA 
PCB - 77 NA NA NA NA NA NA 
PCB - 81 NA NA NA NA NA NA 
PCB - 105 NA NA NA NA NA NA 
PCB - 114 NA NA NA NA NA NA 
PCB - 118 NA NA NA NA NA NA 
PCB - 123 NA NA NA NA NA NA 
PCB - 126 NA NA NA NA NA NA 
PCB - 156 NA NA NA NA NA NA 
PCB - 157 NA NA NA NA NA NA 
PCB - 167 NA NA NA NA NA NA 
PCB - 169 NA NA NA NA NA NA 
PCB - 189 NA NA NA NA NA NA 

* = Qualifiers 
U Analyte not detected; below Metho 
J Analyte estimated; detection below 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOAC 
003 
003 A N.v. Tissue 003 B N.v. Tissue 003 C N.v. Tissue 003 D N.v. Tissue 003 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 1.1 1.2 1.4 1.1 1. 
Cadmium 0.11 0.12 0.13 0.11 0.13 
Chromium 0.26 0.47 0.35 0.46 0.26 
Copper 1.7 2.1 1.9 1.7 1.9 
Lead 0.3 U 0.39 0.2 U 0.2 U 0.2 U 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.35 0.32 0.35 0.3 0.39 
Zinc 7.5 16. 8.7 9.3 13. 

PAHs (ng/g wet weight) 
Acenaphthene 1.06 0.97 0.85 0.84 
Acenaphthylene 0.17 J 0.28 0.15 J 0.14 
Anthracene 0.21 J 0.81 0.27 0.24 
Benzo(a)anthracene 0.05 J 1.51 0.14 J 0.13 J 
Benzo(a)pyrene 0.11 U 1.72 0.16 J 0.19 
Benzo(b)fluoranthene 0.12 J 1.11 0.17 J 0.19 
Benzo(k)fluoranthene 0.17 J 1.58 0.21 J 0.25 J 
Benzo(g,h,i)perylene 0.18 U 1.11 0.14 J 0.15 
Chrysene 0.3 1.85 0.4 0.44 
Dibenzo(a,h)anthracene 0.04 U 0.24 0.03 J 0.04 J 
Fluoranthene 1.1 4.09 1.24 1.31 
Fluorene 0.58 0.57 0.4 0.37 
Indeno(1,2,3-c,d)pyrene 0.13 U 0.94 0.1 J 0.12 J 
Naphthalene 1.27 1.14 0.99 0.84 
Phenanthrene 3.15 3.87 2.24 1.72 
Pyrene 1.17 4.76 1.18 1.32 
PAH Total 9.81 26.55 8.67 8.29 0.00 

* = Qualifiers 
U Analyte not detected; below Metho 
J Analyte estimated; detection below 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOAC 
003 
003 A N.v. Tissue 003 B N.v. Tissue 003 C N.v. Tissue 003 D N.v. Tissue 003 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
PCB Congeners (ng/g wet wt.) 
8 1.19 1.46 0.9 1.1 
18 15.03 11.31 8.43 10.06 
28 8.13 6.65 4.5 4.98 
44 8.31 5.04 4.22 3.97 
52 40.76 37.29 25.99 29.88 
66 4.35 3.35 2.46 2.23 
101 24.72 27.57 15.9 17.46 
105 11.58 9.09 5.07 5.88 
118 12.34 11.06 5.65 5.81 
128 9.01 8.18 4.91 5.44 
138 30.83 36.13 21.63 23.8 
153 30.86 34.57 22.56 24.71 
170 4.22 3.74 3.53 3.38 
180 5.5 5.2 4.82 4.67 
187 3.19 3.17 2.65 2.53 
195 0.29 0.36 0.25 0.24 
206 0.23 0.26 0.19 0.18 
209 0.06 0.07 0.06 0.05 
Total PCBs 421.20 409.00 267.44 292.74 0.00 

* = Qualifiers 
U Analyte not detected; below Metho 
J Analyte estimated; detection below 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOAC 
003 
003 A N.v. Tissue 003 B N.v. Tissue 003 C N.v. Tissue 003 D N.v. Tissue 003 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.11 0.11 0.09 0.08 
trans-Chlordane 0.1 0.1 0.08 0.08 
cis-Nonachlor 1.25 1.64 1.08 1.03 
trans-Nonachlor 0.33 0.31 0.3 0.27 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 1.84 2.21 1.60 1.51 0.00 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.92 1.21 0.74 0.71 
4,4'-DDE 0.39 0.42 0.23 0.26 
Total DDT 1.36 1.68 1.02 1.02 0.00 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.00 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 5.65 U 2.89 U 3.95 U 2.73 U 

* = Qualifiers 
U Analyte not detected; below Metho 
J Analyte estimated; detection below 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOAC 

CONTAMINANT 

Dioxins (pg/g wet weight) 
2378 TCDD 
12378 PeDD 
123478 HxDD 
123678 HxDD 
123789 HxDD 
1234678 HpDD 
OCDD 
2378 TCDF 
12378 PeDF 
23478 PeDF 
123478 HxDF 
123678 HxDF 
123789 HxDF 
234678 HxDF 
1234678 HpDF 
1234789 HpDF 
OCDF 
PCB - 77 
PCB - 81 
PCB - 105 
PCB - 114 
PCB - 118 
PCB - 123 
PCB - 126 
PCB - 156 
PCB - 157 
PCB - 167 
PCB - 169 
PCB - 189 

* = Qualifiers 
U Analyte not detected; below Metho 
J Analyte estimated; detection below 
NA Not Analyzed 

003 
003 A N.v. Tissue 003 B N.v. Tissue 003 C N.v. Tissue 003 D N.v. Tissue 003 E N.v. Tissue 

REP1 * REP2 * REP3 * REP4 * REP5 * 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 



   
   

 

APPENDIX TABLE. REPLICATE BIOAC 
008 
008 A N.v. Tissue 008 B N.v. Tissue 008 C N.v. Tissue 008 D N.v. Tissue 008 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Metals (ug/g wet weight) 
Arsenic 1.7 1.4 1.7 1.5 1.7 
Cadmium 0.12 0.11 0.11 0.12 0.091 
Chromium 0.21 0.23 0.21 0.21 0.31 
Copper 1.7 1.7 1.5 1.6 1.6 
Lead 0.2 U 0.2 U 0.2 U 0.2 U 0.3 U 
Mercury 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.37 0.37 0.3 0.35 0.27 
Zinc 9.4 9.3 10. 8.6 19. 

PAHs (ng/g wet weight) 
Acenaphthene 1.22 0.76 1.23 1.09 1.43 
Acenaphthylene 0.17 J 0.14 0.17 0.18 0.21 
Anthracene 0.29 0.24 0.29 0.28 0.38 
Benzo(a)anthracene 0.18 J 0.07 J 0.11 J 0.09 J 0.14 
Benzo(a)pyrene 0.14 J 0.07 J 0.09 J 0.06 J 0.11 J 
Benzo(b)fluoranthene 0.26 J 0.13 J 0.14 0.13 J 0.18 
Benzo(k)fluoranthene 0.35 J 0.16 J 0.22 J 0.16 J 0.31 
Benzo(g,h,i)perylene 0.2 J 0.09 J 0.09 J 0.09 U 0.15 
Chrysene 0.73 0.45 0.65 0.48 0.64 
Dibenzo(a,h)anthracene 0.07 J 0.02 J 0.03 J 0.02 J 0.07 J 
Fluoranthene 2.25 1.05 1.73 1.42 1.98 
Fluorene 0.54 0.33 0.5 0.56 0.78 
Indeno(1,2,3-c,d)pyrene 0.13 J 0.07 U 0.07 U 0.07 U 0.1 J 
Naphthalene 1.09 0.73 0.9 0.84 1.16 
Phenanthrene 2.51 1.38 2.02 2.3 3.24 
Pyrene 2.04 1.02 1.65 1.34 1.74 
PAH Total 12.17 6.71 9.89 9.11 12.62 

* = Qualifiers 
U Analyte not detected; below Metho 
J Analyte estimated; detection below 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOAC 
008 
008 A N.v. Tissue 008 B N.v. Tissue 008 C N.v. Tissue 008 D N.v. Tissue 008 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
PCB Congeners (ng/g wet wt.) 
8 1.09 0.71 1.32 1.18 0.7 
18 39.31 28.63 37.73 35.25 29.76 
28 29.21 20.48 28.96 24.9 20.29 
44 14.12 11.9 13.53 14.94 13.69 
52 80.19 72.36 97.08 83.7 79.5 
66 8.84 7.59 8.48 7.86 6.86 
101 30.82 32.73 37.38 36. 35.07 
105 10.23 10.84 12.64 10.86 11.6 
118 14.59 15.11 16.89 16.61 14.4 
128 8.27 7.64 8.61 8.1 8.56 
138 32.92 39.03 42.26 40.35 41.56 
153 30.18 36.19 39.33 36.14 39.07 
170 3.85 4.93 4.87 3.23 3.24 
180 4.99 4.65 5.07 4.9 5.02 
187 3.02 4.11 3.89 4.08 3.22 
195 0.29 0.38 0.37 0.43 0.43 
206 0.25 0.31 0.32 0.37 0.34 
209 0.08 0.07 0.07 0.08 0.09 
Total PCBs 624.50 595.32 717.60 657.96 626.80 

* = Qualifiers 
U Analyte not detected; below Metho 
J Analyte estimated; detection below 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOAC 
008 
008 A N.v. Tissue 008 B N.v. Tissue 008 C N.v. Tissue 008 D N.v. Tissue 008 E N.v. Tissue 

CONTAMINANT REP1 * REP2 * REP3 * REP4 * REP5 * 
Pesticides (ng/g wet weight) 
Aldrin 0.03 U 0.03 U 0.03 U 0.03 U 0.03 U 
cis-Chlordane 0.13 0.1 0.1 0.12 0.12 
trans-Chlordane 0.12 0.07 0.09 0.1 0.11 
cis-Nonachlor 1.43 1.79 1.82 1.77 1.69 
trans-Nonachlor 0.29 0.22 0.26 0.27 0.31 
Oxychlordane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Total Chlordanes 2.02 2.23 2.32 2.31 2.28 
4,4'-DDT 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDD 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
4,4'-DDE 0.61 0.73 0.68 0.73 0.71 
Total DDT 0.71 0.83 0.78 0.83 0.81 
Dieldrin 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
alpha-Endosulfan 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
beta-Endosulfan 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
Endosulfans 0.08 0.08 0.08 0.08 0.08 
Endrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Heptachlor 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 
Heptachlor epoxide 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Hexachlorobenzene 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Lindane 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Methoxychlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
Toxaphene 5.42 U 2.76 U 2.83 U 2.86 U 2.83 U 

* = Qualifiers 
U Analyte not detected; below Metho 
J Analyte estimated; detection below 
NA Not Analyzed 



   
   

 

APPENDIX TABLE. REPLICATE BIOAC 

CONTAMINANT 

Dioxins (pg/g wet weight) 
2378 TCDD 
12378 PeDD 
123478 HxDD 
123678 HxDD 
123789 HxDD 
1234678 HpDD 
OCDD 
2378 TCDF 
12378 PeDF 
23478 PeDF 
123478 HxDF 
123678 HxDF 
123789 HxDF 
234678 HxDF 
1234678 HpDF 
1234789 HpDF 
OCDF 
PCB - 77 
PCB - 81 
PCB - 105 
PCB - 114 
PCB - 118 
PCB - 123 
PCB - 126 
PCB - 156 
PCB - 157 
PCB - 167 
PCB - 169 
PCB - 189 

* = Qualifiers 
U Analyte not detected; below Metho 
J Analyte estimated; detection below 
NA Not Analyzed 

008 
008 A N.v. Tissue 008 B N.v. Tissue 008 C N.v. Tissue 008 D N.v. Tissue 008 E N.v. Tissue 

REP1 * REP2 * REP3 * REP4 * REP5 * 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
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INTRODUCTION AND PURPOSE
 

This “Geophysical Investigation Report – New Bedford Marine Commerce Terminal, Upland
Geophysical  Investigations”  was prepared by  Apex Companies,  LLC  (Apex)  for  the  
Massachusetts Clean Energy Center. 

The  objective  of  this geophysical  investigation  was to  detect and  characterize  the 
subsurface at the site in an attempt to identify potential underground man‐made structures
(which  could  include  buried  pipes,  buried septic  systems,  buried  debris, buried  former 
foundations,  vaults,  underground  storage  tanks  (USTs),  and/or  other  potential  buried 
objects  within  the  survey  area)  which might affect proposed surface  construction,  future 
foundation construction, and/or other subsurface investigation activities. 

UPLAND STUDY AREA DEFINITION AND MEASUREMENT SPACING 

The  geophysical  data was  collected within the Areas  of Interest (AOI), within  properties 
anticipated to be included within the New Bedford Marine Commerce Terminal, including
portions of (or the entire area of) the following properties (as referenced by Map and Block 
numbers issued by the New Bedford Assessor’s Office):  Map 31  Block 288 (also referred to
as  the  “Unoccupied  Shuster  Property”,    Map  25A,  Block  53  (also  referred to  as  the 
“Northern  Department  of  Marine  Fisheries  (DMF)  Property”,  Map  25A,  Block  49  (also 
referred to  as  the “Southern DMF Property”), and Map 25A,  Block  48 (also referred to as 
the  “City  of New Bedford Property”).     The exact boundaries of  the Areas of Interest were 
determined during a walkthrough of the above‐noted properties, but generally consisted of 
accessible areas (i.e. areas that allowed access of geophysical equipment) within the above‐
noted properties.  Certain areas of the Unoccupied Shuster Property were densely covered
with vegetation and therefore were not accessible, similarly certain areas contained a high 
concentration of rocks which also impeded data collection.  It is Apex’s estimate that data 
collection represents a sampling frequency sufficient to provide analysis of approximately 
80% of the area of the above‐noted properties.  

Complete  coverage  Time  Domain  Electromagnetic  Induction  (TDEM)  data  was  collected
continuously (at a rate  of at  least  4  readings per second) over the Areas of  Interest along
traverses  spaced  approximately  2  –  3  feet  apart.  The  TDEM data was  position‐stamped
utilizing Differential  Global  Position  System  (DGPS)  coordinates,  and  cross‐checked with
the  grid  established  for  the  Ground  Penetrating  Radar  (GPR)  survey. Survey  lines are 
shown on Figure 1. 

Ground Penetrating Radar (GPR) data was collected continuously along “north‐south” and 
“east‐west” transects  spaced  approximately  5  to  15  feet  apart  over  the  survey  footprint.  
GPR  lines  over  select  electromagnetic  targets were  also  collected  to  further  characterize
potential subsurface anomalies identified from the EM data results. 



 

   
     

   
           

   
   

     
   

 

 
         

 
   

    
       

 
 

 

 

 
 

   
   

 

         
   

METHODOLOGY 

The geophysical methods best suited for this type of subsurface characterization are Time 
Domain Electromagnetic Induction (TDEM) in conjunction with Ground Penetrating Radar
(GPR).  TDEM instruments are sensitive to both ferrous and non‐ferrous metals, are able to
detect a buried 10  inch pipe  to depths  approaching 10 feet,  are fast  and easy to operate 
over  rough  terrain,  and  can  be  operated  near  buildings,  fences, and  power‐lines.  GPR 
utilizes electromagnetic waves propagated from an antenna focused on the ground surface 
to  detect  features  or structures in  the  subsurface  having  contrasting  electromagnetic
properties,  and  is used in  conjunction with TDEM data  to  further characterize anomalies
identified from the TDEM data and to identify non‐metallic structures in the subsurface. 

The results of TDEM data collection were gridded and contoured into a color‐coded plan‐
view contour map of the TDEM data. From this map, it is generally easy to pick out buried 
metallic structures, which show up as high intensity (red, orange, or pink) “anomalies” on 
the map view, examples of the field data can be found in Appendix B. 

GPR  results  are  obtained  as  cross‐sectional  representations  of  the  response  of  the 
subsurface to emitted electromagnetic waves. This combination of TDEM data in map view
with  GPR  data  in  cross‐sectional  view  provides  for  the  geophysical  interpreter  a  three‐
dimensional  representation  of  how  the  subsurface  responds  to  induced  electromagnetic 
energy. 

Apex  geophysicists  performed  the geophysical  survey  design,  data  collection,  data 
reduction, and data  interpretation. Details  concerning  the specific equipment utilized are 
presented in the sections below. 

Instrumentation 

Apex  preformed Time Domain Electromagnetics  (TDEM)  survey  on  February  21st  –  25th, 
February 28th – March 4th, March 7th – March 11th, 2011. 

The  Geonics  EM61  Mk‐II  is  a Time  Domain  Electromagnetic  (TDEM)  instrument  that  is 
currently considered one of the state‐of‐the‐art technologies for the detection of subsurface 
metallic objects and features. The EM61 utilizes two receiver coils to measure the residual 
magnetic  field  generated by  conductive  and/or magnetic materials.  In  general,  the EM61
employed  for  this project was designed  to measure  the  residual magnetic  field  at  a  time 
when the response from conductive and/or magnetic objects is maximized compared to the 
response from most earth materials. The use of two receiver coils also makes it possible to 
differentiate, in a simplistic fashion, shallow versus deeper objects.  An additional benefit of 
the specific design of the EM61 system is that it permits a more focused observation of the 
subsurface  in  areas  of  cultural  interference,  as  well  as  in  areas characterized by  a  high 



 
     

       
           
 

     
   

 

         

     
   

       
 

     
 

 

     
 

     
 

       

     
 

   
   

     
       

       

         
       

spatial  density  of  subsurface  objects  (i.e.,  it  can  differentiate  between  a high  number  of 
smaller  buried  metallic  objects  than  its  predecessor  models,  even  in  areas  with  high
background noise).   This capability  is due  to  both  the mechanical design and operational
parameters  of  the  instrument,  as  well  as  the  inherent  nature  of  active  electromagnetic 
fields, which diminish in magnitude at a much higher rate than other sensor technologies 
such as magnetometry. 

The  primary  factors  that  affect the  “detectability”  of objects  or  features with  TDEM 
methods  include: volumetric size and orientation; distance  from the sensor; and material  
properties contrast between the object or feature and the surrounding materials. 

Differential Global Positioning System (DGPS) 

The  Differential  Global  Positioning  System  (DGPS)  system  used  for  this  project  was  a 
Trimble  Pathfinder‐ProXRS.  The  system utilizes  satellite navigation  technology  to 
precisely  (within  approximately one  meter  accuracy)  identify  location  in real‐time 
(readings are collected approximately once per second).  The Trimble Pathfinder is a dual 
frequency  system  that  can  provide  the  highest  location  accuracy (given  the  current 
technology) under the conditions anticipated at the site under investigation. An additional
benefit is that the DGPS antenna is small and can be mounted directly onto the EM61 coils
without significantly interfering with the TDEM signal. 

The  EM61 and  DGPS  instrumentation were  operated  in  a manner  consistent  with  the 
general procedures documented in their respective operational manuals.  DGPS functional 
checks included occupation of known control points, as well as the reacquisition of specific 
targets  or  above‐ground  features generated from  the  interpretation  of  the  geophysical
data. 

Ground Penetrating Radar (GPR) 

Apex preformed GPR surveys on  April  6th  – April 8th,  2011 with  the GSSI  SIR‐3000.  The 
GSSI SIR‐3000 GPR instrument is a portable, field‐rugged system that has a built‐in 8.5‐inch 
high resolution monitor for real‐time data analysis.  Data is stored on an internal disk drive.  
The SIR‐3000 can be used with a variety of antennas from 2500 megahertz (MHz) to less 
than 50 MHz.  Based on the objectives of this geophysical investigation, a 400 MHz antenna 
was utilized, as it was considered the most likely to provide the necessary resolution and
depth penetration for the targets and features sought. 

GPR  is  a geophysical  technique  that  utilizes the  propagation of short  wavelength  (high 
frequency) electromagnetic waves into the subsurface to detect buried features.  Records of 
the  waves  reflected  back  by  features  and  structures  in  the  subsurface  that  possesses 
contrasts  in  electrical properties are obtained  in digital format.   The GPR  record  is most  



 
         

 
           

   
 

       
         

     
   

 
       

           

   

often displayed as a distance (horizontal) versus time (vertical) plot (in cross‐section), and 
is recorded digitally  to allow for post‐acquisition processing.   Although  a  GPR  record  is  a
complex  composition of  interface patterns,  loss mechanisms  (geometric, mechanical,  and
chemical),  and  reflections,  its  picture‐like  character  can make  it  a  very useful  tool  in  the
detection of buried  subsurface  features.  The depth of  investigation of  radar  is  generally 
shallow  due  to  the  high  frequencies  utilized,  however  this  disadvantage  is  (at  least)
partially offset by the increased resolution it offers over other geophysical techniques. 

The  "picture‐like" character  of  GPR  can make  it  a  very useful  tool  to  delineate many 
shallow  subsurface  features.  The  detection  of  an  object  or  feature  by  the  GPR  system
depends primarily upon the electrical properties of the host (i.e., natural site conditions, or 
"background")  and target (i.e.,  buried  structure,  utility,  void,  etc.)  materials.  The 
subsurface parameters that dominate the propagation of the radar wave are the dielectric 
permittivity  and  the  conductivity.   The dielectric permittivity  controls  the velocity of  the 
radar wave, and the conductivity controls the attenuation of the radar wave.  Accordingly,
subsurface materials or objects characterized by higher conductivities (i.e., metallic objects, 
moist or wet clays, saline water, and other conductive materials) attenuate the radar signal
more readily. 



   

     

         
   

   
       
       

 

     
   

   
   

             
 

       

             

           
 

   
   

 
               

 

   

     
     

     
     

     

   

PROCEDURES  Data Collection 

Survey Design  EM61 Electromagnetics 

The survey line spacing for the EM61 survey was approximately 2 ‐ 3 feet (EM61 data was
collected along lines spaced approximately 2 feet apart), resulting in complete, overlapping
EM coverage of the AOI footprint.  The survey was conducted along multiple parallel lines 
within the survey area.  Several cross‐lines were included within the survey area in order 
to provide data  quality  cross‐checks.   The EM61  data  collection  track  lines  are  shown  in  
Figure 1. 

The survey setup involved a mounted coil (sensor) system placed on a specially designed
wheel  “harness” which was  pulled  by  the  field  geophysicist  along  pre‐designated  survey 
lines.  The  GPS  receiver  was  attached  to the  EM61  via  a  (non‐metallic)  fiberglass‐pipe 
tripod  mounting  bracket  attached to  the  EM61  top  coil.  A  continuous  data  stream  was
collected from  both the EM61  and  the  GPS  units, and logged  via  a PC data‐logger for post 
processing of position and TDEM data merging. 

Survey Design  Ground Penetrating Radar 

The GPR data was collected along “north‐south” and “east‐west” traverses along a 10 – 15 
foot grid established over the proposed area of construction and along selected traverses 
across  TDEM anomalies.  Figure 1  shows  the  approximate  location  of  GPR  survey  lines
collected for the initial phase of the investigation. 

The GPR data collected in the field was both saved in the internal memory of the GPR unit, 
and  saved  to  a removable  disk  for  later  post‐processing  and  data  play‐back.  Position 
information was obtained simultaneously and streamed into the data collector at the same 
time as surveying.  Surveying in the cross points of the major grid lines and known corners
for verification (utilizing the hand‐held DGPS receiver), which transferred the position data 
to a data‐logger for downloading after completion of the survey. 

Data Processing 

The data processing for this study was conducted in keeping with industry standards, and 
was  performed  using  state‐of‐the‐art  and  well‐tested  software.   The  Apex  on‐site  
geophysicist performed preliminary geophysical data  processing  in  the  field.   Processing,
analysis  and  interpretation  of  the data was performed with  internally  and  commercially 
developed software  that has been specifically produced  to integrate and  interpret digital
geophysical data acquired with DGPS positioning systems.  Several steps were  performed
to process the geophysical data prior to analysis: 

Electromagnetics (TDEM) 



   
   
   

 

 
       

   
   

   
           

       

     
           

   
           

 

   

       
 

         
 

         
     

   
 

 

   

 
 
 

     

GPS  data  was  processed  and  transformed  into the  Universal Transverse  Mercator 
coordinate system. GPS/TDEM data merging was checked for lag errors by analyzing linear
anomalous  trends  for  offsets. Offset  corrections  were  applied  where  necessary.  EM61 
instrument  bias  was  removed,  signal  drift  was  corrected  where  necessary,  and  minor
instrument positioning corrections were applied. 

Positioning  and  EM61  signal  statistics  were  calculated;  erroneous  measurements  were
identified and  removed  from  the  data file.  The  TDEM  data was  analyzed  utilizing  the 
GeoSoft, Inc. “Oasis Montaj” geophysical data analysis software. 

Data was interpreted using two independent modes of  target prediction (1‐D profile data
and  2.5‐D  color‐coded  image  data)  to  provide  location  information  for  each  set  of 
anomalous  readings  (different  from  surrounding  readings).    A  color‐coded  image  of  the 
TDEM intensity (blues and greens for low TDEM readings, reds and oranges for high TDEM
readings) was generated in order to assist the interpreter. 

Ground Penetrating Radar (GPR) 

The  clarity  of  the  images  is  influenced  by  the signal  attenuation  (in  the  subsurface),  the
amount  of  debris  in  the  subsurface  causing  strong  reflectors  to  be  present,  and  the
moisture content of the subsurface materials.  Calibration of the system using gain controls
and high and low pass filters were regularly performed to account for changing subsurface
soil conditions within certain areas of survey, thus ensuring the best possible images were 
obtained. 

Interpretation Techniques 

The  following  sections describe  the  procedures  utilized by  Apex geophysicists in  their 
interpretation  of  the  multi‐phased  geophysical  data  collected  on  both  of  the  properties
respectfully.      Initially,  the  interpretations  of  the  TDEM  and  GPR  data  were  conducted 
independently  then merged.  Discrepancies  between  the  two  interpreted  data  sets were 
resolved through interactive re‐interpretation.  An interactive interpretation procedure is 
utilized, whereby  the  interpreting geophysicist defines  a possible  interpretation scenario 
from the first “layer” of data (i.e., the TDEM data), then adds another “layer” of data (i.e., the
GPR data), then re‐interprets the resulting composite data interpretation, (and so‐on) until 
the best fit interpretation for all of the available qualified data is achieved. 

Electromagnetics (TDEM) 

For  the  interpretation of  the  Time  Domain  Electromagnetic  (TDEM)  data,  two  primary 
modes of interpretation were used: 1D profile interpretation; and 2.5D interpretation using
color‐coded  measurement  data.  For  the  profile  interpretation,  EM61  data  maps  were
graphically displayed on the computer screen for review by the interpreter, data used for 



   
 

   
       

 
 

 
       

           

     
       

 
 

     

   
             

       
   
   

   
       

 

   

this  interpretation  is  attached  in  Appendix B.  TDEM  data  were  displayed  with  EM61 
amplitudes  along  the  y‐axis,  versus  distance  or  sample  points  along  the  x‐axis.    The  
geographic positions of the displayed data were also graphically displayed on the computer
screen along with  any  comments  entered  into  the positioning  system  (e.g.  surface metal, 
etc.).  The  anomalies  selected were  based  on  peak  amplitudes  above  background  values 
and/or the percentage of points above a  local background value. The interpreter selected
the  minimum  amplitude  and  percentage  above  background for  anomaly  targets.  
Background values  are  determined using the mode  of a specified  number of points  in the 
data acquisition session,  or by  taking  the median  value  of  the  data within a user‐defined 
number of samples around the anomaly. 

For 2.5D color‐coded interpretation, the interpreter plots the target selection results of the 
1D process on a mathematically gridded color‐coded map (see Figure 2).  The interpreter
has the ability to modify targets based on evaluation of the spatial relationships within the 
data (e.g., pick a single target location for several 1D interpretation points that are closely–
spaced), as well as deselect targets and features that appear to be aboveground features. 

Ground Penetrating Radar 

The  interpretation  of  the  GPR  data consisted of  the  interpreting  geophysicist  identifying 
features and  targets of  interest on  the  data profiles  (printing out data  and  data playback
conducted  in  a digitally  controlled  environment on next‐generation computing platforms
using the GPR data processing and interpretation software RADAN©) and mapping these
features in terms of their lateral extent.  The amplitude of the response as well as the shape
of  the  reflection  was  collectively  utilized  to  interpret  the  data.  Representative  symbols
were  transcribed  onto the  plan maps  of  the site,  representing  the potential  objects  and 
features of interest for further investigation. 



 

       
   

 

   
           

   
           

   
         

 
         

   

   
   

       
   

 

  
 
 
 
 
 
  
  
 
  
  
 
  

RESULTS 

The following sections describe the results of the TDEM and GPR surveys conducted on the
Unoccupied  Shuster  Property,  Northern  and  Southern  DMF  Properties  and  City  of  New 
Bedford Properties. 

The  results of  the  TDEM  survey  are  shown  on  the  color  registered  contour  plans  of  the
TDEM  response data  shown on Figure 2.    All  EM61  data was  compiled  into  a  single  file
containing relative X and Y coordinates and the EM61 response data (Z coordinates).  Data 
for  each of  the  two  instrument  reading  “coils” was  interpolated  to a  regular  grid using a
minimum  curvature  gridding algorithm.  The  data was  then  displayed  as  high  resolution
color plots as shown.  High electromagnetic responses appear as pinks or reds, whereas a
low or “quiet” response is identified by blue or green colors. 

The results of the GPR transects were interpreted by experienced geophysicists in order to
identify  areas  of  potential  GPR  anomalies.  Results  have  been rendered  on Figure 3  as  
target “tick‐marks” and “areas of anomalous GPR signature”.   

Electromagnetics (EM) 

The  Electromagnetic  response  within  the  survey  area  shows  a  variety  of  buried  and
surficial metallic  objects  (see Figure 2). The high electromagnetic  responses are  seen as
pinks  and  reds,  indicative of metallic  objects or materials that  have metallic  or magnetic
content  or  inclusions.    Surface  metal  was  noted  during  data  collection  and  disregarded 
during the interpretation of subsurface objects. 

Surficial metallic objects displayed in the EM data include: 

• Fence that surrounds part of the Northern and Southern DMF properties; 
• Manholes and utility covers; 
• Catch basins; 
• Utility poles; 
• Light posts; 
• Drain clean outs; 
• Fire hydrants; 
• Metal fences and gates; 
• Traffic and other signs in parking area; 
• Reinforced sidewalks; 
• The curb surrounding the parking areas and street; 
• Surficial debris located at the edge of the woods and within the woods; 
• Surficial debris in grassy area and area that had been cleared on the properties; 



  
 

         
   

  
  

 

         
           

             
             

           
 

       

  
     

       
             

 

   
 

 

 
   

     
   
 

   

•	 Metallic  objects  within  possible  old  building  footprint  will  also  give  a  high EM 
response. 

An EM  response related  to  subsurface objects  can come  from a many  types of  structures
including, pipes, septic systems, buried debris, and geologic features.  Subsurface metallic 
features that may result in anomalous EM data include: 

•	 Linear anomalies which indicate possible pipes and/or cables; and 
•	 Isolated high EM responses indicate buried metallic debris or metallic or magnetic 
material in the subsurface. 

A  portion  of the heavily vegetated area  in the middle  of the Unoccupied Shuster property 
was  included  as  an  area  of  interest  for  this  survey.    Due  to  the  difficultly/incomplete 
clearing of  the  area,  it was only  possible  to collect EM  in a  section of  the area as  seen  in 
Figure 2.   The  interpretation  of  the  data  from  this  area  suggests  the  possibility  of  some 
subsurface features.  It may be necessary to clear the remaining vegetation in order to gain
a clearer understanding of the potential features that may be found in the area. 

Ground Penetrating Radar (GPR) 

GPR results indicate the presence of multiple subsurface anomalies within the survey area.
Anomalies  are  depicted  as  tick  marks  on  Figure 3  and  identified  with  the  anomalous  
objects  approximate  depth  and orientation. Selected  GPR  transects  are  included  in  this  
report as Appendix A.   GPR response  will  vary due to  varying  surface  conditions such as
grass, asphalt and other surface conditions, and the GPR was re‐calibrated in the field when 
the GPR crossed between grass and asphalt whenever possible.   

Anomalies interpreted indicate the potential presence of the following subsurface features: 

Buried utility  lines: numerous parabolic reflectors were noted in the GPR data,  indicating
the  likely  presence  of  buried  utility  lines,  when  oriented  linearly.  These  varied  from 
(small) possible buried electric lines to (larger) storm water drainage lines, or septic lines. 

Chaotic/complex anomalies associated with EM anomalies in the within the area believed 
to  be  the  buried  building  footprint.  These very complex  and  chaotic  anomalies  were 
identified  in  the  data ranging  from  shallow  to  deep. The  random nature  and  chaotic 
signature of the anomalies  is  consistent with debris and/or possible  structures buried  in
the subsurface. 



 

   
           

       
             

       
     

 
     

           
   
 

     

   
 

 
     

           

       
 

          
   

 
     

 
               

      
 

INTERPRETATIONS 

The geophysical data collected on both properties was processed and interpreted by Apex 
geophysicists.  An  interpretation of  the  composite  EM and GPR data  is  presented on  the
“Electromagnetics and GPR Interpreted Results Map” in Figure 2. An “Interpretive Results 
Map” depicting only the interpretive lines is presented as Figure 3.  It should be noted that 
not  all  anomalies  identified in the  EM  and/or  GPR  data were  interpreted  as subsurface 
targets  of  interest.  EM  and  GPR  anomalies  can  be  caused  by  a variety  of  subsurface
conditions  such  as  single  item  debris,  rocks,  and  roots  from  trees,  certain  geological
configurations,  etc.  Anomalies  that  were interpreted  as  being the  result  of  either  small 
debris,  natural  objects,  or  were  not  significant,  were  generally  not  translated  onto  the 
interpretive  maps  (unless  they  were  deemed  significant  or  of  interest,  or  could  be 
significant or of interest). 

Many of  the  EM and GPR  targets  identified  in  the data  exhibited  coincident  EM and GPR
anomalies,  while  other features  were  interpreted from  either  singular  EM  responses  or 
GPR‐only  anomalies.  The  following  subsurface  features  were  interpreted  from  the 
combined EM and GPR data: 

Anomalies and Structures: 

Within  the  fenced‐in  areas of  the Northern  and  Southern DMF properties,  as well  as  the
grassy  areas  to  the  west  of  the  DMF  properties,  the  geophysical data  indicates  several 
drainage features: 

•	 GPR anomalies indicate a possible drainage feature associated with a catch basin in 
the  east within  the  fenced‐in  area  of the Northern  and Southern DMF properties
and a catch basin/drywell in the southeast of the area.  GPR anomalies suggest that 
a  subsurface  drainage  structure  connects  these  two  catch  basins.  Anomalies  also 
suggest  a  structure  that  trends  southwest  from  the  catch  basin/drywell,  which
appears to split into two east/west trending structures. 

•	 EM  and  GPR  anomalies  suggest  that  the  more  southern  potential  east/west
trending structure discussed above may continue  to  the east where  it  appears  to 
fork  into a northwest/southeast  trending  structure  that  runs  towards a potential
drainage basin/wetland area.   Anomalies also  suggest that  the  east/west trending 
potential structure may continue to the south, where it appears to turn 90° to the 
east to potentially connect with a manhole located at the edge of the southern fence
line. 

•	 EM  and  GPR  anomalies  appear  to  indicate  the  presence  of  a  structure  that  is
associated with the drain and manhole located at the southern end of the fence line 
of the Northern and Southern DMF properties. 



    
 

   
       
 

        
         

          

              
       

 
 

          
   

     
 

    
       

 
 

       
 

 
   

   
 

         
         

    
   

 

           
 

 

•	 EM  and  GPR  anomalies  suggest  the  presence  of  another  drainage  structure  that 
originates  to  the  west of  the  fence‐line  of  the  Northern  and  Southern  DMF 
properties.  The anomalies suggest the structure may trend east, where it appears
to  intersect  with  another  drainage  structure that  trends  north‐south  or  possible
underground storage. 

•	 On  the  northeastern  part  of  the  Unoccupied  Shuster  property,  EM  and  GPR
anomalies suggest the presence of a drainage system that appears to include a large
pipe trending southeast toward the water. 

•	 In the grassy area on the western portion of the Unoccupied Shuster property, EM 
and GPR anomalies indicate the presence of possible building structure rubble. 

•	 EM and GPR  anomalies  in  the  western  part  of  the  grassy  area  of  the Unoccupied 
Shuster Property may indicate the presence of a building structure footprint north‐
south, anomalies also suggest that the possible footprint structure continues to the 
southeast, potentially into the Northern DMF Property. 

•	 EM  and  associated  GPR  anomalies  also  indicate  the  presence  of  a  potential
structure  that  trends  east‐west,  appearing  to terminate at  the  northwest  of  the 
grassy  area.  It  appears  that  the  potential  structure  may  connect  with  the  above
noted structure. 

•	 There are linear EM and GPR anomalies that appear to be associated with the catch
basins located west of the Northern and Southern DMF property fence, south of the 
Unoccupied  Shuster  Property,  near  Blackmer  Street.  The  anomalies  suggest 
potential  subsurface  drainage  structures  that  connect  the  catch  basins.    The  
anomalies also indicate that a drainage structure may continue to the east toward
the Northern and Southern DMF properties. 

Buried Utilities: 

The interpreted geophysical results suggest the presence of several linear anomalies likely
to be indicative of the presence of buried utility lines at the site. 

•	 There are EM and GPR anomalies that appear to extend from the north to the south.
The anomalies appear to connect the riser with an overhead light pole.  It is possible
that these anomalies indicate the presence of a buried electric line. GPR anomalies 
also  suggest that  the  potential  electric  line  extends  further  to  the  east  from  the
overhead light to another overhead light east of the parking lot. GPR anomalies also
indicate that electric lines may run north and south from this overhead light to other 
lights in the north and south of the paved land with the Northern and Southern DMF 
properties. 

Other Anomalous Subsurface Features: 



 

 

 
 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

1. EM and GPR data background levels varied depending upon the type of surface that 
existed in the survey areas (i.e., pavement areas exhibited a different background 
signature than did grassy or treed areas).  Additionally, some of the low amplitude 
“scatter” seen in the EM and/or GPR data is likely the result of surficial or near‐
surficial debris or unknown structures.  Features that were interpreted from the EM 
and GPR data include: 

2. In the paved area within the Southern DMF property, the GPR data revealed a large 
underground anomaly.  The GPR anomaly was very chaotic, and had high reflective 
properties.  It is possible that it represents some debris or fill in the subsurface. 

3. On the east side of the Northern and Southern DMF properties, EM and GPR 
anomalies may represent some subsurface features.  It is unclear whether these 
anomalies have some relation to other possible buried structures, such as a 
potential leach field/wetland, or are just the result of subsurface debris.

4. In the grassy areas on the west side of the Unoccupied Shuster property, there are 
several EM and GPR anomalies that do not appear to be associated with any of the 
possible features or structures discussed above.  They may potentially represent 
unknown buried structures, or may be the result of scattered subsurface debris or 
fill.  To the north of the grassy area, some of these features appear to be subsurface 
structures as indicated by EM and GPR anomalies.  The extent and nature of these 
features is unclear.  In the southern half of the grassy area, geophysical anomalies 
may represent buried debris, such as a building footprint structure.

5. On the northeast side of the Unoccupied Shuster property, in a sandy environment, 
there is an EM and GPR anomaly that may potentially be related with several 
drainage structures discussed above.  The EM anomaly may represent buried 
metallic debris, or a potential drywell and drainage structure. 
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APPENDIX A 

Selected GPR transects 



   
 

 
 

 

                               
                  

                                   
     

Appendix A
 

Above – Line102: A GPR transect collect on the northeast corner on the Shuster property showing 

possible pipe anomalies. Transect was collected north to south. 

Below – Line 013: A GPR transect collected in the paved portion of the Department of Marine Fisheries, 
west to east. 



 

 

 

   

 

 

APPENDIX B 

Examples of Field Data 
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Table 1 

Analytical Testing Summary: Soil 


New Bedford Marine Commerce Terminal
 
New Bedford, Massachusetts
 

Sample ID 
P

C
B

s

V
O

C
s

S
V

O
C

s

M
et

al
s

TP
H

M
A

 V
P

H

M
A

 E
P

H

TC
LP

-P
b 

TP-1 x x x 
TP-2 x x x x 
TP-3 x x x x x x x 
TP-4 x x x x 
TP-5 x x x x 
TP-6 x x x x x x x 
TP-7 x x x 
TP-8 x x x 
TP-9 x x x 
TP-10 x x x 
TP-11 x x x 
TP-12 x x x x 
TP-13 x x x 
TP-13A x x x 
TP-14 x x x 
TP-16 x x x 
TP-17 x x x x 
DUPLICATE 1 x x x x x x x 
DUPLICATE 2 x x x x x x x 
TP6-1-N-H x x x x 
TP6-2-N-M x x x x 
TP6-3-N-A x x x x 
TP6-3-N-B x x x x 
TP6-2-W-A x x x x 
TP6-2-W-M x x x x 
TP6-2-W-B x x x x 
TP6-1-NW-A x x 
TP6-1-NW-M x x 
TP6-1-NW-B x x 
TP6-2-NW-A x x 
TP6-2-NW-M x x 
TP6-2-NW-B x x 
TP6-1-NE-A x x 
TP6-1-NE-M x x 
TP6-1-NE-B x x 
TP6-3-NE-A x x 
TP6-3-NE-M x x 



Table 1 

Analytical Testing Summary: Soil 


New Bedford Marine Commerce Terminal
 
New Bedford, Massachusetts
 

Sample ID 
P

C
B

s

V
O

C
s

S
V

O
C

s

M
et

al
s

TP
H

M
A

 V
P

H

M
A

 E
P

H

TC
LP

-P
b 

TP6-3-NE-B x x 
TP6-5-NE-A x x x 
TP6-5-NE-M x x x 
TP6-5-NE-B x x x 
TP6-7-NW-A x x x 
TP6-7-NW-M x x x 
TP6-7-NW-B x x x 
TP2-1-W-H x x x x 
TP2-2-W-M x x x x 
TP2-4-W-A x x x x 
TP2-4-W-B x x x x 
TP3-1-S x x x 
TP3-2-S-A x x x 
TP3-2-S-M x x x 
TP3-2-S-B x x x x 
TP4-1-E x x x x 
TP4-1-S-A x x x 
TP4-1-S-M x x x 
TP4-1-S-B x x x 
TP4-1-W-A x x x 
TP4-1-W-M x x x 
TP4-1-W-B x x x 
TP4-2-W x x x 
TP-9-1-E x 
TP-9-1-W x 
TP-9-1-N x 
TP-9-1-S x 
TP13-1-S x 
TP13-2-S-A x 
TP13-2-S-M x 
TP13-2-S-B x 
TP13/17-1-C-A x 
TP13/17-1-C-M x 
TP13/17-1-C-B x 
TP13-1-N-A x 
TP13-1-N-M x 
TP13-1-N-B x 



Table 1 

Analytical Testing Summary: Soil 


New Bedford Marine Commerce Terminal
 
New Bedford, Massachusetts
 

Sample ID 
P

C
B

s

V
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C
s

S
V

O
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s

M
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al
s

TP
H
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A
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P

H

M
A

 E
P

H

TC
LP

-P
b 

TP17-1-N-A x 
TP17-1-N-M x 
TP17-1-N-B x 
TP17-1-S-A x 
TP17-1-S-M x 
TP17-1-S-B x 
B-3/MW-1 x x 
B-4/MW-2 x x 
B-5/MW-3 x x 
B-6/MW-4 x x 
B-7 x x 
B-8/MW-5 x x x 
B-9/MW-6 x x 
B-11/MW-7 x x x x x 
B-12/MW-8A x x x x x 
B-12/MW-8B x x x x x 
TP4-2NW-A x 
TP4-2NW-M x 
TP4-2NW-B x 
TP4-1N-A x 
TP4-1N-M x 
TP4-1N-B x 
TP4-2N-A x 
TP4-2N-M x 
TP4-2N-B x 
TP4-1NE-A x 
TP4-1NE-M x 
TP4-1NE-B x 
TP4-3W-A x 
TP4-3W-M x 
TP4-3W-B x 
TP4-4W-A x 
TP4-4W-M x 
TP4-4W-B x 
TP4-5W-A x 
TP4-5W-M x 
TP4-5W-B x 



Table 1 

Analytical Testing Summary: Soil 


New Bedford Marine Commerce Terminal
 
New Bedford, Massachusetts
 

Sample ID 
P

C
B

s

V
O

C
s

S
V

O
C

s

M
et

al
s

TP
H

M
A

 V
P

H

M
A

 E
P

H

TC
LP

-P
b 

TP4-1NW-A x 
TP4-1NW-M x 
TP4-1NW-B x 
TP2-1E-A x 
TP2-1E-M x 
TP2-1E-B x 
TP6-1S x 
TP63W x 
TP6-8NW x 
TP6-4N x 
TP6-6NE x 
TP2-1E x 
TP2-2E x 
TP4-1NE x 



Table 2 

Analytical Testing Summary: Groundwater 

New Bedford Marine Commerce Terminal
 

New Bedford, Massachusetts
 

Sample ID PCBs VOCs SVOCs Metals TPH VPH EPH 

MW-1 x x x x x 

MW-2 x x x x x 

MW-3 x x x x x 

MW-4 x x x x x 

MW-5 x x x x x 

MW-6 x x x x x 

MW-7 x x x x x x x 

MW-8 x x x x x x x 



Table 3 

PCBs (Aroclors) -

Test Pit Soil Analytical Data 

New Bedford Marine Commerce Terminal
 

New Bedford, Massachusetts
 

Sample Name Collection 
Date 

A
ro

cl
or

 1
01

6/
12

42

A
ro

cl
or

 1
22

1

A
ro

cl
or

 1
23

2

A
ro

cl
or

 1
24

8

A
ro

cl
or

 1
25

4

A
ro

cl
or

 1
26

0 

TP-1 4/25/2011 0.06U 0.06U 0.06U 0.06U 0.086 0.06U 
TP-2 4/25/2011 1.1U 1.1U 1.1U 1.1U 75 1.1U 
TP-5 4/25/2011 0.31U 0.31U 0.31U 0.31U 0.31U 0.31U 
TP-4 4/25/2011 6.2U 6.2U 6.2U 6.2U 610 6.2U 
TP-3 4/25/2011 0.53J 0.17U 0.17U 0.52J 12.0 0.17U 
TP-7 4/26/2011 0.0061U 0.0061U 0.0061U 0.0061U 0.26 0.0061U 
TP-6 4/26/2011 0.0067U 0.0067U 0.0067U 0.0067U 0.11 0.0067U 
TP-8 4/26/2011 0.0058U 0.0058U 0.0058U 0.0058U 0.014 0.0058U 
TP-9 4/26/2011 0.77U 0.77U 0.77U 0.77U 4.6 0.77U 
TP-11 4/26/2011 0.0054U 0.0054U 0.0054U 0.0054U 0.032 0.0054U 
TP-10 4/27/2011 0.0058U 0.0058U 0.0058U 0.0058U 0.22 0.0058U 
TP-12 4/27/2011 0.0062U 0.0062U 0.0062U 0.0062U 0.11 0.0062U 
TP-13a 4/27/2011 0.012U 0.012U 0.012U 0.012U 0.51 0.012U 
TP-14 4/27/2011 0.0059 0.0059 0.0059 0.0059 0.1 0.0059 
TP-16 4/27/2011 0.0061U 0.0061U 0.0061U 0.0061U 0.03 0.0061U 
TP-17 4/27/2011 0.12U 0.12U 0.12U 0.12U 6.20 0.12U 
TP-13 4/28/2011 0.12U 0.12U 0.12U 0.12U 6.4 0.12U 
DUPLICATE 1* 4/25/2011 0.57U 0.57U 0.57U 0.57U 3.1 0.57U 
DUPLICATE 2** 4/26/2011 0.0067U 0.0067U 0.0067U 0.0067U 0.1 0.0067U 
TP6-1-N-H 7/18/2011 0.0099U 0.0099U 0.0099U 0.0099U 0.019 0.0099U 
TP6-2-N-M 7/18/2011 0.0068U 0.0068U 0.0068U 0.0068U 0.0068U 0.0068U 
TP6-3-N-A 7/18/2011 0.0059U 0.0059U 0.0059U 0.0059U 0.540 0.019 
TP6-3-N-B 7/18/2011 0.0062U 0.0062U 0.0062U 0.0062U 0.0062U 0.0062U 
TP6-2-W-A 7/19/2011 0.0058U 0.0058U 0.0058U 0.0058U 1.7 0.0058U 
TP6-2-W-M 7/19/2011 0.019U 0.019U 0.019U 0.019U 0.019U 0.019U 
TP6-2-W-B 7/19/2011 0.0056U 0.0056U 0.0056U 0.0056U 0.0056U 0.0056U 
TP6-1-NW-A 7/22/2011 0.0059U 0.0059U 0.0059U 0.0059U 1.7 0.0059U 
TP6-1-NW-M 7/22/2011 0.0052U 0.0052U 0.0052U 0.0052U 0.28 0.140 
TP6-1-NW-B 7/22/2011 0.006U 0.006U 0.006U 0.006U 0.047 0.006U 
TP6-2-NW-A 7/22/2011 0.015U 0.015U 0.015U 0.015U 2.3 0.094 
TP6-2-NW-M 7/22/2011 0.0054U 0.0054U 0.0054U 0.0054U 0.0054U 0.0054U 
TP6-2-NW-B 7/22/2011 0.006U 0.006U 0.006U 0.006U 0.006U 0.006U 
TP6-1-NE-A 7/22/2011 0.0051U 0.0051U 0.0051U 0.0051U 0.25 0.0096 
TP6-1-NE-M 7/22/2011 0.0062U 0.0062U 0.0062U 0.0062U 0.35 0.0062U 
TP6-1-NE-B 7/22/2011 0.0051U 0.0051U 0.0051U 0.0051U 0.028 0.0051U 
TP6-3-NE-A 7/22/2011 0.0055U 0.0055U 0.0055U 0.0055U 0.025 0.0055U 
TP6-3-NE-M 7/22/2011 0.0055U 0.0055U 0.0055U 0.0055U 0.0055U 0.0055U 
TP6-3-NE-B 7/22/2011 0.0058U 0.0058U 0.0058U 0.0058U 0.019 0.0058U 
TP6-5-NE-A 7/25/2011 0.0051U 0.0051U 0.0051U 0.0051U 0.0051U 0.0051U 
TP6-5-NE-M 7/25/2011 0.0059U 0.0059U 0.0059U 0.0059U 0.042 0.0059U 
TP6-5-NE-B 7/25/2011 0.0066U 0.0066U 0.0066U 0.0066U 0.0066U 0.0066U 
TP6-7-NW-A 7/25/2011 0.0056U 0.0056U 0.0056U 0.0056U 0.11 0.0056U 
TP6-7-NW-M 7/25/2011 0.0059U 0.0059U 0.0059U 0.0059U 0.0059U 0.0059U 
TP6-7-NW-B 7/25/2011 0.0066U 0.0066U 0.0066U 0.0066U 0.0066U 0.0066U 
TP2-2-W-H 7/19/2011 0.0058U 0.0058U 0.0058U 0.0058U 0.0058U 0.0058U 
TP2-2-W-M 7/19/2011 0.0056U 0.0056U 0.0056U 0.0056U 0.0056U 0.0056U 
TP2-4-W-A 7/19/2011 0.0077 0.0055U 0.0055U 0.0055U 0.170 0.012 
TP2-4-W-B 7/19/2011 0.0057U 0.0057U 0.0057U 0.0057U 0.087 0.0059 
TP3-1-S 7/19/2011 0.0069U 0.0069U 0.0069U 0.0069U 0.0069U 0.0069U 
TP3-2-S-A 7/19/2011 0.0058U 0.0058U 0.0058U 0.0058U 1.3 0.06 
TP3-2-S-M 7/19/2011 0.0056U 0.0056U 0.0056U 0.0056U 0.42 0.019 
TP3-2-S-B 7/19/2011 0.0059U 0.0059U 0.0059U 0.0059U 0.0059U 0.0059U 
TP4-1-E 7/19/2011 0.0067U 0.0067U 0.0067U 0.0067U 0.57 0.0067U 
TP4-1-S-A 7/20/2011 0.0058U 0.0058U 0.0058U 0.0058U 0.360 0.041 
TP4-1-S-M 7/20/2011 0.0056U 0.0056U 0.0056U 0.0056U 0.0059 0.0056U 
TP4-1-S-B 7/20/2011 0.0059U 0.0059U 0.0059U 0.0059U 0.0059U 0.0059U 

Estimate of Total PCBs 
(Summation of reported 

Aroclors) (mg/kg) 

0.086 
75 
ND 
610 
13.1 
0.26 
0.11 

0.014 
4.6 

0.032 
0.22 
0.11 
0.51 
0.1 
0.03 
6.20 
6.4 
3.1 
0.1 

0.019 
ND 

0.559 
ND 
1.7 
ND 
ND 
1.7 
0.42 

0.047 
2.394 
ND 
ND 

0.2596 
0.35 

0.028 
0.025 
ND 

0.019 
ND 

0.042 
ND 
0.11 
ND 
ND 
ND 
ND 

0.0077 
0.093 
ND 
1.36 

0.439 
ND 
0.57 

0.401 
0.0059 

ND 
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Table 3 

PCBs (Aroclors) -

Test Pit Soil Analytical Data 

New Bedford Marine Commerce Terminal
 

New Bedford, Massachusetts
 

Sample Name Collection 
Date 
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TP4-1-W-A 7/20/2011 3.1U 3.1U 3.1U 3.1U 630 11 
TP4-1-W-M 7/20/2011 2.9U 2.9U 2.9U 2.9U 970 19 
TP4-1-W-B 7/20/2011 0.006U 0.006U 0.006U 0.023 0.170 0.006U 
TP4-2-W 7/20/2011 12U 12U 12U 12U 480 12U 
TP-9-1-E 7/20/2011 0.0092U 0.0092U 0.0092U 0.0092U 0.014 0.0092U 
TP-9-1-W 7/20/2011 0.0075U 0.0075U 0.0075U 0.017 0.069 0.0075U 
TP-9-1-N 7/20/2011 0.0097U 0.0097U 0.0097U 0.0097U 0.0097U 0.0097U 
TP-9-1-S 7/20/2011 0.0096U 0.0096U 0.0096U 0.0096U 0.0096U 0.0096U 
TP13-1-S 7/21/2011 0.0061U 0.0061U 0.0061U 0.0061U 0.730 0.069 
TP13-2-S-A 7/21/2011 0.0053U 0.0053U 0.0053U 0.0053U 0.0099 0.0053U 
TP13-2-S-M 7/21/2011 0.013 0.0065U 0.0065U 0.033 0.86 0.086 
TP13-2-S-B 7/21/2011 0.0074U 0.0074U 0.0074U 0.0074U 0.0074U 0.0074U 
TP13/17-1-C-A 7/21/2011 0.0059U 0.0059U 0.0059U 0.0059U 0.78 0.072 
TP13/17-1-C-M 7/21/2011 0.0094U 0.0094U 0.0094U 0.0094U 0.0094U 0.0094U 
TP13/17-1-C-B 7/21/2011 0.0061U 0.0061U 0.0061U 0.0061U 0.0068 0.0061U 
TP13-1-N-A 7/21/2011 0.0059 0.0058U 0.0058U 0.0058U 2.1 0.0058U 
TP13-1-N-M 7/21/2011 0.0067U 0.0067U 0.0067U 0.0067U 0.260 0.0067U 
TP13-1-N-B 7/21/2011 0.0067U 0.0067U 0.0067U 0.0067U 0.0077 0.0067U 
TP17-1-N-A 7/21/2011 0.0061U 0.0061U 0.0061U 0.0061U 0.62 0.034 
TP17-1-N-M 7/21/2011 0.0061U 0.0061U 0.0061U 0.0061U 0.0061U 0.0061U 
TP17-1-N-B 7/21/2011 0.0078U 0.0078U 0.0078U 0.0078U 0.0078U 0.0078U 
TP17-1-S-A 7/21/2011 0.0056U 0.0056U 0.0056U 0.0056U 0.54 0.031 
TP17-1-S-M 7/21/2011 0.0067U 0.0067U 0.0067U 0.0067U 0.06 0.0067U 
TP17-1-S-B 7/21/2011 0.0061U 0.0061U 0.0061U 0.0061U 0.0061U 0.0061U 
B-3/MW-1 5/2/2011 0.0052U 0.0052U 0.0052U 0.0052U 0.030 0.0052U 
B-4/MW-2 5/3/2011 0.0054U 0.0054U 0.0054U 0.0054U 0.480 0.013J 
B-5/MW-3 5/4/2011 0.0057U 0.0057U 0.0057U 0.0057U 0.0057U 0.0057U 
B-6/MW-4 5/5/2011 0.0057U 0.0057U 0.0057U 0.0057U 0.040 0.0057U 
B-7 5/6/2011 0.0053U 0.0053U 0.0053U 0.0053U 0.060 0.0053U 
B-8/MW-5 5/6/2011 0.0057U 0.0057U 0.0057U 0.0057U 0.020 0.0057U 
B-9/MW-6 5/9/2011 0.0053U 0.0053U 0.0053U 0.0053U 0.020 0.0053U 
B-11/MW-7 5/12/2011 0.0057U 0.0057U 0.0057U 0.0057U 0.0057U 0.0057U 
B-12/MW-8A 5/13/2011 0.011U 0.011U 0.011U 0.011U 0.011U 0.011U 
B-12/MW-8B 5/13/2011 0.0059U 0.0059U 0.0059U 0.0059U 0.0059U 0.0059U 
TP4-2NW-A 8/11/2011 0.0054U 0.0054U 0.0054U 0.0054U 1.10 0.039 
TP4-2NW-M 8/11/2011 0.019U 0.019U 0.019U 0.019U 0.02 0.019U 
TP4-2NW-B 8/11/2011 0.006U 0.006U 0.006U 0.006U 0.006U 0.006U 
TP4-1N-A 8/11/2011 0.0055U 0.0055U 0.0055U 0.0055U 0.93 0.041 
TP4-1N-M 8/11/2011 0.12U 0.12U 0.12U 0.12U 0.12U 0.12U 
TP4-1N-B 8/11/2011 0.0063U 0.0063U 0.0063U 0.0063U 0.0063U 0.0063U 
TP4-2N-A 8/11/2011 0.0053U 0.0053U 0.0053U 0.0053U 0.01 0.0053U 
TP4-2N-M 8/11/2011 0.0056U 0.0056U 0.0056U 0.0056U 0.01 0.0056U 
TP4-2N-B 8/11/2011 0.017U 0.017U 0.017U 0.017U 0.017U 0.017U 
TP4-1NE-A 8/11/2011 0.0056U 0.0056U 0.0056U 0.0056U 0.09 0.0056U 
TP4-1NE-M 8/11/2011 0.19U 0.19U 0.19U 0.19U 0.19U 0.19U 
TP4-1NE-B 8/11/2011 0.066U 0.066U 0.066U 0.066U 0.066U 0.066U 
TP4-3W-A 8/11/2011 0.055U 0.055U 0.055U 0.055U 4.10 0.16 
TP4-3W-M 8/11/2011 0.0057U 0.0057U 0.0057U 0.0057U 0.47 0.024 
TP4-3W-B 8/11/2011 0.0056U 0.0056U 0.0056U 0.0056U 0.01 0.0056U 
TP4-4W-A 8/11/2011 0.0058U 0.0058U 0.0058U 0.0058U 0.03 0.0058U 
TP4-4W-M 8/11/2011 0.059U 0.059U 0.059U 0.059U 0.059U 0.059U 
TP4-4W-B 8/11/2011 0.011U 0.011U 0.011U 0.011U 0.011U 0.011U 
TP4-5W-A 8/11/2011 0.0056U 0.0056U 0.0056U 0.0056U 0.33 0.0056U 
TP4-5W-M 8/11/2011 0.07U 0.07U 0.07U 0.07U 0.38 0.07U 
TP4-5W-B 8/11/2011 0.01U 0.01U 0.01U 0.01U 0.01U 0.01U 

Estimate of Total PCBs 
(Summation of reported 

Aroclors) (mg/kg) 

641 
989 

0.193 
480 

0.014 
0.086 
ND 
ND 

0.799 
0.0099 
0.992 
ND 

0.852 
ND 

0.0068 
2.1059 

0.26 
0.0077 
0.654 
ND 
ND 

0.571 
0.06 
ND 
0.03 

0.493 
ND 
0.04 
0.06 
0.02 
0.02 
ND 
ND 
ND 
1.14 
0.02 
ND 

0.971 
ND 
ND 
0.01 
0.01 
ND 
0.09 
ND 
ND 
4.26 

0.494 
0.01 
0.03 
ND 
ND 
0.33 
0.38 
ND 
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Table 3 

PCBs (Aroclors) -

Test Pit Soil Analytical Data 

New Bedford Marine Commerce Terminal
 

New Bedford, Massachusetts
 

Sample Name Collection 
Date 
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TP4-1NW-A 8/11/2011 0.0058U 0.0058U 0.0058U 0.0058U 110.00 0.0058U 
TP4-1NW-M 8/11/2011 0.095U 0.095U 0.095U 0.095U 0.15 0.095U 
TP4-1NW-B 8/11/2011 0.0055U 0.0055U 0.0055U 0.0055U 1.30 0.067 
TP2-1E-A 8/11/2011 0.0052U 0.0052U 0.0052U 0.0052U 0.01 0.0052U 
TP2-1E-M 8/11/2011 0.0054U 0.0054U 0.0054U 0.0054U 0.01 0.0054U 
TP2-1E-B 8/11/2011 0.0056U 0.0056U 0.0056U 0.0056U 0.01 0.0056U 

MCP Upper Concentration Limits (U NP NP NP NP NP NP 
MCP S-3/GW-2 NP NP NP NP NP NP 
MCP S-3/GW-3 NP NP NP NP NP NP 
Reporting Category - RCS-2 NP NP NP NP NP NP 

Estimate of Total PCBs 
(Summation of reported 

Aroclors) (mg/kg) 

110 
0.15 

1.367 
0.01 
0.01 
0.01 

100 
3 
3 
3 

Notes: 
U = Concentration is below the laboratory's method detection limit. One half of the method detection limit is utilized in the summation. 
*Duplicate 1 is a duplicate sample of sample TP-3. 
**Duplicate 2 is a duplicate sample of sample TP-6. 
NP = Not Promulgated 
ND = Analyzed Aroclors were non-detected. 
J = Estimated value. 

Exceedance of MCP Reporting Category and/or Standard, which also exceeds EPA's unrestricted use standard of 1 ppm. 
Exceedance of EPA's unrestricted use Standard in High Occupancy Use Areas (e.g., residential) of 1 ppm, but not 
its respective MCP Reporting Category and/or Standard. 

NOTE: EPA Standard for Low Occupancy Use Areas (e.g., commercial) is less than or equal to 25 ppm (and greater than 1 ppm). 
A = Shallow Sample 
M = Middle Sample 
B = Bottom 
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Table 4 

Volatile Organic Compounds
 

Soil Analytical Data 

South Terminal CDF, New Bedford, Massachusetts
 

concentration in ppm (mg/kg)
 

Sample Name Collection Date 

Volatile Organics (mg/kg) 
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B-11/MW-7 5/12/2011 0.1U 0.1U 0.16U 1.1 0.76 0.32 0.1U 0.1U 0.1U 0.1U 12.0 0.1U 0.41U 0.440 
B-12/MW-8 (A) 5/13/2011 0.5U 6.6 0.74U 7.6 10 7.2 0.5U 0.5U 3.2 1.8 36.0 0.5U 2U 3.2 
B-12/MW-8 (B) 5/13/2011 0.083U 0.52 0.12U 0.78 0.8 0.58 0.083U 0.083U 0.42 0.22 4.6 0.083U 0.33U 0.350 
TP-3 4/25/2011 0.089U 0.089U 0.130U 0.089U 0.180U 0.180U 0.089U 0.089U 0.089U 0.089U 1.5 0.089U 0.350U 0.350U 
Duplicate 1* 4/25/2011 0.082U 0.082U 0.120U 0.082U 0.160U 0.160U 0.082U 0.082U 0.082U 0.089 1.5 0.082U 0.330U 0.330U 
TP-6 4/26/2011 4.0U 4.0U 10 2.2 20 8.1 4.0U 4.0U 5.9 4.2 180 4.0U 16.0U 16.0U 
Duplicate 2** 4/26/2011 0.820U 0.820U 2.2 5.8 5.4 2.2 0.820U 0.820U 1.8 1.4 64 0.820U 3.3U 3.3U 
TP6-1-N-H 7/18/2011 6.6U 6.6U 9.9U 39 15 18 6.6U 6.6U 38 43 470 6.6U 26.0U 40 
TP6-2-N-M 7/18/2011 0.13U 0.13U 0.19U 0.13U 0.25U 0.25U 0.13U 0.13U 0.13U 0.13U 0.51U 0.13U 0.51U 0.51U 
TP6-3-N-A 7/18/2011 0.13U 0.0013U 0.002U 0.0013U 0.0026U 0.0026U 0.0013U 0.0013U 0.0013U 0.0013U 0.0053U 0.0013U 0.0053U 0.0053U 
TP6-3-N-B 7/18/2011 0.00095U 0.00095U 0.0014U 0.00095U 0.0019U 0.0019U 0.00095U 0.00095U 0.00095U 0.00095U 0.0038U 0.00095U 0.0038U 0.0038U 
TP6-2-W-A 7/19/2011 0.0025U 0.0025U 0.0038U 0.0025U 0.005U 0.005U 0.0025U 0.0025U 0.0025U 0.0025U 0.01U 0.0025U 0.01U 0.01U 
TP6-2-W-M 7/19/2011 .720U 2.1 1.1U 5.6 4.3 2.0 0.720U 0.720U 0.720U 0.720U 2.9U 0.720U 2.9U 2.9U 
TP6-2-W-B 7/19/2011 0.087U 0.087U 0.130U 0.087U 0.170U 0.170U 0.087U 0.087U 0.087U 0.087U 0.45 0.087U 0.35U 0.35U 
TP2-1-W-H 7/19/2011 0.30 0.38 0.32 4.6 5.4 2.8 1.3 0.1 1.50 1.30 340 0.77 4.70 8.80 
TP2-2-W-M 7/19/2011 1.8U 1.8U 2.8U 2.9 3.7U 3.7U 1.8U 1.8U 1.8U 1.8U 92 1.8U 7.4U 7.4U 
TP2-4-W-A 7/19/2011 0.0018U 0.0016U 0.0023U 0.0016U 0.0031U 0.0031U 0.0016U 0.0016U 0.0016U 0.0016U 0.0062U 0.160U 0.0062U 0.0062U 
TP2-4-W-B 7/19/2011 0.0019U 0.0019U 0.0028U 0.0019U 0.0037U 0.0037U 0.0019U 0.0019U 0.0019U 0.0019U 0.0075U 0.160U 0.0075U 0.0075U 
TP4-1-E 7/19/2011 0.160U 3.3 0.36 0.160U 0.320U 0.320U 0.160U 0.160U 0.160U 0.160U 0.630U 0.160U 0.630U 0.630U 

MCP Upper Concentration Limit (UCL): 10000 9,000 10,000 10,000 10,000 NP NP NP NP 10,000 NP NP NP 
MCP S-1/GW-3 30 30 500 500 500 NP NP NP NP 500 NP NP NP 
MCP S-3/GW-3 1000 900 3,000 3,000 3,000 NP NP NP NP 3,000 NP NP NP 
Reporting Category - RCS-2 10 200 1,000 1,000 300 NP NP 10,000 NP 40 NP 100 10,000 

Notes: 
Only detected compounds are reported in the table. Please refer to Appendix _ for a complete listing of analytes. 
U = Concentration is below the laboratory's method detection limit. 
NP = Not Promulgated 
*Duplicate 1 is a duplicate sample of sample TP-3. 
**Duplicate 2 is a duplicate sample of sample TP-6. 

- Exceedance of Reporting Category and/or Standard 
Testing results for trip blanks analyzed during the testing program were all non-detect (ND). 
Acetone and Carbon disulfide detected in TP6-N-B at low ppb levels considered an artifact of laboratory. 



Table 5 

13 Priority Pollutant Metals Soil
 

Analytical Data 

New Bedford Marine Commerce Terminal
 

New Bedford, Massachusetts
 

Sample Name Collection Date 

13 Priority Pollutant Metals (mg/kg) 
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B-3/MW-1 5/2/2011 0.034U 0.86 0.126 0.064 3.27 4.8 4.4 0.012U 2.17 0.162 0.035 0.111 13.8 N/A 
B-4/MW-2 5/3/2011 0.033U 0.78 0.081 0.075 3.58 4.3 14.9 0.012U 3.62 0.095 0.033U 0.032U 15.9 N/A 
B-5/MW-3 5/4/2011 0.0900 4.11 0.298 0.079 6.48 13.0 77.2 0.061 5.25 0.434 0.094 0.104 37.3 N/A 
B-6/MW-4 5/5/2011 0.2840 1.25 0.166 0.071 7.72 14.0 95.2 0.027 5.36 0.318 0.033 0.056 55.7 N/A 

B-7 5/6/2011 0.035U 0.68 0.196 0.047 6.60 6.8 15.2 0.012U 4.61 0.203 0.035U 0.078U 19.0 N/A 
B-8/MW-5 5/6/2011 0.0400 1.32 0.270 0.409 6.19 10.1 161.0 0.028 4.07 0.334 0.039 0.086U 126.0 0.6 
B-9/MW-6 5/9/2011 0.034U 1.01 0.143 0.056 13.60 12.1 4.8 0.013U 10.40 0.117 0.034U 0.032U 18.8 N/A 
B-11/MW-7 5/12/2011 0.037U 1.00 0.194 0.040 6.04 3.4 3.3 0.014U 3.38 0.279 0.037U 0.082 10.1 N/A 

B-12/MW-8 (A) 5/13/2011 0.1060 3.95 0.317 0.257 8.20 3.6 4.0 0.025U 4.37 2.530 0.065U 0.219 8.0 N/A 
B-12/MW-8 (B) 5/13/2011 0.0560 1.78 0.251 0.037U 9.02 2.9 4.6 0.013 4.99 0.481 0.038U 0.045 13.0 N/A 

TP-1 4/25/2011 0.039U 1.66 0.124 0.066 4.08 13.8 11.7 0.073 2.92 0.273 0.074 0.085 17.4 NA 
TP-2 4/25/2011 0.126 1.67 0.138 0.269 4.87 12.5 126 0.151 6.01 0.253 0.078 0.053 132 0.56 
TP-5 4/25/2011 0.472 6.37 0.202 0.570 5.80 21.9 580 0.134 5.95 0.549 0.149 0.127 200 18 
TP-4 4/25/2011 0.857 5.35 0.672 3.68 11.3 110 252 0.084 11.0 0.936 0.166 0.201 240 0.5U 
TP-3 4/25/2011 0.037U 1.20 0.230 0.034U 8.92 6.04 4.41 0.013U 5.84 0.249 0.038 0.037 15.9 NA 
TP-7 4/26/2011 0.064 2.20 0.230 0.072 6.30 22.4 55.6 0.100 5.02 0.429 0.097 0.037U 34.5 NA 
TP-6 4/26/2011 0.195 5.10 0.232 0.186 3.96 44.0 74.5 0.050 7.29 0.800 0.087 0.206 27.8 NA 
TP-8 4/26/2011 0.033U 0.484 0.061 0.031U 2.04 3.55 1.96 0.014U 1.34 0.129 0.033U 0.031U 4.39 NA 
TP-9 4/26/2011 0.354 5.53 0.236 0.218 6.45 71.8 30.2 0.021 5.79 2.44 0.120 0.138 78.8 NA 
TP-11 4/26/2011 0.162 0.641 0.090 0.072 2.90 5.03 16.2 0.012U 2.08 0.248 0.033U 0.039 12.8 NA 
TP-10 4/27/2011 0.164 1.57 0.221 0.101 8.12 17.6 60.4 0.022 3.29 0.574 0.081 0.047 31.0 NA 
TP-12 4/27/2011 0.186 7.46 0.451 0.237 5.92 37.7 164 0.290 7.92 1.42 0.122 0.297 85.5 0.5U 

TP-13A 4/27/2011 0.156 2.76 0.211 0.149 5.9 9.97 50.2 0.0 3.9 0.794 0.039U 0.089 35.2 NA 
TP-14 4/27/2011 0.103 2.68 0.204 0.064 5.15 19.2 26.9 0.067 7.99 0.528 0.045 0.076 21.1 NA 
TP-16 4/27/2011 0.110 1.58 0.217 0.055 5.72 6.53 10.2 0.016 3.82 0.517 0.049 0.060 28.0 NA 
TP-17 4/27/2011 1.88 5.08 0.361 0.879 10.2 82.5 561 0.426 8.52 0.920 0.239 0.150 230 0.5U 
TP-13 4/28/2011 0.168 2.63 0.238 0.101 6.10 11.1 34.0 0.020 4.04 0.828 0.043 0.090 27.3 NA 

DUPLICATE-1 4/25/2011 0.032U 1.04 0.211 0.046 8.3 6.40 7.63 0.013U 5.5 0.256 0.032U 0.047 17.8 NA 
DUPLICATE-2 4/26/2011 0.133 4.06 0.176 0.105 4.57 40.2 68.1 0.045 4.76 0.907 0.071 0.120 38.7 N/A 

MCP Upper Concentration Limit (UCL) 300 200 2000 300 2000 NP 3000 300 7000 8000 2000 800 10000 NP 
MCP S-3/GW-2 30 20 200 30 200 NP 300 30 700 800 200 80 5000 NP 
MCP S-3/GW-3 30 20 200 30 200 NP 300 30 700 800 200 80 5000 NP 
Reporting Category - RCS-2 30 20 200 30 200 10000 300 30 700 800 200 60 3000 NP 

Notes: 
U = below quntitation limit 
N/A = Not Analyzed 
NP = Not Promulgated 

Exceedance of MCP Reporting Category and/or Standard 
A = Shallow Sample 
M = Middle Sample 
B = Bottom 
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B-3/MW-1 5/2/2011 33.9U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
B-4/MW-2 5/3/2011 33.8U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
B-5/MW-3 5/4/2011 510 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
B-6/MW-4 5/5/2011 208 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
B-7 5/6/2011 36.3U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
B-8/MW-5 5/6/2011 791 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
B-9/MW-6 5/9/2011 180 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
B-11/MW-7 5/12/2011 38.4U 4.34U 13 7 4.34U 4.34U 8.17U 8.17U 17 9 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
B-12/MW-8 (A) 5/13/2011 562 14.4U 66 31 14.4U 19 14.4U 16 127 81 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
B-12/MW-8 (B) 5/13/2011 117 4.97U 10 6 4.97U 4.97U 8.09U 8.09U 50 32 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-1 4/25/2011 48.4 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-2 4/25/2011 2180 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-5 4/25/2011 253 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-4 4/25/2011 524 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-3 4/25/2011 449 21.8U 85.4 55.2 21.8U 30.2 37.9 15.4 244 195 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-7 4/26/2011 1730 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-6 4/26/2011 5900 153U 342 239 153U 153U 76.0 47.3U 2490 1750 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-8 4/26/2011 36.5U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-9 4/26/2011 52.9U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-11 4/26/2011 134 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-10 4/27/2011 59.1 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-12 4/27/2011 124 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-13A 4/27/2011 247 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-14 4/27/2011 37.2U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-16 4/27/2011 38.8U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-17 4/27/2011 365 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP-13 4/28/2011 45.4 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
DUPLICATE 1 4/25/2011 650 34.8 205 67.9 29.4 103 86.5 28.6 630 493 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
DUPLICATE 2 4/26/2011 613 46.2U 131 90.7 46.2U 46.2U 643 432U 19300 12600 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
TP6-1-N-H 7/18/2011 NA NA NA NA NA NA 643U 643U 20600 17800 343 152 32.2U 410 528 850 154 73.6 157 50.6 60.1 32.2U 32.2U 34.3 32.2U 32.2U 32.2U 
TP6-2-N-M 7/18/2011 NA NA NA NA NA NA 1070 970 1100 1100 0.428U 1.28 0.648 0.428U 0.428U 2.04 0.428U 0.561 0.428U 0.428U 0.428U 0.428U 0.428U 0.428U 0.428U 0.428U 0.428U 
TP6-3-N-A 7/18/2011 NA NA NA NA NA NA 7.54U 7.54U 30 22.2 0.377U 0.377U 0.377U 0.377U 0.377U 1.2 0.377U 1.2 1.31 0.535 0.829 0.544 0.5 0.576 0.432 0.377U 0.669 
TP6-3-N-B 7/18/2011 NA NA NA NA NA NA 7.42U 7.42U 7.42U 7.42U 0.371U 0.371U 0.371U 0.371U 0.371U 0.371U 0.371U 0.371U 0.371U 0.371U 0.371U 0.371U 0.371U 0.371U 0.371U 0.371U 0.371U 
TP6-2-W-A 7/19/2011 NA NA NA NA NA NA 36.9U 54.8 322 253 1.85U 1.85U 1.85U 1.85U 1.85U 3.11 1.85U 10.6 13.5 7.26 8.3 5.68 4.62 7.38 4.15 1.85U 4.81 
TP6-2-W-M 7/19/2011 NA NA NA NA NA NA 25.4U 29.4 112 90.8 1.27U 1.27U 1.27U 1.27U 1.27U 2.33 1.27U 1.94 4.06 1.71 1.8 1.4 1.4 2.16 1.27U 1.27U 4.15 
TP6-2-W-B 7/19/2011 NA NA NA NA NA NA 7.18U 7.18U 56.1 38.9 0.359U 0.411 0.359U 1.13 0.757 4.57 1 1.54 2.99 0.908 0.867 0.515 0.468 0.978 0.424 0.359U 0.644 
TP2-1-W-H 7/19/2011 NA NA NA NA NA NA 130 286 2840 1870 75.4 65.7 9.58 68.9 36.4 166 40.2 70.5 147 48.1 48.3 29.6 31.2 62.7 26.7 5.76U 38.7 
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TP2-1-W-M 7/19/2011 NA NA NA NA NA NA 84.6 44 837 558 35.1 29.6 2.35 15.6 10.9 49.8 11.8 18 37 10.3 10.6 7.18 8.06 13.8 7.29 2.25 9.78 
TP2-4-W-A 7/19/2011 NA NA NA NA NA NA 7.57U 65.9 47.9 47 0.378U 0.378U 0.378U 0.378U 0.378U 0.378U 0.378U 0.454 0.43 0.378U 0.378U 0.378U 0.378U 0.378U 0.378U 0.378U 0.378U 
TP2-4-W-B 7/19/2011 NA NA NA NA NA NA 7.8U 12.4 88.9 66.3 0.39U 0.39U 0.39U 0.39U 0.39U 1.79 0.39U 3.09 3.85 1.79 2.17 1.79 1.5 2.21 1.75 0.39U 2.65 
TP4-1-E 7/19/2011 NA NA NA NA NA NA 15.5 10.3 63.9 61.6 0.466 0.424U 0.424U 0.424U 0.424U 0.574 0.424U 0.424U 0.452 0.424U 0.784 0.424U 0.424U 0.424U 0.424U 0.424U 0.424U 
TP3-1-S 7/19/2011 NA NA NA NA NA NA 9.24U 9.24U 42.5 25.8 0.462U 0.462U 0.462U 0.462U 0.462U 2.42 0.462U 3.17 3 1.27 1.52 1.23 1.02 1.3 0.914 0.462U 0.907 
TP3-2-S-A 7/19/2011 NA NA NA NA NA NA 38.3U 135 558 392 1.91U 1.91U 1.91U 1.91U 1.91U 19.8 3.96 31 26.7 13 14.7 12.8 11.2 14.4 9.28 1.91U 9.61 
TP3-2-S-M 7/19/2011 NA NA NA NA NA NA 6.83U 7.8 34.8 25.5 0.341U 0.341U 0.341U 0.341U 0.341U 0.981 0.341U 1.93 1.71 0.833 0.902 0.583 0.341U 0.921 0.681 0.341U 0.751 
TP3-2-S-B 7/19/2011 NA NA NA NA NA NA 6.98U 6.98U 6.98U 6.98U 0.626 0.349U 0.349U 0.349U 0.349U 0.349U 0.349U 0.349U 0.349U 0.349U 0.349U 0.349U 0.349U 0.349U 0.349U 0.349U 0.349U 
TP4-1-S-A 7/20/2011 NA NA NA NA NA NA 7.32U 7.32U 34.9 24.2 0.366U 0.366U 0.366U 0.366U 0.366U 0.775 0.366U 1.5 1.86 0.886 1.07 0.912 0.781 1 0.726 0.366U 1.16 
TP4-1-S-M 7/20/2011 NA NA NA NA NA NA 14.3U 14.3U 252 163 0.715U 0.715U 0.715U 0.715U 0.715U 5.71 0.959 11.7 19.6 7.44 8.75 7.14 6.79 7.95 5.22 1.58 6.41 
TP4-1-S-B 7/20/2011 NA NA NA NA NA NA 7.22U 7.22U 7.43 7.43 0.361U 0.361U 0.361U 0.361U 0.361U 0.361U 0.361U 0.361U 0.361U 0.361U 0.361U 0.361U 0.361U 0.361U 0.361U 0.361U 0.361U 
TP4-1-W-A 7/20/2011 NA NA NA NA NA NA 38U 38U 321 216 1.9U 1.9U 1.9U 1.9U 1.9U 11.5 2.09 16.8 18.2 8.08 9.02 8.23 7.92 9.24 6.4 1.9U 6.95 
TP4-1-W-M 7/20/2011 NA NA NA NA NA NA 20.6 25.4 310 217 1.84 0.997 1.16 0.751U 0.751U 5.2 1.15 9.21 17.5 7.03 8.67 7.15 7.38 10.2 6.21 1.95 7.96 
TP4-1-W-B 7/20/2011 NA NA NA NA NA NA 7.32U 7.32U 48.7 37.1 0.366U 0.366U 0.366U 0.366U 0.366U 1.01 0.366U 1.65 1.71 0.814 1.03 1.01 0.657 1.21 1.01 0.366U 1.45 
TP4-2-W 7/20/2011 NA NA NA NA NA NA 12.6 18 175 147 0.386U 0.386U 1.09 0.386U 0.386U 0.721 0.386U 2.41 2.74 1.26 2.21 2.46 1.81 3.07 3.92 0.705 6.32 
TP6-1-NW-A 7/22/2011 NA NA NA NA NA NA 6.58U 6.58U 9.53 7.64 0.329U 0.329U 0.329U 0.329U 0.329U 0.329U 0.329U 0.463 0.589 0.329U 0.337 0.329U 0.329U 0.493 0.329U 0.329U 0.329U 
TP6-1-NW-M 7/22/2011 NA NA NA NA NA NA 7.29U 7.29U 7.29U 7.29U 0.365U 0.365U 0.365U 0.365U 0.365U 0.365U 0.365U 0.365U 0.365U 0.365U 0.365U 0.365U 0.365U 0.365U 0.365U 0.365U 0.365U 
TP6-1-NW-B 7/22/2011 NA NA NA NA NA NA 18.3U 36 46.1 44.7 1.4 0.916U 0.916U 0.916U 0.916U 0.916U 0.916U 0.916U 0.916U 0.916U 0.916U 0.916U 0.916U 0.916U 0.916U 0.916U 0.916U 
TP6-2-NW-A 7/22/2011 NA NA NA NA NA NA 7.09U 10.5 15.3 12.8 0.354U 0.354U 0.354U 0.354U 0.354U 0.354U 0.354U 0.633 0.607 0.354U 0.375 0.354U 0.354U 0.884 0.354U 0.354U 0.354U 
TP6-2-NW-M 7/22/2011 NA NA NA NA NA NA 7.38U 7.38U 7.38U 7.38U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 
TP6-2-NW-B 7/22/2011 NA NA NA NA NA NA 7.37U 7.37U 9.1 9.1 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 0.369U 
TP6-A-NE-A 7/22/2011 NA NA NA NA NA NA 6.32U 6.32U 6.32U 6.32U 0.316U 0.316U 0.316U 0.316U 0.316U 0.316U 0.316U 0.316U 0.316U 0.316U 0.316U 0.316U 0.316U 0.316U 0.316U 0.316U 0.316U 
TP6-1-NE-M 7/22/2011 NA NA NA NA NA NA 1230U 1230U 19700 12300 142 98.5 61.7U 218 212 1620 311 1420 1340 484 490 257 290 318 149 61.7U 118 
TP6-1-NE-B 7/22/2011 NA NA NA NA NA NA 6.26U 6.26U 94 59.8 0.313U 0.313U 0.313U 0.574 0.528 5.02 0.932 5.74 5.84 2.48 3.11 2.07 2.32 2.47 1.44 0.407 1.23 
TP6-3-NW-A 7/22/2011 NA NA NA NA NA NA 6.47U 6.47U 6.47U 6.47U 0.324U 0.324U 0.324U 0.324U 0.324U 0.324U 0.324U 0.324U 0.324U 0.324U 0.324U 0.324U 0.324U 0.324U 0.324U 0.324U 0.324U 
TP6-3-NE-M 7/22/2011 NA NA NA NA NA NA 33.5U 33.5U 375 210 1.89 1.68U 1.68U 3.9 4.26 29.4 7.32 32.8 25.9 11.8 11.8 8.55 7.91 9.67 5.53 1.68U 4.46 
TP6-3-NE-B 7/22/2011 NA NA NA NA NA NA 6.94U 6.94U 10.2 6.94U 0.347U 0.347U 0.347U 0.347U 0.347U 0.545 0.347U 0.865 0.72 0.375 0.393 0.347U 0.347U 0.364 0.347U 0.347U 0.347U 
TP6-5-NE-A 7/25/2011 NA NA NA NA NA NA 6.44U 6.44U 6.44U 6.44U 0.322U 0.322U 0.322U 0.322U 0.322U 0.322U 0.322U 0.322U 0.322U 0.322U 0.322U 0.322U 0.322U 0.322U 0.322U 0.322U 0.322U 
TP6-5-NE-M 7/25/2011 NA NA NA NA NA NA 14.4U 14.4U 205 107 0.722U 0.722U 0.722U 2.05 2.39 17.4 4.19 19.3 14.8 6.92 7.29 5.44 4.8 5.84 3.73 0.758 3.02 
TP6-5-NE-B 7/25/2011 NA NA NA NA NA NA 9.18U 69 40.9 38.5 0.459U 0.459U 0.459U 0.459U 0.459U 0.459U 0.459U 0.682 0.808 0.459U 0.467 0.459U 0.459U 0.469 0.459U 0.459U 0.459U 
TP6-7-NW-A 7/25/2011 NA NA NA NA NA NA 286U 472 1690 913 18.6 14.3U 14.3U 20.1 20.5 153 35.7 151 118 51.1 50.6 37.8 35.6 41 27.3 14.3U 21.7 
TP6-7-NW-M 7/25/2011 NA NA NA NA NA NA 8.86U 8.86U 12.6 9.34 0.443U 0.443U 0.443U 0.443U 0.443U 0.475 0.443U 0.869 0.837 0.443U 0.443U 0.443U 0.443U 0.469 0.443U 0.443U 0.635 
TP6-7-NW-B 7/25/2011 NA NA NA NA NA NA 7.13U 7.13U 7.22 7.22 0.357U 0.357U 0.357U 0.357U 0.357U 0.357U 0.357U 0.357U 0.357U 0.357U 0.357U 0.357U 0.357U 0.357U 0.357U 0.357U 0.357U 
TP6-1S 8/11/2011 NA NA NA NA NA NA 283U 283U 13300 10800 555 489 107 230 243 504 85.7 62.9 118 36.8 39.5 14.2U 14.2U 26.7 14.2U 14.2U 14.2U 
TP6-3W 8/11/2011 NA NA NA NA NA NA 130U 130U 2930 2240 212 130 31.3 58.4 55.1 127 23.8 13.7 25.1 7.96 8.80 6.49U 6.49U 6.49U 6.49U 6.49U 6.49U 
TP6-8NW 8/11/2011 NA NA NA NA NA NA 7.99U 7.99U 7.99U 7.99U 0.399U 0.399U 0.399U 0.399U 0.399U 0.399U 0.399U 0.399U 0.399U 0.399U 0.399U 0.399U 0.399U 0.399U 0.399U 0.399U 0.399U 
TP6-4N 8/11/2011 NA NA NA NA NA NA 8.07U 8.07U 152 96.4 0.404U 0.404U 0.404U 0.799 0.893 7.25 1.85 11.6 8.87 4.7 4.84 3.38 2.75 3.99 2.65 0.404U 2.09 
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TP6-6NE 8/11/2011 NA NA NA NA NA NA 347U 347U 5240 2860 71.1 19.8 17.3U 61.4 78.8 491 126 451 333 162 159 111 94 120 62.2 17.3U 48.9 
TP2-1E 8/11/2011 NA NA NA NA NA NA 153 142U 3710 2480 219 61.6 8.15 102 64.8 259 56.4 76.7 149 47 45.4 21.8 24.6 50.9 18.6 7.10U 24.4 
TP2-2E 8/11/2011 NA NA NA NA NA NA 26.1 17.4U 252 194 0.871U 2.43 0.871U 4.75 4.52 20.9 4.6 5.09 8.72 1.6 1.78 0.907 0.871U 1.51 0.871U 0.871U 1.31 
TP4-1NE 8/11/2011 NA NA NA NA NA NA 8.05U 8.05U 32.4 25.8 0.403U 0.403U 0.403U 0.403U 0.403U 1.12 0.403U 1.5 1.57 0.65 0.709 0.483 0.403U 0.544 0.403U 0.403U 0.403U 

MCP Upper Concentration Limit (UCL): 10000 5000 20000 5000 5000 20000 20000 20000 10000 10000 10000 5000 10000 10000 10000 10000 10000 10000 10000 3000 10000 3000 10000 300 3000 300 10000 
MCP S-3/GW-2 5000 500 5000 500 500 5000 5000 5000 5000 5000 40 80 600 5000 5000 3000 5000 5000 5000 300 3000 300 3000 30 300 30 5000 
MCP S-3/GW-3 5000 500 5000 500 500 5000 5000 5000 5000 5000 3000 500 10 5000 5000 3000 5000 5000 5000 300 3000 300 3000 30 300 30 5000 
Reporting Category - RCS-2 3000 500 3000 500 500 3000 3000 5000 3000 3000 40 80 10 3000 3000 1000 3000 3000 3000 40 400 40 400 4 40 4 3000 

Notes: 
U = below quntitation limit 
NA = Not Analyzed 

Exceedance of MCP Reporting Category and/or Standard. 
NP = Not Promulgated 
A = Shallow Sample 
M = Middle Sample 
B = Bottom 
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Table 7: 

Semi-Volatile Organics
 

Soil Analytical Data 

New Bedford Marine Commerce Terminal, New Bedford, Massachusetts
 

Sample Name Collection Date 
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B-3/MW-1 5/2/2011 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.22U 0.37U 0.37U 0.37U 0.37U 0.37U NA NA 

B-4/MW-2 5/3/2011 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.23U 0.38U 0.38U 0.38U 0.38U 0.38U NA NA 

B-5/MW-3 5/4/2011 0.96 8.9 0.56 4.6 4.0 5.3 1.9 4.4 0.36U 1.8 2.5 0.72 7.9 0.72 2.7 7.4 0.36U 0.66 0.36U NA NA 

B-6/MW-4 5/5/2011 1.7U 16 1.7U 7.4 7.2 9.2 3.4 6.7 1.7U 3.1 4.3 1.7U 12 1 4.9 13 1.7U 1.7U 1.7U NA NA 

B-7 5/6/2011 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.22U 0.37U 0.37U 0.37U 0.37U 0.37U NA NA 

B-8/MW-5 5/6/2011 1.7U 37 1.7U 18 18 22 8.9 15 3.6 6.5 12 1.7 21 2.4 13 31 1.7U 1.7U 1.7U NA NA 

B-9/MW-6 5/9/2011 2U 2.6 2U 2U 2U 2U 2U 2U 2U 2U 2U 2U 5.3 1.2U 2U 2U 2U 2U 2U NA NA 

B-11/MW-7 5/12/2011 0.66 0.41U 6.6 0.41U 0.41U 0.41U 0.41U 0.41U 0.41U 0.41U 0.41U 0.41U 0.41U 0.24U 0.41U 0.41U 0.41U 0.41U 2.1 NA NA 

B-12/MW-8 (A) 5/13/2011 2.6 3.4 18 1.4U 1.4U 1.4 1.4U 1.4 1.4U 1.4U 1.4U 1.4U 5.3 0.84U 1.4U 3.3 1.4U 1.4U 3 NA NA 

B-12/MW-8 (B) 5/13/2011 0.6 2.1 1.8 0.88 0.78 0.97 0.4U 0.96 0.4U 0.51 0.43 0.43 2.9 0.24U 0.43 2.1 0.4U 0.4U 0.4U NA NA 

TP-1 4/25/2011 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.24U 0.4U 0.4U 0.4U 0.4U 0.4U NA NA 

TP-2 4/25/2011 2U 38 2U 19 18 21 9.2 17 2U 6.7 11 2.2 26 2.5 12 33 2U 2U 2U NA NA 

TP-3 4/25/2011 1.6 3 0.88 1.6 1.6 1.2 0.4 1.6 0.39U 1.9 0.92 1.6 8.9 0.23U 0.67 6 0.39U 0.39U 6.1 NA NA 

TP-4 4/25/2011 2.2U 5.2 2.2U 3.2 3.5 4.2 3.2 2.2U 2.2U 2.2U 2.6 2.2U 2.7 2.2U 2.3 6.3 2.2U 2.2U 2.2U NA NA 

TP-5 4/25/2011 2U 16 2U 6.9 6.5 7.6 2.7 6.7 2U 3.8 4.1 2U 18 1.2U 4 14 2U 2U 2U NA NA 

TP-6 4/26/2011 110 4.9U 500 60 64 44 14 54 4.9U 83 35 76 390 7 25 150 4.9U 4.9U 300 NA NA 

TP-7 4/26/2011 18U 120 18U 57 51 63 22 58 18U 18 27 18U 60 11U 28 120 18U 18U 18U NA NA 

TP-8 4/26/2011 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.38U 0.23U 0.38U 0.38U 0.38U 0.38U 0.38U NA NA 

TP-9 4/26/2011 0.58U 1.1 0.58U 0.58U 0.58U 0.58U 0.58U 0.58U 0.58U 0.58U 0.58U 0.58U 0.58U 0.35U 0.58U 0.58U 0.58U 0.58U 0.58U NA NA 

TP-10 4/27/2011 0.38U 0.74 0.38U 0.42 0.38U 0.38U 0.38U 0.52 0.38U 0.38U 0.38U 0.38U 0.81 0.22U 0.38U 1 0.38U 0.38U 0.38U NA NA 

TP-11 4/26/2011 0.38U 0.38U 0.38U 0.5 0.53 0.61 0.38U 0.49 0.38U 0.38U 0.4 0.38U 0.38U 0.23U 0.38U 1.1 0.38U 0.38U 0.38U NA NA 

TP-12 4/27/2011 0.43U 0.96 0.43U 0.43 0.47 0.72 0.43U 0.62 0.43U 0.43U 0.43U 0.43U 0.43U 0.26U 0..43 0.88 0.43U 0.43U 0.43U NA NA 

TP-13 4/28/2011 0.43U 0.43U 0.43U 0.43U 0.43U 0.43U 0.43U 0.43U 0.43U 0.43U 0.43U 0.43U 0.43U 0.26U 0.43U 0.43U 0.43U 0.43U 0.43U NA NA 

TP-13A 4/27/2011 0.43U 0.91 0.43U 0.47 0.48 0.6 0.43U 0.49 0.43U 0.43U 0.43U 0.43U 0.53 0.26U 0.43U 0.9 0.43U 0.43U 0.43U NA NA 

TP-14 4/27/2011 0.37U 0.72 0.37U 0.37U 0.37U 0.37 0.37U 0.37U 0.37U 0.37U 0.37U 0.37U 0.43 0.22U 0.37U 0.7 0.37U 0.37U 0.37U NA NA 

TP-16 4/27/2011 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.4U 0.24U 0.4U 0.4U 0.4U 0.4U 0.4U NA NA 

TP-17 4/27/2011 0.79U 8.4 0.79U 3.9 3.8 4.7 1.9 3.8 0.79U 1.4 2.4 0.79U 6.1 0.6 2.5 7.5 0.79U 0.79U 0.79U NA NA 
DUPLICATE 1 4/25/2011 3.6 5.2 2 3.3 3.1 2.6 0.73 3 0.36U 3.6 1.8 3.2 14 0.39 1.3 9.5 0.36U 0.36U 6.8 NA NA 

DUPLICATE 2 4/25/2011 0.87 0.98 3.9 0.69 0.77 0.68 0.41U 0.7 0.41 0.56 0.58 0.52 3.2 0.25U 0.41U 1.9 0.41U 0.41U 1.9 NA NA 

TP2-1-W-H 7/19/2011 110 150 410 120 140 58 72 120 24 60 100 54 290 23 92 320 3U 3U 150 120 3U 

TP2-2-W-M 7/19/2011 22 20 65 15 21 8.7 6.7 15 3.1 13 17 8.3 47 1U 13 43 1U 1U 43 31 1U 

TP2-4-W-A 7/19/2011 0.06U 0.6 0.06U 0.3 0.3 0.2 0.3 0.4 0.06U 0.06U 0.3 0.06U 0.3 0.06U 0.2 0.6 0.06U 0.06U 0.06U 0.06U 0.06U 

TP2-4-W-B 7/19/2011 0.1 3 0.3 1.8 2 1.4 1.2 1.9 0.3 0.4 2.1 0.1 1.7 0.3 1.8 3.4 0.03U 0.07 0.06 0.07 0.1 

TP3-1-S 7/19/2011 0.07U 0.3 0.07U 0.2 0.1 0.07U 0.09 0.2 0.07U 0.07U 0.07U 0.07U 0.1 0.07U 0.07U 0.3 0.07U 0.07U 0.07U 0.07U 0.07U 

TP3-2-S-A 7/19/2011 0.7 19 0.6 9.8 9.4 8.5 4.7 8.7 0.8 2.4 4.5 0.8 10 1.4 4.1 17 0.06U 0.5 0.2 0.2 1 

TP3-2-S-B 7/19/2011 0.03U 0.03U 0.7 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.2 0.03U 

TP3-2-S-M 7/19/2011 0.1U 1.2 0.1U 0.5 0.6 0.4 0.5 0.6 0.1U 0.1 0.5 0.1U 0.6 0.2 0.4 1 0.1U 0.1U 0.1U 0.1U 0.1U 

TP4-1-E 7/19/2011 1U 1U 2 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 2.2 1U 1U 1U 1U 1U 

TP4-1-S-A 7/20/2011 0.08 1.8 0.09 1.1 1.2 0.9 0.8 1.1 0.1 0.2 0.7 0.1 1.1 0.2 0.7 1.8 0.04U 0.04U 0.04U 0.04U 0.1 

TP4-1-S-B 7/20/2011 0.1U 0.4 0.1U 0.2 0.4 0.1U 0.1U 0.3 0.1U 0.1U 0.4 0.1U 0.1U 0.1U 0.3 0.5 0.1U 0.1U 0.1U 0.1U 0.1U 

TP4-1-S-M 7/20/2011 0.3 9 0.7 7 7.2 5.7 4.4 7.4 0.9 1.1 5.6 0.4 5.4 1.4 5.1 13 0.06U 0.2 0.2 0.2 0.3 

TP4-1-W-A 7/20/2011 2.7 26 1.3 14 10 6.5 9 8.8 0.7 5.9 4.5 2.5 23 1.6 4.2 22 0.06U 1.9 0.6 0.6 3 

TP4-1-W-B 7/20/2011 0.2U 1 0.2U 0.7 1.7 1 0.6 0.9 0.3 0.2U 2.7 0.2U 0.6 0.3 2.5 1.3 0.2U 0.2U 0.2U 0.2U 0.2U 

TP4-1-W-M 7/20/2011 0.2 6.8 1.4 5.3 5.9 4.9 2.8 5.4 1 1.1 3.6 0.3 4.3 1.1 3.2 11 0.06U 0.1 0.4 0.2 0.2 

TP4-2-W 7/20/2011 0.2U 1.9 0.2U 1.7 4.7 2.6 1.3 2.1 1 0.5 9.2 0.2U 1 0.9 7.8 3.9 0.2U 0.2U 0.2U 0.2U 0.2U 

TP6-1-NE-A 7/22/2011 0.06U 0.2 0.06U 0.08 0.09 0.07 0.07 0.09 0.06U 0.06U 0.06 0.06U 0.07 0.06U 0.06U 0.1 0.06U 0.06U 0.06U 0.06U 0.06U 

TP6-1-NE-B 7/22/2011 0.4 3.6 0.2 1.7 1.9 1 1.4 2 0.2U 0.8 1.1 0.5 4.2 0.4 0.9 4 0.2U 0.2U 0.2 0.3 0.2U 

TP6-1-NE-M 7/22/2011 200 1800 130 910 720 670 380 850 33 390 420 230 1600 120 380 1700 7U 110 83 73 150 

TP6-1-N-H 7/18/2011 320 86 230 60 18 7.7 17 62 22 120 13 79 650 11 7.7 180 3U 3U 39 3U 3U 

TP6-1-NW-A 7/22/2011 0.06U 0.3 0.06U 0.2 0.2 0.2 0.2 0.3 0.06U 0.06U 0.2 0.06U 0.1 0.07 0.1 0.3 0.06U 0.06U 0.06U 0.06U 0.06U 

TP6-1-NW-B 7/22/2011 0.2U 0.2U 0.4 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 1.4 0.2U 

TP6-1-NW-M 7/22/2011 0.06U 0.06U 0.06U 0.06U 0.06U 0.06U 0.06U 0.06U 0.06U 0.06U 0.2 0.06U 0.06U 0.07 0.06U 0.06U 0.06U 0.06U 0.06U 0.06U 0.06U 

TP6-2-N-M 7/18/2011 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 

TP6-2-N-M 7/18/2011 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 0.8U 

TP6-2-NW-A 7/22/2011 0.1U 1.6 0.1U 0.8 0.9 0.6 0.8 0.9 0.1U 0.2 0.5 0.1U 1.1 0.1U 0.4 1.5 0.1U 0.1U 0.1U 0.1U 0.1U 

TP6-2-NW-A 7/22/2011 0.1U 1.6 0.1U 0.8 0.9 0.6 0.8 0.9 0.1U 0.2 0.5 0.1U 1.1 0.1U 0.4 1.5 0.1U 0.1U 0.1U 0.1U 0.1U 

TP6-2-NW-B 7/22/2011 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 

TP6-2-NW-M 7/22/2011 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 

TP6-2-W-A 7/19/2011 0.06U 2.5 0.06U 2.8 5.1 2 2.9 3.2 0.3 0.2 4.4 0.06U 0.4 0.8 4 6 0.06U 0.06U 0.06U 0.06U 0.06U 

TP6-2-W-B 7/19/2011 1.2 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 0.6U 3.6 0.6U 0.6U 2.3 0.6U 0.6U 0.6U 0.6U 0.6U 

TP6-2-W-M 7/19/2011 6U 6U 6U 6U 6U 6U 6U 13 6U 16 6U 6U 6U 6U 6U 6U 6U 6U 6U 6U 6U 

TP6-3-N-A 7/18/2011 0.03U 0.3 0.03U 0.2 0.2 0.1 0.2 0.2 0.03U 0.03U 0.2 0.03U 0.2 0.03U 0.2 0.3 0.03U 0.03U 0.03U 0.03U 0.03U 

TP6-3-N-B 7/18/2011 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 0.03U 

TP6-3-NE-A 7/22/2011 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 

TP6-3-NE-B 7/22/2011 12 140 5U 52 59 40 42 53 5U 37 26 16 100 5U 30 100 5U 9.5 5U 5U 5U 

TP6-3-NE-M 7/22/2011 0.06U 0.4 0.06U 0.2 0.2 0.1 0.1 0.2 0.06U 0.06U 0.06U 0.06U 0.3 0.06U 0.06U 0.3 0.06U 0.06U 0.06U 0.06U 0.06U 

TP6-5-NE-A 7/25/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 

TP6-5-NE-B 7/25/2011 0.1U 0.3 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.4 0.1U 0.1U 0.1U 0.1U 0.1U 

TP6-5-NE-M 7/25/2011 6.9 60 3U 26 22 16 16 24 3U 13 12 7.4 57 3U 11 49 3U 3U 3U 3U 8.8 

TP6-7-NW-A 7/25/2011 1.9 38 1.2 23 16 17 6.3 14 2 5.5 5.5 2.2 22 2 5.4 35 0.06U 1 0.6 0.5 2.2 

TP6-7-NW-B 7/25/2011 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 

TP6-7-NW-M 7/25/2011 0.4 3.3 0.2 1.5 1.4 1.1 1 1.7 0.07U 0.6 0.7 0.3 3.6 0.2 0.6 3.2 0.07U 0.07U 0.1 0.2 0.3 

MCP Upper Concentration Limit (UCL): 10000 10000 10000 3000 300 3000 10000 10000 10000 10000 10000 10000 10000 300 3000 10000 NP NP 5000 NP NP 
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MCP S-3/GW-2 5000 5000 40 300 30 300 3000 3000 600 5000 5000 5000 3000 30 300 5000 NP NP 80 NP NP 

MCP S-3/GW-3 5000 5000 3000 300 30 300 3000 3000 10 5000 5000 5000 3000 30 300 5000 NP NP 500 NP NP 

Reporting Category - RCS-2 3000 3000 40 40 4 40 400 400 10 3000 3000 3000 1000 4 40 3000 NP NP 80 NP NP 

Notes: 
U = below quntitation limit 

- Exceedance of Reporting Category and/or Standard 
NA = Not Analyzed 

NP = Not Promulgated 
A = Shallow Sample 
M = Middle Sample 
B = Bottom 
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Table 8 

PCBs (Aroclors) - Groundwater Analytical Data 


New Bedford Marine Commerce Terminal 

New Bedford, Massachusetts
 

Concentration of PCBs (μg/L) 

Sample Name Collection Date A
ro

cl
or

 1
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MW-1 6/28/2011 0.05U 0.05U 0.05U 0.05U 0.05U 0.05U 
MW-2 6/28/2011 0.05U 0.05U 0.05U 0.05U 0.05U 0.05U 
MW-3 6/30/2011 0.05U 0.05U 0.05U 0.05U 0.05U 0.05U 

MW-4 6/30/2011 0.05U 0.05U 0.05U 0.05U 0.05U 0.05U 
MW-5 6/30/2011 0.05U 0.05U 0.05U 0.05U 0.05U 0.05U 
MW-6 6/29/2011 0.05U 0.05U 0.05U 0.05U 0.05U 0.05U 
MW-7 6/29/2011 0.05U 0.05U 0.05U 0.05U 0.05U 0.05U 
MW-8 6/28/2011 0.05U 0.05U 0.05U 0.05U 0.05U 0.05U 
MCP Upper Concentration Limits (UCL): NP NP NP NP NP NP 
MCP GW-3 NP NP NP NP NP NP 
Reporting Category - RCGW-2 NP NP NP NP NP NP 

Notes:
 
U = Concentration is below the laboratory's method detection limit. 

NP = Not Promulgated
 
ND = Analyzed Aroclors were non-detected. 




Table 9 

Total Petroleum Hydrocarbons Groundwater Analytical Data 


New Bedford Marine Commerce Terminal
 
New Bedford, Massachusetts
 

Total Petroleum Hydrocarbons, MA VPH and MA EPH (μg/L) 
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MW-1 6/28/2011 500U NA NA NA NA NA NA 
MW-2 6/28/2011 500U NA NA NA NA NA NA 
MW-3 6/30/2011 500U NA NA NA NA NA NA 
MW-4 6/30/2011 500U NA NA NA NA NA NA 
MW-5 6/30/2011 500U NA NA NA NA NA NA 
MW-6 6/30/2011 3350 NA NA NA NA NA NA 
MW-7 6/29/2011 500U 3730 1250U 2370 100U 100U 2710 
MW-8 6/28/2011 500U 50U 50U 50U 100U 100U 148 
MCP Upper Concentration Limit (UCL): 50000 100000 100000 100000 100000 100000 100000 
MCP Method 1 GW-3 5000 50000 50000 50000 50000 50000 5000 
Reporting Category - RCGW-2 5000 7000 3000 5000 5000 50000 5000 

U = Concentration is below the laboratory's method detection limit. 
Notes: 
U = below quntitation limit 
NA = Not Analyzed 
NP = Not Promulgated 



Table 10 

Semi-Volatile Organics Groundwater Analytical Data 


New Bedford Marine Commerce Terminal
 
New Bedford, Massachusetts
 

Volatile Organics (μg/L) 

Sample Name Collection Date 
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MW-1 6/28/2011 0.5U 1U 1U 2U 1U 2U 2U 

MW-2 6/28/2011 0.5U 1U 1U 2U 1U 2U 2U 

MW-3 6/30/2011 0.5U 1U 1U 2U 1U 2U 2U 

MW-4 6/30/2011 0.5U 1U 1U 2U 1U 2U 2U 

MW-5 6/30/2011 0.5U 1U 1U 2U 1U 2U 2U 

MW-6 6/29/2011 0.5U 1U 1U 2U 1U 2U 2U 

MW-7 6/29/2011 370 110 940 560 280 3900 300 

MW-8 6/28/2011 0.5U 1U 1U 2U 1U 42 2U 

MCP Upper Concentration Limit (UCL): 100000 100000 100000 100000 100000 NP 

MCP Method 1 GW-3 10000 40000 5000 5000 20000 NP 

Reporting Category - RCGW-2 2000 40000 5000 5000 1000 1000 

Notes:
 
U = Concentration is below the laboratory's method detection limit. 

NP = Not Promulgated
 

Constituent concentration exceeds MCP Reportable Concentration. 



Table 11 

Semi-Volatile Organics Groundwater Analytical Data 


New Bedford Marine Commerce Terminal
 
New Bedford, Massachusetts
 

Semivolatile Organics (μg/L) 

Sample Name Collection Date 
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MW-1 6/28/2011 0.55 0.48 0.2U 0.2U 0.2U 0.23 0.2U 

MW-2 6/28/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 

MW-3 6/30/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 

MW-4 6/30/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 

MW-5 6/30/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 

MW-6 6/29/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 

MW-7 6/29/2011 68 10U 700 20 19 10U 150 

MW-8 6/28/2011 2.1 3.8 0.2U 0.28 0.28 3.2 0.2U 

MCP Upper Concentration Limit (UCL): 60000 2000 100000 400 100000 800 100000 

MCP Method 1 GW-3 6000 200 20000 40 10000 20 20000 

Reporting Category - RCGW-2 6000 200 1000 40 10000 20 2000 

Notes:
 
U = Concentration is below the laboraU = Concentration is below the laboratory's method detection limit. 

NP = Not Promulgated
 
Note: Other analyzed compounds not detected. 




Table 12 

13 Priority Pollutant Metals Groundwater Analytical Data 


New Bedford Marine Commerce Terminal
 
New Bedford, Massachusetts
 

13 Priority Pollutant Metals (mg/L) 

Sample Name Collection Date A
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MW-1 6/28/2011 0.001U 0.0011 0.0005U 0.0005U 0.0005U 0.0010 0.0005U 0.0002U 0.0008 0.001 0.0005U 0.0005U 0.0144 
MW-2 6/28/2011 0.001U 0.0011 0.0005U 0.0005U 0.0005U 0.0025 0.0016 0.0002U 0.0014 0.001 0.0005U 0.0005U 0.0189 
MW-3 6/30/2011 0.0036 0.0006 0.0005U 0.0005U 0.0005U 0.0018 0.0005U 0.0002U 0.0008 0.001 0.0005U 0.0005U 0.0118 
MW-4 6/30/2011 0.01U 0.0055 0.005U 0.005U 0.005U 0.0124 0.005U 0.0002U 0.0064 0.024 0.005U 0.005U 0.005U 
MW-5 6/30/2011 0.001U 0.0005U 0.0005U 0.0005U 0.0005U 0.0024 0.0005U 0.0002U 0.0021 0.002 0.0005U 0.0005U 0.0116 
MW-6 6/29/2011 0.001U 0.0046 0.0005U 0.0005U 0.0005U 0.0009 0.0005U 0.0002U 0.0021 0.002 0.0005U 0.0005U 0.0130 
MW-7 6/29/2011 0.001U 0.0013 0.0005U 0.0005U 0.0005U 0.0008 0.0005U 0.0002U 0.0011 0.001 0.0005U 0.0005U 0.0127 
MW-8 6/28/2011 0.001U 0.0008 0.0005U 0.0005U 0.0008 0.0005U 0.0005U 0.0002U 0.0008 0.001 0.0005U 0.0005U 0.0090 
MCP Upper Concentration Limit (UCL) 80 9 2 0.05 3 NP 0.15 0.2 2 1 1 30 50 
MCP Method 1 GW-3 8 0.9 0.2 0.004 0.3 NP 0.01 0.02 0.2 0.1 0.007 3 0.9 
Reporting Category - RCGW-2 8 0.9 0.2 0.004 0.3 100 0.01 0.02 0.2 0.1 0.007 3 0.9 

Notes: 
U = below laboratory's method detection limit 
N/A = Not Analyzed 
NP = Not Promulgated 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/25/20114/25/2011 
7:00 AM 7:00 AM 

Project: Phase IV Dredging Project No: 6690.008 Project: Phase IV Dredging Project No: 6690.008 X: 816068 X: 816068 
Y 2688220Y: 2688220Y: 2688220 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 4 MLLW Total Hole Depth: 5 2 feet Surface Elev: 7.4 MLLW Total Hole Depth: 5.2 feetp 
Test Pit No: TP 1A Test Pit No: TP 1AExcavator Type: Case 590 Excavator Type: Case 590 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.6 0 - 0.6 00 Light brown fine SAND trace SILT Light brown fine SAND, trace SILT 

0.6 - 0.8 0.6 - 0.8 00 Light brown fine to medium SAND Light brown fine to medium SAND 

0.8 - 1.60.8 1.6 00 Light brown SILTLight brown SILT 

1.6 - 4.31.6 4.3 00 Gray fine to coarse SAND and SHELL HASHGray fine to coarse SAND and SHELL HASH 

4 3  5 24.3 - 5.24.3 5.2 000 G fi SAND d SILT Gray fine SAND and SILTGray fine SAND and SILT L b  S  lLab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments:Comments: 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/25/20114/25/2011 
7:00 AM 7:00 AM 

Project: Phase IV Dredging Project No: 6690.008 Project: Phase IV Dredging Project No: 6690.008 X: 816068 X: 816068 
Y 2688220Y: 2688220Y: 2688220 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 8 2 MLLW Total Hole Depth: 5 3 feet Surface Elev: 8.2 MLLW Total Hole Depth: 5.3 feetp 
Test Pit No: TP 1B Test Pit No: TP 1BExcavator Type: Case 590 Excavator Type: Case 590 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 1.3 0 - 1.3 00 Light brown fine SAND trace SILT Light brown fine SAND, trace SILT 

1.3 - 1.7 1.3 - 1.7 00 Gray fine SAND Gray fine SAND 

1.7 - 3.51.7 3.5 00 Gray fine to medium SANDGray fine to medium SAND 

3.5 - 5.33.5 5.3 00 Light brown fine SANDLight brown fine SAND Lab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments:Comments: 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/25/20114/25/2011 
7:00 AM 7:00 AM 

Project: Phase IV Dredging Project No: 6690.008 Project: Phase IV Dredging Project No: 6690.008 X: 816068 X: 816068 
Y 2688220Y: 2688220Y: 2688220 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 6 9 MLLW Total Hole Depth: 5 1 feet Surface Elev: 6.9 MLLW Total Hole Depth: 5.1 feetp 
Test Pit No: TP 1C Test Pit No: TP 1CExcavator Type: Case 590 Excavator Type: Case 590 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.7 0 - 0.7 00 Light brown fine SAND trace SILT Light brown fine SAND, trace SILT 

0.7 - 2.6 0.7 - 2.6 00 Gray fine SAND Gray fine SAND 

2.6 - 3.22.6 3.2 00 Gray fine to coarse SAND and SHELL HASHGray fine to coarse SAND and SHELL HASH 

3.2 - 5.13.2 5.1 00 Gray fine to medium SAND and SHELL HASHGray fine to medium SAND and SHELL HASH Lab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments:Comments: 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/25/20114/25/2011 
11:15 AM 11:15 AM 

Project: Phase IV Dredging Project No: 6690.008 Project: Phase IV Dredging Project No: 6690.008 X: 815992 X: 815992 
Y 2688190Y: 2688190Y: 2688190 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 9 MLLW Total Hole Depth: 3 7 feet Surface Elev: 7.9 MLLW Total Hole Depth: 3.7 feetp 
Test Pit No: TP 2 Test Pit No: TP 2Excavator Type: Case 590 Excavator Type: Case 590 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 3.7 0 - 3.7 00 Black SOIL and BRICK/asphalt coated METAL debris Black SOIL and BRICK/asphalt coated METAL debris Lab Sample Lab Sample 
END TEST PITEND TEST PIT 

Comments:Comments: 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/25/20114/25/2011 
1:47 PM 1:47 PM 

Project: Phase IV Dredging Project No: 6690.008 Project: Phase IV Dredging Project No: 6690.008 X: 815960 X: 815960 
Y 2688110Y: 2688110Y: 2688110 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 2 MLLW Total Hole Depth: 5 0 feet Surface Elev: 7.2 MLLW Total Hole Depth: 5.0 feetp 
Test Pit No: TP 3 Test Pit No: TP 3Excavator Type: Case 590 Excavator Type: Case 590 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.8 0 - 0.8 00 Black organic SOIL Black organic SOIL 

0.8 - 2.7 0.8 - 2.7 00 Brown fine to medium SAND and organics, some FILL and BRICK debris Brown fine to medium SAND and organics, some FILL and BRICK debris 

2.7 - 5.02.7 5.0 125125 Brown fine to medium SAND and gleyed soil, petroleum/creosote odorBrown fine to medium SAND and gleyed soil, petroleum/creosote odor Lab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments:Comments: 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/25/20114/25/2011 
1:10 PM 1:10 PM 

Project: Phase IV Dredging Project No: 6690.008 Project: Phase IV Dredging Project No: 6690.008 X: 815920 X: 815920 
Y 2688102Y: 2688102Y: 2688102 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 1 MLLW Total Hole Depth: 3 6 feet Surface Elev: 7.1 MLLW Total Hole Depth: 3.6 feetp 
Test Pit No: TP 4 Test Pit No: TP 4Excavator Type: Case 590 Excavator Type: Case 590 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.5 0 - 0.5 00 Black organic SOIL Black organic SOIL 

0.5 - 1.2 0.5 - 1.2 00 Brown fine to medium SAND and FILL and BRICK debris Brown fine to medium SAND and FILL and BRICK debris Lab Sample Lab Sample 

1.2 - 3.61.2 3.6 00 Orange brown fine to coarse GRAVELOrange brown fine to coarse GRAVEL 
END TEST PITEND TEST PIT 

Comments:Comments: 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/25/20114/25/2011 
12:35 PM 12:35 PM 

Project: Phase IV Dredging Project No: 6690.008 Project: Phase IV Dredging Project No: 6690.008 X: 815870 X: 815870 
Y 2688068Y: 2688068Y: 2688068 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 5 7 MLLW Total Hole Depth: 3 6 feet Surface Elev: 5.7 MLLW Total Hole Depth: 3.6 feetp 
Test Pit No: TP 5 Test Pit No: TP 5Excavator Type: Case 590 Excavator Type: Case 590 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 1.2 0 - 1.2 00 Black organic SOIL Black organic SOIL 

1.2 - 2.0 1.2 - 2.0 00 Black ASH and CLINKERS Black ASH and CLINKERS Lab Sample Lab Sample 

2.0 - 3.62.0 3.6 00 Orange brown fine to coarse GRAVELOrange brown fine to coarse GRAVEL 
END TEST PITEND TEST PIT 

Comments:Comments: 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/26/20114/26/2011 
9:00 AM 9:00 AM 

Project: Phase IV Dredging Project No: 6690.008 Project: Phase IV Dredging Project No: 6690.008 X: 815960 X: 815960 
Y 2688210Y: 2688210Y: 2688210 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 2 MLLW Total Hole Depth: 5 4 feet Surface Elev: 7.2 MLLW Total Hole Depth: 5.4 feetp 
Test Pit No: TP 6 Test Pit No: TP 6Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.9 0 - 0.9 00 Black organic TOPSOIL Black organic TOPSOIL 

0.9 - 1.7 0.9 - 1.7 00 BRICK debris, some METAL debris BRICK debris, some METAL debris 

1.7 - 3.91.7 3.9 00 Black brown, ASH and CLINKERSBlack brown, ASH and CLINKERS 

3.9 - 4.13.9 4.1 00 Orange brown, fine SAND and SILTOrange brown, fine SAND and SILT 

4 1 - 5 44.1 - 5.4 340340 Brown fine to coarse SAND and gleyed SOIL petroleum or creosote odor Brown, fine to coarse SAND and gleyed SOIL, petroleum or creosote odor Lab Sample Lab Sample 
END TEST PIT END TEST PIT 

Comments:Comments: 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/26/20114/26/2011 
7:40 AM 7:40 AM 

Project: Phase IV Dredging Project No: 6690.008 Project: Phase IV Dredging Project No: 6690.008 X: 816015 X: 816015 
Y 2687925Y: 2687925Y: 2687925 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 9 8 MLLW Total Hole Depth: 8 2 feet Surface Elev: 9.8 MLLW Total Hole Depth: 8.2 feetp 
Test Pit No: TP 7 Test Pit No: TP 7Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.5 0 - 0.5 00 Brown fine SAND and SILT Brown fine SAND and SILT 

0.5 - 1.6 0.5 - 1.6 00 Light brown, fine to medium SAND Light brown, fine to medium SAND 

1.6 - 2.51.6 2.5 00 Light brown fine to coarse SAND and SHELL HASHLight brown fine to coarse SAND and SHELL HASH 

2.5 - 3.62.5 3.6 00 Gray fine SAND and SILTGray fine SAND and SILT 

3 6 - 6 03.6 - 6.0 00 
Li ht b di SAND fi SAND d SHELL HASH fiLight brown medium to coarse SAND, trace fine SAND and SHELL HASH, some fineLight brown medium to coarse SAND, trace fine SAND and SHELL HASH, some fine 
GRAVELGRAVEL 

6 0 - 6 36.0 - 6.3 00 BRICK debris and reddish brown coarse SAND BRICK debris and reddish brown coarse SAND 

6.3 - 8.2 6.3 - 8.2 00 Black fine SAND and SILT, some SHELL HASH and BRICK debris Black fine SAND and SILT, some SHELL HASH and BRICK debris Lab Sample Lab Sample 
END TEST PIT END TEST PIT 

Comments:Comments: 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/26/20114/26/2011 
11:00 AM 11:00 AM 

Project: Phase IV Dredging Project No: 6690.008 Project: Phase IV Dredging Project No: 6690.008 X: 815913X: 815913 
Y: 2688350Y: 2688350Location: South Terminal Expansion Location: South Terminal Expansionp 

Surface Elev: 7 3 MLLW Total Hole Depth: 4 7 feet Surface Elev: 7.3 MLLW Total Hole Depth: 4.7 feet 
Test Pit No: TP 8 Test Pit No: TP 8Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operator 
Log By: GADLog By: GAD 
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0 0  7  0 - 0.70 0.7 00 O SO  Black, organic TOPSOILBlack, organic TOPSOIL 

0 7  1 30.7- 1.3 00 BRICK d b i d ASH d CLINKERS BRICK debris and ASH and CLINKERS L b  S  lLab Samplep 

1 3  2 81.3 - 2.8 00 Orange bro fine SAND and SILT Orange brown, fine SAND and SILTg 

2 8  42.8 - 4.72.8 4.7 00 Light brown medium to coarse SAND, trace fine SANDLight brown medium to coarse SAND, trace fine SAND 

4 74.7 00 BEDROCKBEDROCK 
END TEST PIT END TEST PIT 

Comments:Comments: 



t t

t t t

Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/26/20114/26/2011 
1:54 PM 1:54 PM 

P j  Ph  IV  D  d  i  P j N 6690 008 Project: Phase IV Dredging Project No: 6690.008Project: Phase IV Dredging Project No: 6690.008 X 815710X: 815710X: 815710 
Y: 2688238Y: 2688238Location: South Terminal Expansion Location: South Terminal Expansionp 

Surface Elev: 8 0 MLLW Total Hole Depth: 7 2 feet Surface Elev: 8.0 MLLW Total Hole Depth: 7.2 feet 
T Pi N TP 9 Test Pit No: TP 9Test Pit No: TP 9E T K PC90Excavator Type: Komatsu PC90Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf Operator Company: AGM Marine, Tom Wolf, Operator 
L B GADLog By: GADLog By: GAD 
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DescriptionDescription 
(Color, Texture, Structure)(Color, Texture, Structure) 

T 10% Littl 10% 20% S 20% 35% A d 35% 50%Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

ks
m
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R
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0 1  4  0 - 1.4 00 Black organic TOPSOIL Black, organic TOPSOILg 

1 4  4 91.4- 4.9 00 Orange brown medium to coarse SAND and BRICK debris Orange brown, medium to coarse SAND and BRICK debris 

4 9 - 5 74.9 - 5.7 00 ASH and CLINKERS ASH and CLINKERS Lab Sample Lab Sample 

5 7  6 55.7 - 6.5 00 Orange brown fine to medium SAND trace SILT Orange brown, fine to medium SAND, trace SILT 

6 5  6 86.5 - 6.8 00 Bl k ilt SANDBlack, silty SAND, y 

6 8  7 26.8 - 7.2 00 Green gray silty SAND Green gray, silty SANDg y  y  
END TEST PIT END TEST PIT 

Comments:Comments: 



t

n m

Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/27/20114/27/2011 
8:30 AM 8:30 AM 

Project: Phase IV Dredging Project No: 6690.008 Project: Phase IV Dredging Project No: 6690.008 X: 815555 X: 815555 
Y 2688223Y: 2688223Y: 2688223 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 6 MLLW Total Hole Depth: 6 feet Surface Elev: 7.6 MLLW Total Hole Depth: 6 feetp 
Test Pit No: TP 10 Test Pit No: TP 10Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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Description 
(Color Texture Structure) 

Description 
(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

s
ar

ks
m
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R

em
R

 

0 - 10 - 1 00 Dark brown organic TOPSOIL Dark brown organic TOPSOIL 

1 - 1.5 1 - 1.5 00 Orange brown (Fe) organic SOIL Orange brown (Fe) organic SOIL 

1.5 - 31.5 3 00 Discontinous ASHDiscontinous ASH 

3 - 3.53 3.5 00 Black organic fine SAND and SILTBlack organic fine SAND and SILT 

3 5  4 53.5 - 4.53.5 4.5 000 B fi di SAND SILTBrown fine to medium SAND, some SILTBrown fine to medium SAND, some SILT L b  S  lLab SampleLab Sample 

4 5  54.5 - 5 00 BOULDERS GNEISSBOULDERS - GNEISS 

5 65 - 6 00 Bro fine to medi SANDBrown fine to medium SAND 
END TEST PITEND TEST PIT 

Comments:Comments: 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/26/20114/26/2011 
3:20 PM 3:20 PM 

P j  Ph  IV  D  d  i  P j N 6690 008 Project: Phase IV Dredging Project No: 6690.008Project: Phase IV Dredging Project No: 6690.008 X 815720X: 815720X: 815720 
Y: 2688140Y: 2688140Location: South Terminal Expansion Location: South Terminal Expansionp 

Surface Elev: 8 3 MLLW Total Hole Depth: 6 feet Surface Elev: 8.3 MLLW Total Hole Depth: 6 feet 
T Pi N TP 11 Test Pit No: TP 11Test Pit No: TP 11E T K PC90Excavator Type: Komatsu PC90Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf Operator Company: AGM Marine, Tom Wolf, Operator 
L B GADLog By: GADLog By: GAD 
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DescriptionDescription 
(Color, Texture, Structure)(Color, Texture, Structure) 

T 10% Littl 10% 20% S 20% 35% A d 35% 50%Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

ks
m
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em
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R
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0 0  7  0 - 0.7 00 Black organic TOPSOIL some BRICK debris Black organic TOPSOIL, some BRICK debrisg 

0 7  1 80.7 - 1.8 00 Dark brown organic TOPSOIL some BRICK debris Dark brown organic TOPSOIL, some BRICK debris 

1 8 - 2 71.8 - 2.7 00 Black ASH and CLINKERS Black ASH and CLINKERS Lab Sample Lab Sample 

2.7 - 3.2 2.7 - 3.2 00 Orange brown, medium to coarse SAND Orange brown, medium to coarse SAND 

3.2 - 63.2 6 00 Light gray, fine to medium SANDLight gray, fine to medium SAND 
END TEST PITEND TEST PIT 

Comments:Comments: 
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t t t

Date:Date: 
Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/27/20114/27/2011 
9:30 AM 

Project: Phase IV Dredging Project No: 6690 008 Project: Phase IV Dredging Project No: 6690.008j g g j X: 815553 X: 815553 
Y: 2688050 Y: 2688050Location: South Terminal Expansion Location: South Terminal Expansion 

S f  El  8 2 MLLW T t l  H l  D  th 5  5  f  tSurface Elev: 8.2 MLLW Total Hole Depth: 5.5 feetept 
Test Pit No: TP 12 Test Pit No: TP 12Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  p  
Log By: GADLog By: GAD 
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D  i  ti  Description 
(Color, Texture, Structure)(Color, Texture, Structure) 

T 10% Littl 10% 20% S 20% 35% A d 35% 50%Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 
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k
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0 10 - 1 00 Broken pieces of CLAY PIPE and dark brown organic TOPSOIL Broken pieces of CLAY PIPE and dark brown organic TOPSOIL 

1 - 21 - 2 00 ROCK and BRICK debris ROCK and BRICK debris 

2 - 32 3 00 Black ASH and CLINKERSBlack ASH and CLINKERS Lab SampleLab Sample 

3 4  8  3 - 4.8 00 B k i f CONCRETE fl l bBroken pieces of CONCRETE floor slabp 

4 8  5 54.8 - 5.5 00 Brown fine to medium SAND some SILT Brown fine to medium SAND, some SILT 
END TEST PITEND TEST PIT 

Comments:Comments: 
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Date:Date: 
Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/28/20114/28/2011 
8:00 AM 

Project: Phase IV Dredging Project No: 6690 008 Project: Phase IV Dredging Project No: 6690.008j g g j X: 815755 X: 815755 
Y: 2687950 Y: 2687950Location: South Terminal Expansion Location: South Terminal Expansion 

S f  El  6 8 MLLW T t l  H l  D  th 4  0  f  tSurface Elev: 6.8 MLLW Total Hole Depth: 4.0 feetept 
Test Pit No: TP 13 Test Pit No: TP 13Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  p  
Log By: GADLog By: GAD 
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D  i  ti  Description 
(Color, Texture, Structure)(Color, Texture, Structure) 

T 10% Littl 10% 20% S 20% 35% A d 35% 50%Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 
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0 0  8  0 - 0.8 00 Black organic TOPSOIL some METAL debris Black, organic TOPSOIL, some METAL debris 

0 8 - 1 20.8 - 1.2 00 Yellow orange fine to medium SAND Yellow orange, fine to medium SAND 

1.2 - 4.01.2 4.0 00 Brown, fine to medium SANDBrown, fine to medium SAND Lab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments:Comments: 
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Date:Date: 
Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/27/20114/27/2011 
11:00 AM 

Project: Phase IV Dredging Project No: 6690 008 Project: Phase IV Dredging Project No: 6690.008j g g j X: 815757 X: 815757 
Y: 2688049 Y: 2688049Location: South Terminal Expansion Location: South Terminal Expansion 

S f  El  7 8 MLLW T t l  H l  D  th 8  5  f  tSurface Elev: 7.8 MLLW Total Hole Depth: 8.5 feetept 
Test Pit No: TP 13A Test Pit No: TP 13AExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  p  
Log By: GADLog By: GAD 
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D  i  tiDescription 
(Color, Texture, Structure)(Color, Texture, Structure) 

T 10% Littl 10% 20% S 20% 35% A d 35% 50%Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 
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0 0  5  0 - 0.5 00 Dark brown organic TOPSOIL Dark brown organic TOPSOIL 

0 5  20.5 - 2 00 
Black ASH and CLINKERS some BRICK/CONCRETE BLOCK debris and METAL Black ASH and CLINKERS, some BRICK/CONCRETE BLOCK debris and METAL 
SCRAPSCRAP 

2 - 2.5 2 2.5 00 
Fi GRAVEL t littl fi t di B SAND SILT t bl k ASHFine GRAVEL, trace - little fine to medium Brown SAND, some SILT, trace black ASH, , , 
and CLINKERS and CLINKERS 

2.5 - 3  2.5 - 3 00 Brown medium to coarse SAND some GRAVEL trace SILT and ASH and CLINKERS Brown medium to coarse SAND, some GRAVEL, trace SILT and ASH and CLINKERS Lab Sample Lab Sample 

3 - 3.73 3.7 00 Brown fine to coarse SAND and SILTBrown fine to coarse SAND and SILT 

3 7  8 53.7 - 8.5 00 M ttl d b d li ht fi t SAND d SILT littl fi GRAVELMottled brown and light green fine to coarse SAND and SILT, little fine GRAVELg g  
END TEST PITEND TEST PIT 

Comments:Comments: 
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Date:Date: 
Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

4/27/20114/27/2011 
11:57 AM 

Project: Phase IV Dredging Project No: 6690 008 Project: Phase IV Dredging Project No: 6690.008j g g j X: 815775 X: 815775 
Y: 2688315 Y: 2688315Location: South Terminal Expansion Location: South Terminal Expansion 

S f  El  7 5 MLLW T t l  H l  D  th 9  f  tSurface Elev: 7.5 MLLW Total Hole Depth: 9 feetept 
Test Pit No: TP 14 Test Pit No: TP 14Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf OperatorCompany: AGM Marine, Tom Wolf, Operatorp y  p  
Log By: GADLog By: GAD 
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D  i  tiDescription 
(Color, Texture, Structure)(Color, Texture, Structure) 

T 10% Littl 10% 20% S 20% 35% A d 35% 50%Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

ks
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k
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a
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0 10 - 1 00 Dark brown organic TOPSOIL Dark brown organic TOPSOIL 

1 2  7  1 - 2.7 00 OLight Gray ASH some BOULDERS and BRICK debrisLight Gray ASH some BOULDERS and BRICK debris Lab SampleLab Sample 

2 7 - 4 52.7 - 4.5 00 Black fibrous organic SILT Black fibrous organic SILT 

4 5 - 6 24.5 - 6.2 00 Fine GRAVEL trace - little fine to medium Brown SAND some SILT Fine GRAVEL, trace - little fine to medium Brown SAND, some SILT 

6.2 - 96.2 9 00 Mottled brown and green fine to coarse SAND and SILTMottled brown and green fine to coarse SAND and SILT 
END TEST PITEND TEST PIT 

Comments:Comments: 
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Date:Date: 

Time:Time: 
TEST PIT LOGTEST PIT LOG 

4/27/20114/27/2011 
13:30:00 

AMAM 

Project: Phase IV Dredging Project No: 6690 008 Project: Phase IV Dredging Project No: 6690.008 X: 815625 X: 815625 
Y 2688330Y: 2688330L ti S th T i l E iLocation: South Terminal Expansionpa 

Surface Elev: 9 0 MLLW Total Hole Depth: 6 feet Surface Elev: 9.0 MLLW Total Hole Depth: 6 feet 
Test Pit No: TP 16Test Pit No: TP 16Excavator Type: Komatsu PC90Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf Operator Company: AGM Marine, Tom Wolf, Operator 
L B GADLog By: GADg y  
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DescriptionDescription 
(C l T t St t )(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

s
rk
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m
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R

em
R

 

0 - 10 1 00 Dark brown organic TOPSOIL Dark brown organic TOPSOIL 

1 31 - 3 00 Black ASH Black ASH 

3 43 - 4 00 B fi di SAND SILTBrown fine to medium SAND, some SILT, L b  S  lLab Samplep 

4 - 4.54 4.5 00 Black fibrous organic SILTBlack fibrous organic SILT 

4 5 - 64.5 - 6 00 Fine GRAVEL trace - little fine to medium Brown SAND some SILT Fine GRAVEL, trace - little fine to medium Brown SAND, some SILT 
END TEST PIT END TEST PIT 

Comments:Comments: 
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Date:Date: 

Time:Time: 
TEST PIT LOGTEST PIT LOG 

4/27/20114/27/2011 
14:45:00 

AMAM 

Project: Phase IV Dredging Project No: 6690 008 Project: Phase IV Dredging Project No: 6690.008 X: 815688 X: 815688 
Y 2687960Y: 2687960L ti S th T i l E iLocation: South Terminal Expansionpa 

Surface Elev: 7 2 MLLW Total Hole Depth: 6 feet Surface Elev: 7.2 MLLW Total Hole Depth: 6 feet 
Test Pit No: TP 17Test Pit No: TP 17Excavator Type: Komatsu PC90Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Tom Wolf Operator Company: AGM Marine, Tom Wolf, Operator 
L B GADLog By: GADg y  
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Description 
(C l T t St t ) 

Description 
(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

s
rk

s
m
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R

em
R

 

0 - 20 2 00 Dark brown organic TOPSOIL, some BRICK debris Dark brown organic TOPSOIL, some BRICK debris 

2 42 - 4 00 Dark brown organic soil and black ASH and CLINKERS Dark brown organic soil and black ASH and CLINKERS Lab Sample Lab Sample 

4 4  5  4 - 4.5 00 
Mottled brown and green medium to coarse SAND and SILT some black ASH and Mottled brown and green medium to coarse SAND and SILT, some black ASH and 
CLINKERSCLINKERS 

4.5 - 64.5 6 00 Fine GRAVEL, trace - little fine to medium Brown SAND, some SILTFine GRAVEL, trace little fine to medium Brown SAND, some SILT 
END TEST PIT END TEST PIT 

Comments:Comments: 



t

Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

7/25/20117/25/2011 
3:30 PM 3:30 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 816114 X: 816114 
Y 2688385Y: 2688385Y: 2688385 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 6 0 MLLW Total Hole Depth: 13 0 feet Surface Elev: 6.0 MLLW Total Hole Depth: 13.0 feetp 
Test Pit No: TP A1 Test Pit No: TP A1Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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Description 
(Color Texture Structure) 

Description 
(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

s
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R

 

0 - 0.6 0 - 0.6 00 Light brown fine SAND and SILT trace SHELL HASH Light brown fine SAND, and SILT, trace SHELL HASH. 

0.6 - 2.5 0.6 - 2.5 00 Tan fine to medium SAND and SHELL HASH, trace SILT. Tan fine to medium SAND and SHELL HASH, trace SILT. 

2.5 - 4.22.5 4.2 00 Olive Gray, fine to medium SAND and SILT, trace SHELL HASH.Olive Gray, fine to medium SAND and SILT, trace SHELL HASH. 

4.2 - 8.64.2 8.6 00 Gray fine to medium SAND and SILT, trace SHELL HASH.Gray fine to medium SAND and SILT, trace SHELL HASH. 

8 6 13 0 8.6 - 13.08.6 13.0 000 D k fi SAND d SILT SHELL HASH Dark gray fine SAND and SILT, trace SHELL HASH.Dark gray fine SAND and SILT, trace SHELL HASH. 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 10.5' BSG.Comments: Groundwater encountered at 10.5  BSG. 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

7/25/20117/25/2011 
1:00 PM 1:00 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 
L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

X: 816103 X: 816103 
Y 2688210Y: 2688210Y: 2688210 

Surface Elev: 7 4 MLLW Total Hole Depth: 12 9 feet Surface Elev: 7.4 MLLW Total Hole Depth: 12.9 feetp 
Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 Test Pit No: TP B1 Test Pit No: TP B1 

Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operator 
Log By: GAD 

p y  ,  ,  p  
Log By: GAD 

Sheet: 1 of 1  Sheet: 1 of 1 
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Description 
(Color Texture Structure) 

Description 
(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 
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R

 

0 - 1.2 0 - 1.2 00 Light brown fine SAND and SILT trace SHELL HASH Light brown fine SAND and SILT, trace SHELL HASH. 

1.2 - 4.5 1.2 - 4.5 00 Tan fine to medium SAND and SHELL HASH, trace SILT. Tan fine to medium SAND and SHELL HASH, trace SILT. 

4.5 - 6.04.5 6.0 00 Olive gray fine SAND and SILT, trace SHELL HASH, trace fine GRAVEL.Olive gray fine SAND and SILT, trace SHELL HASH, trace fine GRAVEL. 

6.0 - 9.06.0 9.0 00 Gray fine to medium SAND and SILT, trace SHELL HASH.Gray fine to medium SAND and SILT, trace SHELL HASH. 

9 0 12 9 9.0 - 12.9 000 D k fi SAND d SILT SHELL HASH Dark gray, fine SAND and SILT, trace SHELL HASH.Dark gray, fine SAND and SILT, trace SHELL HASH. 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 10.2' BSG.Comments: Groundwater encountered at 10.2  BSG. 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

7/25/20117/25/2011 
2:30 PM 2:30 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 
L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

X: 816008 X: 816008 
Y 2687936Y: 2687936Y: 2687936 

Surface Elev: 9 7 MLLW Total Hole Depth: 12 2 feet Surface Elev: 9.7 MLLW Total Hole Depth: 12.2 feetp 
Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 Test Pit No: TP C1 Test Pit No: TP C1 

Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operator 
Log By: GAD 

p y  ,  ,  p  
Log By: GAD 

Sheet: 1 of 1  Sheet: 1 of 1 
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Description 
(Color Texture Structure) 

Description 
(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

s
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R

em
R

 

0 - 0.8 0 - 0.8 00 Light brown fine SAND and SILT trace SHELL HASH Light brown fine SAND and SILT, trace SHELL HASH. 

0.8 - 3.6 0.8 - 3.6 00 Tan fine to medium SAND and SHELL HASH, trace SILT. Tan fine to medium SAND and SHELL HASH, trace SILT. 

3.6 - 4.83.6 4.8 00 Olive gray fine SAND and SILT, trace SHELL HASH, trace fine GRAVEL.Olive gray fine SAND and SILT, trace SHELL HASH, trace fine GRAVEL. 

4.8 - 8.64.8 8.6 00 Gray fine to medium SAND and SILT, trace SHELL HASH.Gray fine to medium SAND and SILT, trace SHELL HASH. 

8 6 12 2 8.6 - 12.2 000 D k fi SAND d SILT SHELL HASH Dark gray, fine SAND and SILT, trace SHELL HASH.Dark gray, fine SAND and SILT, trace SHELL HASH. 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5.6' BSG.Comments: Groundwater encountered at 5.6  BSG. 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

7/18/20117/18/2011 
11:30 AM 11:30 AM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 
L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

X: 815957 X: 815957 
Y 2688243Y: 2688243Y: 2688243 

Surface Elev: 7 5 MLLW Total Hole Depth: 6 5 feet Surface Elev: 7.5 MLLW Total Hole Depth: 6.5 feetp 
Excavator Type: Caterpillar B315 Excavator Type: Caterpillar B315 Test Pit No: TP 6-1 Test Pit No: TP 6-1 

Company: CSB Enterprises Chris Bottiglieri OperatorCompany: CSB Enterprises, Chris Bottiglieri, Operator 
Log By: GAD 

p y  p  ,  g  ,  p  
Log By: GAD 

Sheet: 1 of 1  Sheet: 1 of 1 
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Description 
(Color Texture Structure) 
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0 - 0.5 0 - 0.5 00 Dark brown organic TOPSOIL Dark brown, organic TOPSOIL. 

0.5 - 2.1 0.5 - 2.1 00 Light brown, fine to medium SAND, trace SILT and BRICK DEBRIS. Light brown, fine to medium SAND, trace SILT and BRICK DEBRIS. 

2.1 - 3.92.1 3.9 00 Brown ASH and CLINKERS.Brown ASH and CLINKERS. 

3.9 - 5.03.9 5.0 00 Orange brown fine SAND and SILT.Orange brown fine SAND and SILT. 

5 0  6 55.0 - 6.5 000 Bl k fib fi di SAND d SILT d iBlack, fibrous, fine to medium SAND and SILT and organics.Black, fibrous, fine to medium SAND and SILT and organics. 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5.0' BSG.Comments: Groundwater encountered at 5.0  BSG. 
Slight creosote/petroleum odor in sample at 6 5' BSGSlight creosote/petroleum odor in sample at 6.5' BSG. 
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Date: 7/18/2011Date: 7/18/2011 
Time: 12:00 PM Time: 12:00 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 
L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

X: 815962 X: 815962 
Y 2688239Y: 2688239Y: 2688239 

Surface Elev: 7 5 MLLW Total Hole Depth: 5 9 feet Surface Elev: 7.5 MLLW Total Hole Depth: 5.9 feetp 
Excavator Type: Caterpillar B315 Excavator Type: Caterpillar B315 Test Pit No: TP 6-1N Test Pit No: TP 6-1N 

Company: CSB Enterprises Chris Bottiglieri OperatorCompany: CSB Enterprises, Chris Bottiglieri, Operator 
Log By: GAD 

p y  p  ,  g  ,  p  
Log By: GAD 

Sheet: 1 of 1  Sheet: 1 of 1 
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DescriptionDescription 
(Color Texture Structure)(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 
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0 - 0.5 0 - 0.5 00 Dark brown organic TOPSOIL Dark brown, organic TOPSOIL. 

0.5 - 2.9 0.5 - 2.9 00 Light brown, fine to medium SAND, trace SILT and BRICK DEBRIS, some fine GRAVEL. Light brown, fine to medium SAND, trace SILT and BRICK DEBRIS, some fine GRAVEL. 

2.9 - 4.02.9 4.0 00 Brown ASH and CLINKERS.Brown ASH and CLINKERS. 

4.0 - 4.44.0 4.4 00 Orange brown fine SAND and SILT.Orange brown fine SAND and SILT. 

4 4  4 94.4 - 4.9 555 Y ll fi SAND d SILT fi GRAVELYellow orange, fine SAND and SILT, trace fine GRAVEL.Yellow orange, fine SAND and SILT, trace fine GRAVEL. 

4 9  5 94.9 - 5.9 127127 Bl k fib fi t di SAND d SILT d iBlack, fibrous, fine to medium SAND and SILT and organics., , g L b  S  lLab Samplep 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5.0' BSG.Comments: Groundwater encountered at 5.0  BSG. 
Slight creosote/petroleum odor in sample at 4 9' BSGSlight creosote/petroleum odor in sample at 4.9' BSG. 
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Date: 7/18/2011Date: 7/18/2011 
Time: 12:30 PM Time: 12:30 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 X: 815927 Project: Phase IV Dredging Project No: 6690.014 
L ti S th T i l E i 

X: 815927 
Y 2688250Location: South Terminal Expansion Y: 2688250Location: South Terminal Expansion 

Surface Elev: 7 3 MLLW Total Hole Depth: 5 4 feet 
Y: 2688250 

Surface Elev: 7.3 MLLW Total Hole Depth: 5.4 feetp 
Excavator Type: Caterpillar B315 Test Pit No: TP 6-2N Excavator Type: Caterpillar B315 Test Pit No: TP 6-2N 

Sheet: 1 of 1  Company: CSB Enterprises Chris Bottiglieri Operator Sheet: 1 of 1Company: CSB Enterprises, Chris Bottiglieri, Operator 
Log By: GAD 

p y  p  ,  g  ,  p  
Log By: GAD 
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0 - 0.5 0 Dark brown organic TOPSOIL 0 - 0.5 0 Dark brown, organic TOPSOIL. 

0.5 - 1.2 0 Light brown, fine to medium SAND. 0.5 - 1.2 0 Light brown, fine to medium SAND. 

1.2 - 1.7 0 Light yellow, fine to coarse SAND, trace fine GRAVEL.1.2 1.7 0 Light yellow, fine to coarse SAND, trace fine GRAVEL. 

1.7 - 2.9 0 Brown ASH and CLINKERS.1.7 2.9 0 Brown ASH and CLINKERS. 

2 9  4 2  0 Li ht fi SAND d SILT 2.9 - 4.2 0 Light gray, fine to coarse SAND and SILT.0 Light gray, fine to coarse SAND and SILT. 

4 2  4 8  0 Li ht b fi t SAND d SILT 4.2 - 4.8 0 Light brown, fine to coarse SAND and SILT.g , 

4 8  5 4  15 Black fibro silt PEAT Lab Sample 4.8 - 5.4 15 Black, fibrous, silty PEAT. Lab Sample, , y p 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5.4' BSG.Comments: Groundwater encountered at 5.4  BSG. 
Slight creosote/petroleum odor in sample at 5 4' BSGSlight creosote/petroleum odor in sample at 5.4' BSG. 
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Date: 7/18/2011Date: 7/18/2011 
Time: 1:00 PM Time: 1:00 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 
L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

X: 815918 X: 815918 
Y 2688255Y: 2688255Y: 2688255 

Surface Elev: 7 2 MLLW Total Hole Depth: 6 5 feet Surface Elev: 7.2 MLLW Total Hole Depth: 6.5 feetp 
Excavator Type: Caterpillar B315 Excavator Type: Caterpillar B315 Test Pit No: TP 6-3N Test Pit No: TP 6-3N 

Company: CSB Enterprises Chris Bottiglieri OperatorCompany: CSB Enterprises, Chris Bottiglieri, Operator 
Log By: GAD 

p y  p  ,  g  ,  p  
Log By: GAD 

Sheet: 1 of 1  Sheet: 1 of 1 
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Description 
(Color Texture Structure) 

Description 
(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 
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0 - 0.5 0 - 0.5 00 Dark brown organic TOPSOIL Dark brown, organic TOPSOIL. 

0.5 - 1.1 0.5 - 1.1 00 Light brown, fine to medium SAND. Light brown, fine to medium SAND. Lab Sample Lab Sample 

1.2 - 1.81.2 1.8 00 Light yellow, fine to coarse SAND, trace fine GRAVEL.Light yellow, fine to coarse SAND, trace fine GRAVEL. 

1.8 - 2.81.8 2.8 00 Brown ASH and CLINKERS.Brown ASH and CLINKERS. 

2 8  3 62.8 - 3.6 000 O b fi SAND d fi GRAVELOrange brown, fine to coarse SAND and fine GRAVEL.Orange brown, fine to coarse SAND and fine GRAVEL. 

3 6  4 03.6 - 4.0 00 Li ht fi t SAND d fi GRAVELLight gray, fine to coarse SAND and fine GRAVEL.g g  y,  

4 0  4 94.0 - 4.9 00 Light bro fine to SAND and SILT Light brown, fine to coarse SAND and SILT.g , 

4 9  5 84.9 - 5.8 00 Black fibrous silty PEAT Black, fibrous, silty PEAT.y 

5 8  6 55.8 - 6.5 00 Light gray clayey SILT Light gray, clayey SILT. Lab Sample Lab Sample 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5.2' BSG.Comments: Groundwater encountered at 5.2  BSG. 
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Date: 7/19/2011Date: 7/19/2011 
Time: 8:00 PM Time: 8:00 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 X: 815944 Project: Phase IV Dredging Project No: 6690.014 
L ti S th T i l E i 

X: 815944 
Y 2688209Location: South Terminal Expansion Y: 2688209Location: South Terminal Expansion 

Surface Elev: 7 5 MLLW Total Hole Depth: 7 6 feet 
Y: 2688209 

Surface Elev: 7.5 MLLW Total Hole Depth: 7.6 feetp 
Excavator Type: Caterpillar B315 Test Pit No: TP 6-1W Excavator Type: Caterpillar B315 Test Pit No: TP 6-1W 

Sheet: 1 of 1  Company: CSB Enterprises Chris Bottiglieri Operator Sheet: 1 of 1Company: CSB Enterprises, Chris Bottiglieri, Operator 
Log By: GAD 

p y  p  ,  g  ,  p  
Log By: GAD 
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(Color Texture Structure) sFT
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0 - 0.7 0 Dark brown organic TOPSOIL 0 - 0.7 0 Dark brown, organic TOPSOIL. 

0.7- 1.7 0 Yellow orange, fine to medium SAND, trace SILT. 0.7- 1.7 0 Yellow orange, fine to medium SAND, trace SILT. 

1.7 - 2.2 0 Light brown, fine to coarse SAND and fine GRAVEL.1.7 2.2 0 Light brown, fine to coarse SAND and fine GRAVEL. 

2.2 - 3.6 0 Brown ASH and CLINKERS, little BRICK debris.2.2 3.6 0 Brown ASH and CLINKERS, little BRICK debris. 

3 6  4 4  0 Y ll fi SAND d SILT fi GRAVEL3.6 - 4.4 0 Yellow orange, fine to coarse SAND and SILT, some fine GRAVEL.0 Yellow orange, fine to coarse SAND and SILT, some fine GRAVEL. 

4 4  4 7  0 Li ht b fi t SAND d SILT 4.4 - 4.7 0 Light brown, fine to coarse SAND and SILT.g , 

4 7  5 9  0 Black fibro silt PEAT Lab Sample 4.7 - 5.9 0 Black, fibrous, silty PEAT. Lab Sample, , y p 

5 9  7 6  0 Light gray clayey SILT 5.9 - 7.6 0 Light gray, clayey SILT.g g  y  y  y  
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5.1' BSG. Comments: Groundwater encountered at 5.1  BSG. 
Slight creosote/petroleum odor in sample at 4 7' BSGSlight creosote/petroleum odor in sample at 4.7' BSG. 
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Date: 7/19/2011Date: 7/19/2011 
Time: 9:00 PM Time: 9:00 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 X: 815923 Project: Phase IV Dredging Project No: 6690.014 
L ti S th T i l E i 

X: 815923 
Y 2688184Location: South Terminal Expansion Y: 2688184Location: South Terminal Expansion 

Surface Elev: 7 3 MLLW Total Hole Depth: 7 9 feet 
Y: 2688184 

Surface Elev: 7.3 MLLW Total Hole Depth: 7.9 feetp 
Excavator Type: Caterpillar B315 Test Pit No: TP 6-2W Excavator Type: Caterpillar B315 Test Pit No: TP 6-2W 

Sheet: 1 of 1  Company: CSB Enterprises Chris Bottiglieri Operator Sheet: 1 of 1Company: CSB Enterprises, Chris Bottiglieri, Operator 
Log By: GAD 

p y  p  ,  g  ,  p  
Log By: GAD 

T.
) Description 

(Color Texture Structure) sFT
. Description 

(Color, Texture, Structure) 

ar
ks

h 
( F ID )

m
ar

pt
h

D
/F

I
m

) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% R
em

D
ep

P
ID

/
pp

m

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% RD P (p
 

0 - 0.6 0 Dark brown organic TOPSOIL and COBBLES/BRICK debris Lab Sample 0 - 0.6 0 Dark brown, organic TOPSOIL and COBBLES/BRICK debris. Lab Sample 

0.6- 2.0 0 Yellow orange, fine to medium SAND, trace SILT. 0.6- 2.0 0 Yellow orange, fine to medium SAND, trace SILT. 

2.0 - 2.2 0 Brown ASH and CLINKERS, little BRICK debris. Lab Sample2.0 2.2 0 Brown ASH and CLINKERS, little BRICK debris. Lab Sample 

2.2 - 3.5 0 Yellow orange, fine to medium SAND, trace SILT.2.2 3.5 0 Yellow orange, fine to medium SAND, trace SILT. 

3 5  5 4  0 Li ht b fi SAND d SILT 3.5 - 5.4 0 Light brown, fine to coarse SAND and SILT.0 Light brown, fine to coarse SAND and SILT. 

5 4  6 2  0 Bl k fib ilt PEAT5.4 - 6.2 0 Black, fibrous, silty PEAT., , y 

6 2  7 9  0 Light cla SILT Lab Sample 6.2 - 7.9 0 Light gray, clayey SILT. Lab Sampleg g  y,  y  y  p 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5.0' BSG. Comments: Groundwater encountered at 5.0  BSG. 
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Date: 7/19/2011Date: 7/19/2011 
Time: 10:00 AM Time: 10:00 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815975 X: 815975 
Y 2688171Y: 2688171Y: 2688171 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 2 MLLW Total Hole Depth: 6 0 feet Surface Elev: 7.2 MLLW Total Hole Depth: 6.0 feetp 
Test Pit No: TP 2-1W Test Pit No: TP 2-1WExcavator Type: Caterpillar B315 Excavator Type: Caterpillar B315 

Sheet: 1 of 1  Sheet: 1 of 1Company: CSB Enterprises Chris Bottiglieri OperatorCompany: CSB Enterprises, Chris Bottiglieri, Operatorp y  p  ,  g  ,  p  
Log By: GADLog By: GAD 
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Description 
(Color Texture Structure) 

Description 
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0 - 1.0 0 - 1.0 00 Black organic TOPSOIL some BRICK debris Black, organic TOPSOIL, some BRICK debris. 

1.0- 3.5 1.0- 3.5 00 Black ASH and CLINKERS. Black ASH and CLINKERS. 

3.5 - 4.23.5 4.2 00 Yellow orange, fine to medium SAND, trace SILT and fine GRAVEL.Yellow orange, fine to medium SAND, trace SILT and fine GRAVEL. 

4.2 - 5.04.2 5.0 00 Brown to gleyed, fine to coarse SAND and fine GRAVEL.Brown to gleyed, fine to coarse SAND and fine GRAVEL. Lab SampleLab Sample 

5 0  6 05.0 - 6.0 000 B fi SAND d fi GRAVELBrown, fine to coarse SAND and fine GRAVEL.Brown, fine to coarse SAND and fine GRAVEL. 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 4 5' BSG Comments: Groundwater encountered at 4.5' BSG. 



Date: 7/19/2011Date: 7/19/2011 
Time: 10:30 AM Time: 10:30 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815963 X: 815963 
Y 2688150Y: 2688150Y: 2688150 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 2 MLLW Total Hole Depth: 5 1 feet Surface Elev: 7.2 MLLW Total Hole Depth: 5.1 feetp 
Test Pit No: TP 2-2W Test Pit No: TP 2-2WExcavator Type: Caterpillar B315 Excavator Type: Caterpillar B315 

Sheet: 1 of 1  Sheet: 1 of 1Company: CSB Enterprises Chris Bottiglieri OperatorCompany: CSB Enterprises, Chris Bottiglieri, Operatorp y  p  ,  g  ,  p  
Log By: GADLog By: GAD 
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Description 
(Color Texture Structure) 
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Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 
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0 - 1.1 0 - 1.1 00 Black organic TOPSOIL some BRICK debris Black, organic TOPSOIL, some BRICK debris. 

1.1- 3.3 1.1- 3.3 00 Black ASH and CLINKERS. Black ASH and CLINKERS. 

3.3 - 4.43.3 4.4 00 Yellow orange, fine to medium SAND, trace SILT and fine GRAVEL.Yellow orange, fine to medium SAND, trace SILT and fine GRAVEL. 

4.4 - 5.14.4 5.1 00 Brown to gleyed, fine to coarse SAND and fine GRAVEL.Brown to gleyed, fine to coarse SAND and fine GRAVEL. Lab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 4 5' BSG Comments: Groundwater encountered at 4.5' BSG. 



Date: 7/19/2011Date: 7/19/2011 
Time: 10:50 AM Time: 10:50 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815952 X: 815952 
Y 2688129Y: 2688129Y: 2688129 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 2 MLLW Total Hole Depth: 5 2 feet Surface Elev: 7.2 MLLW Total Hole Depth: 5.2 feetp 
Test Pit No: TP 2-3W Test Pit No: TP 2-3WExcavator Type: Caterpillar B315 Excavator Type: Caterpillar B315 

Sheet: 1 of 1  Sheet: 1 of 1Company: CSB Enterprises Chris Bottiglieri OperatorCompany: CSB Enterprises, Chris Bottiglieri, Operatorp y  p  ,  g  ,  p  
Log By: GADLog By: GAD 
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Description 
(Color Texture Structure) 
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0 - 1.7 0 - 1.7 00 Black organic TOPSOIL and fine GRAVEL some COBBLES Black, organic TOPSOIL and fine GRAVEL, some COBBLES. 

1.7- 3.0 1.7- 3.0 00 Yellow orange, fine to medium SAND, trace SILT and fine GRAVEL. Yellow orange, fine to medium SAND, trace SILT and fine GRAVEL. 

3.0 - 5.23.0 5.2 00 Brown to gleyed, fine to coarse SAND and fine GRAVEL.Brown to gleyed, fine to coarse SAND and fine GRAVEL. 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5 1' BSG Comments: Groundwater encountered at 5.1' BSG. 
Slight creosote/petroleum odor in sample at 3.0' BSG.Slight creosote/petroleum odor in sample at 3.0  BSG. 



Date: 7/19/2011Date: 7/19/2011 
Time: 11:00 AM Time: 11:00 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815944 X: 815944 
Y 2688118Y: 2688118Y: 2688118 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 3 MLLW Total Hole Depth: 3 3 feet Surface Elev: 7.3 MLLW Total Hole Depth: 3.3 feetp 
Test Pit No: TP 2-4W Test Pit No: TP 2-4WExcavator Type: Caterpillar B315 Excavator Type: Caterpillar B315 

Sheet: 1 of 1  Sheet: 1 of 1Company: CSB Enterprises Chris Bottiglieri OperatorCompany: CSB Enterprises, Chris Bottiglieri, Operatorp y  p  ,  g  ,  p  
Log By: GADLog By: GAD 
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(Color Texture Structure) 
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0 - 0.6 0 - 0.6 00 Black organic TOPSOIL and fine GRAVEL some COBBLES Black, organic TOPSOIL and fine GRAVEL, some COBBLES. Lab Sample Lab Sample 

0.6- 1.6 0.6- 1.6 00 Yellow orange, fine to medium SAND, trace SILT and fine GRAVEL. Yellow orange, fine to medium SAND, trace SILT and fine GRAVEL. 

1.6 - 3.31.6 3.3 00 Brown, fine to coarse SAND, some fine GRAVEL.Brown, fine to coarse SAND, some fine GRAVEL. Lab SampleLab Sample 

3.33.3 00 Ledge.Ledge. 
END TEST PITEND TEST PIT 

Comments: Also eastern edge of TP 4 Comments: Also eastern edge of TP 4. 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

7/19/20117/19/2011 
12:00 PM 12:00 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815940 X: 815940 
Y 2688112Y: 2688112Y: 2688112 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 4 MLLW Total Hole Depth: 4 4 feet Surface Elev: 7.4 MLLW Total Hole Depth: 4.4 feetp 
Test Pit No: TP 4-1E Test Pit No: TP 4-1EExcavator Type: Caterpillar B315 Excavator Type: Caterpillar B315 

Sheet: 1 of 1  Sheet: 1 of 1Company: CSB Enterprises Chris Bottiglieri OperatorCompany: CSB Enterprises, Chris Bottiglieri, Operatorp y  p  ,  g  ,  p  
Log By: GADLog By: GAD 
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(Color Texture Structure) 
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0 - 0.9 0 - 0.9 00 Brown fine to coarse SAND and fine GRAVEL Brown, fine to coarse SAND and fine GRAVEL. 

0.9- 2.5 0.9- 2.5 00 Yellow orange, fine to coarse SAND, trace SILT and fine GRAVEL. Yellow orange, fine to coarse SAND, trace SILT and fine GRAVEL. 

2.5 - 4.42.5 4.4 00 Black ASH and CLINKERS, little BRICK debris.Black ASH and CLINKERS, little BRICK debris. Lab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments: Perched groundwater encountered at 4 4' BSGComments: Perched groundwater encountered at 4.4' BSG. 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

7/19/20117/19/2011 
1:00 PM 1:00 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815992 X: 815992 
Y 2688082Y: 2688082Y: 2688082 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 5 MLLW Total Hole Depth: 6 5 feet Surface Elev: 7.5 MLLW Total Hole Depth: 6.5 feetp 
Test Pit No: TP 3-1S Test Pit No: TP 3-1SExcavator Type: Caterpillar B315 Excavator Type: Caterpillar B315 

Sheet: 1 of 1  Sheet: 1 of 1Company: CSB Enterprises Chris Bottiglieri OperatorCompany: CSB Enterprises, Chris Bottiglieri, Operatorp y  p  ,  g  ,  p  
Log By: GADLog By: GAD 
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0 - 0.5 0 - 0.5 00 Black TOPSOIL Black, TOPSOIL. 

0.5- 6.2 0.5- 6.2 00 Black, fine SAND and BRICK/angular ROCK debris. Black, fine SAND and BRICK/angular ROCK debris. Lab Sample Lab Sample 

6.2 - 6.56.2 6.5 00 Black, fibrous, silty PEAT.Black, fibrous, silty PEAT. 
END TEST PITEND TEST PIT 

Comments:Comments: 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

7/19/20117/19/2011 
2:00 PM 2:00 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 
L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

X: 815971 X: 815971 
Y 2688079Y: 2688079Y: 2688079 

Surface Elev: 7 5 MLLW Total Hole Depth: 7 3 feet Surface Elev: 7.5 MLLW Total Hole Depth: 7.3 feetp 
Excavator Type: Caterpillar B315 Excavator Type: Caterpillar B315 Test Pit No: TP 3-2S Test Pit No: TP 3-2S 

Company: CSB Enterprises Chris Bottiglieri OperatorCompany: CSB Enterprises, Chris Bottiglieri, Operator 
Log By: GAD 

p y  p  ,  g  ,  p  
Log By: GAD 
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0 - 0.9 0 - 0.9 00 Black organic TOPSOIL Black, organic TOPSOIL. 

0.9- 1.7 0.9- 1.7 00 Brown ASH and CLINKERS. Brown ASH and CLINKERS. Lab Sample Lab Sample 

1.7 - 2.91.7 2.9 00 Light brown, fine to coarse SAND.Light brown, fine to coarse SAND. 

2.9 - 4.62.9 4.6 00 Yellow orange, fine to medium SAND, trace SILT.Yellow orange, fine to medium SAND, trace SILT. 

4 6  5 24.6 - 5.2 000 Li ht b fi SANDLight brown, fine to coarse SAND.Light brown, fine to coarse SAND. 

5 2  6 05.2 - 6.0 00 Bl k fib ilt PEATBlack, fibrous, silty PEAT., , y L b  S  lLab Samplep 

6 0  7 36.0 - 7.3 00 Gra fine to SANDGray, fine to coarse SAND.y, Lab Sample Lab Samplep 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 7 1' BSG Comments: Groundwater encountered at 7.1' BSG. 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

7/20/20117/20/2011 
10:00 AM 10:00 AM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815933 X: 815933 
Y 2688065Y: 2688065Y: 2688065 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 4 MLLW Total Hole Depth: 7 0 feet Surface Elev: 7.4 MLLW Total Hole Depth: 7.0 feetp 
Test Pit No: TP 4-1S Test Pit No: TP 4-1SExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.3 0 - 0.3 00 CLINKERS some angular ROCK and BRICK debris CLINKERS, some angular ROCK and BRICK debris. 

0.3- 1.0 0.3- 1.0 00 Light brown, fine to coarse SAND. Light brown, fine to coarse SAND. Lab Sample Lab Sample 

1.0 - 3.31.0 3.3 00 Black ASH and CLINKERS.Black ASH and CLINKERS. Lab SampleLab Sample 

3.3 - 6.13.3 6.1 00 Light brown, fine to coarse SAND, trace SILT.Light brown, fine to coarse SAND, trace SILT. Lab SampleLab Sample 

6 1  7 06.1 - 7.0 000 G fi SAND d SILT Gray, fine to coarse SAND and SILT.Gray, fine to coarse SAND and SILT. 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 4 0' BSG  Comments: Groundwater encountered at 4.0' BSG. 
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Date: 7/20/2011Date: 7/20/2011 
Time: 11:30 AM Time: 11:30 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815923 X: 815923 
Y 2688086Y: 2688086Y: 2688086 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 2 MLLW Total Hole Depth: 6 0 feet Surface Elev: 7.2 MLLW Total Hole Depth: 6.0 feetp 
Test Pit No: TP 4-1W Test Pit No: TP 4-1WExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 3.8 0 - 3.8 00 Black fine to coarse SAND and ASH/CLINKERS/BRICK debris Black, fine to coarse SAND and ASH/CLINKERS/BRICK debris. Lab Sample Lab Sample 

3.8- 4.8 3.8- 4.8 00 Brown, fine to coarse SAND and SILT, trace fine GRAVEL. Brown, fine to coarse SAND and SILT, trace fine GRAVEL. Lab Sample Lab Sample 

4.8 - 6.04.8 6.0 00 Yellow orange, fine to medium SAND, trace SILT.Yellow orange, fine to medium SAND, trace SILT. Lab SampleLab Sample 
END TEST PITEND TEST PIT 

C G d d 3 6' BSG Comments: Groundwater encountered at 3.6' BSG.Comments: Groundwater encountered at 3.6  BSG. 
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Date: 7/20/2011Date: 7/20/2011 
Time: 12:35 PM Time: 12:35 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815900 X: 815900 
Y 2688132Y: 2688132Y: 2688132 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 2 MLLW Total Hole Depth: 2 5 feet Surface Elev: 7.2 MLLW Total Hole Depth: 2.5 feetp 
Test Pit No: TP 4-2W Test Pit No: TP 4-2WExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.4 0 - 0.4 00 Black TOPSOIL and BRICK debris Black, TOPSOIL and BRICK debris. 

0.4- 2.5 0.4- 2.5 00 Black, ASH/CLINKERS/BRICK debris. Black, ASH/CLINKERS/BRICK debris. Lab Sample Lab Sample 

2.52.5 00 Ledge.Ledge. 
END TEST PITEND TEST PIT 

CComments:Comments: 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

7/20/20117/20/2011 
2:00 PM 2:00 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815736 X: 815736 
Y 2688255Y: 2688255Y: 2688255 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 9 MLLW Total Hole Depth: 7 3 feet Surface Elev: 7.9 MLLW Total Hole Depth: 7.3 feetp 
Test Pit No: TP 9-1E Test Pit No: TP 9-1EExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 1.0 0 - 1.0 00 Black organic TOPSOIL and angular ROCK and BRICK debris Black, organic TOPSOIL and angular ROCK and BRICK debris. 

1.0- 3.6 1.0- 3.6 00 Brown, fine to coarse SAND and fine GRAVEL. Brown, fine to coarse SAND and fine GRAVEL. 

3.6 - 4.83.6 4.8 00 Yellow orange, fine to medium SAND, trace SILT.Yellow orange, fine to medium SAND, trace SILT. 

4.8 - 5.24.8 5.2 00 Black, fibrous, silty PEAT.Black, fibrous, silty PEAT. Lab SampleLab Sample 

5 2  7 35.2 - 7.3 000 Li ht fi SAND d l SILTLight gray, fine SAND and clayey SILT.Light gray, fine SAND and clayey SILT. 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 7 2' BSG  Comments: Groundwater encountered at 7.2' BSG. 
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Date: 7/20/2011Date: 7/20/2011 
Time: 2:20 PM Time: 2:20 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815697 X: 815697 
Y 2688279Y: 2688279Y: 2688279 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 8 MLLW Total Hole Depth: 7 5 feet Surface Elev: 7.8 MLLW Total Hole Depth: 7.5 feetp 
Test Pit No: TP 9-1W Test Pit No: TP 9-1WExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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(Color Texture Structure) 
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0 - 0.6 0 - 0.6 00 Black organic TOPSOIL and angular ROCK/BRICK/CLAY pipe debris Black, organic TOPSOIL and angular ROCK/BRICK/CLAY pipe debris. 

0.6- 3.2 0.6- 3.2 00 Brown, fine to coarse SAND and fine GRAVEL. Brown, fine to coarse SAND and fine GRAVEL. 

3.2 - 4.63.2 4.6 00 Yellow orange, fine to medium SAND, trace SILT.Yellow orange, fine to medium SAND, trace SILT. 

4.6 - 5.44.6 5.4 00 Black, fibrous, silty, PEAT.Black, fibrous, silty, PEAT. Lab SampleLab Sample 

5 4  7 55.4 - 7.5 000 Li ht fi SAND d l SILTLight gray, fine SAND and clayey SILT.Light gray, fine SAND and clayey SILT. 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 7 0' BSG  Comments: Groundwater encountered at 7.0' BSG. 
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Date: 7/20/2011Date: 7/20/2011 
Time: 2:30 PM Time: 2:30 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815728 X: 815728 
Y 2688269Y: 2688269Y: 2688269 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 9 MLLW Total Hole Depth: 6 5 feet Surface Elev: 7.9 MLLW Total Hole Depth: 6.5 feetp 
Test Pit No: TP 9-1N Test Pit No: TP 9-1NExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.9 0 - 0.9 00 Black organic TOPSOIL and angular ROCK/BRICK debris Black, organic TOPSOIL and angular ROCK/BRICK debris. 

0.9- 2.2 0.9- 2.2 00 Brown, fine to coarse SAND and fine GRAVEL and COBBLES. Brown, fine to coarse SAND and fine GRAVEL and COBBLES. 

2.2 - 3.12.2 3.1 00 Yellow orange, fine to medium SAND, trace SILT.Yellow orange, fine to medium SAND, trace SILT. 

3.1 - 4.93.1 4.9 00 Light brown, fine to medium SAND and fine GRAVEL.Light brown, fine to medium SAND and fine GRAVEL. 

4 9  5 84.9 - 5.8 000 Bl k fib ilt PEATBlack, fibrous, silty PEAT.Black, fibrous, silty PEAT. L b  S  lLab SampleLab Sample 

5 8  6 55.8 - 6.5 00 Li ht fi SAND d l SILTLight gray, fine SAND and clayey SILT.g g  y,  y  y  
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 6 5' BSG Comments: Groundwater encountered at 6.5' BSG. 
Cemented rock foundation wall encountered approximately 3.0' BSG on west side of excavation.Cemented rock foundation wall encountered approximately 3.0  BSG on west side of excavation. 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

7/20/20117/20/2011 
3:00 PM 3:00 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815712 X: 815712 
Y 2688210Y: 2688210Y: 2688210 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 9 MLLW Total Hole Depth: 6 9 feet Surface Elev: 7.9 MLLW Total Hole Depth: 6.9 feetp 
Test Pit No: TP 9-1S Test Pit No: TP 9-1SExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 1.0 0 - 1.0 00 Black organic TOPSOIL Black, organic TOPSOIL. 

1.0- 2.5 1.0- 2.5 00 Yellow orange, fine to medium SAND and SILT. Yellow orange, fine to medium SAND and SILT. 

2.5 - 3.02.5 3.0 00 Brown ASH and CLINKERS.Brown ASH and CLINKERS. 

3.0 - 3.73.0 3.7 00 Light brown, fine to medium SAND and fine GRAVEL.Light brown, fine to medium SAND and fine GRAVEL. 

3 7  4 23.7 - 4.2 000 Bl k fib ilt PEATBlack, fibrous, silty PEAT.Black, fibrous, silty PEAT. L b  S  lLab SampleLab Sample 

4 2  5 04.2 - 5.0 00 Li ht fi SAND d l SILTLight gray, fine SAND and clayey SILT.g g  y,  y  y  

5 0  6 95.0 - 6.9 00 Oli fine SAND and cla SILTOlive gray, fine SAND and clayey SILT.g y,  y  y  
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 6 9' BSG Comments: Groundwater encountered at 6.9' BSG. 



Date: 7/21/2011Date: 7/21/2011 
Time: 8:00 AM Time: 8:00 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815755 X: 815755 
Y 2687935Y: 2687935Y: 2687935 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 0 MLLW Total Hole Depth: 3 2 feet Surface Elev: 7.0 MLLW Total Hole Depth: 3.2 feetp 
Test Pit No: TP 13-1S Test Pit No: TP 13-1SExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.9 0 - 0.9 00 Black organic TOPSOIL some BRICK and METAL debris Black, organic TOPSOIL, some BRICK and METAL debris. 

0.9- 1.6 0.9- 1.6 00 Brown, fine to medium SAND. Brown, fine to medium SAND. 

1.6 - 3.21.6 3.2 00 Black, ASH and CLINKERS, little METAL debris.Black, ASH and CLINKERS, little METAL debris. Lab SampleLab Sample 

3.23.2 00 Ledge.Ledge. 
END TEST PITEND TEST PIT 

Comments:Comments: 
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Date: 7/21/2011Date: 7/21/2011 
Time: 8:30 AM Time: 8:30 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815755 X: 815755 
Y 2687924Y: 2687924Y: 2687924 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 6 8 MLLW Total Hole Depth: 6 9 feet Surface Elev: 6.8 MLLW Total Hole Depth: 6.9 feetp 
Test Pit No: TP 13-2S Test Pit No: TP 13-2SExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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Description 
(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 
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0 - 0.6 0 - 0.6 00 Yellow orange fine to medium SAND trace coarse SAND fine GRAVEL SILT Yellow orange, fine to medium SAND, trace coarse SAND, fine GRAVEL, SILT. Lab Sample Lab Sample 

0.6- 1.6 0.6- 1.6 00 Gray, manufactured fine to coarse SAND and fine GRAVEL. Gray, manufactured fine to coarse SAND and fine GRAVEL. 

1.6 - 5.01.6 5.0 00 Black ASH and CLINKERS, some BRICK debris.Black ASH and CLINKERS, some BRICK debris. Lab SampleLab Sample 

5.0 - 6.25.0 6.2 00 Black, fibrous, silty PEATBlack, fibrous, silty PEAT Lab SampleLab Sample 

6 2  6 96.2 - 6.9 000 Oli fi SAND d SILT fi GRAVELOlive gray, fine SAND and SILT, some fine GRAVEL.Olive gray, fine SAND and SILT, some fine GRAVEL. 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 5 8' BSG  Comments: Groundwater encountered at 5.8' BSG. 



Date: 7/21/2011Date: 7/21/2011 
Time: 9:00 AM Time: 9:00 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815680 X: 815680 
Y 2687950Y: 2687950Y: 2687950 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 4 MLLW Total Hole Depth: 4 0 feet Surface Elev: 7.4 MLLW Total Hole Depth: 4.0 feetp 
Test Pit No: TP 17-1S Test Pit No: TP 17-1SExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.9 0 - 0.9 00 Dark brown organic TOPSOIL Dark brown, organic TOPSOIL. Lab Sample Lab Sample 

0.9- 2.6 0.9- 2.6 00 Yellow orange, fine to coarse SAND and fine GRAVEL. Yellow orange, fine to coarse SAND and fine GRAVEL. 

2.6 - 3.42.6 3.4 00 Black ASH and CLINKERS.Black ASH and CLINKERS. Lab SampleLab Sample 

3.4 - 4.03.4 4.0 00 Yellow brown, fine SAND some coarse SAND and fine GRAVEL.Yellow brown, fine SAND some coarse SAND and fine GRAVEL. Lab SampleLab Sample 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 4 0' BSG  Comments: Groundwater encountered at 4.0' BSG. 
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Date: 7/21/2011Date: 7/21/2011 
Time: 9:45 AM Time: 9:45 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X:X: 
YY:Y: L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 6 7 MLLW Total Hole Depth: 6 0 feet Surface Elev: 6.7 MLLW Total Hole Depth: 6.0 feetp 
Test Pit No: TP 13/17-1C Test Pit No: TP 13/17-1CExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 1.0 0 - 1.0 00 Dark brown organic TOPSOIL Dark brown, organic TOPSOIL. Lab Sample Lab Sample 

1.0- 3.6 1.0- 3.6 00 Black ASH and CLINKERS. Black ASH and CLINKERS. Lab Sample Lab Sample 

3.6 - 6.03.6 6.0 00 Light brown, fine to medium SAND and SILT, some fine GRAVEL and COBBLES.Light brown, fine to medium SAND and SILT, some fine GRAVEL and COBBLES. Lab SampleLab Sample 
END TEST PITEND TEST PIT 

C G d d 4' BSG Comments: Groundwater encountered at 5.4' BSG.Comments: Groundwater encountered at 5.4  BSG. 



5 5 6 0

Date: 7/21/2011Date: 7/21/2011 
Time: 10:30 AM Time: 10:30 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815775 X: 815775 
Y 2687965Y: 2687965Y: 2687965 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 6 7 MLLW Total Hole Depth: 6 0 feet Surface Elev: 6.7 MLLW Total Hole Depth: 6.0 feetp 
Test Pit No: TP 13-1N Test Pit No: TP 13-1NExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 1.1 0 - 1.1 00 Dark brown organic TOPSOIL and BRICK debris Dark brown, organic TOPSOIL and BRICK debris. Lab Sample Lab Sample 

1.1- 3.8 1.1- 3.8 00 Black ASH and CLINKERS, some METAL debris. Black ASH and CLINKERS, some METAL debris. Lab Sample Lab Sample 

3.8 - 4.63.8 4.6 00 Light brown, fine to medium SAND and SILT, some fine GRAVEL and COBBLES.Light brown, fine to medium SAND and SILT, some fine GRAVEL and COBBLES. 

4.6 - 5.54.6 5.5 00 Brown, fibrous, silty PEAT.Brown, fibrous, silty PEAT. 

5 5  6 05.5 - 6.0 000 Oli fi SAND d SILT d fib iOlive gray, fine SAND and SILT and fibrous organics.Olive gray, fine SAND and SILT and fibrous organics. L b  S  lLab SampleLab Sample 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 5 2' BSG  Comments: Groundwater encountered at 5.2' BSG. 



Date: 7/21/2011Date: 7/21/2011 
Time: 11:00 AM Time: 11:00 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X:X: 
YY:Y: L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 3 MLLW Total Hole Depth: 4 8 feet Surface Elev: 7.3 MLLW Total Hole Depth: 4.8 feetp 
Test Pit No: TP 17-1N Test Pit No: TP 17-1NExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 1.0 0 - 1.0 00 Dark brown organic TOPSOIL some BRICK debris Dark brown, organic TOPSOIL some BRICK debris. Lab Sample Lab Sample 

1.0- 3.5 1.0- 3.5 00 Yellow orange, fine to coarse SAND and BRICK debris. Yellow orange, fine to coarse SAND and BRICK debris. 

3.5 - 4.13.5 4.1 00 Black ASH/CLINKERS/BRICK debris.Black ASH/CLINKERS/BRICK debris. Lab SampleLab Sample 

4.1 - 4.84.1 4.8 00 Light brown, fine to coarse SAND and SILT, some BRICK debris.Light brown, fine to coarse SAND and SILT, some BRICK debris. Lab SampleLab Sample 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 3 8' BSG  Comments: Groundwater encountered at 3.8' BSG. 



3 9 9

Date: 7/22/2011Date: 7/22/2011 
Time: 8:00 AM Time: 8:00 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815962 X: 815962 
Y 2688231Y: 2688231Y: 2688231 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 5 MLLW Total Hole Depth: 4 9 feet Surface Elev: 7.5 MLLW Total Hole Depth: 4.9 feetp 
Test Pit No: TP 6-1NW Test Pit No: TP 6-1NWExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.6 0 - 0.6 00 Dark brown organic TOPSOIL some BRICK/ROCK debris Dark brown, organic TOPSOIL, some BRICK/ROCK debris. Lab Sample Lab Sample 

0.6- 1.6 0.6- 1.6 00 Light brown, fine to medium SAND, trace SILT and BRICK/COBBLES. Light brown, fine to medium SAND, trace SILT and BRICK/COBBLES. 

1.6 - 2.01.6 2.0 00 Black ASH and CLINKERS.Black ASH and CLINKERS. 

2.0 - 3.92.0 3.9 00 Orange brown, fine SAND and SILT.Orange brown, fine SAND and SILT. Lab SampleLab Sample 

3 9  4 93.9 - 4.9 000 B fib ilt PEATBrown, fibrous, silty PEAT.Brown, fibrous, silty PEAT. L b  S  lLab SampleLab Sample 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 4 4' BSG  Comments: Groundwater encountered at 4.4' BSG. 
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Date: 7/22/2011Date: 7/22/2011 
Time: 9:00 AM Time: 9:00 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815712 X: 815712 
Y 2688210Y: 2688210Y: 2688210 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 5 MLLW Total Hole Depth: 9 6 feet Surface Elev: 7.5 MLLW Total Hole Depth: 9.6 feetp 
Test Pit No: TP 6-2NW Test Pit No: TP 6-2NWExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 1.0 0 - 1.0 00 Black organic TOPSOIL and BRICK/ROCK debris Black, organic TOPSOIL and BRICK/ROCK debris. Lab Sample Lab Sample 

1.0- 2.0 1.0- 2.0 00 Yellow orange, fine to coarse SAND, trace SILT and fine GRAVEL. Yellow orange, fine to coarse SAND, trace SILT and fine GRAVEL. 

2.0 - 3.02.0 3.0 00 Light brown, fine to medium SAND, trace SILT.Light brown, fine to medium SAND, trace SILT. 

3.0 - 4.63.0 4.6 00 Black ASH and CLINKERS.Black ASH and CLINKERS. Lab SampleLab Sample 

4 6  6 04.6 - 6.0 000 B fi SAND fi GRAVEL d COBBLES Brown, fine to coarse SAND, some fine GRAVEL and COBBLES.Brown, fine to coarse SAND, some fine GRAVEL and COBBLES. 

6 0  7 06.0 - 7.0 00 Bl k fib ilt PEATBlack, fibrous, silty PEAT., , y 

7 0  9 67.0 - 9.6 00 Oli fine SAND and cla SILT trace organics Olive gray, fine SAND and clayey SILT, trace organics.g y,  y  y  ,  g  Lab Sample Lab Samplep 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5 8' BSG Comments: Groundwater encountered at 5.8' BSG. 



Date: 7/22/2011Date: 7/22/2011 
Time: 9:30 AM Time: 9:30 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815975 X: 815975 
Y 2688251Y: 2688251Y: 2688251 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 7 MLLW Total Hole Depth: 6 0 feet Surface Elev: 7.7 MLLW Total Hole Depth: 6.0 feetp 
Test Pit No: TP 6-1NE Test Pit No: TP 6-1NEExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 2.1 0 - 2.1 00 Light brown fine to medium SAND trace SILT Light brown, fine to medium SAND, trace SILT. Lab Sample Lab Sample 

2.1- 5.0 2.1- 5.0 00 Black, ASH/CLINKERS and BRICK debris, little METAL debris. Black, ASH/CLINKERS and BRICK debris, little METAL debris. Lab Sample Lab Sample 

5.0 - 6.05.0 6.0 00 Olive gray, fine SAND and SILT, trace organics.Olive gray, fine SAND and SILT, trace organics. Lab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5 0' BSG Comments: Groundwater encountered at 5.0' BSG. 



Date: 7/22/2011Date: 7/22/2011 
Time: 10:00 AM Time: 10:00 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815968 X: 815968 
Y 2688284Y: 2688284Y: 2688284 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 7 MLLW Total Hole Depth: 5 6 feet Surface Elev: 7.7 MLLW Total Hole Depth: 5.6 feetp 
Test Pit No: TP 6-2NE Test Pit No: TP 6-2NEExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 1.8 0 - 1.8 00 Light brown fine SAND and SILT Light brown, fine SAND and SILT. 

1.8- 3.8 1.8- 3.8 00 Yellow orange, fine to coarse SAND and SILT and BRICK debris. Yellow orange, fine to coarse SAND and SILT and BRICK debris. 

3.8 - 4.63.8 4.6 00 Black ASH and CLINKERS and a layer of asphalt coated roofing felt.Black ASH and CLINKERS and a layer of asphalt coated roofing felt. 

4.6 - 5.64.6 5.6 00 Olive gray, fine SAND and SILT, little SHELL HASH.Olive gray, fine SAND and SILT, little SHELL HASH. 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 5 2' BSG  Comments: Groundwater encountered at 5.2' BSG. 



5 0 6 3

Date: 7/22/2011Date: 7/22/2011 
Time: 11:00 AM Time: 11:00 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815967 X: 815967 
Y 2688327Y: 2688327Y: 2688327 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 8 MLLW Total Hole Depth: 6 3 feet Surface Elev: 7.8 MLLW Total Hole Depth: 6.3 feetp 
Test Pit No: TP 6-3NE Test Pit No: TP 6-3NEExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.9 0 - 0.9 00 Light brown fine SAND and SILT Light brown, fine SAND and SILT. Lab Sample Lab Sample 

0.9- 2.1 0.9- 2.1 00 Light brown, fine to coarse SAND and SILT, some SHELL HASH. Light brown, fine to coarse SAND and SILT, some SHELL HASH. 

2.1 - 3.92.1 3.9 00 Yellow orange, fine to coarse SAND and SILT and BRICK/METAL debris.Yellow orange, fine to coarse SAND and SILT and BRICK/METAL debris. 

3.9 - 5.03.9 5.0 00 Yellow orange, fine to coarse SAND and SILT and BRICK debris.Yellow orange, fine to coarse SAND and SILT and BRICK debris. Lab SampleLab Sample 

5 0  6 35.0 - 6.3 000 Oli fi SAND d SILT d SHELL HASH Olive gray, fine SAND and SILT and SHELL HASH.Olive gray, fine SAND and SILT and SHELL HASH. L b  S  lLab SampleLab Sample 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 5 0' BSG  Comments: Groundwater encountered at 5.0' BSG. 



Date: 7/22/2011Date: 7/22/2011 
Time: 12:00 PM Time: 12:00 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815974 X: 815974 
Y 2688247Y: 2688247Y: 2688247 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 6 MLLW Total Hole Depth: 6 0 feet Surface Elev: 7.6 MLLW Total Hole Depth: 6.0 feetp 
Test Pit No: TP 6-4NE Test Pit No: TP 6-4NEExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.6 0 - 0.6 00 Light brown fine SAND and SILT Light brown, fine SAND and SILT. 

0.6- 2.9 0.6- 2.9 00 Light yellow, fine SAND and SILT. Light yellow, fine SAND and SILT. 

2.9 - 5.52.9 5.5 00 Brown, fine to coarse SAND and SILT and BRICK debris, trace SHELL HASH.Brown, fine to coarse SAND and SILT and BRICK debris, trace SHELL HASH. 

5.5 - 6.05.5 6.0 00 Olive gray, fine SAND and SILT, little SHELL HASH.Olive gray, fine SAND and SILT, little SHELL HASH. 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 4 6' BSG  Comments: Groundwater encountered at 4.6' BSG. 
Possible foundation from gas holder encountered at 2.9' BSG. Cemented stone, brick and tar paper.Possible foundation from gas holder encountered at 2.9  BSG. Cemented stone, brick and tar paper. 



Date: 7/25/2011Date: 7/25/2011 
Time: 9:50 AM Time: 9:50 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815996 X: 815996 
Y 2688295Y: 2688295Y: 2688295 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 8 1 MLLW Total Hole Depth: 5 8 feet Surface Elev: 8.1 MLLW Total Hole Depth: 5.8 feetp 
Test Pit No: TP 6-5NE Test Pit No: TP 6-5NEExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.8 0 - 0.8 00 Light brown fine SAND and SILT Light brown, fine SAND and SILT. Lab Sample Lab Sample 

0.8- 4.6 0.8- 4.6 00 Brown, fine SAND and SILT, some SHELL HASH. Brown, fine SAND and SILT, some SHELL HASH. Lab Sample Lab Sample 

4.6 - 5.84.6 5.8 00 Olive gray, fine SAND and SILT, little SHELL HASH and BRICK debris.Olive gray, fine SAND and SILT, little SHELL HASH and BRICK debris. Lab SampleLab Sample 
END TEST PITEND TEST PIT 

CComments: Groundwater encountered at 4.8' BSG.Comments: Groundwater encountered at 4.8  BSG. 



Date: 7/25/2011Date: 7/25/2011 
Time: 10:00 AM Time: 10:00 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815953 X: 815953 
Y 2688297Y: 2688297Y: 2688297 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 6 MLLW Total Hole Depth: 5 8 feet Surface Elev: 7.6 MLLW Total Hole Depth: 5.8 feetp 
Test Pit No: TP 6-6NW Test Pit No: TP 6-6NWExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.9 0 - 0.9 00 Brown fine SAND and SILT some BRICK debris Brown, fine SAND and SILT, some BRICK debris. 

0.9- 5.6 0.9- 5.6 00 Brown, fine to coarse SAND and SILT and BRICK/STONE foundation debris. Brown, fine to coarse SAND and SILT and BRICK/STONE foundation debris. 

5.6 - 5.85.6 5.8 00 Brown, fine to coarse SAND, some fine GRAVEL.Brown, fine to coarse SAND, some fine GRAVEL. 
END TEST PITEND TEST PIT 

CComments: Groundwater encountered at 5.4' BSG.Comments: Groundwater encountered at 5.4  BSG. 



5 6 9

Date: 7/25/2011Date: 7/25/2011 
Time: 10:30 AM Time: 10:30 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815931 X: 815931 
Y 2688317Y: 2688317Y: 2688317 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 7 MLLW Total Hole Depth: 6 9 feet Surface Elev: 7.7 MLLW Total Hole Depth: 6.9 feetp 
Test Pit No: TP 6-7NW Test Pit No: TP 6-7NWExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 3.6 0 - 3.6 00 Brown fine to coarse SAND and SILT and some BRICK debris Brown, fine to coarse SAND and SILT and some BRICK debris. Lab Sample Lab Sample 

3.6- 4.6 3.6- 4.6 00 Light yellow, fine SAND and SILT. Light yellow, fine SAND and SILT. 

4.6 - 5.54.6 5.5 00 Yellow orange, fine to coarse SAND and SILT.Yellow orange, fine to coarse SAND and SILT. 

5.5 - 5.75.5 5.7 00 Black, fibrous, silty PEAT.Black, fibrous, silty PEAT. Lab SampleLab Sample 

5 7  6 95.7 - 6.9 000 Oli fi SAND d SILT Olive gray, fine SAND and SILT.Olive gray, fine SAND and SILT. L b  S  lLab SampleLab Sample 

6 96.9 00 L dLedge.g 
END TEST PITEND TEST PIT 

CComments: Groundwater encountered at 6.6' BSG.Comments: Groundwater encountered at 6.6  BSG. 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

8/11/20118/11/2011 
10:00 AM 10:00 AM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815891 X: 815891 
Y 2688108Y: 2688108Y: 2688108 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 3 MLLW Total Hole Depth: 4 0 feet Surface Elev: 7.3 MLLW Total Hole Depth: 4.0 feetp 
Test Pit No: TP4-3W Test Pit No: TP4-3WExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 0.5 0 - 0.5 00 Black ASH and CLINKERS and wood tree roots Black, ASH and CLINKERS and wood tree roots. Lab Sample Lab Sample 

0.5 - 2.9 0.5 - 2.9 00 Light brown, fine to coarse sand, some fine GRAVEL. Light brown, fine to coarse sand, some fine GRAVEL. Lab Sample Lab Sample 

2.9 - 4.02.9 4.0 00 Green gray, fine to coarse SAND and SILT, trace fine GRAVEL and fine ROOTS.Green gray, fine to coarse SAND and SILT, trace fine GRAVEL and fine ROOTS. Lab SampleLab Sample 
END TEST PITEND TEST PIT 

CComments: Groundwater encountered at 4.0' BSG.Comments: Groundwater encountered at 4.0  BSG. 
Ledge encountered at 1 2' BSG on west side of trench 
6"  t i  i  d 2' BSG  7 5' f  d  f t  h  
Ledge encountered at 1.2' BSG on west side of trench. 
6" cast iron pipe encountered 2' BSG, 7.5' from west edge of trench.p pe SG, edge 
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Date: 8/11/2011Date: 8/11/2011 
Time: 10:30 AM Time: 10:30 AM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 
L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

X: 815866 X: 815866 
Y 2688108Y: 2688108Y: 2688108 

Surface Elev: 7 4 MLLW Total Hole Depth: 6 0 feet Surface Elev: 7.4 MLLW Total Hole Depth: 6.0 feetp 
Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 Test Pit No: TP4-4W Test Pit No: TP4-4W 

Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operator 
Log By: GAD 

p y  ,  ,  p  
Log By: GAD 

Sheet: 1 of 1  Sheet: 1 of 1 
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0 - 0.5 0 - 0.5 00 Black organic TOPSOIL Black, organic TOPSOIL. 

0.5 - 1.7 0.5 - 1.7 00 Light brown, fine SAND and SILT. Light brown, fine SAND and SILT. Lab Sample Lab Sample 

1.7 - 3.01.7 3.0 00 Dark gray, ASH and CLINKERS.Dark gray, ASH and CLINKERS. Lab SampleLab Sample 

3.0 - 5.03.0 5.0 00 Yellow orange, fine to coarse SAND, trace SILT, fine GRAVEL, COBBLES.Yellow orange, fine to coarse SAND, trace SILT, fine GRAVEL, COBBLES. 

5 0  5 95.0 - 5.9 000 D k b fib ilt PEATDark brown, fibrous, silty PEAT.Dark brown, fibrous, silty PEAT. L b  S  lLab SampleLab Sample 

5 9  6 05.9 - 6.0 00 Oli fi t SAND d SILT t fi GRAVEL d fi ROOTSOlive gray, fine to coarse SAND and SILT, trace fine GRAVEL and fine ROOTS.g y,  ,  
END TEST PITEND TEST PIT 

CComments: Groundwater encountered at 5.2' BSG.Comments: Groundwater encountered at 5.2  BSG. 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

8/11/20118/11/2011 
11:15 AM 11:15 AM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815840 X: 815840 
Y 2688108Y: 2688108Y: 2688108 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 4 MLLW Total Hole Depth: 4 0 feet Surface Elev: 7.4 MLLW Total Hole Depth: 4.0 feetp 
Test Pit No: TP4-5W Test Pit No: TP4-5WExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 

T.
)

FT
.

h 
( F

pt
h

D
ep

D

ID )
D

/F
I

m
)

P
ID

/
pp

m
P (p

 

Description 
(Color Texture Structure) 

Description 
(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

s
ar

ks
m

ar
R

em
R

 

0 - 2.8 0 - 2.8 00 Brown fine to coarse SAND and fine to coarse GRAVEL and BRICK debris Brown fine to coarse SAND and fine to coarse GRAVEL and BRICK debris. Lab Sample Lab Sample 

2 8  3 02.8 - 3.0 
00 Dark brown fine to coarse SAND trace ROOTS fine to coarse GRAVEL COBBLESDark brown, fine to coarse SAND, trace ROOTS, fine to coarse GRAVEL, COBBLES 

d BRICK d b i and BRICK debris. 

3 0  3 53.0 - 3.5 00 D k ASH d CLINKERS Dark gray, ASH and CLINKERS.g y,  L b  S  lLab Samplep 

3 5  4 03.5 - 4.0 00 Black fibrous silty PEAT Black, fibrous, silty PEAT.y Lab Sample Lab Samplep 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 3 5' BSG  Comments: Groundwater encountered at 3.5' BSG. 
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Date: 8/11/2011Date: 8/11/2011 
Time: 1:30 PM Time: 1:30 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 
L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

X: 815881 X: 815881 
Y 2688138Y: 2688138Y: 2688138 

Surface Elev: 7 3 MLLW Total Hole Depth: 6 0 feet Surface Elev: 7.3 MLLW Total Hole Depth: 6.0 feetp 
Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 Test Pit No: TP4-1NW Test Pit No: TP4-1NW 

Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operator 
Log By: GAD 

p y  ,  ,  p  
Log By: GAD 

Sheet: 1 of 1  Sheet: 1 of 1 
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0 - 1.3 0 - 1.3 00 Brown fine to coarse SAND and fine to coarse GRAVEL and TOPSOIL Brown, fine to coarse SAND and fine to coarse GRAVEL and TOPSOIL. Lab Sample Lab Sample 

1.3 - 2.5 1.3 - 2.5 00 Light brown, fine SAND and SILT. Light brown, fine SAND and SILT. 

2.5 - 4.62.5 4.6 00 Yellow orange, fine to coarse SAND, trace SILT, fine to coarse GRAVEL, COBBLES.Yellow orange, fine to coarse SAND, trace SILT, fine to coarse GRAVEL, COBBLES. 

4.6 - 5.34.6 5.3 00 Dark brown, fibrous, silty PEAT.Dark brown, fibrous, silty PEAT. Lab SampleLab Sample 

5 3  6 05.3 - 6.0 000 Y ll fi SAND SILT fi GRAVEL COBBLESYellow orange, fine to coarse SAND, trace SILT, fine GRAVEL, COBBLES.Yellow orange, fine to coarse SAND, trace SILT, fine GRAVEL, COBBLES. L b  S  lLab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5.0' BSG.Comments: Groundwater encountered at 5.0  BSG. 
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Date: 8/11/2011Date: 8/11/2011 
Time: 2:00 PM Time: 2:00 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 
L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

X: 815861 X: 815861 
Y 2688144Y: 2688144Y: 2688144 

Surface Elev: 7 2 MLLW Total Hole Depth: 6 0 feet Surface Elev: 7.2 MLLW Total Hole Depth: 6.0 feetp 
Excavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 Test Pit No: TP4-2NW Test Pit No: TP4-2NW 

Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operator 
Log By: GAD 

p y  ,  ,  p  
Log By: GAD 

Sheet: 1 of 1  Sheet: 1 of 1 
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(Color Texture Structure)(Color, Texture, Structure) 
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0 - 0.5 0 - 0.5 00 Brown fine to coarse SAND and fine to coarse GRAVEL and TOPSOIL Brown, fine to coarse SAND and fine to coarse GRAVEL and TOPSOIL. 

0.5 - 1.5 0.5 - 1.5 00 Brown, fine to coarse SAND and SILT, BRICK debris. Brown, fine to coarse SAND and SILT, BRICK debris. Lab Sample Lab Sample 

1.5 - 3.61.5 3.6 00 MORTARED BRICK FOUNDATION.MORTARED BRICK FOUNDATION. 

3.6 - 4.83.6 4.8 00 Yellow orange, fine to coarse SAND, trace SILT, fine to coarse GRAVEL, COBBLES.Yellow orange, fine to coarse SAND, trace SILT, fine to coarse GRAVEL, COBBLES. 

4 8  5 34.8 - 5.3 000 D k b fib ilt PEATDark brown, fibrous, silty PEAT.Dark brown, fibrous, silty PEAT. L b  S  lLab SampleLab Sample 

5 3  6 05.3 - 6.0 00 Oli fi t SAND d SILT t fi GRAVEL d fi ROOTSOlive gray, fine to coarse SAND and SILT, trace fine GRAVEL and fine ROOTSg y,  ,  L b  S  lLab Samplep 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5.0' BSG.Comments: Groundwater encountered at 5.0  BSG. 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

8/11/20118/11/2011 
2:30 PM 2:30 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815900 X: 815900 
Y 2688152Y: 2688152Y: 2688152 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 2 MLLW Total Hole Depth: 7 4 feet Surface Elev: 7.2 MLLW Total Hole Depth: 7.4 feetp 
Test Pit No: TP4-1N Test Pit No: TP4-1NExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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(Color Texture Structure) 
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0 - 1.9 0 - 1.9 00 Brown organic TOPSOIL Brown, organic TOPSOIL. 

1.9 - 3.0 1.9 - 3.0 00 Light brown, fine SAND and SILT, trace fine to coarse GRAVEL. Light brown, fine SAND and SILT, trace fine to coarse GRAVEL. Lab Sample Lab Sample 

3.0 - 5.33.0 5.3 00 Yellow orange, fine to coarse SAND, trace SILT, fine to coarse GRAVEL, COBBLES.Yellow orange, fine to coarse SAND, trace SILT, fine to coarse GRAVEL, COBBLES. 

5.3 - 6.65.3 6.6 00 Dark brown, fibrous, silty PEAT.Dark brown, fibrous, silty PEAT. Lab SampleLab Sample 

6 6  7 46.6 - 7.4 000 Oli fi SAND d SILT fi GRAVEL d fi ROOTSOlive gray, fine to coarse SAND and SILT, trace fine GRAVEL and fine ROOTSOlive gray, fine to coarse SAND and SILT, trace fine GRAVEL and fine ROOTS L b  S  lLab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments: No groundwater encountered Comments: No groundwater encountered. 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

8/11/20118/11/2011 
3:00 PM 3:00 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815900 X: 815900 
Y 2688172Y: 2688172Y: 2688172 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 3 MLLW Total Hole Depth: 5 9 feet Surface Elev: 7.3 MLLW Total Hole Depth: 5.9 feetp 
Test Pit No: TP4-2N Test Pit No: TP4-2NExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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(Color Texture Structure) 
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(Color, Texture, Structure) 
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0 - 1.3 0 - 1.3 00 Dark brown organic TOPSOIL Dark brown, organic TOPSOIL. 

1.3 - 2.6 1.3 - 2.6 00 Light brown, fine SAND and SILT, trace fine to coarse GRAVEL, COBBLES Light brown, fine SAND and SILT, trace fine to coarse GRAVEL, COBBLES Lab Sample Lab Sample 

2.6 - 4.82.6 4.8 00 Yellow orange, fine to coarse SAND, trace SILT, fine to coarse GRAVEL, COBBLES.Yellow orange, fine to coarse SAND, trace SILT, fine to coarse GRAVEL, COBBLES. Lab SampleLab Sample 

4.8 - 5.94.8 5.9 00 Dark brown, fibrous, silty PEAT to LEDGE.Dark brown, fibrous, silty PEAT to LEDGE. Lab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5.0' BSG. Comments: Groundwater encountered at 5.0  BSG. 
Ledge encountered at 5 9' BSGLedge encountered at 5.9' BSG. 



Date: 8/11/2011Date: 8/11/2011 
Time: 3:30 PM Time: 3:30 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815930 X: 815930 
Y 2688138Y: 2688138Y: 2688138 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 2 MLLW Total Hole Depth: 6 3 feet Surface Elev: 7.2 MLLW Total Hole Depth: 6.3 feetp 
Test Pit No: TP4-1NE Test Pit No: TP4-1NEExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 1.0 0 - 1.0 00 Dark brown organic TOPSOIL trace fine to coarse GRAVEL Dark brown, organic TOPSOIL, trace fine to coarse GRAVEL. 

1.0- 3.0 1.0- 3.0 00 Light brown, fine SAND and SILT, trace fine to coarse GRAVEL and COBBLES. Light brown, fine SAND and SILT, trace fine to coarse GRAVEL and COBBLES. Lab Sample Lab Sample 

3.0 - 4.53.0 4.5 00 Dark brown, fibrous, silty PEAT.Dark brown, fibrous, silty PEAT. Lab SampleLab Sample 

4.5 - 6.34.5 6.3 00 Olive gray and gleyed, fine to coarse SAND and SILT, petroleum odor.Olive gray and gleyed, fine to coarse SAND and SILT, petroleum odor. Lab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments: No groundwater encountered. Comments: No groundwater encountered. 
EPH sample collected at 5' to 5 5' BSGEPH sample collected at 5' to 5.5' BSG. 
No gleyed soils below 5.5'.No gleyed soils below 5.5 . 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

8/11/20118/11/2011 
4:00 PM 4:00 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815953 X: 815953 
Y 2688182Y: 2688182Y: 2688182 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 5 MLLW Total Hole Depth: 7 0 feet Surface Elev: 7.5 MLLW Total Hole Depth: 7.0 feetp 
Test Pit No: TP6-1S Test Pit No: TP6-1SExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 

T.
)

FT
.

h 
( F

pt
h

D
ep

D

ID )
D

/F
I

m
)

P
ID

/
pp

m
P (p

 

Description 
(Color Texture Structure) 
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0 - 2.0 0 - 2.0 00 Brown organic TOPSOIL trace fine to coarse GRAVEL Brown, organic TOPSOIL, trace fine to coarse GRAVEL. 

2.0- 3.4 2.0- 3.4 00 Brown, ASH and CLINKERS. Brown, ASH and CLINKERS. 

3.4 - 4.73.4 4.7 00 Light brown, fine SAND and SILT, trace fine to coarse GRAVEL and COBBLES.Light brown, fine SAND and SILT, trace fine to coarse GRAVEL and COBBLES. 

4.7 - 5.94.7 5.9 00 Yellow orange and gleyed, fine to coarse SAND, heavy petroleum odor.Yellow orange and gleyed, fine to coarse SAND, heavy petroleum odor. Lab SampleLab Sample 

5 9  7 05.9 - 7.0 000 B fib ilt PEATBrown, fibrous, silty PEAT.Brown, fibrous, silty PEAT. 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5.4' BSG. Comments: Groundwater encountered at 5.4  BSG. 
EPH sample collected at 5' to 5 5' BSGEPH sample collected at 5' to 5.5' BSG. 
No gleyed soils below 5.5'. 

p 
No gleyed soils below 5.5 . 
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Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

8/11/20118/11/2011 
4:30 PM 4:30 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815919 X: 815919 
Y 2688205Y: 2688205Y: 2688205 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 4 MLLW Total Hole Depth: 6 7 feet Surface Elev: 7.4 MLLW Total Hole Depth: 6.7 feetp 
Test Pit No: TP6-3W Test Pit No: TP6-3WExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 1.5 0 - 1.5 00 Brown organic TOPSOIL some fine GRAVEL and COBBLES Brown, organic TOPSOIL, some fine GRAVEL and COBBLES. 

1.5- 1.8 1.5- 1.8 00 Brown, ASH and CLINKERS. Brown, ASH and CLINKERS. 

1.8 - 3.61.8 3.6 00 Yellow orange, fine to coarse SAND, trace SILT and fine GRAVEL, COBBLES.Yellow orange, fine to coarse SAND, trace SILT and fine GRAVEL, COBBLES. 

3.6 - 4.53.6 4.5 00 Whitish light gray, SILT.Whitish light gray, SILT. 

4 5  6 74.5 - 6.7 000 B fib ilt PEATBrown, fibrous, silty PEAT.Brown, fibrous, silty PEAT. L b  S  lLab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 6 3' BSG Comments: Groundwater encountered at 6.3' BSG. 
EPH sample collected at 5' to 5.5' BSG.EPH sample collected at 5  to 5.5  BSG. 



t tG ou d ate e cou te ed at 5 0 SG

Date: 8/11/2011Date: 8/11/2011 
Time: 4:50 PM Time: 4:50 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815936 X: 815936 
Y 2688263Y: 2688263Y: 2688263 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 5 MLLW Total Hole Depth: 8 0 feet Surface Elev: 7.5 MLLW Total Hole Depth: 8.0 feetp 
Test Pit No: TP6-8NW Test Pit No: TP6-8NWExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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0 - 2.0 0 - 2.0 00 Brown organic TOPSOIL some fine GRAVEL and COBBLES Brown, organic TOPSOIL, some fine GRAVEL and COBBLES 

2.0- 3.5 2.0- 3.5 00 Brown ASH and CLINKERS Brown ASH and CLINKERS 

3 5 - 4 33.5 - 4.3 00 Yellow orange fine to coarse SAND trace SILT and fine to coarse GRAVEL COBBLESYellow orange, fine to coarse SAND, trace SILT and fine to coarse GRAVEL, COBBLES 

4 3 - 6 54.3 - 6.5 00 Brown fibrous silty PEAT Brown, fibrous, silty PEAT. 

6 5 - 8 06.5 - 8.0 00 Olive gray fine to coarse SAND and SILT trace fine ROOTS Olive gray, fine to coarse SAND and SILT, trace fine ROOTS. Lab Sample Lab Sample 
END TEST PITEND TEST PIT 

C t G  d  d  t 5 0' BSG  Comments: Groundwater encountered at 5.0' BSG. 
EPH sample collected at 6 6'EPH sample collected at 6.6 BSGBSG. 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

8/11/20118/11/2011 
5:00 AM 5:00 AM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815962 X: 815962 
Y 2688296Y: 2688296Y: 2688296 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 5 MLLW Total Hole Depth: 6 0 feet Surface Elev: 7.5 MLLW Total Hole Depth: 6.0 feetp 
Test Pit No: TP6-4N Test Pit No: TP6-4NExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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(Color Texture Structure) 

Description 
(Color, Texture, Structure) 
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0 - 2.0 0 - 2.0 00 Light brown fine SAND and SILT Light brown, fine SAND and SILT 

2.0- 3.3 2.0- 3.3 00 Yellow orange, fine to coarse SAND and SILT and BRICK debris Yellow orange, fine to coarse SAND and SILT and BRICK debris 

3.3 - 4.43.3 4.4 00 Black ASH and CLINKERS and a layer of asphalt coated roofing feltBlack ASH and CLINKERS and a layer of asphalt coated roofing felt 

4.4 - 6.04.4 6.0 00 Olive gray, fine SAND and SILT, little SHELL HASHOlive gray, fine SAND and SILT, little SHELL HASH Lab SampleLab Sample 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5 0' BSGComments: Groundwater encountered at 5.0' BSG. 
EPH sample collected at 5' to 5.5' BSG.EPH sample collected at 5  to 5.5  BSG. 



Date: 8/11/2011Date: 8/11/2011 
Time: 5:30 PM Time: 5:30 PM 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 815990 X: 815990 
Y 2688263Y: 2688263Y: 2688263 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 7 MLLW Total Hole Depth: 7 2 feet Surface Elev: 7.7 MLLW Total Hole Depth: 7.2 feetp 
Test Pit No: TP6-6NE Test Pit No: TP6-6NEExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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Description 
(Color Texture Structure) 

Description 
(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 
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ks
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ar
R

em
R

 

0 - 1.5 0 - 1.5 00 Light brown fine SAND and SILT trace SHELL HASH Light brown fine SAND and SILT, trace SHELL HASH 

1 5  4 81.5 - 4.8 00 Tan fine to medium SAND and SHELL HASH trace SILT and BRICK and Tan fine to medium SAND and SHELL HASH, trace SILT and BRICK and 
FOUNDATION STONE d b i FOUNDATION STONE debris. 

4.8 - 6.1 4.8 - 6.1 00 Oli fi SAND d SILT t SHELL HASH t fi GRAVEL d METAL Olive gray fine SAND and SILT, trace SHELL HASH, trace fine GRAVEL and METALg y  ,  ,  
debrisdebris. Lab Sample Lab Sample 

6.1 - 7.2 6.1 7.2 00 Gray fine to medium SAND and SILT, trace SHELL HASH Gray fine to medium SAND and SILT, trace SHELL HASH 
END TEST PITEND TEST PIT 

C t G  d  t  t  d  t 5 0' BSG  Comments: Groundwater encountered at 5.0' BSG. 
EPH sample collected at 5' to 5.5' BSG.EPH sample collected at 5  to 5.5  BSG. 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

8/11/20118/11/2011 
5:40 PM 5:40 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 816015 X: 816015 
Y 2688187Y: 2688187Y: 2688187 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 1 MLLW Total Hole Depth: 5 0 feet Surface Elev: 7.1 MLLW Total Hole Depth: 5.0 feetp 
Test Pit No: TP2-1E Test Pit No: TP2-1EExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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Description 
(Color Texture Structure) 

Description 
(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

s
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R

em
R

 

0 - 1.0 0 - 1.0 00 Tan fine SAND and SILT trace SHELL HASH Tan, fine SAND and SILT, trace SHELL HASH Lab Sample Lab Sample 

1.0- 3.3 1.0- 3.3 00 Tan, fine to coarse SAND and SILT, trace SHELL HASH and fine GRAVEL Tan, fine to coarse SAND and SILT, trace SHELL HASH and fine GRAVEL Lab Sample Lab Sample 

3 3  5 03.3 - 5.0 00 Olive gray, fine to coarse SAND and BRICK debris, some METAL roof material,Olive gray, fine to coarse SAND and BRICK debris, some METAL roof material, 
petroleum odor and sheen noted on water surface petroleum odor and sheen noted on water surface. Lab Sample Lab Sample 

END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 4.9' BSG.Comments: Groundwater encountered at 4.9  BSG. 
EPH sample collected at 5' BSGEPH sample collected at 5' BSG. 



Date:Date: 
Time:Time: 

TEST PIT LOGTEST PIT LOGTEST PIT LOG 

8/11/20118/11/2011 
6:10 PM 6:10 PM 

Project: Phase IV Dredging Project No: 6690.014 Project: Phase IV Dredging Project No: 6690.014 X: 816025 X: 816025 
Y 2688187Y: 2688187Y: 2688187 L ti S th T i l E iLocation: South Terminal ExpansionLocation: South Terminal Expansion 

Surface Elev: 7 0 MLLW Total Hole Depth: 7 0 feet Surface Elev: 7.0 MLLW Total Hole Depth: 7.0 feetp 
Test Pit No: TP2-2E Test Pit No: TP2-2EExcavator Type: Komatsu PC90 Excavator Type: Komatsu PC90 

Sheet: 1 of 1  Sheet: 1 of 1Company: AGM Marine Todd Wolf OperatorCompany: AGM Marine, Todd Wolf, Operatorp y  ,  ,  p  
Log By: GADLog By: GAD 
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Description 
(Color Texture Structure) 

Description 
(Color, Texture, Structure) 

Trace < 10% Little 10% to 20% Some 20% to 35% And 35% to 50% Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

s
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R

em
R

 

0 - 2.0 0 - 2.0 00 Tan fine SAND and SILT trace SHELL HASH Tan, fine SAND and SILT, trace SHELL HASH. 

2.0- 3.6 2.0- 3.6 00 Tan, fine to coarse SAND and SILT, trace SHELL HASH and fine GRAVEL. Tan, fine to coarse SAND and SILT, trace SHELL HASH and fine GRAVEL. 

3 6  7 03.6 - 7.0 
000 Olive gray fine to coarse SAND gleyed soil and slight petroleum odor noted at 6 5' to Olive gray, fine to coarse SAND, gleyed soil and slight petroleum odor noted at 6.5  to 

7 0'  7.0'. L b  S  lLab Samplep 
END TEST PITEND TEST PIT 

Comments: Groundwater encountered at 5 0' BSG Comments: Groundwater encountered at 5.0  BSG. 
EPH  l  ll  t  d  t 6 5' t  7 0' BSGEPH sample collected at 6.5' to 7.0' BSG.p 



                  

 
  

 

 
  

Date: 4/27/2011 
Time: 9:45 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging X: 816126 

Y: 2687549Location: South Terminal Expansion 
4.5'Elevation at grade: Datum: MLLW 

Boring No: A-2011-LB-B1Casing Type: Steel Boring Depth: -32.0' 
4"Casing Diameter: Drill Rig: ATV 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GADTodd Pentecost 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 

24" 

12" 

2, 3, 5, 9 Light brown fine SAND, trace shell hash. 

2.5 

4 12" 
24" 

9,13,11,5 Olive gray, fine SAND and SHELL HASH, trace silt. 
0.5 

6 
8" 

24" 
12,9,3,3 

5" gray, fine to medium SAND and SHELL HASH, trace silt, trace fine to coarse sand. 

3"Olive gray, fine SAND and SHELL HASH, trace silt.

-1.5 

8 

24" 

14" 
4,16,24,12 

4" Gray, fine to medium SAND and SHELL HASH, trace silt, trace coarse sand. 

10" Brown fine to medium SAND and fine GRAVEL, trace silt. -3.5 

10 12" 

24" 
18,15,19,20 

9" Olive gray, fine to coarse SAND, trace fine gravel, trace silt. 

3" Gray, medium to coarse SAND and SHELL HASH. 

-5.5 

12 

24" 

11" 
13,30,28,29 

9" Olive gray, fine to medium SAND. 

2" Olive gray, fine to coarse SAND, trace fine gravel, trace silt. 

-7.5 

-9.5 
14 

24" 

8" 
68,41,27,31 

3" Olive gray, fine to medium SAND. 

5" Gray fine to coarse SAND and fine GRAVEL, trace silt. 

16 6" 

24" 
14,21,16,20 Gray fine to coarse SAND and SILT, some fine gravel. 

-11.5 

18 15" 

24" 
16,22,15,29 

8" Gray fine to coarse SAND and SILT, some fine gravel. 

2" Black fine to coarse SAND. 

5" Blue/gray fine to coarse SAND and SILT, some angular fine gravel. -13.5 

19.42 

17" 

6" 

25,45,100 
for 5" Blue/gray fine to coarse SAND and SILT, some angular fine gravel. 

-14.9 

20.17 0" 

2" 
120 for 2" Obstruction encountered, no recovery, advanced with roller bit to -18.3 MLLW. 

-15.7 

22.75 2" 

2" 
100 for 3" 

Blue gray, fine to coarse SAND, some angular stone fragments. 

Obstruction encountered at -18.3 MLLW, -18.3 

26.5 

Bedrock encountered at -18.3 MLLW. Advanced roller bit to -22.0 MLLW, cleaned 
hole and began core run. 

-22.0 

31.5 
34% 

5' 

4.15' 
5,5,6,7,8 Rock Core #1: -22.0 to -27.0, 0.0'-4.15' Intensely to very intensely fractured, dark grey 

to black, DIABASE, xenoliths of grey, granitic gneiss. 
-27.0 

36.5 
26% 

4.6' 

5' 
8,8,7,6,6 Rock Core #2: -27.0 to -32.0, 0.0'-4.6' Very Intensely fractured, dark grey, DIABASE 

with xenoliths of grey granitic gneiss. 
-32.0 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-18.3' MLLW 

-18.3' MLLW 



                  

 
 

  
  

 

Date: 4/28/2011 
Time: 13:25 PM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging X: 816022 

Y: 2687600Location: South Terminal Expansion 
5.75'Elevation at grade: Datum: MLLW 

Boring No: A-2011-LB-B2Casing Type: Steel Boring Depth: -20.1' MLLW 
4"Casing Diameter: Drill Rig: ATV 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GCDTodd Pentecost 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2 

24" 

18" 

2, 3,6, 5 Olive Gray, fine to medium SAND, trace shell hash. 

3.8 

4 
24" 
15" 3,4,6,7 Olive Gray, fine to medium SAND, some shell hash, trace silt, 

1.8 

6 24" 
24" 

4,4,7,12 12" Olive Gray, fine to medium SAND, some shell hash, trace silt. 12" Black, fine 
SAND and SILT, some brick debris. -0.3 

8 

24" 

18" 8,13,20,14 12" Black, fine SAND and SILT, some brick debris. 6" Dark olive gray, fine to 
coarse SAND, trace silt, trace fine gravel. -2.3 

8.9 

11" 

4" 

14,100 for 
5" Light brown/olive, fine to coarse SAND, trace silt, trace fine gravel. 

-3.2 

11 
Obstruction encountered at -4.6' MLLW. Cored through boulder to -5.3' MLLW. 

-5.3 

13 

24" 

10" 
3,14,62,105 Gray, fine to coarse SAND, some fine to coarse gravel, some silt. 

-7.3 

16 18" 

24" 
90,95,50,58 Gray, fine to coarse SAND, some fine gravel, little silt. 

-10.3 

18 
Obstruction encountered at -11.3 MLLW. Cored through boulder to -12.3 MLLW. 

-12.3 

19.5 10" 

18" 
23,44,100 

for 6" Dark gray, fine to coarse SAND, some fine to coarse gravel, little silt, - TILL. 

-13.8 

20.85 

Obstruction encountered at -13.8' below surface grade. Set casing to -13.8'. 
Advanced with roller bit to -15.1 MLLW, cleaned hole and began core run. 

-15.1 

25.85 

5' 

5' 
10,8,8,6,6 

Bedrock Core #1 : -15.1' to -20.1' MLLW 0-2.25' Intensely to very intensely 
fractured pink/gray granite PEGMATITE, 2.25-5.0 Intensely to moderately fractured 

grey, granitic GNEISS. 
-20.1 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-13.8' MLLW 

-13.8 MLLW 



                           

                  

 
  

 
 

 

Date: 5/2/2011 
Time: 8:00 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging X: 815993 

Y: 2687693Location: South Terminal Expansion 
8.2'Elevation at grade: Datum: MLLW 

Boring No: A-2011-LB-B3/MW-1Casing Type: Steel Boring Depth: -17.4 MLLW 
4"Casing Diameter: Drill Rig: ATV 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GADTodd Pentecost 
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Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

(Color, Texture, Structure) 

El
ev

at
io

n 
(M

LL
W

) 

2 3" 

24" 
2,4,2,2 Olive gray, fine to medium SAND and SHELL HASH. 

6.2 

4 12" 
24" 2,3,4,4 Olive gray, fine to medium SAND, trace shell hash. 

4.2 

6 6" 
24" 

7,10,9,7 Olive gray, fine to medium SAND, trace shell hash. 
2.2 

8 8" 

24" 
7,2,4,9 Olive gray, fine to medium SAND, trace silt. 

0.2 

10 

24" 

15" 
10,27,33,39 6" Black, fine to coarse SAND and SILT, trace shell hash. 9" Olive gray, fine to coarse 

SAND and SILT, trace fine gravel. 
-1.8 

12 16" 

24" 

33,44,44,37 12" Black, fine to coarse SAND, trace silt, trace fine gravel. 4" Green gray, fine to coarse 
SAND and SILT, trace fine gravel. 

-3.8 

14 13" 

24" 
17,19,46,34 Green gray, fine to coarse SAND and SILT, trace fine gravel. 

-5.8 

16 

24" 

12" 
33,45,34,41 Green gray, fine to coarse SAND and SILT, trace fine gravel. 

-7.8 

18 18" 

24" 
19,39,44,48 Green gray, fine to coarse SAND and SILT, trace fine gravel. 

-9.8 

19.00 

Obstruction encountered at -10.1'. Advanced with roller bit to -10.8' MLLW, cleaned hole 
and began core run. 

-10.8 

22.8 

3.8' 

3.3' 

5,4,6 
Bedrock Core #1 : -10.8' to -14.6' MLLW 0.0-1.2' Boulder and cobbles, 11" grey fine grained 

Granite boulder underlain by tan grey granitic gneiss cobbles. 1.2-3.3' 
Moderately to intensely fractured, grey granitic GNEISS. 

-14.6 

25.55 2.75 

2.75 
6,7 Bedrock Core #2 : -14.6 to -17.4 MLLW Moderately to intensely fractured, grey granitic 

GNEISS. 
-17.4 

Comments: 
Refusal: 
Elevation of 
Bedrock: -12.0' MLLW 

Groundwater elevation after construction of monitoring well was recorded at -3.47' BSG. 
-10.8' MLLW 



                 

 
  

 

 
 

 

Date: 5/3/2011 
Time: 7:00 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging X: 815985 

Y: 2687860Location: South Terminal Expansion 
9.35Elevation at grade: Datum: MLLW 

Boring No: A-2011-LB-B4/MW-2Casing Type: Steel Boring Depth: -18.8' MLLW 
4"Casing Diameter: Drill Rig: ATV 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GADTodd Pentecost 
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Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Description 
(Color, Texture, Structure) 

El
ev

at
io

n 
(M

LL
W

) 

2 6" 

24" 
2, 3, 3, 3 Olive gray, fine to medium SAND. 

7.4 

4 6" 
24" 3, 5, 4, 5 Olive gray, fine to medium SAND. 

5.4 

6 
15" 

24" 
9, 11, 13, 13 4'- 5' Olive gray, fine to medium SAND. 

5'- 6' FILL- brick and debris. 
3.4 

8 

24" 

13" 12, 9, 6, 7 FILL- brick and debris and fine to coarse SAND, trace silt. 
1.4 

10 

24" 

6" 
8, 7, 2, 3 FILL- brick and debris. 

-0.7 

12 

24" 

18" 
4, 20, 23, 31 

13" Olive gray, fine to coarse SAND, trace silt, trace fine gravel. 

5" FILL- brick/debris. 

-2.7 

14 

24" 

12" 

24, 62, 55, 
34 Olive gray, fine to coarce SAND, trace silt, trace fine gravel. 

-4.7 

16 

24" 

11" 

20, 22, 45, 
34 Olive gray, fine to coarce SAND, trace silt, trace fine gravel. 

-6.7 

18.15 

Obstruction encountered at -8.8' MLLW. Series of Nested Boulders on top of 
bedrock, roller bit advanced to bedrock elevation. 

-8.8 

23.15 

Bedrock encountered at -12.8' MLLW, advanced with roller bit into bedrock 
cleaned hole and began core run. 

-13.8 

28.15 

92% 

4.9' 

5' 
6, 6, 7, 7, 7 Rock Core #1: -13.8' to -18.8' MLLW 0.0-4.9' Slightly to moderately fractured, grey 

granitic GNEISS. 

-18.8 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-8.8' MLLW 

-12.8' MLLW 

Groundwater elevation after construction of monitoring well was recorded at 5.55 MLLW. 



                  

 

 
 

 

 

Date: 5/4/2011 
Time: 7:00 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging X: 815576 

Y: 2688060Location: South Terminal Expansion 
8.96Elevation at grade: Datum: MLLW 

Boring No: A-2011-LB-B5/MW-3Casing Type: Steel Boring Depth: -16.54 MLLW 
4"Casing Diameter: Drill Rig: ATV 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GADTodd Pentecost 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 

24" 

8" 

2, 2, 2, 1 Black organic TOPSOIL 

6.96 

4 
24" 
12" 

2, 4, 4, 4 3" black fine ASH, 9" light brown fine to coarse SAND and SILT, trace fine gravel. 
4.96 

6 

24" 

18" 
4, 3, 14, 32, 2" black fine ASH, 16" light brown fine to coarse SAND, trace silt, trace fine gravel. 

2.96 

8 10" 

15" 17, 99, 100 
for 3" Light brown fine to coarse SAND and SILT, trace fine gravel. 

0.96 

8.42 0" 

5" 
100 for 5" Obstruction encountered at 0.06' MLLW broke through with roller bit at -0.44' MLLW. 

-1.04 

12 

17" 

16" 

69, 112, 100 
for 5" 

10" light brown fine to coarse SAND and fine GRAVEL, trace silt. 6" green gray fine to 
coarse SAND, trace fine gravel, trace silt. 

-3.04 

16 

24" 

18" 

20, 40, 42, 
31 Green gray fine to coarse SAND, trace fine gravel, trace silt. 

-7.04 

17.40 

15" 

12" 

19, 39, 100 
for 3" Green gray coarse SAND, trace silt, little fine gravel. 

-8.44 

19.50 

Advanced roller bit through series of nested boulders or highly weathered bedrock, 
and into competent bedrock, cleaned hole and began core run. 

-10.54 

25.5 

65% 

4.42' 

5' 
7,6,6,6,6 

Bedrock Core #1: -11.54 to -16.54 MLLW 0.0-0.75' Intensely to very intensely 
fractured Grey Granitic GNEISS, 0.75-2.1' Moderately fractured pink grey, Granite 

PEGMATITE, 2.1-4.42' Moderate to intensely fractured, grey, Granitic Gneiss 
-16.54 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-8.44 MLLW 

-10.54' MLLW 

Groundwater elevation after construction of monitoring well was recorded at 5.44 MLLW. 



                  

 
 

  
  

Date: 5/5/2011 
Time: 7:00 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging X: 815657 

Y: 2688318Location South Terminal Expansion 
7.45Elevation at grade: Datum: MLLW 

Boring No: A-2011-LB-B6/MW-4Casing Type: Steel Boring Depth: -18.4 MLLW 
4"Casing Diameter: Drill Rig: ATV 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GADTodd Pentecost 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
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n 
(M

LL
W
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0.25

3" 

3" 

100 for 3" 
3" Black organic fine to medium SAND 

Obstruction encountered - advanced with roller bit through 6" concrete/ brick debris. 7.2 

4 
24" 
6" 

8, 9, 9, 11 Light brown fine to medium SAND, trace silt, trace fine gravel. 
3.5 

6 
3" 

24" 
7, 3, 2, 2 Light brown fine to coarse SAND, some silt, trace fine gravel. 

1.5 

8 6" 

24" 
1, 1, 12, 14 Light brown fine to coarse SAND, some silt, trace fine gravel. 

-0.6 

8.33 3" 

4" 
100 to 4" Obstruction encountered - advanced roller bit through possible boulders and 

cobbles. 

Light brown fine to coarse SAND, some silt. 

-0.9 

16 15" 

24" 
16, 47, 44, 

26 
6" Light brown fine to coarse SAND, some silt. 9" Green gray, fine to coarse SAND 

some fine gravel, trace silt. 

-8.6 

18 18" 

24" 
18, 18, 18, 

19 
5" Green gray, fine to coarse SAND, some fine gravel, trace silt. 13" Olive Gray, fine 

to coarse SAND, trace silt. 
-10.6 

20 18" 

24" 
29, 64, 52, 

48 
6" Yellow organic, fine to coarse SAND, trace silt. 12" Olive gray fine to coarse 

SAND, trace silt and fine gravel. 
-12.6 

20.8 0" 
9" 34, 100 to 

3" Bedrock encountered at -13.4' MLLW 
-13.4 

25.8 

5" 

0" 
5, 5, 5, 5, 5 Bedrock Core #1: core catcher damaged no recovery 

-18.4 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-13.4' MLLW 

-13.4' MLLW 

Groundwater elevation after construction of monitoring well was recorded at 3.28 MLLW. 



                  

 
  

  
 

Date: 5/6/2011 
Time: 8:00 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging X: 815842 

Y: 2688227Location South Terminal Expansion 
7.5'Elevation at grade: Datum: MLLW 

Boring No: A-2011-LB-B7Casing Type: Steel Boring Depth: -3.3' MLLW 
4"Casing Diameter: Drill Rig: ATV 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GADTodd Pentecost 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% E
le

va
tio

n 
(M

LL
W

) 

2 6" 

24" 
4, 5, 6, 6 Black Organic, fine SAND. 

5.5 

4 6" 
24" 6, 11, 10, 7, Yellow/orange, fine to medium SAND, trace fine gravel. 

3.5 

5.5 

6" 

18" 

5, 5, 6, 100 
for 0" 

4'-5' yellow/orange, fine to medium SAND, trace fine gravel, 5-5.5' yellow/orange, 
fine to coarse SAND, trace fine GRAVEL and stone fragments (pink granite). 

Refusal encounted at 2.0' MLLW. 
2 

Bedrock encountered 2.0' MLLW - advanced with roller bit to 1.2, cleaned hole and 
began core run at 1.2' MLLW. 1.2 

10.8 
35% 

4.5' 

4.5' 
5, 5, 6, 5, 6 Bedrock Core # 1: 1.2 to -3.3 MLLW - Core catcher damaged during drilling - no 

recovery. -3.3 

Comments: 
Refusal: 
Elevation of 
Bedrock: 2.0' MLLW 

No monitoring well set. 
2.0' MLLW 



                  

  
 

 
  

Date: 5/6/2011 
Time: 11:30 AM 

BORING LOG 
Project: Project No: 6690.008Phase IV Dredging X: 815764 

Y: 2688257Location South Terminal Expansion 
8.28Elevation at grade: Datum: MLLW 

Boring No: A-2011-LB-B8/ MW-5Casing Type: Steel Boring Depth: -4.12 
4"Casing Diameter: Drill Rig: ATV 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GADTodd Pentecost 
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Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Description 
(Color, Texture, Structure) 

El
ev

at
io

n 
(M

LL
W

) 

2 

24" 

5" 

2, 3, 5, 8 Light brown fine SAND and SILT, some fine to coarse gravel. 

6.28 

4 
24" 
15" 

6, 7, 10, 8 Top 3" : Light brown fine SAND and SILT, some fine to coarse gravel. 
3-12" : Black ash and clinker layer. 4.28 

6 
8" 

24" 
8, 3, 3, 3 

Top 3" : Coarse SAND (pink granite and gneiss fragments). 

Bottom 5" : Coarse SAND and light brown SILT. 2.28 

7.75 15" 

21" 5, 5, 15, 100 
to 3" 

Coarse SAND and light brown SILT, Refusal encountered at 0.53' MLLW, cleaned 
hole and began core run at 0.53' MLLW. 0.53 

12.75 
33% 

5' 

5' 
5, 6, 6, 7, 6 Bedrock Core #1 : 0.53' to -4.47' MLLW Intensely tio very intensely fractured, grey 

granitic GNEISS. 

-4.12 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

Groundwater elevation after construction of monitoring well was recorded at 5.18' MLLW 
0.53' MLLW 

0.53' MLLW 



                                                         

                  

 
 

 
  

 
 

Date: 5/9/2011 

Time: 8:45 AM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging X: 816028 
Y: 2688602Location: South Terminal Expansion 

10.77Elevation at grade: Datum: MLLW 
Boring No: A-2011-LB-B9/MW-6Casing Type: Steel Boring Depth: -30.33' MLLW 

4"Casing Diameter: Drill Rig: D-120 
Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 

Driller: Log By: GADNorm Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2.5 8" 

24" 
6,12,12,22 

Advanced roller bit through 6" Asphalt Surface. 

6" yellow/orange, fine to medium SAND, 2" fine GRAVEL FILL. 8.3 

4.5 

6" 

6" 
29,100 for 0" 

Olive gray, fine to coarse SAND some silt, trace fine gravel. 

Obstruction encountered - advanced with roller bit from -2.5 to -4'. 6.3 

6.5 12" 

24" 
12,45,40,67 Yellow/orange, fine to coarse SAND, trace fine gravel. 

4.3 

8.5 6" 

24" 
47,60,51,55 Yellow/orange, fine to coarse SAND, trace fine gravel. 

2.3

11 6" 
24" 

3,4,5,5 Yellow/orange, fine to coarse SAND and SILT, trace fine gravel. 

13 

24" 

12" 
3,3,9,12 

Top 5": Yellow/orange, fine to coarse SAND and SILT. 
Next 1": Dark gray, fine SAND and SILT. Next 

3": Olive gray, fine to medium SAND and SILT, little shell hash -1.7 

15 

24" 

4" 
12,14,15,19 Olive gray, fine to medium SAND and SILT, little shell hash. 

17 

24" 

6" 
5,6,10,22 Olive gray, fine to medium SAND and SILT, little shell hash. 

19 18" 

24" 
16,20,19,22 Olive gray, fine to medium SAND and SILT, little shell hash, trace fine gravel. 

-7.7 

21 3" 

24" 12,15,26,30 Olive gray, fine to coarse SAND, trace silt, trace shell hash, trace fine gravel. 
-9.7 

22.5 

24" 

15" 27,29,33,34 Olive gray, fine to coarse SAND, trace silt, trace shell hash, grades to light gray, fine 
SAND and SILT. 

-11.7 

24.5 

24" 

15" 37,63,81,57 Light gray, fine to coarse SAND and SILT, trace fine gravel, becomes green gray, fine 
to coarse SAND and SILT with some fine gravel. 

-13.7 

26.5 

24" 

12" 29,39,50,54 Green gray, fine to coarse SAND and SILT with some fine gravel. 
-15.7 

28.5 

24' 

12" 44,46,46,58 Green gray, fine to coarse SAND and SILT with some fine gravel. 
-17.7 

30.5 

24" 

15" 37,53,67,88 Green gray, fine to coarse SAND and SILT with some fine gravel. 
-19.7 

32.5 

24" 

12" 35,48,68,73 Olive gray, fine to coarse SAND and SILT with trace fine gravel. 
-21.7 

33.75 

15" 

15" 

23,38,100 
for 3" 

Olive gray, fine to coarse SAND and SILT with trace fine gravel. 
Obstruction encountered at -33.25' below surface grade or -23.0' MLLW. -23.0 

36.1 

Advanced with roller bit through nested boulders and cobbles. Encountered 
competent bedrock at -24.3' MLLW. Cleaned hole and began core run at -25.33' 

MLLW -25.3 

41.1 
75% 

5' 

4.5' 
6,7,7,6,7 Bedrock Core #1 : -25.33' to -30.33' MLLW Intensely to moderately fractured, grey, 

granitic GNEISS 
-30.3 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-23.0' MLLW 

-24.33' MLLW 

Groundwater elevation after construction of monitoring well was recorded at 2.89' MLLW 



                  

 
 

 
 

 
  

Date: 5/10/2011 

Time: 9:30 AM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging 
Y: 2688583 
X: 816187 

Location: South Terminal Expansion 
8.9' Datum: MLLWElevation at grade: 

Boring No: A-2011-LB-B10Casing Type: Steel Boring Depth: -65.35 MLLW 
4"Casing Diameter: Drill Rig: D-120 

Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 
Driller: Log By: GADNorm Stuttard 
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Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Description 
(Color, Texture, Structure) 

El
ev

at
io

n 
(M

LL
W

) 

2.50 

24" 

14" 
15,11,19,14 

Advanced roller bit through - 6" Asphalt Surface 
8" light brown, fine to coarse SAND 

6" yellow/orange, fine to medium SAND and SILT. 5.9 

7.50 
24" 
12" 23,41,33,31 Yellow/orange, fine to coarse SAND and SILT. 

1.4 

12.50 8" 
24" 

4,5,5,7 Yellow/orange, fine to coarse SAND and SILT. 
-3.6 

17.50 0" 
24" 

5,5,2,3 No sample recovered. 
-8.6 

22.50 15" 

24" 
12,12,23,31 Light gray, fine to coarse SAND, trace silt, trace fine gravel. 

-13.6 

27.50 

24" 

12" 
3,6,9,10 Green gray, fine to coarse SAND and SILT. 

-18.6 

32.50 3" 

10" 

12" 

24" 

24" 

24" 

7,5,5,5 Green gray, fine to coarse SAND and SILT. 

-33.6 

-28.6 

-23.6 

37.50 
60,33,40,4 

5": Green gray, fine to coarse SAND and SILT, 

7" light brown, fine to coarse SAND and SILT, trace fine gravel. 

42.50 
20,31,12,11 Light brown, fine to coarse SAND and SILT, little fine gravel, trace angular stone 

fragments. 

44.25 

Bedrock encountered at -34.95' MLLW surface grade. Advanced roller bit into 
bedrock to -35.35' MLLW, cleaned hole and began core run. 

-35.35 

49.25 
28% 

4.35' 

5' 
6,6,7,7,7 

Bedrock Core #1 : -35.35' to -40.35' MLLW Intensely fractured, interbedded grey 
granitic GNEISS and intensely fractured, moderately weathered grey green 

DIABASE. -40.35 

54.25 
55% 

5' 

4.75' 
6,6,6,7,7 Bedrock Core #2 : -45.35' to -50.35' MLLW Intensely to moderately fractured, fresh 

to slightly weathered, dark grey to black, DIABASE. 
-45.35 

59.25 
10% 

4.42 

5' 
7,7,8,8,8 Bedrock Core #3 : -45.35' to -50.35' MLLW Intensely fractured, dark grey, 

DIABASE. 
-50.35 

64.25 
66% 

5' 

4.8' 
7,7,7,8,8 Bedrock Core #4 : -50.35' to -55.35' MLLW Moderately fractured, dark grey, 

DIABASE with grey granitic gneiss xenoliths. 
-55.35 

69.25 
60% 

4.53' 

5' 
8,8,7,7,7 Bedrock Core #5 : -55.35' to -60.35' MLLW Intensely to moderately fractured, dark 

grey, DIABASE with grey granitic gneiss xenoliths. 
-60.35 

74.25 5' 

5' 
7,7,6,6,6 Bedrock Core #6 : -60.35' to -65.35' MLLW Intensely to moderately fractured, dark 

grey, DIABASE with grey granitic gneiss xenoliths. 
-65.35 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-34.95' MLLW 

-34.95' MLLW 



                  

  
 

 
  

Date: 5/12/2011 

Time: 8:45 AM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging X: 815960 
Y: 2688110Location South Terminal Expansion 

7.35'Elevation at grade: Datum: MLLW 
Boring No: A-2011-LB-B11/MW-7Casing Type: Steel Boring Depth: -8.65' MLLW 

4"Casing Diameter: Drill Rig: ATV 
Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 

Driller: Log By: GADNorm Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2 

24" 

12" 

4,5,5,6 

Top 1": Black, organic, fine SAND. 
3" Light brown, FILL and fine SAND and brick debris. 

8" Dark brown, fine to medium SAND and SILT. 5.35 

4 
24" 
4" 

5,4,5,3 2" Dark brown, fine to medium SAND and SILT. 
2" Red brick debris. 3.35 

6 8" 

24" 
3,1,2,1 Light brown, fine to coarse SAND and SILT, some brick debris. 

1.35 

8 6" 
24" 

1,2,1,1 Light brown, fine to coarse SAND and SILT, some brick debris. 
-0.65 

10 15" 

24" 
2,3,3,4 Dark brown, fine to coarse SAND and SILT. 

-2.65 

12 

24" 

18" 
3,2,8,17 

1.3' Dark brown, fine to coarse SAND and SILT. 

0.2' Green gray, fine to coarse SAND and SILT. -4.65 

14 15" 

24" 
18,20,17,17 Olive gray, fine to coarse SAND and SILT. 

-6.65 

16 15" 

24"
10,12,22,20 

0.25' Green gray, fine to coarse dense SAND and SILT. 

1' Olive gray, fine to coarse SAND and SILT. 

-8.65 

END OF BORING 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

Not encountered 

Not encountered 

Groundwater elevation after construction of monitoring well was recorded at 5.10' MLLW. 



                  

  
 

 
  

Date: 5/13/2011 

Time: 8:30 AM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging X: 815987 
Y: 2688237Location South Terminal Expansion 

8.03'Elevation at grade: Datum: MLLW 
Boring No: A-2011-LB-B12/MW-8Casing Type: Steel Boring Depth: -7.97' MLLW 

4"Casing Diameter: Drill Rig: ATV 
Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 

Driller: Log By: GADNorm Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
ev

at
io

n 
(M

LL
W

) 

2 

24" 

12" 

4,4,6,8 Light brown, fine SAND and SILT. 

6.03 

4 
24" 
10" 

6,8,10,10 Light brown, fine SAND and SILT. 
4.03 

6 12" 

24" 
2,5,9,3 

0.3' Tar paper and asphalt debris. 

0.7' Black, fine to coarse SAND and SILT with some brick debris. 

2.03 

8 12" 
24" 

7,5,5,5 Black, fine to coarse SAND and SILT,some brick debris. 
0.03 

10 12" 

24" 
1,1,1,2 Black, fibrous PEAT. 

-1.97 

12 

24" 

10" 
2,1,2,7 

1" Black, fibrous PEAT. 

Dark brown, fine to coarse SAND and SILT. -3.97 

14 10" 

24" 
7,9,10,16 

9" Dark brown, fine to coarse SAND and SILT. 

1" Green gray, dense fine SAND and SILT. 
-5.97 

16 8" 

24" 
19,26,31,33 Green gray, dense fine SAND and SILT. 

-7.97 

END OF BORING 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

Not encountered 

Not encountered 

Groundwater elevation after construction of monitoring well was recorded at 3.65' MLLW. 



                  

 
 

 
  

 
 

Date: 5/13/2011 

Time: 12:45 PM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging X: 815736 
Y: 2687824Location: South Terminal Expansion 

11.3'Elevation at grade: Datum: MLLW 
Boring No: A-2011-LB-B13Casing Type: Steel Boring Depth: -19.5 MLLW 

4"Casing Diameter: Drill Rig: ATV 
Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 

Driller: Log By: GADNorm Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
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n 
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2 15" 

24" 
13,15,26,35 

6" Light Brown fine SAND and SILT. 

9" Cement concrete debris. 9.3 

5.65 
Obstruction encountered at 7.5' MLLW. Advanced with roller bit to 5.65' MLLW. 

5.7 

8 12" 

24" 
14,16,10,6 

3" Dark brown, fine to coarse SAND and SILT . 

9" Yellow/orange, fine to coarse SAND and SILT, trace fine gravel. 3.3 

10 16" 

24" 
5,8,8,10 

6" Yellow/orange, fine to coarse SAND and SILT, trace fine gravel. 

10" Black, fine SAND and SILT, becomes light olive gray, fine SAND and SILT, trace 
coarse sand. 1.3 

16.85 

Obstruction encountered at -1.3' below surface grade. Advanced with roller bit through 
series of boulders and cobbles to -5.6' MLLW, cleaned hole and began core run. 

-5.6 

18.25 
Attempted core run but broke through at -7.0' MLLW'. 

-7.0 

20.25 8" 

24" 
28,25,26,17 Olive gray, fine to coarse SAND and SILT. 

-9.0 

23.47 

Obstruction Encountered at 22.5' below grade or -11.2' MLLW, advanced with roller bit 
to -12.2' MLLW, cleaned hole and began core run. 

-12.2 

27.92 
56% 

4.45' 

4.45' 
6,6,6,7,2 Bedrock Core #1 : -12.2' to -16.6' MLLW Intensely to moderately fractured, grey, 

granitic GNEISS. 
-16.6 

30.77 
42% 

2.85' 

2.85' 
6,6,2 Bedrock Core #2 : -16.6' to -19.5' MLLW Intensely to moderately fractured, grey, 

granitic GNEISS. 
-19.5 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-11.2' MLLW 

-11.2' MLLW 



                  

  
 

 
  

Date: 5/16/2011 

Time: 12:15 PM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging X: 815960 
Y: 2688110Location South Terminal Expansion 

7.3'Elevation at grade: Datum: MLLW 
Boring No: A-2011-LB-B14Casing Type: Steel Boring Depth: -12.1' MLLW 

4"Casing Diameter: Drill Rig: ATV 
Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 

Driller: Log By: GADNorm Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
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2 

24" 

10" 
18,16,10,19 Dark gray, fine to coarse SAND and SILT. 

5.3 

7 

24" 

8" 
11,16,13,9 

1" Dark gray, fine to coarse SAND and SILT. 

7" Dark brown, fine to coarse SAND and SILT, trace fine gravel. 0.3 

10.4 

Obstruction encountered at -0.8' MLLW. Advanced with roller bit through nested 
boulders or fractured bedrock, Competent Bedrock encountered -2.1' MLLW, 

advanced roller bit to -3.1' MLLW cleaned hole and began core run. -3.1 

15.4 

69% 

4.75' 

5' 

8,8,9,9,9 
Bedrock Core #1 : -3.1' to -8.1' MLLW 0.0-0.67' Intensely to moderately fractured, 

pink grey, granite PEGMATITE. 

0.67-4.75' Intensely to moderately fractured, pink grey, granitic GNEISS. -8.1 

19.40 
53% 

4' 

4' 
9,9,9,10 

Bedrock Core #2 : -8.1' to -12.1' MLLW 0.0-1.75' Intensely to moderately fractured, 
pink grey, granitic GNEISS. 

1.75-4.0' Intensely to moderately fractured, pink grey, granite PEGMATITE. -12.10 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-0.8' MLLW 

-2.1' MLLW 

Groundwater elevation was recorded at 3.20' BSG. 



                  

  
 

 
  

Date: 5/17/2011 

Time: 13:15:00 PM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging X: 816089 
Y: 2687992Location South Terminal Expansion 

8.0'Elevation at grade: Datum: MLLW 
Boring No: A-2011-LB-B15Casing Type: Steel Boring Depth: -25.0' MLLW 

4"Casing Diameter: Drill Rig: ATV 
Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 

Driller: Log By: GADNorm Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
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2 

24" 

6" 

WOR, WOR, 
WOR, WOR Light brown, fine SAND and SILT. 

6.0 

6 

24" 

6" 
4,4,7,14 

4" Light brown, fine SAND and SILT. 

2" Dark gray fine SAND and SILT. 2 

11 1" 

24" 
5,8,8,11 Black, fine SAND and SILT. 

-3 

16 6" 
24' 

10,23,24,29 Black, fine SAND and SILT. 
-8 

24 

Obstruction encountered at -10.7' MLLW. Advanced with roller bit through boulders 
and cobbles to -16.0' MLLW. 

-16 

26 

24" 

3" 
13,13,10,8 Green gray, fine to coarse SAND and SILT, some fine gravel. 

-18 

27.95 

Bedrock encountered at -19.0' MLLW. Advanced with roller bit to -20.0' MLLW 
cleaned hole and began core run. -20.0 

32.95 
65% 

5' 

4.3' 
7,8,8,8,8 Bedrock Core #1 : -20.0' to -25.0' MLLW 0.0-3.4' Moderately fractured, grey, granit 

GNEISS, 3.4-4.3' becomes intensely fractured. 
-25.0 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-19.0' MLLW 

-19.0' MLLW 

Groundwater elevation was recorded at 4.98' BSG. 



                  

 
 

 
  

 

Date: 5/18/2011 

Time: 12:30 PM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging X: 816120 
Y: 2687997Location South Terminal Expansion 

7.0'Elevation at grade: Datum: MLLW 
Boring No: A-2011-LB-B16Casing Type: Steel Boring Depth: -20.3' MLLW 

4"Casing Diameter: Drill Rig: ATV 
Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 

Driller: Log By: GADNorm Stuttard 

D
ep

th
 b

el
ow

su
rfa

ce
 

gr
ad

e 
(ft

) 

R
Q

D
 

Pe
ne

tra
tio

n/
R

ec
ov

er
y 

Bl
ow

s 
pe

r 6
"

/ D
ril

l M
in

.
pe

r F
oo

t 

Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
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2 3" 

24" 
2,2,2,2 Light brown, fine SAND and SILT, trace organics. 

5 

6 
8" 

24" 
4,5,6,5 

3" Light brown, fine SAND and SILT, some shell hash. 

5" Olive gray, fine SAND and SILT, trace shell hash. 1 

11 5" 

24" 
5,5,8,16 Olive gray fine SAND and SILT, trace shell hash. 

-4 

18.77 
Obstruction encountered at -7.0' MLLW. Advanced with roller bit through boulders o 

cobbles to -11.77' MLLW. -11.8 

22.27 
7,7,7 Core run #1 : -11.8' to -15.3' MLLW. Broke through sand seam, Core barrel jammed 

cleared barrel, Set 3" casing to -15.3, Granitic GNEISS boulder. -15.3 

22.27 
Cleaned and flushed hole with roller bit, and began core run. 

27.27 
48% 

4.0' 

5' 
6,6,6,6,5 

Core #2 : -15.3' to -20.3' MLLW 0.0-2.4' Moderately fractured grey, granitic 
GNEISS, 2.4-4.0' Intensely to very intensely fractured grey, granitic GNEISS 

Orange/brown sand flowing into formation at end of run, possible sand filled seam. -20.3 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-7.0' MLLW 

-15.3' MLLW 



                  

 
 

 
  

 

Date: 5/19/2011 

Time: 13:30:00 PM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging X: 816113 
Y: 2688205Location South Terminal Expansion 

7.5' Datum: MLLWElevation at grade: 
Boring No: A-2011-LB-B17Casing Type: Steel Boring Depth: -27.6' MLLW 

4"Casing Diameter: Drill Rig: ATV 
Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 

Driller: Log By: GADNorm Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
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2 3" 

24" 
1,2,2,2 Light brown, fine SAND and SILT, trace shell hash. 

5.5 

6 

24" 

8" 
3,5,9,11 

7" Light brown, fine to medium SAND and SILT, some shell hash. 

1" dark gray fine SAND and SILT. 1.5 

11 3" 

24" 
3,3,9,15 Black, fine to coarse SAND and SILT, some shell hash. 

-3.5 

14.6 
Obstruction encountered at -4.6' MLLW. Advanced with roller bit through series of 

boulders and cobbles to -7.1' MLLW. -7.1 

18 12" 

24" 
7,30,30,41 Green gray, fine to coarse SAND and SILT. 

-10.5 

21 4" 

24" 
30,67,44,42 Green gray, fine to coarse SAND and SILT, trace fine gravel. 

-13.5 

26 

24" 

4" 
10,12,16,16 Green gray, fine to coarse SAND and SILT, trace fine gravel. 

-18.5 

29.75 3" 

9" 19,100 for 
3" 

Green gray, fine to coarse SAND and SILT, trace fine gravel. - Encountered Bedroc 
at -22.3' MLLW, cleaned hole with roller bit, and began coring at -22.6' MLLW -22.3 

35.10 
81% 

4.3' 

5' 
6,6,6,6,6 Bedrock Core #1 : -22.6' to -27.6' MLLW Moderately fractured, grey, granitic 

GNEISS. 
-27.6 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-22.3 MLLW 

-22.3 MLLW 

Groundwater recorded at 5.05' BSG. 



                  

  
  

 
 

Date: 5/23/2011 

Time: 8:30 PM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging X: 816064 
Y: 2687795Location South Terminal Expansion 

8.0'Elevation at grade: Datum: MLLW 
Boring No: A-2011-LB-B18Casing Type: Steel Boring Depth: -17.5' MLLW 

4"Casing Diameter: Drill Rig: ATV 
Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 

Driller: Log By: GADNorm Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
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2 

24" 

4" 

2,2,2,3 Light brown, fine SAND and SILT, little shell hash. 

6 

6 

24" 

3" 
3,4,4,6 Light brown, fine to coarse SAND and SILT, some shell hash. 

2 

11 5" 

24" 
3,4,6,11 Black, fine to coarse SAND and SILT, some shell hash.

-3 

16 3" 
24" 

7,15,25,40 Olive gray, fine to coarse SAND and SILT, little fine gravel. 
-8 

19.0 0" 

0" 
100 for 0" Bedrock encountered at -11.0' MLLW , cleaned and flushed hole with roller bit, 

began core run -12.5' MLLW. 
-11.0 

25.50 

5' 

4.55' 
6,6,6,6,6 Bedrock Core #1 : -12.5' to -17.5' MLLW Intensely to moderately fractured, grey, 

granitic GNEISS. -17.50 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-11.0' MLLW 

-11.0' MLLW 

Groundwater recorded at 1.60' BSG. 



                  

  
 

 
  

Date: 5/23/2011 

Time: 13:45:00 PM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging X: 816131 
Y: 2688398Location South Terminal Expansion 

5.0Elevation at grade: Datum: MLLW 
Boring No: A-2011-LB-B19Casing Type: Steel Boring Depth: -34.9' MLLW 

4"Casing Diameter: Drill Rig: ATV 
Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 

Driller: Log By: GADNorm Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
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2 

24" 

6" 

2,3,4,6 Light brown, fine SAND and SILT, trace shell hash. 

3.0 

6 

24" 

0" 
4,1,1,1 No sample recovered. 

-1.0 

11 15" 

24" 
1,2,2,2 

10" Black, organic SILT, little shell hash. 

5" Olive gray, fine to coarse SAND and SILT, trace shell hash. -6.0 

16 16" 
24" 

5,30,35,31 
2" Dark brown, fine to medium SAND and SILT, some shell hash. 

14" Dark brown, SILT, trace fine gravel. -11.0 

20.8 22" 

24" 10,35,49,10 
0 for 4" 

20" Olive gray, fine to coarse SAND and SILT, trace fine gravel. 

2" Yellow/orange, fine to coarse SAND and SILT. -15.8 

27.2 

Obstruction encountered at -15.8'MLLW. Advanced with roller bit through series of 
boulders to -22.2' MLLW. -22.2 

29.0 1.8' 

1.8' 
Core #1 : -22.2' to -24.0' MLLW. Cored though boulder, entered sand filled seam. 

-24.0 

34.9 

Advanced with roller bit through series of nested bolders or fractured bedrock to 
competent bedrock at -28.9' MLLW, cleaned hole and began coring at -29.9' MLLW. -29.9 

39.9 

5' 

4.8' 
6,5,6,6,6 Core #2 : -29.9' to -34.9' MLLW Intensely to moderately fractured, grey, granitic 

GNEISS. 
-34.9 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-15.8' MLLW 

-28.9' MLLW 

Groundwater recorded at 3.30' BSG. 



                  

 
 

 
  

 

Date: 5/24/2011 

Time: 11:05 AM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging X: 815936 
Y: 2688383Location South Terminal Expansion 

8.0'Elevation at grade: Datum: MLLW 
Boring No: A-2011-LB-B20Casing Type: Steel Boring Depth: -9.2' MLLW 

4"Casing Diameter: Drill Rig: ATV 
Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 

Driller: Log By: GADNorm Stuttard 
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
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2 6" 

24" 
1,2,2,3 Brown top soil grades to Light brown, fine SAND and SILT. 

6 

6 

24" 

3" 
5,5,6,1 Reddish brown, fine to coarse SAND and brick debris, little ash, little clinkers, FILL. 

2 

10.7 11" 

21" 32,28,52, 
100 for 3" 

Olive gray, fine to coarse SAND and SILT, little fine gravel, little angular granatic 
gneiss fragments. -2.7 

12.2 

Obstruction encountered at -2.7' MLLW. Advanced with roller bit through cobbles or 
fractured bedrock to competent bedrock at -3.2' MLLW cleaned hole and began cor 

run at -4.2' MLLW. -4.2 

17.20 
58% 

4.5' 

5' 
6,6,6,6,6 Bedrock Core #1 : -4.2' to -9.2' MLLW Intensely to moderately fractured, grey, 

granitic GNEISS. 
-9.2 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-2.7' MLLW 

-3.2' MLLW 



                  

  
  

 
 

Date: 5/25/2011 

Time: 10:00 AM 
BORING LOG 

Project: Project No: 6690.008Phase IV Dredging X: 815871 
Y: 2688077Location South Terminal Expansion 

6.8'Elevation at grade: Datum: MLLW 
Boring No: A-2011-LB-B21Casing Type: Steel Boring Depth: -20.5' MLLW 

4"Casing Diameter: Drill Rig: ATV 
Sheet: 1 of 1Drill Co: Method: Drill and WashNH Boring 

Driller: Log By: GADNorm Stuttard 
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(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% El
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2 

24" 

2" 

1,2,1,1 Black organic TOPSOIL. 

4.8 

6 

24" 

6" 
1,1,1,1 

2" Light brown, fine to coarse SAND and SILT, trace ASH and CLINKERS, 

4" Dark brown, SILT. 0.8 

11 6" 

24" 
12,17,20,28 

4" Light gray, fine to coarse SAND and SILT. 

2" Dark gray, fine SAND and SILT. -4.2 

16 6" 
24" 

8,10,10,14 Olive gray, fine to coarse SAND and SILT. 
-9.2 

21 6"' 

24" 
12,15,25,61 Yellow/orange, fine to coarse SAND and SILT, trace fine gravel. 

-14.2 

22.30 

Bedrock encountered at -14.5' MLLW. Advanced with roller bit, cleaned hole and 
began core run at -15.5' MLLW. -15.50 

27.30 
63% 

4.5' 

5.0' 
no drill time 

avaialble 
Bedrock Core #1 : -15.5' to -20.5' MLLW Intensely to moderately fractured, grey, 

granitic GNEISS. -20.50 

Comments: 
Refusal: 
Elevation of 
Bedrock: 

-14.5' MLLW 

-14.5' MLLW 
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ANALYTICAL REPORT
 

Lab Number: L1105817 

Client: Apex Companies 

184 High Street 

Suite 502 

Boston, MA 02110 

ATTN: Chet Myers 

Phone: (617) 728-0070 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 

Report Date: 05/09/11 

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its 
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original. 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

Alpha 
Sample ID 

L1105817-01 

L1105817-02 

L1105817-03 

L1105817-04 

L1105817-05 

L1105817-06 

L1105817-07 

L1105817-08 

L1105817-09 

L1105817-10 

L1105817-11 

L1105817-12 

L1105817-13 

L1105817-14 

L1105817-15 

L1105817-16 

L1105817-17 

L1105817-18 

L1105817-19 

Sample Collection 

Client ID Location Date/Time 

TP-1 NEW BEDFORD 04/25/11 07:30 

TP-2 NEW BEDFORD 04/25/11 11:15 

TP-5 NEW BEDFORD 04/25/11 12:35 

TP-4 NEW BEDFORD 04/25/11 13:00 

TP-3 NEW BEDFORD 04/25/11 13:47 

TP-7 NEW BEDFORD 04/26/11 07:40 

TP-6 NEW BEDFORD 04/26/11 09:00 

TP-8 NEW BEDFORD 04/26/11 11:00 

TP-9 NEW BEDFORD 04/26/11 13:54 

TP-11 NEW BEDFORD 04/26/11 15:20 

TP-10 NEW BEDFORD 04/27/11 08:30 

TP-12 NEW BEDFORD 04/27/11 09:30 

TP-13A NEW BEDFORD 04/27/11 11:00 

TP-14 NEW BEDFORD 04/27/11 11:57 

TP-16 NEW BEDFORD 04/27/11 13:30 

TP-17 NEW BEDFORD 04/27/11 14:45 

TP-13 NEW BEDFORD 04/28/11 08:00 

DUPLICATE 1 NEW BEDFORD 04/25/11 00:00 

DUPLICATE 2 NEW BEDFORD 04/26/11 00:00 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

MADEP MCP Response Action Analytical Report Certification 

This form provides certifications for all samples performed by MCP methods. Please refer to 
the Sample Results and Container Information sections of this report for specification of 
MCP methods used for each analysis. The following questions pertain only to MCP 
Analytical Methods.

 An affirmative response to questions A through F is required for "Presumptive Certainty" status

Were all samples received in a condition consistent with those described on the Chain-of-
Custody, properly preserved (including temperature) in the field or laboratory, and 
prepared/analyzed within method holding times? 

A YES 

Were the analytical method(s) and all associated QC requirements specified in the selected 
CAM protocol(s) followed? 

B YES 

Were all required corrective actions and analytical response actions specified in the selected 
CAM protocol(s) implemented for all identified performance standard non-conformances? 

C YES 

Does the laboratory report comply with all the reporting requirements specified in CAM VII A, 
"Quality Assurance and Quality Control Guidelines for the Acquisition and Reporting of Analytical 
Data?" 

D YES 

VPH, EPH, and APH Methods only: Was each method conducted without significant 
modification(s)? (Refer to the individual method(s) for a list of significant modifications). 

E a. YES 

APH and TO-15 Methods only: Was the complete analyte list reported for each method?E b. N/A 

Were all applicable CAM protocol QC and performance standard non-conformances identified 
and evaluated in a laboratory narrative (including all "No" responses to Questions A through E)? 

F YES 

A response to questions G, H and I is required for "Presumptive Certainty" status 

Were the reporting limits at or below all CAM reporting limits specified in the selected CAM 
protocol(s)? 

G NO 

Were all QC performance standards specified in the CAM protocol(s) achieved?H NO 

Were results reported for the complete analyte list specified in the selected CAM protocol(s)?I NO 

For any questions answered "No", please refer to the case narrative section on the following page(s). 

Please note that sample matrix information is located in the Sample Results section of this report. 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 
Project Number: 6690 Report Date: 05/09/11
 

Case Narrative 

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report. 

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet all of the requirements of 

NELAC, for all NELAC accredited parameters. The data presented in this report is organized by parameter (i.e. VOC, SVOC, etc.). Sample 

specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list for each individual sample, 

followed by the Laboratory Batch Quality Control at the end of each parameter. If a sample was re-analyzed or re-extracted due to a 

required quality control corrective action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is 

designated with an "R" or "RE", respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the 

associated samples for each element are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % 

recovery or RPD value that is outside the listed Acceptance Criteria is bolded in the report. Definitions of all data qualifiers and acronyms 

used in this report are provided in the Glossary located at the back of the report. 

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody. 

For additional information, please contact Client Services at 800-624-9220. 

MCP Related Narratives
 

Volatile Organics
 

L1105817-05 and -18 have elevated detection limits due to the dilutions required by the elevated 


concentrations of non-target compounds in the samples.
 

L1105817-07 and -19 have elevated detection limits due to the dilution required by the elevated 


concentrations of target compounds in the sample.
 

In reference to question G:
 

L1105817-05, -09, -18 and -19: One or more of the target analytes did not achieve the requested CAM 


reporting limits.
 

In reference to question H:
 

The initial calibration, associated with L1105817-05, -07, -18 and -19, did not meet the method required 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 
Project Number: 6690 Report Date: 05/09/11
 

Case Narrative (continued) 

minimum response factors on the lowest calibration standards for 1,4-Dioxane (0.00392), as well as the 

average response factor for Chloroethane and 1,4-Dioxane. 

The continuing calibration standard, associated with L1105817-05, -07, -18 and -19, is outside the 

acceptance criteria for several compounds; however, it is within overall method allowances. A copy of the 

continuing calibration standard is included as an addendum to this report. 

Semivolatile Organics 

L1105817-02 and -07 have elevated detection limits due to the dilutions required by the elevated 

concentrations of target compounds in the samples. 

L1105817-03, -04 and -16 have elevated detection limits due to the dilutions required by the sample matrix 

(the sample extracts were dark and viscous). 

L1105817-06 has elevated detection limits due to the dilution required by the matrix interferences encountered 

during the concentration of the sample and the analytical dilution required by the sample matrix (the sample 

extract was dark and viscous). 

L1105817-07 was re-analyzed on dilution in order to quantitate the sample within the calibration range. The 

result should be considered estimated, and is qualified with an E flag, for any compound that exceeded the 

calibration on the initial analysis. The re-analysis was performed only for the compound that exceeded the 

calibration range. 

In reference to question G: 

L1105817-02 through -04, -06, -07 and -16: One or more of the target analytes did not achieve the 

requested CAM reporting limits. 

In reference to question H: 

The surrogate recoveries for L1105817-03 are outside the individual acceptance criteria for 2-Fluorophenol 

(28%) and Nitrobenzene-d5 (27%), but within the overall method allowances. The results of the original 

analysis are reported; however, all associated compounds are considered to have a potential bias. 

The surrogate recoveries for L1105817-06 are below the acceptance criteria for 2-Fluorophenol, Phenol-d6, 

Nitrobenzene-d5, 2-Fluorobiphenyl, 4-Terphenyl-d14 and 2,4,6-Tribromophenol (all at 0%) due to the dilution 

required to quantitate the sample. Re-extraction was not required; therefore, the results of the original analysis 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 
Project Number: 6690 Report Date: 05/09/11
 

Case Narrative (continued) 

are reported.
 

The WG465512-2/-3 LCS/LCSD recoveries, associated with L1105817-01 through -12, are below the 


individual acceptance criteria for Aniline (39%/32%), but within the overall method allowances. The results of 


the associated samples are reported; however, all results are considered to have a potentially low bias for this 


compound.
 

The WG465512-2/-3 LCS/LCSD RPDs, associated with L1105817-01 through -12, are above the acceptance 


criteria for 2-Chloronaphthalene (39%), 1,2-Dichlorobenzene (32%), 1,4-Dichlorobenzene (31%), 


Hexachlorobutadiene (31%), Nitrobenzene (32%), Acenaphthylene (34%), 4-Chloroaniline (33%), 2

Methylnaphthalene (42%), Acetophenone (31%) and 2-Methylphenol (32%); however, the individual 


LCS/LCSD recoveries are within method limits.
 

The WG465513-2/-3 LCS/LCSD recoveries, associated with L1105817-13 through -19, are below the 


individual acceptance criteria for Aniline (28%/34%) and 4-Chloroaniline (LCS at 39%), but within the overall 


method allowances. The results of the associated samples are reported; however, all results are considered to 


have a potentially low bias for these compounds.
 

EPH
 

L1105817-07 has elevated detection limits due to the dilution required by the elevated concentrations of target 


compounds in the sample. 


L1105817-19 has elevated detection limits due to the dilution required by the matrix interferences encountered 


during the concentration of the sample and the analytical dilution required by the target compounds present in 


the sample.
 

In reference to question G:
 

L1105817-07 and -19: One or more of the target analytes did not achieve the requested CAM reporting limits.
 

In reference to question H:
 

The surrogate recoveries for the following samples are outside the acceptance criteria for o-Terphenyl; 


however, the samples were not re-extracted due to coelution with obvious interferences. Copies of the 


chromatograms are included as an attachment to this report. The results are not considered to be biased.
 

L1105817-05: 143%
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 
Project Number: 6690 Report Date: 05/09/11
 

Case Narrative (continued) 

L1105817-07: 295%
 

L1105817-18: 288%
 

The surrogate recoveries for L1105817-19 are below the acceptance criteria for Chloro-Octadecane and o-


Terphenyl (both at 0%) due to the dilution required to quantitate the sample. Re-extraction was not required; 


therefore, the results of the original analysis are reported.
 

In reference to question I: 


All samples were analyzed for a subset of MCP compounds per the Chain of Custody.
 

VPH
 

L1105817-05, -07 and -18 exceeded the recommended 1:1 methanol:soil ratio, due to excessive soil in the 


sample vials.
 

L1105817-05, -07, -18 and -19 have elevated detection limits due to the dilutions required by the elevated 


concentrations of target compounds in the samples. 


In reference to question G:
 

L1105817-05, -07 and -19: One or more of the target analytes did not achieve the requested CAM reporting 


limits.
 

In reference to question H:
 

The surrogate recoveries for L1105817-05 are outside the acceptance criteria for 2,5-Dibromotoluene-PID 


(161%) and 2,5-Dibromotoluene-FID (189%); however, the sample was not re-analyzed due to coelution with 


obvious interferences. Copies of the chromatograms are included as an attachment to this report. The results 


are not considered to be biased.
 

The surrogate recoveries for L1105817-07 are below the acceptance criteria for 2,5-Dibromotoluene-PID 


(0%) and 2,5-Dibromotoluene-FID (0%) due to the dilution required to quantitate the sample. Re-analysis is 


not required; therefore, the results of the original analysis are reported.
 

The surrogate recovery for L1105817-18 is outside the acceptance criteria for 2,5-Dibromotoluene-FID 


(144%); however, the sample was not re-analyzed due to coelution with obvious interferences. A copy of the 


chromatogram is included as an attachment to this report. The results are not considered to be biased.
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 
Project Number: 6690 Report Date: 05/09/11
 

Case Narrative (continued) 

In reference to question I: 


All samples were analyzed for a subset of MCP compounds per the Chain of Custody.
 

Metals
 

In reference to question H:
 

L1105817-04: The internal standard (IS) responses for Lead and Thallium were outside the acceptance criteria
 

(70-120%); however, the criteria was achieved upon re-analysis on 1:5 dilution. The results of the re-analyses
 

are reported.
 

The WG465733-4 MS recovery, performed on L1105817-01, is above the acceptance criteria for Antimony 


(46%); however, the associated LCS recovery was within criteria. No further action was taken.
 

The WG465733-3 Laboratory Duplicate RPD, performed on L1105817-01, is above the acceptance criteria for
 

Silver (54%); however, the sample and Duplicate results are less than five times the reporting limit. Therefore, 


the RPD is valid.
 

The WG465734-3 Laboratory Duplicate RPD, performed on L1105817-01, is outside the acceptance criteria 


for Mercury (171%). The elevated RPD has been attributed to the non-homogeneous nature of the sample 


utilized for the laboratory duplicate.
 

The WG465743-3 Laboratory Duplicate RPDs, performed on L1105817-01, are above the acceptance criteria 


for Cadmium (34%), Selenium (21%) and Thallium (66%); however, the sample and Duplicate results are less 


than five times the reporting limit. Therefore, the RPD is valid.
 

In reference to question I: 


All samples were analyzed for a subset of MCP elements per the Chain of Custody.
 

Non-MCP Related Narratives
 

TPH
 

L1105817-02, -07, -18, -19 and the associated WG65572-3 Laboratory Duplicate have elevated detection 


limits due to the dilutions required by the elevated concentrations of target compounds in the samples.
 

L1105817-03 has an elevated detection limit due to the dilution required by matrix interferences encountered 
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    \J1t1Jt.lk,. Michelle M, Morris 

Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 
Project Number: 6690 Report Date: 05/09/11
 

Case Narrative (continued)

during the concentration of the sample.
 

L1105817-06 has an elevated detection limit due to the dilution required by the matrix interferences 


encountered during the concentration of the sample and the analytical dilution required by the target 


compounds present in the sample.
 

I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
belief and based upon my personal inquiry of those responsible for providing the information contained
 in this analytical report, such information is accurate and complete. This certificate of analysis is not
 complete unless this page accompanies any and all pages of this report.

 Authorized Signature: 

Title: Technical Director/Representative Date: 05/09/11 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-05Lab ID: D Date Collected: 04/25/11 13:47 
TP-3Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 04/29/11 10:53 
Analyst: CF

 88%Percent Solids: 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 890 - 2 

1,1-Dichloroethane ND ug/kg 130 - 2 

Chloroform ND ug/kg 130 - 2 

Carbon tetrachloride ND ug/kg 89 - 2 

1,2-Dichloropropane ND ug/kg 310 - 2 

Dibromochloromethane ND ug/kg 89 - 2 

1,1,2-Trichloroethane ND ug/kg 130 - 2 

Tetrachloroethene ND ug/kg 89 - 2 

Chlorobenzene ND ug/kg 89 - 2 

Trichlorofluoromethane ND ug/kg 350 - 2 

1,2-Dichloroethane ND ug/kg 89 - 2 

1,1,1-Trichloroethane ND ug/kg 89 - 2 

Bromodichloromethane ND ug/kg 89 - 2 

trans-1,3-Dichloropropene ND ug/kg 89 - 2 

cis-1,3-Dichloropropene ND ug/kg 89 - 2 

1,1-Dichloropropene ND ug/kg 350 - 2 

Bromoform ND ug/kg 350 - 2 

1,1,2,2-Tetrachloroethane ND ug/kg 89 - 2 

Benzene ND ug/kg 89 - 2 

Toluene ND ug/kg 130 - 2 

Ethylbenzene ND ug/kg 89 - 2 

Chloromethane ND ug/kg 350 - 2 

Bromomethane ND ug/kg 180 - 2 

Vinyl chloride ND ug/kg 180 - 2 

Chloroethane ND ug/kg 180 - 2 

1,1-Dichloroethene ND ug/kg 89 - 2 

trans-1,2-Dichloroethene ND ug/kg 130 - 2 

Trichloroethene ND ug/kg 89 - 2 

1,2-Dichlorobenzene ND ug/kg 350 - 2 

1,3-Dichlorobenzene ND ug/kg 350 - 2 

1,4-Dichlorobenzene ND ug/kg 350 - 2 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-05Lab ID: D Date Collected: 04/25/11 13:47 
TP-3Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 180 - 2 

p/m-Xylene ND ug/kg 180 - 2 

o-Xylene ND ug/kg 180 - 2 

cis-1,2-Dichloroethene ND ug/kg 89 - 2 

Dibromomethane ND ug/kg 350 - 2 

1,2,3-Trichloropropane ND ug/kg 350 - 2 

Styrene ND ug/kg 180 - 2 

Dichlorodifluoromethane ND ug/kg 890 - 2 

Acetone ND ug/kg 3200 - 2 

Carbon disulfide ND ug/kg 350 - 2 

2-Butanone ND ug/kg 890 - 2 

4-Methyl-2-pentanone ND ug/kg 890 - 2 

2-Hexanone ND ug/kg 890 - 2 

Bromochloromethane ND ug/kg 350 - 2 

Tetrahydrofuran ND ug/kg 350 - 2 

2,2-Dichloropropane ND ug/kg 440 - 2 

1,2-Dibromoethane ND ug/kg 350 - 2 

1,3-Dichloropropane ND ug/kg 350 - 2 

1,1,1,2-Tetrachloroethane ND ug/kg 89 - 2 

Bromobenzene ND ug/kg 440 - 2 

n-Butylbenzene ND ug/kg 89 - 2 

sec-Butylbenzene ND ug/kg 89 - 2 

tert-Butylbenzene ND ug/kg 350 - 2 

o-Chlorotoluene ND ug/kg 350 - 2 

p-Chlorotoluene ND ug/kg 350 - 2 

1,2-Dibromo-3-chloropropane ND ug/kg 350 - 2 

Hexachlorobutadiene ND ug/kg 350 - 2 

Isopropylbenzene ND ug/kg 89 - 2 

p-Isopropyltoluene ND ug/kg 89 - 2 

Naphthalene 1500 ug/kg 350 - 2 

n-Propylbenzene ND ug/kg 89 - 2 

1,2,3-Trichlorobenzene ND ug/kg 350 - 2 

1,2,4-Trichlorobenzene ND ug/kg 350 - 2 

1,3,5-Trimethylbenzene ND ug/kg 350 - 2 

1,2,4-Trimethylbenzene ND ug/kg 350 - 2 

Ethyl ether ND ug/kg 440 - 2 

Isopropyl Ether ND ug/kg 350 - 2 

Ethyl-Tert-Butyl-Ether ND ug/kg 350 - 2 

Tertiary-Amyl Methyl Ether ND ug/kg 350 - 2 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS
 

L1105817-05Lab ID: D Date Collected: 04/25/11 13:47 
TP-3Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 8900 - 2 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

102 

95 

95 

99 

70-130 

70-130 

70-130 

70-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-07 D Date Collected: 04/26/11 09:00 
Client ID: TP-6 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 04/29/11 12:23 
Analyst: CF
Percent Solids: 70% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 40000 - 50 

1,1-Dichloroethane ND ug/kg 6000 - 50 

Chloroform ND ug/kg 6000 - 50 

Carbon tetrachloride ND ug/kg 4000 - 50 

1,2-Dichloropropane ND ug/kg 14000 - 50 

Dibromochloromethane ND ug/kg 4000 - 50 

1,1,2-Trichloroethane ND ug/kg 6000 - 50 

Tetrachloroethene ND ug/kg 4000 - 50 

Chlorobenzene ND ug/kg 4000 - 50 

Trichlorofluoromethane ND ug/kg 16000 - 50 

1,2-Dichloroethane ND ug/kg 4000 - 50 

1,1,1-Trichloroethane ND ug/kg 4000 - 50 

Bromodichloromethane ND ug/kg 4000 - 50 

trans-1,3-Dichloropropene ND ug/kg 4000 - 50 

cis-1,3-Dichloropropene ND ug/kg 4000 - 50 

1,1-Dichloropropene ND ug/kg 16000 - 50 

Bromoform ND ug/kg 16000 - 50 

1,1,2,2-Tetrachloroethane ND ug/kg 4000 - 50 

Benzene ND ug/kg 4000 - 50 

Toluene 10000 ug/kg 6000 - 50 

Ethylbenzene 22000 ug/kg 4000 - 50 

Chloromethane ND ug/kg 16000 - 50 

Bromomethane ND ug/kg 8000 - 50 

Vinyl chloride ND ug/kg 8000 - 50 

Chloroethane ND ug/kg 8000 - 50 

1,1-Dichloroethene ND ug/kg 4000 - 50 

trans-1,2-Dichloroethene ND ug/kg 6000 - 50 

Trichloroethene ND ug/kg 4000 - 50 

1,2-Dichlorobenzene ND ug/kg 16000 - 50 

1,3-Dichlorobenzene ND ug/kg 16000 - 50 

1,4-Dichlorobenzene ND ug/kg 16000 - 50 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-07Lab ID: D Date Collected: 04/26/11 09:00 
TP-6Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 8000 - 50 

p/m-Xylene 20000 ug/kg 8000 - 50 

o-Xylene 8100 ug/kg 8000 - 50 

cis-1,2-Dichloroethene ND ug/kg 4000 - 50 

Dibromomethane ND ug/kg 16000 - 50 

1,2,3-Trichloropropane ND ug/kg 16000 - 50 

Styrene ND ug/kg 8000 - 50 

Dichlorodifluoromethane ND ug/kg 40000 - 50 

Acetone ND ug/kg 140000 - 50 

Carbon disulfide ND ug/kg 16000 - 50 

2-Butanone ND ug/kg 40000 - 50 

4-Methyl-2-pentanone ND ug/kg 40000 - 50 

2-Hexanone ND ug/kg 40000 - 50 

Bromochloromethane ND ug/kg 16000 - 50 

Tetrahydrofuran ND ug/kg 16000 - 50 

2,2-Dichloropropane ND ug/kg 20000 - 50 

1,2-Dibromoethane ND ug/kg 16000 - 50 

1,3-Dichloropropane ND ug/kg 16000 - 50 

1,1,1,2-Tetrachloroethane ND ug/kg 4000 - 50 

Bromobenzene ND ug/kg 20000 - 50 

n-Butylbenzene ND ug/kg 4000 - 50 

sec-Butylbenzene ND ug/kg 4000 - 50 

tert-Butylbenzene ND ug/kg 16000 - 50 

o-Chlorotoluene ND ug/kg 16000 - 50 

p-Chlorotoluene ND ug/kg 16000 - 50 

1,2-Dibromo-3-chloropropane ND ug/kg 16000 - 50 

Hexachlorobutadiene ND ug/kg 16000 - 50 

Isopropylbenzene 5900 ug/kg 4000 - 50 

p-Isopropyltoluene 4200 ug/kg 4000 - 50 

Naphthalene 180000 ug/kg 16000 - 50 

n-Propylbenzene ND ug/kg 4000 - 50 

1,2,3-Trichlorobenzene ND ug/kg 16000 - 50 

1,2,4-Trichlorobenzene ND ug/kg 16000 - 50 

1,3,5-Trimethylbenzene ND ug/kg 16000 - 50 

1,2,4-Trimethylbenzene ND ug/kg 16000 - 50 

Ethyl ether ND ug/kg 20000 - 50 

Isopropyl Ether ND ug/kg 16000 - 50 

Ethyl-Tert-Butyl-Ether ND ug/kg 16000 - 50 

Tertiary-Amyl Methyl Ether ND ug/kg 16000 - 50 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS
 

L1105817-07Lab ID: D Date Collected: 04/26/11 09:00 
TP-6Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 400000 - 50 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

101 

97 

96 

100 

70-130 

70-130 

70-130 

70-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-18 D Date Collected: 04/25/11 00:00 
Client ID: DUPLICATE 1 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 04/29/11 12:49 
Analyst: CF
Percent Solids: 88% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 820 - 2 

1,1-Dichloroethane ND ug/kg 120 - 2 

Chloroform ND ug/kg 120 - 2 

Carbon tetrachloride ND ug/kg 82 - 2 

1,2-Dichloropropane ND ug/kg 280 - 2 

Dibromochloromethane ND ug/kg 82 - 2 

1,1,2-Trichloroethane ND ug/kg 120 - 2 

Tetrachloroethene ND ug/kg 82 - 2 

Chlorobenzene ND ug/kg 82 - 2 

Trichlorofluoromethane ND ug/kg 330 - 2 

1,2-Dichloroethane ND ug/kg 82 - 2 

1,1,1-Trichloroethane ND ug/kg 82 - 2 

Bromodichloromethane ND ug/kg 82 - 2 

trans-1,3-Dichloropropene ND ug/kg 82 - 2 

cis-1,3-Dichloropropene ND ug/kg 82 - 2 

1,1-Dichloropropene ND ug/kg 330 - 2 

Bromoform ND ug/kg 330 - 2 

1,1,2,2-Tetrachloroethane ND ug/kg 82 - 2 

Benzene ND ug/kg 82 - 2 

Toluene ND ug/kg 120 - 2 

Ethylbenzene ND ug/kg 82 - 2 

Chloromethane ND ug/kg 330 - 2 

Bromomethane ND ug/kg 160 - 2 

Vinyl chloride ND ug/kg 160 - 2 

Chloroethane ND ug/kg 160 - 2 

1,1-Dichloroethene ND ug/kg 82 - 2 

trans-1,2-Dichloroethene ND ug/kg 120 - 2 

Trichloroethene ND ug/kg 82 - 2 

1,2-Dichlorobenzene ND ug/kg 330 - 2 

1,3-Dichlorobenzene ND ug/kg 330 - 2 

1,4-Dichlorobenzene ND ug/kg 330 - 2 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-18Lab ID: D Date Collected: 04/25/11 00:00 
DUPLICATE 1Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 160 - 2 

p/m-Xylene ND ug/kg 160 - 2 

o-Xylene ND ug/kg 160 - 2 

cis-1,2-Dichloroethene ND ug/kg 82 - 2 

Dibromomethane ND ug/kg 330 - 2 

1,2,3-Trichloropropane ND ug/kg 330 - 2 

Styrene ND ug/kg 160 - 2 

Dichlorodifluoromethane ND ug/kg 820 - 2 

Acetone ND ug/kg 2900 - 2 

Carbon disulfide ND ug/kg 330 - 2 

2-Butanone ND ug/kg 820 - 2 

4-Methyl-2-pentanone ND ug/kg 820 - 2 

2-Hexanone ND ug/kg 820 - 2 

Bromochloromethane ND ug/kg 330 - 2 

Tetrahydrofuran ND ug/kg 330 - 2 

2,2-Dichloropropane ND ug/kg 410 - 2 

1,2-Dibromoethane ND ug/kg 330 - 2 

1,3-Dichloropropane ND ug/kg 330 - 2 

1,1,1,2-Tetrachloroethane ND ug/kg 82 - 2 

Bromobenzene ND ug/kg 410 - 2 

n-Butylbenzene ND ug/kg 82 - 2 

sec-Butylbenzene ND ug/kg 82 - 2 

tert-Butylbenzene ND ug/kg 330 - 2 

o-Chlorotoluene ND ug/kg 330 - 2 

p-Chlorotoluene ND ug/kg 330 - 2 

1,2-Dibromo-3-chloropropane ND ug/kg 330 - 2 

Hexachlorobutadiene ND ug/kg 330 - 2 

Isopropylbenzene ND ug/kg 82 - 2 

p-Isopropyltoluene 89 ug/kg 82 - 2 

Naphthalene 1500 ug/kg 330 - 2 

n-Propylbenzene ND ug/kg 82 - 2 

1,2,3-Trichlorobenzene ND ug/kg 330 - 2 

1,2,4-Trichlorobenzene ND ug/kg 330 - 2 

1,3,5-Trimethylbenzene ND ug/kg 330 - 2 

1,2,4-Trimethylbenzene ND ug/kg 330 - 2 

Ethyl ether ND ug/kg 410 - 2 

Isopropyl Ether ND ug/kg 330 - 2 

Ethyl-Tert-Butyl-Ether ND ug/kg 330 - 2 

Tertiary-Amyl Methyl Ether ND ug/kg 330 - 2 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS
 

L1105817-18Lab ID: D Date Collected: 04/25/11 00:00 
DUPLICATE 1Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 8200 - 2 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

100 

97 

96 

97 

70-130 

70-130 

70-130 

70-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-19 D Date Collected: 04/26/11 00:00 
Client ID: DUPLICATE 2 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 04/29/11 13:16 
Analyst: CF
Percent Solids: 79% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 8200 - 10 

1,1-Dichloroethane ND ug/kg 1200 - 10 

Chloroform ND ug/kg 1200 - 10 

Carbon tetrachloride ND ug/kg 820 - 10 

1,2-Dichloropropane ND ug/kg 2800 - 10 

Dibromochloromethane ND ug/kg 820 - 10 

1,1,2-Trichloroethane ND ug/kg 1200 - 10 

Tetrachloroethene ND ug/kg 820 - 10 

Chlorobenzene ND ug/kg 820 - 10 

Trichlorofluoromethane ND ug/kg 3300 - 10 

1,2-Dichloroethane ND ug/kg 820 - 10 

1,1,1-Trichloroethane ND ug/kg 820 - 10 

Bromodichloromethane ND ug/kg 820 - 10 

trans-1,3-Dichloropropene ND ug/kg 820 - 10 

cis-1,3-Dichloropropene ND ug/kg 820 - 10 

1,1-Dichloropropene ND ug/kg 3300 - 10 

Bromoform ND ug/kg 3300 - 10 

1,1,2,2-Tetrachloroethane ND ug/kg 820 - 10 

Benzene ND ug/kg 820 - 10 

Toluene 2200 ug/kg 1200 - 10 

Ethylbenzene 5800 ug/kg 820 - 10 

Chloromethane ND ug/kg 3300 - 10 

Bromomethane ND ug/kg 1600 - 10 

Vinyl chloride ND ug/kg 1600 - 10 

Chloroethane ND ug/kg 1600 - 10 

1,1-Dichloroethene ND ug/kg 820 - 10 

trans-1,2-Dichloroethene ND ug/kg 1200 - 10 

Trichloroethene ND ug/kg 820 - 10 

1,2-Dichlorobenzene ND ug/kg 3300 - 10 

1,3-Dichlorobenzene ND ug/kg 3300 - 10 

1,4-Dichlorobenzene ND ug/kg 3300 - 10 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-19Lab ID: D Date Collected: 04/26/11 00:00 
DUPLICATE 2Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 1600 - 10 

p/m-Xylene 5400 ug/kg 1600 - 10 

o-Xylene 2200 ug/kg 1600 - 10 

cis-1,2-Dichloroethene ND ug/kg 820 - 10 

Dibromomethane ND ug/kg 3300 - 10 

1,2,3-Trichloropropane ND ug/kg 3300 - 10 

Styrene ND ug/kg 1600 - 10 

Dichlorodifluoromethane ND ug/kg 8200 - 10 

Acetone ND ug/kg 29000 - 10 

Carbon disulfide ND ug/kg 3300 - 10 

2-Butanone ND ug/kg 8200 - 10 

4-Methyl-2-pentanone ND ug/kg 8200 - 10 

2-Hexanone ND ug/kg 8200 - 10 

Bromochloromethane ND ug/kg 3300 - 10 

Tetrahydrofuran ND ug/kg 3300 - 10 

2,2-Dichloropropane ND ug/kg 4100 - 10 

1,2-Dibromoethane ND ug/kg 3300 - 10 

1,3-Dichloropropane ND ug/kg 3300 - 10 

1,1,1,2-Tetrachloroethane ND ug/kg 820 - 10 

Bromobenzene ND ug/kg 4100 - 10 

n-Butylbenzene ND ug/kg 820 - 10 

sec-Butylbenzene ND ug/kg 820 - 10 

tert-Butylbenzene ND ug/kg 3300 - 10 

o-Chlorotoluene ND ug/kg 3300 - 10 

p-Chlorotoluene ND ug/kg 3300 - 10 

1,2-Dibromo-3-chloropropane ND ug/kg 3300 - 10 

Hexachlorobutadiene ND ug/kg 3300 - 10 

Isopropylbenzene 1800 ug/kg 820 - 10 

p-Isopropyltoluene 1400 ug/kg 820 - 10 

Naphthalene 64000 ug/kg 3300 - 10 

n-Propylbenzene ND ug/kg 820 - 10 

1,2,3-Trichlorobenzene ND ug/kg 3300 - 10 

1,2,4-Trichlorobenzene ND ug/kg 3300 - 10 

1,3,5-Trimethylbenzene ND ug/kg 3300 - 10 

1,2,4-Trimethylbenzene ND ug/kg 3300 - 10 

Ethyl ether ND ug/kg 4100 - 10 

Isopropyl Ether ND ug/kg 3300 - 10 

Ethyl-Tert-Butyl-Ether ND ug/kg 3300 - 10 

Tertiary-Amyl Methyl Ether ND ug/kg 3300 - 10 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS
 

L1105817-19Lab ID: D Date Collected: 04/26/11 00:00 
DUPLICATE 2Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 82000 - 10 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

103 

96 

96 

100 

70-130 

70-130 

70-130 

70-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 04/29/11 07:47 
Analyst: CF 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 5035 High - Westborough Lab for sample(s):   05,07,18-19  Batch: 
WG465517-3 

Methylene chloride ND ug/kg 500 -

1,1-Dichloroethane ND ug/kg 75 -

Chloroform ND ug/kg 75 -

Carbon tetrachloride ND ug/kg 50 -

1,2-Dichloropropane ND ug/kg 180 --

Dibromochloromethane ND ug/kg 50 -

1,1,2-Trichloroethane ND ug/kg 75 --

Tetrachloroethene ND ug/kg 50 --

Chlorobenzene ND ug/kg 50 --

Trichlorofluoromethane ND ug/kg 200 -

1,2-Dichloroethane ND ug/kg 50 -

1,1,1-Trichloroethane ND ug/kg 50 --

Bromodichloromethane ND ug/kg 50 -

trans-1,3-Dichloropropene ND ug/kg 50 -

cis-1,3-Dichloropropene ND ug/kg 50 -

1,1-Dichloropropene ND ug/kg 200 --

Bromoform ND ug/kg 200 -

1,1,2,2-Tetrachloroethane ND ug/kg 50 -

Benzene ND ug/kg 50 -

Toluene ND ug/kg 75 --

Ethylbenzene ND ug/kg 50 --

Chloromethane ND ug/kg 200 --

Bromomethane ND ug/kg 100 -

Vinyl chloride ND ug/kg 100 --

Chloroethane ND ug/kg 100 -

1,1-Dichloroethene ND ug/kg 50 -

trans-1,2-Dichloroethene ND ug/kg 75 --

Trichloroethene ND ug/kg 50 -

1,2-Dichlorobenzene ND ug/kg 200 -

1,3-Dichlorobenzene ND ug/kg 200 -
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 04/29/11 07:47 
Analyst: CF 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 5035 High - Westborough Lab for sample(s):   05,07,18-19  Batch: 
WG465517-3 

1,4-Dichlorobenzene ND ug/kg 200 -

Methyl tert butyl ether ND ug/kg 100 -

p/m-Xylene ND ug/kg 100 -

o-Xylene ND ug/kg 100 -

cis-1,2-Dichloroethene ND ug/kg 50 --

Dibromomethane ND ug/kg 200 -

1,2,3-Trichloropropane ND ug/kg 200 -

Styrene ND ug/kg 100 --

Dichlorodifluoromethane ND ug/kg 500 -

Acetone ND ug/kg 1800 -

Carbon disulfide ND ug/kg 200 -

2-Butanone ND ug/kg 500 -

4-Methyl-2-pentanone ND ug/kg 500 -

2-Hexanone ND ug/kg 500 --

Bromochloromethane ND ug/kg 200 --

Tetrahydrofuran ND ug/kg 200 -

2,2-Dichloropropane ND ug/kg 250 -

1,2-Dibromoethane ND ug/kg 200 -

1,3-Dichloropropane ND ug/kg 200 -

1,1,1,2-Tetrachloroethane ND ug/kg 50 --

Bromobenzene ND ug/kg 250 -

n-Butylbenzene ND ug/kg 50 -

sec-Butylbenzene ND ug/kg 50 -

tert-Butylbenzene ND ug/kg 200 -

o-Chlorotoluene ND ug/kg 200 -

p-Chlorotoluene ND ug/kg 200 -

1,2-Dibromo-3-chloropropane ND ug/kg 200 --

Hexachlorobutadiene ND ug/kg 200 --

Isopropylbenzene ND ug/kg 50 -

p-Isopropyltoluene ND ug/kg 50 -
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 04/29/11 07:47 
Analyst: CF 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 5035 High - Westborough Lab for sample(s):   05,07,18-19  Batch: 
WG465517-3 

Naphthalene ND ug/kg 200 -

n-Propylbenzene ND ug/kg 50 -

1,2,3-Trichlorobenzene ND ug/kg 200 -

1,2,4-Trichlorobenzene ND ug/kg 200 -

1,3,5-Trimethylbenzene ND ug/kg 200 -

1,2,4-Trimethylbenzene ND ug/kg 200 -

Ethyl ether ND ug/kg 250 -

Isopropyl Ether ND ug/kg 200 -

Ethyl-Tert-Butyl-Ether ND ug/kg 200 -

Tertiary-Amyl Methyl Ether ND ug/kg 200 -

1,4-Dioxane ND ug/kg 5000 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

99 

98 

70-130 

70-130 

4-Bromofluorobenzene 95 70-130 

Dibromofluoromethane 99 70-130 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 5035 High - Westborough Lab  Associated sample(s): 05,07,18-19  Batch: WG465517-1 WG465517-2 

Methylene chloride 98 100 70-130 2 20
 

1,1-Dichloroethane 100 101 70-130 1 20
 

Chloroform 105 103 70-130 2 20
 

Carbon tetrachloride 108 110 70-130 2 20
 

1,2-Dichloropropane 104 103 70-130 1 20
 

Dibromochloromethane 103 103 70-130 0 20
 

1,1,2-Trichloroethane 99 101 70-130 2 20
 

Tetrachloroethene 105 108 70-130 3 20
 

Chlorobenzene 98 98 70-130 0 20
 

Trichlorofluoromethane 122 126 70-130 3 20
 

1,2-Dichloroethane 105 103 70-130 2 20
 

1,1,1-Trichloroethane 104 104 70-130 0 20
 

Bromodichloromethane 102 103 70-130 1 20
 

trans-1,3-Dichloropropene 99 99 70-130 0 20
 

cis-1,3-Dichloropropene 99 98 70-130 1 20
 

1,1-Dichloropropene 101 102 70-130 1 20
 

Bromoform 103 101 70-130 2 20
 

1,1,2,2-Tetrachloroethane 96 95 70-130 1 20
 

Benzene 101 101 70-130 0 20
 

Toluene 96 98 70-130 2 20
 

Ethylbenzene  99 100 70-130 1 20
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 5035 High - Westborough Lab  Associated sample(s): 05,07,18-19  Batch: WG465517-1 WG465517-2 

Chloromethane 93 93 70-130 0 20
 

Bromomethane 84 84 70-130 0 20
 

Vinyl chloride 98 99 70-130 1 20
 

Chloroethane 108 113 70-130 5 20
 

1,1-Dichloroethene 102 105 70-130 3 20
 

trans-1,2-Dichloroethene 99 101 70-130 2 20
 

Trichloroethene 103 104 70-130 1 20
 

1,2-Dichlorobenzene 100 100 70-130 0 20
 

1,3-Dichlorobenzene 100 100 70-130 0 20
 

1,4-Dichlorobenzene 100 100 70-130 0 20
 

Methyl tert butyl ether 98 96 70-130 2 20
 

p/m-Xylene 101 102 70-130 1 20
 

o-Xylene 102 103 70-130 1 20
 

cis-1,2-Dichloroethene 103 104 70-130 1 20
 

Dibromomethane 107 108 70-130 1 20
 

1,2,3-Trichloropropane 101 99 70-130 2 20
 

Styrene 100 101 70-130 1 20
 

Dichlorodifluoromethane 89 92 70-130 3 20
 

Acetone 97 98 70-130 1 20
 

Carbon disulfide 79 81 70-130 3 20
 

2-Butanone  95 93 70-130 2 20
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 5035 High - Westborough Lab  Associated sample(s): 05,07,18-19  Batch: WG465517-1 WG465517-2 

4-Methyl-2-pentanone 91 87 70-130 4 20
 

2-Hexanone 91 91 70-130 0 20
 

Bromochloromethane 108 108 70-130 0 20
 

Tetrahydrofuran 101 98 70-130 3 20
 

2,2-Dichloropropane 103 105 70-130 2 20
 

1,2-Dibromoethane 100 98 70-130 2 20
 

1,3-Dichloropropane 98 101 70-130 3 20
 

1,1,1,2-Tetrachloroethane 105 105 70-130 0 20
 

Bromobenzene 100 99 70-130 1 20
 

n-Butylbenzene 99 100 70-130 1 20
 

sec-Butylbenzene 99 100 70-130 1 20
 

tert-Butylbenzene 100 100 70-130 0 20
 

o-Chlorotoluene 98 99 70-130 1 20
 

p-Chlorotoluene 97 98 70-130 1 20
 

1,2-Dibromo-3-chloropropane 92 88 70-130 4 20
 

Hexachlorobutadiene 96 98 70-130 2 20
 

Isopropylbenzene 99 99 70-130 0 20
 

p-Isopropyltoluene 103 103 70-130 0 20
 

Naphthalene 98 93 70-130 5 20
 

n-Propylbenzene 100 101 70-130 1 20
 

1,2,3-Trichlorobenzene  103 101 70-130 2 20
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 5035 High - Westborough Lab  Associated sample(s): 05,07,18-19  Batch: WG465517-1 WG465517-2 

1,2,4-Trichlorobenzene 102 103 70-130 1 20
 

1,3,5-Trimethylbenzene 99 100 70-130 1 20
 

1,2,4-Trimethylbenzene 100 101 70-130 1 20
 

Ethyl ether 107 108 70-130 1 20
 

Isopropyl Ether 120 118 70-130 2 20
 

Ethyl-Tert-Butyl-Ether 113 112 70-130 1 20
 

Tertiary-Amyl Methyl Ether 113 112 70-130 1 20
 

1,4-Dioxane  102 96 70-130 6 20
 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

1,2-Dichloroethane-d4 102 100 70-130
 

Toluene-d8 98 98 70-130
 

4-Bromofluorobenzene 96 96 70-130
 

Dibromofluoromethane 103 101 70-130
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Serial_No:05091119:41 

SEMIVOLATILES
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

Lab ID: L1105817-01 Date Collected: 04/25/11 07:30 
Client ID: TP-1 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 97,8270C Extraction Date: 04/30/11 10:25
Analytical Date: 05/03/11 18:45 
Analyst: JB 
Percent Solids: 86% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 400 - 1 

1,2,4-Trichlorobenzene ND ug/kg 400 - 1 

Hexachlorobenzene ND ug/kg 400 - 1 

Bis(2-chloroethyl)ether ND ug/kg 400 - 1 

2-Chloronaphthalene ND ug/kg 400 - 1 

1,2-Dichlorobenzene ND ug/kg 400 - 1 

1,3-Dichlorobenzene ND ug/kg 400 - 1 

1,4-Dichlorobenzene ND ug/kg 400 - 1 

3,3'-Dichlorobenzidine ND ug/kg 810 - 1 

2,4-Dinitrotoluene ND ug/kg 400 - 1 

2,6-Dinitrotoluene ND ug/kg 400 - 1 

Azobenzene ND ug/kg 400 - 1 

Fluoranthene ND ug/kg 400 - 1 

4-Bromophenyl phenyl ether ND ug/kg 400 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 400 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 400 - 1 

Hexachlorobutadiene ND ug/kg 810 - 1 

Hexachloroethane ND ug/kg 400 - 1 

Isophorone ND ug/kg 400 - 1 

Naphthalene ND ug/kg 400 - 1 

Nitrobenzene ND ug/kg 400 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 810 - 1 

Butyl benzyl phthalate ND ug/kg 400 - 1 

Di-n-butylphthalate ND ug/kg 400 - 1 

Di-n-octylphthalate ND ug/kg 400 - 1 

Diethyl phthalate ND ug/kg 400 - 1 

Dimethyl phthalate ND ug/kg 400 - 1 

Benzo(a)anthracene ND ug/kg 400 - 1 

Benzo(a)pyrene ND ug/kg 400 - 1 

Benzo(b)fluoranthene ND ug/kg 400 - 1 

Benzo(k)fluoranthene ND ug/kg 400 - 1 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-01Lab ID: Date Collected: 04/25/11 07:30 
TP-1Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene ND ug/kg 400 - 1 

Acenaphthylene ND ug/kg 400 - 1 

Anthracene ND ug/kg 400 - 1 

Benzo(ghi)perylene ND ug/kg 400 - 1 

Fluorene ND ug/kg 400 - 1 

Phenanthrene ND ug/kg 400 - 1 

Dibenzo(a,h)anthracene ND ug/kg 240 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 400 - 1 

Pyrene ND ug/kg 400 - 1 

Aniline ND ug/kg 810 - 1 

4-Chloroaniline ND ug/kg 400 - 1 

Dibenzofuran ND ug/kg 400 - 1 

2-Methylnaphthalene ND ug/kg 400 - 1 

Acetophenone ND ug/kg 810 - 1 

2,4,6-Trichlorophenol ND ug/kg 400 - 1 

2-Chlorophenol ND ug/kg 480 - 1 

2,4-Dichlorophenol ND ug/kg 810 - 1 

2,4-Dimethylphenol ND ug/kg 400 - 1 

2-Nitrophenol ND ug/kg 1600 - 1 

4-Nitrophenol ND ug/kg 810 - 1 

2,4-Dinitrophenol ND ug/kg 1600 - 1 

Pentachlorophenol ND ug/kg 1600 - 1 

Phenol ND ug/kg 570 - 1 

2-Methylphenol ND ug/kg 480 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 480 - 1 

2,4,5-Trichlorophenol ND ug/kg 400 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 69 30-130 

Phenol-d6 74 30-130 

Nitrobenzene-d5 69 30-130 

2-Fluorobiphenyl 68 30-130 

2,4,6-Tribromophenol 76 30-130 

4-Terphenyl-d14 73 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-02 D 
Client ID: TP-2 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/03/11 18:10 
Analyst: JB 
Percent Solids: 85% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 2000 - 5 

1,2,4-Trichlorobenzene ND ug/kg 2000 - 5 

Hexachlorobenzene ND ug/kg 2000 - 5 

Bis(2-chloroethyl)ether ND ug/kg 2000 - 5 

2-Chloronaphthalene ND ug/kg 2000 - 5 

1,2-Dichlorobenzene ND ug/kg 2000 - 5 

1,3-Dichlorobenzene ND ug/kg 2000 - 5 

1,4-Dichlorobenzene ND ug/kg 2000 - 5 

3,3'-Dichlorobenzidine ND ug/kg 4000 - 5 

2,4-Dinitrotoluene ND ug/kg 2000 - 5 

2,6-Dinitrotoluene ND ug/kg 2000 - 5 

Azobenzene ND ug/kg 2000 - 5 

Fluoranthene 38000 ug/kg 2000 - 5 

4-Bromophenyl phenyl ether ND ug/kg 2000 - 5 

Bis(2-chloroisopropyl)ether ND ug/kg 2000 - 5 

Bis(2-chloroethoxy)methane ND ug/kg 2000 - 5 

Hexachlorobutadiene ND ug/kg 4000 - 5 

Hexachloroethane ND ug/kg 2000 - 5 

Isophorone ND ug/kg 2000 - 5 

Naphthalene ND ug/kg 2000 - 5 

Nitrobenzene ND ug/kg 2000 - 5 

Bis(2-Ethylhexyl)phthalate ND ug/kg 4000 - 5 

Butyl benzyl phthalate ND ug/kg 2000 - 5 

Di-n-butylphthalate ND ug/kg 2000 - 5 

Di-n-octylphthalate ND ug/kg 2000 - 5 

Diethyl phthalate ND ug/kg 2000 - 5 

Dimethyl phthalate ND ug/kg 2000 - 5 

Benzo(a)anthracene 19000 ug/kg 2000 - 5 

Benzo(a)pyrene 18000 ug/kg 2000 - 5 

Benzo(b)fluoranthene 21000 ug/kg 2000 - 5 

Benzo(k)fluoranthene 9200 ug/kg 2000 - 5 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/25/11 11:15 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:25

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-02Lab ID: D Date Collected: 04/25/11 11:15 
TP-2Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 17000 ug/kg 2000 - 5 

Acenaphthylene ND ug/kg 2000 - 5 

Anthracene 6700 ug/kg 2000 - 5 

Benzo(ghi)perylene 11000 ug/kg 2000 - 5 

Fluorene 2200 ug/kg 2000 - 5 

Phenanthrene 26000 ug/kg 2000 - 5 

Dibenzo(a,h)anthracene 2500 ug/kg 1200 - 5 

Indeno(1,2,3-cd)Pyrene 12000 ug/kg 2000 - 5 

Pyrene 33000 ug/kg 2000 - 5 

Aniline ND ug/kg 4000 - 5 

4-Chloroaniline ND ug/kg 2000 - 5 

Dibenzofuran ND ug/kg 2000 - 5 

2-Methylnaphthalene ND ug/kg 2000 - 5 

Acetophenone ND ug/kg 4000 - 5 

2,4,6-Trichlorophenol ND ug/kg 2000 - 5 

2-Chlorophenol ND ug/kg 2400 - 5 

2,4-Dichlorophenol ND ug/kg 4000 - 5 

2,4-Dimethylphenol ND ug/kg 2000 - 5 

2-Nitrophenol ND ug/kg 7900 - 5 

4-Nitrophenol ND ug/kg 4000 - 5 

2,4-Dinitrophenol ND ug/kg 7900 - 5 

Pentachlorophenol ND ug/kg 7900 - 5 

Phenol ND ug/kg 2800 - 5 

2-Methylphenol ND ug/kg 2400 - 5 

3-Methylphenol/4-Methylphenol ND ug/kg 2400 - 5 

2,4,5-Trichlorophenol ND ug/kg 2000 - 5 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 46 30-130 

Phenol-d6 64 30-130 

Nitrobenzene-d5 48 30-130 

2-Fluorobiphenyl 66 30-130 

2,4,6-Tribromophenol 94 30-130 

4-Terphenyl-d14 94 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-03 D 
Client ID: TP-5 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/03/11 18:33 
Analyst: JB 
Percent Solids: 84% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 2000 - 5 

1,2,4-Trichlorobenzene ND ug/kg 2000 - 5 

Hexachlorobenzene ND ug/kg 2000 - 5 

Bis(2-chloroethyl)ether ND ug/kg 2000 - 5 

2-Chloronaphthalene ND ug/kg 2000 - 5 

1,2-Dichlorobenzene ND ug/kg 2000 - 5 

1,3-Dichlorobenzene ND ug/kg 2000 - 5 

1,4-Dichlorobenzene ND ug/kg 2000 - 5 

3,3'-Dichlorobenzidine ND ug/kg 4100 - 5 

2,4-Dinitrotoluene ND ug/kg 2000 - 5 

2,6-Dinitrotoluene ND ug/kg 2000 - 5 

Azobenzene ND ug/kg 2000 - 5 

Fluoranthene 16000 ug/kg 2000 - 5 

4-Bromophenyl phenyl ether ND ug/kg 2000 - 5 

Bis(2-chloroisopropyl)ether ND ug/kg 2000 - 5 

Bis(2-chloroethoxy)methane ND ug/kg 2000 - 5 

Hexachlorobutadiene ND ug/kg 4100 - 5 

Hexachloroethane ND ug/kg 2000 - 5 

Isophorone ND ug/kg 2000 - 5 

Naphthalene ND ug/kg 2000 - 5 

Nitrobenzene ND ug/kg 2000 - 5 

Bis(2-Ethylhexyl)phthalate ND ug/kg 4100 - 5 

Butyl benzyl phthalate ND ug/kg 2000 - 5 

Di-n-butylphthalate ND ug/kg 2000 - 5 

Di-n-octylphthalate ND ug/kg 2000 - 5 

Diethyl phthalate ND ug/kg 2000 - 5 

Dimethyl phthalate ND ug/kg 2000 - 5 

Benzo(a)anthracene 6900 ug/kg 2000 - 5 

Benzo(a)pyrene 6500 ug/kg 2000 - 5 

Benzo(b)fluoranthene 7600 ug/kg 2000 - 5 

Benzo(k)fluoranthene 2700 ug/kg 2000 - 5 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/25/11 12:35 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:25

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-03Lab ID: D Date Collected: 04/25/11 12:35 
TP-5Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 6700 ug/kg 2000 - 5 

Acenaphthylene ND ug/kg 2000 - 5 

Anthracene 3800 ug/kg 2000 - 5 

Benzo(ghi)perylene 4100 ug/kg 2000 - 5 

Fluorene ND ug/kg 2000 - 5 

Phenanthrene 18000 ug/kg 2000 - 5 

Dibenzo(a,h)anthracene ND ug/kg 1200 - 5 

Indeno(1,2,3-cd)Pyrene 4000 ug/kg 2000 - 5 

Pyrene 14000 ug/kg 2000 - 5 

Aniline ND ug/kg 4100 - 5 

4-Chloroaniline ND ug/kg 2000 - 5 

Dibenzofuran ND ug/kg 2000 - 5 

2-Methylnaphthalene ND ug/kg 2000 - 5 

Acetophenone ND ug/kg 4100 - 5 

2,4,6-Trichlorophenol ND ug/kg 2000 - 5 

2-Chlorophenol ND ug/kg 2400 - 5 

2,4-Dichlorophenol ND ug/kg 4100 - 5 

2,4-Dimethylphenol ND ug/kg 2000 - 5 

2-Nitrophenol ND ug/kg 8200 - 5 

4-Nitrophenol ND ug/kg 4100 - 5 

2,4-Dinitrophenol ND ug/kg 8200 - 5 

Pentachlorophenol ND ug/kg 8200 - 5 

Phenol ND ug/kg 2900 - 5 

2-Methylphenol ND ug/kg 2400 - 5 

3-Methylphenol/4-Methylphenol ND ug/kg 2400 - 5 

2,4,5-Trichlorophenol ND ug/kg 2000 - 5 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

2-Fluorophenol 28 Q 30-130 

Phenol-d6 34 30-130 

Nitrobenzene-d5 27 Q 30-130 

2-Fluorobiphenyl 36 30-130 

2,4,6-Tribromophenol 54 30-130 

4-Terphenyl-d14 49 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-04 D 
Client ID: TP-4 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/03/11 18:57 
Analyst: JB 
Percent Solids: 79% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 2200 - 5 

1,2,4-Trichlorobenzene ND ug/kg 2200 - 5 

Hexachlorobenzene ND ug/kg 2200 - 5 

Bis(2-chloroethyl)ether ND ug/kg 2200 - 5 

2-Chloronaphthalene ND ug/kg 2200 - 5 

1,2-Dichlorobenzene ND ug/kg 2200 - 5 

1,3-Dichlorobenzene ND ug/kg 2200 - 5 

1,4-Dichlorobenzene ND ug/kg 2200 - 5 

3,3'-Dichlorobenzidine ND ug/kg 4300 - 5 

2,4-Dinitrotoluene ND ug/kg 2200 - 5 

2,6-Dinitrotoluene ND ug/kg 2200 - 5 

Azobenzene ND ug/kg 2200 - 5 

Fluoranthene 5200 ug/kg 2200 - 5 

4-Bromophenyl phenyl ether ND ug/kg 2200 - 5 

Bis(2-chloroisopropyl)ether ND ug/kg 2200 - 5 

Bis(2-chloroethoxy)methane ND ug/kg 2200 - 5 

Hexachlorobutadiene ND ug/kg 4300 - 5 

Hexachloroethane ND ug/kg 2200 - 5 

Isophorone ND ug/kg 2200 - 5 

Naphthalene ND ug/kg 2200 - 5 

Nitrobenzene ND ug/kg 2200 - 5 

Bis(2-Ethylhexyl)phthalate ND ug/kg 4300 - 5 

Butyl benzyl phthalate ND ug/kg 2200 - 5 

Di-n-butylphthalate ND ug/kg 2200 - 5 

Di-n-octylphthalate ND ug/kg 2200 - 5 

Diethyl phthalate ND ug/kg 2200 - 5 

Dimethyl phthalate ND ug/kg 2200 - 5 

Benzo(a)anthracene 3200 ug/kg 2200 - 5 

Benzo(a)pyrene 3500 ug/kg 2200 - 5 

Benzo(b)fluoranthene 4200 ug/kg 2200 - 5 

Benzo(k)fluoranthene ND ug/kg 2200 - 5 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/25/11 13:00 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:25

Units RL MDL Dilution Factor 

Page 38 of 200 



Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-04Lab ID: D Date Collected: 04/25/11 13:00 
TP-4Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 3200 ug/kg 2200 - 5 

Acenaphthylene ND ug/kg 2200 - 5 

Anthracene ND ug/kg 2200 - 5 

Benzo(ghi)perylene 2600 ug/kg 2200 - 5 

Fluorene ND ug/kg 2200 - 5 

Phenanthrene 2700 ug/kg 2200 - 5 

Dibenzo(a,h)anthracene ND ug/kg 1300 - 5 

Indeno(1,2,3-cd)Pyrene 2300 ug/kg 2200 - 5 

Pyrene 6300 ug/kg 2200 - 5 

Aniline ND ug/kg 4300 - 5 

4-Chloroaniline ND ug/kg 2200 - 5 

Dibenzofuran ND ug/kg 2200 - 5 

2-Methylnaphthalene ND ug/kg 2200 - 5 

Acetophenone ND ug/kg 4300 - 5 

2,4,6-Trichlorophenol ND ug/kg 2200 - 5 

2-Chlorophenol ND ug/kg 2600 - 5 

2,4-Dichlorophenol ND ug/kg 4300 - 5 

2,4-Dimethylphenol ND ug/kg 2200 - 5 

2-Nitrophenol ND ug/kg 8600 - 5 

4-Nitrophenol ND ug/kg 4300 - 5 

2,4-Dinitrophenol ND ug/kg 8600 - 5 

Pentachlorophenol ND ug/kg 8600 - 5 

Phenol ND ug/kg 3000 - 5 

2-Methylphenol ND ug/kg 2600 - 5 

3-Methylphenol/4-Methylphenol ND ug/kg 2600 - 5 

2,4,5-Trichlorophenol ND ug/kg 2200 - 5 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 49 30-130 

Phenol-d6 57 30-130 

Nitrobenzene-d5 49 30-130 

2-Fluorobiphenyl 58 30-130 

2,4,6-Tribromophenol 86 30-130 

4-Terphenyl-d14 77 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-05 
Client ID: TP-3 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/04/11 11:43 
Analyst: JB 
Percent Solids: 88% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene 1600 ug/kg 390 - 1 

1,2,4-Trichlorobenzene ND ug/kg 390 - 1 

Hexachlorobenzene ND ug/kg 390 - 1 

Bis(2-chloroethyl)ether ND ug/kg 390 - 1 

2-Chloronaphthalene ND ug/kg 390 - 1 

1,2-Dichlorobenzene ND ug/kg 390 - 1 

1,3-Dichlorobenzene ND ug/kg 390 - 1 

1,4-Dichlorobenzene ND ug/kg 390 - 1 

3,3'-Dichlorobenzidine ND ug/kg 780 - 1 

2,4-Dinitrotoluene ND ug/kg 390 - 1 

2,6-Dinitrotoluene ND ug/kg 390 - 1 

Azobenzene ND ug/kg 390 - 1 

Fluoranthene 3000 ug/kg 390 - 1 

4-Bromophenyl phenyl ether ND ug/kg 390 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 390 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 390 - 1 

Hexachlorobutadiene ND ug/kg 780 - 1 

Hexachloroethane ND ug/kg 390 - 1 

Isophorone ND ug/kg 390 - 1 

Naphthalene 880 ug/kg 390 - 1 

Nitrobenzene ND ug/kg 390 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 780 - 1 

Butyl benzyl phthalate ND ug/kg 390 - 1 

Di-n-butylphthalate ND ug/kg 390 - 1 

Di-n-octylphthalate ND ug/kg 390 - 1 

Diethyl phthalate ND ug/kg 390 - 1 

Dimethyl phthalate ND ug/kg 390 - 1 

Benzo(a)anthracene 1600 ug/kg 390 - 1 

Benzo(a)pyrene 1600 ug/kg 390 - 1 

Benzo(b)fluoranthene 1200 ug/kg 390 - 1 

Benzo(k)fluoranthene 400 ug/kg 390 - 1 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/25/11 13:47 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:25

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-05Lab ID: Date Collected: 04/25/11 13:47 
TP-3Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 1600 ug/kg 390 - 1 

Acenaphthylene ND ug/kg 390 - 1 

Anthracene 1900 ug/kg 390 - 1 

Benzo(ghi)perylene 920 ug/kg 390 - 1 

Fluorene 1600 ug/kg 390 - 1 

Phenanthrene 8900 ug/kg 390 - 1 

Dibenzo(a,h)anthracene ND ug/kg 230 - 1 

Indeno(1,2,3-cd)Pyrene 670 ug/kg 390 - 1 

Pyrene 6000 ug/kg 390 - 1 

Aniline ND ug/kg 780 - 1 

4-Chloroaniline ND ug/kg 390 - 1 

Dibenzofuran ND ug/kg 390 - 1 

2-Methylnaphthalene 3100 ug/kg 390 - 1 

Acetophenone ND ug/kg 780 - 1 

2,4,6-Trichlorophenol ND ug/kg 390 - 1 

2-Chlorophenol ND ug/kg 470 - 1 

2,4-Dichlorophenol ND ug/kg 780 - 1 

2,4-Dimethylphenol ND ug/kg 390 - 1 

2-Nitrophenol ND ug/kg 1600 - 1 

4-Nitrophenol ND ug/kg 780 - 1 

2,4-Dinitrophenol ND ug/kg 1600 - 1 

Pentachlorophenol ND ug/kg 1600 - 1 

Phenol ND ug/kg 540 - 1 

2-Methylphenol ND ug/kg 470 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 470 - 1 

2,4,5-Trichlorophenol ND ug/kg 390 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 65 30-130 

Phenol-d6 67 30-130 

Nitrobenzene-d5 68 30-130 

2-Fluorobiphenyl 71 30-130 

2,4,6-Tribromophenol 77 30-130 

4-Terphenyl-d14 80 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-06 D 
Client ID: TP-7 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/05/11 08:47 
Analyst: JB 
Percent Solids: 78% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 18000 - 40 

1,2,4-Trichlorobenzene ND ug/kg 18000 - 40 

Hexachlorobenzene ND ug/kg 18000 - 40 

Bis(2-chloroethyl)ether ND ug/kg 18000 - 40 

2-Chloronaphthalene ND ug/kg 18000 - 40 

1,2-Dichlorobenzene ND ug/kg 18000 - 40 

1,3-Dichlorobenzene ND ug/kg 18000 - 40 

1,4-Dichlorobenzene ND ug/kg 18000 - 40 

3,3'-Dichlorobenzidine ND ug/kg 35000 - 40 

2,4-Dinitrotoluene ND ug/kg 18000 - 40 

2,6-Dinitrotoluene ND ug/kg 18000 - 40 

Azobenzene ND ug/kg 18000 - 40 

Fluoranthene 120000 ug/kg 18000 - 40 

4-Bromophenyl phenyl ether ND ug/kg 18000 - 40 

Bis(2-chloroisopropyl)ether ND ug/kg 18000 - 40 

Bis(2-chloroethoxy)methane ND ug/kg 18000 - 40 

Hexachlorobutadiene ND ug/kg 35000 - 40 

Hexachloroethane ND ug/kg 18000 - 40 

Isophorone ND ug/kg 18000 - 40 

Naphthalene ND ug/kg 18000 - 40 

Nitrobenzene ND ug/kg 18000 - 40 

Bis(2-Ethylhexyl)phthalate ND ug/kg 35000 - 40 

Butyl benzyl phthalate ND ug/kg 18000 - 40 

Di-n-butylphthalate ND ug/kg 18000 - 40 

Di-n-octylphthalate ND ug/kg 18000 - 40 

Diethyl phthalate ND ug/kg 18000 - 40 

Dimethyl phthalate ND ug/kg 18000 - 40 

Benzo(a)anthracene 57000 ug/kg 18000 - 40 

Benzo(a)pyrene 51000 ug/kg 18000 - 40 

Benzo(b)fluoranthene 63000 ug/kg 18000 - 40 

Benzo(k)fluoranthene 22000 ug/kg 18000 - 40 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/26/11 07:40 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:25

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-06Lab ID: D Date Collected: 04/26/11 07:40 
TP-7Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 58000 ug/kg 18000 - 40 

Acenaphthylene ND ug/kg 18000 - 40 

Anthracene 18000 ug/kg 18000 - 40 

Benzo(ghi)perylene 27000 ug/kg 18000 - 40 

Fluorene ND ug/kg 18000 - 40 

Phenanthrene 60000 ug/kg 18000 - 40 

Dibenzo(a,h)anthracene ND ug/kg 11000 - 40 

Indeno(1,2,3-cd)Pyrene 28000 ug/kg 18000 - 40 

Pyrene 120000 ug/kg 18000 - 40 

Aniline ND ug/kg 35000 - 40 

4-Chloroaniline ND ug/kg 18000 - 40 

Dibenzofuran ND ug/kg 18000 - 40 

2-Methylnaphthalene ND ug/kg 18000 - 40 

Acetophenone ND ug/kg 35000 - 40 

2,4,6-Trichlorophenol ND ug/kg 18000 - 40 

2-Chlorophenol ND ug/kg 21000 - 40 

2,4-Dichlorophenol ND ug/kg 35000 - 40 

2,4-Dimethylphenol ND ug/kg 18000 - 40 

2-Nitrophenol ND ug/kg 71000 - 40 

4-Nitrophenol ND ug/kg 35000 - 40 

2,4-Dinitrophenol ND ug/kg 71000 - 40 

Pentachlorophenol ND ug/kg 71000 - 40 

Phenol ND ug/kg 25000 - 40 

2-Methylphenol ND ug/kg 21000 - 40 

3-Methylphenol/4-Methylphenol ND ug/kg 21000 - 40 

2,4,5-Trichlorophenol ND ug/kg 18000 - 40 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

2-Fluorophenol 0 Q 30-130 

Phenol-d6 0 Q 30-130 

Nitrobenzene-d5 0 Q 30-130 

2-Fluorobiphenyl 0 Q 30-130 

2,4,6-Tribromophenol 0 Q 30-130 

4-Terphenyl-d14 0 Q 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-07 D2 Date Collected: 04/26/11 09:00 
Client ID: TP-6 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 97,8270C Extraction Date: 04/30/11 10:25
Analytical Date: 05/05/11 11:09 
Analyst: JB 
Percent Solids: 70% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Naphthalene 500000 ug/kg 24000 - 50 

Phenanthrene 390000 ug/kg 24000 - 50 

2-Methylnaphthalene 300000 ug/kg 24000 - 50 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-07 D 
Client ID: TP-6 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/05/11 09:11 
Analyst: JB 
Percent Solids: 70% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene 110000 ug/kg 4900 - 10 

1,2,4-Trichlorobenzene ND ug/kg 4900 - 10 

Hexachlorobenzene ND ug/kg 4900 - 10 

Bis(2-chloroethyl)ether ND ug/kg 4900 - 10 

2-Chloronaphthalene ND ug/kg 4900 - 10 

1,2-Dichlorobenzene ND ug/kg 4900 - 10 

1,3-Dichlorobenzene ND ug/kg 4900 - 10 

1,4-Dichlorobenzene ND ug/kg 4900 - 10 

3,3'-Dichlorobenzidine ND ug/kg 9800 - 10 

2,4-Dinitrotoluene ND ug/kg 4900 - 10 

2,6-Dinitrotoluene ND ug/kg 4900 - 10 

Azobenzene ND ug/kg 4900 - 10 

Fluoranthene ND ug/kg 4900 - 10 

4-Bromophenyl phenyl ether ND ug/kg 4900 - 10 

Bis(2-chloroisopropyl)ether ND ug/kg 4900 - 10 

Bis(2-chloroethoxy)methane ND ug/kg 4900 - 10 

Hexachlorobutadiene ND ug/kg 9800 - 10 

Hexachloroethane ND ug/kg 4900 - 10 

Isophorone ND ug/kg 4900 - 10 

Naphthalene 270000 E ug/kg 4900 - 10 

Nitrobenzene ND ug/kg 4900 - 10 

Bis(2-Ethylhexyl)phthalate ND ug/kg 9800 - 10 

Butyl benzyl phthalate ND ug/kg 4900 - 10 

Di-n-butylphthalate ND ug/kg 4900 - 10 

Di-n-octylphthalate ND ug/kg 4900 - 10 

Diethyl phthalate ND ug/kg 4900 - 10 

Dimethyl phthalate ND ug/kg 4900 - 10 

Benzo(a)anthracene 60000 ug/kg 4900 - 10 

Benzo(a)pyrene 64000 ug/kg 4900 - 10 

Benzo(b)fluoranthene 44000 ug/kg 4900 - 10 

Benzo(k)fluoranthene 14000 ug/kg 4900 - 10 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/26/11 09:00 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:25

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-07Lab ID: D Date Collected: 04/26/11 09:00 
TP-6Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 54000 ug/kg 4900 - 10 

Acenaphthylene ND ug/kg 4900 - 10 

Anthracene 83000 ug/kg 4900 - 10 

Benzo(ghi)perylene 35000 ug/kg 4900 - 10 

Fluorene 76000 ug/kg 4900 - 10 

Phenanthrene 240000 E ug/kg 4900 - 10 

Dibenzo(a,h)anthracene 6900 ug/kg 2900 - 10 

Indeno(1,2,3-cd)Pyrene 25000 ug/kg 4900 - 10 

Pyrene 150000 ug/kg 4900 - 10 

Aniline ND ug/kg 9800 - 10 

4-Chloroaniline ND ug/kg 4900 - 10 

Dibenzofuran ND ug/kg 4900 - 10 

2-Methylnaphthalene 230000 E ug/kg 4900 - 10 

Acetophenone ND ug/kg 9800 - 10 

2,4,6-Trichlorophenol ND ug/kg 4900 - 10 

2-Chlorophenol ND ug/kg 5800 - 10 

2,4-Dichlorophenol ND ug/kg 9800 - 10 

2,4-Dimethylphenol ND ug/kg 4900 - 10 

2-Nitrophenol ND ug/kg 20000 - 10 

4-Nitrophenol ND ug/kg 9800 - 10 

2,4-Dinitrophenol ND ug/kg 20000 - 10 

Pentachlorophenol ND ug/kg 20000 - 10 

Phenol ND ug/kg 6800 - 10 

2-Methylphenol ND ug/kg 5800 - 10 

3-Methylphenol/4-Methylphenol ND ug/kg 5800 - 10 

2,4,5-Trichlorophenol ND ug/kg 4900 - 10 

Surrogate % Recovery Qual
Acceptance 

Criteriaifier 

2-Fluorophenol 56 30-130 

Phenol-d6 69 30-130 

Nitrobenzene-d5 80 30-130 

2-Fluorobiphenyl 92 30-130 

2,4,6-Tribromophenol 91 30-130 

4-Terphenyl-d14 104 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-08 
Client ID: TP-8 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/04/11 12:59 
Analyst: JB 
Percent Solids: 89% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 380 - 1 

1,2,4-Trichlorobenzene ND ug/kg 380 - 1 

Hexachlorobenzene ND ug/kg 380 - 1 

Bis(2-chloroethyl)ether ND ug/kg 380 - 1 

2-Chloronaphthalene ND ug/kg 380 - 1 

1,2-Dichlorobenzene ND ug/kg 380 - 1 

1,3-Dichlorobenzene ND ug/kg 380 - 1 

1,4-Dichlorobenzene ND ug/kg 380 - 1 

3,3'-Dichlorobenzidine ND ug/kg 750 - 1 

2,4-Dinitrotoluene ND ug/kg 380 - 1 

2,6-Dinitrotoluene ND ug/kg 380 - 1 

Azobenzene ND ug/kg 380 - 1 

Fluoranthene ND ug/kg 380 - 1 

4-Bromophenyl phenyl ether ND ug/kg 380 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 380 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 380 - 1 

Hexachlorobutadiene ND ug/kg 750 - 1 

Hexachloroethane ND ug/kg 380 - 1 

Isophorone ND ug/kg 380 - 1 

Naphthalene ND ug/kg 380 - 1 

Nitrobenzene ND ug/kg 380 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 750 - 1 

Butyl benzyl phthalate ND ug/kg 380 - 1 

Di-n-butylphthalate ND ug/kg 380 - 1 

Di-n-octylphthalate ND ug/kg 380 - 1 

Diethyl phthalate ND ug/kg 380 - 1 

Dimethyl phthalate ND ug/kg 380 - 1 

Benzo(a)anthracene ND ug/kg 380 - 1 

Benzo(a)pyrene ND ug/kg 380 - 1 

Benzo(b)fluoranthene ND ug/kg 380 - 1 

Benzo(k)fluoranthene ND ug/kg 380 - 1 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/26/11 11:00 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:25

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-08Lab ID: Date Collected: 04/26/11 11:00 
TP-8Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene ND ug/kg 380 - 1 

Acenaphthylene ND ug/kg 380 - 1 

Anthracene ND ug/kg 380 - 1 

Benzo(ghi)perylene ND ug/kg 380 - 1 

Fluorene ND ug/kg 380 - 1 

Phenanthrene ND ug/kg 380 - 1 

Dibenzo(a,h)anthracene ND ug/kg 230 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 380 - 1 

Pyrene ND ug/kg 380 - 1 

Aniline ND ug/kg 750 - 1 

4-Chloroaniline ND ug/kg 380 - 1 

Dibenzofuran ND ug/kg 380 - 1 

2-Methylnaphthalene ND ug/kg 380 - 1 

Acetophenone ND ug/kg 750 - 1 

2,4,6-Trichlorophenol ND ug/kg 380 - 1 

2-Chlorophenol ND ug/kg 450 - 1 

2,4-Dichlorophenol ND ug/kg 750 - 1 

2,4-Dimethylphenol ND ug/kg 380 - 1 

2-Nitrophenol ND ug/kg 1500 - 1 

4-Nitrophenol ND ug/kg 750 - 1 

2,4-Dinitrophenol ND ug/kg 1500 - 1 

Pentachlorophenol ND ug/kg 1500 - 1 

Phenol ND ug/kg 530 - 1 

2-Methylphenol ND ug/kg 450 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 450 - 1 

2,4,5-Trichlorophenol ND ug/kg 380 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 57 30-130 

Phenol-d6 63 30-130 

Nitrobenzene-d5 60 30-130 

2-Fluorobiphenyl 66 30-130 

2,4,6-Tribromophenol 80 30-130 

4-Terphenyl-d14 82 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-09 
Client ID: TP-9 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/04/11 13:25 
Analyst: JB 
Percent Solids: 60% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 580 - 1 

1,2,4-Trichlorobenzene ND ug/kg 580 - 1 

Hexachlorobenzene ND ug/kg 580 - 1 

Bis(2-chloroethyl)ether ND ug/kg 580 - 1 

2-Chloronaphthalene ND ug/kg 580 - 1 

1,2-Dichlorobenzene ND ug/kg 580 - 1 

1,3-Dichlorobenzene ND ug/kg 580 - 1 

1,4-Dichlorobenzene ND ug/kg 580 - 1 

3,3'-Dichlorobenzidine ND ug/kg 1200 - 1 

2,4-Dinitrotoluene ND ug/kg 580 - 1 

2,6-Dinitrotoluene ND ug/kg 580 - 1 

Azobenzene ND ug/kg 580 - 1 

Fluoranthene ND ug/kg 580 - 1 

4-Bromophenyl phenyl ether ND ug/kg 580 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 580 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 580 - 1 

Hexachlorobutadiene ND ug/kg 1200 - 1 

Hexachloroethane ND ug/kg 580 - 1 

Isophorone ND ug/kg 580 - 1 

Naphthalene ND ug/kg 580 - 1 

Nitrobenzene ND ug/kg 580 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 1200 - 1 

Butyl benzyl phthalate ND ug/kg 580 - 1 

Di-n-butylphthalate ND ug/kg 580 - 1 

Di-n-octylphthalate ND ug/kg 580 - 1 

Diethyl phthalate ND ug/kg 580 - 1 

Dimethyl phthalate ND ug/kg 580 - 1 

Benzo(a)anthracene ND ug/kg 580 - 1 

Benzo(a)pyrene ND ug/kg 580 - 1 

Benzo(b)fluoranthene ND ug/kg 580 - 1 

Benzo(k)fluoranthene ND ug/kg 580 - 1 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/26/11 13:54 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:25

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-09Lab ID: Date Collected: 04/26/11 13:54 
TP-9Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene ND ug/kg 580 - 1 

Acenaphthylene ND ug/kg 580 - 1 

Anthracene ND ug/kg 580 - 1 

Benzo(ghi)perylene ND ug/kg 580 - 1 

Fluorene ND ug/kg 580 - 1 

Phenanthrene ND ug/kg 580 - 1 

Dibenzo(a,h)anthracene ND ug/kg 350 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 580 - 1 

Pyrene ND ug/kg 580 - 1 

Aniline ND ug/kg 1200 - 1 

4-Chloroaniline ND ug/kg 580 - 1 

Dibenzofuran ND ug/kg 580 - 1 

2-Methylnaphthalene ND ug/kg 580 - 1 

Acetophenone ND ug/kg 1200 - 1 

2,4,6-Trichlorophenol ND ug/kg 580 - 1 

2-Chlorophenol ND ug/kg 700 - 1 

2,4-Dichlorophenol ND ug/kg 1200 - 1 

2,4-Dimethylphenol ND ug/kg 580 - 1 

2-Nitrophenol ND ug/kg 2300 - 1 

4-Nitrophenol ND ug/kg 1200 - 1 

2,4-Dinitrophenol ND ug/kg 2300 - 1 

Pentachlorophenol ND ug/kg 2300 - 1 

Phenol ND ug/kg 820 - 1 

2-Methylphenol ND ug/kg 700 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 700 - 1 

2,4,5-Trichlorophenol ND ug/kg 580 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 71 30-130 

Phenol-d6 76 30-130 

Nitrobenzene-d5 74 30-130 

2-Fluorobiphenyl 81 30-130 

2,4,6-Tribromophenol 76 30-130 

4-Terphenyl-d14 76 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-10 
Client ID: TP-11 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/04/11 18:43 
Analyst: JB 
Percent Solids: 91% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 380 - 1 

1,2,4-Trichlorobenzene ND ug/kg 380 - 1 

Hexachlorobenzene ND ug/kg 380 - 1 

Bis(2-chloroethyl)ether ND ug/kg 380 - 1 

2-Chloronaphthalene ND ug/kg 380 - 1 

1,2-Dichlorobenzene ND ug/kg 380 - 1 

1,3-Dichlorobenzene ND ug/kg 380 - 1 

1,4-Dichlorobenzene ND ug/kg 380 - 1 

3,3'-Dichlorobenzidine ND ug/kg 760 - 1 

2,4-Dinitrotoluene ND ug/kg 380 - 1 

2,6-Dinitrotoluene ND ug/kg 380 - 1 

Azobenzene ND ug/kg 380 - 1 

Fluoranthene 1100 ug/kg 380 - 1 

4-Bromophenyl phenyl ether ND ug/kg 380 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 380 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 380 - 1 

Hexachlorobutadiene ND ug/kg 760 - 1 

Hexachloroethane ND ug/kg 380 - 1 

Isophorone ND ug/kg 380 - 1 

Naphthalene ND ug/kg 380 - 1 

Nitrobenzene ND ug/kg 380 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 760 - 1 

Butyl benzyl phthalate ND ug/kg 380 - 1 

Di-n-butylphthalate ND ug/kg 380 - 1 

Di-n-octylphthalate ND ug/kg 380 - 1 

Diethyl phthalate ND ug/kg 380 - 1 

Dimethyl phthalate ND ug/kg 380 - 1 

Benzo(a)anthracene 500 ug/kg 380 - 1 

Benzo(a)pyrene 530 ug/kg 380 - 1 

Benzo(b)fluoranthene 610 ug/kg 380 - 1 

Benzo(k)fluoranthene ND ug/kg 380 - 1 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/26/11 15:20 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:25

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-10Lab ID: Date Collected: 04/26/11 15:20 
TP-11Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 490 ug/kg 380 - 1 

Acenaphthylene ND ug/kg 380 - 1 

Anthracene ND ug/kg 380 - 1 

Benzo(ghi)perylene 400 ug/kg 380 - 1 

Fluorene ND ug/kg 380 - 1 

Phenanthrene ND ug/kg 380 - 1 

Dibenzo(a,h)anthracene ND ug/kg 230 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 380 - 1 

Pyrene 1100 ug/kg 380 - 1 

Aniline ND ug/kg 760 - 1 

4-Chloroaniline ND ug/kg 380 - 1 

Dibenzofuran ND ug/kg 380 - 1 

2-Methylnaphthalene ND ug/kg 380 - 1 

Acetophenone ND ug/kg 760 - 1 

2,4,6-Trichlorophenol ND ug/kg 380 - 1 

2-Chlorophenol ND ug/kg 450 - 1 

2,4-Dichlorophenol ND ug/kg 760 - 1 

2,4-Dimethylphenol ND ug/kg 380 - 1 

2-Nitrophenol ND ug/kg 1500 - 1 

4-Nitrophenol ND ug/kg 760 - 1 

2,4-Dinitrophenol ND ug/kg 1500 - 1 

Pentachlorophenol ND ug/kg 1500 - 1 

Phenol ND ug/kg 530 - 1 

2-Methylphenol ND ug/kg 450 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 450 - 1 

2,4,5-Trichlorophenol ND ug/kg 380 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 59 30-130 

Phenol-d6 66 30-130 

Nitrobenzene-d5 63 30-130 

2-Fluorobiphenyl 70 30-130 

2,4,6-Tribromophenol 75 30-130 

4-Terphenyl-d14 80 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-11 
Client ID: TP-10 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/04/11 19:08 
Analyst: JB 
Percent Solids: 85% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 380 - 1 

1,2,4-Trichlorobenzene ND ug/kg 380 - 1 

Hexachlorobenzene ND ug/kg 380 - 1 

Bis(2-chloroethyl)ether ND ug/kg 380 - 1 

2-Chloronaphthalene ND ug/kg 380 - 1 

1,2-Dichlorobenzene ND ug/kg 380 - 1 

1,3-Dichlorobenzene ND ug/kg 380 - 1 

1,4-Dichlorobenzene ND ug/kg 380 - 1 

3,3'-Dichlorobenzidine ND ug/kg 750 - 1 

2,4-Dinitrotoluene ND ug/kg 380 - 1 

2,6-Dinitrotoluene ND ug/kg 380 - 1 

Azobenzene ND ug/kg 380 - 1 

Fluoranthene 740 ug/kg 380 - 1 

4-Bromophenyl phenyl ether ND ug/kg 380 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 380 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 380 - 1 

Hexachlorobutadiene ND ug/kg 750 - 1 

Hexachloroethane ND ug/kg 380 - 1 

Isophorone ND ug/kg 380 - 1 

Naphthalene ND ug/kg 380 - 1 

Nitrobenzene ND ug/kg 380 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 750 - 1 

Butyl benzyl phthalate ND ug/kg 380 - 1 

Di-n-butylphthalate ND ug/kg 380 - 1 

Di-n-octylphthalate ND ug/kg 380 - 1 

Diethyl phthalate ND ug/kg 380 - 1 

Dimethyl phthalate ND ug/kg 380 - 1 

Benzo(a)anthracene 420 ug/kg 380 - 1 

Benzo(a)pyrene ND ug/kg 380 - 1 

Benzo(b)fluoranthene ND ug/kg 380 - 1 

Benzo(k)fluoranthene ND ug/kg 380 - 1 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/27/11 08:30 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:25

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-11Lab ID: Date Collected: 04/27/11 08:30 
TP-10Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 520 ug/kg 380 - 1 

Acenaphthylene ND ug/kg 380 - 1 

Anthracene ND ug/kg 380 - 1 

Benzo(ghi)perylene ND ug/kg 380 - 1 

Fluorene ND ug/kg 380 - 1 

Phenanthrene 810 ug/kg 380 - 1 

Dibenzo(a,h)anthracene ND ug/kg 220 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 380 - 1 

Pyrene 1000 ug/kg 380 - 1 

Aniline ND ug/kg 750 - 1 

4-Chloroaniline ND ug/kg 380 - 1 

Dibenzofuran ND ug/kg 380 - 1 

2-Methylnaphthalene ND ug/kg 380 - 1 

Acetophenone ND ug/kg 750 - 1 

2,4,6-Trichlorophenol ND ug/kg 380 - 1 

2-Chlorophenol ND ug/kg 450 - 1 

2,4-Dichlorophenol ND ug/kg 750 - 1 

2,4-Dimethylphenol ND ug/kg 380 - 1 

2-Nitrophenol ND ug/kg 1500 - 1 

4-Nitrophenol ND ug/kg 750 - 1 

2,4-Dinitrophenol ND ug/kg 1500 - 1 

Pentachlorophenol ND ug/kg 1500 - 1 

Phenol ND ug/kg 520 - 1 

2-Methylphenol ND ug/kg 450 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 450 - 1 

2,4,5-Trichlorophenol ND ug/kg 380 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 43 30-130 

Phenol-d6 50 30-130 

Nitrobenzene-d5 44 30-130 

2-Fluorobiphenyl 55 30-130 

2,4,6-Tribromophenol 73 30-130 

4-Terphenyl-d14 69 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-12 
Client ID: TP-12 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/04/11 19:34 
Analyst: JB 
Percent Solids: 79% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 430 - 1 

1,2,4-Trichlorobenzene ND ug/kg 430 - 1 

Hexachlorobenzene ND ug/kg 430 - 1 

Bis(2-chloroethyl)ether ND ug/kg 430 - 1 

2-Chloronaphthalene ND ug/kg 430 - 1 

1,2-Dichlorobenzene ND ug/kg 430 - 1 

1,3-Dichlorobenzene ND ug/kg 430 - 1 

1,4-Dichlorobenzene ND ug/kg 430 - 1 

3,3'-Dichlorobenzidine ND ug/kg 870 - 1 

2,4-Dinitrotoluene ND ug/kg 430 - 1 

2,6-Dinitrotoluene ND ug/kg 430 - 1 

Azobenzene ND ug/kg 430 - 1 

Fluoranthene 960 ug/kg 430 - 1 

4-Bromophenyl phenyl ether ND ug/kg 430 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 430 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 430 - 1 

Hexachlorobutadiene ND ug/kg 870 - 1 

Hexachloroethane ND ug/kg 430 - 1 

Isophorone ND ug/kg 430 - 1 

Naphthalene ND ug/kg 430 - 1 

Nitrobenzene ND ug/kg 430 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 870 - 1 

Butyl benzyl phthalate ND ug/kg 430 - 1 

Di-n-butylphthalate ND ug/kg 430 - 1 

Di-n-octylphthalate ND ug/kg 430 - 1 

Diethyl phthalate ND ug/kg 430 - 1 

Dimethyl phthalate ND ug/kg 430 - 1 

Benzo(a)anthracene 430 ug/kg 430 - 1 

Benzo(a)pyrene 470 ug/kg 430 - 1 

Benzo(b)fluoranthene 720 ug/kg 430 - 1 

Benzo(k)fluoranthene ND ug/kg 430 - 1 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/27/11 09:30 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 12:33

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-12Lab ID: Date Collected: 04/27/11 09:30 
TP-12Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 620 ug/kg 430 - 1 

Acenaphthylene ND ug/kg 430 - 1 

Anthracene ND ug/kg 430 - 1 

Benzo(ghi)perylene ND ug/kg 430 - 1 

Fluorene ND ug/kg 430 - 1 

Phenanthrene ND ug/kg 430 - 1 

Dibenzo(a,h)anthracene ND ug/kg 260 - 1 

Indeno(1,2,3-cd)Pyrene 430 ug/kg 430 - 1 

Pyrene 880 ug/kg 430 - 1 

Aniline ND ug/kg 870 - 1 

4-Chloroaniline ND ug/kg 430 - 1 

Dibenzofuran ND ug/kg 430 - 1 

2-Methylnaphthalene ND ug/kg 430 - 1 

Acetophenone ND ug/kg 870 - 1 

2,4,6-Trichlorophenol ND ug/kg 430 - 1 

2-Chlorophenol ND ug/kg 520 - 1 

2,4-Dichlorophenol ND ug/kg 870 - 1 

2,4-Dimethylphenol ND ug/kg 430 - 1 

2-Nitrophenol ND ug/kg 1700 - 1 

4-Nitrophenol ND ug/kg 870 - 1 

2,4-Dinitrophenol ND ug/kg 1700 - 1 

Pentachlorophenol ND ug/kg 1700 - 1 

Phenol ND ug/kg 610 - 1 

2-Methylphenol ND ug/kg 520 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 520 - 1 

2,4,5-Trichlorophenol ND ug/kg 430 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 57 30-130 

Phenol-d6 65 30-130 

Nitrobenzene-d5 66 30-130 

2-Fluorobiphenyl 66 30-130 

2,4,6-Tribromophenol 62 30-130 

4-Terphenyl-d14 65 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-13 
Client ID: TP-13A 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/03/11 02:04 
Analyst: JB 
Percent Solids: 81% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 430 - 1 

1,2,4-Trichlorobenzene ND ug/kg 430 - 1 

Hexachlorobenzene ND ug/kg 430 - 1 

Bis(2-chloroethyl)ether ND ug/kg 430 - 1 

2-Chloronaphthalene ND ug/kg 430 - 1 

1,2-Dichlorobenzene ND ug/kg 430 - 1 

1,3-Dichlorobenzene ND ug/kg 430 - 1 

1,4-Dichlorobenzene ND ug/kg 430 - 1 

3,3'-Dichlorobenzidine ND ug/kg 860 - 1 

2,4-Dinitrotoluene ND ug/kg 430 - 1 

2,6-Dinitrotoluene ND ug/kg 430 - 1 

Azobenzene ND ug/kg 430 - 1 

Fluoranthene 910 ug/kg 430 - 1 

4-Bromophenyl phenyl ether ND ug/kg 430 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 430 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 430 - 1 

Hexachlorobutadiene ND ug/kg 860 - 1 

Hexachloroethane ND ug/kg 430 - 1 

Isophorone ND ug/kg 430 - 1 

Naphthalene ND ug/kg 430 - 1 

Nitrobenzene ND ug/kg 430 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 860 - 1 

Butyl benzyl phthalate ND ug/kg 430 - 1 

Di-n-butylphthalate ND ug/kg 430 - 1 

Di-n-octylphthalate ND ug/kg 430 - 1 

Diethyl phthalate ND ug/kg 430 - 1 

Dimethyl phthalate ND ug/kg 430 - 1 

Benzo(a)anthracene 470 ug/kg 430 - 1 

Benzo(a)pyrene 480 ug/kg 430 - 1 

Benzo(b)fluoranthene 600 ug/kg 430 - 1 

Benzo(k)fluoranthene ND ug/kg 430 - 1 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/27/11 11:00 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:29

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-13Lab ID: Date Collected: 04/27/11 11:00 
TP-13AClient ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 490 ug/kg 430 - 1 

Acenaphthylene ND ug/kg 430 - 1 

Anthracene ND ug/kg 430 - 1 

Benzo(ghi)perylene ND ug/kg 430 - 1 

Fluorene ND ug/kg 430 - 1 

Phenanthrene 530 ug/kg 430 - 1 

Dibenzo(a,h)anthracene ND ug/kg 260 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 430 - 1 

Pyrene 900 ug/kg 430 - 1 

Aniline ND ug/kg 860 - 1 

4-Chloroaniline ND ug/kg 430 - 1 

Dibenzofuran ND ug/kg 430 - 1 

2-Methylnaphthalene ND ug/kg 430 - 1 

Acetophenone ND ug/kg 860 - 1 

2,4,6-Trichlorophenol ND ug/kg 430 - 1 

2-Chlorophenol ND ug/kg 520 - 1 

2,4-Dichlorophenol ND ug/kg 860 - 1 

2,4-Dimethylphenol ND ug/kg 430 - 1 

2-Nitrophenol ND ug/kg 1700 - 1 

4-Nitrophenol ND ug/kg 860 - 1 

2,4-Dinitrophenol ND ug/kg 1700 - 1 

Pentachlorophenol ND ug/kg 1700 - 1 

Phenol ND ug/kg 600 - 1 

2-Methylphenol ND ug/kg 520 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 520 - 1 

2,4,5-Trichlorophenol ND ug/kg 430 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 65 30-130 

Phenol-d6 72 30-130 

Nitrobenzene-d5 68 30-130 

2-Fluorobiphenyl 55 30-130 

2,4,6-Tribromophenol 83 30-130 

4-Terphenyl-d14 51 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-14 
Client ID: TP-14 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/03/11 02:28 
Analyst: JB 
Percent Solids: 88% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 370 - 1 

1,2,4-Trichlorobenzene ND ug/kg 370 - 1 

Hexachlorobenzene ND ug/kg 370 - 1 

Bis(2-chloroethyl)ether ND ug/kg 370 - 1 

2-Chloronaphthalene ND ug/kg 370 - 1 

1,2-Dichlorobenzene ND ug/kg 370 - 1 

1,3-Dichlorobenzene ND ug/kg 370 - 1 

1,4-Dichlorobenzene ND ug/kg 370 - 1 

3,3'-Dichlorobenzidine ND ug/kg 740 - 1 

2,4-Dinitrotoluene ND ug/kg 370 - 1 

2,6-Dinitrotoluene ND ug/kg 370 - 1 

Azobenzene ND ug/kg 370 - 1 

Fluoranthene 720 ug/kg 370 - 1 

4-Bromophenyl phenyl ether ND ug/kg 370 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 370 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 370 - 1 

Hexachlorobutadiene ND ug/kg 740 - 1 

Hexachloroethane ND ug/kg 370 - 1 

Isophorone ND ug/kg 370 - 1 

Naphthalene ND ug/kg 370 - 1 

Nitrobenzene ND ug/kg 370 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 740 - 1 

Butyl benzyl phthalate ND ug/kg 370 - 1 

Di-n-butylphthalate ND ug/kg 370 - 1 

Di-n-octylphthalate ND ug/kg 370 - 1 

Diethyl phthalate ND ug/kg 370 - 1 

Dimethyl phthalate ND ug/kg 370 - 1 

Benzo(a)anthracene ND ug/kg 370 - 1 

Benzo(a)pyrene ND ug/kg 370 - 1 

Benzo(b)fluoranthene 370 ug/kg 370 - 1 

Benzo(k)fluoranthene ND ug/kg 370 - 1 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/27/11 11:57 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:29

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-14Lab ID: Date Collected: 04/27/11 11:57 
TP-14Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene ND ug/kg 370 - 1 

Acenaphthylene ND ug/kg 370 - 1 

Anthracene ND ug/kg 370 - 1 

Benzo(ghi)perylene ND ug/kg 370 - 1 

Fluorene ND ug/kg 370 - 1 

Phenanthrene 430 ug/kg 370 - 1 

Dibenzo(a,h)anthracene ND ug/kg 220 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 370 - 1 

Pyrene 700 ug/kg 370 - 1 

Aniline ND ug/kg 740 - 1 

4-Chloroaniline ND ug/kg 370 - 1 

Dibenzofuran ND ug/kg 370 - 1 

2-Methylnaphthalene ND ug/kg 370 - 1 

Acetophenone ND ug/kg 740 - 1 

2,4,6-Trichlorophenol ND ug/kg 370 - 1 

2-Chlorophenol ND ug/kg 440 - 1 

2,4-Dichlorophenol ND ug/kg 740 - 1 

2,4-Dimethylphenol ND ug/kg 370 - 1 

2-Nitrophenol ND ug/kg 1500 - 1 

4-Nitrophenol ND ug/kg 740 - 1 

2,4-Dinitrophenol ND ug/kg 1500 - 1 

Pentachlorophenol ND ug/kg 1500 - 1 

Phenol ND ug/kg 520 - 1 

2-Methylphenol ND ug/kg 440 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 440 - 1 

2,4,5-Trichlorophenol ND ug/kg 370 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 60 30-130 

Phenol-d6 62 30-130 

Nitrobenzene-d5 63 30-130 

2-Fluorobiphenyl 56 30-130 

2,4,6-Tribromophenol 72 30-130 

4-Terphenyl-d14 59 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-15 
Client ID: TP-16 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/03/11 02:51 
Analyst: JB 
Percent Solids: 84% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 400 - 1 

1,2,4-Trichlorobenzene ND ug/kg 400 - 1 

Hexachlorobenzene ND ug/kg 400 - 1 

Bis(2-chloroethyl)ether ND ug/kg 400 - 1 

2-Chloronaphthalene ND ug/kg 400 - 1 

1,2-Dichlorobenzene ND ug/kg 400 - 1 

1,3-Dichlorobenzene ND ug/kg 400 - 1 

1,4-Dichlorobenzene ND ug/kg 400 - 1 

3,3'-Dichlorobenzidine ND ug/kg 800 - 1 

2,4-Dinitrotoluene ND ug/kg 400 - 1 

2,6-Dinitrotoluene ND ug/kg 400 - 1 

Azobenzene ND ug/kg 400 - 1 

Fluoranthene ND ug/kg 400 - 1 

4-Bromophenyl phenyl ether ND ug/kg 400 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 400 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 400 - 1 

Hexachlorobutadiene ND ug/kg 800 - 1 

Hexachloroethane ND ug/kg 400 - 1 

Isophorone ND ug/kg 400 - 1 

Naphthalene ND ug/kg 400 - 1 

Nitrobenzene ND ug/kg 400 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 800 - 1 

Butyl benzyl phthalate ND ug/kg 400 - 1 

Di-n-butylphthalate ND ug/kg 400 - 1 

Di-n-octylphthalate ND ug/kg 400 - 1 

Diethyl phthalate ND ug/kg 400 - 1 

Dimethyl phthalate ND ug/kg 400 - 1 

Benzo(a)anthracene ND ug/kg 400 - 1 

Benzo(a)pyrene ND ug/kg 400 - 1 

Benzo(b)fluoranthene ND ug/kg 400 - 1 

Benzo(k)fluoranthene ND ug/kg 400 - 1 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/27/11 13:30 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:29

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-15Lab ID: Date Collected: 04/27/11 13:30 
TP-16Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene ND ug/kg 400 - 1 

Acenaphthylene ND ug/kg 400 - 1 

Anthracene ND ug/kg 400 - 1 

Benzo(ghi)perylene ND ug/kg 400 - 1 

Fluorene ND ug/kg 400 - 1 

Phenanthrene ND ug/kg 400 - 1 

Dibenzo(a,h)anthracene ND ug/kg 240 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 400 - 1 

Pyrene ND ug/kg 400 - 1 

Aniline ND ug/kg 800 - 1 

4-Chloroaniline ND ug/kg 400 - 1 

Dibenzofuran ND ug/kg 400 - 1 

2-Methylnaphthalene ND ug/kg 400 - 1 

Acetophenone ND ug/kg 800 - 1 

2,4,6-Trichlorophenol ND ug/kg 400 - 1 

2-Chlorophenol ND ug/kg 480 - 1 

2,4-Dichlorophenol ND ug/kg 800 - 1 

2,4-Dimethylphenol ND ug/kg 400 - 1 

2-Nitrophenol ND ug/kg 1600 - 1 

4-Nitrophenol ND ug/kg 800 - 1 

2,4-Dinitrophenol ND ug/kg 1600 - 1 

Pentachlorophenol ND ug/kg 1600 - 1 

Phenol ND ug/kg 560 - 1 

2-Methylphenol ND ug/kg 480 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 480 - 1 

2,4,5-Trichlorophenol ND ug/kg 400 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 53 30-130 

Phenol-d6 68 30-130 

Nitrobenzene-d5 70 30-130 

2-Fluorobiphenyl 60 30-130 

2,4,6-Tribromophenol 51 30-130 

4-Terphenyl-d14 58 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-16 D 
Client ID: TP-17 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/03/11 03:15 
Analyst: JB 
Percent Solids: 81% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 790 - 2 

1,2,4-Trichlorobenzene ND ug/kg 790 - 2 

Hexachlorobenzene ND ug/kg 790 - 2 

Bis(2-chloroethyl)ether ND ug/kg 790 - 2 

2-Chloronaphthalene ND ug/kg 790 - 2 

1,2-Dichlorobenzene ND ug/kg 790 - 2 

1,3-Dichlorobenzene ND ug/kg 790 - 2 

1,4-Dichlorobenzene ND ug/kg 790 - 2 

3,3'-Dichlorobenzidine ND ug/kg 1600 - 2 

2,4-Dinitrotoluene ND ug/kg 790 - 2 

2,6-Dinitrotoluene ND ug/kg 790 - 2 

Azobenzene ND ug/kg 790 - 2 

Fluoranthene 8400 ug/kg 790 - 2 

4-Bromophenyl phenyl ether ND ug/kg 790 - 2 

Bis(2-chloroisopropyl)ether ND ug/kg 790 - 2 

Bis(2-chloroethoxy)methane ND ug/kg 790 - 2 

Hexachlorobutadiene ND ug/kg 1600 - 2 

Hexachloroethane ND ug/kg 790 - 2 

Isophorone ND ug/kg 790 - 2 

Naphthalene ND ug/kg 790 - 2 

Nitrobenzene ND ug/kg 790 - 2 

Bis(2-Ethylhexyl)phthalate ND ug/kg 1600 - 2 

Butyl benzyl phthalate ND ug/kg 790 - 2 

Di-n-butylphthalate ND ug/kg 790 - 2 

Di-n-octylphthalate ND ug/kg 790 - 2 

Diethyl phthalate ND ug/kg 790 - 2 

Dimethyl phthalate ND ug/kg 790 - 2 

Benzo(a)anthracene 3900 ug/kg 790 - 2 

Benzo(a)pyrene 3800 ug/kg 790 - 2 

Benzo(b)fluoranthene 4700 ug/kg 790 - 2 

Benzo(k)fluoranthene 1900 ug/kg 790 - 2 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/27/11 14:45 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:29

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-16Lab ID: D Date Collected: 04/27/11 14:45 
TP-17Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 3800 ug/kg 790 - 2 

Acenaphthylene ND ug/kg 790 - 2 

Anthracene 1400 ug/kg 790 - 2 

Benzo(ghi)perylene 2400 ug/kg 790 - 2 

Fluorene ND ug/kg 790 - 2 

Phenanthrene 6100 ug/kg 790 - 2 

Dibenzo(a,h)anthracene 600 ug/kg 470 - 2 

Indeno(1,2,3-cd)Pyrene 2500 ug/kg 790 - 2 

Pyrene 7500 ug/kg 790 - 2 

Aniline ND ug/kg 1600 - 2 

4-Chloroaniline ND ug/kg 790 - 2 

Dibenzofuran ND ug/kg 790 - 2 

2-Methylnaphthalene ND ug/kg 790 - 2 

Acetophenone ND ug/kg 1600 - 2 

2,4,6-Trichlorophenol ND ug/kg 790 - 2 

2-Chlorophenol ND ug/kg 940 - 2 

2,4-Dichlorophenol ND ug/kg 1600 - 2 

2,4-Dimethylphenol ND ug/kg 790 - 2 

2-Nitrophenol ND ug/kg 3200 - 2 

4-Nitrophenol ND ug/kg 1600 - 2 

2,4-Dinitrophenol ND ug/kg 3200 - 2 

Pentachlorophenol ND ug/kg 3200 - 2 

Phenol ND ug/kg 1100 - 2 

2-Methylphenol ND ug/kg 940 - 2 

3-Methylphenol/4-Methylphenol ND ug/kg 940 - 2 

2,4,5-Trichlorophenol ND ug/kg 790 - 2 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 71 30-130 

Phenol-d6 75 30-130 

Nitrobenzene-d5 69 30-130 

2-Fluorobiphenyl 65 30-130 

2,4,6-Tribromophenol 88 30-130 

4-Terphenyl-d14 61 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-17 
Client ID: TP-13 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/03/11 03:38 
Analyst: JB 
Percent Solids: 81% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 430 - 1 

1,2,4-Trichlorobenzene ND ug/kg 430 - 1 

Hexachlorobenzene ND ug/kg 430 - 1 

Bis(2-chloroethyl)ether ND ug/kg 430 - 1 

2-Chloronaphthalene ND ug/kg 430 - 1 

1,2-Dichlorobenzene ND ug/kg 430 - 1 

1,3-Dichlorobenzene ND ug/kg 430 - 1 

1,4-Dichlorobenzene ND ug/kg 430 - 1 

3,3'-Dichlorobenzidine ND ug/kg 860 - 1 

2,4-Dinitrotoluene ND ug/kg 430 - 1 

2,6-Dinitrotoluene ND ug/kg 430 - 1 

Azobenzene ND ug/kg 430 - 1 

Fluoranthene ND ug/kg 430 - 1 

4-Bromophenyl phenyl ether ND ug/kg 430 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 430 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 430 - 1 

Hexachlorobutadiene ND ug/kg 860 - 1 

Hexachloroethane ND ug/kg 430 - 1 

Isophorone ND ug/kg 430 - 1 

Naphthalene ND ug/kg 430 - 1 

Nitrobenzene ND ug/kg 430 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 860 - 1 

Butyl benzyl phthalate ND ug/kg 430 - 1 

Di-n-butylphthalate ND ug/kg 430 - 1 

Di-n-octylphthalate ND ug/kg 430 - 1 

Diethyl phthalate ND ug/kg 430 - 1 

Dimethyl phthalate ND ug/kg 430 - 1 

Benzo(a)anthracene ND ug/kg 430 - 1 

Benzo(a)pyrene ND ug/kg 430 - 1 

Benzo(b)fluoranthene ND ug/kg 430 - 1 

Benzo(k)fluoranthene ND ug/kg 430 - 1 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/28/11 08:00 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:29

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-17Lab ID: Date Collected: 04/28/11 08:00 
TP-13Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene ND ug/kg 430 - 1 

Acenaphthylene ND ug/kg 430 - 1 

Anthracene ND ug/kg 430 - 1 

Benzo(ghi)perylene ND ug/kg 430 - 1 

Fluorene ND ug/kg 430 - 1 

Phenanthrene ND ug/kg 430 - 1 

Dibenzo(a,h)anthracene ND ug/kg 260 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 430 - 1 

Pyrene ND ug/kg 430 - 1 

Aniline ND ug/kg 860 - 1 

4-Chloroaniline ND ug/kg 430 - 1 

Dibenzofuran ND ug/kg 430 - 1 

2-Methylnaphthalene ND ug/kg 430 - 1 

Acetophenone ND ug/kg 860 - 1 

2,4,6-Trichlorophenol ND ug/kg 430 - 1 

2-Chlorophenol ND ug/kg 520 - 1 

2,4-Dichlorophenol ND ug/kg 860 - 1 

2,4-Dimethylphenol ND ug/kg 430 - 1 

2-Nitrophenol ND ug/kg 1700 - 1 

4-Nitrophenol ND ug/kg 860 - 1 

2,4-Dinitrophenol ND ug/kg 1700 - 1 

Pentachlorophenol ND ug/kg 1700 - 1 

Phenol ND ug/kg 600 - 1 

2-Methylphenol ND ug/kg 520 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 520 - 1 

2,4,5-Trichlorophenol ND ug/kg 430 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 58 30-130 

Phenol-d6 65 30-130 

Nitrobenzene-d5 65 30-130 

2-Fluorobiphenyl 54 30-130 

2,4,6-Tribromophenol 64 30-130 

4-Terphenyl-d14 53 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-18 
Client ID: DUPLICATE 1 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/03/11 04:02 
Analyst: JB 
Percent Solids: 88% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene 3600 ug/kg 360 - 1 

1,2,4-Trichlorobenzene ND ug/kg 360 - 1 

Hexachlorobenzene ND ug/kg 360 - 1 

Bis(2-chloroethyl)ether ND ug/kg 360 - 1 

2-Chloronaphthalene ND ug/kg 360 - 1 

1,2-Dichlorobenzene ND ug/kg 360 - 1 

1,3-Dichlorobenzene ND ug/kg 360 - 1 

1,4-Dichlorobenzene ND ug/kg 360 - 1 

3,3'-Dichlorobenzidine ND ug/kg 720 - 1 

2,4-Dinitrotoluene ND ug/kg 360 - 1 

2,6-Dinitrotoluene ND ug/kg 360 - 1 

Azobenzene ND ug/kg 360 - 1 

Fluoranthene 5200 ug/kg 360 - 1 

4-Bromophenyl phenyl ether ND ug/kg 360 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 360 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 360 - 1 

Hexachlorobutadiene ND ug/kg 720 - 1 

Hexachloroethane ND ug/kg 360 - 1 

Isophorone ND ug/kg 360 - 1 

Naphthalene 2000 ug/kg 360 - 1 

Nitrobenzene ND ug/kg 360 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 720 - 1 

Butyl benzyl phthalate ND ug/kg 360 - 1 

Di-n-butylphthalate ND ug/kg 360 - 1 

Di-n-octylphthalate ND ug/kg 360 - 1 

Diethyl phthalate ND ug/kg 360 - 1 

Dimethyl phthalate ND ug/kg 360 - 1 

Benzo(a)anthracene 3300 ug/kg 360 - 1 

Benzo(a)pyrene 3100 ug/kg 360 - 1 

Benzo(b)fluoranthene 2600 ug/kg 360 - 1 

Benzo(k)fluoranthene 730 ug/kg 360 - 1 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/25/11 00:00 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:29

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-18Lab ID: Date Collected: 04/25/11 00:00 
DUPLICATE 1Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 3000 ug/kg 360 - 1 

Acenaphthylene ND ug/kg 360 - 1 

Anthracene 3600 ug/kg 360 - 1 

Benzo(ghi)perylene 1800 ug/kg 360 - 1 

Fluorene 3200 ug/kg 360 - 1 

Phenanthrene 14000 ug/kg 360 - 1 

Dibenzo(a,h)anthracene 390 ug/kg 220 - 1 

Indeno(1,2,3-cd)Pyrene 1300 ug/kg 360 - 1 

Pyrene 9500 ug/kg 360 - 1 

Aniline ND ug/kg 720 - 1 

4-Chloroaniline ND ug/kg 360 - 1 

Dibenzofuran ND ug/kg 360 - 1 

2-Methylnaphthalene 6800 ug/kg 360 - 1 

Acetophenone ND ug/kg 720 - 1 

2,4,6-Trichlorophenol ND ug/kg 360 - 1 

2-Chlorophenol ND ug/kg 440 - 1 

2,4-Dichlorophenol ND ug/kg 720 - 1 

2,4-Dimethylphenol ND ug/kg 360 - 1 

2-Nitrophenol ND ug/kg 1400 - 1 

4-Nitrophenol ND ug/kg 720 - 1 

2,4-Dinitrophenol ND ug/kg 1400 - 1 

Pentachlorophenol ND ug/kg 1400 - 1 

Phenol ND ug/kg 510 - 1 

2-Methylphenol ND ug/kg 440 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 440 - 1 

2,4,5-Trichlorophenol ND ug/kg 360 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 54 30-130 

Phenol-d6 61 30-130 

Nitrobenzene-d5 58 30-130 

2-Fluorobiphenyl 58 30-130 

2,4,6-Tribromophenol 64 30-130 

4-Terphenyl-d14 72 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1105817-19 
Client ID: DUPLICATE 2 
Sample Location: NEW BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/03/11 04:25 
Analyst: JB 
Percent Solids: 79% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene 870 ug/kg 410 - 1 

1,2,4-Trichlorobenzene ND ug/kg 410 - 1 

Hexachlorobenzene ND ug/kg 410 - 1 

Bis(2-chloroethyl)ether ND ug/kg 410 - 1 

2-Chloronaphthalene ND ug/kg 410 - 1 

1,2-Dichlorobenzene ND ug/kg 410 - 1 

1,3-Dichlorobenzene ND ug/kg 410 - 1 

1,4-Dichlorobenzene ND ug/kg 410 - 1 

3,3'-Dichlorobenzidine ND ug/kg 830 - 1 

2,4-Dinitrotoluene ND ug/kg 410 - 1 

2,6-Dinitrotoluene ND ug/kg 410 - 1 

Azobenzene ND ug/kg 410 - 1 

Fluoranthene 980 ug/kg 410 - 1 

4-Bromophenyl phenyl ether ND ug/kg 410 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 410 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 410 - 1 

Hexachlorobutadiene ND ug/kg 830 - 1 

Hexachloroethane ND ug/kg 410 - 1 

Isophorone ND ug/kg 410 - 1 

Naphthalene 3900 ug/kg 410 - 1 

Nitrobenzene ND ug/kg 410 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 830 - 1 

Butyl benzyl phthalate ND ug/kg 410 - 1 

Di-n-butylphthalate ND ug/kg 410 - 1 

Di-n-octylphthalate ND ug/kg 410 - 1 

Diethyl phthalate ND ug/kg 410 - 1 

Dimethyl phthalate ND ug/kg 410 - 1 

Benzo(a)anthracene 690 ug/kg 410 - 1 

Benzo(a)pyrene 770 ug/kg 410 - 1 

Benzo(b)fluoranthene 680 ug/kg 410 - 1 

Benzo(k)fluoranthene ND ug/kg 410 - 1 

Lab Number: L1105817
 

Report Date: 05/09/11
 

Date Collected: 04/26/11 00:00 
Date Received: 04/28/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 04/30/11 10:29

Units RL MDL Dilution Factor 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

L1105817-19Lab ID: Date Collected: 04/26/11 00:00 
DUPLICATE 2Client ID: Date Received: 04/28/11 
NEW BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 700 ug/kg 410 - 1 

Acenaphthylene 410 ug/kg 410 - 1 

Anthracene 560 ug/kg 410 - 1 

Benzo(ghi)perylene 580 ug/kg 410 - 1 

Fluorene 520 ug/kg 410 - 1 

Phenanthrene 3200 ug/kg 410 - 1 

Dibenzo(a,h)anthracene ND ug/kg 250 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 410 - 1 

Pyrene 1900 ug/kg 410 - 1 

Aniline ND ug/kg 830 - 1 

4-Chloroaniline ND ug/kg 410 - 1 

Dibenzofuran ND ug/kg 410 - 1 

2-Methylnaphthalene 1900 ug/kg 410 - 1 

Acetophenone ND ug/kg 830 - 1 

2,4,6-Trichlorophenol ND ug/kg 410 - 1 

2-Chlorophenol ND ug/kg 500 - 1 

2,4-Dichlorophenol ND ug/kg 830 - 1 

2,4-Dimethylphenol ND ug/kg 410 - 1 

2-Nitrophenol ND ug/kg 1600 - 1 

4-Nitrophenol ND ug/kg 830 - 1 

2,4-Dinitrophenol ND ug/kg 1600 - 1 

Pentachlorophenol ND ug/kg 1600 - 1 

Phenol ND ug/kg 580 - 1 

2-Methylphenol ND ug/kg 500 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 500 - 1 

2,4,5-Trichlorophenol ND ug/kg 410 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 52 30-130 

Phenol-d6 54 30-130 

Nitrobenzene-d5 51 30-130 

2-Fluorobiphenyl 43 30-130 

2,4,6-Tribromophenol 70 30-130 

4-Terphenyl-d14 60 30-130 

Page 70 of 200 



     

Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/03/11 08:32 Extraction Date: 04/30/11 10:25 
Analyst: JB 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   01-12  Batch: WG465512-1 

Acenaphthene ND ug/kg 320 -

1,2,4-Trichlorobenzene ND ug/kg 320 --

Hexachlorobenzene ND ug/kg 320 -

Bis(2-chloroethyl)ether ND ug/kg 320 -

2-Chloronaphthalene ND ug/kg 320 -

1,2-Dichlorobenzene ND ug/kg 320 -

1,3-Dichlorobenzene ND ug/kg 320 -

1,4-Dichlorobenzene ND ug/kg 320 -

3,3'-Dichlorobenzidine ND ug/kg 640 -

2,4-Dinitrotoluene ND ug/kg 320 -

2,6-Dinitrotoluene ND ug/kg 320 --

Azobenzene ND ug/kg 320 --

Fluoranthene ND ug/kg 320 -

4-Bromophenyl phenyl ether ND ug/kg 320 -

Bis(2-chloroisopropyl)ether ND ug/kg 320 -

Bis(2-chloroethoxy)methane ND ug/kg 320 --

Hexachlorobutadiene ND ug/kg 640 --

Hexachloroethane ND ug/kg 320 --

Isophorone ND ug/kg 320 -

Naphthalene ND ug/kg 320 --

Nitrobenzene ND ug/kg 320 -

Bis(2-Ethylhexyl)phthalate ND ug/kg 640 --

Butyl benzyl phthalate ND ug/kg 320 -

Di-n-butylphthalate ND ug/kg 320 -

Di-n-octylphthalate ND ug/kg 320 --

Diethyl phthalate ND ug/kg 320 --

Dimethyl phthalate ND ug/kg 320 -

Benzo(a)anthracene ND ug/kg 320 -

Benzo(a)pyrene ND ug/kg 320 -

Benzo(b)fluoranthene ND ug/kg 320 -

Benzo(k)fluoranthene ND ug/kg 320 -
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/03/11 08:32 Extraction Date: 04/30/11 10:25 
Analyst: JB 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   01-12  Batch: WG465512-1 

Chrysene ND ug/kg 320 --

Acenaphthylene ND ug/kg 320 --

Anthracene ND ug/kg 320 -

Benzo(ghi)perylene ND ug/kg 320 --

Fluorene ND ug/kg 320 --

Phenanthrene ND ug/kg 320 -

Dibenzo(a,h)anthracene ND ug/kg 190 --

Indeno(1,2,3-cd)Pyrene ND ug/kg 320 --

Pyrene ND ug/kg 320 -

Aniline ND ug/kg 640 -

4-Chloroaniline ND ug/kg 320 --

Dibenzofuran ND ug/kg 320 -

2-Methylnaphthalene ND ug/kg 320 --

Acetophenone ND ug/kg 640 -

2,4,6-Trichlorophenol ND ug/kg 320 -

2-Chlorophenol ND ug/kg 380 -

2,4-Dichlorophenol ND ug/kg 640 -

2,4-Dimethylphenol ND ug/kg 320 -

2-Nitrophenol ND ug/kg 1300 -

4-Nitrophenol ND ug/kg 640 -

2,4-Dinitrophenol ND ug/kg 1300 --

Pentachlorophenol ND ug/kg 1300 -

Phenol ND ug/kg 450 -

2-Methylphenol ND ug/kg 380 -

3-Methylphenol/4-Methylphenol ND ug/kg 380 -

2,4,5-Trichlorophenol ND ug/kg 320 -
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/03/11 08:32 Extraction Date: 04/30/11 10:25 
Analyst: JB 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   01-12  Batch: WG465512-1 

Acceptance 
Surrogate %Recovery Qualifier Criteria 

2-Fluorophenol 47 30-130 

Phenol-d6 53 30-130 

Nitrobenzene-d5 47 30-130 

2-Fluorobiphenyl 55 30-130 

2,4,6-Tribromophenol 69 30-130 

4-Terphenyl-d14 91 30-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/02/11 21:21 Extraction Date: 04/30/11 10:29 
Analyst: JB 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   13-19  Batch: WG465513-1 

Acenaphthene ND ug/kg 330 -

1,2,4-Trichlorobenzene ND ug/kg 330 --

Hexachlorobenzene ND ug/kg 330 -

Bis(2-chloroethyl)ether ND ug/kg 330 -

2-Chloronaphthalene ND ug/kg 330 -

1,2-Dichlorobenzene ND ug/kg 330 -

1,3-Dichlorobenzene ND ug/kg 330 -

1,4-Dichlorobenzene ND ug/kg 330 -

3,3'-Dichlorobenzidine ND ug/kg 660 -

2,4-Dinitrotoluene ND ug/kg 330 -

2,6-Dinitrotoluene ND ug/kg 330 --

Azobenzene ND ug/kg 330 --

Fluoranthene ND ug/kg 330 -

4-Bromophenyl phenyl ether ND ug/kg 330 -

Bis(2-chloroisopropyl)ether ND ug/kg 330 -

Bis(2-chloroethoxy)methane ND ug/kg 330 --

Hexachlorobutadiene ND ug/kg 660 --

Hexachloroethane ND ug/kg 330 --

Isophorone ND ug/kg 330 -

Naphthalene ND ug/kg 330 --

Nitrobenzene ND ug/kg 330 -

Bis(2-Ethylhexyl)phthalate ND ug/kg 660 --

Butyl benzyl phthalate ND ug/kg 330 -

Di-n-butylphthalate ND ug/kg 330 -

Di-n-octylphthalate ND ug/kg 330 --

Diethyl phthalate ND ug/kg 330 --

Dimethyl phthalate ND ug/kg 330 -

Benzo(a)anthracene ND ug/kg 330 -

Benzo(a)pyrene ND ug/kg 330 -

Benzo(b)fluoranthene ND ug/kg 330 -

Benzo(k)fluoranthene ND ug/kg 330 -
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/02/11 21:21 Extraction Date: 04/30/11 10:29 
Analyst: JB 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   13-19  Batch: WG465513-1 

Chrysene ND ug/kg 330 --

Acenaphthylene ND ug/kg 330 --

Anthracene ND ug/kg 330 -

Benzo(ghi)perylene ND ug/kg 330 --

Fluorene ND ug/kg 330 --

Phenanthrene ND ug/kg 330 -

Dibenzo(a,h)anthracene ND ug/kg 200 --

Indeno(1,2,3-cd)Pyrene ND ug/kg 330 --

Pyrene ND ug/kg 330 -

Aniline ND ug/kg 660 -

4-Chloroaniline ND ug/kg 330 --

Dibenzofuran ND ug/kg 330 -

2-Methylnaphthalene ND ug/kg 330 --

Acetophenone ND ug/kg 660 -

2,4,6-Trichlorophenol ND ug/kg 330 -

2-Chlorophenol ND ug/kg 400 -

2,4-Dichlorophenol ND ug/kg 660 -

2,4-Dimethylphenol ND ug/kg 330 -

2-Nitrophenol ND ug/kg 1300 -

4-Nitrophenol ND ug/kg 660 -

2,4-Dinitrophenol ND ug/kg 1300 --

Pentachlorophenol ND ug/kg 1300 -

Phenol ND ug/kg 470 -

2-Methylphenol ND ug/kg 400 -

3-Methylphenol/4-Methylphenol ND ug/kg 400 -

2,4,5-Trichlorophenol ND ug/kg 330 -
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/02/11 21:21 Extraction Date: 04/30/11 10:29 
Analyst: JB 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   13-19  Batch: WG465513-1 

Acceptance 
Surrogate %Recovery Qualifier Criteria 

2-Fluorophenol 51 30-130 

Phenol-d6 52 30-130 

Nitrobenzene-d5 49 30-130 

2-Fluorobiphenyl 52 30-130 

2,4,6-Tribromophenol 61 30-130 

4-Terphenyl-d14 64 30-130 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

Lab Control Sample Analysis 
Batch Quality Control 

Lab Number: 

Report Date: 

L1105817 

05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01-12  Batch: WG465512-2 WG465512-3 

Acenaphthene 67 62 40-140 8 30 

1,2,4-Trichlorobenzene 70 53 40-140 28 30 

Hexachlorobenzene 82 80 40-140 2 30 

Bis(2-chloroethyl)ether 62 52 40-140 18 30 

2-Chloronaphthalene 113 76 40-140 39 Q 30 

1,2-Dichlorobenzene 76 55 40-140 32 Q 30 

1,3-Dichlorobenzene 65 52 40-140 22 30 

1,4-Dichlorobenzene 71 52 40-140 31 Q 30 

3,3'-Dichlorobenzidine 67 56 40-140 18 30 

2,4-Dinitrotoluene 83 86 40-140 4 30 

2,6-Dinitrotoluene 111 84 40-140 28 30 

Azobenzene 71 67 40-140 6 30 

Fluoranthene 79 81 40-140 3 30 

4-Bromophenyl phenyl ether 84 81 40-140 4 30 

Bis(2-chloroisopropyl)ether 69 54 40-140 24 30 

Bis(2-chloroethoxy)methane 71 56 40-140 24 30 

Hexachlorobutadiene 82 60 40-140 31 Q 30 

Hexachloroethane 69 53 40-140 26 30 

Isophorone 76 59 40-140 25 30 

Naphthalene 72 58 40-140 22 30 

Nitrobenzene  80 58 40-140 32 Q 30 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01-12  Batch: WG465512-2 WG465512-3 

Bis(2-Ethylhexyl)phthalate 72 77 40-140 7 30 

Butyl benzyl phthalate 83 86 40-140 4 30 

Di-n-butylphthalate 82 88 40-140 7 30 

Di-n-octylphthalate 84 81 40-140 4 30 

Diethyl phthalate 77 77 40-140 0 30 

Dimethyl phthalate 82 78 40-140 5 30 

Benzo(a)anthracene 73 74 40-140 1 30 

Benzo(a)pyrene 70 69 40-140 1 30 

Benzo(b)fluoranthene 80 78 40-140 3 30 

Benzo(k)fluoranthene 76 77 40-140 1 30 

Chrysene 74 77 40-140 4 30 

Acenaphthylene 99 70 40-140 34 Q 30 

Anthracene 74 76 40-140 3 30 

Benzo(ghi)perylene 64 78 40-140 20 30 

Fluorene 73 69 40-140 6 30 

Phenanthrene 80 82 40-140 2 30 

Dibenzo(a,h)anthracene 62 82 40-140 28 30 

Indeno(1,2,3-cd)Pyrene 63 82 40-140 26 30 

Pyrene 77 82 40-140 6 30 

Aniline 39 Q 32 Q 40-140 20 30 

4-Chloroaniline  56 40 40-140 33 Q 30 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01-12  Batch: WG465512-2 WG465512-3 

Dibenzofuran 72 69 40-140 4 30 

2-Methylnaphthalene 90 59 40-140 42 Q 30 

Acetophenone 92 67 40-140 31 Q 30 

2,4,6-Trichlorophenol 110 83 30-130 28 30 

2-Chlorophenol 72 61 30-130 17 30 

2,4-Dichlorophenol 92 68 30-130 30 30 

2,4-Dimethylphenol 85 68 30-130 22 30 

2-Nitrophenol 84 62 30-130 30 30 

4-Nitrophenol 87 90 30-130 3 30 

2,4-Dinitrophenol 54 53 30-130 2 30 

Pentachlorophenol 72 86 30-130 18 30 

Phenol 66 60 30-130 10 30 

2-Methylphenol 86 62 30-130 32 Q 30 

3-Methylphenol/4-Methylphenol 83 62 30-130 29 30 

2,4,5-Trichlorophenol  110 89 30-130 21 30 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01-12  Batch: WG465512-2 WG465512-3 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

2-Fluorophenol 73 60 30-130 

Phenol-d6 69 63 30-130 

Nitrobenzene-d5 80 59 30-130 

2-Fluorobiphenyl 98 64 30-130 

2,4,6-Tribromophenol 76 85 30-130 

4-Terphenyl-d14 82 84 30-130 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 13-19  Batch: WG465513-2 WG465513-3 

Acenaphthene 70 75 40-140 7 30 

1,2,4-Trichlorobenzene 65 72 40-140 10 30 

Hexachlorobenzene 74 80 40-140 8 30 

Bis(2-chloroethyl)ether 65 74 40-140 13 30 

2-Chloronaphthalene 82 88 40-140 7 30 

1,2-Dichlorobenzene 65 75 40-140 14 30 

1,3-Dichlorobenzene 64 73 40-140 13 30 

1,4-Dichlorobenzene 66 73 40-140 10 30 

3,3'-Dichlorobenzidine  50 58 40-140 15 30 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery LimitsQual RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 13-19  Batch: WG465513-2 WG465513-3 

2,4-Dinitrotoluene 89 94 40-140 5 30 

2,6-Dinitrotoluene 74 79 40-140 7 30 

Azobenzene 74 79 40-140 7 30 

Fluoranthene 81 87 40-140 7 30 

4-Bromophenyl phenyl ether 80 83 40-140 4 30 

Bis(2-chloroisopropyl)ether 61 72 40-140 17 30 

Bis(2-chloroethoxy)methane 64 72 40-140 12 30 

Hexachlorobutadiene 76 84 40-140 10 30 

Hexachloroethane 67 78 40-140 15 30 

Isophorone 65 75 40-140 14 30 

Naphthalene 68 74 40-140 8 30 

Nitrobenzene 73 81 40-140 10 30 

Bis(2-Ethylhexyl)phthalate 101 110 40-140 9 30 

Butyl benzyl phthalate 106 114 40-140 7 30 

Di-n-butylphthalate 96 102 40-140 6 30 

Di-n-octylphthalate 92 100 40-140 8 30 

Diethyl phthalate 82 88 40-140 7 30 

Dimethyl phthalate 81 85 40-140 5 30 

Benzo(a)anthracene 75 83 40-140 10 30 

Benzo(a)pyrene 72 78 40-140 8 30 

Benzo(b)fluoranthene  85 92 40-140 8 30 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 13-19  Batch: WG465513-2 WG465513-3 

Benzo(k)fluoranthene 78 85 40-140 9 30 

Chrysene 74 80 40-140 8 30 

Acenaphthylene 72 76 40-140 5 30 

Anthracene 77 83 40-140 8 30 

Benzo(ghi)perylene 80 89 40-140 11 30 

Fluorene 74 78 40-140 5 30 

Phenanthrene 81 88 40-140 8 30 

Dibenzo(a,h)anthracene 83 91 40-140 9 30 

Indeno(1,2,3-cd)Pyrene 81 90 40-140 11 30 

Pyrene 78 85 40-140 9 30 

Aniline 28 Q 34 Q 40-140 19 30 

4-Chloroaniline 39 Q 45 40-140 14 30 

Dibenzofuran 82 86 40-140 5 30 

2-Methylnaphthalene 65 73 40-140 12 30 

Acetophenone 76 87 40-140 13 30 

2,4,6-Trichlorophenol 77 83 30-130 8 30 

2-Chlorophenol 71 80 30-130 12 30 

2,4-Dichlorophenol 77 83 30-130 8 30 

2,4-Dimethylphenol 70 80 30-130 13 30 

2-Nitrophenol 69 81 30-130 16 30 

4-Nitrophenol  93 99 30-130 6 30 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 13-19  Batch: WG465513-2 WG465513-3 

2,4-Dinitrophenol 48 55 30-130 14 30 

Pentachlorophenol 80 86 30-130 7 30 

Phenol 69 76 30-130 10 30 

2-Methylphenol 70 78 30-130 11 30 

3-Methylphenol/4-Methylphenol 68 76 30-130 11 30 

2,4,5-Trichlorophenol  78 86 30-130 10 30 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

2-Fluorophenol 

Phenol-d6 

Nitrobenzene-d5 

2-Fluorobiphenyl 

2,4,6-Tribromophenol 

4-Terphenyl-d14 

71 

72 

68 

70 

82 

81 

81 

80 

78 

75 

90 

87 

30-130 

30-130 

30-130 

30-130 

30-130 

30-130 
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Serial_No:05091119:41 

PETROLEUM 

HYDROCARBONS
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 
SAMPLE RESULTS
 

Lab ID: L1105817-01 Date Collected: 04/25/11 07:30 
Client ID: TP-1 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 12:17
Analytical Date: 05/04/11 17:49 
Analyst: KG 
Percent Solids: 86% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 48400 ug/kg 38800 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 56 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-02 D Date Collected: 04/25/11 11:15 
Client ID: TP-2 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 06:14
Analytical Date: 05/04/11 13:53 
Analyst: MW 
Percent Solids: 85% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 2180000 ug/kg 192000 - 5 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 76 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-03 Date Collected: 04/25/11 12:35 
Client ID: TP-5 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 06:14
Analytical Date: 05/04/11 06:26 
Analyst: MW 
Percent Solids: 84% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 253000 ug/kg 78500 - 2 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 73 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-04 Date Collected: 04/25/11 13:00 
Client ID: TP-4 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 06:14
Analytical Date: 05/04/11 07:00 
Analyst: MW 
Percent Solids: 79% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 524000 ug/kg 40700 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 76 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-05 Date Collected: 04/25/11 13:47 
Client ID: TP-3 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 06:14
Analytical Date: 05/04/11 04:45 
Analyst: MW 
Percent Solids: 88% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 449000 ug/kg 36200 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 75 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-06 D Date Collected: 04/26/11 07:40 
Client ID: TP-7 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 06:14
Analytical Date: 05/04/11 17:49 
Analyst: MW 
Percent Solids: 78% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 1730000 ug/kg 421000 - 10 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 66 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-07 D Date Collected: 04/26/11 09:00 
Client ID: TP-6 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 06:14
Analytical Date: 05/05/11 11:10 
Analyst: MW 
Percent Solids: 70% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 5900000 ug/kg 463000 - 10 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 67 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-08 Date Collected: 04/26/11 11:00 
Client ID: TP-8 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 06:14
Analytical Date: 05/04/11 00:51 
Analyst: MW 
Percent Solids: 89% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/kg 36500 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 80 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-09 Date Collected: 04/26/11 13:54 
Client ID: TP-9 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 06:14
Analytical Date: 05/04/11 01:24 
Analyst: MW 
Percent Solids: 60% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/kg 52900 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 81 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-10 Date Collected: 04/26/11 15:20 
Client ID: TP-11 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 06:14
Analytical Date: 05/04/11 05:19 
Analyst: MW 
Percent Solids: 91% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 134000 ug/kg 35300 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 72 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-11 Date Collected: 04/27/11 08:30 
Client ID: TP-10 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 06:14
Analytical Date: 05/04/11 02:31 
Analyst: MW 
Percent Solids: 85% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 59100 ug/kg 37000 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 80 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-12 Date Collected: 04/27/11 09:30 
Client ID: TP-12 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 06:14
Analytical Date: 05/04/11 03:38 
Analyst: MW 
Percent Solids: 79% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 124000 ug/kg 40400 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 81 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-13 Date Collected: 04/27/11 11:00 
Client ID: TP-13A Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 08:57
Analytical Date: 05/04/11 05:52 
Analyst: MW 
Percent Solids: 81% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 247000 ug/kg 39100 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 77 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-14 Date Collected: 04/27/11 11:57 
Client ID: TP-14 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 08:57
Analytical Date: 05/04/11 03:05 
Analyst: MW 
Percent Solids: 88% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/kg 37200 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 82 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-15 Date Collected: 04/27/11 13:30 
Client ID: TP-16 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 08:57
Analytical Date: 05/04/11 01:58 
Analyst: MW 
Percent Solids: 84% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/kg 38800 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 81 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-16 Date Collected: 04/27/11 14:45 
Client ID: TP-17 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 08:57
Analytical Date: 05/04/11 08:07 
Analyst: MW 
Percent Solids: 81% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 365000 ug/kg 39500 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 71 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-17 Date Collected: 04/28/11 08:00 
Client ID: TP-13 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/03/11 08:57
Analytical Date: 05/04/11 04:12 
Analyst: MW 
Percent Solids: 81% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 45400 ug/kg 40300 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 77 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-18 D Date Collected: 04/25/11 00:00 
Client ID: DUPLICATE 1 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/01/11 03:15
Analytical Date: 05/04/11 16:41 
Analyst: KG 
Percent Solids: 88% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 630000 ug/kg 178000 - 5 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 67 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 
SAMPLE RESULTS 

Lab ID: L1105817-19 D Date Collected: 04/26/11 00:00 
Client ID: DUPLICATE 2 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/01/11 03:15
Analytical Date: 05/05/11 14:54 
Analyst: KG 
Percent Solids: 79% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 613000 ug/kg 200000 - 5 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 79 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 1,8015B(M) Extraction Method: EPA 3546 
Analytical Date: 05/02/11 16:42 Extraction Date: 05/01/11 03:15 
Analyst: KG 

Parameter Result RLUnitsQualifier MDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab for sample(s):   18-19  Batch: WG465572-1 

TPH ND 33300ug/kg -

Acceptance 
Surrogate %Recovery Qualifier Criteria 

o-Terphenyl 81 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 1,8015B(M) Extraction Method: EPA 3546 
Analytical Date: 05/03/11 23:10 Extraction Date: 05/03/11 06:14 
Analyst: MW 

Parameter Result RLUnitsQualifier MDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab for sample(s):   02-17  Batch: WG465819-1 

TPH ND 33300ug/kg -

Acceptance 
Surrogate %Recovery Qualifier Criteria 

o-Terphenyl 97 40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 1,8015B(M) Extraction Method: EPA 3546 
Analytical Date: 05/04/11 14:40 Extraction Date: 05/03/11 12:17 
Analyst: KG 

Parameter Result UnitsQualifier RL MDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab for sample(s):   01  Batch: WG465906-1 

TPH ND ug/kg 33900 -

Acceptance 
Surrogate %Recovery Qualifier Criteria 

o-Terphenyl 81 40-140 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 18-19  Batch: WG465572-2 

TPH 62 - 40-140 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

o-Terphenyl 76 40-140 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 02-17  Batch: WG465819-2 

TPH  64 - 40-140 

Surrogate %Recovery 
LCS 

Qual %Recovery 
LCSD 

Qual 
Acceptance 

Criteria 

o-Terphenyl 70 40-140 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 01  Batch: WG465906-2 

TPH  81 - 40-140 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

o-Terphenyl 80 40-140 
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Serial_No:05091119:41 

Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL NEW BEDFORD Batch Quality Control Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Units RPDParameter Native Sample Duplicate Sample RPD LimitsQual 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 18-19  QC Batch ID: WG465572-3  QC Sample: L1105817-18  Client ID: 
DUPLICATE 1 

TPH 630000 713000 ug/kg 12 40 

Acceptance 
Surrogate %Recovery Qualifier %Recovery Qualifier Criteria 

o-Terphenyl 67 70 40-140 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 02-17  QC Batch ID: WG465819-4  QC Sample: L1105817-08  Client ID: 
TP-8 

TPH ND ND ug/kg NC 40 

Acceptance 
Surrogate %Recovery Qualifier %Recovery Qualifier Criteria 

o-Terphenyl 80 68 40-140 
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Serial_No:05091119:41 

SOUTH TERMINAL NEW BEDFORD 

6690 

Project Name: 

Project Number: 

L1105817Lab Number: 

Report Date: 

Lab Duplicate Analysis 
Batch Quality Control 

05/09/11 

Units RPDParameter Native Sample Duplicate Sample RPD Limits 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 01  QC Batch ID: WG465906-3  QC Sample: L1105817-01  Client ID: TP-1 

TPH 48400 ND ug/kg NC 40 

Acceptance 
Surrogate %Recovery Qualifier %Recovery Qualifier Criteria 

o-Terphenyl 56 65 40-140 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1105817-05 
TP-3 
NEW BEDFORD 
Soil 
98,EPH-04-1.1 
05/03/11 02:47 
NH 
88% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

04/25/11 13:47 
04/28/11 
Not Specified 
EPA 3546 
04/29/11 10:59 
EPH-04-1 
05/02/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics 37.9 mg/kg 7.90 

C19-C36 Aliphatics 15.4 mg/kg 7.90 

C11-C22 Aromatics 244 mg/kg 7.90 

C11-C22 Aromatics, Adjusted 195 mg/kg 7.90 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

1 

1 

1 

1 

Chloro-Octadecane 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

79 

143 

75 

72 

40-140 

40-140 

40-140 

40-140 

Q 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

SAMPLE RESULTS
 

Lab ID: L1105817-05 D Date Collected: 04/25/11 13:47 
Client ID: TP-3 Date Received: 04/28/11 

Matrix: 
Sample Location: 

Analytical Method: 
Analytical Date: 
Analyst: 
Percent Solids:

Soil 
NEW BEDFORD 

100,VPH-04-1.1 
05/03/11 21:14 
TB 
88% 

Field Prep: Not Specified 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Were samples received in methanol? Yes (Covering the Soil) 

Methanol ratio: 1:1.6 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Volatile Petroleum Hydrocarbons - Westborough Lab 

C5-C8 Aliphatics ND mg/kg 21.8 

C9-C12 Aliphatics 85.4 mg/kg 21.8 

C9-C10 Aromatics 55.2 mg/kg 21.8 

C5-C8 Aliphatics, Adjusted ND mg/kg 21.8 

C9-C12 Aliphatics, Adjusted 30.2 mg/kg 21.8 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

-

10 

10 

10 

10 

10 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

161 

189 

70-130 

70-130 

Q 

Q 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

SAMPLE RESULTS
 

Lab ID: L1105817-07 D Date Collected: 04/26/11 09:00 
Client ID: TP-6 Date Received: 04/28/11 

Matrix: 
Sample Location: 

Analytical Method: 
Analytical Date: 
Analyst: 
Percent Solids:

Soil 
NEW BEDFORD 

100,VPH-04-1.1 
05/04/11 01:29 
TB 
70% 

Field Prep: Not Specified 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Were samples received in methanol? Yes (Covering the Soil) 

Methanol ratio: 1:1.4 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Volatile Petroleum Hydrocarbons - Westborough Lab 

C5-C8 Aliphatics ND mg/kg 153 

C9-C12 Aliphatics 342 mg/kg 153 

C9-C10 Aromatics 239 mg/kg 153 

C5-C8 Aliphatics, Adjusted ND mg/kg 153 

C9-C12 Aliphatics, Adjusted ND mg/kg 153 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

-

40 

40 

40 

40 

40 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

0 

0 

70-130 

70-130 

Q 

Q 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1105817-07 D 
TP-6 
NEW BEDFORD 
Soil 
98,EPH-04-1.1 
05/09/11 13:24 
NH 
70% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

04/26/11 09:00 
04/28/11 
Not Specified 
EPA 3546 
05/06/11 12:49 
EPH-04-1 
05/07/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics 76.0 mg/kg 47.3 

C19-C36 Aliphatics ND mg/kg 47.3 

C11-C22 Aromatics 2490 mg/kg 47.3 

C11-C22 Aromatics, Adjusted 1750 mg/kg 47.3 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

5 

5 

5 

5 

Chloro-Octadecane 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

83 

295 

131 

125 

40-140 

40-140 

40-140 

40-140 

Q 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1105817-18 
DUPLICATE 1 
NEW BEDFORD 
Soil 
98,EPH-04-1.1 
05/03/11 02:16 
NH 
88% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

04/25/11 00:00 
04/28/11 
Not Specified 
EPA 3546 
04/29/11 10:59 
EPH-04-1 
05/02/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics 86.5 mg/kg 7.16 

C19-C36 Aliphatics 28.6 mg/kg 7.16 

C11-C22 Aromatics 630 mg/kg 7.16 

C11-C22 Aromatics, Adjusted 493 mg/kg 7.16 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

1 

1 

1 

1 

Chloro-Octadecane 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

63 

288 

86 

85 

40-140 

40-140 

40-140 

40-140 

Q 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

SAMPLE RESULTS
 

Lab ID: L1105817-18 D Date Collected: 04/25/11 00:00 
Client ID: DUPLICATE 1 Date Received: 04/28/11 

Matrix: 
Sample Location: 

Analytical Method: 
Analytical Date: 
Analyst: 
Percent Solids:

Soil 
NEW BEDFORD 

100,VPH-04-1.1 
05/05/11 00:58 
TT 
88% 

Field Prep: Not Specified 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Were samples received in methanol? Yes (Covering the Soil) 

Methanol ratio: 1:1.8 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Volatile Petroleum Hydrocarbons - Westborough Lab 

C5-C8 Aliphatics 34.8 mg/kg 10.3 

C9-C12 Aliphatics 205 mg/kg 10.3 

C9-C10 Aromatics 67.9 mg/kg 10.3 

C5-C8 Aliphatics, Adjusted 29.4 mg/kg 10.3 

C9-C12 Aliphatics, Adjusted 103 mg/kg 10.3 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

-

5 

5 

5 

5 

5 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

125 

144 

70-130 

70-130Q 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

SAMPLE RESULTS
 

Lab ID: L1105817-19 D Date Collected: 04/26/11 00:00 
Client ID: DUPLICATE 2 Date Received: 04/28/11 

Matrix: 
Sample Location: 

Analytical Method: 
Analytical Date: 
Analyst: 
Percent Solids:

Soil 
NEW BEDFORD 

100,VPH-04-1.1 
05/03/11 22:56 
TB 
79% 

Field Prep: Not Specified 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Were samples received in methanol? Yes (Covering the Soil) 

Methanol ratio: 1:1 +/- 25% 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Volatile Petroleum Hydrocarbons - Westborough Lab 

C5-C8 Aliphatics ND mg/kg 46.2 

C9-C12 Aliphatics 131 mg/kg 46.2 

C9-C10 Aromatics 90.7 mg/kg 46.2 

C5-C8 Aliphatics, Adjusted ND mg/kg 46.2 

C9-C12 Aliphatics, Adjusted ND mg/kg 46.2 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

-

10 

10 

10 

10 

10 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

102 

107 

70-130 

70-130 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1105817-19 D 
DUPLICATE 2 
NEW BEDFORD 
Soil 
98,EPH-04-1.1 
05/03/11 16:41 
NH 
79% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

04/26/11 00:00 
04/28/11 
Not Specified 
EPA 3546 
04/29/11 10:59 
EPH-04-1 
05/02/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics 643 mg/kg 432 

C19-C36 Aliphatics ND mg/kg 432 

C11-C22 Aromatics 19300 mg/kg 432 

C11-C22 Aromatics, Adjusted 12600 mg/kg 432 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

50 

50 

50 

50 

Chloro-Octadecane 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

0 

0 

68 

64 

40-140 

40-140 

40-140 

40-140 

Q 

Q 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 98,EPH-04-1.1 Extraction Method: EPA 3546 
Analytical Date: 05/02/11 10:37 Extraction Date: 04/29/11 10:59 
Analyst: NH Cleanup Method1: EPH-04-1 

Cleanup Date1: 05/02/11 

Parameter Result UnitsQualifier 

Extractable Petroleum Hydrocarbons - Westborough Lab for sample(s):   
1 

RL 

05,18-19  Batch: 

MDL 

WG465354

C9-C18 Aliphatics ND mg/kg 

C19-C36 Aliphatics ND mg/kg 

C11-C22 Aromatics ND mg/kg 

C11-C22 Aromatics, Adjusted ND mg/kg 

6.66 

6.66 

6.66 

6.66 

-

-

-

-

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 49 40-140 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

51 

58 

60 

40-140 

40-140 

40-140 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 100,VPH-04-1.1 
Analytical Date: 05/03/11 11:15 
Analyst: TB 

Parameter Result Qualifier Units RL MDL 

Volatile Petroleum Hydrocarbons - Westborough Lab for sample(s):   05,07,19  Batch: WG465872-3 

C5-C8 Aliphatics ND mg/kg 2.67 -

C9-C12 Aliphatics ND mg/kg 2.67 -

C9-C10 Aromatics ND mg/kg 2.67 -

C5-C8 Aliphatics, Adjusted ND mg/kg 2.67 -

C9-C12 Aliphatics, Adjusted ND mg/kg 2.67 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

84 

95 

70-130 

70-130 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 100,VPH-04-1.1 
Analytical Date: 05/04/11 12:14 
Analyst: TT 

Parameter Result Qualifier Units RL MDL 

Volatile Petroleum Hydrocarbons - Westborough Lab for sample(s):   18  Batch: WG466081-3 

C5-C8 Aliphatics ND mg/kg 2.67 -

C9-C12 Aliphatics ND mg/kg 2.67 -

C9-C10 Aromatics ND mg/kg 2.67 -

C5-C8 Aliphatics, Adjusted ND mg/kg 2.67 -

C9-C12 Aliphatics, Adjusted ND mg/kg 2.67 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

96 

101 

70-130 

70-130 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 05,18-19  Batch: WG465354-2 WG465354-3 

C9-C18 Aliphatics 53 58 40-140 9 25 

C19-C36 Aliphatics 70 74 40-140 6 25 

C11-C22 Aromatics 75 69 40-140 8 25 

Naphthalene 62 64 40-140 3 25 

2-Methylnaphthalene 68 69 40-140 1 25 

Acenaphthylene 56 57 40-140 2 25 

Acenaphthene 66 66 40-140 0 25 

Fluorene 67 64 40-140 5 25 

Phenanthrene 71 68 40-140 4 25 

Anthracene 68 66 40-140 3 25 

Fluoranthene 77 72 40-140 7 25 

Pyrene 77 74 40-140 4 25 

Benzo(a)anthracene 72 68 40-140 6 25 

Chrysene 77 72 40-140 7 25 

Benzo(b)fluoranthene 76 73 40-140 4 25 

Benzo(k)fluoranthene 81 73 40-140 10 25 

Benzo(a)pyrene 65 64 40-140 2 25 

Indeno(1,2,3-cd)Pyrene 77 72 40-140 7 25 

Dibenzo(a,h)anthracene 68 65 40-140 5 25 

Benzo(ghi)perylene 76 72 40-140 5 25 

Nonane (C9)  45 50 30-140 11 25 

Page 122 of 200 



        

Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

Lab Control Sample Analysis 
Batch Quality Control 

Lab Number: 

Report Date: 

L1105817 

05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 05,18-19  Batch: WG465354-2 WG465354-3 

Decane (C10) 53 59 40-140 11 25 

Dodecane (C12) 57 62 40-140 8 25 

Tetradecane (C14) 58 63 40-140 8 25 

Hexadecane (C16) 62 67 40-140 8 25 

Octadecane (C18) 67 72 40-140 7 25 

Nonadecane (C19) 69 75 40-140 8 25 

Eicosane (C20) 70 75 40-140 7 25 

Docosane (C22) 71 76 40-140 7 25 

Tetracosane (C24) 72 76 40-140 5 25 

Hexacosane (C26) 72 76 40-140 5 25 

Octacosane (C28) 70 74 40-140 6 25 

Triacontane (C30) 73 76 40-140 4 25 

Hexatriacontane (C36)  76 78 40-140 3 25 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

Chloro-Octadecane 55 69 40-140 

o-Terphenyl 76 70 40-140 

2-Fluorobiphenyl 72 65 40-140 

2-Bromonaphthalene 72 69 40-140 

% Naphthalene Breakthrough 0 0 

% 2-Methylnaphthalene Breakthrough 0 0 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Volatile Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 05,07,19  Batch: WG465872-1 WG465872-2 

C5-C8 Aliphatics 77 89 70-130 15 25
 

C9-C12 Aliphatics 81 90 70-130 10 25
 

C9-C10 Aromatics 78 89 70-130 13 25
 

Benzene 77 86 70-130 12 25
 

Toluene 77 88 70-130 13 25
 

Ethylbenzene 75 86 70-130 14 25
 

p/m-Xylene 79 90 70-130 14 25
 

o-Xylene 77 88 70-130 14 25
 

Methyl tert butyl ether 82 97 70-130 17 25
 

Naphthalene 82 98 70-130 17 25
 

1,2,4-Trimethylbenzene 78 89 70-130 13 25
 

Pentane 71 81 70-130 13 25
 

2-Methylpentane 77 88 70-130 14 25
 

2,2,4-Trimethylpentane 80 96 70-130 18 25
 

n-Nonane 82 94 30-130 13 25
 

n-Decane 79 86 70-130 8 25
 

n-Butylcyclohexane  84 95 70-130 12 25
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

Lab Control Sample Analysis 
Batch Quality Control 

Lab Number: 

Report Date: 

L1105817 

05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Volatile Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 05,07,19  Batch: WG465872-1 WG465872-2 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

2,5-Dibromotoluene-PID 80 91 70-130 

2,5-Dibromotoluene-FID 90 105 70-130 

Volatile Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 18  Batch: WG466081-1 WG466081-2 

C5-C8 Aliphatics 93 89 70-130 5 25 

C9-C12 Aliphatics 89 90 70-130 1 25 

C9-C10 Aromatics 89 90 70-130 1 25 

Benzene 87 89 70-130 2 25 

Toluene 89 90 70-130 2 25 

Ethylbenzene 91 92 70-130 1 25 

p/m-Xylene 91 91 70-130 0 25 

o-Xylene 87 87 70-130 0 25 

Methyl tert butyl ether  75 82 70-130 8 25 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Volatile Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 18  Batch: WG466081-1 WG466081-2 

Naphthalene 86 94 70-130 9 25
 

1,2,4-Trimethylbenzene 89 90 70-130 1 25
 

Pentane 108 119 70-130 10 25
 

2-Methylpentane 89 92 70-130 3 25
 

2,2,4-Trimethylpentane 91 96 70-130 5 25
 

n-Nonane 91 94 30-130 3 25
 

n-Decane 85 85 70-130 0 25
 

n-Butylcyclohexane  90 93 70-130 3 25
 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

2,5-Dibromotoluene-PID 80 85 70-130
 

2,5-Dibromotoluene-FID 81 89 70-130
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Serial_No:05091119:41 

METALS
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FF Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-1Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-01Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  86% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/25/11 07:30 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total ND mg/kg 20.039 -

Arsenic, Total 1.66 mg/kg 20.038 -

Beryllium, Total 0.124 mg/kg 20.038 -

Cadmium, Total 0.066 mg/kg 20.038 -

Chromium, Total 4.08 mg/kg 20.151 -

Copper, Total 13.8 mg/kg 20.076 -

Lead, Total 11.7 mg/kg 20.038 -

Mercury, Total 0.073 mg/kg 50.013 -

Nickel, Total 2.92 mg/kg 20.076 -

Selenium, Total 0.273 mg/kg 20.076 -

Silver, Total 0.074 mg/kg 20.039 -

Thallium, Total 0.085 mg/kg 20.038 -

Zinc, Total 17.4 mg/kg 20.755 -

05/05/11 09:0805/02/11 17:30 

05/04/11 12:0605/02/11 17:30 

05/04/11 12:0605/02/11 17:30 

05/04/11 12:0605/02/11 17:30 

05/04/11 12:0605/02/11 17:30 

05/04/11 12:0605/02/11 17:30 

05/04/11 12:0605/02/11 17:30 

05/04/11 12:5405/02/11 17:30 

05/04/11 12:0605/02/11 17:30 

05/04/11 13:5705/02/11 17:30 

05/05/11 09:0805/02/11 17:30 

05/04/11 12:0605/02/11 17:30 

05/04/11 12:0605/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-2Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-02Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  85% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/25/11 11:15 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.126 mg/kg 20.039 -

Arsenic, Total 1.67 mg/kg 20.037 -

Beryllium, Total 0.138 mg/kg 20.037 -

Cadmium, Total 0.269 mg/kg 20.037 -

Chromium, Total 4.87 mg/kg 20.146 -

Copper, Total 12.5 mg/kg 20.073 -

Lead, Total 126 mg/kg 20.037 -

Mercury, Total 0.151 mg/kg 50.013 -

Nickel, Total 6.01 mg/kg 20.073 -

Selenium, Total 0.253 mg/kg 20.073 -

Silver, Total 0.078 mg/kg 20.039 -

Thallium, Total 0.053 mg/kg 20.037 -

Zinc, Total 132 mg/kg 20.731 -

05/05/11 09:1005/02/11 17:30 

05/04/11 12:1505/02/11 17:30 

05/04/11 12:1505/02/11 17:30 

05/04/11 12:1505/02/11 17:30 

05/04/11 12:1505/02/11 17:30 

05/04/11 12:1505/02/11 17:30 

05/04/11 12:1505/02/11 17:30 

05/04/11 13:0605/02/11 17:30 

05/04/11 12:1505/02/11 17:30 

05/04/11 13:5905/02/11 17:30 

05/05/11 09:1005/02/11 17:30 

05/04/11 12:1505/02/11 17:30 

05/04/11 12:1505/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-5Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-03Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  84% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/25/11 12:35 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.472 mg/kg 20.037 -

Arsenic, Total 6.37 mg/kg 20.039 -

Beryllium, Total 0.202 mg/kg 20.039 -

Cadmium, Total 0.570 mg/kg 20.039 -

Chromium, Total 5.80 mg/kg 20.158 -

Copper, Total 21.9 mg/kg 20.079 -

Lead, Total 580 mg/kg 50.099 -

Mercury, Total 0.134 mg/kg 50.014 -

Nickel, Total 5.95 mg/kg 20.079 -

Selenium, Total 0.549 mg/kg 20.079 -

Silver, Total 0.149 mg/kg 20.037 -

Thallium, Total 0.127 mg/kg 20.039 -

Zinc, Total 200 mg/kg 20.788 -

05/05/11 09:1305/02/11 17:30 

05/04/11 12:1605/02/11 17:30 

05/04/11 12:1605/02/11 17:30 

05/04/11 12:1605/02/11 17:30 

05/04/11 12:1605/02/11 17:30 

05/04/11 12:1605/02/11 17:30 

05/04/11 12:4905/02/11 17:30 

05/04/11 13:0905/02/11 17:30 

05/04/11 12:1605/02/11 17:30 

05/04/11 14:0205/02/11 17:30 

05/05/11 09:1305/02/11 17:30 

05/04/11 12:1605/02/11 17:30 

05/04/11 12:1605/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-4Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-04Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  79% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/25/11 13:00 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.857 mg/kg 20.040 -

Arsenic, Total 5.35 mg/kg 20.040 -

Beryllium, Total 0.672 mg/kg 20.040 -

Cadmium, Total 3.68 mg/kg 20.040 -

Chromium, Total 11.3 mg/kg 20.161 -

Copper, Total 110 mg/kg 20.081 -

Lead, Total 252 mg/kg 50.101 -

Mercury, Total 0.084 mg/kg 50.015 -

Nickel, Total 11.0 mg/kg 20.081 -

Selenium, Total 0.936 mg/kg 20.081 -

Silver, Total 0.166 mg/kg 20.040 -

Thallium, Total 0.201 mg/kg 50.101 -

Zinc, Total 240 mg/kg 20.806 -

05/05/11 09:1305/02/11 17:30 

05/04/11 12:1705/02/11 17:30 

05/04/11 12:1705/02/11 17:30 

05/04/11 12:1705/02/11 17:30 

05/04/11 12:1705/02/11 17:30 

05/04/11 12:1705/02/11 17:30 

05/04/11 12:5005/02/11 17:30 

05/04/11 13:1105/02/11 17:30 

05/04/11 12:1705/02/11 17:30 

05/04/11 14:0205/02/11 17:30 

05/05/11 09:1305/02/11 17:30 

05/04/11 12:5005/02/11 17:30 

05/04/11 12:1705/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-3Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-05Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  88% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/25/11 13:47 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total ND mg/kg 20.037 -

Arsenic, Total 1.20 mg/kg 20.034 -

Beryllium, Total 0.230 mg/kg 20.034 -

Cadmium, Total ND mg/kg 20.034 -

Chromium, Total 8.92 mg/kg 20.136 -

Copper, Total 6.04 mg/kg 20.068 -

Lead, Total 4.41 mg/kg 20.034 -

Mercury, Total ND mg/kg 50.013 -

Nickel, Total 5.84 mg/kg 20.068 -

Selenium, Total 0.249 mg/kg 20.068 -

Silver, Total 0.038 mg/kg 20.037 -

Thallium, Total 0.037 mg/kg 20.034 -

Zinc, Total 15.9 mg/kg 20.680 -

05/05/11 09:1405/02/11 17:30 

05/04/11 12:1905/02/11 17:30 

05/04/11 12:1905/02/11 17:30 

05/04/11 12:1905/02/11 17:30 

05/04/11 12:1905/02/11 17:30 

05/04/11 12:1905/02/11 17:30 

05/04/11 12:1905/02/11 17:30 

05/04/11 13:1405/02/11 17:30 

05/04/11 12:1905/02/11 17:30 

05/04/11 14:0305/02/11 17:30 

05/05/11 09:1405/02/11 17:30 

05/04/11 12:1905/02/11 17:30 

05/04/11 12:1905/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-7Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-06Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  78% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/26/11 07:40 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.064 mg/kg 20.040 -

Arsenic, Total 2.20 mg/kg 20.037 -

Beryllium, Total 0.230 mg/kg 20.037 -

Cadmium, Total 0.072 mg/kg 20.037 -

Chromium, Total 6.30 mg/kg 20.147 -

Copper, Total 22.4 mg/kg 20.074 -

Lead, Total 55.6 mg/kg 20.037 -

Mercury, Total 0.100 mg/kg 50.014 -

Nickel, Total 5.02 mg/kg 20.074 -

Selenium, Total 0.429 mg/kg 20.074 -

Silver, Total 0.097 mg/kg 20.040 -

Thallium, Total ND mg/kg 20.037 -

Zinc, Total 34.5 mg/kg 20.737 -

05/05/11 09:1505/02/11 17:30 

05/04/11 12:2005/02/11 17:30 

05/04/11 12:2005/02/11 17:30 

05/04/11 12:2005/02/11 17:30 

05/04/11 12:2005/02/11 17:30 

05/04/11 12:2005/02/11 17:30 

05/04/11 12:2005/02/11 17:30 

05/04/11 13:2305/02/11 17:30 

05/04/11 12:2005/02/11 17:30 

05/04/11 14:0405/02/11 17:30 

05/05/11 09:1505/02/11 17:30 

05/04/11 12:2005/02/11 17:30 

05/04/11 12:2005/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-6Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-07Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  70% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/26/11 09:00 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.195 mg/kg 20.047 -

Arsenic, Total 5.10 mg/kg 20.045 -

Beryllium, Total 0.232 mg/kg 20.045 -

Cadmium, Total 0.186 mg/kg 20.045 -

Chromium, Total 3.96 mg/kg 20.181 -

Copper, Total 44.0 mg/kg 20.090 -

Lead, Total 74.5 mg/kg 20.045 -

Mercury, Total 0.050 mg/kg 50.015 -

Nickel, Total 7.29 mg/kg 20.090 -

Selenium, Total 0.800 mg/kg 20.090 -

Silver, Total 0.087 mg/kg 20.047 -

Thallium, Total 0.206 mg/kg 20.045 -

Zinc, Total 27.8 mg/kg 20.904 -

05/05/11 09:1505/02/11 17:30 

05/04/11 12:2205/02/11 17:30 

05/04/11 12:2205/02/11 17:30 

05/04/11 12:2205/02/11 17:30 

05/04/11 12:2205/02/11 17:30 

05/04/11 12:2205/02/11 17:30 

05/04/11 12:2205/02/11 17:30 

05/04/11 13:2505/02/11 17:30 

05/04/11 12:2205/02/11 17:30 

05/04/11 14:0405/02/11 17:30 

05/05/11 09:1505/02/11 17:30 

05/04/11 12:2205/02/11 17:30 

05/04/11 12:2205/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-8Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-08Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  89% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/26/11 11:00 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total ND mg/kg 20.033 -

Arsenic, Total 0.484 mg/kg 20.031 -

Beryllium, Total 0.061 mg/kg 20.031 -

Cadmium, Total ND mg/kg 20.031 -

Chromium, Total 2.04 mg/kg 20.125 -

Copper, Total 3.55 mg/kg 20.062 -

Lead, Total 1.96 mg/kg 20.031 -

Mercury, Total ND mg/kg 50.014 -

Nickel, Total 1.34 mg/kg 20.062 -

Selenium, Total 0.129 mg/kg 20.062 -

Silver, Total ND mg/kg 20.033 -

Thallium, Total ND mg/kg 20.031 -

Zinc, Total 4.39 mg/kg 20.624 -

05/05/11 09:1605/02/11 17:30 

05/04/11 12:2305/02/11 17:30 

05/04/11 12:2305/02/11 17:30 

05/04/11 12:2305/02/11 17:30 

05/04/11 12:2305/02/11 17:30 

05/04/11 12:2305/02/11 17:30 

05/04/11 12:2305/02/11 17:30 

05/04/11 13:2805/02/11 17:30 

05/04/11 12:2305/02/11 17:30 

05/04/11 14:0505/02/11 17:30 

05/05/11 09:1605/02/11 17:30 

05/04/11 12:2305/02/11 17:30 

05/04/11 12:2305/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-9Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-09Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  60% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/26/11 13:54 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.354 mg/kg 20.051 -

Arsenic, Total 5.53 mg/kg 20.049 -

Beryllium, Total 0.236 mg/kg 20.049 -

Cadmium, Total 0.218 mg/kg 20.049 -

Chromium, Total 6.45 mg/kg 20.196 -

Copper, Total 71.8 mg/kg 20.098 -

Lead, Total 30.2 mg/kg 20.049 -

Mercury, Total 0.021 mg/kg 50.018 -

Nickel, Total 5.79 mg/kg 20.098 -

Selenium, Total 2.44 mg/kg 20.098 -

Silver, Total 0.120 mg/kg 20.051 -

Thallium, Total 0.138 mg/kg 20.049 -

Zinc, Total 78.8 mg/kg 20.980 -

05/05/11 09:1705/02/11 17:30 

05/04/11 12:2405/02/11 17:30 

05/04/11 12:2405/02/11 17:30 

05/04/11 12:2405/02/11 17:30 

05/04/11 12:2405/02/11 17:30 

05/04/11 12:2405/02/11 17:30 

05/04/11 12:2405/02/11 17:30 

05/04/11 13:3105/02/11 17:30 

05/04/11 12:2405/02/11 17:30 

05/04/11 14:0605/02/11 17:30 

05/05/11 09:1705/02/11 17:30 

05/04/11 12:2405/02/11 17:30 

05/04/11 12:2405/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-11Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-10Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  91% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/26/11 15:20 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.162 mg/kg 20.033 -

Arsenic, Total 0.641 mg/kg 20.032 -

Beryllium, Total 0.090 mg/kg 20.032 -

Cadmium, Total 0.072 mg/kg 20.032 -

Chromium, Total 2.90 mg/kg 20.126 -

Copper, Total 5.03 mg/kg 20.063 -

Lead, Total 16.2 mg/kg 20.032 -

Mercury, Total ND mg/kg 50.012 -

Nickel, Total 2.08 mg/kg 20.063 -

Selenium, Total 0.248 mg/kg 20.063 -

Silver, Total ND mg/kg 20.033 -

Thallium, Total 0.039 mg/kg 20.032 -

Zinc, Total 12.8 mg/kg 20.632 -

05/05/11 09:1805/02/11 17:30 

05/04/11 12:2605/02/11 17:30 

05/04/11 12:2605/02/11 17:30 

05/04/11 12:2605/02/11 17:30 

05/04/11 12:2605/02/11 17:30 

05/04/11 12:2605/02/11 17:30 

05/04/11 12:2605/02/11 17:30 

05/04/11 13:3305/02/11 17:30 

05/04/11 12:2605/02/11 17:30 

05/04/11 14:0705/02/11 17:30 

05/05/11 09:1805/02/11 17:30 

05/04/11 12:2605/02/11 17:30 

05/04/11 12:2605/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-10Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-11Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  85% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/27/11 08:30 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.164 mg/kg 20.038 -

Arsenic, Total 1.57 mg/kg 20.033 -

Beryllium, Total 0.221 mg/kg 20.033 -

Cadmium, Total 0.101 mg/kg 20.033 -

Chromium, Total 8.12 mg/kg 20.134 -

Copper, Total 17.6 mg/kg 20.067 -

Lead, Total 60.4 mg/kg 20.033 -

Mercury, Total 0.022 mg/kg 50.013 -

Nickel, Total 3.29 mg/kg 20.067 -

Selenium, Total 0.574 mg/kg 20.067 -

Silver, Total 0.081 mg/kg 20.038 -

Thallium, Total 0.047 mg/kg 20.033 -

Zinc, Total 31.0 mg/kg 20.668 -

05/05/11 09:1805/02/11 17:30 

05/04/11 12:2705/02/11 17:30 

05/04/11 12:2705/02/11 17:30 

05/04/11 12:2705/02/11 17:30 

05/04/11 12:2705/02/11 17:30 

05/04/11 12:2705/02/11 17:30 

05/04/11 12:2705/02/11 17:30 

05/04/11 13:3605/02/11 17:30 

05/04/11 12:2705/02/11 17:30 

05/04/11 14:0705/02/11 17:30 

05/05/11 09:1805/02/11 17:30 

05/04/11 12:2705/02/11 17:30 

05/04/11 12:2705/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-12Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-12Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  79% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/27/11 09:30 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.186 mg/kg 20.036 -

Arsenic, Total 7.46 mg/kg 20.040 -

Beryllium, Total 0.451 mg/kg 20.040 -

Cadmium, Total 0.237 mg/kg 20.040 -

Chromium, Total 5.92 mg/kg 20.160 -

Copper, Total 37.7 mg/kg 20.080 -

Lead, Total 164 mg/kg 20.040 -

Mercury, Total 0.290 mg/kg 50.016 -

Nickel, Total 7.92 mg/kg 20.080 -

Selenium, Total 1.42 mg/kg 20.080 -

Silver, Total 0.122 mg/kg 20.036 -

Thallium, Total 0.297 mg/kg 20.040 -

Zinc, Total 85.5 mg/kg 20.801 -

05/05/11 09:1905/02/11 17:30 

05/04/11 12:3105/02/11 17:30 

05/04/11 12:3105/02/11 17:30 

05/04/11 12:3105/02/11 17:30 

05/04/11 12:3105/02/11 17:30 

05/04/11 12:3105/02/11 17:30 

05/04/11 12:3105/02/11 17:30 

05/04/11 13:3805/02/11 17:30 

05/04/11 12:3105/02/11 17:30 

05/04/11 14:0805/02/11 17:30 

05/05/11 09:1905/02/11 17:30 

05/04/11 12:3105/02/11 17:30 

05/04/11 12:3105/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-13AClient ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-13Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  81% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/27/11 11:00 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.156 mg/kg 20.039 -

Arsenic, Total 2.76 mg/kg 20.037 -

Beryllium, Total 0.211 mg/kg 20.037 -

Cadmium, Total 0.149 mg/kg 20.037 -

Chromium, Total 5.86 mg/kg 20.148 -

Copper, Total 9.97 mg/kg 20.074 -

Lead, Total 50.2 mg/kg 20.037 -

Mercury, Total 0.025 mg/kg 50.014 -

Nickel, Total 3.88 mg/kg 20.074 -

Selenium, Total 0.794 mg/kg 20.074 -

Silver, Total ND mg/kg 20.039 -

Thallium, Total 0.089 mg/kg 20.037 -

Zinc, Total 35.2 mg/kg 20.739 -

05/05/11 09:2105/02/11 17:30 

05/04/11 12:3205/02/11 17:30 

05/04/11 12:3205/02/11 17:30 

05/04/11 12:3205/02/11 17:30 

05/04/11 12:3205/02/11 17:30 

05/04/11 12:3205/02/11 17:30 

05/04/11 12:3205/02/11 17:30 

05/04/11 13:4105/02/11 17:30 

05/04/11 12:3205/02/11 17:30 

05/04/11 14:1005/02/11 17:30 

05/05/11 09:2105/02/11 17:30 

05/04/11 12:3205/02/11 17:30 

05/04/11 12:3205/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-14Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-14Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  88% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/27/11 11:57 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.103 mg/kg 20.036 -

Arsenic, Total 2.68 mg/kg 20.036 -

Beryllium, Total 0.204 mg/kg 20.036 -

Cadmium, Total 0.064 mg/kg 20.036 -

Chromium, Total 5.15 mg/kg 20.144 -

Copper, Total 19.2 mg/kg 20.072 -

Lead, Total 26.9 mg/kg 20.036 -

Mercury, Total 0.067 mg/kg 50.012 -

Nickel, Total 7.99 mg/kg 20.072 -

Selenium, Total 0.528 mg/kg 20.072 -

Silver, Total 0.045 mg/kg 20.036 -

Thallium, Total 0.076 mg/kg 20.036 -

Zinc, Total 21.1 mg/kg 20.719 -

05/05/11 09:2205/02/11 17:30 

05/04/11 12:3405/02/11 17:30 

05/04/11 12:3405/02/11 17:30 

05/04/11 12:3405/02/11 17:30 

05/04/11 12:3405/02/11 17:30 

05/04/11 12:3405/02/11 17:30 

05/04/11 12:3405/02/11 17:30 

05/04/11 13:4405/02/11 17:30 

05/04/11 12:3405/02/11 17:30 

05/04/11 14:1105/02/11 17:30 

05/05/11 09:2205/02/11 17:30 

05/04/11 12:3405/02/11 17:30 

05/04/11 12:3405/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-16Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-15Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  84% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/27/11 13:30 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.110 mg/kg 20.037 -

Arsenic, Total 1.58 mg/kg 20.039 -

Beryllium, Total 0.217 mg/kg 20.039 -

Cadmium, Total 0.055 mg/kg 20.039 -

Chromium, Total 5.72 mg/kg 20.157 -

Copper, Total 6.53 mg/kg 20.078 -

Lead, Total 10.2 mg/kg 20.039 -

Mercury, Total 0.016 mg/kg 50.014 -

Nickel, Total 3.82 mg/kg 20.078 -

Selenium, Total 0.517 mg/kg 20.078 -

Silver, Total 0.049 mg/kg 20.037 -

Thallium, Total 0.060 mg/kg 20.039 -

Zinc, Total 28.0 mg/kg 20.783 -

05/05/11 09:2205/02/11 17:30 

05/04/11 12:3505/02/11 17:30 

05/04/11 12:3505/02/11 17:30 

05/04/11 12:3505/02/11 17:30 

05/04/11 12:3505/02/11 17:30 

05/04/11 12:3505/02/11 17:30 

05/04/11 12:3505/02/11 17:30 

05/04/11 13:4705/02/11 17:30 

05/04/11 12:3505/02/11 17:30 

05/04/11 14:1205/02/11 17:30 

05/05/11 09:2205/02/11 17:30 

05/04/11 12:3505/02/11 17:30 

05/04/11 12:3505/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-17Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-16Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  81% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/27/11 14:45 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 1.88 mg/kg 20.036 -

Arsenic, Total 5.08 mg/kg 20.038 -

Beryllium, Total 0.361 mg/kg 20.038 -

Cadmium, Total 0.879 mg/kg 20.038 -

Chromium, Total 10.2 mg/kg 20.152 -

Copper, Total 82.5 mg/kg 20.076 -

Lead, Total 561 mg/kg 50.095 -

Mercury, Total 0.426 mg/kg 50.015 -

Nickel, Total 8.52 mg/kg 20.076 -

Selenium, Total 0.920 mg/kg 20.076 -

Silver, Total 0.239 mg/kg 20.036 -

Thallium, Total 0.150 mg/kg 20.038 -

Zinc, Total 230 mg/kg 20.762 -

05/05/11 09:2305/02/11 17:30 

05/04/11 12:3705/02/11 17:30 

05/04/11 12:3705/02/11 17:30 

05/04/11 12:3705/02/11 17:30 

05/04/11 12:3705/02/11 17:30 

05/04/11 12:3705/02/11 17:30 

05/04/11 12:5205/02/11 17:30 

05/04/11 13:5605/02/11 17:30 

05/04/11 12:3705/02/11 17:30 

05/04/11 14:1205/02/11 17:30 

05/05/11 09:2305/02/11 17:30 

05/04/11 12:3705/02/11 17:30 

05/04/11 12:3705/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-13Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-17Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  81% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/28/11 08:00 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.168 mg/kg 20.040 -

Arsenic, Total 2.63 mg/kg 20.039 -

Beryllium, Total 0.238 mg/kg 20.039 -

Cadmium, Total 0.101 mg/kg 20.039 -

Chromium, Total 6.10 mg/kg 20.154 -

Copper, Total 11.1 mg/kg 20.077 -

Lead, Total 34.0 mg/kg 20.039 -

Mercury, Total 0.020 mg/kg 50.014 -

Nickel, Total 4.04 mg/kg 20.077 -

Selenium, Total 0.828 mg/kg 20.077 -

Silver, Total 0.043 mg/kg 20.040 -

Thallium, Total 0.090 mg/kg 20.039 -

Zinc, Total 27.3 mg/kg 20.772 -

05/05/11 09:2405/02/11 17:30 

05/04/11 12:3805/02/11 17:30 

05/04/11 12:3805/02/11 17:30 

05/04/11 12:3805/02/11 17:30 

05/04/11 12:3805/02/11 17:30 

05/04/11 12:3805/02/11 17:30 

05/04/11 12:3805/02/11 17:30 

05/04/11 13:5805/02/11 17:30 

05/04/11 12:3805/02/11 17:30 

05/04/11 14:1305/02/11 17:30 

05/05/11 09:2405/02/11 17:30 

05/04/11 12:3805/02/11 17:30 

05/04/11 12:3805/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

DUPLICATE 1Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-18Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  88% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/25/11 00:00 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total ND mg/kg 20.032 -

Arsenic, Total 1.04 mg/kg 20.035 -

Beryllium, Total 0.211 mg/kg 20.035 -

Cadmium, Total 0.046 mg/kg 20.035 -

Chromium, Total 8.32 mg/kg 20.138 -

Copper, Total 6.40 mg/kg 20.069 -

Lead, Total 7.63 mg/kg 20.035 -

Mercury, Total ND mg/kg 50.013 -

Nickel, Total 5.50 mg/kg 20.069 -

Selenium, Total 0.256 mg/kg 20.069 -

Silver, Total ND mg/kg 20.032 -

Thallium, Total 0.047 mg/kg 20.035 -

Zinc, Total 17.8 mg/kg 20.693 -

05/05/11 09:2505/02/11 17:30 

05/04/11 12:3905/02/11 17:30 

05/04/11 12:3905/02/11 17:30 

05/04/11 12:3905/02/11 17:30 

05/04/11 12:3905/02/11 17:30 

05/04/11 12:3905/02/11 17:30 

05/04/11 12:3905/02/11 17:30 

05/04/11 14:0105/02/11 17:30 

05/04/11 12:3905/02/11 17:30 

05/04/11 14:1405/02/11 17:30 

05/05/11 09:2505/02/11 17:30 

05/04/11 12:3905/02/11 17:30 

05/04/11 12:3905/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

DUPLICATE 2Client ID: 

Matrix: Soil 
NEW BEDFORDSample Location: 

L1105817-19Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  79% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1105817 

05/09/11 

04/26/11 00:00 
04/28/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.133 mg/kg 20.036 -

Arsenic, Total 4.06 mg/kg 20.038 -

Beryllium, Total 0.176 mg/kg 20.038 -

Cadmium, Total 0.105 mg/kg 20.038 -

Chromium, Total 4.57 mg/kg 20.151 -

Copper, Total 40.2 mg/kg 20.075 -

Lead, Total 68.1 mg/kg 20.038 -

Mercury, Total 0.045 mg/kg 50.014 -

Nickel, Total 4.76 mg/kg 20.075 -

Selenium, Total 0.907 mg/kg 20.075 -

Silver, Total 0.071 mg/kg 20.036 -

Thallium, Total 0.120 mg/kg 20.038 -

Zinc, Total 38.7 mg/kg 20.753 -

05/05/11 09:2505/02/11 17:30 

05/04/11 12:4105/02/11 17:30 

05/04/11 12:4105/02/11 17:30 

05/04/11 12:4105/02/11 17:30 

05/04/11 12:4105/02/11 17:30 

05/04/11 12:4105/02/11 17:30 

05/04/11 12:4105/02/11 17:30 

05/04/11 14:0405/02/11 17:30 

05/04/11 12:4105/02/11 17:30 

05/04/11 14:1405/02/11 17:30 

05/05/11 09:2505/02/11 17:30 

05/04/11 12:4105/02/11 17:30 

05/04/11 12:4105/02/11 17:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

JK 

EM 

EM 

EM 

EM 

EM 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Method Blank Analysis 
Batch Quality Control 

Dilution Date Date Analytical 
Parameter Result Qualifier Units RL MDL Factor Prepared Analyzed Method Analyst 

Total Metals - Mansfield Lab  for sample(s): 01-19  Batch: WG465733-1 

Antimony, Total ND mg/kg 0.050 -- 2 05/02/11 17:30 05/05/11 09:06 1,6020A EM 

Silver, Total ND mg/kg 0.050 -- 2 05/02/11 17:30 05/05/11 09:06 1,6020A EM 

Prep Information 

EPA 3050BDigestion Method: 

Parameter Result 
Dilution 
FactorQualifier Units RL MDL 

Total Metals - Mansfield Lab  for sample(s): 01-19  Batch: WG465734-1 

Mercury, Total ND mg/kg 50.013 -

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

05/04/11 12:48 1,7474 JK05/02/11 17:30 

Prep Information 

Digestion Method: EPA 7474 

Dilution Date Date Analytical 
Parameter Result Qualifier Units RL MDL Factor Prepared Analyzed Method Analyst 

Total Metals - Mansfield Lab  for sample(s): 01-19  Batch: WG465743-1 

Arsenic, Total ND mg/kg 0.050 - 2 05/02/11 17:30 05/04/11 12:04 1,6020A EM 

Beryllium, Total ND mg/kg 0.050 - 2 05/02/11 17:30 05/04/11 12:04 1,6020A EM 

Cadmium, Total ND mg/kg 0.050 - 2 05/02/11 17:30 05/04/11 12:04 1,6020A EM 

Chromium, Total ND mg/kg 0.200 - 2 05/02/11 17:30 05/04/11 12:04 1,6020A EM 

Copper, Total ND mg/kg 0.100 - 2 05/02/11 17:30 05/04/11 12:04 1,6020A EM 

Lead, Total ND mg/kg 0.050 - 2 05/02/11 17:30 05/04/11 12:04 1,6020A EM 

Nickel, Total ND mg/kg 0.100 - 2 05/02/11 17:30 05/04/11 12:04 1,6020A EM 

Selenium, Total ND mg/kg 0.100 - 2 05/02/11 17:30 05/04/11 13:55 1,6020A EM 

Thallium, Total ND mg/kg 0.050 - 2 05/02/11 17:30 05/04/11 12:04 1,6020A EM 

Zinc, Total ND mg/kg 1.00 - 2 05/02/11 17:30 05/04/11 12:04 1,6020A EM 

Prep Information 

Digestion Method: EPA 3050B 
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Serial_No:05091119:41 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Total Metals - Mansfield Lab  Associated sample(s): 01-19    Batch: WG465733-2 SRM Lot Number: S3SPIKE 

Antimony, Total 106 - 80-120 - 20 

Silver, Total 104 - 80-120 - 20 

Total Metals - Mansfield Lab  Associated sample(s): 01-19    Batch: WG465734-2 SRM Lot Number: HPHGAF 

Mercury, Total 93 - 80-120 - 20 

Total Metals - Mansfield Lab  Associated sample(s): 01-19    Batch: WG465743-2 SRM Lot Number: S1SPIKE 

Arsenic, Total 97 - 80-120 - 20 

Beryllium, Total 94 - 80-120 - 20 

Cadmium, Total 97 - 80-120 - 20 

Chromium, Total 102 - 80-120 - 20 

Copper, Total 99 - 80-120 - 20 

Lead, Total 103 - 80-120 - 20 

Nickel, Total 100 - 80-120 - 20 

Selenium, Total 102 - 80-120 - 20 

Thallium, Total 105 - 80-120 - 20 

Zinc, Total  90 - 80-120 - 20 
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Serial_No:05091119:41 

Matrix Spike Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Native MS MS MS MSD MSD Recovery RPD 
Parameter Sample Added Found %Recovery Qual Found %Recovery Qual Limits RPD Qual Limits 

Total Metals - Mansfield Lab Associated sample(s): 01-19    QC Batch ID: WG465733-4    QC Sample: L1105817-01  Client ID: TP-1 

Antimony, Total ND 1.48 0.687 46 Q - - 75-125 

Silver, Total 0.074 1.48 1.50 96 - - 75-125 - 20 

Total Metals - Mansfield Lab Associated sample(s): 01-19    QC Batch ID: WG465734-4    QC Sample: L1105817-01  Client ID: TP-1 

Mercury, Total 0.073 1.27 1.33 98 - - 80-120 - 20 

Total Metals - Mansfield Lab Associated sample(s): 01-19    QC Batch ID: WG465743-4    QC Sample: L1105817-01  Client ID: TP-1 

Arsenic, Total 1.66 154 156 100 - - 75-125 - 20 

Beryllium, Total 0.124 77 72.8 94 - - 75-125 - 20 

Cadmium, Total 0.066 77 74.7 97 - - 75-125 - 20 

Chromium, Total 4.08 154 163 103 - - 75-125 - 20 

Copper, Total 13.8 154 166 99 - - 75-125 - 20 

Lead, Total 11.7 154 154 92 - - 75-125 - 20 

Nickel, Total 2.92 154 155 99 - - 75-125 - 20 

Selenium, Total 0.273 154 167 108 - - 75-125 - 20 

Thallium, Total 0.085 154 142 92 - - 75-125 - 20 

Zinc, Total 17.4 154 168  98 - - 75-125 - 20 
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Serial_No:05091119:41 

Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL NEW BEDFORD Batch Quality Control Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Parameter Native Sample Duplicate Sample Units RPD Qual RPD Limits 

Total Metals - Mansfield Lab  Associated sample(s): 01-19  QC Batch ID: WG465733-3  QC Sample: L1105817-01  Client ID: TP-1
 

Antimony, Total ND ND mg/kg NC 20
 

Silver, Total 0.074 0.043 mg/kg 54 20
 

Total Metals - Mansfield Lab  Associated sample(s): 01-19  QC Batch ID: WG465734-3  QC Sample: L1105817-01  Client ID: TP-1
 

Mercury, Total 0.073 0.950 mg/kg 171 Q 20
 

Total Metals - Mansfield Lab  Associated sample(s): 01-19  QC Batch ID: WG465743-3  QC Sample: L1105817-01  Client ID: TP-1
 

Arsenic, Total 1.66 1.62 mg/kg 2 20
 

Beryllium, Total 0.124 0.121 mg/kg 2 20
 

Cadmium, Total 0.066 0.046 mg/kg 34 20
 

Chromium, Total 4.08 4.10 mg/kg 0 20
 

Copper, Total 13.8 12.0 mg/kg 14 20
 

Lead, Total 11.7 12.2 mg/kg 4 20
 

Nickel, Total 2.92 3.02 mg/kg 3 20
 

Thallium, Total 0.085 0.043 mg/kg 66 20
 

Zinc, Total 17.4 17.3 mg/kg 1 20
 

Total Metals - Mansfield Lab  Associated sample(s): 01-19  QC Batch ID: WG465743-3  QC Sample: L1105817-01  Client ID: TP-1
 

20
Selenium, Total 0.273 0.222 mg/kg 21 
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Serial_No:05091119:41 

Lab Serial Dilution 
Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817Analysis 
Project Number: 6690 Batch Quality Control Report Date: 05/09/11 

Parameter Native Sample Serial Dilution Units % D Qual RPD Limits 

Total Metals - Mansfield Lab  Associated sample(s): 01-19  QC Batch ID: WG465743-5  QC Sample: L1105817-01  Client ID: TP-1 

Arsenic, Total 1.66 1.54 mg/kg 7 10 

Chromium, Total 4.08 4.06 mg/kg 0 10 

Copper, Total 13.8 14.3 mg/kg 4 10 

Lead, Total 11.7 12.8 mg/kg 9 10 

Nickel, Total 2.92 2.94 mg/kg 1 10 
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Serial_No:05091119:41 

INORGANICS
 
&
 

MISCELLANEOUS
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FF Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

Lab Number: 

Report Date: 
L1105817 

05/09/11 

SAMPLE RESULTS 

TP-1Client ID: 

Matrix: Soil 

NEW BEDFORDSample Location: 

L1105817-01Lab ID: 04/25/11 07:30Date Collected: 
04/28/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 86 % 0.10 NA 1 05/03/11 10:47 30,2540G MF-
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-02 Date Collected: 04/25/11 11:15 
Client ID: TP-2 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 85 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 
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FF Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

Lab Number: 

Report Date: 
L1105817 

05/09/11 

SAMPLE RESULTS 

TP-5Client ID: 

Matrix: Soil 

NEW BEDFORDSample Location: 

L1105817-03Lab ID: 04/25/11 12:35Date Collected: 
04/28/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 84 % 0.10 NA 1 05/03/11 10:47 30,2540G MF-
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-04 Date Collected: 04/25/11 13:00 
Client ID: TP-4 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 79 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 
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FF Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

Lab Number: 

Report Date: 
L1105817 

05/09/11 

SAMPLE RESULTS 

TP-3Client ID: 

Matrix: Soil 

NEW BEDFORDSample Location: 

L1105817-05Lab ID: 04/25/11 13:47Date Collected: 
04/28/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 88 % 0.10 NA 1 05/03/11 10:47 30,2540G MF-
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-06 Date Collected: 04/26/11 07:40 
Client ID: TP-7 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 78 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-07 Date Collected: 04/26/11 09:00 
Client ID: TP-6 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 70 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-08 Date Collected: 04/26/11 11:00 
Client ID: TP-8 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 89 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 

Page 160 of 200 



FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-09 Date Collected: 04/26/11 13:54 
Client ID: TP-9 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 60 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-10 Date Collected: 04/26/11 15:20 
Client ID: TP-11 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 91 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 
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FF Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

Lab Number: 

Report Date: 
L1105817 

05/09/11 

SAMPLE RESULTS 

TP-10Client ID: 

Matrix: Soil 

NEW BEDFORDSample Location: 

L1105817-11Lab ID: 04/27/11 08:30Date Collected: 
04/28/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 85 % 0.10 NA 1 05/03/11 10:47 30,2540G MF-

Page 163 of 200 



FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-12 Date Collected: 04/27/11 09:30 
Client ID: TP-12 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 79 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 
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FF Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

Lab Number: 

Report Date: 
L1105817 

05/09/11 

SAMPLE RESULTS 

TP-13AClient ID: 

Matrix: Soil 

NEW BEDFORDSample Location: 

L1105817-13Lab ID: 04/27/11 11:00Date Collected: 
04/28/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 81 % 0.10 NA 1 05/03/11 10:47 30,2540G MF-
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-14 Date Collected: 04/27/11 11:57 
Client ID: TP-14 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 88 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 
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FF Serial_No:05091119:41 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

Lab Number: 

Report Date: 
L1105817 

05/09/11 

SAMPLE RESULTS 

TP-16Client ID: 

Matrix: Soil 

NEW BEDFORDSample Location: 

L1105817-15Lab ID: 04/27/11 13:30Date Collected: 
04/28/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 84 % 0.10 NA 1 05/03/11 10:47 30,2540G MF-
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-16 Date Collected: 04/27/11 14:45 
Client ID: TP-17 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 81 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-17 Date Collected: 04/28/11 08:00 
Client ID: TP-13 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 81 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-18 Date Collected: 04/25/11 00:00 
Client ID: DUPLICATE 1 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 88 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 
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FF Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 
Project Number: 6690 Report Date: 05/09/11 

SAMPLE RESULTS 

Lab ID: L1105817-19 Date Collected: 04/26/11 00:00 
Client ID: DUPLICATE 2 Date Received: 04/28/11 
Sample Location: NEW BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 79 % 0.10 NA 1 - 05/03/11 10:47 30,2540G MF 
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Serial_No:05091119:41 

Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL NEW BEDFORD Batch Quality Control Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Parameter Native Sample Duplicate Sample Units RPD Qual RPD Limits 

General Chemistry - Westborough Lab  Associated sample(s): 01-19  QC Batch ID: WG465894-1  QC Sample: L1105817-01  Client ID: TP-1 

Solids, Total 86 84 % 2 20 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Sample Receipt and Container Information 

Were project specific reporting limits specified? YES 

Reagent H2O Preserved Vials Frozen on: 04/28/2011 21:33 

Cooler Information Custody Seal 
Cooler 
A Absent 

Container ID Container Type 

Container Information 

Cooler pH 
Temp 
deg C Pres Seal Analysis(*) 

L1105817-01A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1105817-01B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-02A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1105817-02B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-03A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1105817-03B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-04A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1105817-04B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-05A Amber 120ml unpreserved A N/A 2 Y Absent EPH-10(14),MCP-8270
10(14),TS(7),TPH-DRO-D(14) 

L1105817-05B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-05C Vial MeOH preserved A N/A 2 Y Absent VPH-10(28) 

L1105817-05D Vial MeOH preserved A N/A 2 Y Absent MCP-8260HLW-10(14) 

L1105817-05E Vial water preserved A N/A 2 Y Absent MCP-8260HLW-10(14) 

L1105817-05F Vial water preserved A N/A 2 Y Absent MCP-8260HLW-10(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1105817-06A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1105817-06B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-07A Amber 120ml unpreserved A N/A 2 Y Absent EPH-10(14),MCP-8270
10(14),TS(7),TPH-DRO-D(14) 

L1105817-07B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-07C Vial MeOH preserved A N/A 2 Y Absent VPH-10(28) 

L1105817-07D Vial MeOH preserved A N/A 2 Y Absent MCP-8260HLW-10(14) 

L1105817-07E Vial water preserved A N/A 2 Y Absent MCP-8260HLW-10(14) 

L1105817-07F Vial water preserved A N/A 2 Y Absent MCP-8260HLW-10(14) 

L1105817-08A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1105817-08B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-09A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1105817-09B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-10A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1105817-10B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-11A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1105817-11B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-12A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1105817-12B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-13A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1105817-13B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-14A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1105817-14B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-15A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1105817-15B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-16A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1105817-16B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-17A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817 

Project Number: 6690 Report Date: 05/09/11 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1105817-17B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-18A Amber 120ml unpreserved A N/A 2 Y Absent EPH-10(14),MCP-8270
10(14),TS(7),TPH-DRO-D(14) 

L1105817-18B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-18C Vial MeOH preserved A N/A 2 Y Absent VPH-10(28) 

L1105817-18D Vial MeOH preserved A N/A 2 Y Absent MCP-8260HLW-10(14) 

L1105817-18E Vial water preserved A N/A 2 Y Absent MCP-8260HLW-10(14) 

L1105817-18F Vial water preserved A N/A 2 Y Absent MCP-8260HLW-10(14) 

L1105817-19A Amber 120ml unpreserved A N/A 2 Y Absent EPH-10(14),MCP-8270
10(14),TS(7),TPH-DRO-D(14) 

L1105817-19B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1105817-19C Vial MeOH preserved A N/A 2 Y Absent VPH-10(28) 

*Values in parentheses indicate holding time in days 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1105817-19D Vial MeOH preserved A N/A 2 Y Absent MCP-8260HLW-10(14) 

L1105817-19E Vial water preserved A N/A 2 Y Absent MCP-8260HLW-10(14) 

L1105817-19F Vial water preserved A N/A 2 Y Absent MCP-8260HLW-10(14) 

Container Comments 

L1105817-05C 

L1105817-07C 

L1105817-18C 

L1105817-19C 

*Values in parentheses indicate holding time in days 
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Serial_No:05091119:41 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

GLOSSARY
 

Acronyms 

EPA Environmental Protection Agency.

LCS Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known
amounts of analytes or a material containing known and verified amounts of analytes. 

LCSD Laboratory Control Sample Duplicate: Refer to LCS.

MDL Method Detection Limit: This value represents the level to which target analyte concentrations are reported as
estimated values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

MS Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of
matrix sample for which an independent estimate of target analyte concentration is available. 

MSD Matrix Spike Sample Duplicate: Refer to MS.

NA Not Applicable.

NC Not Calculated: Term is utilized when one or more of the results utilized in the calculation are non-detect at the
parameter's reporting unit. 

NI Not Ignitable.

RL Reporting Limit: The value at which an instrument can accurately measure an analyte at a specific concentration.
The RL includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

RPD Relative Percent Difference: The results from matrix and/or matrix spike duplicates are primarily designed to
assess the precision of analytical results in a given matrix and are expressed as relative percent difference (RPD). 
Values which are less than five times the reporting limit for any individual parameter are evaluated by utilizing the 
absolute difference between the values; although the RPD value will be provided in the report.

Terms 

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: 
EPA 8260B is shown as 1,8260B.) The codes for the reference method documents are provided in the References section of 
the Addendum. 

Data Qualifiers 

A -Spectra identified as "Aldol Condensation Product". 

B -The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated 
field samples that have detectable concentrations of the analyte at less than five times (5x) the concentration found in 
the blank. For MCP-related projects, flag only applies to associated field samples that have detectable concentrations 
of the analyte at less than ten times (10x) the concentration found in the blank. For DOD-related projects, flag only 
applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) the 
concentration found in the blank AND the analyte was detected above one-half the reporting limit (or above the 
reporting limit for common lab contaminants) in the associated method blank. 

C -Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co
extracted analyses. 

D -Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable 
concentrations of the analyte. 

E -Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument. 

G -The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The 
result should be considered estimated. 

H -The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of 
sample collection. 

I -The RPD between the results for the two columns exceeds the method-specified criteria; however, the lower value 
has been reported due to obvious interference. 

P  -The RPD between the results for the two columns exceeds the method-specified criteria. 

Report Format: Data Usability Report 
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Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1105817
 

Project Number: 6690 Report Date: 05/09/11
 

Data Qualifiers 

Q  The quality control sample exceeds the associated acceptance criteria. Note: This flag is not applicable for matrix 
spike recoveries when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when 
the sample concentrations are less than 5x the RL. (Metals only.) 

R  Analytical results are from sample re-analysis. 

RE   Analytical results are from sample re-extraction. 

J - Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs). 

ND  - Not detected at the reporting limit (RL) for the sample. 

Report Format: Data Usability Report 
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Project Name:	 Lab Number:SOUTH TERMINAL NEW BEDFORD L1105817 

Project Number: 6690 Report Date: 05/09/11 

REFERENCES 


1 Test Methods for Evaluating Solid Waste: Physical/Chemical Methods. EPA SW-846. 
Third Edition. Updates I - IIIA, 1997. 

30 Standard Methods for the Examination of Water and Wastewater. APHA-AWWA
WPCF. 18th Edition. 1992. 

EPA Test Methods (SW-846) with QC Requirements & Performance Standards for the 
Analysis of EPA SW-846 Methods under the Massachusetts Contingency Plan, WSC
CAM-IIA, IIB, IIIA, IIIB, IIIC, IIID, VA, VB, VC, VIA, VIB, VIIIA and VIIIB, July 2010. 

98	 Method for the Determination of Extractable Petroleum Hydrocarbons (EPH), MassDEP, 
May 2004, Revision 1.1 with QC Requirements & Performance Standards for the 
Analysis of EPH under the Massachusetts Contingency Plan, WSC-CAM-IVB, July 
2010. 

100	 Method for the Determination of Volatile Petroleum Hydrocarbons (VPH), MassDEP, 
May 2004, Revision 1.1 with QC Requirements & Performance Standards for the 
Analysis of VPH under the Massachusetts Contingency Plan, WSC-CAM-IVA, July 
2010. 

97 

LIMITATION OF LIABILITIES 

Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing 
laboratory industry. In the event of an error, the sole and exclusive responsibility of Alpha Analytical 
shall be to re-perform the work at it's own expense. In no event shall Alpha Analytical be held liable 
for any incidental, consequential or special damages, including but not limited to, damages in any way 
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical. 

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling, 
containers, sampling procedures, holding time and splitting of samples in the field. 

Page 183 of 200 



 
    

 

 
 

 

 
 

 
 

 
 

 
 
 
 
 
 

 

 
 
 

  
  

 

 
 

 

 

 
 

 
 

     

 
 

 

Serial_No:05091119:41 

Certificate/Approval Program Summary
Last revised February 23, 2011  - Westboro Facility
 

The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 


Connecticut Department of Public Health Certificate/Lab ID: PH-0574. NELAP Accredited Solid Waste/Soil. 

Drinking Water (Inorganic Parameters: Color, pH, Turbidity, Conductivity, Alkalinity, Chloride, Free Residual Chlorine, 
Fluoride, Calcium Hardness, Sulfate, Nitrate, Nitrite, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, 
Silver, Sodium, Thallium, Vanadium, Zinc, Total Dissolved Solids, Total Organic Carbon, Total Cyanide, Perchlorate. 
Organic Parameters: Volatile Organics 524.2, Total Trihalomethanes 524.2, 1,2-Dibromo-3-chloropropane (DBCP), 
Ethylene Dibromide (EDB), 1,4-Dioxane (Mod 8270). Microbiology Parameters: Total Coliform-MF mEndo (SM9222B), 
Total Coliform – Colilert (SM9223 P/A), E. Coli. – Colilert (SM9223 P/A), HPC – Pour Plate (SM9215B), Fecal Coliform – 
MF m-FC (SM9222D))  

Wastewater/Non-Potable Water (Inorganic Parameters: Color, pH, Conductivity, Acidity, Alkalinity, Chloride, Total 
Residual Chlorine, Fluoride, Total Hardness, Silica, Sulfate, Sulfide, Ammonia, Kjeldahl Nitrogen, Nitrate, Nitrite, O-
Phosphate, Total Phosphorus, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, 
Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, 
Selenium, Silver, Sodium, Strontium, Thallium, Tin, Titanium, Vanadium, Zinc, Total Residue (Solids), Total Dissolved 
Solids, Total Suspended Solids (non-filterable), BOD, CBOD, COD, TOC, Total Cyanide, Phenolics, Foaming Agents 
(MBAS), Bromide, Oil and Grease. Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, 
Toxaphene, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Acid Extractables (Phenols), Benzidines, Phthalate Esters, Nitrosamines, 
Nitroaromatics & Isophorone, Polynuclear Aromatic Hydrocarbons, Haloethers, Chlorinated Hydrocarbons, Volatile 
Organics, TPH (HEM/SGT), Extractable Petroleum Hydrocarbons (ETPH), MA-EPH, MA-VPH. Microbiology Parameters: 
Total Coliform – MF mEndo (SM9222B), Total Coliform – MTF (SM9221B), HPC – Pour Plate (SM9215B), Fecal 
Coliform – MF m-FC (SM9222D), Fecal Coliform – A-1 Broth (SM9221E).)  

Solid Waste/Soil (Inorganic Parameters: pH, Sulfide, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Tin, Vanadium, Zinc, Total Cyanide, Ignitability, 
Phenolics, Corrosivity, TCLP Leach (1311), SPLP Leach (1312 metals only), Reactivity. Organic Parameters: PCBs, 
PCBs in Oil, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Extractable Petroleum Hydrocarbons 
(ETPH), MA-EPH, MA-VPH, Dicamba, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Volatile Organics, Acid Extractables (Phenols), 
3.3’-Dichlorobenzidine, Phthalates, Nitrosamines, Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated 
Hydrocarbons. ) 

Maine Department of Human Services Certificate/Lab ID: 2009024.  

Drinking Water (Inorganic Parameters: SM9215B, 9222D, 9223B, EPA 180.1, 353.2, SM2130B, 2320B, 4500Cl-D,
 
4500CN-C, 4500CN-E, 4500F-C, 4500H+B, 4500NO3-F, EPA 200.7, EPA 200.8, 245.1, EPA 300.0. Organic
 
Parameters: 504.1, 524.2.)  


Wastewater/Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664A, 350.1, 351.1, 353.2, 410.4, 420.1, 
SM2320B, 2510B, 2540C, 2540D, 426C, 4500Cl-D, 4500Cl-E, 4500CN-C, 4500CN-E, 4500F-B, 4500F-C, 4500H+B, 
4500Norg-B, 4500Norg-C, 4500NH3-B, 4500NH3-G, 4500NH3-H, 4500NO3-F, 4500P-B, 4500P-E, 5210B, 5220D, 
5310C, EPA 200.7, 200.8, 245.1. Organic Parameters: 608, 624, ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Solid Waste/Soil (Organic Parameters: ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Massachusetts Department of Environmental Protection Certificate/Lab ID: M-MA086. 

Drinking Water (Inorganic Parameters: (EPA 200.8 for: Sb,As,Ba,Be,Cd,Cr,Cu,Pb,Ni,Se,Tl) (EPA 200.7 for: 

Ba,Be,Ca,Cd,Cr,Cu,Na,Ni)  245.1, (300.0 for:  Nitrate-N, Fluoride, Sulfate); (EPA 353.2 for: Nitrate-N, Nitrite-N);
 
(SM4500NO3-F for: Nitrate-N and Nitrite-N); 4500F-C, 4500CN-CE, EPA 180.1, SM2130B, SM4500Cl-D, 2320B, 

SM2540C, SM4500H-B. Organic Parameters: (EPA 524.2 for: Trihalomethanes, Volatile Organics); (504.1 for:  1,2
Dibromoethane, 1,2-Dibromo-3-Chloropropane), EPA 332. Microbiology Parameters: SM9215B; ENZ. SUB. SM9223;
 
ColilertQT SM9223B; MF-SM9222D.) 


Non-Potable Water (Inorganic Parameters:, (EPA 200.8 for: Al,Sb,As,Be,Cd,Cr,Cu,Pb,Mn,Ni,Se,Ag,Tl,Zn); (EPA 200.7 
for: Al,Sb,As,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Mo,Ni,K,Se,Ag,Na,Sr,Ti,Tl, V,Zn); 245.1, SM4500H,B, EPA 120.1, 
SM2510B, 2540C, 2340B, 2320B, 4500CL-E, 4500F-BC, 426C, SM4500NH3-BH, (EPA 350.1 for:  Ammonia-N), 
LACHAT 10-107-06-1-B for Ammonia-N, SM4500NO3-F, 353.2 for Nitrate-N, SM4500NH3-BC-NES, EPA 351.1, 
SM4500P-E, 4500P-B,E, 5220D, EPA 410.4, SM 5210B, 5310C, 4500CL-D, EPA 1664, SM14 510AC, EPA 420.1, 
SM4500-CN-CE, SM2540D. 
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Organic Parameters: (EPA 624 for Volatile Halocarbons, Volatile Aromatics),(608 for:  Chlordane, Aldrin, Dieldrin, DDD, 
DDE, DDT, Heptachlor, Heptachlor Epoxide, PCBs-Water), (EPA 625 for SVOC Acid Extractables and SVOC 
Base/Neutral Extractables), 600/4-81-045-PCB-Oil.  Microbiology Parameters: (ColilertQT SM9223B;Enterolert-QT: 
SM9222D-MF.)  

New Hampshire Department of Environmental Services Certificate/Lab ID: 200307. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM 9222B, 9223B, 9215B, EPA 200.7, 200.8, 245.2, 300.0, SM4500CN-E, 

4500H+B, 4500NO3-F, 2320B, 2510B, 2540C, 4500F-C, 5310C, 2120B, EPA 332.0. Organic Parameters: 504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM9222D, 9221B, 9222B, 9221E-EC, EPA 3005A, 200.7, 200.8, 245.1, 
245.2, SW-846 6010B, 6020, 7196A, 7470A, SM3500-CR-D, EPA 120.1, 300.0, 350.1, 351.1, 353.2, 410.4, 420.1, 
1664A, SW-846 9010, 9030, 9040B, 9050A, SM426C, SM2120B, 2310B, 2320B, 2540B, 2540D, 4500H+B, 4500CL-E, 
4500CN-E, 4500NH3-H, 4500NO3-F, 4500NO2-B, 4500P-E, 4500-S2-D, 5210B, 5220D, 2510B, 2540C, 4500F-C, 
5310C, 5540C, LACHAT 10-204-00-1-A, LACHAT 10-107-06-2-D. Organic Parameters: SW-846 3510C, 5030B, 8260B, 
8270C, 8330, EPA 624, 625, 608, SW-846 8082, 8081A, 8151A.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846 6010B, 7196A, 7471A, 1010, 1030, 9010, 9012A, 9014, 
9030B, 9040B, 9045C, 9050C, 9065,1311, 1312, 3005A, 3050B. Organic Parameters: SW-846 3540C,  3546, 3580A, 
5030B, 5035, 8260B, 8270C, 8330, 8151A, 8015B, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA935. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9222B, 9221E, 9223B, 9215B, 4500CN-CE, 4500NO3-F, 4500F-C, EPA
 
300.0, 200.7, 200.8, 245.2, 2540C, SM2120B, 2320B, 2510B, 5310C, SM4500H-B. Organic Parameters: EPA 332,
 
504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM5210B, EPA 410.4, SM5220D, 4500Cl-E, EPA 300.0, SM2120B, 
SM4500F-BC, EPA 200.7, 351.1, LACHAT 10-107-06-2-D, EPA 353.2, SM4500NO3-F, 4500NO2-B, EPA 1664A, 
SM5310B, C or D, 4500-PE, EPA 420.1, SM510ABC, SM4500P-B5+E, 2540B, 2540C, 2540D, EPA 120.1, SM2510B, 
SM15 426C, 9222D, 9221B, 9221C, 9221E, 9222B, 9215B, 2310B, 2320B, 4500NH3-H, 4500-S D, EPA 350.1, 350.2, 
SW-846 1312, 6020, 7470A, 5540C, 4500H-B, EPA 200.8, SM3500Cr-D, 4500CN-CE, EPA 245.1, 245.2, SW-846 
9040B, 3005A, EPA 6010B, 7196A, SW-846 9010B, 9030B. Organic Parameters: SW-846 8260B, 8270C, 8270C-SIM, 
3510C, EPA 608, 624, 625, SW-846 3630C, 5030B, 8081A, 8082, 8151A, 8330, NJ OQA-QAM-025 Rev.7, NJ EPH.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846, 6010B, 7196A, 9010B, 9030B, 1010, 1030, 1311, 1312, 
3005A, 3050B, 7471A, 9014, 9012A, 9040B, 9045C, 9050A, 9065. Organic Parameters: SW-846 8015B, 8081A, 8082, 
8151A, 8330, 8260B, 8270C, 8270C-SIM, 3540C, 3545, 3546, 3550B, 3580A, 3630C, 5030B, 5035L, 5035H, NJ OQA
QAM-025 Rev.7, NJ EPH.) 

New York Department of Health Certificate/Lab ID: 11148. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9223B, 9222B, 9215B, EPA 200.8, 200.7, 245.2, SM5310C, EPA 332.0, 

SM2320B, EPA 300.0, SM2120B, 4500CN-E, 4500F-C, 4500H-B, 4500NO3-F, 2540C, SM 2510B. Organic Parameters: 

EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: SM9221E, 9222D, 9221B, 9222B, 9215B, 5210B, 5310C, EPA 410.4, 
SM5220D, 2310B-4a, 2320B, EPA 200.7, 300.0, SM4500CL-E, 4500F-C, SM15 426C, EPA 350.1, SM4500NH3-BH, 
EPA 351.1, LACHAT 10-107-06-2, EPA 353.2, LACHAT 10-107-04-1-C, SM4500-NO3-F, 4500-NO2-B, 4500P-E, 
2540C, 2540B, 2540D, EPA 200.8, EPA 6010B, 6020, EPA 7196A, SM3500Cr-D, EPA 245.1, 245.2, 7470A, SM2120B, 
LACHAT 10-204-00-1-A, EPA 9040B, SM4500-HB, EPA 1664A, EPA 420.1, SM14 510C, EPA 120.1, SM2510B, 
SM4500S-D, SM5540C, EPA 3005A, 9010B, 9030B.. Organic Parameters: EPA 624, 8260B, 8270C, 625, 608, 8081A, 
8151A, 8330, 8082, EPA 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: 1010, 1030, EPA 6010B, 7196A, 7471A, 9012A, 9014, 9040B, 9045C, 
9065, 9050, EPA 1311, 1312, 3005A, 3050B, 9010B, 9030B. Organic Parameters: EPA 8260B, 8270C, 8015B, 8081A, 
8151A, 8330, 8082, 3540C, 3545, 3546, 3580, 5030B, 5035.)  

North Carolina Department of the Environment and Natural Resources Certificate/Lab ID : 666. Organic 
Parameters: MA-EPH, MA-VPH. 

Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-03671. NELAP Accredited. 
Drinking Water (Organic Parameters: EPA 524.2) 

Non-Potable Water (Inorganic Parameters: EPA 1312. Organic Parameters: EPA 3510C, 5030B, 625, 624, 608, 8081A, 
8082, 8151A, 8260B, 8270C, 8330) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 350.1, 1010, 1030, 1311, 1312, 3050B, 6010B, 7196A, 7471A, 
9010B, 9012A, 9014, 9040B, 9045C, 9050, 9065, SM 4500NH3-H.  Organic Parameters: 3540C, 3545, 3546, 3550B, 
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3580A, 3630C, 5035, 8015B, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 


Rhode Island Department of Health Certificate/Lab ID: LAO00065. NELAP Accredited via NY-DOH.
 
Refer to MA-DEP Certificate for Potable and Non-Potable Water.  

Refer to NJ-DEP Certificate for Potable and Non-Potable Water.  


Texas Commisson on Environmental Quality Certificate/Lab ID: T104704476-09-1. NELAP Accredited. 
Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664, 200.7, 200.8, 245.1, 245.2, 300.0, 350.1, 351.1, 353.2, 
376.2, 410.4, 420.1, 6010, 6020, 7196, 7470, 9040, SM 2120B, 2310B, 2320B, 2510B, 2540B, 2540C, 2540D, 426C, 
4500CL-E, 4500CN-E, 4500F-C, 4500H+B, 4500NH3-H, 4500NO2B, 4500P-E, 4500 S2¯D, 510C, 5210B, 5220D, 
5310C, 5540C. Organic Parameters: EPA 608, 624, 625, 8081, 8082, 8151, 8260, 8270, 8330.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 9012, 9014, 9040, 9045, 9050, 9065.) 

Department of Defense Certificate/Lab ID: L2217. 

Drinking Water (Inorganic Parameters: SM 4500H-B. Organic Parameters: EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: EPA 200.7, 200.8, 6010B, 6020, 245.1, 245.2, 7470A, 9040B, 300.0, 332.0, 
6860, 353.2, 410.4, 9060, 1664A, SM 4500CN-E, 4500H-B, 4500NO3-F, 5220D, 5310C, 2320B, 2540C, 3005A, 3015, 
9010B, 9056. Organic Parameters: EPA 8260B, 8270C, 8330A, 625, 8082, 8081A, 3510C, 5030B, MassDEP EPH, 
MassDEP VPH.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 200.7, 6010B, 7471A, 9010, 9012A, 6860, 1311, 1312, 3050B, 
7196A, 9010B, 3500-CR-D, 4500CN-CE, 2540G, Organic Parameters: EPA 8260B, 8270C, 8330A/B-prep, 8082, 
8081A, 3540C, 3546, 3580A, 5035A, MassDEP EPH, MassDEP VPH.) 

Analytes Not Accredited by NELAP 
Certification is not available by NELAP for the following analytes: EPA 8260B: Freon-113, 1,2,4,5-Tetramethylbenzene, 
4-Ethyltoluene. EPA 8330A:  PETN, Picric Acid, Nitroglycerine,  2,6-DANT,  2,4-DANT. EPA 8270C:  Methyl  
naphthalene, Dimethyl naphthalene, Total Methylnapthalenes, Total Dimethylnaphthalenes, 1,4-Diphenylhydrazine 
(Azobenzene). EPA 625: 4-Chloroaniline.  EPA 350.1 for Ammonia in a Soil matrix. 
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Certificate/Approval Program Summary
Last revised  March 23, 2011 – Mansfield Facility 

The following list includes only those analytes/methods for which certification/approval is currently held. 
For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 

Connecticut Department of Public Health Certificate/Lab ID: PH-0141. 

Wastewater/Non-Potable Water (Inorganic Parameters: pH, Turbidity, Conductivity, Alkalinity, Aluminum, 
Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, Cobalt, Copper, Iron, Lead, 
Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Strontium, 
Thallium, Tin, Vanadium, Zinc, Total Residue (Solids), Total Suspended Solids (non-filterable), Total Cyanide.  
Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Acid Extractables, 
Benzidines, Phthalate Esters, Nitrosamines, Nitroaromatics & Isophorone, PAHs, Haloethers, Chlorinated 
Hydrocarbons, Volatile Organics.) 

Solid Waste/Soil  (Inorganic Parameters: pH, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Vanadium, Zinc, Total Organic Carbon, 
Total Cyanide, Corrosivity, TCLP 1311.    Organic Parameters:  PCBs, Organochlorine Pesticides, Technical 
Chlordane, Toxaphene, Volatile Organics, Acid Extractables, Benzidines, Phthalates, Nitrosamines, 
Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated Hydrocarbons.) 

Florida Department of Health Certificate/Lab ID: E87814. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: SM2320B, SM2540D, SM2540G.) 

Solid & Chemical Materials  (Inorganic Parameters: 6020, 7470, 7471, 9045.  Organic Parameters: EPA 8260, 
8270, 8082, 8081.) 

Air & Emissions (EPA TO-15.) 

Louisiana Department of Environmental Quality Certificate/Lab ID: 03090. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: EPA 180.1, 245.7, 1631E, 3020, 6020A, 7470A, 9040, 9050A, 
SM2320B, 2540D, 2540G, 4500H-B, Organic Parameters: EPA 3510C, 3580A, 3630C, 3640A, 3660B, 3665A, 
5030B, 8015D, 3570, 8081B, 8082A, 8260B, 8270C.) 

Solid & Chemical Materials  (Inorganic Parameters: EPA 1311, 3050, 3051A, 3060A, 6020A, 7196A, 7470A, 
7471B, 7474, 9040B, 9045C, 9060.   Organic Parameters: EPA 3540C, 3570B, 3580A, 3630C, 3640A, 3660, 
3665A, 5035, 8015D, 8081B, 8082A, 8260B, 8270C.) 

Biological Tissue (Inorganic Parameters: EPA 6020A.  Organic Parameters: EPA 3570, 3510C, 3610B, 3630C, 
3640A, 8270C.) 

Air & Emissions (EPA TO-15.) 

New Hampshire Department of Environmental Services Certificate/Lab ID: 2206. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: EPA, 245.1, 245.7, 1631E, 180.1, 6020A, 7470A, 9040B, 9050A, 
SM2540D, 2540G, 4500H+B, 2320B. Organic Parameters: EPA 8081, 8082, 8260B, 8270C.) 

Solid & Chemical Materials  (Inorganic Parameters: SW-846 1311, 1312, 3050B, 3051A, 3060A, 6020A, 7470A, 
7471A, 9040B, 9045C, 7196A.  Organic Parameters: SW-846 3540C, 3580, 3630C, 3640A, 3660B, 3665A, 
5035, 8260B, 8270C, 8015D, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA015. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: SW-846 1312, 3010, 3020A, 3015, SM2320B, EPA 200.8, 
SM2540D, 2540G, EPA 120.1, SM2510B, EPA 180.1, 245.1, 1631E, SW-846 7470A, 9040B,  6020, 9010B, 
9014 Organic Parameters: SW-846 3510C, 3580A, 5030B, 5035L, 5035H, 3630C, 3640C, 3660B, 3665A, 8015B 
8081A, 8082, 8260B, 8270C) 
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Serial_No:05091119:41 

Solid & Chemical Materials  (Inorganic Parameters: SW-846 6020, 9010B, 9014, 1311, 1312, 3050B, 3051, 
3060A, 7196A, 7470A, 7471A, 9040B, 9045C, 9060.  Organic Parameters: SW-846 3540C, 3570, 3580A, 
5030B, 5035L, 5035H, 3630C, 3640A, 3660B, 3665A, 8081A, 8082, 8260B, 8270C, 8015B.) 

Atmospheric Organic Parameters (EPA TO-15) 

Biological Tissue (Inorganic Parameters: SW-846 6020 Organic Parameters: SW-846 8270C, 3510C, 3570, 
3630C, 3640A) 

New York Department of Health Certificate/Lab ID: 11627. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: SM2320B, SM2540D, EPA 200.8, 6020, 1631E, 245.1, 9014, 9040B, 
120.1, SM2510B, 4500CN-E, 4500H-B, EPA 376.2, 180.1, 9010B.  Organic Parameters: EPA 8260B, 8270C, 
8081A, 8082, 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 6020, 7196A, 3060A, 7471A, 7474, 9014, 9040B, 9045C, 
9010B. Organic Parameters: EPA 8260B, 8270C, 8081A, DRO 8015B, 8082, 1311, 1312, 3050B, 3580, 3570, 
3051, 5035, 5030B.) 

Air & Emissions (EPA TO-15.) 

Rhode Island Department of Health Certificate/Lab ID: LAO00299. NELAP Accredited via LA-DEQ. 

Refer to LA-DEQ Certificate for Non-Potable Water. 

Texas Commission of Environmental Quality Certificate/Lab ID: T104704419-08-TX. NELAP Accredited. 

Solid & Chemical Materials  (Inorganic Parameters: EPA 6020, 7470, 7471, 1311, 7196, 9014, 9040, 9045, 
9060. Organic Parameters: EPA 8015, 8270, 8260, 8081, 8082.) 

Air (Organic Parameters: EPA TO-15) 

Washington State Department of Ecology Certificate/Lab ID: C954. Non-Potable Water (Inorganic 
Parameters: SM2540D, 2510B, EPA 120.1, 180.1, 1631E, 245.7.) 

Solid & Chemical Materials  (Inorganic Parameters: EPA 9040, 9060, 6020, 7470, 7471, 7474. Organic 
Parameters: EPA 8081, 8082, 8015 Mod, 8270, 8260.) 

U.S. Army Corps of Engineers 

Department of Defense Certificate/Lab ID: L2217.01. 

Non-Potable Water (Inorganic Parameters: EPA 6020A, SM4500H-B. Organic Parameters: 3020A, 3510C, 
5030B, 8260B, 8270C, 8270C-ALK-PAH, 8082, 8081A, 8015D-SHC.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 3050B, 6020A, 7471A, 9045C, 9060, SM 
2540G,  ASTM D422-63.  Organic Parameters: EPA 3580A, 3570, 3540C, 5035A, 8260B, 8270C, 8270-ALK-
PAH, 8082, 8081A, 8015D-SHC, 8015-DRO. 

Air & Emissions (EPA TO-15.) 

Analytes Not Accredited by NELAP 
Certification is not available by NELAP for the following analytes: 8270C: Biphenyl. TO-15: Halothane, 2,4,4-
Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene, 3-Methylthiophene, 2-
Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 2-
Methylnaphthalene, 1-Methylnaphthalene. 
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______________________________________________________________   

Serial_No:05091119:41 

7A 

VOLATILE CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1105817 


Instrument ID: Voa100.i Calibration Date: 29-APR-2011 Time: 07:21 


Lab File ID: 0429A02 Init. Calib. Date(s): 25-APR-2 25-APR-2 


Sample No: 8260 CCAL Init. Calib. Times : 09:44 13:42 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|dichlorodifluoromethane_______|.17722|.15813| .1| 11 | 20| 
|chloromethane_________________|.47561|.44373| .1| 7 | 20| 
|vinyl chloride________________|.25587|.25059| .1| 2 | 20| 
|bromomethane__________________|.11538|.09648| .1| 16 | 20| 
|chloroethane__________________|.09781|.10545| .1| -8 | 20|F 
|trichlorofluoromethane________|.23634|.28754| .1| -22 | 20|F 
|ethyl ether___________________|.11802|.12635| .05| -7 | 20| 
|1,1,-dichloroethene___________|.19082|.19525| .1| -2 | 20| 
|carbon disulfide______________| .6873|.54517| .1| 21 | 20|F 
|methylene chloride____________|.22954|.22603| .1| 2 | 20| 
|acetone_______________________|.18532|.17933| .1| 3 | 20| 
|trans-1,2-dichloroethene______|.23214|.23037| .1| 1 | 20| 
|methyl tert butyl ether_______|.66033|.64551| .1| 2 | 20| 
|Diisopropyl Ether_____________|1.1677|1.3971| .05| -20 | 20| 
|1,1-dichloroethane____________|.47925|.48102| .2| 0 | 20| 
|Ethyl-Tert-Butyl-Ether________|.86672|.98052| .05| -13 | 20| 
|cis-1,2-dichloroethene________|.25182|.25989| .1| -3 | 20| 
|2,2-dichloropropane___________| .3202|.32969| .05| -3 | 20| 
|bromochloromethane____________| .127|.13763| .05| -8 | 20| 
|chloroform____________________|.40218|.42153| .2| -5 | 20| 
|carbontetrachloride___________| .3031|.32696| .1| -8 | 20| 
|tetrahydrofuran_______________|.18955|.19118| .05| -1 | 20| 
|1,1,1-trichloroethane_________|.35506| .3683| .1| -4 | 20| 
|2-butanone____________________|.30979|.29303| .1| 5 | 20| 
|1,1-dichloropropene___________|.29417|.29625| .05| -1 | 20| 
|benzene_______________________|.87858|.88702| .5| -1 | 20| 
|Tertiary-Amyl Methyl Ether____|.55162| .6243| .05| -13 | 20| 
|1,2-dichloroethane____________|.38882|.40764| .1| -5 | 20| 
|trichloroethene_______________|.23493|.24123| .2| -3 | 20| 
|dibromomethane________________|.15392|.16517| .05| -7 | 20| 
|1,2-dichloropropane___________|.27656|.28689| .1| -4 | 20| 
|bromodichloromethane__________| .3088|.31666| .2| -3 | 20| 
|1,4-dioxane___________________|.00394|.00401| .05| -2 | 20|F 
|cis-1,3-dichloropropene_______|.36895|.36488| .2| 1 | 20| 
|toluene_______________________|.72557|.69506| .4| 4 | 20| 
|4-methyl-2-pentanone__________|.18357|.16732| .1| 9 | 20| 
|tetrachloroethene_____________|.32182|.33879| .2| -5 | 20| 
|trans-1,3-dichloropropene_____|.44423|.44016| .1| 1 | 20| 
|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260HLW-10 
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______________________________________________________________   

Serial_No:05091119:41 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1105817 


Instrument ID: Voa100.i Calibration Date: 29-APR-2011 Time: 07:21 


Lab File ID: 0429A02 Init. Calib. Date(s): 25-APR-2 25-APR-2 


Sample No: 8260 CCAL Init. Calib. Times : 09:44 13:42 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|1,1,2-trichloroethane_________|.22238|.22043| .1| 1 | 20| 

|chlorodibromomethane__________|.33912|.34915| .1| -3 | 20| 

|1,3-dichloropropane___________|.45079|.44419| .05| 1 | 20| 

|1,2-dibromoethane_____________|.30976|.30986| .1| 0 | 20| 

|2-hexanone____________________|.57213|.52319| .1| 9 | 20| 

|chlorobenzene_________________|.82126| .8008| .5| 2 | 20| 

|ethyl benzene_________________|1.3736|1.3561| .1| 1 | 20| 

|1,1,1,2-tetrachloroethane_____|.30271| .3174| .05| -5 | 20| 

|p/m xylene____________________|.54299|.54941| .1| -1 | 20| 

|o xylene______________________|.51795|.53082| .3| -2 | 20| 

|styrene_______________________|.85423|.85846| .3| 0 | 20| 

|bromoform_____________________|.40571|.41967| .1| -3 | 20| 

|isopropylbenzene______________|2.4838|2.4550| .1| 1 | 20| 

|bromobenzene__________________|.63736|.63768| .05| 0 | 20| 

|n-propylbenzene_______________|2.7978|2.7883| .05| 0 | 20| 

|1,1,2,2,-tetrachloroethane____|.70848|.68159| .3| 4 | 20| 

|2-chlorotoluene_______________|1.8188|1.7759| .05| 2 | 20| 

|1,3,5-trimethybenzene_________|2.0635|2.0388| .05| 1 | 20| 

|1,2,3-trichloropropane________|.58959|.59436| .05| -1 | 20| 

|4-chorotoluene________________|1.7774|1.7304| .05| 3 | 20| 

|tert-butylbenzene_____________|1.7500|1.7491| .05| 0 | 20| 

|1,2,4-trimethylbenzene________|2.1219|2.1226| .05| 0 | 20| 

|sec-butylbenzene______________|2.6576|2.6301| .05| 1 | 20| 

|p-isopropyltoluene____________|2.1972|2.2545| .05| -3 | 20| 

|1,3-dichlorobenzene___________|1.2512|1.2494| .6| 0 | 20| 

|1,4-dichlorobenzene___________|1.2928|1.2948| .5| 0 | 20| 

|n-butylbenzene________________|2.0173|2.0006| .05| 1 | 20| 

|1,2-dichlorobenzene___________|1.2053|1.1999| .4| 0 | 20| 

|1,2-dibromo-3-chloropropane___|.18118|.16633| .05| 8 | 20| 

|hexachlorobutadiene___________|.40991| .3917| .05| 4 | 20| 

|1,2,4-trichlorobenzene________|.86394|.88637| .2| -3 | 20| 

|naphthalene___________________|2.6062|2.5489| .05| 2 | 20| 

|1,2,3-trichlorobenzene________|.80639| .8287| .05| -3 | 20| 

|==============================|======|======|=====| ==== |====| 

|dibromofluoromethane__________| .2574|.26639| .05| -3 | 30| 

|1,2-dichloroethane-d4_________|.31692| .3233| .05| -2 | 30| 

|toluene-d8____________________|1.2413|1.2158| .05| 2 | 30| 

|4-bromofluorobenzene__________|.89147| .8594| .05| 4 | 30| 

|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260HLW-10 
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Serial_No:05091119:41 

Quantitation Report (QT Reviewed)
 

Data Path : I:\MVPH\110504ali\
 
Data File : 110504a14.d 

Signal(s) : FID1A.CH
 
Acq On : 05 May 2011 12:58 am 
Operator : mvph:TT 
Sample : l1105817-18d,41,16,26.3,.02 
Misc : wg466081 
ALS Vial : 14 Sample Multiplier: 1 

Integration File: events.e
 
Quant Time: May 05 10:55:11 2011
 
Quant Method : I:\MVPH\110504ali\vph-ali.m
 
Quant Title : VPH ALIPHATIC
 
QLast Update : Mon Apr 04 11:10:30 2011
 
Response via : Initial Calibration
 
Integrator: ChemStation 6890 Scale Mode: Large solvent peaks clipped
 

Volume Inj. : 

Signal Phase : 

Signal Info : 


Sub List : Default - All compounds listed
 

-100000 

0 

100000 

200000 

300000 

400000 

500000 

600000 

700000 

800000 

900000 

1000000 

1100000 

1200000 

1300000 

1400000 

Response_ Signal: 110504a14.d\FID1A.CH 

Time 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 

vph-ali.m Thu May 05 11:57:51 2011 Page: 2
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Serial_No:05161115:16 

ANALYTICAL REPORT
 

Lab Number: L1106422 

Client: Apex Companies 

184 High Street 

Suite 502 

Boston, MA 02110 

ATTN: Chet Myers 

Phone: (617) 728-0070 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 

Report Date: 05/16/11 

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its 
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original. 

Certifications & Approvals: MA (M-MA086), NY NELAC (11148), CT (PH-0574), NH (2003), NJ (MA935), RI (LAO00065), ME (MA0086), 
PA (Registration #68-03671), USDA (Permit #S-72578), US Army Corps of Engineers, Naval FESC. 

Eight Walkup Drive, Westborough, MA 01581-1019 
508-898-9220 (Fax) 508-898-9193 800-624-9220 - www.alphalab.com 

Page 1 of 23 
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Serial_No:05161115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106422 
Project Number: 6690 Report Date: 05/16/11 

Alpha 
Sample ID Client ID 

Sample 
Location 

Collection 
Date/Time 

L1106422-01 TP-2 NEW BEDFORD, MA 04/25/11 11:15 

L1106422-02 TP-5 NEW BEDFORD, MA 04/25/11 12:35 

L1106422-03 TP-4 NEW BEDFORD, MA 04/25/11 13:00 

L1106422-04 TP-12 NEW BEDFORD, MA 04/27/11 09:30 

L1106422-05 TP-17 NEW BEDFORD, MA 04/27/11 14:45 

Page 2 of 23 



   

   

Serial_No:05161115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106422
 

Project Number: 6690 Report Date: 05/16/11
 

MADEP MCP Response Action Analytical Report Certification 

This form provides certifications for all samples performed by MCP methods. Please refer to 
the Sample Results and Container Information sections of this report for specification of 
MCP methods used for each analysis. The following questions pertain only to MCP 
Analytical Methods.

 An affirmative response to questions A through F is required for "Presumptive Certainty" status

Were all samples received in a condition consistent with those described on the Chain-of-
Custody, properly preserved (including temperature) in the field or laboratory, and 
prepared/analyzed within method holding times? 

A YES 

Were the analytical method(s) and all associated QC requirements specified in the selected 
CAM protocol(s) followed? 

B YES 

Were all required corrective actions and analytical response actions specified in the selected 
CAM protocol(s) implemented for all identified performance standard non-conformances? 

C YES 

Does the laboratory report comply with all the reporting requirements specified in CAM VII A, 
"Quality Assurance and Quality Control Guidelines for the Acquisition and Reporting of Analytical 
Data?" 

D YES 

VPH, EPH, and APH Methods only: Was each method conducted without significant 
modification(s)? (Refer to the individual method(s) for a list of significant modifications). 

E a. N/A 

APH and TO-15 Methods only: Was the complete analyte list reported for each method?E b. N/A 

Were all applicable CAM protocol QC and performance standard non-conformances identified 
and evaluated in a laboratory narrative (including all "No" responses to Questions A through E)? 

F YES 

A response to questions G, H and I is required for "Presumptive Certainty" status 

Were the reporting limits at or below all CAM reporting limits specified in the selected CAM 
protocol(s)? 

G YES 

Were all QC performance standards specified in the CAM protocol(s) achieved?H YES 

Were results reported for the complete analyte list specified in the selected CAM protocol(s)?I YES 

For any questions answered "No", please refer to the case narrative section on the following page(s). 

Please note that sample matrix information is located in the Sample Results section of this report. 
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Serial_No:05161115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106422
 
Project Number: 6690 Report Date: 05/16/11
 

Case Narrative 

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report. 

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet all of the requirements of 

NELAC, for all NELAC accredited parameters. The data presented in this report is organized by parameter (i.e. VOC, SVOC, etc.). Sample 

specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list for each individual sample, 

followed by the Laboratory Batch Quality Control at the end of each parameter. If a sample was re-analyzed or re-extracted due to a 

required quality control corrective action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is 

designated with an "R" or "RE", respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the 

associated samples for each element are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % 

recovery or RPD value that is outside the listed Acceptance Criteria is bolded in the report. Definitions of all data qualifiers and acronyms 

used in this report are provided in the Glossary located at the back of the report. 

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody. 

For additional information, please contact Client Services at 800-624-9220. 

MCP Related Narratives 

Report Submission 

All MCP required questions were answered with affirmative responses; therefore, there are no relevant 

protocol-specific QC and/or performance standard non-conformances to report. 

I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
belief and based upon my personal inquiry of those responsible for providing the information contained
 in this analytical report, such information is accurate and complete. This certificate of analysis is not
 complete unless this page accompanies any and all pages of this report.

 Authorized Signature: 

Title: Technical Director/Representative Date: 05/16/11 
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METALS
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FF 

Project Name: 

Project Number: 

Client ID: 

Matrix: 
Sample Location: 

Lab ID: 

Parameter 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

TP-2 

Soil 
NEW BEDFORD, MA 

L1106422-01 

Result 
Dilution 
FactorQualifier Units RL MDL 

Lab Number: 

Report Date: 

L1106422 

05/16/11 

04/25/11 11:15Date Collected: 
04/28/11Date Received: 

Field Prep: Not Specified 

Date 
Analyzed 

Analytical 
Method 

Date 
Prepared 

Prep 
Method 

05/12/11 18:30TCLP/SPLP Ext. Date: 

Serial_No:05161115:16 

Analyst 

TCLP Metals by EPA 1311 - Westborough Lab 

Lead, TCLP 0.56 mg/l 0.50 - 1 05/13/11 18:2905/13/11 14:40 EPA 3015 1,6010B MG 
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Serial_No:05161115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106422 

Project Number: 6690 Report Date: 05/16/11 

SAMPLE RESULTS 
Lab ID: L1106422-02 Date Collected: 04/25/11 12:35
 
Client ID: TP-5 Date Received: 04/28/11
 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified
 
Matrix: Soil TCLP/SPLP Ext. Date: 05/12/11 18:30
 

Dilution Date Date Prep Analytical 
Factor Prepared Analyzed Method MethodParameter Result Qualifier Units RL MDL Analyst 

TCLP Metals by EPA 1311 - Westborough Lab 

Lead, TCLP 18 mg/l 0.50 -- 1 05/13/11 14:40 05/13/11 18:32 EPA 3015 1,6010B MG 

Page 7 of 23 



                               

Serial_No:05161115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106422 

Project Number: 6690 Report Date: 05/16/11 

SAMPLE RESULTS 
Lab ID: L1106422-03 Date Collected: 04/25/11 13:00
 
Client ID: TP-4 Date Received: 04/28/11
 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified
 
Matrix: Soil TCLP/SPLP Ext. Date: 05/12/11 18:30
 

Dilution Date Date Prep Analytical 
Factor Prepared Analyzed Method MethodParameter Result Qualifier Units RL MDL Analyst 

TCLP Metals by EPA 1311 - Westborough Lab 

Lead, TCLP ND mg/l 0.50 -- 1 05/13/11 14:40 05/13/11 18:35 EPA 3015 1,6010B MG 
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Serial_No:05161115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106422 

Project Number: 6690 Report Date: 05/16/11 

SAMPLE RESULTS 
Lab ID: L1106422-04 Date Collected: 04/27/11 09:30
 
Client ID: TP-12 Date Received: 04/28/11
 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified
 
Matrix: Soil TCLP/SPLP Ext. Date: 05/12/11 18:30
 

Dilution Date Date Prep Analytical 
Factor Prepared Analyzed Method MethodParameter Result Qualifier Units RL MDL Analyst 

TCLP Metals by EPA 1311 - Westborough Lab 

Lead, TCLP ND mg/l 0.50 -- 1 05/13/11 14:40 05/13/11 18:38 EPA 3015 1,6010B MG 
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Serial_No:05161115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106422 

Project Number: 6690 Report Date: 05/16/11 

SAMPLE RESULTS 
Lab ID: L1106422-05 Date Collected: 04/27/11 14:45
 
Client ID: TP-17 Date Received: 04/28/11
 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified
 
Matrix: Soil TCLP/SPLP Ext. Date: 05/12/11 18:30
 

Dilution Date Date Prep Analytical 
Factor Prepared Analyzed Method MethodParameter Result Qualifier Units RL MDL Analyst 

TCLP Metals by EPA 1311 - Westborough Lab 

Lead, TCLP ND mg/l 0.50 -- 1 05/13/11 14:40 05/13/11 18:41 EPA 3015 1,6010B MG 
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FF Serial_No:05161115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106422 

Project Number: 6690 Report Date: 05/16/11 

Method Blank Analysis 
Batch Quality Control 

Dilution Date Date Analytical 
Parameter Result Qualifier Units RL MDL Factor Prepared Analyzed Method Analyst 

TCLP Metals by EPA 1311 - Westborough Lab  for sample(s): 01-05  Batch: WG467805-1 

Lead, TCLP ND mg/l 0.50 -- 1 05/13/11 14:40 05/13/11 17:56 1,6010B MG 

Prep Information 

Digestion Method: EPA 3015 

TCLP/SPLP Extraction Date: 05/12/11 18:30 
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Serial_No:05161115:16 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL NEW BEDFORD 
Batch Quality Control 

Lab Number: L1106422 

Project Number: 6690 Report Date: 05/16/11 

Parameter 
LCS 

%Recovery 
LCSD 

%RecoveryQual Qual 

TCLP Metals by EPA 1311 - Westborough Lab  Associated sample(s): 01-05    Batch: WG467805-2 

%Recovery 
Limits RPD Qual RPD Limits 

Lead, TCLP  100 - 75-125 - 20 
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Serial_No:05161115:16 

Matrix Spike Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106422 

Project Number: 6690 Report Date: 05/16/11 

Native MS MS MS MSD MSD Recovery RPD 
Parameter Sample Added Found %Recovery Qual Found %Recovery Qual Limits RPD Qual Limits 

TCLP Metals by EPA 1311 - Westborough Lab Associated sample(s): 01-05    QC Batch ID: WG467805-4    QC Sample: L1106614-01  Client ID: MS Sample 

Lead, TCLP ND 10 10  100 - - 75-125 - 20 
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Serial_No:05161115:16 

Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL NEW BEDFORD Batch Quality Control Lab Number: L1106422 

Project Number: 6690 Report Date: 05/16/11 

Units RPDParameter Native Sample Duplicate Sample RPD LimitsQual 

TCLP Metals by EPA 1311 - Westborough Lab  Associated sample(s): 01-05  QC Batch ID: WG467805-3  QC Sample: L1106614-01  Client ID: DUP 
Sample 

Lead, TCLP ND ND mg/l NC 20 
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Serial_No:05161115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106422 

Project Number: 6690 Report Date: 05/16/11 

Sample Receipt and Container Information 

Were project specific reporting limits specified? YES 

Reagent H2O Preserved Vials Frozen on: NA 

Cooler Information Custody Seal 
Cooler 
A Absent 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1106422-01A Amber 120ml unpreserved A N/A 2 Y Absent -

L1106422-01X Plastic 250ml HNO3 preserved spl A <2 2 Y Absent PB-CI(180) 

L1106422-02A Amber 120ml unpreserved A N/A 2 Y Absent -

L1106422-02X Plastic 250ml HNO3 preserved spl A <2 2 Y Absent PB-CI(180) 

L1106422-03A Amber 120ml unpreserved A N/A 2 Y Absent -

L1106422-03X Plastic 250ml HNO3 preserved spl A <2 2 Y Absent PB-CI(180) 

L1106422-04A Amber 120ml unpreserved A N/A 2 Y Absent -

L1106422-04X Plastic 250ml HNO3 preserved spl A <2 2 Y Absent PB-CI(180) 

L1106422-05A Amber 120ml unpreserved A N/A 2 Y Absent -

L1106422-05X Plastic 250ml HNO3 preserved spl A <2 2 Y Absent PB-CI(180) 

*Values in parentheses indicate holding time in days 
Page 15 of 23 



Serial_No:05161115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106422
 

Project Number: 6690 Report Date: 05/16/11
 

GLOSSARY
 

Acronyms 

EPA Environmental Protection Agency.

LCS Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known
amounts of analytes or a material containing known and verified amounts of analytes. 

LCSD Laboratory Control Sample Duplicate: Refer to LCS.

MDL Method Detection Limit: This value represents the level to which target analyte concentrations are reported as
estimated values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

MS Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of
matrix sample for which an independent estimate of target analyte concentration is available. 

MSD Matrix Spike Sample Duplicate: Refer to MS.

NA Not Applicable.

NC Not Calculated: Term is utilized when one or more of the results utilized in the calculation are non-detect at the
parameter's reporting unit. 

NI Not Ignitable.

RL Reporting Limit: The value at which an instrument can accurately measure an analyte at a specific concentration.
The RL includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

RPD Relative Percent Difference: The results from matrix and/or matrix spike duplicates are primarily designed to
assess the precision of analytical results in a given matrix and are expressed as relative percent difference (RPD). 
Values which are less than five times the reporting limit for any individual parameter are evaluated by utilizing the 
absolute difference between the values; although the RPD value will be provided in the report.

Terms 

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: 
EPA 8260B is shown as 1,8260B.) The codes for the reference method documents are provided in the References section of 
the Addendum. 

Data Qualifiers 

A -Spectra identified as "Aldol Condensation Product". 

B -The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated 
field samples that have detectable concentrations of the analyte at less than five times (5x) the concentration found in 
the blank. For MCP-related projects, flag only applies to associated field samples that have detectable concentrations 
of the analyte at less than ten times (10x) the concentration found in the blank. For DOD-related projects, flag only 
applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) the 
concentration found in the blank AND the analyte was detected above one-half the reporting limit (or above the 
reporting limit for common lab contaminants) in the associated method blank. 

C -Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co
extracted analyses. 

D -Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable 
concentrations of the analyte. 

E -Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument. 

G -The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The 
result should be considered estimated. 

H -The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of 
sample collection. 

I -The RPD between the results for the two columns exceeds the method-specified criteria; however, the lower value 
has been reported due to obvious interference. 

P  -The RPD between the results for the two columns exceeds the method-specified criteria. 

Report Format: Data Usability Report 
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Serial_No:05161115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106422 

Project Number: 6690 Report Date: 05/16/11 

Data Qualifiers 

Q -The quality control sample exceeds the associated acceptance criteria. Note: This flag is not applicable for matrix 
spike recoveries when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when 
the sample concentrations are less than 5x the RL. (Metals only.) 

R -Analytical results are from sample re-analysis. 

RE  -Analytical results are from sample re-extraction. 

J - Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs). 

ND  - Not detected at the reporting limit (RL) for the sample. 

Report Format: Data Usability Report 
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Serial_No:05161115:16 

Project Name: Lab Number:SOUTH TERMINAL NEW BEDFORD L1106422 

Project Number: 6690 Report Date: 05/16/11 

REFERENCES 

1 Test Methods for Evaluating Solid Waste: Physical/Chemical Methods. EPA SW-846. 
Third Edition. Updates I - IIIA, 1997. 

LIMITATION OF LIABILITIES 

Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing 
laboratory industry. In the event of an error, the sole and exclusive responsibility of Alpha Analytical 
shall be to re-perform the work at it's own expense. In no event shall Alpha Analytical be held liable 
for any incidental, consequential or special damages, including but not limited to, damages in any way 
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical. 

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling, 
containers, sampling procedures, holding time and splitting of samples in the field. 
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Serial_No:05161115:16 

Certificate/Approval Program Summary
Last revised February 23, 2011  - Westboro Facility
 

The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 


Connecticut Department of Public Health Certificate/Lab ID: PH-0574. NELAP Accredited Solid Waste/Soil. 

Drinking Water (Inorganic Parameters: Color, pH, Turbidity, Conductivity, Alkalinity, Chloride, Free Residual Chlorine, 
Fluoride, Calcium Hardness, Sulfate, Nitrate, Nitrite, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, 
Silver, Sodium, Thallium, Vanadium, Zinc, Total Dissolved Solids, Total Organic Carbon, Total Cyanide, Perchlorate. 
Organic Parameters: Volatile Organics 524.2, Total Trihalomethanes 524.2, 1,2-Dibromo-3-chloropropane (DBCP), 
Ethylene Dibromide (EDB), 1,4-Dioxane (Mod 8270). Microbiology Parameters: Total Coliform-MF mEndo (SM9222B), 
Total Coliform – Colilert (SM9223 P/A), E. Coli. – Colilert (SM9223 P/A), HPC – Pour Plate (SM9215B), Fecal Coliform – 
MF m-FC (SM9222D))  

Wastewater/Non-Potable Water (Inorganic Parameters: Color, pH, Conductivity, Acidity, Alkalinity, Chloride, Total 
Residual Chlorine, Fluoride, Total Hardness, Silica, Sulfate, Sulfide, Ammonia, Kjeldahl Nitrogen, Nitrate, Nitrite, O-
Phosphate, Total Phosphorus, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, 
Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, 
Selenium, Silver, Sodium, Strontium, Thallium, Tin, Titanium, Vanadium, Zinc, Total Residue (Solids), Total Dissolved 
Solids, Total Suspended Solids (non-filterable), BOD, CBOD, COD, TOC, Total Cyanide, Phenolics, Foaming Agents 
(MBAS), Bromide, Oil and Grease. Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, 
Toxaphene, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Acid Extractables (Phenols), Benzidines, Phthalate Esters, Nitrosamines, 
Nitroaromatics & Isophorone, Polynuclear Aromatic Hydrocarbons, Haloethers, Chlorinated Hydrocarbons, Volatile 
Organics, TPH (HEM/SGT), Extractable Petroleum Hydrocarbons (ETPH), MA-EPH, MA-VPH. Microbiology Parameters: 
Total Coliform – MF mEndo (SM9222B), Total Coliform – MTF (SM9221B), HPC – Pour Plate (SM9215B), Fecal 
Coliform – MF m-FC (SM9222D), Fecal Coliform – A-1 Broth (SM9221E).)  

Solid Waste/Soil (Inorganic Parameters: pH, Sulfide, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Tin, Vanadium, Zinc, Total Cyanide, Ignitability, 
Phenolics, Corrosivity, TCLP Leach (1311), SPLP Leach (1312 metals only), Reactivity. Organic Parameters: PCBs, 
PCBs in Oil, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Extractable Petroleum Hydrocarbons 
(ETPH), MA-EPH, MA-VPH, Dicamba, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Volatile Organics, Acid Extractables (Phenols), 
3.3’-Dichlorobenzidine, Phthalates, Nitrosamines, Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated 
Hydrocarbons. ) 

Maine Department of Human Services Certificate/Lab ID: 2009024.  

Drinking Water (Inorganic Parameters: SM9215B, 9222D, 9223B, EPA 180.1, 353.2, SM2130B, 2320B, 4500Cl-D,
 
4500CN-C, 4500CN-E, 4500F-C, 4500H+B, 4500NO3-F, EPA 200.7, EPA 200.8, 245.1, EPA 300.0. Organic
 
Parameters: 504.1, 524.2.)  


Wastewater/Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664A, 350.1, 351.1, 353.2, 410.4, 420.1, 
SM2320B, 2510B, 2540C, 2540D, 426C, 4500Cl-D, 4500Cl-E, 4500CN-C, 4500CN-E, 4500F-B, 4500F-C, 4500H+B, 
4500Norg-B, 4500Norg-C, 4500NH3-B, 4500NH3-G, 4500NH3-H, 4500NO3-F, 4500P-B, 4500P-E, 5210B, 5220D, 
5310C, EPA 200.7, 200.8, 245.1. Organic Parameters: 608, 624, ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Solid Waste/Soil (Organic Parameters: ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Massachusetts Department of Environmental Protection Certificate/Lab ID: M-MA086. 

Drinking Water (Inorganic Parameters: (EPA 200.8 for: Sb,As,Ba,Be,Cd,Cr,Cu,Pb,Ni,Se,Tl) (EPA 200.7 for: 

Ba,Be,Ca,Cd,Cr,Cu,Na,Ni)  245.1, (300.0 for:  Nitrate-N, Fluoride, Sulfate); (EPA 353.2 for: Nitrate-N, Nitrite-N);
 
(SM4500NO3-F for: Nitrate-N and Nitrite-N); 4500F-C, 4500CN-CE, EPA 180.1, SM2130B, SM4500Cl-D, 2320B, 

SM2540C, SM4500H-B. Organic Parameters: (EPA 524.2 for: Trihalomethanes, Volatile Organics); (504.1 for:  1,2
Dibromoethane, 1,2-Dibromo-3-Chloropropane), EPA 332. Microbiology Parameters: SM9215B; ENZ. SUB. SM9223;
 
ColilertQT SM9223B; MF-SM9222D.) 


Non-Potable Water (Inorganic Parameters:, (EPA 200.8 for: Al,Sb,As,Be,Cd,Cr,Cu,Pb,Mn,Ni,Se,Ag,Tl,Zn); (EPA 200.7 
for: Al,Sb,As,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Mo,Ni,K,Se,Ag,Na,Sr,Ti,Tl, V,Zn); 245.1, SM4500H,B, EPA 120.1, 
SM2510B, 2540C, 2340B, 2320B, 4500CL-E, 4500F-BC, 426C, SM4500NH3-BH, (EPA 350.1 for:  Ammonia-N), 
LACHAT 10-107-06-1-B for Ammonia-N, SM4500NO3-F, 353.2 for Nitrate-N, SM4500NH3-BC-NES, EPA 351.1, 
SM4500P-E, 4500P-B,E, 5220D, EPA 410.4, SM 5210B, 5310C, 4500CL-D, EPA 1664, SM14 510AC, EPA 420.1, 
SM4500-CN-CE, SM2540D. 
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Serial_No:05161115:16 

Organic Parameters: (EPA 624 for Volatile Halocarbons, Volatile Aromatics),(608 for:  Chlordane, Aldrin, Dieldrin, DDD, 
DDE, DDT, Heptachlor, Heptachlor Epoxide, PCBs-Water), (EPA 625 for SVOC Acid Extractables and SVOC 
Base/Neutral Extractables), 600/4-81-045-PCB-Oil.  Microbiology Parameters: (ColilertQT SM9223B;Enterolert-QT: 
SM9222D-MF.)  

New Hampshire Department of Environmental Services Certificate/Lab ID: 200307. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM 9222B, 9223B, 9215B, EPA 200.7, 200.8, 245.2, 300.0, SM4500CN-E, 

4500H+B, 4500NO3-F, 2320B, 2510B, 2540C, 4500F-C, 5310C, 2120B, EPA 332.0. Organic Parameters: 504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM9222D, 9221B, 9222B, 9221E-EC, EPA 3005A, 200.7, 200.8, 245.1, 
245.2, SW-846 6010B, 6020, 7196A, 7470A, SM3500-CR-D, EPA 120.1, 300.0, 350.1, 351.1, 353.2, 410.4, 420.1, 
1664A, SW-846 9010, 9030, 9040B, 9050A, SM426C, SM2120B, 2310B, 2320B, 2540B, 2540D, 4500H+B, 4500CL-E, 
4500CN-E, 4500NH3-H, 4500NO3-F, 4500NO2-B, 4500P-E, 4500-S2-D, 5210B, 5220D, 2510B, 2540C, 4500F-C, 
5310C, 5540C, LACHAT 10-204-00-1-A, LACHAT 10-107-06-2-D. Organic Parameters: SW-846 3510C, 5030B, 8260B, 
8270C, 8330, EPA 624, 625, 608, SW-846 8082, 8081A, 8151A.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846 6010B, 7196A, 7471A, 1010, 1030, 9010, 9012A, 9014, 
9030B, 9040B, 9045C, 9050C, 9065,1311, 1312, 3005A, 3050B. Organic Parameters: SW-846 3540C,  3546, 3580A, 
5030B, 5035, 8260B, 8270C, 8330, 8151A, 8015B, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA935. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9222B, 9221E, 9223B, 9215B, 4500CN-CE, 4500NO3-F, 4500F-C, EPA
 
300.0, 200.7, 200.8, 245.2, 2540C, SM2120B, 2320B, 2510B, 5310C, SM4500H-B. Organic Parameters: EPA 332,
 
504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM5210B, EPA 410.4, SM5220D, 4500Cl-E, EPA 300.0, SM2120B, 
SM4500F-BC, EPA 200.7, 351.1, LACHAT 10-107-06-2-D, EPA 353.2, SM4500NO3-F, 4500NO2-B, EPA 1664A, 
SM5310B, C or D, 4500-PE, EPA 420.1, SM510ABC, SM4500P-B5+E, 2540B, 2540C, 2540D, EPA 120.1, SM2510B, 
SM15 426C, 9222D, 9221B, 9221C, 9221E, 9222B, 9215B, 2310B, 2320B, 4500NH3-H, 4500-S D, EPA 350.1, 350.2, 
SW-846 1312, 6020, 7470A, 5540C, 4500H-B, EPA 200.8, SM3500Cr-D, 4500CN-CE, EPA 245.1, 245.2, SW-846 
9040B, 3005A, EPA 6010B, 7196A, SW-846 9010B, 9030B. Organic Parameters: SW-846 8260B, 8270C, 8270C-SIM, 
3510C, EPA 608, 624, 625, SW-846 3630C, 5030B, 8081A, 8082, 8151A, 8330, NJ OQA-QAM-025 Rev.7, NJ EPH.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846, 6010B, 7196A, 9010B, 9030B, 1010, 1030, 1311, 1312, 
3005A, 3050B, 7471A, 9014, 9012A, 9040B, 9045C, 9050A, 9065. Organic Parameters: SW-846 8015B, 8081A, 8082, 
8151A, 8330, 8260B, 8270C, 8270C-SIM, 3540C, 3545, 3546, 3550B, 3580A, 3630C, 5030B, 5035L, 5035H, NJ OQA
QAM-025 Rev.7, NJ EPH.) 

New York Department of Health Certificate/Lab ID: 11148. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9223B, 9222B, 9215B, EPA 200.8, 200.7, 245.2, SM5310C, EPA 332.0, 

SM2320B, EPA 300.0, SM2120B, 4500CN-E, 4500F-C, 4500H-B, 4500NO3-F, 2540C, SM 2510B. Organic Parameters: 

EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: SM9221E, 9222D, 9221B, 9222B, 9215B, 5210B, 5310C, EPA 410.4, 
SM5220D, 2310B-4a, 2320B, EPA 200.7, 300.0, SM4500CL-E, 4500F-C, SM15 426C, EPA 350.1, SM4500NH3-BH, 
EPA 351.1, LACHAT 10-107-06-2, EPA 353.2, LACHAT 10-107-04-1-C, SM4500-NO3-F, 4500-NO2-B, 4500P-E, 
2540C, 2540B, 2540D, EPA 200.8, EPA 6010B, 6020, EPA 7196A, SM3500Cr-D, EPA 245.1, 245.2, 7470A, SM2120B, 
LACHAT 10-204-00-1-A, EPA 9040B, SM4500-HB, EPA 1664A, EPA 420.1, SM14 510C, EPA 120.1, SM2510B, 
SM4500S-D, SM5540C, EPA 3005A, 9010B, 9030B.. Organic Parameters: EPA 624, 8260B, 8270C, 625, 608, 8081A, 
8151A, 8330, 8082, EPA 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: 1010, 1030, EPA 6010B, 7196A, 7471A, 9012A, 9014, 9040B, 9045C, 
9065, 9050, EPA 1311, 1312, 3005A, 3050B, 9010B, 9030B. Organic Parameters: EPA 8260B, 8270C, 8015B, 8081A, 
8151A, 8330, 8082, 3540C, 3545, 3546, 3580, 5030B, 5035.)  

North Carolina Department of the Environment and Natural Resources Certificate/Lab ID : 666. Organic 
Parameters: MA-EPH, MA-VPH. 

Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-03671. NELAP Accredited. 
Drinking Water (Organic Parameters: EPA 524.2) 

Non-Potable Water (Inorganic Parameters: EPA 1312. Organic Parameters: EPA 3510C, 5030B, 625, 624, 608, 8081A, 
8082, 8151A, 8260B, 8270C, 8330) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 350.1, 1010, 1030, 1311, 1312, 3050B, 6010B, 7196A, 7471A, 
9010B, 9012A, 9014, 9040B, 9045C, 9050, 9065, SM 4500NH3-H.  Organic Parameters: 3540C, 3545, 3546, 3550B, 
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Serial_No:05161115:16 

3580A, 3630C, 5035, 8015B, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 


Rhode Island Department of Health Certificate/Lab ID: LAO00065. NELAP Accredited via NY-DOH.
 
Refer to MA-DEP Certificate for Potable and Non-Potable Water.  

Refer to NJ-DEP Certificate for Potable and Non-Potable Water.  


Texas Commisson on Environmental Quality Certificate/Lab ID: T104704476-09-1. NELAP Accredited. 
Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664, 200.7, 200.8, 245.1, 245.2, 300.0, 350.1, 351.1, 353.2, 
376.2, 410.4, 420.1, 6010, 6020, 7196, 7470, 9040, SM 2120B, 2310B, 2320B, 2510B, 2540B, 2540C, 2540D, 426C, 
4500CL-E, 4500CN-E, 4500F-C, 4500H+B, 4500NH3-H, 4500NO2B, 4500P-E, 4500 S2¯D, 510C, 5210B, 5220D, 
5310C, 5540C. Organic Parameters: EPA 608, 624, 625, 8081, 8082, 8151, 8260, 8270, 8330.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 9012, 9014, 9040, 9045, 9050, 9065.) 

Department of Defense Certificate/Lab ID: L2217. 

Drinking Water (Inorganic Parameters: SM 4500H-B. Organic Parameters: EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: EPA 200.7, 200.8, 6010B, 6020, 245.1, 245.2, 7470A, 9040B, 300.0, 332.0, 
6860, 353.2, 410.4, 9060, 1664A, SM 4500CN-E, 4500H-B, 4500NO3-F, 5220D, 5310C, 2320B, 2540C, 3005A, 3015, 
9010B, 9056. Organic Parameters: EPA 8260B, 8270C, 8330A, 625, 8082, 8081A, 3510C, 5030B, MassDEP EPH, 
MassDEP VPH.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 200.7, 6010B, 7471A, 9010, 9012A, 6860, 1311, 1312, 3050B, 
7196A, 9010B, 3500-CR-D, 4500CN-CE, 2540G, Organic Parameters: EPA 8260B, 8270C, 8330A/B-prep, 8082, 
8081A, 3540C, 3546, 3580A, 5035A, MassDEP EPH, MassDEP VPH.) 

Analytes Not Accredited by NELAP 
Certification is not available by NELAP for the following analytes: EPA 8260B: Freon-113, 1,2,4,5-Tetramethylbenzene, 
4-Ethyltoluene. EPA 8330A:  PETN, Picric Acid, Nitroglycerine,  2,6-DANT,  2,4-DANT. EPA 8270C:  Methyl  
naphthalene, Dimethyl naphthalene, Total Methylnapthalenes, Total Dimethylnaphthalenes, 1,4-Diphenylhydrazine 
(Azobenzene). EPA 625: 4-Chloroaniline.  EPA 350.1 for Ammonia in a Soil matrix. 
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Chet Myers 
Apex Companies LLC 
184 High Street 
Suite 502 
Boston, MA 02110 

Project: South T erminal.6690 

PO Number: 
Report Number: 
Date Received: 
Date Reported: 

None 
20948 
04/29/11 
05/26/11 

Attached please find results for analyses performed on samples received on 04/29/11 at 1020. 

Samples were received in acceptable condition and under chain of custody. 

Instruments used in analysis were calibrated with the appropriate frequency and to the 
specifications of the referenced methods. 

Analytes in blanks were below levels affecting sample results. 

Matrix effects as monitored by matrix spike recovery or unusual physical properties were not 
apparent, except where noted. 

Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits. 

Signature 

Attachment 
Report 

Date __ 5,,---'+-!_2~-r{L-"fI(_. _ 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.086 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 77 
decachlorobiphenyl 81 

U = Below quantitation limit 

20948-001 
TP-1 
04/25/11 0730 
05/09/11 
05/24/11 
Solid 
10 
84 
1 

Reporting 
Limit 

(ug/g) 

0.06 
0.06 
0.06 
0.06 
0.06 
0.06 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. Congeners characteristic of the reported Aroclor were present 
and used for quantitation. Arochlor identification is tentative. 

Page of ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

2/47 



File C:\DATA2\052311A\016B5001.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

24 May 2011 
HP G1530A 

20948-001 

3:33 pm using AcqMethod DUAL COL.M 

Misc Info 
Vial Number: 16 

6400000 

6200000 

6000000 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

Time 2.00 4.00 6.00 8.00 

. Signal: 016B50b1.D\ECD1A.CH 
33 

14.77 

14.03 1634 
15.31 . 

5.66 

10.00 12.00 14.00 16.00 

3/47 

18.00 

24.47 

23.32 

20.00 22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arocior 1016\1242 U 
Arocior 1221 U 
Arocior 1232 U 
Arocior 1248 U 
Arocior 1254 75 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene Diluted Out 
decachlorobiphenyl Diluted Out 

U = Below quantitation limit 

20948-002 
TP-2 
04/25111 1115 
05/09/11 
05/25/11 
Solid 
10 
87 

200 

Reporting 
Limit 

(ug/g) 

1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Arocior 
and used for quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 

C:\DATA2\052311A\032B6901.D 
rdf 

Misc Info 

25 May 2011 
HP G1530A 

20948-002 L200 

Vial Number: 32 

Response_ 
7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 2.00 4.00 6.00 

3:24 am using AcqMethod DUAL COL.M 

8.00 

Signal: 032B6901.D\EC[)1A.CH 
14.79 

14.05 

16.37 

15.34 

14. 7 

13.6 15. 

5. 9 

1 .1 

5. 

12.69 4 8 

17.14 

10.00 

3.q . 

12.00 

5/47 
14.00 

1 .6 

16.00 

17.86 
8.21 

18.00 

19.22 

20.00 22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW846 8082 

Concentration 
(ug/g) 

Aroclor 1016\1242 

Aroclor 1221 
Aroclor 1232 
Aroclor 1248 
Aroclor 1254 

Aroclor 1260 

SURROGATE STANDARD 

tetrach loro-m-xylene 

decachlorobiphenyl 

U = Below quantitation limit 

U 

U 
U 
U 
15 

U 

Recovery 

(%) 
Diluted Out 

Diluted Out 

20948-003 
TP-5 
04/25/11 1235 
05/09/11 
OS/25/11 
Solid 
10 
82 
1 
50 

Reporting 
Limit 

(ug/g) 

0.31 

0.31 
0.31 
0.31 
0.31 

0.31 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Arocior 
and used for quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 

C:\DATA2\052311A\033B7001.D 
rdf 

Misc Info 

25 May 2011 
HP G1530A 

20948-003 L50 

Vial Number: 33 

6400000 

6200000 

6000000 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

Time 2.00 4.00 6.00 

4:01 am using AcqMethod DUAL COL.M 

8.00 

.. SignaE033r:370bfO\ECD1A.CH 
16.37 

14.79 

15.34 

14.05 

14. 6 

5. 

1 .1 
17.14 

13.6 

12.69 

10.00 12.00 14.00 

7/47 

6 

17.86 

8.2119.22 

7. 

16.00 18.00 20.00 22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arodor 1016\1242 U 
Arodor 1221 U 
Arodor 1232 U 
Arodor 1248 U 
Arodor 1254 610 
Arodor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene Diluted Out 
decachlorobiphenyl Diluted Out 

U = Below quantitation limit 

20948-004 
TP-4 
04/25/11 1300 
05/09/11 
05/25/11 
Solid 
10 
81 

1000 

Reporting 
Limit 

(ug/g) 

6.2 

6.2 
6.2 

6.2 
6.2 

6.2 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor 
and used for quantitation were present. Arochlor identification is tentative. 

Some of the GC peaks were above the calibration limit but within the expected linear response range of the system. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052311A\034B7101.D 
rdf 
25 May 2011 

HP G1530A 
4:38 am using AcqMethod DUAL COL.M 

20948-004 LI000 

Vial Number: 34 

Response_ 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 2.00 4.00 6.00 8.00 

Sigllal: 034B710fb\ECD1A.CH 
14.79 

16.37 

14.05 

15.35 

14. 7 

15. 

5. 9 
13.6 

1 .1 5. 

4 9 

17.14 

10.00 

1 
12.69 

3.0 

1\ 
.1 

12.00 14.00 

9/47 

1 6 

16.00 18.00 

19.23 

23.38 

20.00 22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 0.53 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 0.52 
Aroclor 1254 12 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene Diluted Out 
decachlorobiphenyl Diluted Out 

U = Below quantitation limit 

20948-005 
TP-3 
04/25/111347 
05/09/11 
05/25/11 
Solid 
10 
89 
1 
30 

Reporting 
Limit 
(ug/g) 

J 0.17 
0.17 
0.17 

J 0.17 
0.17 
0.17 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

J = Estimated value. This analyte may have been affected by other aroclors in the sample. 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor 
and used for quantitation were present. Arochlor identification is tentative. 
Some of the GC peaks were above the calibration limit but within the expected linear response range of the system. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052311A\035B7201.D 
rdf 
25 May 2011 

HP G1530A 
20948-005 L30 

5:15 am using AcqMethod DUAL COL.M 

Vial Number: 35 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 

Signal: 035B7:i01.D\ECD1A.CH 
1 .79 

16.37 

14.05 

15.33 

14. 6 

15. 

13.6 
5. 9 

.1 5. 

12.68 
4 8 

17.14 

11.51 
10.35 

10.9 

11/47 

17.85 

1.5 8.2119.22 

7. 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arocior 1016\1242 U 
Arocior 1221 U 
Arocior 1232 U 
Arocior 1248 U 
Aroclor 1254 0.26 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 83 
decachlorobiphenyl 77 

U = Below quantitation limit 

20948-006 
TP-7 
04/26/11 0740 
05/09/11 
05/26/11 
Solid 
10 
82 

Reporting 
Limit 
(ug/g) 

0.0061 
0.0061 
0.0061 
0.0061 
0.0061 
0.0061 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Arocior and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 

C:\DATA2\052311A\020B5401.D 
rdf 
24 May 2011 

HP G1530A 
Sample Name: 20948-006 
Misc Info 
Vial Number: 20 

1.3e+07 

1.25e+07 

1.2e+07 

1.15e+07 

1.1e+07 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

6:04 pm using AcqMethod DUAL COL.M 

Signal: 02oB54oi.D\ECD1A.CH 
1 .80 

16.40 

14.06 

15.36 

14. 8 
10.36 13.6 

5. 

12.70 

17.17 

I 

24.63 

2000000 

1\ 17.90 
.6 8.26

19
.
28 

1500000 

1000000 

Time 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.11 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 80 
decachlorobiphenyl 84 

U = Below quantitation limit 

20948-007 
TP-6 
04/26/11 0900 
05/09/11 
OS/24/11 
Solid 
10 
74 

Reporting 
Limit 

(ug/g) 

0.0067 
0.0067 
0.0067 
0.0067 
0.0067 
0.0067 

Advisory Limits 
( %) 
30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. Congeners characteristic of the reported Aroclor were present 

and used for quantitation. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 

C:\DATA2\052311A\021B5501.D 
rdf 

Misc Info 

24 May 2011 
HP G1530A 

20948-007 

Vial Number: 21 

6200000 

6000000 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

Time 2.00 4.00 6.00 

6:41 pm using AcqMethod DUAL COL.M 

8.00 

Signal: 02185501.D\ECD1A.CH 
.37 

14.81 

14.07 

14. 8 
13.6 5. 

1 .1 

12.70 

16.39 

24.59 

26.09 

22.99 

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (ml) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.014 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 66 
decachlorobiphenyl 69 

U = Below quantitation limit 

20948-008 
TP-8 
04/26/11 1100 
05/09/11 
OS/24/11 
Solid 
10 
86 
1 
1 

Reporting 
limit 
(ug/g) 

0.0058 
0.0058 
0.0058 
0.0058 
0.0058 
0.0058 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. Congeners characteristic of the reported Aroclor were present 
and used for quantitation. Arochlor identification is tentative. 
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File C:\DATA2\052311A\022B5601.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

24 May 2011 
HP G1530A 

20948-008 

7:19 pm using AcqMethod DUAL COL.M 

Misc Info 
Vial Number: 22 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

Time 2.00 4.00 6.00 8.00 

Signal: 022B5601.0\ECD1A.cH 
.36 

10.00 12.00 14.00 16.00 

17/47 

24.56 

26.34 . 

r 
18.00 20.00 22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Arocior 1221 U 
Arocior 1232 U 
Arocior 1248 U 
Arocior 1254 4.6 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 85 
decachlorobiphenyl 108 

U = Below quantitation limit 

20948-009 
TP-9 
04/26/11 1354 
05/09/11 
05/24/11 
Solid 
10 
65 

10 

Reporting 
Limit 

(ug/g) 

0.77 
0.77 
0.77 
0.77 
0.77 
0.77 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. Congeners characteristic of the reported Arocior were present 
and used for quantitation. Arochlor identification is tentative. 
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File C:\DATA2\052311A\029B3401.D 
Operator rdf 
Acquired 24 May 2011 5:38 am using AcqMethod DUAL COL.M 
Instrument HP G1530A 
Sample Name: 20948-009 L10 
Misc Info 
Vial Number: 29 

Response_ 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

SignaL 02963401.b\EC01A.cR 
1 .77 

16.35 

14.04 

15.32 

14. 5 

13.6 

.1 5. 

4 7 

15. 

5. 7 

12.68 17.12 
1 

10.34 

.5 

17.82 
8.18 

19.19 
24.49 

Time 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.032 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 76 
decachlorobiphenyl 76 

U = Below quantitation limit 

20948-010 
TP-11 
04/26/11 1520 
05/09/11 
05/24/11 
Solid 
10 
93 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0054 
0.0054 
0.0054 
0.0054 
0.0054 
0.0054 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. Congeners characteristic of the reported Aroclor were present 
and used for quantitation. Arochlor identification is tentative. 

Page of ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

20/47 



File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052311A\023B5701.D 
rdf 
24 May 2011 

HP G1530A 
20948-010 

7:56 pm using AcqMethod DUAL COL.M 

Vial Number: 23 

Response_ 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

Signal: 023B5701.D\ECD1A.CH 
.36 

16.38 

14.79 

1600000 17.15 19.23 

1400000 

1200000 

1000000 

800000 

Time 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 

21/47 

24.56 

22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arocior 1016\1242 U 
Arocior 1221 U 
Arocior 1232 U 
Arocior 1248 U 
Arocior 1254 0.22 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 78 
decachlorobiphenyl 78 

U = Below quantitation limit 

20948-011 
TP-10 
04/27111 0830 
05/09/11 
05/24/11 
Solid 
10 
87 
1 
1 

Reporting 
Limit 

(ug/g) 

0.0058 
0.0058 
0.0058 
0.0058 
0.0058 
0.0058 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. Congeners characteristic of the reported Aroclor were present 
and used for quantitation. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 

C:\DATA2\052311A\024B5801.D 
rdf 

Misc Info 

24 May 2011 
HP G1530A 

20948-011 

Vial Number: 24 

Response_ 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 2.00 4.00 6.00 

8:34 pm using AcqMethod DUAL COL.M 

8.00 

... Slgnal:024B5S01.0\ECD1A.CH 
.35 

16.38 

14.79 

1 .§4'0 

15. 

14.06 

24.56 

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.11 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 77 
decachlorobiphenyl 74 

U = Below quantitation limit 

20948-012 
TP-12 
04/27/11 0930 
05/09/11 
05/24/11 
Solid 
10 
80 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0062 
0.0062 
0.0062 
0.0062 
0.0062 
0.0062 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. Congeners characteristic of the reported Aroclor were present 

and used for quantitation. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052311A\025B5901.D 
rdf 
24 May 2011 

HP G1530A 
20948-012 

9:11 pm using AcqMethod DUAL COL.M 

Vial Number: 25 

Response_ 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

Signal: 025B590fo\EC01A.CH 
.35 

16.38 

14.05 15. 

14. 7 

1 .1 5. 17.15 

17.87 
8.22 

1600000 
1 .6 

19.23 

1400000 

1200000 

1000000 

800000 

Time 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 

25/47 

24.56 

22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arocior 1016\1242 U 
Arocior 1221 U 
Aroclor 1232 U 
Arocior 1248 U 
Arocior 1254 0.51 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 83 
decachlorobiphenyl 89 

U = Below quantitation limit 

20948-013 
TP-13a 
04/27/11 1100 
05/09/11 
OS/25/11 
Solid 
10 
83 

2 

Reporting 
Limit 
(ug/g) 

0.012 
0.012 
0.012 
0.012 
0.012 
0.012 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor 
and used for quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 

C:\DATA2\052311A\029B6601.D 
rdf 

Misc Info 

25 May 2011 
HP G1530A 

20948-013 L2 

Vial Number: 29 

Response_ 

6400000 

6200000 

6000000 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

Time 2.00 4.00 6.00 

1:32 am using AcqMethod DUAL COL.M 

Signal: ()29B66()1.b\ECb1ACH 
16.37 

14.79 

10.35 

15.69 

14.05 
15. 4 

17.14 

13.6 

1 .1 

4 8 18.21 
17. 

8.00 10.00 12.00 14.00 16.00 18.00 

27/47 

24.54 

19.22 

20.00 22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroc/or 1221 U 
Aroc/or 1232 U 
Aroc/or 1248 U 
Aroc/or 1254 0.10 
Aroc/or 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 75 
decachlorobiphenyl 80 

U = Below quantitation limit 

20948-014 
TP-14 
04/27/11 1157 
05/09/11 
05/24/11 
Solid 
10 
85 

Reporting 
Limit 
(ug/g) 

0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. Congeners characteristic of the reported Aroc/or were present 
and used for quantitation. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052311A\026B6301.D 
rdf 
24 May 2011 

HP G1530A 
20948-014 

11:41 pm using AcqMethod DUAL COL.M 

Vial Number: 26 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Signal: 026B6301.D\ECD1A.CH 
.35 

14.26 

1 .49 

1 44 

16.37 

13.23 

12.44 

.57 

14. 
13. 

4.79 

16. 3 
15.6 

15. 
1 

5. 
17.14 

24.54 

Time 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.03 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 81 
decachlorobiphenyl 82 

U = Below quantitation limit 

20948-015 
TP-16 
04/27/11 1330 
05/09/11 
05/25/11 
Solid 
10 
82 

Reporting 
Limit 

(ug/g) 

0.0061 
0.0061 
0.0061 
0.0061 
0.0061 
0.0061 

Advisory Limits 
( %) 
30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. Congeners characteristic of the reported Aroclor were present 
and used for quantitation. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052311A\027B6401.D 
rdf 
25 May 2011 

HP G1530A 
20948-015 

12:18 am using AcqMethod DUAL COL.M 

Vial Number: 27 

Response_ 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

Time 2.00 4.00 6.00 8.00 

Signal: 02is6401.D\ECD1A.CH 
35 

16.37 
14.79 

15.69 

10.00 12.00 14.00 16.00 

31/47 

18.72 

18.00 

24.53 

20.00 22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(uglg) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 6.20 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene Diluted Out 
decachlorobiphenyl Diluted Out 

U = Below quantitation limit 

20948-016 
TP-17 
04/27/11 1445 
05/09/11 
05/25/11 
Solid 
10 
83 
1 
20 

Reporting 
Limit 

(uglg) 

0.12 
0.12 
0.12 
0.12 
0.12 
0.12 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor 

and used for quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052311A\030B6701.D 
rdf 
25 May 2011 

HP G1530A 
20948-016 L20 

2:10 am using AcqMethod DUAL COL.M 

Vial Number: 30 

Response_ 

6800000 

6600000 

6400000 

6200000 

6000000 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

Signal: 030B6701.[)\EC[)1A.CH 
16.37 

14.79 

15.33 

14.05 

5.69 

15. 

14. 6 

5. 

1 .1 
13.6 17.14 

1 . 

10.35 

4 8 
1 . 17.85 

8.2119.22 

5 

24.53 

80000°L,,,~,,JJ~~"~~~~~~~~'-"'-""-'_"'I-" """-'1""-""'1-" ""-'''1''''-'''''1-'' """-'1 ,',',,-., '1"-"'-
Time 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 6.4 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene Diluted Out 
decachlorobiphenyl Diluted Out 

U = Below quantitation limit 

20948-017 
TP-13 
04/28/11 0800 
05/09/11 
OS/25/11 
Solid 
10 
82 

20 

Reporting 
Limit 
(ug/g) 

0.12 
0.12 
0.12 
0.12 
0.12 
0.12 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor 
and used for quantitation were present. Arochlor identification is tentative. 
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File C:\DATA2\052311A\031B6801.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

25 May 2011 
HP G1530A 

2:47 am using AcqMethod DUAL COL.M 

20948-017 L20 
Misc Info 
Vial Number: 31 

Response_ 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

1500000 

1000000 

Time 2.00 4.00 6.00 8.00 

Signal: 031 B6801.D\ECD1A.CH 
16.37 

14.79 

15.33 

14.05 
5.69 

15. 

10.00 12.00 14.00 16.00 

35/47 
18.00 

26.02 

20.00 22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 3.1 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 70 
decachlorobiphenyl 96 

U = Below quantitation limit 

20948-018 
DUPLICATE 1 
04/25/11 
05/09/11 
OS/24/11 
Solid 
10 
88 
1 
10 

Reporting 
Limit 
(ug/g) 

0.57 
0.57 
0.57 
0.57 
0.57 
0.57 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. Congeners characteristic of the reported Aroclor were present 
and used for quantitation. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052311A\038B4601.D 
rdf 
24 May 2011 

HP G1530A 
20948-018 LI0 

1:04 pm using AcqMethod DUAL COL.M 

Vial Number: 38 

Response_ 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

Signal:· 038B4601.D\ECD1A.CH 
R76 

16.33 

15.30 
14.03 

14. 4 
15.£ 

5. 6 

13.6 

5 . 

. 1 

4 6 17.10 

12.671 .€~ 

17.80 

10.33 
3.0, .5 

8.1619.17 

p 
I .p1 

24.46 

1000000 

\ 

V j'vJ ~)~ . ~ .. Y\~~~_ .. ,---~_ 

J""I'[ U 
I I I I 

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 Time 20
1

00 22
1

00 
I 

24.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arocior 1016\1242 U 
Arocior 1221 U 
Arocior 1232 U 
Arocior 1248 U 
Aroclor 1254 0.10 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 63 
decachlorobiphenyl 72 

U = Below quantitation limit 

20948-019 
DUPLICATE 2 
04/26/11 
05/09/11 
05/25/11 
Solid 
10 
74 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0067 

0.0067 
0.0067 
0.0067 
0.0067 

0.0067 

Advisory Limits 

(%) 
30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. Congeners characteristic of the reported Aroclor were present 

and used for quantitation. Arochlor identification is tentative. 

Page of ESI 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 

C:\DATA2\052311A\028B6501.D 
rdf 

Misc Info 

25 May 2011 
HP G1530A 

20948-019 

Vial Number: 28 

Response_ 
5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

Time 2.00 4.00 6.00 

12:55 am using AcqMethod DUAL COL.M 

8.00 

Signal:028136501.D\ECD1 A. CH 
36 

14.79 
16.37 

14.05 

17.14 

10.00 12.00 14.00 16.00 18.00 
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24.54 
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File C:\DATA2\052511A\012B1201.D 
Operator rdf 
Acquired 25 May 2011 4:42 pm using AcqMethod DUAL COL.M 
Instrument HP G1530A 
Sample Name: 1221 1000 
Misc Info 
Vial Number: 12 

289 

2500000 

2400000 

2300000 

2200000 

2100000 

2000000 

1900000 

1800000 

1700000 

1600000 

1500000 

1400000 

1300000 

1200000 

1100000 

1000000 .96 

900000 

800000 

Time 2.00 4.00 6.00 8.00 

9.36 

Signal:012B1201.D\ECD1A.CH 
1 .98 

10. 

12.29 

I 

10.00 12.00 14.00 16.00 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052311A\010B1301.D 
rdf 
23 May 2011 

HP G1530A 
1232.1000 

4:43 pm using AcqMethod DUAL COL.M 

Vial Number: 10 

Response_ . 
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File C:\DATA2\052311A\011B1401.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

23 May 2011 
HP G1530A 

5:20 pm using AcqMethod DUAL COL.M 

1248.1000 
Misc Info 
Vial Number: 11 

Response 
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4. 6 

11.51 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 

C:\DATA2\052311A\012B1501.D 
rdf 

Misc Info 

23 May 2011 
HP G1530A 

1254.1000 

Vial Number: 12 

Response_ 
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File C:\DATA2\052511A\010B1501.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

25 May 2011 6:32 pm using AcqMethod DUAL COL.M 

Misc Info 

HP G1530A 
1016-1260 1000 

Vial Number: 10 
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ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 1 

STUDY NO: 20948 
SDG No: 

Project: South Terminal.6690 

Delivered via: ESI 
Date and Time Received: 04/29/11 1020 Date and Time Logged into Lab: 04/29/11 1400 

Recieved By: OW Logged into Lab by: MES 

Air bill / Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 12 Custody Seals intact? NA 
Number of COC Pages: 1 
COC Serial Number(s): 
COC Complete: Yes Does the info on the COC match the samples? Yes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field 10 complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 
Client notification/authorization: Not required 

Bottle Req'd Verified 

Field 10 Lab 10 Mx Analysis Requested Pres'n Pres'n 

TP-1 20948-001 S AR08082 90zG 4C Yes 
TP-2 20948-002 S AR08082 90zG 4C Yes 
TP-5 20948-003 S AR08082 90zG 4C Yes 
TP-4 20948-004 S AR08082 90z G 4C Yes 
TP-3 20948-005 S AR08082 90zG 4C Yes 
TP-7 20948-006 S AR08082 90z G 4C Yes 
TP-6 20948-007 S AR08082 90z G 4C Yes 
TP-8 20948-008 S AR08082 90z G 4C Yes 
TP-9 20948-009 S AR08082 90zG 4C Yes 
TP-11 20948-010 S AR08082 90z G 4C Yes 
TP-10 20948-011 S AR08082 90zG 4C Yes 
TP-12 20948-012 S AR08082 90zG 4C Yes 
TP-13a 20948-013 S AR08082 90zG 4C Yes 
TP-14 20948-014 S AR08082 90zG 4C Yes 
TP-16 20948-015 S AR08082 90zG 4C Yes 
TP-17 20948-016 S AR08082 90zG 4C Yes 
TP-13 20948-017 S AR08082 90zG 4C Yes 
DUPLICATE 1 20948-018 S AR08082 90zG 4C Yes 
DUPLICATE 2 20948-019 S AR08082 90zG 4C Yes 

Notes and qualifications: 

-------------------------------45/47------------------------------------
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I 
I 

EnviroSystems, Inc. 
I Lafayette Road 
po. Box 778 
Hampton, N.H. 03843 

Voice: 603-926-3345 
FAX: 603-926-3521 

CHA~N Off CUSTODY DOCUMENTAT~ON 
r-

i ... ~' .. ,/;':1' If," ~ • ;) • ,., • .( " '.;' ~ I!, , / 

I Client. I .j l ~. :'\. ."i. ;1/1. '. Contact. '1''''\,., PrOject f\lame. .' I. •. i'" j/,' ",I' "." 
I 
I f-<eporl' "0' /' .' " TO- ,,' Address' , r-' ;l;' I ~ 1. '" l.. (.~':l' i1~._:; /I 'c;;' • II ,9 ~~' '/7 Project Number: f; t) 
I 

I Invoice to: ·"-l.l.:,"P'·" Address: .:t" :,:r1~' \, .. "i} j {} </ / !J;";' Project Manager: C a l.~r 

Protocol: RCRA SDWA 

Lab Number I Your Field 10: I Date I Time I Sampled I GI 
(assigned (must agree with Sampled Sampled By I or , 
by lab) container) I _~~:. I~I \ 

I I I I .... ~~" 

-1 

\ '~ , 

~--~-~~--~-------------------+~~--+-----~------t-----~----i-----~ 
0') 

;:---+------------------------------t-2-~--r_----~------~----_+------t_------t_~--
"'-J 

:: I ! I) : I I ii._ I I ,(~t I 

.11 ;; I I ,:-., I I!",;' 
1\ 

Flelinquished By: t , 
Date: {. jTime: : !' \' Received By: 

t" .... ~ 

Relinquished By: Date: Time: Received at Lab By: 

ESI Job No: 
~ 

P.O. No: {. d;,> e~ C' Quote No: 

/; );/ -I, , ... C ,.' . 
Date: V-//./ 1/ Time: 

// 

Date: Time: 

Comments: ____________________________________________________________________________________________________________________________________________________________ __ 

I Sample Delivery-G~~~p No: ___ Ip~g~n of 
r~"""rf)~ ntJ"'%_ ~R_" 



~ ~
" EnviroSystems, Inc. 
~ I Lafayette Road 
~ p.o. Box 778 

Hampton, NH 03843 

Client: ~,' 

~ I1voice to: (~, ff f~:.if 

'I 
;\ '::7 Voice: j ,) 

Protocol: RCRA 
Lab Number I Your Field 10: 
(assigned 
by lab) 

(must agree with 
container) 

j 

SDWA 

Voice: 603-926-3345 
FAX: 603-926-3521 

ESI Job No: 

CHA~N Of CUSTODY DOCUMENTAT~ON 

Contact: Project Name: :':;j Q; ,,!,;,~ r ,;((nlJnlf",,,,,'kJPaoe of 

Address: 11,1:1 (,;";,}-;-',,,lr,( b I Project Number: if,. C 

Address: ,,,_iit:, "b:-~' Project Manager: !;'I't:f 

Fax: '<,~/i:" ) email: C'/;"I,h;'1":' ; ,,(1,:};,!L,,'\, ,,{,'J,jJ,:Q, No: C: 

NPDES Other 
Date Grab Container I Container I Field I Matrix I Filter I Analyses Requested\ 

Sampled or com- Size Type Preser- S=Solid N=Not needed Special Instructions: 
posit (mI.) (P/GfT) t' W=Water F=Done In field 

va Ion L=Lab to do 
(GIG) 
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Serial_No:05201115:16 

ANALYTICAL REPORT
 

Lab Number: L1106586 

Client: Apex Companies 

184 High Street 

Suite 502 

Boston, MA 02110 

ATTN: Chet Myers 

Phone: (617) 728-0070 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 

Report Date: 05/20/11 

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its 
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original. 

Certifications & Approvals: MA (M-MA086), NY NELAC (11148), CT (PH-0574), NH (2003), NJ (MA935), RI (LAO00065), ME (MA0086), 
PA (Registration #68-03671), USDA (Permit #S-72578), US Army Corps of Engineers, Naval FESC. 

Eight Walkup Drive, Westborough, MA 01581-1019 
508-898-9220 (Fax) 508-898-9193 800-624-9220 - www.alphalab.com 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 
Project Number: 6690 Report Date: 05/20/11 

Alpha 
Sample ID Client ID 

Sample 
Location 

Collection 
Date/Time 

L1106586-01 B-3/MW-1 NEW BEDFORD, MA 05/02/11 10:30 

L1106586-02 B-4/MW-2 NEW BEDFORD, MA 05/03/11 10:00 

L1106586-03 B-5/MW-3 NEW BEDFORD, MA 05/04/11 11:10 

L1106586-04 B-6/MW-4 NEW BEDFORD, MA 05/05/11 09:45 

L1106586-05 B-7 NEW BEDFORD, MA 05/06/11 09:30 

L1106586-06 B-8/MW-5 NEW BEDFORD, MA 05/06/11 13:00 

L1106586-07 B-9/MW-6 NEW BEDFORD, MA 05/09/11 11:00 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 

MADEP MCP Response Action Analytical Report Certification 

This form provides certifications for all samples performed by MCP methods. Please refer to 
the Sample Results and Container Information sections of this report for specification of 
MCP methods used for each analysis. The following questions pertain only to MCP 
Analytical Methods.

 An affirmative response to questions A through F is required for "Presumptive Certainty" status

Were all samples received in a condition consistent with those described on the Chain-of-
Custody, properly preserved (including temperature) in the field or laboratory, and 
prepared/analyzed within method holding times? 

A YES 

Were the analytical method(s) and all associated QC requirements specified in the selected 
CAM protocol(s) followed? 

B YES 

Were all required corrective actions and analytical response actions specified in the selected 
CAM protocol(s) implemented for all identified performance standard non-conformances? 

C YES 

Does the laboratory report comply with all the reporting requirements specified in CAM VII A, 
"Quality Assurance and Quality Control Guidelines for the Acquisition and Reporting of Analytical 
Data?" 

D YES 

VPH, EPH, and APH Methods only: Was each method conducted without significant 
modification(s)? (Refer to the individual method(s) for a list of significant modifications). 

E a. N/A 

APH and TO-15 Methods only: Was the complete analyte list reported for each method?E b. N/A 

Were all applicable CAM protocol QC and performance standard non-conformances identified 
and evaluated in a laboratory narrative (including all "No" responses to Questions A through E)? 

F YES 

A response to questions G, H and I is required for "Presumptive Certainty" status 

Were the reporting limits at or below all CAM reporting limits specified in the selected CAM 
protocol(s)? 

G NO 

Were all QC performance standards specified in the CAM protocol(s) achieved?H NO 

Were results reported for the complete analyte list specified in the selected CAM protocol(s)?I NO 

For any questions answered "No", please refer to the case narrative section on the following page(s). 

Please note that sample matrix information is located in the Sample Results section of this report. 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 
Project Number: 6690 Report Date: 05/20/11
 

Case Narrative 

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report. 

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet all of the requirements of 

NELAC, for all NELAC accredited parameters. The data presented in this report is organized by parameter (i.e. VOC, SVOC, etc.). Sample 

specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list for each individual sample, 

followed by the Laboratory Batch Quality Control at the end of each parameter. If a sample was re-analyzed or re-extracted due to a 

required quality control corrective action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is 

designated with an "R" or "RE", respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the 

associated samples for each element are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % 

recovery or RPD value that is outside the listed Acceptance Criteria is bolded in the report. Definitions of all data qualifiers and acronyms 

used in this report are provided in the Glossary located at the back of the report. 

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody. 

For additional information, please contact Client Services at 800-624-9220. 

MCP Related Narratives
 

Semivolatile Organics
 

L1106586-04 and -07 have elevated detection limits due to the dilutions required by the sample matrices 


(extracts were dark and viscous).
 

L1106586-06 has elevated detection limits due to the dilution required by the elevated concentrations of target 


compounds in the sample.
 

In reference to question G:
 

L1106586-04, -06 and -07: One or more of the target analytes did not achieve the requested CAM reporting 


limits.
 

In reference to question H:
 

The WG467545-2/-3 LCS/LCSD recoveries, associated with L1106586-01, are below the individual 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 
Project Number: 6690 Report Date: 05/20/11
 

Case Narrative (continued)

acceptance criteria for Aniline (37%/34%), but within the overall method allowances. The results of the 


associated sample are reported; however, all results are considered to have a potentially low bias for this 


compound.
 

The WG467889-2/-3 LCS/LCSD recoveries, associated with L1106586-02 through -07, are below the 


individual acceptance criteria for Aniline (22%/28%) and 4-Chloroaniline (LCS at 37%), but within the overall 


method allowances. The results of the associated samples are reported; however, all results are considered to 


have a potentially low bias for these compounds.
 

Metals
 

In reference to question H:
 

The WG467817-4 MS recovery, performed on L1106586-01, is below the acceptance criteria for Antimony 


(46%); however, the associated LCS recovery was within criteria. No further action was taken.
 

The WG467819-3 Laboratory Duplicate RPDs, performed on L1106586-01, are outside the acceptance 


criteria for Arsenic (30%) and Zinc (43%). The elevated RPDs have been attributed to the non-homogeneous 


nature of the sample utilized for the laboratory duplicate. 


The WG467819-3 Laboratory Duplicate RPDs, performed on L1106586-01, are above the acceptance criteria 


for Beryllium (65%), Selenium (81%) and Thallium (91%); however, the sample and duplicate results are less 


than five times the reporting limit. Therefore, the RPDs are valid.
 

In reference to question I: 


All samples were analyzed for a subset of MCP elements per the Chain of Custody.
 

Non-MCP Related Narratives
 

Petroleum Hydrocarbon Quantitation
 

L1106586-06 has an elevated detection limit due to the dilution required by the elevated concentration of target
 

compound in the sample.
 

I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
belief and based upon my personal inquiry of those responsible for providing the information contained
 in this analytical report, such information is accurate and complete. This certificate of analysis is not
 complete unless this page accompanies any and all pages of this report.

 Authorized Signature: 

Title: Technical Director/Representative Date: 05/20/11 
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Serial_No:05201115:16 

ORGANICS
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Serial_No:05201115:16 

SEMIVOLATILES
 

Page 7 of 80
 



FF Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

Lab ID: L1106586-01 Date Collected: 05/02/11 10:30 
Client ID: B-3/MW-1 Date Received: 05/11/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 97,8270C Extraction Date: 05/12/11 14:10
Analytical Date: 05/14/11 18:34 
Analyst: JB 
Percent Solids: 96% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 370 - 1 

1,2,4-Trichlorobenzene ND ug/kg 370 - 1 

Hexachlorobenzene ND ug/kg 370 - 1 

Bis(2-chloroethyl)ether ND ug/kg 370 - 1 

2-Chloronaphthalene ND ug/kg 370 - 1 

1,2-Dichlorobenzene ND ug/kg 370 - 1 

1,3-Dichlorobenzene ND ug/kg 370 - 1 

1,4-Dichlorobenzene ND ug/kg 370 - 1 

3,3'-Dichlorobenzidine ND ug/kg 740 - 1 

2,4-Dinitrotoluene ND ug/kg 370 - 1 

2,6-Dinitrotoluene ND ug/kg 370 - 1 

Azobenzene ND ug/kg 370 - 1 

Fluoranthene ND ug/kg 370 - 1 

4-Bromophenyl phenyl ether ND ug/kg 370 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 370 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 370 - 1 

Hexachlorobutadiene ND ug/kg 740 - 1 

Hexachloroethane ND ug/kg 370 - 1 

Isophorone ND ug/kg 370 - 1 

Naphthalene ND ug/kg 370 - 1 

Nitrobenzene ND ug/kg 370 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 740 - 1 

Butyl benzyl phthalate ND ug/kg 370 - 1 

Di-n-butylphthalate ND ug/kg 370 - 1 

Di-n-octylphthalate ND ug/kg 370 - 1 

Diethyl phthalate ND ug/kg 370 - 1 

Dimethyl phthalate ND ug/kg 370 - 1 

Benzo(a)anthracene ND ug/kg 370 - 1 

Benzo(a)pyrene ND ug/kg 370 - 1 

Benzo(b)fluoranthene ND ug/kg 370 - 1 

Benzo(k)fluoranthene ND ug/kg 370 - 1 

Page 8 of 80 



Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106586-01Lab ID: Date Collected: 05/02/11 10:30 
B-3/MW-1Client ID: Date Received: 05/11/11 
NEW BEDFORD, MASample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene ND ug/kg 370 - 1 

Acenaphthylene ND ug/kg 370 - 1 

Anthracene ND ug/kg 370 - 1 

Benzo(ghi)perylene ND ug/kg 370 - 1 

Fluorene ND ug/kg 370 - 1 

Phenanthrene ND ug/kg 370 - 1 

Dibenzo(a,h)anthracene ND ug/kg 220 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 370 - 1 

Pyrene ND ug/kg 370 - 1 

Aniline ND ug/kg 740 - 1 

4-Chloroaniline ND ug/kg 370 - 1 

Dibenzofuran ND ug/kg 370 - 1 

2-Methylnaphthalene ND ug/kg 370 - 1 

Acetophenone ND ug/kg 740 - 1 

2,4,6-Trichlorophenol ND ug/kg 370 - 1 

2-Chlorophenol ND ug/kg 450 - 1 

2,4-Dichlorophenol ND ug/kg 740 - 1 

2,4-Dimethylphenol ND ug/kg 370 - 1 

2-Nitrophenol ND ug/kg 1500 - 1 

4-Nitrophenol ND ug/kg 740 - 1 

2,4-Dinitrophenol ND ug/kg 1500 - 1 

Pentachlorophenol ND ug/kg 1500 - 1 

Phenol ND ug/kg 520 - 1 

2-Methylphenol ND ug/kg 450 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 450 - 1 

2,4,5-Trichlorophenol ND ug/kg 370 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 68 30-130 

Phenol-d6 70 30-130 

Nitrobenzene-d5 61 30-130 

2-Fluorobiphenyl 68 30-130 

2,4,6-Tribromophenol 73 30-130 

4-Terphenyl-d14 85 30-130 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1106586-02 
Client ID: B-4/MW-2 
Sample Location: NEW BEDFORD, MA 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/17/11 14:54 
Analyst: RC 
Percent Solids: 91% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 380 - 1 

1,2,4-Trichlorobenzene ND ug/kg 380 - 1 

Hexachlorobenzene ND ug/kg 380 - 1 

Bis(2-chloroethyl)ether ND ug/kg 380 - 1 

2-Chloronaphthalene ND ug/kg 380 - 1 

1,2-Dichlorobenzene ND ug/kg 380 - 1 

1,3-Dichlorobenzene ND ug/kg 380 - 1 

1,4-Dichlorobenzene ND ug/kg 380 - 1 

3,3'-Dichlorobenzidine ND ug/kg 770 - 1 

2,4-Dinitrotoluene ND ug/kg 380 - 1 

2,6-Dinitrotoluene ND ug/kg 380 - 1 

Azobenzene ND ug/kg 380 - 1 

Fluoranthene ND ug/kg 380 - 1 

4-Bromophenyl phenyl ether ND ug/kg 380 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 380 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 380 - 1 

Hexachlorobutadiene ND ug/kg 770 - 1 

Hexachloroethane ND ug/kg 380 - 1 

Isophorone ND ug/kg 380 - 1 

Naphthalene ND ug/kg 380 - 1 

Nitrobenzene ND ug/kg 380 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 770 - 1 

Butyl benzyl phthalate ND ug/kg 380 - 1 

Di-n-butylphthalate ND ug/kg 380 - 1 

Di-n-octylphthalate ND ug/kg 380 - 1 

Diethyl phthalate ND ug/kg 380 - 1 

Dimethyl phthalate ND ug/kg 380 - 1 

Benzo(a)anthracene ND ug/kg 380 - 1 

Benzo(a)pyrene ND ug/kg 380 - 1 

Benzo(b)fluoranthene ND ug/kg 380 - 1 

Benzo(k)fluoranthene ND ug/kg 380 - 1 

Lab Number: L1106586
 

Report Date: 05/20/11
 

Date Collected: 05/03/11 10:00 
Date Received: 05/11/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 05/14/11 05:23

Units RL MDL Dilution Factor 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106586-02Lab ID: Date Collected: 05/03/11 10:00 
B-4/MW-2Client ID: Date Received: 05/11/11 
NEW BEDFORD, MASample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene ND ug/kg 380 - 1 

Acenaphthylene ND ug/kg 380 - 1 

Anthracene ND ug/kg 380 - 1 

Benzo(ghi)perylene ND ug/kg 380 - 1 

Fluorene ND ug/kg 380 - 1 

Phenanthrene ND ug/kg 380 - 1 

Dibenzo(a,h)anthracene ND ug/kg 230 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 380 - 1 

Pyrene ND ug/kg 380 - 1 

Aniline ND ug/kg 770 - 1 

4-Chloroaniline ND ug/kg 380 - 1 

Dibenzofuran ND ug/kg 380 - 1 

2-Methylnaphthalene ND ug/kg 380 - 1 

Acetophenone ND ug/kg 770 - 1 

2,4,6-Trichlorophenol ND ug/kg 380 - 1 

2-Chlorophenol ND ug/kg 460 - 1 

2,4-Dichlorophenol ND ug/kg 770 - 1 

2,4-Dimethylphenol ND ug/kg 380 - 1 

2-Nitrophenol ND ug/kg 1500 - 1 

4-Nitrophenol ND ug/kg 770 - 1 

2,4-Dinitrophenol ND ug/kg 1500 - 1 

Pentachlorophenol ND ug/kg 1500 - 1 

Phenol ND ug/kg 540 - 1 

2-Methylphenol ND ug/kg 460 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 460 - 1 

2,4,5-Trichlorophenol ND ug/kg 380 - 1 

Surrogate % Recovery Qual
Acceptance 

Criteriaifier 

2-Fluorophenol 96 30-130 

Phenol-d6 97 30-130 

Nitrobenzene-d5 87 30-130 

2-Fluorobiphenyl 100 30-130 

2,4,6-Tribromophenol 100 30-130 

4-Terphenyl-d14 109 30-130 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1106586-03 
Client ID: B-5/MW-3 
Sample Location: NEW BEDFORD, MA 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/17/11 15:18 
Analyst: RC 
Percent Solids: 88% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene 960 ug/kg 360 - 1 

1,2,4-Trichlorobenzene ND ug/kg 360 - 1 

Hexachlorobenzene ND ug/kg 360 - 1 

Bis(2-chloroethyl)ether ND ug/kg 360 - 1 

2-Chloronaphthalene ND ug/kg 360 - 1 

1,2-Dichlorobenzene ND ug/kg 360 - 1 

1,3-Dichlorobenzene ND ug/kg 360 - 1 

1,4-Dichlorobenzene ND ug/kg 360 - 1 

3,3'-Dichlorobenzidine ND ug/kg 720 - 1 

2,4-Dinitrotoluene ND ug/kg 360 - 1 

2,6-Dinitrotoluene ND ug/kg 360 - 1 

Azobenzene ND ug/kg 360 - 1 

Fluoranthene 8900 ug/kg 360 - 1 

4-Bromophenyl phenyl ether ND ug/kg 360 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 360 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 360 - 1 

Hexachlorobutadiene ND ug/kg 720 - 1 

Hexachloroethane ND ug/kg 360 - 1 

Isophorone ND ug/kg 360 - 1 

Naphthalene 560 ug/kg 360 - 1 

Nitrobenzene ND ug/kg 360 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 720 - 1 

Butyl benzyl phthalate ND ug/kg 360 - 1 

Di-n-butylphthalate ND ug/kg 360 - 1 

Di-n-octylphthalate ND ug/kg 360 - 1 

Diethyl phthalate ND ug/kg 360 - 1 

Dimethyl phthalate ND ug/kg 360 - 1 

Benzo(a)anthracene 4600 ug/kg 360 - 1 

Benzo(a)pyrene 4000 ug/kg 360 - 1 

Benzo(b)fluoranthene 5300 ug/kg 360 - 1 

Benzo(k)fluoranthene 1900 ug/kg 360 - 1 

Lab Number: L1106586
 

Report Date: 05/20/11
 

Date Collected: 05/04/11 11:10 
Date Received: 05/11/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 05/14/11 05:23

Units RL MDL Dilution Factor 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106586-03Lab ID: Date Collected: 05/04/11 11:10 
B-5/MW-3Client ID: Date Received: 05/11/11 
NEW BEDFORD, MASample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 4400 ug/kg 360 - 1 

Acenaphthylene ND ug/kg 360 - 1 

Anthracene 1800 ug/kg 360 - 1 

Benzo(ghi)perylene 2500 ug/kg 360 - 1 

Fluorene 720 ug/kg 360 - 1 

Phenanthrene 7900 ug/kg 360 - 1 

Dibenzo(a,h)anthracene 720 ug/kg 220 - 1 

Indeno(1,2,3-cd)Pyrene 2700 ug/kg 360 - 1 

Pyrene 7400 ug/kg 360 - 1 

Aniline ND ug/kg 720 - 1 

4-Chloroaniline ND ug/kg 360 - 1 

Dibenzofuran 660 ug/kg 360 - 1 

2-Methylnaphthalene ND ug/kg 360 - 1 

Acetophenone ND ug/kg 720 - 1 

2,4,6-Trichlorophenol ND ug/kg 360 - 1 

2-Chlorophenol ND ug/kg 430 - 1 

2,4-Dichlorophenol ND ug/kg 720 - 1 

2,4-Dimethylphenol ND ug/kg 360 - 1 

2-Nitrophenol ND ug/kg 1400 - 1 

4-Nitrophenol ND ug/kg 720 - 1 

2,4-Dinitrophenol ND ug/kg 1400 - 1 

Pentachlorophenol ND ug/kg 1400 - 1 

Phenol ND ug/kg 500 - 1 

2-Methylphenol ND ug/kg 430 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 430 - 1 

2,4,5-Trichlorophenol ND ug/kg 360 - 1 

Surrogate % Recovery Qual
Acceptance 

Criteriaifier 

2-Fluorophenol 88 30-130 

Phenol-d6 87 30-130 

Nitrobenzene-d5 82 30-130 

2-Fluorobiphenyl 92 30-130 

2,4,6-Tribromophenol 92 30-130 

4-Terphenyl-d14 104 30-130 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1106586-04 D 
Client ID: B-6/MW-4 
Sample Location: NEW BEDFORD, MA 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/17/11 15:42 
Analyst: RC 
Percent Solids: 88% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 1700 - 5 

1,2,4-Trichlorobenzene ND ug/kg 1700 - 5 

Hexachlorobenzene ND ug/kg 1700 - 5 

Bis(2-chloroethyl)ether ND ug/kg 1700 - 5 

2-Chloronaphthalene ND ug/kg 1700 - 5 

1,2-Dichlorobenzene ND ug/kg 1700 - 5 

1,3-Dichlorobenzene ND ug/kg 1700 - 5 

1,4-Dichlorobenzene ND ug/kg 1700 - 5 

3,3'-Dichlorobenzidine ND ug/kg 3400 - 5 

2,4-Dinitrotoluene ND ug/kg 1700 - 5 

2,6-Dinitrotoluene ND ug/kg 1700 - 5 

Azobenzene ND ug/kg 1700 - 5 

Fluoranthene 16000 ug/kg 1700 - 5 

4-Bromophenyl phenyl ether ND ug/kg 1700 - 5 

Bis(2-chloroisopropyl)ether ND ug/kg 1700 - 5 

Bis(2-chloroethoxy)methane ND ug/kg 1700 - 5 

Hexachlorobutadiene ND ug/kg 3400 - 5 

Hexachloroethane ND ug/kg 1700 - 5 

Isophorone ND ug/kg 1700 - 5 

Naphthalene ND ug/kg 1700 - 5 

Nitrobenzene ND ug/kg 1700 - 5 

Bis(2-Ethylhexyl)phthalate ND ug/kg 3400 - 5 

Butyl benzyl phthalate ND ug/kg 1700 - 5 

Di-n-butylphthalate ND ug/kg 1700 - 5 

Di-n-octylphthalate ND ug/kg 1700 - 5 

Diethyl phthalate ND ug/kg 1700 - 5 

Dimethyl phthalate ND ug/kg 1700 - 5 

Benzo(a)anthracene 7400 ug/kg 1700 - 5 

Benzo(a)pyrene 7200 ug/kg 1700 - 5 

Benzo(b)fluoranthene 9200 ug/kg 1700 - 5 

Benzo(k)fluoranthene 3400 ug/kg 1700 - 5 

Lab Number: L1106586
 

Report Date: 05/20/11
 

Date Collected: 05/05/11 09:45 
Date Received: 05/11/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 05/14/11 05:23

Units RL MDL Dilution Factor 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106586-04Lab ID: D Date Collected: 05/05/11 09:45 
B-6/MW-4Client ID: Date Received: 05/11/11 
NEW BEDFORD, MASample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 6700 ug/kg 1700 - 5 

Acenaphthylene ND ug/kg 1700 - 5 

Anthracene 3100 ug/kg 1700 - 5 

Benzo(ghi)perylene 4300 ug/kg 1700 - 5 

Fluorene ND ug/kg 1700 - 5 

Phenanthrene 12000 ug/kg 1700 - 5 

Dibenzo(a,h)anthracene 1000 ug/kg 1000 - 5 

Indeno(1,2,3-cd)Pyrene 4900 ug/kg 1700 - 5 

Pyrene 13000 ug/kg 1700 - 5 

Aniline ND ug/kg 3400 - 5 

4-Chloroaniline ND ug/kg 1700 - 5 

Dibenzofuran ND ug/kg 1700 - 5 

2-Methylnaphthalene ND ug/kg 1700 - 5 

Acetophenone ND ug/kg 3400 - 5 

2,4,6-Trichlorophenol ND ug/kg 1700 - 5 

2-Chlorophenol ND ug/kg 2000 - 5 

2,4-Dichlorophenol ND ug/kg 3400 - 5 

2,4-Dimethylphenol ND ug/kg 1700 - 5 

2-Nitrophenol ND ug/kg 6800 - 5 

4-Nitrophenol ND ug/kg 3400 - 5 

2,4-Dinitrophenol ND ug/kg 6800 - 5 

Pentachlorophenol ND ug/kg 6800 - 5 

Phenol ND ug/kg 2400 - 5 

2-Methylphenol ND ug/kg 2000 - 5 

3-Methylphenol/4-Methylphenol ND ug/kg 2000 - 5 

2,4,5-Trichlorophenol ND ug/kg 1700 - 5 

Surrogate % Recovery Qual
Acceptance 

Criteriaifier 

2-Fluorophenol 75 30-130 

Phenol-d6 80 30-130 

Nitrobenzene-d5 70 30-130 

2-Fluorobiphenyl 92 30-130 

2,4,6-Tribromophenol 98 30-130 

4-Terphenyl-d14 105 30-130 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1106586-05 
Client ID: B-7 
Sample Location: NEW BEDFORD, MA 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/17/11 16:06 
Analyst: RC 
Percent Solids: 93% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 370 - 1 

1,2,4-Trichlorobenzene ND ug/kg 370 - 1 

Hexachlorobenzene ND ug/kg 370 - 1 

Bis(2-chloroethyl)ether ND ug/kg 370 - 1 

2-Chloronaphthalene ND ug/kg 370 - 1 

1,2-Dichlorobenzene ND ug/kg 370 - 1 

1,3-Dichlorobenzene ND ug/kg 370 - 1 

1,4-Dichlorobenzene ND ug/kg 370 - 1 

3,3'-Dichlorobenzidine ND ug/kg 740 - 1 

2,4-Dinitrotoluene ND ug/kg 370 - 1 

2,6-Dinitrotoluene ND ug/kg 370 - 1 

Azobenzene ND ug/kg 370 - 1 

Fluoranthene ND ug/kg 370 - 1 

4-Bromophenyl phenyl ether ND ug/kg 370 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 370 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 370 - 1 

Hexachlorobutadiene ND ug/kg 740 - 1 

Hexachloroethane ND ug/kg 370 - 1 

Isophorone ND ug/kg 370 - 1 

Naphthalene ND ug/kg 370 - 1 

Nitrobenzene ND ug/kg 370 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 740 - 1 

Butyl benzyl phthalate ND ug/kg 370 - 1 

Di-n-butylphthalate ND ug/kg 370 - 1 

Di-n-octylphthalate ND ug/kg 370 - 1 

Diethyl phthalate ND ug/kg 370 - 1 

Dimethyl phthalate ND ug/kg 370 - 1 

Benzo(a)anthracene ND ug/kg 370 - 1 

Benzo(a)pyrene ND ug/kg 370 - 1 

Benzo(b)fluoranthene ND ug/kg 370 - 1 

Benzo(k)fluoranthene ND ug/kg 370 - 1 

Lab Number: L1106586
 

Report Date: 05/20/11
 

Date Collected: 05/06/11 09:30 
Date Received: 05/11/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 05/14/11 05:23

Units RL MDL Dilution Factor 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106586-05Lab ID: Date Collected: 05/06/11 09:30 
B-7Client ID: Date Received: 05/11/11 
NEW BEDFORD, MASample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene ND ug/kg 370 - 1 

Acenaphthylene ND ug/kg 370 - 1 

Anthracene ND ug/kg 370 - 1 

Benzo(ghi)perylene ND ug/kg 370 - 1 

Fluorene ND ug/kg 370 - 1 

Phenanthrene ND ug/kg 370 - 1 

Dibenzo(a,h)anthracene ND ug/kg 220 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 370 - 1 

Pyrene ND ug/kg 370 - 1 

Aniline ND ug/kg 740 - 1 

4-Chloroaniline ND ug/kg 370 - 1 

Dibenzofuran ND ug/kg 370 - 1 

2-Methylnaphthalene ND ug/kg 370 - 1 

Acetophenone ND ug/kg 740 - 1 

2,4,6-Trichlorophenol ND ug/kg 370 - 1 

2-Chlorophenol ND ug/kg 440 - 1 

2,4-Dichlorophenol ND ug/kg 740 - 1 

2,4-Dimethylphenol ND ug/kg 370 - 1 

2-Nitrophenol ND ug/kg 1500 - 1 

4-Nitrophenol ND ug/kg 740 - 1 

2,4-Dinitrophenol ND ug/kg 1500 - 1 

Pentachlorophenol ND ug/kg 1500 - 1 

Phenol ND ug/kg 510 - 1 

2-Methylphenol ND ug/kg 440 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 440 - 1 

2,4,5-Trichlorophenol ND ug/kg 370 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 81 30-130 

Phenol-d6 82 30-130 

Nitrobenzene-d5 76 30-130 

2-Fluorobiphenyl 86 30-130 

2,4,6-Tribromophenol 91 30-130 

4-Terphenyl-d14 96 30-130 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1106586-06 D 
Client ID: B-8/MW-5 
Sample Location: NEW BEDFORD, MA 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/17/11 16:30 
Analyst: RC 
Percent Solids: 87% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 1700 - 5 

1,2,4-Trichlorobenzene ND ug/kg 1700 - 5 

Hexachlorobenzene ND ug/kg 1700 - 5 

Bis(2-chloroethyl)ether ND ug/kg 1700 - 5 

2-Chloronaphthalene ND ug/kg 1700 - 5 

1,2-Dichlorobenzene ND ug/kg 1700 - 5 

1,3-Dichlorobenzene ND ug/kg 1700 - 5 

1,4-Dichlorobenzene ND ug/kg 1700 - 5 

3,3'-Dichlorobenzidine ND ug/kg 3500 - 5 

2,4-Dinitrotoluene ND ug/kg 1700 - 5 

2,6-Dinitrotoluene ND ug/kg 1700 - 5 

Azobenzene ND ug/kg 1700 - 5 

Fluoranthene 37000 ug/kg 1700 - 5 

4-Bromophenyl phenyl ether ND ug/kg 1700 - 5 

Bis(2-chloroisopropyl)ether ND ug/kg 1700 - 5 

Bis(2-chloroethoxy)methane ND ug/kg 1700 - 5 

Hexachlorobutadiene ND ug/kg 3500 - 5 

Hexachloroethane ND ug/kg 1700 - 5 

Isophorone ND ug/kg 1700 - 5 

Naphthalene ND ug/kg 1700 - 5 

Nitrobenzene ND ug/kg 1700 - 5 

Bis(2-Ethylhexyl)phthalate ND ug/kg 3500 - 5 

Butyl benzyl phthalate ND ug/kg 1700 - 5 

Di-n-butylphthalate ND ug/kg 1700 - 5 

Di-n-octylphthalate ND ug/kg 1700 - 5 

Diethyl phthalate ND ug/kg 1700 - 5 

Dimethyl phthalate ND ug/kg 1700 - 5 

Benzo(a)anthracene 18000 ug/kg 1700 - 5 

Benzo(a)pyrene 18000 ug/kg 1700 - 5 

Benzo(b)fluoranthene 22000 ug/kg 1700 - 5 

Benzo(k)fluoranthene 8900 ug/kg 1700 - 5 

Lab Number: L1106586
 

Report Date: 05/20/11
 

Date Collected: 05/06/11 13:00 
Date Received: 05/11/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 05/14/11 05:23

Units RL MDL Dilution Factor 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106586-06Lab ID: D Date Collected: 05/06/11 13:00 
B-8/MW-5Client ID: Date Received: 05/11/11 
NEW BEDFORD, MASample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 15000 ug/kg 1700 - 5 

Acenaphthylene 3600 ug/kg 1700 - 5 

Anthracene 6500 ug/kg 1700 - 5 

Benzo(ghi)perylene 12000 ug/kg 1700 - 5 

Fluorene 1700 ug/kg 1700 - 5 

Phenanthrene 21000 ug/kg 1700 - 5 

Dibenzo(a,h)anthracene 2400 ug/kg 1000 - 5 

Indeno(1,2,3-cd)Pyrene 13000 ug/kg 1700 - 5 

Pyrene 31000 ug/kg 1700 - 5 

Aniline ND ug/kg 3500 - 5 

4-Chloroaniline ND ug/kg 1700 - 5 

Dibenzofuran ND ug/kg 1700 - 5 

2-Methylnaphthalene ND ug/kg 1700 - 5 

Acetophenone ND ug/kg 3500 - 5 

2,4,6-Trichlorophenol ND ug/kg 1700 - 5 

2-Chlorophenol ND ug/kg 2100 - 5 

2,4-Dichlorophenol ND ug/kg 3500 - 5 

2,4-Dimethylphenol ND ug/kg 1700 - 5 

2-Nitrophenol ND ug/kg 7000 - 5 

4-Nitrophenol ND ug/kg 3500 - 5 

2,4-Dinitrophenol ND ug/kg 7000 - 5 

Pentachlorophenol ND ug/kg 7000 - 5 

Phenol ND ug/kg 2400 - 5 

2-Methylphenol ND ug/kg 2100 - 5 

3-Methylphenol/4-Methylphenol ND ug/kg 2100 - 5 

2,4,5-Trichlorophenol ND ug/kg 1700 - 5 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 74 30-130 

Phenol-d6 77 30-130 

Nitrobenzene-d5 68 30-130 

2-Fluorobiphenyl 85 30-130 

2,4,6-Tribromophenol 85 30-130 

4-Terphenyl-d14 92 30-130 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1106586-07 D 
Client ID: B-9/MW-6 
Sample Location: NEW BEDFORD, MA 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/17/11 16:54 
Analyst: RC 
Percent Solids: 89% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene ND ug/kg 2000 - 5 

1,2,4-Trichlorobenzene ND ug/kg 2000 - 5 

Hexachlorobenzene ND ug/kg 2000 - 5 

Bis(2-chloroethyl)ether ND ug/kg 2000 - 5 

2-Chloronaphthalene ND ug/kg 2000 - 5 

1,2-Dichlorobenzene ND ug/kg 2000 - 5 

1,3-Dichlorobenzene ND ug/kg 2000 - 5 

1,4-Dichlorobenzene ND ug/kg 2000 - 5 

3,3'-Dichlorobenzidine ND ug/kg 4000 - 5 

2,4-Dinitrotoluene ND ug/kg 2000 - 5 

2,6-Dinitrotoluene ND ug/kg 2000 - 5 

Azobenzene ND ug/kg 2000 - 5 

Fluoranthene 2600 ug/kg 2000 - 5 

4-Bromophenyl phenyl ether ND ug/kg 2000 - 5 

Bis(2-chloroisopropyl)ether ND ug/kg 2000 - 5 

Bis(2-chloroethoxy)methane ND ug/kg 2000 - 5 

Hexachlorobutadiene ND ug/kg 4000 - 5 

Hexachloroethane ND ug/kg 2000 - 5 

Isophorone ND ug/kg 2000 - 5 

Naphthalene ND ug/kg 2000 - 5 

Nitrobenzene ND ug/kg 2000 - 5 

Bis(2-Ethylhexyl)phthalate ND ug/kg 4000 - 5 

Butyl benzyl phthalate ND ug/kg 2000 - 5 

Di-n-butylphthalate ND ug/kg 2000 - 5 

Di-n-octylphthalate ND ug/kg 2000 - 5 

Diethyl phthalate ND ug/kg 2000 - 5 

Dimethyl phthalate ND ug/kg 2000 - 5 

Benzo(a)anthracene ND ug/kg 2000 - 5 

Benzo(a)pyrene ND ug/kg 2000 - 5 

Benzo(b)fluoranthene ND ug/kg 2000 - 5 

Benzo(k)fluoranthene ND ug/kg 2000 - 5 

Lab Number: L1106586
 

Report Date: 05/20/11
 

Date Collected: 05/09/11 11:00 
Date Received: 05/11/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 05/14/11 05:23

Units RL MDL Dilution Factor 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106586-07Lab ID: D Date Collected: 05/09/11 11:00 
B-9/MW-6Client ID: Date Received: 05/11/11 
NEW BEDFORD, MASample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene ND ug/kg 2000 - 5 

Acenaphthylene ND ug/kg 2000 - 5 

Anthracene ND ug/kg 2000 - 5 

Benzo(ghi)perylene ND ug/kg 2000 - 5 

Fluorene ND ug/kg 2000 - 5 

Phenanthrene 5300 ug/kg 2000 - 5 

Dibenzo(a,h)anthracene ND ug/kg 1200 - 5 

Indeno(1,2,3-cd)Pyrene ND ug/kg 2000 - 5 

Pyrene ND ug/kg 2000 - 5 

Aniline ND ug/kg 4000 - 5 

4-Chloroaniline ND ug/kg 2000 - 5 

Dibenzofuran ND ug/kg 2000 - 5 

2-Methylnaphthalene ND ug/kg 2000 - 5 

Acetophenone ND ug/kg 4000 - 5 

2,4,6-Trichlorophenol ND ug/kg 2000 - 5 

2-Chlorophenol ND ug/kg 2400 - 5 

2,4-Dichlorophenol ND ug/kg 4000 - 5 

2,4-Dimethylphenol ND ug/kg 2000 - 5 

2-Nitrophenol ND ug/kg 8000 - 5 

4-Nitrophenol ND ug/kg 4000 - 5 

2,4-Dinitrophenol ND ug/kg 8000 - 5 

Pentachlorophenol ND ug/kg 8000 - 5 

Phenol ND ug/kg 2800 - 5 

2-Methylphenol ND ug/kg 2400 - 5 

3-Methylphenol/4-Methylphenol ND ug/kg 2400 - 5 

2,4,5-Trichlorophenol ND ug/kg 2000 - 5 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 75 30-130 

Phenol-d6 82 30-130 

Nitrobenzene-d5 71 30-130 

2-Fluorobiphenyl 90 30-130 

2,4,6-Tribromophenol 91 30-130 

4-Terphenyl-d14 96 30-130 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/14/11 15:26 Extraction Date: 05/12/11 13:32 
Analyst: JB 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   01  Batch: WG467545-1 

Acenaphthene ND ug/kg 340 -

1,2,4-Trichlorobenzene ND ug/kg 340 --

Hexachlorobenzene ND ug/kg 340 -

Bis(2-chloroethyl)ether ND ug/kg 340 -

2-Chloronaphthalene ND ug/kg 340 -

1,2-Dichlorobenzene ND ug/kg 340 -

1,3-Dichlorobenzene ND ug/kg 340 -

1,4-Dichlorobenzene ND ug/kg 340 -

3,3'-Dichlorobenzidine ND ug/kg 680 -

2,4-Dinitrotoluene ND ug/kg 340 -

2,6-Dinitrotoluene ND ug/kg 340 --

Azobenzene ND ug/kg 340 --

Fluoranthene ND ug/kg 340 -

4-Bromophenyl phenyl ether ND ug/kg 340 -

Bis(2-chloroisopropyl)ether ND ug/kg 340 -

Bis(2-chloroethoxy)methane ND ug/kg 340 --

Hexachlorobutadiene ND ug/kg 680 --

Hexachloroethane ND ug/kg 340 --

Isophorone ND ug/kg 340 -

Naphthalene ND ug/kg 340 --

Nitrobenzene ND ug/kg 340 -

Bis(2-Ethylhexyl)phthalate ND ug/kg 680 --

Butyl benzyl phthalate ND ug/kg 340 -

Di-n-butylphthalate ND ug/kg 340 -

Di-n-octylphthalate ND ug/kg 340 --

Diethyl phthalate ND ug/kg 340 --

Dimethyl phthalate ND ug/kg 340 -

Benzo(a)anthracene ND ug/kg 340 -

Benzo(a)pyrene ND ug/kg 340 -

Benzo(b)fluoranthene ND ug/kg 340 -

Benzo(k)fluoranthene ND ug/kg 340 -
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/14/11 15:26 Extraction Date: 05/12/11 13:32 
Analyst: JB 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   01  Batch: WG467545-1 

Chrysene ND ug/kg 340 --

Acenaphthylene ND ug/kg 340 --

Anthracene ND ug/kg 340 -

Benzo(ghi)perylene ND ug/kg 340 --

Fluorene ND ug/kg 340 --

Phenanthrene ND ug/kg 340 -

Dibenzo(a,h)anthracene ND ug/kg 200 --

Indeno(1,2,3-cd)Pyrene ND ug/kg 340 --

Pyrene ND ug/kg 340 -

Aniline ND ug/kg 680 -

4-Chloroaniline ND ug/kg 340 --

Dibenzofuran ND ug/kg 340 -

2-Methylnaphthalene ND ug/kg 340 --

Acetophenone ND ug/kg 680 -

2,4,6-Trichlorophenol ND ug/kg 340 -

2-Chlorophenol ND ug/kg 410 -

2,4-Dichlorophenol ND ug/kg 680 -

2,4-Dimethylphenol ND ug/kg 340 -

2-Nitrophenol ND ug/kg 1400 -

4-Nitrophenol ND ug/kg 680 -

2,4-Dinitrophenol ND ug/kg 1400 --

Pentachlorophenol ND ug/kg 1400 -

Phenol ND ug/kg 480 -

2-Methylphenol ND ug/kg 410 -

3-Methylphenol/4-Methylphenol ND ug/kg 410 -

2,4,5-Trichlorophenol ND ug/kg 340 -
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/14/11 15:26 Extraction Date: 05/12/11 13:32 
Analyst: JB 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab for sample(s):   

Units 

01  Batch: 

RL 

WG467545-1 

MDL 

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

2-Fluorophenol 

Phenol-d6 

Nitrobenzene-d5 

2-Fluorobiphenyl 

2,4,6-Tribromophenol 

4-Terphenyl-d14 

76 

75 

67 

75 

74 

87 

30-130 

30-130 

30-130 

30-130 

30-130 

30-130 

Page 24 of 80 



     

Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/17/11 13:19 Extraction Date: 05/14/11 05:23 
Analyst: RC 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   02-07  Batch: WG467889-1 

Acenaphthene ND ug/kg 330 -

1,2,4-Trichlorobenzene ND ug/kg 330 --

Hexachlorobenzene ND ug/kg 330 -

Bis(2-chloroethyl)ether ND ug/kg 330 -

2-Chloronaphthalene ND ug/kg 330 -

1,2-Dichlorobenzene ND ug/kg 330 -

1,3-Dichlorobenzene ND ug/kg 330 -

1,4-Dichlorobenzene ND ug/kg 330 -

3,3'-Dichlorobenzidine ND ug/kg 670 -

2,4-Dinitrotoluene ND ug/kg 330 -

2,6-Dinitrotoluene ND ug/kg 330 --

Azobenzene ND ug/kg 330 --

Fluoranthene ND ug/kg 330 -

4-Bromophenyl phenyl ether ND ug/kg 330 -

Bis(2-chloroisopropyl)ether ND ug/kg 330 -

Bis(2-chloroethoxy)methane ND ug/kg 330 --

Hexachlorobutadiene ND ug/kg 670 --

Hexachloroethane ND ug/kg 330 --

Isophorone ND ug/kg 330 -

Naphthalene ND ug/kg 330 --

Nitrobenzene ND ug/kg 330 -

Bis(2-Ethylhexyl)phthalate ND ug/kg 670 --

Butyl benzyl phthalate ND ug/kg 330 -

Di-n-butylphthalate ND ug/kg 330 -

Di-n-octylphthalate ND ug/kg 330 --

Diethyl phthalate ND ug/kg 330 --

Dimethyl phthalate ND ug/kg 330 -

Benzo(a)anthracene ND ug/kg 330 -

Benzo(a)pyrene ND ug/kg 330 -

Benzo(b)fluoranthene ND ug/kg 330 -

Benzo(k)fluoranthene ND ug/kg 330 -
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/17/11 13:19 Extraction Date: 05/14/11 05:23 
Analyst: RC 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   02-07  Batch: WG467889-1 

Chrysene ND ug/kg 330 --

Acenaphthylene ND ug/kg 330 --

Anthracene ND ug/kg 330 -

Benzo(ghi)perylene ND ug/kg 330 --

Fluorene ND ug/kg 330 --

Phenanthrene ND ug/kg 330 -

Dibenzo(a,h)anthracene ND ug/kg 200 --

Indeno(1,2,3-cd)Pyrene ND ug/kg 330 --

Pyrene ND ug/kg 330 -

Aniline ND ug/kg 670 -

4-Chloroaniline ND ug/kg 330 --

Dibenzofuran ND ug/kg 330 -

2-Methylnaphthalene ND ug/kg 330 --

Acetophenone ND ug/kg 670 -

2,4,6-Trichlorophenol ND ug/kg 330 -

2-Chlorophenol ND ug/kg 400 -

2,4-Dichlorophenol ND ug/kg 670 -

2,4-Dimethylphenol ND ug/kg 330 -

2-Nitrophenol ND ug/kg 1300 -

4-Nitrophenol ND ug/kg 670 -

2,4-Dinitrophenol ND ug/kg 1300 --

Pentachlorophenol ND ug/kg 1300 -

Phenol ND ug/kg 470 -

2-Methylphenol ND ug/kg 400 -

3-Methylphenol/4-Methylphenol ND ug/kg 400 -

2,4,5-Trichlorophenol ND ug/kg 330 -
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/17/11 13:19 Extraction Date: 05/14/11 05:23 
Analyst: RC 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   02-07  Batch: WG467889-1 

Acceptance 
Surrogate %Recovery Qualifier Criteria 

2-Fluorophenol 41 30-130 

Phenol-d6 42 30-130 

Nitrobenzene-d5 37 30-130 

2-Fluorobiphenyl 42 30-130 

2,4,6-Tribromophenol 41 30-130 

4-Terphenyl-d14 53 30-130 
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Serial_No:05201115:16 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01  Batch: WG467545-2 WG467545-3 

Acenaphthene 84 82 40-140 2 30 

1,2,4-Trichlorobenzene 74 67 40-140 10 30 

Hexachlorobenzene 88 87 40-140 1 30 

Bis(2-chloroethyl)ether 75 67 40-140 11 30 

2-Chloronaphthalene 93 92 40-140 1 30 

1,2-Dichlorobenzene 76 70 40-140 8 30 

1,3-Dichlorobenzene 72 66 40-140 9 30 

1,4-Dichlorobenzene 75 69 40-140 8 30 

3,3'-Dichlorobenzidine 68 70 40-140 3 30 

2,4-Dinitrotoluene 98 102 40-140 4 30 

2,6-Dinitrotoluene 80 84 40-140 5 30 

Azobenzene 89 90 40-140 1 30 

Fluoranthene 95 97 40-140 2 30 

4-Bromophenyl phenyl ether 88 89 40-140 1 30 

Bis(2-chloroisopropyl)ether 73 67 40-140 9 30 

Bis(2-chloroethoxy)methane 73 69 40-140 6 30 

Hexachlorobutadiene 81 75 40-140 8 30 

Hexachloroethane 72 67 40-140 7 30 

Isophorone 70 68 40-140 3 30 

Naphthalene 82 76 40-140 8 30 

Nitrobenzene  80 75 40-140 6 30 
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Serial_No:05201115:16 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01  Batch: WG467545-2 WG467545-3 

Bis(2-Ethylhexyl)phthalate 96 100 40-140 4 30 

Butyl benzyl phthalate 97 101 40-140 4 30 

Di-n-butylphthalate 97 99 40-140 2 30 

Di-n-octylphthalate 104 107 40-140 3 30 

Diethyl phthalate 91 91 40-140 0 30 

Dimethyl phthalate 92 92 40-140 0 30 

Benzo(a)anthracene 87 90 40-140 3 30 

Benzo(a)pyrene 84 85 40-140 1 30 

Benzo(b)fluoranthene 91 93 40-140 2 30 

Benzo(k)fluoranthene 90 92 40-140 2 30 

Chrysene 87 90 40-140 3 30 

Acenaphthylene 83 84 40-140 1 30 

Anthracene 92 94 40-140 2 30 

Benzo(ghi)perylene 91 96 40-140 5 30 

Fluorene 90 90 40-140 0 30 

Phenanthrene 91 94 40-140 3 30 

Dibenzo(a,h)anthracene 94 97 40-140 3 30 

Indeno(1,2,3-cd)Pyrene 95 98 40-140 3 30 

Pyrene 89 93 40-140 4 30 

Aniline 37 Q 34 Q 40-140 8 30 

4-Chloroaniline  53 52 40-140 2 30 
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Serial_No:05201115:16 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01  Batch: WG467545-2 WG467545-3 

Dibenzofuran 82 82 40-140 0 30 

2-Methylnaphthalene 80 74 40-140 8 30 

Acetophenone 79 75 40-140 5 30 

2,4,6-Trichlorophenol 85 86 30-130 1 30 

2-Chlorophenol 80 74 30-130 8 30 

2,4-Dichlorophenol 87 86 30-130 1 30 

2,4-Dimethylphenol 75 76 30-130 1 30 

2-Nitrophenol 75 71 30-130 5 30 

4-Nitrophenol 100 102 30-130 2 30 

2,4-Dinitrophenol 65 72 30-130 10 30 

Pentachlorophenol 87 92 30-130 6 30 

Phenol 81 77 30-130 5 30 

2-Methylphenol 76 74 30-130 3 30 

3-Methylphenol/4-Methylphenol 76 76 30-130 0 30 

2,4,5-Trichlorophenol  83 86 30-130 4 30 
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Serial_No:05201115:16 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01  Batch: WG467545-2 WG467545-3 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

2-Fluorophenol 79 74 30-130 

Phenol-d6 79 75 30-130 

Nitrobenzene-d5 72 68 30-130 

2-Fluorobiphenyl 79 79 30-130 

2,4,6-Tribromophenol 83 84 30-130 

4-Terphenyl-d14 91 94 30-130 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 02-07  Batch: WG467889-2 WG467889-3 

Acenaphthene 90 86 40-140 5 30 

1,2,4-Trichlorobenzene 85 74 40-140 14 30 

Hexachlorobenzene 110 110 40-140 0 30 

Bis(2-chloroethyl)ether 82 72 40-140 13 30 

2-Chloronaphthalene 121 108 40-140 11 30 

1,2-Dichlorobenzene 85 74 40-140 14 30 

1,3-Dichlorobenzene 83 72 40-140 14 30 

1,4-Dichlorobenzene 84 74 40-140 13 30 

3,3'-Dichlorobenzidine  50 62 40-140 21 30 
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Serial_No:05201115:16 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery LimitsQual RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 02-07  Batch: WG467889-2 WG467889-3 

2,4-Dinitrotoluene 101 104 40-140 3 30 

2,6-Dinitrotoluene 95 97 40-140 2 30 

Azobenzene 93 93 40-140 0 30 

Fluoranthene 109 107 40-140 2 30 

4-Bromophenyl phenyl ether 108 109 40-140 1 30 

Bis(2-chloroisopropyl)ether 73 64 40-140 13 30 

Bis(2-chloroethoxy)methane 87 78 40-140 11 30 

Hexachlorobutadiene 94 83 40-140 12 30 

Hexachloroethane 85 74 40-140 14 30 

Isophorone 90 80 40-140 12 30 

Naphthalene 88 78 40-140 12 30 

Nitrobenzene 87 77 40-140 12 30 

Bis(2-Ethylhexyl)phthalate 107 111 40-140 4 30 

Butyl benzyl phthalate 110 113 40-140 3 30 

Di-n-butylphthalate 125 125 40-140 0 30 

Di-n-octylphthalate 110 114 40-140 4 30 

Diethyl phthalate 108 109 40-140 1 30 

Dimethyl phthalate 103 103 40-140 0 30 

Benzo(a)anthracene 103 105 40-140 2 30 

Benzo(a)pyrene 91 92 40-140 1 30 

Benzo(b)fluoranthene  120 119 40-140 1 30 
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Serial_No:05201115:16 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

Lab Control Sample Analysis 
Batch Quality Control 

Lab Number: 

Report Date: 

L1106586 

05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 02-07  Batch: WG467889-2 WG467889-3 

Benzo(k)fluoranthene 104 106 40-140 2 30 

Chrysene 99 98 40-140 1 30 

Acenaphthylene 94 84 40-140 11 30 

Anthracene 103 103 40-140 0 30 

Benzo(ghi)perylene 107 109 40-140 2 30 

Fluorene 96 95 40-140 1 30 

Phenanthrene 98 95 40-140 3 30 

Dibenzo(a,h)anthracene 101 98 40-140 3 30 

Indeno(1,2,3-cd)Pyrene 99 100 40-140 1 30 

Pyrene 106 103 40-140 3 30 

Aniline 22 Q 28 Q 40-140 24 30 

4-Chloroaniline 37 Q 44 40-140 17 30 

Dibenzofuran 93 89 40-140 4 30 

2-Methylnaphthalene 96 84 40-140 13 30 

Acetophenone 95 85 40-140 11 30 

2,4,6-Trichlorophenol 102 99 30-130 3 30 

2-Chlorophenol 91 82 30-130 10 30 

2,4-Dichlorophenol 105 98 30-130 7 30 

2,4-Dimethylphenol 94 86 30-130 9 30 

2-Nitrophenol 93 84 30-130 10 30 

4-Nitrophenol  100 103 30-130 3 30 
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Serial_No:05201115:16 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 02-07  Batch: WG467889-2 WG467889-3 

2,4-Dinitrophenol 97 102 30-130 5 30 

Pentachlorophenol 120 125 30-130 4 30 

Phenol 86 78 30-130 10 30 

2-Methylphenol 91 82 30-130 10 30 

3-Methylphenol/4-Methylphenol 86 80 30-130 7 30 

2,4,5-Trichlorophenol  104 102 30-130 2 30 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

2-Fluorophenol 

Phenol-d6 

Nitrobenzene-d5 

2-Fluorobiphenyl 

2,4,6-Tribromophenol 

4-Terphenyl-d14 

93 

95 

94 

101 

119 

119 

74 

77 

75 

82 

106 

106 

30-130 

30-130 

30-130 

30-130 

30-130 

30-130 
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Serial_No:05201115:16 

PETROLEUM 

HYDROCARBONS
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FF Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

Lab ID: L1106586-01 Date Collected: 05/02/11 10:30 
Client ID: B-3/MW-1 Date Received: 05/11/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/14/11 02:15
Analytical Date: 05/16/11 16:10 
Analyst: KG 
Percent Solids: 96% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/kg 33900 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 75 40-140 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 
SAMPLE RESULTS 

Lab ID: L1106586-02 Date Collected: 05/03/11 10:00 
Client ID: B-4/MW-2 Date Received: 05/11/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/14/11 02:15
Analytical Date: 05/16/11 18:26 
Analyst: KG 
Percent Solids: 91% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/kg 33800 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 55 40-140 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 
SAMPLE RESULTS 

Lab ID: L1106586-03 Date Collected: 05/04/11 11:10 
Client ID: B-5/MW-3 Date Received: 05/11/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/14/11 02:15
Analytical Date: 05/16/11 20:07 
Analyst: KG 
Percent Solids: 88% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 510000 ug/kg 37500 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 68 40-140 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 
SAMPLE RESULTS 

Lab ID: L1106586-04 Date Collected: 05/05/11 09:45 
Client ID: B-6/MW-4 Date Received: 05/11/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/14/11 02:15
Analytical Date: 05/16/11 21:15 
Analyst: KG 
Percent Solids: 88% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 208000 ug/kg 38900 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 63 40-140 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 
SAMPLE RESULTS 

Lab ID: L1106586-05 Date Collected: 05/06/11 09:30 
Client ID: B-7 Date Received: 05/11/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/14/11 02:15
Analytical Date: 05/16/11 17:17 
Analyst: KG 
Percent Solids: 93% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/kg 36300 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 76 40-140 
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Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1106586-06 D 
Client ID: B-8/MW-5 
Sample Location: NEW BEDFORD, MA 
Matrix: Soil 
Analytical Method: 1,8015B(M) 
Analytical Date: 05/17/11 18:24 
Analyst: KG 
Percent Solids: 87% 

Parameter Result Qualifier 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 791000 ug/kg 183000 - 5 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 71 40-140 

Serial_No:05201115:16 

Lab Number: L1106586
 

Report Date: 05/20/11
 

Date Collected: 05/06/11 13:00 
Date Received: 05/11/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 05/14/11 02:15

Units RL MDL Dilution Factor 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 
SAMPLE RESULTS 

Lab ID: L1106586-07 Date Collected: 05/09/11 11:00 
Client ID: B-9/MW-6 Date Received: 05/11/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/14/11 02:15
Analytical Date: 05/16/11 21:48 
Analyst: KG 
Percent Solids: 89% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 180000 ug/kg 36400 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 77 40-140 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 1,8015B(M) Extraction Method: EPA 3546 
Analytical Date: 05/16/11 14:28 Extraction Date: 05/14/11 02:15 
Analyst: KG 

Parameter Result RLUnitsQualifier MDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab for sample(s):   01-07  Batch: WG467877-1 

TPH ND 33300ug/kg -

Acceptance 
Surrogate %Recovery Qualifier Criteria 

o-Terphenyl 62 40-140 
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Serial_No:05201115:16 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 01-07  Batch: WG467877-2 

TPH  65 - 40-140 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

o-Terphenyl 74 40-140 
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Serial_No:05201115:16 

Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL NEW BEDFORD Batch Quality Control Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

Units RPDParameter Native Sample Duplicate Sample RPD LimitsQual 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 01-07  QC Batch ID: WG467877-3  QC Sample: L1106586-01  Client ID: B
3/MW-1 

TPH ND ND ug/kg NC 40 

Acceptance 
Surrogate %Recovery Qualifier %Recovery Qualifier Criteria 

o-Terphenyl 75 84 40-140 
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Serial_No:05201115:16 

METALS
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FF Serial_No:05201115:16 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

B-3/MW-1Client ID: 

Matrix: Soil 
NEW BEDFORD, MASample Location: 

L1106586-01Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  96% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1106586 

05/20/11 

05/02/11 10:30 
05/11/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total ND mg/kg 20.034 -

Arsenic, Total 0.861 mg/kg 20.033 -

Beryllium, Total 0.126 mg/kg 20.033 -

Cadmium, Total 0.064 mg/kg 20.033 -

Chromium, Total 3.27 mg/kg 20.130 -

Copper, Total 4.84 mg/kg 20.065 -

Lead, Total 4.35 mg/kg 20.033 -

Mercury, Total ND mg/kg 50.012 -

Nickel, Total 2.17 mg/kg 20.065 -

Selenium, Total 0.162 mg/kg 20.065 -

Silver, Total 0.035 mg/kg 20.034 -

Thallium, Total 0.111 mg/kg 20.033 -

Zinc, Total 13.8 mg/kg 20.651 -

05/19/11 17:1805/16/11 10:00 

05/19/11 16:1605/16/11 10:00 

05/19/11 16:1605/16/11 10:00 

05/19/11 16:1605/16/11 10:00 

05/19/11 16:1605/16/11 10:00 

05/19/11 16:1605/16/11 10:00 

05/19/11 16:1605/16/11 10:00 

05/18/11 12:0105/16/11 10:00 

05/19/11 16:1605/16/11 10:00 

05/19/11 16:1605/16/11 10:00 

05/19/11 17:1805/16/11 10:00 

05/19/11 16:1605/16/11 10:00 

05/19/11 16:1605/16/11 10:00 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05201115:16 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

B-4/MW-2Client ID: 

Matrix: Soil 
NEW BEDFORD, MASample Location: 

L1106586-02Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  91% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1106586 

05/20/11 

05/03/11 10:00 
05/11/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total ND mg/kg 20.033 -

Arsenic, Total 0.780 mg/kg 20.032 -

Beryllium, Total 0.081 mg/kg 20.032 -

Cadmium, Total 0.075 mg/kg 20.032 -

Chromium, Total 3.58 mg/kg 20.126 -

Copper, Total 4.33 mg/kg 20.063 -

Lead, Total 14.9 mg/kg 20.032 -

Mercury, Total ND mg/kg 50.012 -

Nickel, Total 3.62 mg/kg 20.063 -

Selenium, Total 0.095 mg/kg 20.063 -

Silver, Total ND mg/kg 20.033 -

Thallium, Total ND mg/kg 20.032 -

Zinc, Total 15.9 mg/kg 20.632 -

05/19/11 17:2105/16/11 10:00 

05/19/11 16:2405/16/11 10:00 

05/19/11 16:2405/16/11 10:00 

05/19/11 16:2405/16/11 10:00 

05/19/11 16:2405/16/11 10:00 

05/19/11 16:2405/16/11 10:00 

05/19/11 16:2405/16/11 10:00 

05/18/11 12:1205/16/11 10:00 

05/19/11 16:2405/16/11 10:00 

05/19/11 16:2405/16/11 10:00 

05/19/11 17:2105/16/11 10:00 

05/19/11 16:2405/16/11 10:00 

05/19/11 16:2405/16/11 10:00 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05201115:16 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

B-5/MW-3Client ID: 

Matrix: Soil 
NEW BEDFORD, MASample Location: 

L1106586-03Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  88% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1106586 

05/20/11 

05/04/11 11:10 
05/11/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.090 mg/kg 20.032 -

Arsenic, Total 4.11 mg/kg 20.036 -

Beryllium, Total 0.298 mg/kg 20.036 -

Cadmium, Total 0.079 mg/kg 20.036 -

Chromium, Total 6.48 mg/kg 20.144 -

Copper, Total 13.0 mg/kg 20.072 -

Lead, Total 77.2 mg/kg 50.090 -

Mercury, Total 0.061 mg/kg 50.012 -

Nickel, Total 5.25 mg/kg 20.072 -

Selenium, Total 0.434 mg/kg 20.072 -

Silver, Total 0.094 mg/kg 20.032 -

Thallium, Total 0.104 mg/kg 50.090 -

Zinc, Total 37.3 mg/kg 20.719 -

05/19/11 17:2305/16/11 10:00 

05/19/11 16:2505/16/11 10:00 

05/19/11 16:2505/16/11 10:00 

05/19/11 16:2505/16/11 10:00 

05/19/11 16:2505/16/11 10:00 

05/19/11 16:2505/16/11 10:00 

05/19/11 16:4705/16/11 10:00 

05/18/11 12:1505/16/11 10:00 

05/19/11 16:2505/16/11 10:00 

05/19/11 16:2505/16/11 10:00 

05/19/11 17:2305/16/11 10:00 

05/19/11 16:4705/16/11 10:00 

05/19/11 16:2505/16/11 10:00 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05201115:16 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

B-6/MW-4Client ID: 

Matrix: Soil 
NEW BEDFORD, MASample Location: 

L1106586-04Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  88% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1106586 

05/20/11 

05/05/11 09:45 
05/11/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.284 mg/kg 20.032 -

Arsenic, Total 1.25 mg/kg 20.036 -

Beryllium, Total 0.166 mg/kg 20.036 -

Cadmium, Total 0.071 mg/kg 20.036 -

Chromium, Total 7.72 mg/kg 20.146 -

Copper, Total 14.0 mg/kg 20.073 -

Lead, Total 95.2 mg/kg 20.036 -

Mercury, Total 0.027 mg/kg 50.014 -

Nickel, Total 5.36 mg/kg 20.073 -

Selenium, Total 0.318 mg/kg 20.073 -

Silver, Total 0.033 mg/kg 20.032 -

Thallium, Total 0.056 mg/kg 20.036 -

Zinc, Total 55.7 mg/kg 20.728 -

05/19/11 17:2405/16/11 10:00 

05/19/11 16:2705/16/11 10:00 

05/19/11 16:2705/16/11 10:00 

05/19/11 16:2705/16/11 10:00 

05/19/11 16:2705/16/11 10:00 

05/19/11 16:2705/16/11 10:00 

05/19/11 16:2705/16/11 10:00 

05/18/11 12:1705/16/11 10:00 

05/19/11 16:2705/16/11 10:00 

05/19/11 16:2705/16/11 10:00 

05/19/11 17:2405/16/11 10:00 

05/19/11 16:2705/16/11 10:00 

05/19/11 16:2705/16/11 10:00 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05201115:16 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

B-7Client ID: 

Matrix: Soil 
NEW BEDFORD, MASample Location: 

L1106586-05Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  93% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1106586 

05/20/11 

05/06/11 09:30 
05/11/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total ND mg/kg 20.035 -

Arsenic, Total 0.677 mg/kg 20.031 -

Beryllium, Total 0.196 mg/kg 20.031 -

Cadmium, Total 0.047 mg/kg 20.031 -

Chromium, Total 6.60 mg/kg 20.125 -

Copper, Total 6.75 mg/kg 20.063 -

Lead, Total 15.2 mg/kg 50.078 -

Mercury, Total ND mg/kg 50.012 -

Nickel, Total 4.61 mg/kg 20.063 -

Selenium, Total 0.203 mg/kg 20.063 -

Silver, Total ND mg/kg 20.035 -

Thallium, Total ND mg/kg 50.078 -

Zinc, Total 19.0 mg/kg 20.625 -

05/19/11 17:2405/16/11 10:00 

05/19/11 16:2805/16/11 10:00 

05/19/11 16:2805/16/11 10:00 

05/19/11 16:2805/16/11 10:00 

05/19/11 16:2805/16/11 10:00 

05/19/11 16:2805/16/11 10:00 

05/19/11 16:4805/16/11 10:00 

05/18/11 12:2005/16/11 10:00 

05/19/11 16:2805/16/11 10:00 

05/19/11 16:2805/16/11 10:00 

05/19/11 17:2405/16/11 10:00 

05/19/11 16:4805/16/11 10:00 

05/19/11 16:2805/16/11 10:00 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05201115:16 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

B-8/MW-5Client ID: 

Matrix: Soil 
NEW BEDFORD, MASample Location: 

L1106586-06Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  87% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1106586 

05/20/11 

05/06/11 13:00 
05/11/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.040 mg/kg 20.037 -

Arsenic, Total 1.32 mg/kg 20.034 -

Beryllium, Total 0.270 mg/kg 20.034 -

Cadmium, Total 0.409 mg/kg 20.034 -

Chromium, Total 6.19 mg/kg 20.138 -

Copper, Total 10.1 mg/kg 20.069 -

Lead, Total 161 mg/kg 50.086 -

Mercury, Total 0.028 mg/kg 50.013 -

Nickel, Total 4.07 mg/kg 20.069 -

Selenium, Total 0.334 mg/kg 20.069 -

Silver, Total 0.039 mg/kg 20.037 -

Thallium, Total ND mg/kg 50.086 -

Zinc, Total 126 mg/kg 20.688 -

05/19/11 17:2505/16/11 10:00 

05/19/11 16:2905/16/11 10:00 

05/19/11 16:2905/16/11 10:00 

05/19/11 16:2905/16/11 10:00 

05/19/11 16:2905/16/11 10:00 

05/19/11 16:2905/16/11 10:00 

05/19/11 16:4905/16/11 10:00 

05/18/11 12:2905/16/11 10:00 

05/19/11 16:2905/16/11 10:00 

05/19/11 16:2905/16/11 10:00 

05/19/11 17:2505/16/11 10:00 

05/19/11 16:4905/16/11 10:00 

05/19/11 16:2905/16/11 10:00 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05201115:16 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

B-9/MW-6Client ID: 

Matrix: Soil 
NEW BEDFORD, MASample Location: 

L1106586-07Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  89% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1106586 

05/20/11 

05/09/11 11:00 
05/11/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total ND mg/kg 20.034 -

Arsenic, Total 1.01 mg/kg 20.032 -

Beryllium, Total 0.143 mg/kg 20.032 -

Cadmium, Total 0.056 mg/kg 20.032 -

Chromium, Total 13.6 mg/kg 20.128 -

Copper, Total 12.1 mg/kg 20.064 -

Lead, Total 4.75 mg/kg 20.032 -

Mercury, Total ND mg/kg 50.013 -

Nickel, Total 10.4 mg/kg 20.064 -

Selenium, Total 0.117 mg/kg 20.064 -

Silver, Total ND mg/kg 20.034 -

Thallium, Total ND mg/kg 20.032 -

Zinc, Total 18.8 mg/kg 20.642 -

05/19/11 17:2605/16/11 10:00 

05/19/11 16:3105/16/11 10:00 

05/19/11 16:3105/16/11 10:00 

05/19/11 16:3105/16/11 10:00 

05/19/11 16:3105/16/11 10:00 

05/19/11 16:3105/16/11 10:00 

05/19/11 16:3105/16/11 10:00 

05/18/11 12:3105/16/11 10:00 

05/19/11 16:3105/16/11 10:00 

05/19/11 16:3105/16/11 10:00 

05/19/11 17:2605/16/11 10:00 

05/19/11 16:3105/16/11 10:00 

05/19/11 16:3105/16/11 10:00 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

EM 
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FF Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis 
Batch Quality Control 

Dilution Date Date Analytical 
Parameter Result Qualifier Units RL MDL Factor Prepared Analyzed Method Analyst 

Total Metals - Mansfield Lab  for sample(s): 01-07  Batch: WG467817-1 

Antimony, Total ND mg/kg 0.050 -- 2 05/16/11 10:00 05/19/11 17:17 1,6020A EM 

Silver, Total ND mg/kg 0.050 -- 2 05/16/11 10:00 05/19/11 17:17 1,6020A EM 

Prep Information 

EPA 3050BDigestion Method: 

Parameter Result 
Dilution 
FactorQualifier Units RL MDL 

Total Metals - Mansfield Lab  for sample(s): 01-07  Batch: WG467818-1 

Mercury, Total ND mg/kg 50.013 -

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

05/18/11 11:54 1,7474 EM05/16/11 10:00 

Prep Information 

Digestion Method: EPA 7474 

Dilution Date Date Analytical 
Parameter Result Qualifier Units RL MDL Factor Prepared Analyzed Method Analyst 

Total Metals - Mansfield Lab  for sample(s): 01-07  Batch: WG467819-1 

Arsenic, Total ND mg/kg 0.050 - 2 05/16/11 10:00 05/19/11 16:13 1,6020A EM 

Beryllium, Total ND mg/kg 0.050 - 2 05/16/11 10:00 05/19/11 16:13 1,6020A EM 

Cadmium, Total ND mg/kg 0.050 - 2 05/16/11 10:00 05/19/11 16:13 1,6020A EM 

Chromium, Total ND mg/kg 0.200 - 2 05/16/11 10:00 05/19/11 16:13 1,6020A EM 

Copper, Total ND mg/kg 0.100 - 2 05/16/11 10:00 05/19/11 16:13 1,6020A EM 

Lead, Total ND mg/kg 0.050 - 2 05/16/11 10:00 05/19/11 16:13 1,6020A EM 

Nickel, Total ND mg/kg 0.100 - 2 05/16/11 10:00 05/19/11 16:13 1,6020A EM 

Selenium, Total ND mg/kg 0.100 - 2 05/16/11 10:00 05/19/11 16:13 1,6020A EM 

Thallium, Total ND mg/kg 0.050 - 2 05/16/11 10:00 05/19/11 16:13 1,6020A EM 

Zinc, Total ND mg/kg 1.00 - 2 05/16/11 10:00 05/19/11 16:13 1,6020A EM 

Prep Information 

Digestion Method: EPA 3050B 
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Serial_No:05201115:16 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Total Metals - Mansfield Lab  Associated sample(s): 01-07    Batch: WG467817-2 SRM Lot Number: S3SPIKE 

Antimony, Total 106 - 80-120 - 20 

Silver, Total 100 - 80-120 - 20 

Total Metals - Mansfield Lab  Associated sample(s): 01-07    Batch: WG467818-2 SRM Lot Number: HPHGAF 

Mercury, Total 95 - 80-120 - 20 

Total Metals - Mansfield Lab  Associated sample(s): 01-07    Batch: WG467819-2 SRM Lot Number: S1SPIKE 

Arsenic, Total 109 - 80-120 - 20 

Beryllium, Total 110 - 80-120 - 20 

Cadmium, Total 109 - 80-120 - 20 

Chromium, Total 110 - 80-120 - 20 

Copper, Total 104 - 80-120 - 20 

Lead, Total 108 - 80-120 - 20 

Nickel, Total 106 - 80-120 - 20 

Selenium, Total 104 - 80-120 - 20 

Thallium, Total 108 - 80-120 - 20 

Zinc, Total  104 - 80-120 - 20 
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Serial_No:05201115:16 

Matrix Spike Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

Native MS MS MS MSD MSD Recovery RPD 
Parameter Sample Added Found %Recovery Qual Found %Recovery Qual Limits RPD Qual Limits 

Total Metals - Mansfield Lab Associated sample(s): 01-07    QC Batch ID: WG467817-4    QC Sample: L1106586-01  Client ID: B-3/MW-1 

Antimony, Total ND 1.31 0.604 46 Q - - 75-125 

Silver, Total 0.035 1.31 1.34 100 - - 75-125 - 20 

Total Metals - Mansfield Lab Associated sample(s): 01-07    QC Batch ID: WG467818-4    QC Sample: L1106586-01  Client ID: B-3/MW-1 

Mercury, Total ND 1.16 1.16 100 - - 80-120 - 20 

Total Metals - Mansfield Lab Associated sample(s): 01-07    QC Batch ID: WG467819-4    QC Sample: L1106586-01  Client ID: B-3/MW-1 

Arsenic, Total 0.861 121 131 107 - - 75-125 - 20 

Beryllium, Total 0.126 60.6 66.5 110 - - 75-125 - 20 

Cadmium, Total 0.064 60.6 65.2 108 - - 75-125 - 20 

Chromium, Total 3.27 121 132 106 - - 75-125 - 20 

Copper, Total 4.84 121 125 99 - - 75-125 - 20 

Lead, Total 4.35 121 121 96 - - 75-125 - 20 

Nickel, Total 2.17 121 125 101 - - 75-125 - 20 

Selenium, Total 0.162 121 125 103 - - 75-125 - 20 

Thallium, Total 0.111 121 120 99 - - 75-125 - 20 

Zinc, Total 13.8 121 136  101 - - 75-125 - 20 
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Serial_No:05201115:16 

Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL NEW BEDFORD Batch Quality Control Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

Parameter Native Sample Duplicate Sample Units RPD Qual RPD Limits 

Total Metals - Mansfield Lab  Associated sample(s): 01-07  QC Batch ID: WG467817-3  QC Sample: L1106586-01  Client ID: B-3/MW-1 

Antimony, Total ND ND mg/kg NC 20
 

Silver, Total 0.035 ND mg/kg NC 20
 

Total Metals - Mansfield Lab  Associated sample(s): 01-07  QC Batch ID: WG467818-3  QC Sample: L1106586-01  Client ID: B-3/MW-1 

Mercury, Total ND ND mg/kg NC 20
 

Total Metals - Mansfield Lab  Associated sample(s): 01-07  QC Batch ID: WG467819-3  QC Sample: L1106586-01  Client ID: B-3/MW-1 

Arsenic, Total 0.861 0.636 mg/kg 30 Q 20
 

Beryllium, Total 0.126 0.064 mg/kg 65 20
 

Cadmium, Total 0.064 ND mg/kg NC 20
 

Chromium, Total 3.27 3.29 mg/kg 1 20
 

Copper, Total 4.84 4.08 mg/kg 17 20
 

Lead, Total 4.35 3.78 mg/kg 14 20
 

Nickel, Total 2.17 1.91 mg/kg 13 20
 

Selenium, Total 0.162 0.068 mg/kg 81 20
 

Thallium, Total 0.111 0.041 mg/kg 91 20
 

Zinc, Total 13.8 8.96 mg/kg 43 Q 20
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Lab Serial Dilution 
Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586Analysis 
Project Number: 6690 Batch Quality Control Report Date: 05/20/11 

Parameter Native Sample Serial Dilution Units % D Qual RPD Limits 

Total Metals - Mansfield Lab  Associated sample(s): 01-07  QC Batch ID: WG467819-5  QC Sample: L1106586-01  Client ID: B-3/MW-1 

Copper, Total 4.84 4.83 mg/kg 0 10 

Lead, Total 4.35 4.71 mg/kg 8 10 
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INORGANICS
 
&
 

MISCELLANEOUS
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FF Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 
Project Number: 6690 Report Date: 05/20/11 

SAMPLE RESULTS 

Lab ID: L1106586-01 Date Collected: 05/02/11 10:30 
Client ID: B-3/MW-1 Date Received: 05/11/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 96 % 0.10 NA 1 - 05/12/11 10:14 30,2540G JF 
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FF Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 
Project Number: 6690 Report Date: 05/20/11 

SAMPLE RESULTS 

Lab ID: L1106586-02 Date Collected: 05/03/11 10:00 
Client ID: B-4/MW-2 Date Received: 05/11/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 91 % 0.10 NA 1 - 05/12/11 10:14 30,2540G JF 
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FF Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 
Project Number: 6690 Report Date: 05/20/11 

SAMPLE RESULTS 

Lab ID: L1106586-03 Date Collected: 05/04/11 11:10 
Client ID: B-5/MW-3 Date Received: 05/11/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 88 % 0.10 NA 1 - 05/12/11 10:14 30,2540G JF 
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FF Serial_No:05201115:16 

Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

Lab Number: 

Report Date: 
L1106586 

05/20/11 

SAMPLE RESULTS 

B-6/MW-4Client ID: 

Matrix: Soil 

NEW BEDFORD, MASample Location: 

L1106586-04Lab ID: 05/05/11 09:45Date Collected: 
05/11/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 88 % 0.10 NA 1 05/12/11 10:14 30,2540G JF-
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FF Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 
Project Number: 6690 Report Date: 05/20/11 

SAMPLE RESULTS 

Lab ID: L1106586-05 Date Collected: 05/06/11 09:30 
Client ID: B-7 Date Received: 05/11/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 93 % 0.10 NA 1 - 05/12/11 10:14 30,2540G JF 
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Project Name: 

Project Number: 

SOUTH TERMINAL NEW BEDFORD 

6690 

Lab Number: 

Report Date: 
L1106586 

05/20/11 

SAMPLE RESULTS 

B-8/MW-5Client ID: 

Matrix: Soil 

NEW BEDFORD, MASample Location: 

L1106586-06Lab ID: 05/06/11 13:00Date Collected: 
05/11/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 87 % 0.10 NA 1 05/12/11 10:14 30,2540G JF-
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Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 
Project Number: 6690 Report Date: 05/20/11 

SAMPLE RESULTS 

Lab ID: L1106586-07 Date Collected: 05/09/11 11:00 
Client ID: B-9/MW-6 Date Received: 05/11/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 89 % 0.10 NA 1 - 05/12/11 10:14 30,2540G JF 
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Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL NEW BEDFORD Batch Quality Control Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

Parameter Native Sample Duplicate Sample Units RPD Qual RPD Limits 

General Chemistry - Westborough Lab  Associated sample(s): 01-07  QC Batch ID: WG467520-1  QC Sample: L1106526-01  Client ID: DUP Sample 

Solids, Total 92 92 % 0 20 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

Sample Receipt and Container Information 

Were project specific reporting limits specified? YES 

Reagent H2O Preserved Vials Frozen on: NA 

Cooler Information Custody Seal 
Cooler 
A Absent 

Container ID Container Type 

Container Information 

Cooler pH 
Temp 
deg C Pres Seal Analysis(*) 

L1106586-01A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1106586-01B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1106586-02A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1106586-02B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1106586-03A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1106586-03B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1106586-04A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1106586-04B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1106586-05A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

L1106586-05B Amber 120ml unpreserved A N/A 2 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1106586-06A Amber 120ml unpreserved A N/A 2 Y Absent MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal 

L1106586-06B Amber 120ml unpreserved A N/A 2 Y Absent 

L1106586-07A Amber 120ml unpreserved A N/A 2 Y Absent
 

L1106586-07B Amber 120ml unpreserved A N/A 2 Y Absent
 

Analysis(*) 

A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

MCP-8270-10(14),TS(7),TPH
DRO-D(14) 

A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

*Values in parentheses indicate holding time in days 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586
 

Project Number: 6690 Report Date: 05/20/11
 

GLOSSARY
 

Acronyms 

EPA Environmental Protection Agency.

LCS Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known
amounts of analytes or a material containing known and verified amounts of analytes. 

LCSD Laboratory Control Sample Duplicate: Refer to LCS.

MDL Method Detection Limit: This value represents the level to which target analyte concentrations are reported as
estimated values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

MS Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of
matrix sample for which an independent estimate of target analyte concentration is available. 

MSD Matrix Spike Sample Duplicate: Refer to MS.

NA Not Applicable.

NC Not Calculated: Term is utilized when one or more of the results utilized in the calculation are non-detect at the
parameter's reporting unit. 

NI Not Ignitable.

RL Reporting Limit: The value at which an instrument can accurately measure an analyte at a specific concentration.
The RL includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

RPD Relative Percent Difference: The results from matrix and/or matrix spike duplicates are primarily designed to
assess the precision of analytical results in a given matrix and are expressed as relative percent difference (RPD). 
Values which are less than five times the reporting limit for any individual parameter are evaluated by utilizing the 
absolute difference between the values; although the RPD value will be provided in the report.

Terms 

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: 
EPA 8260B is shown as 1,8260B.) The codes for the reference method documents are provided in the References section of 
the Addendum. 

Data Qualifiers 

A -Spectra identified as "Aldol Condensation Product". 

B -The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated 
field samples that have detectable concentrations of the analyte at less than five times (5x) the concentration found in 
the blank. For MCP-related projects, flag only applies to associated field samples that have detectable concentrations 
of the analyte at less than ten times (10x) the concentration found in the blank. For DOD-related projects, flag only 
applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) the 
concentration found in the blank AND the analyte was detected above one-half the reporting limit (or above the 
reporting limit for common lab contaminants) in the associated method blank. 

C -Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co
extracted analyses. 

D -Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable 
concentrations of the analyte. 

E -Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument. 

G -The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The 
result should be considered estimated. 

H -The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of 
sample collection. 

I -The RPD between the results for the two columns exceeds the method-specified criteria; however, the lower value 
has been reported due to obvious interference. 

P  -The RPD between the results for the two columns exceeds the method-specified criteria. 

Report Format: Data Usability Report 
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Serial_No:05201115:16 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1106586 

Project Number: 6690 Report Date: 05/20/11 

Data Qualifiers 

Q -The quality control sample exceeds the associated acceptance criteria. Note: This flag is not applicable for matrix 
spike recoveries when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when 
the sample concentrations are less than 5x the RL. (Metals only.) 

R -Analytical results are from sample re-analysis. 

RE  -Analytical results are from sample re-extraction. 

J - Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs). 

ND  - Not detected at the reporting limit (RL) for the sample. 

Report Format: Data Usability Report 

Page 72 of 80 



Serial_No:05201115:16 

Project Name: Lab Number:SOUTH TERMINAL NEW BEDFORD L1106586 

Project Number: 6690 Report Date: 05/20/11 

REFERENCES 


1 Test Methods for Evaluating Solid Waste: Physical/Chemical Methods. EPA SW-846. 
Third Edition. Updates I - IIIA, 1997. 

30 Standard Methods for the Examination of Water and Wastewater. APHA-AWWA
WPCF. 18th Edition. 1992. 

EPA Test Methods (SW-846) with QC Requirements & Performance Standards for the 
Analysis of EPA SW-846 Methods under the Massachusetts Contingency Plan, WSC
CAM-IIA, IIB, IIIA, IIIB, IIIC, IIID, VA, VB, VC, VIA, VIB, VIIIA and VIIIB, July 2010. 

97 

LIMITATION OF LIABILITIES 

Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing 
laboratory industry. In the event of an error, the sole and exclusive responsibility of Alpha Analytical 
shall be to re-perform the work at it's own expense. In no event shall Alpha Analytical be held liable 
for any incidental, consequential or special damages, including but not limited to, damages in any way 
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical. 

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling, 
containers, sampling procedures, holding time and splitting of samples in the field. 
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Serial_No:05201115:16 

Certificate/Approval Program Summary
Last revised February 23, 2011  - Westboro Facility
 

The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 


Connecticut Department of Public Health Certificate/Lab ID: PH-0574. NELAP Accredited Solid Waste/Soil. 

Drinking Water (Inorganic Parameters: Color, pH, Turbidity, Conductivity, Alkalinity, Chloride, Free Residual Chlorine, 
Fluoride, Calcium Hardness, Sulfate, Nitrate, Nitrite, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, 
Silver, Sodium, Thallium, Vanadium, Zinc, Total Dissolved Solids, Total Organic Carbon, Total Cyanide, Perchlorate. 
Organic Parameters: Volatile Organics 524.2, Total Trihalomethanes 524.2, 1,2-Dibromo-3-chloropropane (DBCP), 
Ethylene Dibromide (EDB), 1,4-Dioxane (Mod 8270). Microbiology Parameters: Total Coliform-MF mEndo (SM9222B), 
Total Coliform – Colilert (SM9223 P/A), E. Coli. – Colilert (SM9223 P/A), HPC – Pour Plate (SM9215B), Fecal Coliform – 
MF m-FC (SM9222D))  

Wastewater/Non-Potable Water (Inorganic Parameters: Color, pH, Conductivity, Acidity, Alkalinity, Chloride, Total 
Residual Chlorine, Fluoride, Total Hardness, Silica, Sulfate, Sulfide, Ammonia, Kjeldahl Nitrogen, Nitrate, Nitrite, O-
Phosphate, Total Phosphorus, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, 
Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, 
Selenium, Silver, Sodium, Strontium, Thallium, Tin, Titanium, Vanadium, Zinc, Total Residue (Solids), Total Dissolved 
Solids, Total Suspended Solids (non-filterable), BOD, CBOD, COD, TOC, Total Cyanide, Phenolics, Foaming Agents 
(MBAS), Bromide, Oil and Grease. Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, 
Toxaphene, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Acid Extractables (Phenols), Benzidines, Phthalate Esters, Nitrosamines, 
Nitroaromatics & Isophorone, Polynuclear Aromatic Hydrocarbons, Haloethers, Chlorinated Hydrocarbons, Volatile 
Organics, TPH (HEM/SGT), Extractable Petroleum Hydrocarbons (ETPH), MA-EPH, MA-VPH. Microbiology Parameters: 
Total Coliform – MF mEndo (SM9222B), Total Coliform – MTF (SM9221B), HPC – Pour Plate (SM9215B), Fecal 
Coliform – MF m-FC (SM9222D), Fecal Coliform – A-1 Broth (SM9221E).)  

Solid Waste/Soil (Inorganic Parameters: pH, Sulfide, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Tin, Vanadium, Zinc, Total Cyanide, Ignitability, 
Phenolics, Corrosivity, TCLP Leach (1311), SPLP Leach (1312 metals only), Reactivity. Organic Parameters: PCBs, 
PCBs in Oil, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Extractable Petroleum Hydrocarbons 
(ETPH), MA-EPH, MA-VPH, Dicamba, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Volatile Organics, Acid Extractables (Phenols), 
3.3’-Dichlorobenzidine, Phthalates, Nitrosamines, Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated 
Hydrocarbons. ) 

Maine Department of Human Services Certificate/Lab ID: 2009024.  

Drinking Water (Inorganic Parameters: SM9215B, 9222D, 9223B, EPA 180.1, 353.2, SM2130B, 2320B, 4500Cl-D,
 
4500CN-C, 4500CN-E, 4500F-C, 4500H+B, 4500NO3-F, EPA 200.7, EPA 200.8, 245.1, EPA 300.0. Organic
 
Parameters: 504.1, 524.2.)  


Wastewater/Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664A, 350.1, 351.1, 353.2, 410.4, 420.1, 
SM2320B, 2510B, 2540C, 2540D, 426C, 4500Cl-D, 4500Cl-E, 4500CN-C, 4500CN-E, 4500F-B, 4500F-C, 4500H+B, 
4500Norg-B, 4500Norg-C, 4500NH3-B, 4500NH3-G, 4500NH3-H, 4500NO3-F, 4500P-B, 4500P-E, 5210B, 5220D, 
5310C, EPA 200.7, 200.8, 245.1. Organic Parameters: 608, 624, ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Solid Waste/Soil (Organic Parameters: ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Massachusetts Department of Environmental Protection Certificate/Lab ID: M-MA086. 

Drinking Water (Inorganic Parameters: (EPA 200.8 for: Sb,As,Ba,Be,Cd,Cr,Cu,Pb,Ni,Se,Tl) (EPA 200.7 for: 

Ba,Be,Ca,Cd,Cr,Cu,Na,Ni)  245.1, (300.0 for:  Nitrate-N, Fluoride, Sulfate); (EPA 353.2 for: Nitrate-N, Nitrite-N);
 
(SM4500NO3-F for: Nitrate-N and Nitrite-N); 4500F-C, 4500CN-CE, EPA 180.1, SM2130B, SM4500Cl-D, 2320B, 

SM2540C, SM4500H-B. Organic Parameters: (EPA 524.2 for: Trihalomethanes, Volatile Organics); (504.1 for:  1,2
Dibromoethane, 1,2-Dibromo-3-Chloropropane), EPA 332. Microbiology Parameters: SM9215B; ENZ. SUB. SM9223;
 
ColilertQT SM9223B; MF-SM9222D.) 


Non-Potable Water (Inorganic Parameters:, (EPA 200.8 for: Al,Sb,As,Be,Cd,Cr,Cu,Pb,Mn,Ni,Se,Ag,Tl,Zn); (EPA 200.7 
for: Al,Sb,As,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Mo,Ni,K,Se,Ag,Na,Sr,Ti,Tl, V,Zn); 245.1, SM4500H,B, EPA 120.1, 
SM2510B, 2540C, 2340B, 2320B, 4500CL-E, 4500F-BC, 426C, SM4500NH3-BH, (EPA 350.1 for:  Ammonia-N), 
LACHAT 10-107-06-1-B for Ammonia-N, SM4500NO3-F, 353.2 for Nitrate-N, SM4500NH3-BC-NES, EPA 351.1, 
SM4500P-E, 4500P-B,E, 5220D, EPA 410.4, SM 5210B, 5310C, 4500CL-D, EPA 1664, SM14 510AC, EPA 420.1, 
SM4500-CN-CE, SM2540D. 
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Organic Parameters: (EPA 624 for Volatile Halocarbons, Volatile Aromatics),(608 for:  Chlordane, Aldrin, Dieldrin, DDD, 
DDE, DDT, Heptachlor, Heptachlor Epoxide, PCBs-Water), (EPA 625 for SVOC Acid Extractables and SVOC 
Base/Neutral Extractables), 600/4-81-045-PCB-Oil.  Microbiology Parameters: (ColilertQT SM9223B;Enterolert-QT: 
SM9222D-MF.)  

New Hampshire Department of Environmental Services Certificate/Lab ID: 200307. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM 9222B, 9223B, 9215B, EPA 200.7, 200.8, 245.2, 300.0, SM4500CN-E, 

4500H+B, 4500NO3-F, 2320B, 2510B, 2540C, 4500F-C, 5310C, 2120B, EPA 332.0. Organic Parameters: 504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM9222D, 9221B, 9222B, 9221E-EC, EPA 3005A, 200.7, 200.8, 245.1, 
245.2, SW-846 6010B, 6020, 7196A, 7470A, SM3500-CR-D, EPA 120.1, 300.0, 350.1, 351.1, 353.2, 410.4, 420.1, 
1664A, SW-846 9010, 9030, 9040B, 9050A, SM426C, SM2120B, 2310B, 2320B, 2540B, 2540D, 4500H+B, 4500CL-E, 
4500CN-E, 4500NH3-H, 4500NO3-F, 4500NO2-B, 4500P-E, 4500-S2-D, 5210B, 5220D, 2510B, 2540C, 4500F-C, 
5310C, 5540C, LACHAT 10-204-00-1-A, LACHAT 10-107-06-2-D. Organic Parameters: SW-846 3510C, 5030B, 8260B, 
8270C, 8330, EPA 624, 625, 608, SW-846 8082, 8081A, 8151A.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846 6010B, 7196A, 7471A, 1010, 1030, 9010, 9012A, 9014, 
9030B, 9040B, 9045C, 9050C, 9065,1311, 1312, 3005A, 3050B. Organic Parameters: SW-846 3540C,  3546, 3580A, 
5030B, 5035, 8260B, 8270C, 8330, 8151A, 8015B, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA935. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9222B, 9221E, 9223B, 9215B, 4500CN-CE, 4500NO3-F, 4500F-C, EPA
 
300.0, 200.7, 200.8, 245.2, 2540C, SM2120B, 2320B, 2510B, 5310C, SM4500H-B. Organic Parameters: EPA 332,
 
504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM5210B, EPA 410.4, SM5220D, 4500Cl-E, EPA 300.0, SM2120B, 
SM4500F-BC, EPA 200.7, 351.1, LACHAT 10-107-06-2-D, EPA 353.2, SM4500NO3-F, 4500NO2-B, EPA 1664A, 
SM5310B, C or D, 4500-PE, EPA 420.1, SM510ABC, SM4500P-B5+E, 2540B, 2540C, 2540D, EPA 120.1, SM2510B, 
SM15 426C, 9222D, 9221B, 9221C, 9221E, 9222B, 9215B, 2310B, 2320B, 4500NH3-H, 4500-S D, EPA 350.1, 350.2, 
SW-846 1312, 6020, 7470A, 5540C, 4500H-B, EPA 200.8, SM3500Cr-D, 4500CN-CE, EPA 245.1, 245.2, SW-846 
9040B, 3005A, EPA 6010B, 7196A, SW-846 9010B, 9030B. Organic Parameters: SW-846 8260B, 8270C, 8270C-SIM, 
3510C, EPA 608, 624, 625, SW-846 3630C, 5030B, 8081A, 8082, 8151A, 8330, NJ OQA-QAM-025 Rev.7, NJ EPH.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846, 6010B, 7196A, 9010B, 9030B, 1010, 1030, 1311, 1312, 
3005A, 3050B, 7471A, 9014, 9012A, 9040B, 9045C, 9050A, 9065. Organic Parameters: SW-846 8015B, 8081A, 8082, 
8151A, 8330, 8260B, 8270C, 8270C-SIM, 3540C, 3545, 3546, 3550B, 3580A, 3630C, 5030B, 5035L, 5035H, NJ OQA
QAM-025 Rev.7, NJ EPH.) 

New York Department of Health Certificate/Lab ID: 11148. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9223B, 9222B, 9215B, EPA 200.8, 200.7, 245.2, SM5310C, EPA 332.0, 

SM2320B, EPA 300.0, SM2120B, 4500CN-E, 4500F-C, 4500H-B, 4500NO3-F, 2540C, SM 2510B. Organic Parameters: 

EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: SM9221E, 9222D, 9221B, 9222B, 9215B, 5210B, 5310C, EPA 410.4, 
SM5220D, 2310B-4a, 2320B, EPA 200.7, 300.0, SM4500CL-E, 4500F-C, SM15 426C, EPA 350.1, SM4500NH3-BH, 
EPA 351.1, LACHAT 10-107-06-2, EPA 353.2, LACHAT 10-107-04-1-C, SM4500-NO3-F, 4500-NO2-B, 4500P-E, 
2540C, 2540B, 2540D, EPA 200.8, EPA 6010B, 6020, EPA 7196A, SM3500Cr-D, EPA 245.1, 245.2, 7470A, SM2120B, 
LACHAT 10-204-00-1-A, EPA 9040B, SM4500-HB, EPA 1664A, EPA 420.1, SM14 510C, EPA 120.1, SM2510B, 
SM4500S-D, SM5540C, EPA 3005A, 9010B, 9030B.. Organic Parameters: EPA 624, 8260B, 8270C, 625, 608, 8081A, 
8151A, 8330, 8082, EPA 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: 1010, 1030, EPA 6010B, 7196A, 7471A, 9012A, 9014, 9040B, 9045C, 
9065, 9050, EPA 1311, 1312, 3005A, 3050B, 9010B, 9030B. Organic Parameters: EPA 8260B, 8270C, 8015B, 8081A, 
8151A, 8330, 8082, 3540C, 3545, 3546, 3580, 5030B, 5035.)  

North Carolina Department of the Environment and Natural Resources Certificate/Lab ID : 666. Organic 
Parameters: MA-EPH, MA-VPH. 

Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-03671. NELAP Accredited. 
Drinking Water (Organic Parameters: EPA 524.2) 

Non-Potable Water (Inorganic Parameters: EPA 1312. Organic Parameters: EPA 3510C, 5030B, 625, 624, 608, 8081A, 
8082, 8151A, 8260B, 8270C, 8330) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 350.1, 1010, 1030, 1311, 1312, 3050B, 6010B, 7196A, 7471A, 
9010B, 9012A, 9014, 9040B, 9045C, 9050, 9065, SM 4500NH3-H.  Organic Parameters: 3540C, 3545, 3546, 3550B, 
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3580A, 3630C, 5035, 8015B, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 


Rhode Island Department of Health Certificate/Lab ID: LAO00065. NELAP Accredited via NY-DOH.
 
Refer to MA-DEP Certificate for Potable and Non-Potable Water.  

Refer to NJ-DEP Certificate for Potable and Non-Potable Water.  


Texas Commisson on Environmental Quality Certificate/Lab ID: T104704476-09-1. NELAP Accredited. 
Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664, 200.7, 200.8, 245.1, 245.2, 300.0, 350.1, 351.1, 353.2, 
376.2, 410.4, 420.1, 6010, 6020, 7196, 7470, 9040, SM 2120B, 2310B, 2320B, 2510B, 2540B, 2540C, 2540D, 426C, 
4500CL-E, 4500CN-E, 4500F-C, 4500H+B, 4500NH3-H, 4500NO2B, 4500P-E, 4500 S2¯D, 510C, 5210B, 5220D, 
5310C, 5540C. Organic Parameters: EPA 608, 624, 625, 8081, 8082, 8151, 8260, 8270, 8330.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 9012, 9014, 9040, 9045, 9050, 9065.) 

Department of Defense Certificate/Lab ID: L2217. 

Drinking Water (Inorganic Parameters: SM 4500H-B. Organic Parameters: EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: EPA 200.7, 200.8, 6010B, 6020, 245.1, 245.2, 7470A, 9040B, 300.0, 332.0, 
6860, 353.2, 410.4, 9060, 1664A, SM 4500CN-E, 4500H-B, 4500NO3-F, 5220D, 5310C, 2320B, 2540C, 3005A, 3015, 
9010B, 9056. Organic Parameters: EPA 8260B, 8270C, 8330A, 625, 8082, 8081A, 3510C, 5030B, MassDEP EPH, 
MassDEP VPH.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 200.7, 6010B, 7471A, 9010, 9012A, 6860, 1311, 1312, 3050B, 
7196A, 9010B, 3500-CR-D, 4500CN-CE, 2540G, Organic Parameters: EPA 8260B, 8270C, 8330A/B-prep, 8082, 
8081A, 3540C, 3546, 3580A, 5035A, MassDEP EPH, MassDEP VPH.) 

Analytes Not Accredited by NELAP 
Certification is not available by NELAP for the following analytes: EPA 8260B: Freon-113, 1,2,4,5-Tetramethylbenzene, 
4-Ethyltoluene. EPA 8330A:  PETN, Picric Acid, Nitroglycerine,  2,6-DANT,  2,4-DANT. EPA 8270C:  Methyl  
naphthalene, Dimethyl naphthalene, Total Methylnapthalenes, Total Dimethylnaphthalenes, 1,4-Diphenylhydrazine 
(Azobenzene). EPA 625: 4-Chloroaniline.  EPA 350.1 for Ammonia in a Soil matrix. 
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Certificate/Approval Program Summary
Last revised  March 23, 2011 – Mansfield Facility 

The following list includes only those analytes/methods for which certification/approval is currently held. 
For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 

Connecticut Department of Public Health Certificate/Lab ID: PH-0141. 

Wastewater/Non-Potable Water (Inorganic Parameters: pH, Turbidity, Conductivity, Alkalinity, Aluminum, 
Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, Cobalt, Copper, Iron, Lead, 
Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Strontium, 
Thallium, Tin, Vanadium, Zinc, Total Residue (Solids), Total Suspended Solids (non-filterable), Total Cyanide.  
Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Acid Extractables, 
Benzidines, Phthalate Esters, Nitrosamines, Nitroaromatics & Isophorone, PAHs, Haloethers, Chlorinated 
Hydrocarbons, Volatile Organics.) 

Solid Waste/Soil  (Inorganic Parameters: pH, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Vanadium, Zinc, Total Organic Carbon, 
Total Cyanide, Corrosivity, TCLP 1311.    Organic Parameters:  PCBs, Organochlorine Pesticides, Technical 
Chlordane, Toxaphene, Volatile Organics, Acid Extractables, Benzidines, Phthalates, Nitrosamines, 
Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated Hydrocarbons.) 

Florida Department of Health Certificate/Lab ID: E87814. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: SM2320B, SM2540D, SM2540G.) 

Solid & Chemical Materials  (Inorganic Parameters: 6020, 7470, 7471, 9045.  Organic Parameters: EPA 8260, 
8270, 8082, 8081.) 

Air & Emissions (EPA TO-15.) 

Louisiana Department of Environmental Quality Certificate/Lab ID: 03090. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: EPA 180.1, 245.7, 1631E, 3020, 6020A, 7470A, 9040, 9050A, 
SM2320B, 2540D, 2540G, 4500H-B, Organic Parameters: EPA 3510C, 3580A, 3630C, 3640A, 3660B, 3665A, 
5030B, 8015D, 3570, 8081B, 8082A, 8260B, 8270C.) 

Solid & Chemical Materials  (Inorganic Parameters: EPA 1311, 3050, 3051A, 3060A, 6020A, 7196A, 7470A, 
7471B, 7474, 9040B, 9045C, 9060.   Organic Parameters: EPA 3540C, 3570B, 3580A, 3630C, 3640A, 3660, 
3665A, 5035, 8015D, 8081B, 8082A, 8260B, 8270C.) 

Biological Tissue (Inorganic Parameters: EPA 6020A.  Organic Parameters: EPA 3570, 3510C, 3610B, 3630C, 
3640A, 8270C.) 

Air & Emissions (EPA TO-15.) 

New Hampshire Department of Environmental Services Certificate/Lab ID: 2206. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: EPA, 245.1, 245.7, 1631E, 180.1, 6020A, 7470A, 9040B, 9050A, 
SM2540D, 2540G, 4500H+B, 2320B. Organic Parameters: EPA 8081, 8082, 8260B, 8270C.) 

Solid & Chemical Materials  (Inorganic Parameters: SW-846 1311, 1312, 3050B, 3051A, 3060A, 6020A, 7470A, 
7471A, 9040B, 9045C, 7196A.  Organic Parameters: SW-846 3540C, 3580, 3630C, 3640A, 3660B, 3665A, 
5035, 8260B, 8270C, 8015D, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA015. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: SW-846 1312, 3010, 3020A, 3015, SM2320B, EPA 200.8, 
SM2540D, 2540G, EPA 120.1, SM2510B, EPA 180.1, 245.1, 1631E, SW-846 7470A, 9040B,  6020, 9010B, 
9014 Organic Parameters: SW-846 3510C, 3580A, 5030B, 5035L, 5035H, 3630C, 3640C, 3660B, 3665A, 8015B 
8081A, 8082, 8260B, 8270C) 
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Solid & Chemical Materials  (Inorganic Parameters: SW-846 6020, 9010B, 9014, 1311, 1312, 3050B, 3051, 
3060A, 7196A, 7470A, 7471A, 9040B, 9045C, 9060.  Organic Parameters: SW-846 3540C, 3570, 3580A, 
5030B, 5035L, 5035H, 3630C, 3640A, 3660B, 3665A, 8081A, 8082, 8260B, 8270C, 8015B.) 

Atmospheric Organic Parameters (EPA TO-15) 

Biological Tissue (Inorganic Parameters: SW-846 6020 Organic Parameters: SW-846 8270C, 3510C, 3570, 
3630C, 3640A) 

New York Department of Health Certificate/Lab ID: 11627. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: SM2320B, SM2540D, EPA 200.8, 6020, 1631E, 245.1, 9014, 9040B, 
120.1, SM2510B, 4500CN-E, 4500H-B, EPA 376.2, 180.1, 9010B.  Organic Parameters: EPA 8260B, 8270C, 
8081A, 8082, 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 6020, 7196A, 3060A, 7471A, 7474, 9014, 9040B, 9045C, 
9010B. Organic Parameters: EPA 8260B, 8270C, 8081A, DRO 8015B, 8082, 1311, 1312, 3050B, 3580, 3570, 
3051, 5035, 5030B.) 

Air & Emissions (EPA TO-15.) 

Rhode Island Department of Health Certificate/Lab ID: LAO00299. NELAP Accredited via LA-DEQ. 

Refer to LA-DEQ Certificate for Non-Potable Water. 

Texas Commission of Environmental Quality Certificate/Lab ID: T104704419-08-TX. NELAP Accredited. 

Solid & Chemical Materials  (Inorganic Parameters: EPA 6020, 7470, 7471, 1311, 7196, 9014, 9040, 9045, 
9060. Organic Parameters: EPA 8015, 8270, 8260, 8081, 8082.) 

Air (Organic Parameters: EPA TO-15) 

Washington State Department of Ecology Certificate/Lab ID: C954. Non-Potable Water (Inorganic 
Parameters: SM2540D, 2510B, EPA 120.1, 180.1, 1631E, 245.7.) 

Solid & Chemical Materials  (Inorganic Parameters: EPA 9040, 9060, 6020, 7470, 7471, 7474. Organic 
Parameters: EPA 8081, 8082, 8015 Mod, 8270, 8260.) 

U.S. Army Corps of Engineers 

Department of Defense Certificate/Lab ID: L2217.01. 

Non-Potable Water (Inorganic Parameters: EPA 6020A, SM4500H-B. Organic Parameters: 3020A, 3510C, 
5030B, 8260B, 8270C, 8270C-ALK-PAH, 8082, 8081A, 8015D-SHC.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 3050B, 6020A, 7471A, 9045C, 9060, SM 
2540G,  ASTM D422-63.  Organic Parameters: EPA 3580A, 3570, 3540C, 5035A, 8260B, 8270C, 8270-ALK-
PAH, 8082, 8081A, 8015D-SHC, 8015-DRO. 

Air & Emissions (EPA TO-15.) 

Analytes Not Accredited by NELAP 
Certification is not available by NELAP for the following analytes: 8270C: Biphenyl. TO-15: Halothane, 2,4,4-
Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene, 3-Methylthiophene, 2-
Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 2-
Methylnaphthalene, 1-Methylnaphthalene. 
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Serial_No:05201116:37 

ANALYTICAL REPORT
 

Lab Number: L1106741 

Client: Apex Companies 

184 High Street 

Suite 502 

Boston, MA 02110 

ATTN: Chet Myers 

Phone: (617) 728-0070 

Project Name: SOUTH TERMINAL N. BEFORD 

Project Number: 6690 

Report Date: 05/20/11 

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its 
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original. 

Certifications & Approvals: MA (M-MA086), NY NELAC (11148), CT (PH-0574), NH (2003), NJ (MA935), RI (LAO00065), ME (MA0086), 
PA (Registration #68-03671), USDA (Permit #S-72578), US Army Corps of Engineers, Naval FESC. 

Eight Walkup Drive, Westborough, MA 01581-1019 
508-898-9220 (Fax) 508-898-9193 800-624-9220 - www.alphalab.com 
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Project Name: 
Project Number: 

Alpha 
Sample ID 

L1106741-01 

L1106741-02 

L1106741-03 

6690 

Client ID 

B-11/MW-7 

B-12/MW-8 (A) 

B-12/MW-8 (B) 

SOUTH TERMINAL N. BEFORD
 

Sample Collection 
Location Date/Time 

N. BEDFORD 05/12/11 12:00 

N. BEDFORD 05/13/11 10:00 

N. BEDFORD 05/13/11 10:05 

Serial_No:05201116:37 

Lab Number: L1106741 
Report Date: 05/20/11 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

MADEP MCP Response Action Analytical Report Certification 

This form provides certifications for all samples performed by MCP methods. Please refer to 
the Sample Results and Container Information sections of this report for specification of 
MCP methods used for each analysis. The following questions pertain only to MCP 
Analytical Methods.

 An affirmative response to questions A through F is required for "Presumptive Certainty" status

Were all samples received in a condition consistent with those described on the Chain-of-
Custody, properly preserved (including temperature) in the field or laboratory, and 
prepared/analyzed within method holding times? 

A YES 

Were the analytical method(s) and all associated QC requirements specified in the selected 
CAM protocol(s) followed? 

B YES 

Were all required corrective actions and analytical response actions specified in the selected 
CAM protocol(s) implemented for all identified performance standard non-conformances? 

C YES 

Does the laboratory report comply with all the reporting requirements specified in CAM VII A, 
"Quality Assurance and Quality Control Guidelines for the Acquisition and Reporting of Analytical 
Data?" 

D YES 

VPH, EPH, and APH Methods only: Was each method conducted without significant 
modification(s)? (Refer to the individual method(s) for a list of significant modifications). 

E a. YES 

APH and TO-15 Methods only: Was the complete analyte list reported for each method?E b. N/A 

Were all applicable CAM protocol QC and performance standard non-conformances identified 
and evaluated in a laboratory narrative (including all "No" responses to Questions A through E)? 

F YES 

A response to questions G, H and I is required for "Presumptive Certainty" status 

Were the reporting limits at or below all CAM reporting limits specified in the selected CAM 
protocol(s)? 

G NO 

Were all QC performance standards specified in the CAM protocol(s) achieved?H NO 

Were results reported for the complete analyte list specified in the selected CAM protocol(s)?I NO 

For any questions answered "No", please refer to the case narrative section on the following page(s). 

Please note that sample matrix information is located in the Sample Results section of this report. 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 
Project Number: 6690 Report Date: 05/20/11
 

Case Narrative 

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report. 

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet all of the requirements of 

NELAC, for all NELAC accredited parameters. The data presented in this report is organized by parameter (i.e. VOC, SVOC, etc.). Sample 

specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list for each individual sample, 

followed by the Laboratory Batch Quality Control at the end of each parameter. If a sample was re-analyzed or re-extracted due to a 

required quality control corrective action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is 

designated with an "R" or "RE", respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the 

associated samples for each element are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % 

recovery or RPD value that is outside the listed Acceptance Criteria is bolded in the report. Definitions of all data qualifiers and acronyms 

used in this report are provided in the Glossary located at the back of the report. 

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody. 

For additional information, please contact Client Services at 800-624-9220. 

MCP Related Narratives
 

Volatile Organics
 

L1106741-02 has elevated detection limits due to the dilution required by the elevated concentrations of target 


compounds in the sample.
 

In reference to question G:
 

One or more of the target analytes did not achieve the requested CAM reporting limits.
 

In reference to question H:
 

The WG468024-1/-2 LCS/LCSD recoveries, associated with L1106741-02 and -03, are above the individual 


acceptance criteria for Trichlorofluoromethane (LCS at 133%) and Isopropyl Ether (136%/134%), but within the 


overall method allowances. The results of the associated samples are reported; however, all positive detects 


are considered to have a potentially high bias for these compounds.
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 
Project Number: 6690 Report Date: 05/20/11
 

Case Narrative (continued) 

The WG468024-1/-2 LCS/LCSD recoveries, associated with L1106741-02 and -03, are below the acceptance 

criteria for Dichlorodifluoromethane (61%/57%); however, it has been identified as a "difficult" analyte and is 

within the 40-160% acceptance limits. The results of the associated samples are reported; however, all results 

are considered to have a potentially low bias for this compound. 

The WG468384-1/-2 LCS/LCSD recoveries, associated with L1106741-01, are below the acceptance criteria 

for Dichlorodifluoromethane (54%/51%); however, it has been identified as a "difficult" analyte and is within the 

40-160% acceptance limits. The results of the associated sample are reported; however, all results are 

considered to have a potentially low bias for this compound. 

The initial calibration, associated with L1106741-01, -02 and -03, did not meet the method required minimum 

response factors on the lowest calibration standards for 1,4-Dioxane (0.00392), as well as the average 

response factor for Chloroethane and 1,4-Dioxane. 

The continuing calibration standards, associated with L1106741-01, -02 and -03, are outside the acceptance 

criteria for several compounds; however, they are within overall method allowances. Copies of the continuing 

calibration standards are included as an addendum to this report. 

Semivolatile Organics 

L1106741-02 has elevated detection limits due to the dilution required by the elevated concentrations of target 

compounds in the sample. 

In reference to question G: 

L1106741-02: One or more of the target analytes did not achieve the requested CAM reporting limits. 

In reference to question H: 

The WG467953-2/-3 LCS/LCSD recoveries, associated with L1106741-01, -02 and -03, are below the 

individual acceptance criteria for Aniline (14%/19%) and 4-Chloroaniline (25%/32%), but within the overall 

method allowances. The results of the associated samples are reported; however, all results are considered to 

have a potentially low bias for these compounds. 

The WG467953-2/-3 LCS/LCSD RPD, associated with L1106741-01, -02 and -03, is above the acceptance 

criteria for 3,3'-Dichlorobenzidine (33%); however, the individual LCS/LCSD recoveries are within method 

limits. 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 
Project Number: 6690 Report Date: 05/20/11
 

Case Narrative (continued)

VPH
 

L1106741-02 and -03 fell short of the recommended 1:1 methanol:soil ratio, due to insufficient soil in the 


sample vials.
 

In reference to question I: 


All samples were analyzed for a subset of MCP compounds per the Chain of Custody.
 

EPH
 

In reference to question I: 


All samples were analyzed for a subset of MCP compounds per the Chain of Custody.
 

Metals
 

In reference to question H:
 

The WG468124-4 MS recovery, performed on L1106741-01, is below the acceptance criteria for Antimony 


(36%); however, the associated LCS recovery was within criteria. No further action was taken.
 

The WG468132-3 Laboratory Duplicate RPDs, performed on L1106741-01, are outside the acceptance 


criteria for Copper (23%) and Zinc (21%). The elevated RPDs have been attributed to the non-homogeneous 


nature of the sample utilized for the laboratory duplicate.
 

The WG468132-5 serial dilution test, associated with L1106741-01, had a %D above the acceptance criteria 


for Lead (12%).
 

In reference to question I: 


All samples were analyzed for a subset of MCP elements per the Chain of Custody.
 

I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
belief and based upon my personal inquiry of those responsible for providing the information contained
 in this analytical report, such information is accurate and complete. This certificate of analysis is not
 complete unless this page accompanies any and all pages of this report.

 Authorized Signature: 

Title: Technical Director/Representative Date: 05/20/11 

Page 6 of 94 



Serial_No:05201116:37 

ORGANICS
 

Page 7 of 94
 



Serial_No:05201116:37 

VOLATILES
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FF Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106741-01Lab ID: Date Collected: 05/12/11 12:00 
B-11/MW-7Client ID: Date Received: 05/13/11 
N. BEDFORDSample Location: Field Prep: Not Specified 

Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 05/16/11 11:44 
Analyst: BN

 83%Percent Solids: 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 1000 - 1 

1,1-Dichloroethane ND ug/kg 160 - 1 

Chloroform ND ug/kg 160 - 1 

Carbon tetrachloride ND ug/kg 100 - 1 

1,2-Dichloropropane ND ug/kg 360 - 1 

Dibromochloromethane ND ug/kg 100 - 1 

1,1,2-Trichloroethane ND ug/kg 160 - 1 

Tetrachloroethene ND ug/kg 100 - 1 

Chlorobenzene ND ug/kg 100 - 1 

Trichlorofluoromethane ND ug/kg 410 - 1 

1,2-Dichloroethane ND ug/kg 100 - 1 

1,1,1-Trichloroethane ND ug/kg 100 - 1 

Bromodichloromethane ND ug/kg 100 - 1 

trans-1,3-Dichloropropene ND ug/kg 100 - 1 

cis-1,3-Dichloropropene ND ug/kg 100 - 1 

1,1-Dichloropropene ND ug/kg 410 - 1 

Bromoform ND ug/kg 410 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 100 - 1 

Benzene ND ug/kg 100 - 1 

Toluene ND ug/kg 160 - 1 

Ethylbenzene 1100 ug/kg 100 - 1 

Chloromethane ND ug/kg 410 - 1 

Bromomethane ND ug/kg 210 - 1 

Vinyl chloride ND ug/kg 210 - 1 

Chloroethane ND ug/kg 210 - 1 

1,1-Dichloroethene ND ug/kg 100 - 1 

trans-1,2-Dichloroethene ND ug/kg 160 - 1 

Trichloroethene ND ug/kg 100 - 1 

1,2-Dichlorobenzene ND ug/kg 410 - 1 

1,3-Dichlorobenzene ND ug/kg 410 - 1 

1,4-Dichlorobenzene ND ug/kg 410 - 1 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106741-01Lab ID: Date Collected: 05/12/11 12:00 
B-11/MW-7Client ID: Date Received: 05/13/11 
N. BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 210 - 1 

p/m-Xylene 760 ug/kg 210 - 1 

o-Xylene 320 ug/kg 210 - 1 

cis-1,2-Dichloroethene ND ug/kg 100 - 1 

Dibromomethane ND ug/kg 410 - 1 

1,2,3-Trichloropropane ND ug/kg 410 - 1 

Styrene ND ug/kg 210 - 1 

Dichlorodifluoromethane ND ug/kg 1000 - 1 

Acetone ND ug/kg 3700 - 1 

Carbon disulfide ND ug/kg 410 - 1 

2-Butanone ND ug/kg 1000 - 1 

4-Methyl-2-pentanone ND ug/kg 1000 - 1 

2-Hexanone ND ug/kg 1000 - 1 

Bromochloromethane ND ug/kg 410 - 1 

Tetrahydrofuran ND ug/kg 410 - 1 

2,2-Dichloropropane ND ug/kg 520 - 1 

1,2-Dibromoethane ND ug/kg 410 - 1 

1,3-Dichloropropane ND ug/kg 410 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 100 - 1 

Bromobenzene ND ug/kg 520 - 1 

n-Butylbenzene ND ug/kg 100 - 1 

sec-Butylbenzene ND ug/kg 100 - 1 

tert-Butylbenzene ND ug/kg 410 - 1 

o-Chlorotoluene ND ug/kg 410 - 1 

p-Chlorotoluene ND ug/kg 410 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 410 - 1 

Hexachlorobutadiene ND ug/kg 410 - 1 

Isopropylbenzene ND ug/kg 100 - 1 

p-Isopropyltoluene ND ug/kg 100 - 1 

Naphthalene 12000 ug/kg 410 - 1 

n-Propylbenzene ND ug/kg 100 - 1 

1,2,3-Trichlorobenzene ND ug/kg 410 - 1 

1,2,4-Trichlorobenzene ND ug/kg 410 - 1 

1,3,5-Trimethylbenzene ND ug/kg 410 - 1 

1,2,4-Trimethylbenzene 440 ug/kg 410 - 1 

Ethyl ether ND ug/kg 520 - 1 

Isopropyl Ether ND ug/kg 410 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 410 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 410 - 1 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 
SAMPLE RESULTS
 

L1106741-01Lab ID: Date Collected: 05/12/11 12:00 
B-11/MW-7Client ID: Date Received: 05/13/11 
N. BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 10000 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

106 

85 

91 

105 

70-130 

70-130 

70-130 

70-130 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 
SAMPLE RESULTS 

Lab ID: L1106741-02 D Date Collected: 05/13/11 10:00 
Client ID: B-12/MW-8 (A) Date Received: 05/13/11 
Sample Location: N. BEDFORD Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 05/15/11 13:54 
Analyst: BN
Percent Solids: 49% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 5000 - 2 

1,1-Dichloroethane ND ug/kg 740 - 2 

Chloroform ND ug/kg 740 - 2 

Carbon tetrachloride ND ug/kg 500 - 2 

1,2-Dichloropropane ND ug/kg 1700 - 2 

Dibromochloromethane ND ug/kg 500 - 2 

1,1,2-Trichloroethane ND ug/kg 740 - 2 

Tetrachloroethene ND ug/kg 500 - 2 

Chlorobenzene ND ug/kg 500 - 2 

Trichlorofluoromethane ND ug/kg 2000 - 2 

1,2-Dichloroethane ND ug/kg 500 - 2 

1,1,1-Trichloroethane ND ug/kg 500 - 2 

Bromodichloromethane ND ug/kg 500 - 2 

trans-1,3-Dichloropropene ND ug/kg 500 - 2 

cis-1,3-Dichloropropene ND ug/kg 500 - 2 

1,1-Dichloropropene ND ug/kg 2000 - 2 

Bromoform ND ug/kg 2000 - 2 

1,1,2,2-Tetrachloroethane ND ug/kg 500 - 2 

Benzene 6600 ug/kg 500 - 2 

Toluene ND ug/kg 740 - 2 

Ethylbenzene 7600 ug/kg 500 - 2 

Chloromethane ND ug/kg 2000 - 2 

Bromomethane ND ug/kg 990 - 2 

Vinyl chloride ND ug/kg 990 - 2 

Chloroethane ND ug/kg 990 - 2 

1,1-Dichloroethene ND ug/kg 500 - 2 

trans-1,2-Dichloroethene ND ug/kg 740 - 2 

Trichloroethene ND ug/kg 500 - 2 

1,2-Dichlorobenzene ND ug/kg 2000 - 2 

1,3-Dichlorobenzene ND ug/kg 2000 - 2 

1,4-Dichlorobenzene ND ug/kg 2000 - 2 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106741-02Lab ID: D Date Collected: 05/13/11 10:00 
B-12/MW-8 (A)Client ID: Date Received: 05/13/11 
N. BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 990 - 2 

p/m-Xylene 10000 ug/kg 990 - 2 

o-Xylene 7200 ug/kg 990 - 2 

cis-1,2-Dichloroethene ND ug/kg 500 - 2 

Dibromomethane ND ug/kg 2000 - 2 

1,2,3-Trichloropropane ND ug/kg 2000 - 2 

Styrene ND ug/kg 990 - 2 

Dichlorodifluoromethane ND ug/kg 5000 - 2 

Acetone ND ug/kg 18000 - 2 

Carbon disulfide ND ug/kg 2000 - 2 

2-Butanone ND ug/kg 5000 - 2 

4-Methyl-2-pentanone ND ug/kg 5000 - 2 

2-Hexanone ND ug/kg 5000 - 2 

Bromochloromethane ND ug/kg 2000 - 2 

Tetrahydrofuran ND ug/kg 2000 - 2 

2,2-Dichloropropane ND ug/kg 2500 - 2 

1,2-Dibromoethane ND ug/kg 2000 - 2 

1,3-Dichloropropane ND ug/kg 2000 - 2 

1,1,1,2-Tetrachloroethane ND ug/kg 500 - 2 

Bromobenzene ND ug/kg 2500 - 2 

n-Butylbenzene ND ug/kg 500 - 2 

sec-Butylbenzene ND ug/kg 500 - 2 

tert-Butylbenzene ND ug/kg 2000 - 2 

o-Chlorotoluene ND ug/kg 2000 - 2 

p-Chlorotoluene ND ug/kg 2000 - 2 

1,2-Dibromo-3-chloropropane ND ug/kg 2000 - 2 

Hexachlorobutadiene ND ug/kg 2000 - 2 

Isopropylbenzene 3200 ug/kg 500 - 2 

p-Isopropyltoluene 1800 ug/kg 500 - 2 

Naphthalene 36000 ug/kg 2000 - 2 

n-Propylbenzene ND ug/kg 500 - 2 

1,2,3-Trichlorobenzene ND ug/kg 2000 - 2 

1,2,4-Trichlorobenzene ND ug/kg 2000 - 2 

1,3,5-Trimethylbenzene ND ug/kg 2000 - 2 

1,2,4-Trimethylbenzene 3200 ug/kg 2000 - 2 

Ethyl ether ND ug/kg 2500 - 2 

Isopropyl Ether ND ug/kg 2000 - 2 

Ethyl-Tert-Butyl-Ether ND ug/kg 2000 - 2 

Tertiary-Amyl Methyl Ether ND ug/kg 2000 - 2 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 
SAMPLE RESULTS
 

L1106741-02Lab ID: D Date Collected: 05/13/11 10:00 
B-12/MW-8 (A)Client ID: Date Received: 05/13/11 
N. BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 50000 - 2 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

102 

87 

94 

102 

70-130 

70-130 

70-130 

70-130 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 
SAMPLE RESULTS 

Lab ID: L1106741-03 Date Collected: 05/13/11 10:05 
Client ID: B-12/MW-8 (B) Date Received: 05/13/11 
Sample Location: N. BEDFORD Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 05/15/11 14:21 
Analyst: BN
Percent Solids: 83% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 830 - 1 

1,1-Dichloroethane ND ug/kg 120 - 1 

Chloroform ND ug/kg 120 - 1 

Carbon tetrachloride ND ug/kg 83 - 1 

1,2-Dichloropropane ND ug/kg 290 - 1 

Dibromochloromethane ND ug/kg 83 - 1 

1,1,2-Trichloroethane ND ug/kg 120 - 1 

Tetrachloroethene ND ug/kg 83 - 1 

Chlorobenzene ND ug/kg 83 - 1 

Trichlorofluoromethane ND ug/kg 330 - 1 

1,2-Dichloroethane ND ug/kg 83 - 1 

1,1,1-Trichloroethane ND ug/kg 83 - 1 

Bromodichloromethane ND ug/kg 83 - 1 

trans-1,3-Dichloropropene ND ug/kg 83 - 1 

cis-1,3-Dichloropropene ND ug/kg 83 - 1 

1,1-Dichloropropene ND ug/kg 330 - 1 

Bromoform ND ug/kg 330 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 83 - 1 

Benzene 520 ug/kg 83 - 1 

Toluene ND ug/kg 120 - 1 

Ethylbenzene 780 ug/kg 83 - 1 

Chloromethane ND ug/kg 330 - 1 

Bromomethane ND ug/kg 170 - 1 

Vinyl chloride ND ug/kg 170 - 1 

Chloroethane ND ug/kg 170 - 1 

1,1-Dichloroethene ND ug/kg 83 - 1 

trans-1,2-Dichloroethene ND ug/kg 120 - 1 

Trichloroethene ND ug/kg 83 - 1 

1,2-Dichlorobenzene ND ug/kg 330 - 1 

1,3-Dichlorobenzene ND ug/kg 330 - 1 

1,4-Dichlorobenzene ND ug/kg 330 - 1 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106741-03Lab ID: Date Collected: 05/13/11 10:05 
B-12/MW-8 (B)Client ID: Date Received: 05/13/11 
N. BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 170 - 1 

p/m-Xylene 800 ug/kg 170 - 1 

o-Xylene 580 ug/kg 170 - 1 

cis-1,2-Dichloroethene ND ug/kg 83 - 1 

Dibromomethane ND ug/kg 330 - 1 

1,2,3-Trichloropropane ND ug/kg 330 - 1 

Styrene ND ug/kg 170 - 1 

Dichlorodifluoromethane ND ug/kg 830 - 1 

Acetone ND ug/kg 3000 - 1 

Carbon disulfide ND ug/kg 330 - 1 

2-Butanone ND ug/kg 830 - 1 

4-Methyl-2-pentanone ND ug/kg 830 - 1 

2-Hexanone ND ug/kg 830 - 1 

Bromochloromethane ND ug/kg 330 - 1 

Tetrahydrofuran ND ug/kg 330 - 1 

2,2-Dichloropropane ND ug/kg 420 - 1 

1,2-Dibromoethane ND ug/kg 330 - 1 

1,3-Dichloropropane ND ug/kg 330 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 83 - 1 

Bromobenzene ND ug/kg 420 - 1 

n-Butylbenzene ND ug/kg 83 - 1 

sec-Butylbenzene ND ug/kg 83 - 1 

tert-Butylbenzene ND ug/kg 330 - 1 

o-Chlorotoluene ND ug/kg 330 - 1 

p-Chlorotoluene ND ug/kg 330 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 330 - 1 

Hexachlorobutadiene ND ug/kg 330 - 1 

Isopropylbenzene 420 ug/kg 83 - 1 

p-Isopropyltoluene 220 ug/kg 83 - 1 

Naphthalene 4600 ug/kg 330 - 1 

n-Propylbenzene ND ug/kg 83 - 1 

1,2,3-Trichlorobenzene ND ug/kg 330 - 1 

1,2,4-Trichlorobenzene ND ug/kg 330 - 1 

1,3,5-Trimethylbenzene ND ug/kg 330 - 1 

1,2,4-Trimethylbenzene 350 ug/kg 330 - 1 

Ethyl ether ND ug/kg 420 - 1 

Isopropyl Ether ND ug/kg 330 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 330 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 330 - 1 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 
SAMPLE RESULTS
 

L1106741-03Lab ID: Date Collected: 05/13/11 10:05 
B-12/MW-8 (B)Client ID: Date Received: 05/13/11 
N. BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 8300 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

102 

88 

90 

100 

70-130 

70-130 

70-130 

70-130 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 
Analytical Date: 
Analyst: 

05/15/11 09:02 
97,8260B 

BN 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   02-03  Batch: WG468024-3 

Methylene chloride 

1,1-Dichloroethane 

Chloroform 

Carbon tetrachloride 

1,2-Dichloropropane 

Dibromochloromethane 

1,1,2-Trichloroethane 

Tetrachloroethene 

Chlorobenzene 

Trichlorofluoromethane 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Bromodichloromethane 

trans-1,3-Dichloropropene 

cis-1,3-Dichloropropene 

1,1-Dichloropropene 

Bromoform 

1,1,2,2-Tetrachloroethane 

Benzene 

Toluene 

Ethylbenzene 

Chloromethane 

Bromomethane 

Vinyl chloride 

Chloroethane 

1,1-Dichloroethene 

trans-1,2-Dichloroethene 

Trichloroethene 

1,2-Dichlorobenzene 

1,3-Dichlorobenzene 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

500 

75 

75 

50 

180 

50 

75 

50 

50 

200 

50 

50 

50 

50 

50 

200 

200 

50 

50 

75 

50 

200 

100 

100 

100 

50 

75 

50 

200 

200 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 
Analytical Date: 
Analyst: 

05/15/11 09:02 
97,8260B 

BN 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   02-03  Batch: WG468024-3 

1,4-Dichlorobenzene 

Methyl tert butyl ether 

p/m-Xylene 

o-Xylene 

cis-1,2-Dichloroethene 

Dibromomethane 

1,2,3-Trichloropropane 

Styrene 

Dichlorodifluoromethane 

Acetone 

Carbon disulfide 

2-Butanone 

4-Methyl-2-pentanone 

2-Hexanone 

Bromochloromethane 

Tetrahydrofuran 

2,2-Dichloropropane 

1,2-Dibromoethane 

1,3-Dichloropropane 

1,1,1,2-Tetrachloroethane 

Bromobenzene 

n-Butylbenzene 

sec-Butylbenzene 

tert-Butylbenzene 

o-Chlorotoluene 

p-Chlorotoluene 

1,2-Dibromo-3-chloropropane 

Hexachlorobutadiene 

Isopropylbenzene 

p-Isopropyltoluene 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

200 

100 

100 

100 

50 

200 

200 

100 

500 

1800 

200 

500 

500 

500 

200 

200 

250 

200 

200 

50 

250 

50 

50 

200 

200 

200 

200 

200 

50 

50 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 
Analytical Date: 
Analyst: 

05/15/11 09:02 
97,8260B 

BN 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   02-03  Batch: WG468024-3 

Naphthalene 

n-Propylbenzene 

1,2,3-Trichlorobenzene 

1,2,4-Trichlorobenzene 

1,3,5-Trimethylbenzene 

1,2,4-Trimethylbenzene 

Ethyl ether 

Isopropyl Ether 

Ethyl-Tert-Butyl-Ether 

Tertiary-Amyl Methyl Ether 

1,4-Dioxane 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

ug/kg 

200 

50 

200 

200 

200 

200 

250 

200 

200 

200 

5000 

-

-

-

-

-

-

-

-

-

-

-

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

106 

89 

70-130 

70-130 

4-Bromofluorobenzene 92 70-130 

Dibromofluoromethane 106 70-130 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 05/16/11 07:46 
Analyst: BN 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   01  Batch: WG468384-3 

Methylene chloride ND ug/kg 500 -

1,1-Dichloroethane ND ug/kg 75 -

Chloroform ND ug/kg 75 -

Carbon tetrachloride ND ug/kg 50 -

1,2-Dichloropropane ND ug/kg 180 --

Dibromochloromethane ND ug/kg 50 -

1,1,2-Trichloroethane ND ug/kg 75 --

Tetrachloroethene ND ug/kg 50 --

Chlorobenzene ND ug/kg 50 --

Trichlorofluoromethane ND ug/kg 200 -

1,2-Dichloroethane ND ug/kg 50 -

1,1,1-Trichloroethane ND ug/kg 50 --

Bromodichloromethane ND ug/kg 50 -

trans-1,3-Dichloropropene ND ug/kg 50 -

cis-1,3-Dichloropropene ND ug/kg 50 -

1,1-Dichloropropene ND ug/kg 200 --

Bromoform ND ug/kg 200 -

1,1,2,2-Tetrachloroethane ND ug/kg 50 -

Benzene ND ug/kg 50 -

Toluene ND ug/kg 75 --

Ethylbenzene ND ug/kg 50 --

Chloromethane ND ug/kg 200 --

Bromomethane ND ug/kg 100 -

Vinyl chloride ND ug/kg 100 --

Chloroethane ND ug/kg 100 -

1,1-Dichloroethene ND ug/kg 50 -

trans-1,2-Dichloroethene ND ug/kg 75 --

Trichloroethene ND ug/kg 50 -

1,2-Dichlorobenzene ND ug/kg 200 -

1,3-Dichlorobenzene ND ug/kg 200 -

1,4-Dichlorobenzene ND ug/kg 200 -
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 05/16/11 07:46 
Analyst: BN 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   01  Batch: WG468384-3 

Methyl tert butyl ether ND ug/kg 100 -

p/m-Xylene ND ug/kg 100 -

o-Xylene ND ug/kg 100 -

cis-1,2-Dichloroethene ND ug/kg 50 --

Dibromomethane ND ug/kg 200 -

1,2,3-Trichloropropane ND ug/kg 200 -

Styrene ND ug/kg 100 --

Dichlorodifluoromethane ND ug/kg 500 -

Acetone ND ug/kg 1800 -

Carbon disulfide ND ug/kg 200 -

2-Butanone ND ug/kg 500 -

4-Methyl-2-pentanone ND ug/kg 500 -

2-Hexanone ND ug/kg 500 --

Bromochloromethane ND ug/kg 200 --

Tetrahydrofuran ND ug/kg 200 -

2,2-Dichloropropane ND ug/kg 250 -

1,2-Dibromoethane ND ug/kg 200 -

1,3-Dichloropropane ND ug/kg 200 -

1,1,1,2-Tetrachloroethane ND ug/kg 50 --

Bromobenzene ND ug/kg 250 -

n-Butylbenzene ND ug/kg 50 -

sec-Butylbenzene ND ug/kg 50 -

tert-Butylbenzene ND ug/kg 200 -

o-Chlorotoluene ND ug/kg 200 -

p-Chlorotoluene ND ug/kg 200 -

1,2-Dibromo-3-chloropropane ND ug/kg 200 --

Hexachlorobutadiene ND ug/kg 200 --

Isopropylbenzene ND ug/kg 50 -

p-Isopropyltoluene ND ug/kg 50 -

Naphthalene ND ug/kg 200 -

n-Propylbenzene ND ug/kg 50 -
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 05/16/11 07:46 
Analyst: BN 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   01  Batch: WG468384-3 

1,2,3-Trichlorobenzene ND ug/kg 200 -

1,2,4-Trichlorobenzene ND ug/kg 200 -

1,3,5-Trimethylbenzene ND ug/kg 200 -

1,2,4-Trimethylbenzene ND ug/kg 200 -

Ethyl ether ND ug/kg 250 -

Isopropyl Ether ND ug/kg 200 -

Ethyl-Tert-Butyl-Ether ND ug/kg 200 -

Tertiary-Amyl Methyl Ether ND ug/kg 200 -

1,4-Dioxane ND ug/kg 5000 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

103 

88 

70-130 

70-130 

4-Bromofluorobenzene 91 70-130 

Dibromofluoromethane 107 70-130 
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 02-03  Batch: WG468024-1 WG468024-2 

Methylene chloride 105 100 70-130 5 20 

1,1-Dichloroethane 108 105 70-130 3 20 

Chloroform 109 108 70-130 1 20 

Carbon tetrachloride 120 115 70-130 4 20 

1,2-Dichloropropane 110 107 70-130 3 20 

Dibromochloromethane 99 98 70-130 1 20 

1,1,2-Trichloroethane 93 91 70-130 2 20 

Tetrachloroethene 100 95 70-130 5 20 

Chlorobenzene 92 89 70-130 3 20 

Trichlorofluoromethane 133 Q 124 70-130 7 20 

1,2-Dichloroethane 117 115 70-130 2 20 

1,1,1-Trichloroethane 111 106 70-130 5 20 

Bromodichloromethane 112 108 70-130 4 20 

trans-1,3-Dichloropropene 94 94 70-130 0 20 

cis-1,3-Dichloropropene 105 104 70-130 1 20 

1,1-Dichloropropene 105 101 70-130 4 20 

Bromoform 94 94 70-130 0 20 

1,1,2,2-Tetrachloroethane 83 85 70-130 2 20 

Benzene 104 100 70-130 4 20 

Toluene 90 84 70-130 7 20 

Ethylbenzene  92 89 70-130 3 20 
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Serial_No:05201116:37 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL N. BEFORD 
Batch Quality Control 

Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 02-03  Batch: WG468024-1 WG468024-2 

Chloromethane 86 84 70-130 2 20 

Bromomethane 92 88 70-130 4 20 

Vinyl chloride 90 83 70-130 8 20 

Chloroethane 110 105 70-130 5 20 

1,1-Dichloroethene 107 99 70-130 8 20 

trans-1,2-Dichloroethene 106 98 70-130 8 20 

Trichloroethene 107 102 70-130 5 20 

1,2-Dichlorobenzene 87 87 70-130 0 20 

1,3-Dichlorobenzene 88 87 70-130 1 20 

1,4-Dichlorobenzene 88 86 70-130 2 20 

Methyl tert butyl ether 100 100 70-130 0 20 

p/m-Xylene 93 90 70-130 3 20 

o-Xylene 95 92 70-130 3 20 

cis-1,2-Dichloroethene 109 103 70-130 6 20 

Dibromomethane 115 114 70-130 1 20 

1,2,3-Trichloropropane 89 85 70-130 5 20 

Styrene 94 91 70-130 3 20 

Dichlorodifluoromethane 61 Q 57 Q 70-130 7 20 

Acetone 112 123 70-130 9 20 

Carbon disulfide 101 96 70-130 5 20 

2-Butanone  119 122 70-130 2 20 
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

LCS LCSD %Recovery 
Parameter %Recovery %RecoveryQual Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 02-03  Batch: WG468024-1 WG468024-2 

4-Methyl-2-pentanone 113 118 70-130 4 20 

2-Hexanone 104 110 70-130 6 20 

Bromochloromethane 114 114 70-130 0 20 

Tetrahydrofuran 115 122 70-130 6 20 

2,2-Dichloropropane 110 105 70-130 5 20 

1,2-Dibromoethane 92 90 70-130 2 20 

1,3-Dichloropropane 91 91 70-130 0 20 

1,1,1,2-Tetrachloroethane 101 98 70-130 3 20 

Bromobenzene 88 87 70-130 1 20 

n-Butylbenzene 86 83 70-130 4 20 

sec-Butylbenzene 86 83 70-130 4 20 

tert-Butylbenzene 88 84 70-130 5 20 

o-Chlorotoluene 86 84 70-130 2 20 

p-Chlorotoluene 85 82 70-130 4 20 

1,2-Dibromo-3-chloropropane 82 96 70-130 16 20 

Hexachlorobutadiene 89 85 70-130 5 20 

Isopropylbenzene 86 82 70-130 5 20 

p-Isopropyltoluene 90 87 70-130 3 20 

Naphthalene 86 88 70-130 2 20 

n-Propylbenzene 85 82 70-130 4 20 

1,2,3-Trichlorobenzene  93 91 70-130 2 20 
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Serial_No:05201116:37 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL N. BEFORD 
Batch Quality Control 

Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Parameter 
LCS 

%Recovery Qual 
LCSD 

%Recovery Qual 
%Recovery 

Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 02-03  Batch: WG468024-1 WG468024-2 

1,2,4-Trichlorobenzene 92 90 70-130 2 20 

1,3,5-Trimethylbenzene 86 83 70-130 4 20 

1,2,4-Trimethylbenzene 88 86 70-130 2 20 

Ethyl ether 106 104 70-130 2 20 

Isopropyl Ether 136 Q 134 Q 70-130 1 20 

Ethyl-Tert-Butyl-Ether 123 121 70-130 2 20 

Tertiary-Amyl Methyl Ether 118 118 70-130 0 20 

1,4-Dioxane  110 118 70-130 7 20 

Surrogate %Recovery 
LCS 

Qual %Recovery 
LCSD 

Qual 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

102 

90 

92 

105 

104 

90 

93 

107 

70-130 

70-130 

70-130 

70-130 
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 01  Batch: WG468384-1 WG468384-2 

Methylene chloride 102 103 70-130 1 20
 

1,1-Dichloroethane 105 105 70-130 0 20
 

Chloroform 110 107 70-130 3 20
 

Carbon tetrachloride 115 112 70-130 3 20
 

1,2-Dichloropropane 106 108 70-130 2 20
 

Dibromochloromethane 95 96 70-130 1 20
 

1,1,2-Trichloroethane 90 90 70-130 0 20
 

Tetrachloroethene 92 88 70-130 4 20
 

Chlorobenzene 88 87 70-130 1 20
 

Trichlorofluoromethane 123 120 70-130 2 20
 

1,2-Dichloroethane 116 118 70-130 2 20
 

1,1,1-Trichloroethane 107 104 70-130 3 20
 

Bromodichloromethane 108 111 70-130 3 20
 

trans-1,3-Dichloropropene 91 92 70-130 1 20
 

cis-1,3-Dichloropropene 104 104 70-130 0 20
 

1,1-Dichloropropene 102 97 70-130 5 20
 

Bromoform 92 93 70-130 1 20
 

1,1,2,2-Tetrachloroethane 80 81 70-130 1 20
 

Benzene 102 102 70-130 0 20
 

Toluene 83 84 70-130 1 20
 

Ethylbenzene  88 86 70-130 2 20
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 01  Batch: WG468384-1 WG468384-2 

Chloromethane 85 82 70-130 4 20
 

Bromomethane 89 88 70-130 1 20
 

Vinyl chloride 84 82 70-130 2 20
 

Chloroethane 103 101 70-130 2 20
 

1,1-Dichloroethene 102 99 70-130 3 20
 

trans-1,2-Dichloroethene 100 100 70-130 0 20
 

Trichloroethene 104 104 70-130 0 20
 

1,2-Dichlorobenzene 84 84 70-130 0 20
 

1,3-Dichlorobenzene 85 84 70-130 1 20
 

1,4-Dichlorobenzene 85 85 70-130 0 20
 

Methyl tert butyl ether 98 98 70-130 0 20
 

p/m-Xylene 89 88 70-130 1 20
 

o-Xylene 88 88 70-130 0 20
 

cis-1,2-Dichloroethene 107 108 70-130 1 20
 

Dibromomethane 113 116 70-130 3 20
 

1,2,3-Trichloropropane 84 82 70-130 2 20
 

Styrene 88 88 70-130 0 20
 

Dichlorodifluoromethane 54 Q 51 Q 70-130 6 20
 

Acetone 126 128 70-130 2 20
 

Carbon disulfide 98 95 70-130 3 20
 

2-Butanone  116 122 70-130 5 20
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 01  Batch: WG468384-1 WG468384-2 

4-Methyl-2-pentanone 110 114 70-130 4 20
 

2-Hexanone 99 105 70-130 6 20
 

Bromochloromethane 114 116 70-130 2 20
 

Tetrahydrofuran 111 112 70-130 1 20
 

2,2-Dichloropropane 106 106 70-130 0 20
 

1,2-Dibromoethane 88 90 70-130 2 20
 

1,3-Dichloropropane 90 90 70-130 0 20
 

1,1,1,2-Tetrachloroethane 99 98 70-130 1 20
 

Bromobenzene 86 85 70-130 1 20
 

n-Butylbenzene 81 79 70-130 3 20
 

sec-Butylbenzene 81 79 70-130 3 20
 

tert-Butylbenzene 83 81 70-130 2 20
 

o-Chlorotoluene 83 81 70-130 2 20
 

p-Chlorotoluene 81 80 70-130 1 20
 

1,2-Dibromo-3-chloropropane 84 88 70-130 5 20
 

Hexachlorobutadiene 82 78 70-130 5 20
 

Isopropylbenzene 80 78 70-130 3 20
 

p-Isopropyltoluene 85 83 70-130 2 20
 

Naphthalene 80 82 70-130 2 20
 

n-Propylbenzene 81 80 70-130 1 20
 

1,2,3-Trichlorobenzene  87 88 70-130 1 20
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 01  Batch: WG468384-1 WG468384-2 

1,2,4-Trichlorobenzene 88 87 70-130 1 20
 

1,3,5-Trimethylbenzene 82 81 70-130 1 20
 

1,2,4-Trimethylbenzene 84 83 70-130 1 20
 

Ethyl ether 100 101 70-130 1 20
 

Isopropyl Ether 129 129 70-130 0 20
 

Ethyl-Tert-Butyl-Ether 116 118 70-130 2 20
 

Tertiary-Amyl Methyl Ether 112 114 70-130 2 20
 

1,4-Dioxane  113 116 70-130 3 20
 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

1,2-Dichloroethane-d4 104 104 70-130
 

Toluene-d8 89 89 70-130
 

4-Bromofluorobenzene 93 93 70-130
 

Dibromofluoromethane 106 108 70-130
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Serial_No:05201116:37 

SEMIVOLATILES
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FF Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

Lab ID: L1106741-01 Date Collected: 05/12/11 12:00 
Client ID: B-11/MW-7 Date Received: 05/13/11 
Sample Location: N. BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 97,8270C Extraction Date: 05/15/11 10:48
Analytical Date: 05/18/11 17:39 
Analyst: RC 
Percent Solids: 83% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene 660 ug/kg 410 - 1 

1,2,4-Trichlorobenzene ND ug/kg 410 - 1 

Hexachlorobenzene ND ug/kg 410 - 1 

Bis(2-chloroethyl)ether ND ug/kg 410 - 1 

2-Chloronaphthalene ND ug/kg 410 - 1 

1,2-Dichlorobenzene ND ug/kg 410 - 1 

1,3-Dichlorobenzene ND ug/kg 410 - 1 

1,4-Dichlorobenzene ND ug/kg 410 - 1 

3,3'-Dichlorobenzidine ND ug/kg 820 - 1 

2,4-Dinitrotoluene ND ug/kg 410 - 1 

2,6-Dinitrotoluene ND ug/kg 410 - 1 

Azobenzene ND ug/kg 410 - 1 

Fluoranthene ND ug/kg 410 - 1 

4-Bromophenyl phenyl ether ND ug/kg 410 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 410 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 410 - 1 

Hexachlorobutadiene ND ug/kg 820 - 1 

Hexachloroethane ND ug/kg 410 - 1 

Isophorone ND ug/kg 410 - 1 

Naphthalene 6600 ug/kg 410 - 1 

Nitrobenzene ND ug/kg 410 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 820 - 1 

Butyl benzyl phthalate ND ug/kg 410 - 1 

Di-n-butylphthalate ND ug/kg 410 - 1 

Di-n-octylphthalate ND ug/kg 410 - 1 

Diethyl phthalate ND ug/kg 410 - 1 

Dimethyl phthalate ND ug/kg 410 - 1 

Benzo(a)anthracene ND ug/kg 410 - 1 

Benzo(a)pyrene ND ug/kg 410 - 1 

Benzo(b)fluoranthene ND ug/kg 410 - 1 

Benzo(k)fluoranthene ND ug/kg 410 - 1 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106741-01Lab ID: Date Collected: 05/12/11 12:00 
B-11/MW-7Client ID: Date Received: 05/13/11 
N. BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene ND ug/kg 410 - 1 

Acenaphthylene ND ug/kg 410 - 1 

Anthracene ND ug/kg 410 - 1 

Benzo(ghi)perylene ND ug/kg 410 - 1 

Fluorene ND ug/kg 410 - 1 

Phenanthrene ND ug/kg 410 - 1 

Dibenzo(a,h)anthracene ND ug/kg 240 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/kg 410 - 1 

Pyrene ND ug/kg 410 - 1 

Aniline ND ug/kg 820 - 1 

4-Chloroaniline ND ug/kg 410 - 1 

Dibenzofuran ND ug/kg 410 - 1 

2-Methylnaphthalene 2100 ug/kg 410 - 1 

Acetophenone ND ug/kg 820 - 1 

2,4,6-Trichlorophenol ND ug/kg 410 - 1 

2-Chlorophenol ND ug/kg 490 - 1 

2,4-Dichlorophenol ND ug/kg 820 - 1 

2,4-Dimethylphenol ND ug/kg 410 - 1 

2-Nitrophenol ND ug/kg 1600 - 1 

4-Nitrophenol ND ug/kg 820 - 1 

2,4-Dinitrophenol ND ug/kg 1600 - 1 

Pentachlorophenol ND ug/kg 1600 - 1 

Phenol ND ug/kg 570 - 1 

2-Methylphenol ND ug/kg 490 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 490 - 1 

2,4,5-Trichlorophenol ND ug/kg 410 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 74 30-130 

Phenol-d6 74 30-130 

Nitrobenzene-d5 62 30-130 

2-Fluorobiphenyl 76 30-130 

2,4,6-Tribromophenol 86 30-130 

4-Terphenyl-d14 99 30-130 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1106741-02 D 
Client ID: B-12/MW-8 (A) 
Sample Location: N. BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/18/11 18:05 
Analyst: RC 
Percent Solids: 49% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene 2600 ug/kg 1400 - 2 

1,2,4-Trichlorobenzene ND ug/kg 1400 - 2 

Hexachlorobenzene ND ug/kg 1400 - 2 

Bis(2-chloroethyl)ether ND ug/kg 1400 - 2 

2-Chloronaphthalene ND ug/kg 1400 - 2 

1,2-Dichlorobenzene ND ug/kg 1400 - 2 

1,3-Dichlorobenzene ND ug/kg 1400 - 2 

1,4-Dichlorobenzene ND ug/kg 1400 - 2 

3,3'-Dichlorobenzidine ND ug/kg 2800 - 2 

2,4-Dinitrotoluene ND ug/kg 1400 - 2 

2,6-Dinitrotoluene ND ug/kg 1400 - 2 

Azobenzene ND ug/kg 1400 - 2 

Fluoranthene 3400 ug/kg 1400 - 2 

4-Bromophenyl phenyl ether ND ug/kg 1400 - 2 

Bis(2-chloroisopropyl)ether ND ug/kg 1400 - 2 

Bis(2-chloroethoxy)methane ND ug/kg 1400 - 2 

Hexachlorobutadiene ND ug/kg 2800 - 2 

Hexachloroethane ND ug/kg 1400 - 2 

Isophorone ND ug/kg 1400 - 2 

Naphthalene 18000 ug/kg 1400 - 2 

Nitrobenzene ND ug/kg 1400 - 2 

Bis(2-Ethylhexyl)phthalate ND ug/kg 2800 - 2 

Butyl benzyl phthalate ND ug/kg 1400 - 2 

Di-n-butylphthalate ND ug/kg 1400 - 2 

Di-n-octylphthalate ND ug/kg 1400 - 2 

Diethyl phthalate ND ug/kg 1400 - 2 

Dimethyl phthalate ND ug/kg 1400 - 2 

Benzo(a)anthracene ND ug/kg 1400 - 2 

Benzo(a)pyrene ND ug/kg 1400 - 2 

Benzo(b)fluoranthene 1400 ug/kg 1400 - 2 

Benzo(k)fluoranthene ND ug/kg 1400 - 2 

Lab Number: L1106741
 

Report Date: 05/20/11
 

Date Collected: 05/13/11 10:00 
Date Received: 05/13/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 05/15/11 10:48

Units RL MDL Dilution Factor 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106741-02Lab ID: D Date Collected: 05/13/11 10:00 
B-12/MW-8 (A)Client ID: Date Received: 05/13/11 
N. BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 1400 ug/kg 1400 - 2 

Acenaphthylene ND ug/kg 1400 - 2 

Anthracene ND ug/kg 1400 - 2 

Benzo(ghi)perylene ND ug/kg 1400 - 2 

Fluorene ND ug/kg 1400 - 2 

Phenanthrene 5300 ug/kg 1400 - 2 

Dibenzo(a,h)anthracene ND ug/kg 840 - 2 

Indeno(1,2,3-cd)Pyrene ND ug/kg 1400 - 2 

Pyrene 3300 ug/kg 1400 - 2 

Aniline ND ug/kg 2800 - 2 

4-Chloroaniline ND ug/kg 1400 - 2 

Dibenzofuran ND ug/kg 1400 - 2 

2-Methylnaphthalene 3000 ug/kg 1400 - 2 

Acetophenone ND ug/kg 2800 - 2 

2,4,6-Trichlorophenol ND ug/kg 1400 - 2 

2-Chlorophenol ND ug/kg 1700 - 2 

2,4-Dichlorophenol ND ug/kg 2800 - 2 

2,4-Dimethylphenol ND ug/kg 1400 - 2 

2-Nitrophenol ND ug/kg 5600 - 2 

4-Nitrophenol ND ug/kg 2800 - 2 

2,4-Dinitrophenol ND ug/kg 5600 - 2 

Pentachlorophenol ND ug/kg 5600 - 2 

Phenol ND ug/kg 2000 - 2 

2-Methylphenol ND ug/kg 1700 - 2 

3-Methylphenol/4-Methylphenol ND ug/kg 1700 - 2 

2,4,5-Trichlorophenol ND ug/kg 1400 - 2 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 57 30-130 

Phenol-d6 60 30-130 

Nitrobenzene-d5 51 30-130 

2-Fluorobiphenyl 66 30-130 

2,4,6-Tribromophenol 79 30-130 

4-Terphenyl-d14 78 30-130 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD 

Project Number: 6690 
SAMPLE RESULTS 

Lab ID: L1106741-03 
Client ID: B-12/MW-8 (B) 
Sample Location: N. BEDFORD 
Matrix: Soil 
Analytical Method: 97,8270C 
Analytical Date: 05/18/11 18:30 
Analyst: RC 
Percent Solids: 83% 

Parameter Result Qualifier 

MCP Semivolatile Organics - Westborough Lab 

Acenaphthene 600 ug/kg 400 - 1 

1,2,4-Trichlorobenzene ND ug/kg 400 - 1 

Hexachlorobenzene ND ug/kg 400 - 1 

Bis(2-chloroethyl)ether ND ug/kg 400 - 1 

2-Chloronaphthalene ND ug/kg 400 - 1 

1,2-Dichlorobenzene ND ug/kg 400 - 1 

1,3-Dichlorobenzene ND ug/kg 400 - 1 

1,4-Dichlorobenzene ND ug/kg 400 - 1 

3,3'-Dichlorobenzidine ND ug/kg 810 - 1 

2,4-Dinitrotoluene ND ug/kg 400 - 1 

2,6-Dinitrotoluene ND ug/kg 400 - 1 

Azobenzene ND ug/kg 400 - 1 

Fluoranthene 2100 ug/kg 400 - 1 

4-Bromophenyl phenyl ether ND ug/kg 400 - 1 

Bis(2-chloroisopropyl)ether ND ug/kg 400 - 1 

Bis(2-chloroethoxy)methane ND ug/kg 400 - 1 

Hexachlorobutadiene ND ug/kg 810 - 1 

Hexachloroethane ND ug/kg 400 - 1 

Isophorone ND ug/kg 400 - 1 

Naphthalene 1800 ug/kg 400 - 1 

Nitrobenzene ND ug/kg 400 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/kg 810 - 1 

Butyl benzyl phthalate ND ug/kg 400 - 1 

Di-n-butylphthalate ND ug/kg 400 - 1 

Di-n-octylphthalate ND ug/kg 400 - 1 

Diethyl phthalate ND ug/kg 400 - 1 

Dimethyl phthalate ND ug/kg 400 - 1 

Benzo(a)anthracene 880 ug/kg 400 - 1 

Benzo(a)pyrene 780 ug/kg 400 - 1 

Benzo(b)fluoranthene 970 ug/kg 400 - 1 

Benzo(k)fluoranthene ND ug/kg 400 - 1 

Lab Number: L1106741
 

Report Date: 05/20/11
 

Date Collected: 05/13/11 10:05 
Date Received: 05/13/11 
Field Prep: Not Specified 
Extraction Method: EPA 3546 
Extraction Date: 05/15/11 10:48

Units RL MDL Dilution Factor 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

L1106741-03Lab ID: Date Collected: 05/13/11 10:05 
B-12/MW-8 (B)Client ID: Date Received: 05/13/11 
N. BEDFORDSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Chrysene 960 ug/kg 400 - 1 

Acenaphthylene ND ug/kg 400 - 1 

Anthracene 510 ug/kg 400 - 1 

Benzo(ghi)perylene 430 ug/kg 400 - 1 

Fluorene 430 ug/kg 400 - 1 

Phenanthrene 2900 ug/kg 400 - 1 

Dibenzo(a,h)anthracene ND ug/kg 240 - 1 

Indeno(1,2,3-cd)Pyrene 430 ug/kg 400 - 1 

Pyrene 2100 ug/kg 400 - 1 

Aniline ND ug/kg 810 - 1 

4-Chloroaniline ND ug/kg 400 - 1 

Dibenzofuran ND ug/kg 400 - 1 

2-Methylnaphthalene ND ug/kg 400 - 1 

Acetophenone ND ug/kg 810 - 1 

2,4,6-Trichlorophenol ND ug/kg 400 - 1 

2-Chlorophenol ND ug/kg 490 - 1 

2,4-Dichlorophenol ND ug/kg 810 - 1 

2,4-Dimethylphenol ND ug/kg 400 - 1 

2-Nitrophenol ND ug/kg 1600 - 1 

4-Nitrophenol ND ug/kg 810 - 1 

2,4-Dinitrophenol ND ug/kg 1600 - 1 

Pentachlorophenol ND ug/kg 1600 - 1 

Phenol ND ug/kg 570 - 1 

2-Methylphenol ND ug/kg 490 - 1 

3-Methylphenol/4-Methylphenol ND ug/kg 490 - 1 

2,4,5-Trichlorophenol ND ug/kg 400 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 62 30-130 

Phenol-d6 63 30-130 

Nitrobenzene-d5 55 30-130 

2-Fluorobiphenyl 75 30-130 

2,4,6-Tribromophenol 92 30-130 

4-Terphenyl-d14 84 30-130 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/18/11 11:51 Extraction Date: 05/15/11 10:48 
Analyst: RC 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   01-03  Batch: WG467953-1 

Acenaphthene ND ug/kg 340 -

1,2,4-Trichlorobenzene ND ug/kg 340 --

Hexachlorobenzene ND ug/kg 340 -

Bis(2-chloroethyl)ether ND ug/kg 340 -

2-Chloronaphthalene ND ug/kg 340 -

1,2-Dichlorobenzene ND ug/kg 340 -

1,3-Dichlorobenzene ND ug/kg 340 -

1,4-Dichlorobenzene ND ug/kg 340 -

3,3'-Dichlorobenzidine ND ug/kg 680 -

2,4-Dinitrotoluene ND ug/kg 340 -

2,6-Dinitrotoluene ND ug/kg 340 --

Azobenzene ND ug/kg 340 --

Fluoranthene ND ug/kg 340 -

4-Bromophenyl phenyl ether ND ug/kg 340 -

Bis(2-chloroisopropyl)ether ND ug/kg 340 -

Bis(2-chloroethoxy)methane ND ug/kg 340 --

Hexachlorobutadiene ND ug/kg 680 --

Hexachloroethane ND ug/kg 340 --

Isophorone ND ug/kg 340 -

Naphthalene ND ug/kg 340 --

Nitrobenzene ND ug/kg 340 -

Bis(2-Ethylhexyl)phthalate ND ug/kg 680 --

Butyl benzyl phthalate ND ug/kg 340 -

Di-n-butylphthalate ND ug/kg 340 -

Di-n-octylphthalate ND ug/kg 340 --

Diethyl phthalate ND ug/kg 340 --

Dimethyl phthalate ND ug/kg 340 -

Benzo(a)anthracene ND ug/kg 340 -

Benzo(a)pyrene ND ug/kg 340 -

Benzo(b)fluoranthene ND ug/kg 340 -

Benzo(k)fluoranthene ND ug/kg 340 -

Page 39 of 94 



     

Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/18/11 11:51 Extraction Date: 05/15/11 10:48 
Analyst: RC 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   01-03  Batch: WG467953-1 

Chrysene ND ug/kg 340 --

Acenaphthylene ND ug/kg 340 --

Anthracene ND ug/kg 340 -

Benzo(ghi)perylene ND ug/kg 340 --

Fluorene ND ug/kg 340 --

Phenanthrene ND ug/kg 340 -

Dibenzo(a,h)anthracene ND ug/kg 200 --

Indeno(1,2,3-cd)Pyrene ND ug/kg 340 --

Pyrene ND ug/kg 340 -

Aniline ND ug/kg 680 -

4-Chloroaniline ND ug/kg 340 --

Dibenzofuran ND ug/kg 340 -

2-Methylnaphthalene ND ug/kg 340 --

Acetophenone ND ug/kg 680 -

2,4,6-Trichlorophenol ND ug/kg 340 -

2-Chlorophenol ND ug/kg 410 -

2,4-Dichlorophenol ND ug/kg 680 -

2,4-Dimethylphenol ND ug/kg 340 -

2-Nitrophenol ND ug/kg 1400 -

4-Nitrophenol ND ug/kg 680 -

2,4-Dinitrophenol ND ug/kg 1400 --

Pentachlorophenol ND ug/kg 1400 -

Phenol ND ug/kg 480 -

2-Methylphenol ND ug/kg 410 -

3-Methylphenol/4-Methylphenol ND ug/kg 410 -

2,4,5-Trichlorophenol ND ug/kg 340 -

Page 40 of 94 



     

Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3546 
Analytical Date: 05/18/11 11:51 Extraction Date: 05/15/11 10:48 
Analyst: RC 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   01-03  Batch: WG467953-1 

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

2-Fluorophenol 93 30-130 

Phenol-d6 91 30-130 

Nitrobenzene-d5 78 30-130 

2-Fluorobiphenyl 92 30-130 

2,4,6-Tribromophenol 107 30-130 

4-Terphenyl-d14 102 30-130 
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01-03  Batch: WG467953-2 WG467953-3 

Acenaphthene 76 79 40-140 4 30 

1,2,4-Trichlorobenzene 82 81 40-140 1 30 

Hexachlorobenzene 87 94 40-140 8 30 

Bis(2-chloroethyl)ether 68 67 40-140 1 30 

2-Chloronaphthalene 95 102 40-140 7 30 

1,2-Dichlorobenzene 74 78 40-140 5 30 

1,3-Dichlorobenzene 73 74 40-140 1 30 

1,4-Dichlorobenzene 77 76 40-140 1 30 

3,3'-Dichlorobenzidine 54 75 40-140 33 Q 30 

2,4-Dinitrotoluene 86 91 40-140 6 30 

2,6-Dinitrotoluene 87 101 40-140 15 30 

Azobenzene 71 75 40-140 5 30 

Fluoranthene 84 92 40-140 9 30 

4-Bromophenyl phenyl ether 87 99 40-140 13 30 

Bis(2-chloroisopropyl)ether 60 59 40-140 2 30 

Bis(2-chloroethoxy)methane 70 73 40-140 4 30 

Hexachlorobutadiene 95 88 40-140 8 30 

Hexachloroethane 72 72 40-140 0 30 

Isophorone 67 69 40-140 3 30 

Naphthalene 79 79 40-140 0 30 

Nitrobenzene  76 75 40-140 1 30 
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Serial_No:05201116:37 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL N. BEFORD 
Batch Quality Control 

Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01-03  Batch: WG467953-2 WG467953-3 

Bis(2-Ethylhexyl)phthalate 79 80 40-140 1 30 

Butyl benzyl phthalate 80 95 40-140 17 30 

Di-n-butylphthalate 87 97 40-140 11 30 

Di-n-octylphthalate 83 86 40-140 4 30 

Diethyl phthalate 79 86 40-140 8 30 

Dimethyl phthalate 89 95 40-140 7 30 

Benzo(a)anthracene 84 91 40-140 8 30 

Benzo(a)pyrene 81 86 40-140 6 30 

Benzo(b)fluoranthene 89 96 40-140 8 30 

Benzo(k)fluoranthene 86 93 40-140 8 30 

Chrysene 84 91 40-140 8 30 

Acenaphthylene 81 87 40-140 7 30 

Anthracene 77 90 40-140 16 30 

Benzo(ghi)perylene 86 96 40-140 11 30 

Fluorene 78 83 40-140 6 30 

Phenanthrene 86 97 40-140 12 30 

Dibenzo(a,h)anthracene 89 99 40-140 11 30 

Indeno(1,2,3-cd)Pyrene 89 99 40-140 11 30 

Pyrene 84 91 40-140 8 30 

Aniline 14 Q 19 Q 40-140 30 30 

4-Chloroaniline  25 Q 32 Q 40-140 25 30 
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01-03  Batch: WG467953-2 WG467953-3 

Dibenzofuran 81 85 40-140 5 30 

2-Methylnaphthalene 75 80 40-140 6 30 

Acetophenone 80 84 40-140 5 30 

2,4,6-Trichlorophenol 95 104 30-130 9 30 

2-Chlorophenol 81 84 30-130 4 30 

2,4-Dichlorophenol 95 100 30-130 5 30 

2,4-Dimethylphenol 81 81 30-130 0 30 

2-Nitrophenol 77 81 30-130 5 30 

4-Nitrophenol 68 80 30-130 16 30 

2,4-Dinitrophenol 38 32 30-130 17 30 

Pentachlorophenol 74 81 30-130 9 30 

Phenol 73 76 30-130 4 30 

2-Methylphenol 79 84 30-130 6 30 

3-Methylphenol/4-Methylphenol 79 83 30-130 5 30 

2,4,5-Trichlorophenol  97 109 30-130 12 30 
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

Parameter 
LCS 

%Recovery 
LCSD 

%Recovery 
%Recovery 

LimitsQual Qual RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01-03  Batch: WG467953-2 WG467953-3 

Surrogate Qual%Recovery 
LCS 

Qual%Recovery 
LCSD Acceptance 

Criteria 

2-Fluorophenol 79 74 30-130 

Phenol-d6 77 76 30-130 

Nitrobenzene-d5 69 64 30-130 

2-Fluorobiphenyl 82 79 30-130 

2,4,6-Tribromophenol 93 91 30-130 

4-Terphenyl-d14 86 90 30-130 
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Serial_No:05201116:37 

PETROLEUM 

HYDROCARBONS
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FF Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 
SAMPLE RESULTS
 

Lab ID: L1106741-01 Date Collected: 05/12/11 12:00 
Client ID: B-11/MW-7 Date Received: 05/13/11 
Sample Location: N. BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/16/11 09:47
Analytical Date: 05/17/11 16:42 
Analyst: KG 
Percent Solids: 83% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/kg 38400 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 76 40-140 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 
SAMPLE RESULTS 

Lab ID: L1106741-02 Date Collected: 05/13/11 10:00 
Client ID: B-12/MW-8 (A) Date Received: 05/13/11 
Sample Location: N. BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/16/11 09:47
Analytical Date: 05/17/11 18:24 
Analyst: KG 
Percent Solids: 49% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 562000 ug/kg 70900 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 58 40-140 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 
SAMPLE RESULTS 

Lab ID: L1106741-03 Date Collected: 05/13/11 10:05 
Client ID: B-12/MW-8 (B) Date Received: 05/13/11 
Sample Location: N. BEDFORD Field Prep: Not Specified 
Matrix: Soil Extraction Method: EPA 3546 
Analytical Method: 1,8015B(M) Extraction Date: 05/16/11 09:47
Analytical Date: 05/17/11 21:47 
Analyst: KG 
Percent Solids: 83% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 117000 ug/kg 39800 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 65 40-140 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 1,8015B(M) Extraction Method: EPA 3546 
Analytical Date: 05/17/11 12:47 Extraction Date: 05/16/11 09:47 
Analyst: KG 

Parameter Result RLUnitsQualifier MDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab for sample(s):   01-03  Batch: WG468026-1 

TPH ND 33300ug/kg -

Acceptance 
Surrogate %Recovery Qualifier Criteria 

o-Terphenyl 70 40-140 
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 01-03  Batch: WG468026-2 

TPH  84 - 40-140 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

o-Terphenyl 78 40-140 
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Serial_No:05201116:37 

Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL N. BEFORD Batch Quality Control Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Units RPDParameter Native Sample Duplicate Sample RPD LimitsQual 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 01-03  QC Batch ID: WG468026-3  QC Sample: L1106646-01  Client ID: 
DUP Sample 

TPH 2590000 1880000 ug/kg 32 40 

Acceptance 
Surrogate %Recovery Qualifier %Recovery Qualifier Criteria 

o-Terphenyl 66 53 40-140 
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FF Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

SAMPLE RESULTS
 

Lab ID: L1106741-01 Date Collected: 05/12/11 12:00 
Client ID: B-11/MW-7 Date Received: 05/13/11 
Sample Location: N. BEDFORD Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 100,VPH-04-1.1 
Analytical Date: 05/17/11 15:42 
Analyst: TT 
Percent Solids:  83% 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Were samples received in methanol? Yes (Covering the Soil) 

Methanol ratio: 1:1 +/- 25% 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Volatile Petroleum Hydrocarbons - Westborough Lab 

C5-C8 Aliphatics ND mg/kg 4.34 

C9-C12 Aliphatics 12.5 mg/kg 4.34 

C9-C10 Aromatics 7.13 mg/kg 4.34 

C5-C8 Aliphatics, Adjusted ND mg/kg 4.34 

C9-C12 Aliphatics, Adjusted ND mg/kg 4.34 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

-

1 

1 

1 

1 

1 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

90 

94 

70-130 

70-130 
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FF Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1106741-01 
B-11/MW-7 
N. BEDFORD 
Soil 
98,EPH-04-1.1 
05/18/11 03:52 
NH 
83% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

05/12/11 12:00 
05/13/11 
Not Specified 
EPA 3546 
05/16/11 09:56 
EPH-04-1 
05/17/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND mg/kg 8.17 

C19-C36 Aliphatics ND mg/kg 8.17 

C11-C22 Aromatics 16.8 mg/kg 8.17 

C11-C22 Aromatics, Adjusted 9.06 mg/kg 8.17 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

1 

1 

1 

1 

Chloro-Octadecane 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

75 

83 

77 

82 

40-140 

40-140 

40-140 

40-140 
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FF Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

SAMPLE RESULTS
 

Lab ID: L1106741-02 Date Collected: 05/13/11 10:00 
Client ID: B-12/MW-8 (A) Date Received: 05/13/11 
Sample Location: N. BEDFORD Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 100,VPH-04-1.1 
Analytical Date: 05/17/11 16:33 
Analyst: TT 
Percent Solids:  49% 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Were samples received in methanol? Yes (Covering the Soil) 

Methanol ratio: 2.2:1 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Volatile Petroleum Hydrocarbons - Westborough Lab 

C5-C8 Aliphatics ND mg/kg 14.4 

C9-C12 Aliphatics 65.8 mg/kg 14.4 

C9-C10 Aromatics 30.9 mg/kg 14.4 

C5-C8 Aliphatics, Adjusted ND mg/kg 14.4 

C9-C12 Aliphatics, Adjusted 19.1 mg/kg 14.4 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

-

1 

1 

1 

1 

1 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

89 

94 

70-130 

70-130 
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FF Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1106741-02 
B-12/MW-8 (A) 
N. BEDFORD 
Soil 
98,EPH-04-1.1 
05/18/11 00:54 
NH 
49% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

05/13/11 10:00 
05/13/11 
Not Specified 
EPA 3546 
05/16/11 09:56 
EPH-04-1 
05/17/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND mg/kg 14.4 

C19-C36 Aliphatics 16.4 mg/kg 14.4 

C11-C22 Aromatics 127 mg/kg 14.4 

C11-C22 Aromatics, Adjusted 81.3 mg/kg 14.4 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

1 

1 

1 

1 

Chloro-Octadecane 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

57 

94 

71 

76 

40-140 

40-140 

40-140 

40-140 
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FF Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

SAMPLE RESULTS
 

Lab ID: L1106741-03 Date Collected: 05/13/11 10:05 
Client ID: B-12/MW-8 (B) Date Received: 05/13/11 
Sample Location: N. BEDFORD Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 100,VPH-04-1.1 
Analytical Date: 05/17/11 17:24 
Analyst: TT 
Percent Solids:  83% 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Were samples received in methanol? Yes (Covering the Soil) 

Methanol ratio: 1.4:1 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Volatile Petroleum Hydrocarbons - Westborough Lab 

C5-C8 Aliphatics ND mg/kg 4.97 

C9-C12 Aliphatics 10.4 mg/kg 4.97 

C9-C10 Aromatics 6.38 mg/kg 4.97 

C5-C8 Aliphatics, Adjusted ND mg/kg 4.97 

C9-C12 Aliphatics, Adjusted ND mg/kg 4.97 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

-

1 

1 

1 

1 

1 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

90 

95 

70-130 

70-130 
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FF Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1106741-03 
B-12/MW-8 (B) 
N. BEDFORD 
Soil 
98,EPH-04-1.1 
05/18/11 01:38 
NH 
83% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

05/13/11 10:05 
05/13/11 
Not Specified 
EPA 3546 
05/16/11 09:56 
EPH-04-1 
05/17/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND mg/kg 8.09 

C19-C36 Aliphatics ND mg/kg 8.09 

C11-C22 Aromatics 50.3 mg/kg 8.09 

C11-C22 Aromatics, Adjusted 31.5 mg/kg 8.09 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

1 

1 

1 

1 

Chloro-Octadecane 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

74 

114 

75 

79 

40-140 

40-140 

40-140 

40-140 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 98,EPH-04-1.1 Extraction Method: EPA 3546 
Analytical Date: 05/17/11 21:55 Extraction Date: 05/16/11 09:56 
Analyst: NH Cleanup Method1: EPH-04-1 

Cleanup Date1: 05/17/11 

Parameter Result Qualifier Units RL MDL 

Extractable Petroleum Hydrocarbons - Westborough Lab for sample(s):   01-03  Batch: WG468031-1 

C9-C18 Aliphatics ND mg/kg 6.57 -

C19-C36 Aliphatics ND mg/kg 6.57 -

C11-C22 Aromatics ND mg/kg 6.57 -

C11-C22 Aromatics, Adjusted ND mg/kg 6.57 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 63 40-140 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

68 

71 

75 

40-140 

40-140 

40-140 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 100,VPH-04-1.1 
Analytical Date: 05/17/11 12:09 
Analyst: TT 

Parameter Result Qualifier Units RL MDL 

Volatile Petroleum Hydrocarbons - Westborough Lab for sample(s):   01-03  Batch: WG468212-3 

C5-C8 Aliphatics ND mg/kg 2.67 -

C9-C12 Aliphatics ND mg/kg 2.67 -

C9-C10 Aromatics ND mg/kg 2.67 -

C5-C8 Aliphatics, Adjusted ND mg/kg 2.67 -

C9-C12 Aliphatics, Adjusted ND mg/kg 2.67 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

96 

103 

70-130 

70-130 
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01-03  Batch: WG468031-2 WG468031-3 

C9-C18 Aliphatics 71 65 40-140 9 25
 

C19-C36 Aliphatics 87 79 40-140 10 25
 

C11-C22 Aromatics 85 86 40-140 1 25
 

Naphthalene 61 71 40-140 15 25
 

2-Methylnaphthalene 66 77 40-140 15 25
 

Acenaphthylene 64 75 40-140 16 25
 

Acenaphthene 67 76 40-140 13 25
 

Fluorene 71 75 40-140 5 25
 

Phenanthrene 78 80 40-140 3 25
 

Anthracene 78 81 40-140 4 25
 

Fluoranthene 81 82 40-140 1 25
 

Pyrene 83 86 40-140 4 25
 

Benzo(a)anthracene 80 80 40-140 0 25
 

Chrysene 83 83 40-140 0 25
 

Benzo(b)fluoranthene 82 82 40-140 0 25
 

Benzo(k)fluoranthene 85 83 40-140 2 25
 

Benzo(a)pyrene 78 81 40-140 4 25
 

Indeno(1,2,3-cd)Pyrene 82 81 40-140 1 25
 

Dibenzo(a,h)anthracene 78 78 40-140 0 25
 

Benzo(ghi)perylene 81 81 40-140 0 25
 

Nonane (C9)  62 58 30-140 7 25
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01-03  Batch: WG468031-2 WG468031-3 

Decane (C10) 70 66 40-140 6 25 

Dodecane (C12) 74 69 40-140 7 25 

Tetradecane (C14) 78 70 40-140 11 25 

Hexadecane (C16) 84 74 40-140 13 25 

Octadecane (C18) 89 77 40-140 14 25 

Nonadecane (C19) 90 79 40-140 13 25 

Eicosane (C20) 90 79 40-140 13 25 

Docosane (C22) 89 80 40-140 11 25 

Tetracosane (C24) 89 81 40-140 9 25 

Hexacosane (C26) 87 80 40-140 8 25 

Octacosane (C28) 84 79 40-140 6 25 

Triacontane (C30) 86 82 40-140 5 25 

Hexatriacontane (C36)  87 85 40-140 2 25 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

Chloro-Octadecane 58 59 40-140 

o-Terphenyl 71 73 40-140 

2-Fluorobiphenyl 64 73 40-140 

2-Bromonaphthalene 69 80 40-140 

% Naphthalene Breakthrough 0 0 

% 2-Methylnaphthalene Breakthrough 0 0 

Page 62 of 94 



        

Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Volatile Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01-03  Batch: WG468212-1 WG468212-2 

C5-C8 Aliphatics 95 92 70-130 3 25
 

C9-C12 Aliphatics 94 77 70-130 20 25
 

C9-C10 Aromatics 91 86 70-130 5 25
 

Benzene 89 86 70-130 2 25
 

Toluene 90 88 70-130 3 25
 

Ethylbenzene 92 89 70-130 4 25
 

p/m-Xylene 92 88 70-130 4 25
 

o-Xylene 88 85 70-130 4 25
 

Methyl tert butyl ether 78 82 70-130 4 25
 

Naphthalene 88 89 70-130 1 25
 

1,2,4-Trimethylbenzene 90 86 70-130 5 25
 

Pentane 101 106 70-130 5 25
 

2-Methylpentane 92 88 70-130 4 25
 

2,2,4-Trimethylpentane 96 88 70-130 8 25
 

n-Nonane 97 80 30-130 19 25
 

n-Decane 89 70 70-130 23 25
 

n-Butylcyclohexane  95 80 70-130 17 25
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Volatile Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01-03  Batch: WG468212-1 WG468212-2 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

2,5-Dibromotoluene-PID 86 79 70-130 

2,5-Dibromotoluene-FID 91 84 70-130 
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Serial_No:05201116:37 

METALS
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FF Serial_No:05201116:37 

Project Name: 

Project Number: 

SOUTH TERMINAL N. BEFORD 

6690 

SAMPLE RESULTS 

B-11/MW-7Client ID: 

Matrix: Soil 
N. BEDFORDSample Location: 

L1106741-01Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  83% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1106741 

05/20/11 

05/12/11 12:00 
05/13/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total ND mg/kg 20.037 -

Arsenic, Total 1.00 mg/kg 20.034 -

Beryllium, Total 0.194 mg/kg 20.034 -

Cadmium, Total 0.040 mg/kg 20.034 -

Chromium, Total 6.04 mg/kg 20.138 -

Copper, Total 3.42 mg/kg 20.069 -

Lead, Total 3.30 mg/kg 20.034 -

Mercury, Total ND mg/kg 50.014 -

Nickel, Total 3.38 mg/kg 20.069 -

Selenium, Total 0.279 mg/kg 20.069 -

Silver, Total ND mg/kg 20.037 -

Thallium, Total 0.082 mg/kg 20.034 -

Zinc, Total 10.1 mg/kg 20.688 -

05/19/11 17:2805/16/11 12:30 

05/19/11 16:3505/16/11 12:30 

05/19/11 16:3505/16/11 12:30 

05/19/11 16:3505/16/11 12:30 

05/19/11 16:3505/16/11 12:30 

05/19/11 16:3505/16/11 12:30 

05/19/11 16:3505/16/11 12:30 

05/19/11 13:2605/16/11 12:30 

05/19/11 16:3505/16/11 12:30 

05/19/11 16:3505/16/11 12:30 

05/19/11 17:2805/16/11 12:30 

05/19/11 16:3505/16/11 12:30 

05/19/11 16:3505/16/11 12:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

LR 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05201116:37 

Project Name: 

Project Number: 

SOUTH TERMINAL N. BEFORD 

6690 

SAMPLE RESULTS 

B-12/MW-8 (A)Client ID: 

Matrix: Soil 
N. BEDFORDSample Location: 

L1106741-02Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  49% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1106741 

05/20/11 

05/13/11 10:00 
05/13/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.106 mg/kg 20.065 -

Arsenic, Total 3.95 mg/kg 20.067 -

Beryllium, Total 0.317 mg/kg 20.067 -

Cadmium, Total 0.257 mg/kg 20.067 -

Chromium, Total 8.20 mg/kg 20.267 -

Copper, Total 3.62 mg/kg 20.133 -

Lead, Total 3.96 mg/kg 20.067 -

Mercury, Total ND mg/kg 50.025 -

Nickel, Total 4.37 mg/kg 20.133 -

Selenium, Total 2.53 mg/kg 20.133 -

Silver, Total ND mg/kg 20.065 -

Thallium, Total 0.219 mg/kg 20.067 -

Zinc, Total 8.03 mg/kg 21.33 -

05/19/11 17:3205/16/11 12:30 

05/19/11 16:4305/16/11 12:30 

05/19/11 16:4305/16/11 12:30 

05/19/11 16:4305/16/11 12:30 

05/19/11 16:4305/16/11 12:30 

05/19/11 16:4305/16/11 12:30 

05/19/11 16:4305/16/11 12:30 

05/19/11 13:3805/16/11 12:30 

05/19/11 16:4305/16/11 12:30 

05/19/11 16:4305/16/11 12:30 

05/19/11 17:3205/16/11 12:30 

05/19/11 16:4305/16/11 12:30 

05/19/11 16:4305/16/11 12:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

LR 

EM 

EM 

EM 

EM 

EM 
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Serial_No:05201116:37 

Project Name: 

Project Number: 

SOUTH TERMINAL N. BEFORD 

6690 

SAMPLE RESULTS 

B-12/MW-8 (B)Client ID: 

Matrix: Soil 
N. BEDFORDSample Location: 

L1106741-03Lab ID: 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Percent Solids:  83% 

MDL 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

Date 
Analyzed 

Date 
Prepared 

L1106741 

05/20/11 

05/13/11 10:05 
05/13/11 
Not Specified 

Analytical 
Method 

Prep 
Method Analyst 

Total Metals - Mansfield Lab 

Antimony, Total 0.056 mg/kg 20.038 -

Arsenic, Total 1.78 mg/kg 20.037 -

Beryllium, Total 0.251 mg/kg 20.037 -

Cadmium, Total ND mg/kg 20.037 -

Chromium, Total 9.02 mg/kg 20.150 -

Copper, Total 2.93 mg/kg 20.075 -

Lead, Total 4.63 mg/kg 20.037 -

Mercury, Total 0.013 mg/kg 50.013 -

Nickel, Total 4.99 mg/kg 20.075 -

Selenium, Total 0.481 mg/kg 20.075 -

Silver, Total ND mg/kg 20.038 -

Thallium, Total 0.045 mg/kg 20.037 -

Zinc, Total 13.0 mg/kg 20.748 -

05/19/11 17:3305/16/11 12:30 

05/19/11 16:4405/16/11 12:30 

05/19/11 16:4405/16/11 12:30 

05/19/11 16:4405/16/11 12:30 

05/19/11 16:4405/16/11 12:30 

05/19/11 16:4405/16/11 12:30 

05/19/11 16:4405/16/11 12:30 

05/19/11 13:4005/16/11 12:30 

05/19/11 16:4405/16/11 12:30 

05/19/11 16:4405/16/11 12:30 

05/19/11 17:3305/16/11 12:30 

05/19/11 16:4405/16/11 12:30 

05/19/11 16:4405/16/11 12:30 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,7474EPA 7474 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

1,6020AEPA 3050B 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

LR 

EM 

EM 

EM 

EM 

EM 
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FF Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Method Blank Analysis 
Batch Quality Control 

Dilution Date Date Analytical 
Parameter Result Qualifier Units RL MDL Factor Prepared Analyzed Method Analyst 

Total Metals - Mansfield Lab  for sample(s): 01-03  Batch: WG468124-1 

Antimony, Total ND mg/kg 0.050 -- 2 05/16/11 12:30 05/19/11 17:27 1,6020A EM 

Silver, Total ND mg/kg 0.050 -- 2 05/16/11 12:30 05/19/11 17:27 1,6020A EM 

Prep Information 

EPA 3050BDigestion Method: 

Parameter Result 
Dilution 
FactorQualifier Units RL MDL 

Total Metals - Mansfield Lab  for sample(s): 01-03  Batch: WG468129-1 

Mercury, Total ND mg/kg 50.013 -

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

05/19/11 13:20 1,7474 LR05/16/11 12:30 

Prep Information 

Digestion Method: EPA 7474 

Dilution Date Date Analytical 
Parameter Result Qualifier Units RL MDL Factor Prepared Analyzed Method Analyst 

Total Metals - Mansfield Lab  for sample(s): 01-03  Batch: WG468132-1 

Arsenic, Total ND mg/kg 0.050 - 2 05/16/11 12:30 05/19/11 16:32 1,6020A EM 

Beryllium, Total ND mg/kg 0.050 - 2 05/16/11 12:30 05/19/11 16:32 1,6020A EM 

Cadmium, Total ND mg/kg 0.050 - 2 05/16/11 12:30 05/19/11 16:32 1,6020A EM 

Chromium, Total ND mg/kg 0.200 - 2 05/16/11 12:30 05/19/11 16:32 1,6020A EM 

Copper, Total ND mg/kg 0.100 - 2 05/16/11 12:30 05/19/11 16:32 1,6020A EM 

Lead, Total ND mg/kg 0.050 - 2 05/16/11 12:30 05/19/11 16:32 1,6020A EM 

Nickel, Total ND mg/kg 0.100 - 2 05/16/11 12:30 05/19/11 16:32 1,6020A EM 

Selenium, Total ND mg/kg 0.100 - 2 05/16/11 12:30 05/19/11 16:32 1,6020A EM 

Thallium, Total ND mg/kg 0.050 - 2 05/16/11 12:30 05/19/11 16:32 1,6020A EM 

Zinc, Total ND mg/kg 1.00 - 2 05/16/11 12:30 05/19/11 16:32 1,6020A EM 

Prep Information 

Digestion Method: EPA 3050B 
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Serial_No:05201116:37 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Total Metals - Mansfield Lab  Associated sample(s): 01-03    Batch: WG468124-2 SRM Lot Number: S3SPIKE 

Antimony, Total 104 - 80-120 - 20 

Silver, Total 100 - 80-120 - 20 

Total Metals - Mansfield Lab  Associated sample(s): 01-03    Batch: WG468129-2 SRM Lot Number: HPHGAF 

Mercury, Total 94 - 80-120 - 20 

Total Metals - Mansfield Lab  Associated sample(s): 01-03    Batch: WG468132-2 SRM Lot Number: S1SPIKE 

Arsenic, Total 108 - 80-120 - 20 

Beryllium, Total 104 - 80-120 - 20 

Cadmium, Total 107 - 80-120 - 20 

Chromium, Total 110 - 80-120 - 20 

Copper, Total 104 - 80-120 - 20 

Lead, Total 108 - 80-120 - 20 

Nickel, Total 106 - 80-120 - 20 

Selenium, Total 102 - 80-120 - 20 

Thallium, Total 108 - 80-120 - 20 

Zinc, Total  106 - 80-120 - 20 
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Serial_No:05201116:37 

Matrix Spike Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Native MS MS MS MSD MSD Recovery RPD 
Parameter Sample Added Found %Recovery Qual Found %Recovery Qual Limits RPD Qual Limits 

Total Metals - Mansfield Lab Associated sample(s): 01-03    QC Batch ID: WG468124-4    QC Sample: L1106741-01  Client ID: B-11/MW-7 

Antimony, Total ND 1.56 0.563 36 Q - - 75-125 

Silver, Total ND 1.56 1.52 97 - - 75-125 - 20 

Total Metals - Mansfield Lab Associated sample(s): 01-03    QC Batch ID: WG468129-4    QC Sample: L1106741-01  Client ID: B-11/MW-7 

Mercury, Total ND 1.34 1.31 97 - - 80-120 - 20 

Total Metals - Mansfield Lab Associated sample(s): 01-03    QC Batch ID: WG468132-4    QC Sample: L1106741-01  Client ID: B-11/MW-7 

Arsenic, Total 1.00 142 152 106 - - 75-125 - 20 

Beryllium, Total 0.194 70.9 76.8 108 - - 75-125 - 20 

Cadmium, Total 0.040 70.9 75.0 106 - - 75-125 - 20 

Chromium, Total 6.04 142 159 108 - - 75-125 - 20 

Copper, Total 3.42 142 145 100 - - 75-125 - 20 

Lead, Total 3.30 142 137 94 - - 75-125 - 20 

Nickel, Total 3.38 142 148 102 - - 75-125 - 20 

Selenium, Total 0.279 142 144 101 - - 75-125 - 20 

Thallium, Total 0.082 142 135 95 - - 75-125 - 20 

Zinc, Total 10.1 142 158  104 - - 75-125 - 20 
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Serial_No:05201116:37 

Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL N. BEFORD Batch Quality Control Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Parameter Native Sample Duplicate Sample Units RPD Qual RPD Limits 

Total Metals - Mansfield Lab  Associated sample(s): 01-03  QC Batch ID: WG468124-3  QC Sample: L1106741-01  Client ID: B-11/MW-7 

Antimony, Total ND ND mg/kg NC 20
 

Silver, Total ND ND mg/kg NC 20
 

Total Metals - Mansfield Lab  Associated sample(s): 01-03  QC Batch ID: WG468129-3  QC Sample: L1106741-01  Client ID: B-11/MW-7 

Mercury, Total ND ND mg/kg NC 20
 

Total Metals - Mansfield Lab  Associated sample(s): 01-03  QC Batch ID: WG468132-3  QC Sample: L1106741-01  Client ID: B-11/MW-7 

Arsenic, Total 1.00 0.900 mg/kg 11 20
 

Beryllium, Total 0.194 0.219 mg/kg 12 20
 

Cadmium, Total 0.040 ND mg/kg NC 20
 

Chromium, Total 6.04 6.52 mg/kg 8 20
 

Copper, Total 3.42 4.33 mg/kg 23 Q 20
 

Lead, Total 3.30 3.18 mg/kg 4 20
 

Nickel, Total 3.38 3.80 mg/kg 12 20
 

Selenium, Total 0.279 0.266 mg/kg 5 20
 

Thallium, Total 0.082 ND mg/kg NC 20
 

Zinc, Total 10.1 12.5 mg/kg 21 Q 20
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Lab Serial Dilution 
Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741Analysis 
Project Number: 6690 Batch Quality Control Report Date: 05/20/11 

Parameter Native Sample Serial Dilution Units % D Qual RPD Limits 

Total Metals - Mansfield Lab  Associated sample(s): 01-03  QC Batch ID: WG468132-5  QC Sample: L1106741-01  Client ID: B-11/MW-7 

Lead, Total 3.30 3.69 mg/kg 12 Q 10 
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INORGANICS
 
&
 

MISCELLANEOUS
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Project Name: 

Project Number: 

SOUTH TERMINAL N. BEFORD 

6690 

Lab Number: 

Report Date: 
L1106741 

05/20/11 

SAMPLE RESULTS 

B-11/MW-7Client ID: 

Matrix: Soil 

N. BEDFORDSample Location: 

L1106741-01Lab ID: 05/12/11 12:00Date Collected: 
05/13/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 83 % 0.10 NA 1 05/16/11 09:17 30,2540G MF-
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Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 
Project Number: 6690 Report Date: 05/20/11 

SAMPLE RESULTS 

Lab ID: L1106741-02 Date Collected: 05/13/11 10:00 
Client ID: B-12/MW-8 (A) Date Received: 05/13/11 
Sample Location: N. BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 49 % 0.10 NA 1 - 05/16/11 09:17 30,2540G MF 
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Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 
Project Number: 6690 Report Date: 05/20/11 

SAMPLE RESULTS 

Lab ID: L1106741-03 Date Collected: 05/13/11 10:05 
Client ID: B-12/MW-8 (B) Date Received: 05/13/11 
Sample Location: N. BEDFORD Field Prep: Not Specified 

Matrix: Soil 

Dilution Date Date Analytical 
Factor Prepared Analyzed MethodParameter Result Qualifier Units RL MDL Analyst 

General Chemistry - Westborough Lab 
Solids, Total 83 % 0.10 NA 1 - 05/16/11 09:17 30,2540G MF 
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Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL N. BEFORD Batch Quality Control Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Parameter Native Sample Duplicate Sample Units RPD Qual RPD Limits 

General Chemistry - Westborough Lab  Associated sample(s): 01-03  QC Batch ID: WG468000-1  QC Sample: L1106734-01  Client ID: DUP Sample 

Solids, Total 91 92 % 1 20 
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Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Sample Receipt and Container Information 

Were project specific reporting limits specified? YES 

Reagent H2O Preserved Vials Frozen on: 05/13/2011 21:19 

Cooler 
Cooler Information Custody Seal 

A Absent 

Container ID Container Type 

Container Information 

Cooler pH 
Temp 
deg C Pres Seal Analysis(*) 

L1106741-01A Vial MeOH preserved A N/A 4 Y Absent VPH-10(28) 

L1106741-01B Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1106741-01C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1106741-01D Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1106741-01E Amber 120ml unpreserved A N/A 4 Y Absent EPH-10(14),MCP-8270
10(14),TS(7),TPH-DRO-D(14) 

L1106741-01F Amber 120ml unpreserved A N/A 4 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1106741-02A Vial MeOH preserved A N/A 4 Y Absent VPH-10(28) 

L1106741-02B Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1106741-02C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1106741-02D Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1106741-02E Amber 120ml unpreserved A N/A 4 Y Absent EPH-10(14),MCP-8270
10(14),TS(7),TPH-DRO-D(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1106741-02F Amber 120ml unpreserved A N/A 4 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

L1106741-03A Vial MeOH preserved A N/A 4 Y Absent VPH-10(28) 

L1106741-03B Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1106741-03C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1106741-03D Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1106741-03E Amber 120ml unpreserved A N/A 4 Y Absent EPH-10(14),MCP-8270
10(14),TS(7),TPH-DRO-D(14) 

L1106741-03F Amber 120ml unpreserved A N/A 4 Y Absent A2-PB-6020T(180),A2-NI
6020T(180),A2-SB
6020T(180),A2-ZN
6020T(180),A2-HG
7474T(28),A2-CR
6020T(180),A2-TL
6020T(180),A2-AS
6020T(180),A2-BE
6020T(180),A2-CD
6020T(180),A2-HGPREP
AF(28),A2-PREP
3050:2T(180),A2-SE
6020T(180),A2-AG
6020T(180),A2-CU
6020T(180),A2-PREP
3050:1T(180) 

*Values in parentheses indicate holding time in days 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741
 

Project Number: 6690 Report Date: 05/20/11
 

GLOSSARY
 

Acronyms 

EPA Environmental Protection Agency.

LCS Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known
amounts of analytes or a material containing known and verified amounts of analytes. 

LCSD Laboratory Control Sample Duplicate: Refer to LCS.

MDL Method Detection Limit: This value represents the level to which target analyte concentrations are reported as
estimated values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

MS Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of
matrix sample for which an independent estimate of target analyte concentration is available. 

MSD Matrix Spike Sample Duplicate: Refer to MS.

NA Not Applicable.

NC Not Calculated: Term is utilized when one or more of the results utilized in the calculation are non-detect at the
parameter's reporting unit. 

NI Not Ignitable.

RL Reporting Limit: The value at which an instrument can accurately measure an analyte at a specific concentration.
The RL includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

RPD Relative Percent Difference: The results from matrix and/or matrix spike duplicates are primarily designed to
assess the precision of analytical results in a given matrix and are expressed as relative percent difference (RPD). 
Values which are less than five times the reporting limit for any individual parameter are evaluated by utilizing the 
absolute difference between the values; although the RPD value will be provided in the report.

Terms 

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: 
EPA 8260B is shown as 1,8260B.) The codes for the reference method documents are provided in the References section of 
the Addendum. 

Data Qualifiers 

A -Spectra identified as "Aldol Condensation Product". 

B -The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated 
field samples that have detectable concentrations of the analyte at less than five times (5x) the concentration found in 
the blank. For MCP-related projects, flag only applies to associated field samples that have detectable concentrations 
of the analyte at less than ten times (10x) the concentration found in the blank. For DOD-related projects, flag only 
applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) the 
concentration found in the blank AND the analyte was detected above one-half the reporting limit (or above the 
reporting limit for common lab contaminants) in the associated method blank. 

C -Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co
extracted analyses. 

D -Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable 
concentrations of the analyte. 

E -Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument. 

G -The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The 
result should be considered estimated. 

H -The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of 
sample collection. 

I -The RPD between the results for the two columns exceeds the method-specified criteria; however, the lower value 
has been reported due to obvious interference. 

P  -The RPD between the results for the two columns exceeds the method-specified criteria. 

Report Format: Data Usability Report 
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Serial_No:05201116:37 

Project Name: SOUTH TERMINAL N. BEFORD Lab Number: L1106741 

Project Number: 6690 Report Date: 05/20/11 

Data Qualifiers 

Q -The quality control sample exceeds the associated acceptance criteria. Note: This flag is not applicable for matrix 
spike recoveries when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when 
the sample concentrations are less than 5x the RL. (Metals only.) 

R -Analytical results are from sample re-analysis. 

RE  -Analytical results are from sample re-extraction. 

J - Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs). 

ND  - Not detected at the reporting limit (RL) for the sample. 

Report Format: Data Usability Report 
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Project Name:	 Lab Number:SOUTH TERMINAL N. BEFORD L1106741 

Project Number: 6690 Report Date: 05/20/11 

REFERENCES 


1 Test Methods for Evaluating Solid Waste: Physical/Chemical Methods. EPA SW-846. 
Third Edition. Updates I - IIIA, 1997. 

30 Standard Methods for the Examination of Water and Wastewater. APHA-AWWA
WPCF. 18th Edition. 1992. 

EPA Test Methods (SW-846) with QC Requirements & Performance Standards for the 
Analysis of EPA SW-846 Methods under the Massachusetts Contingency Plan, WSC
CAM-IIA, IIB, IIIA, IIIB, IIIC, IIID, VA, VB, VC, VIA, VIB, VIIIA and VIIIB, July 2010. 

98	 Method for the Determination of Extractable Petroleum Hydrocarbons (EPH), MassDEP, 
May 2004, Revision 1.1 with QC Requirements & Performance Standards for the 
Analysis of EPH under the Massachusetts Contingency Plan, WSC-CAM-IVB, July 
2010. 

100	 Method for the Determination of Volatile Petroleum Hydrocarbons (VPH), MassDEP, 
May 2004, Revision 1.1 with QC Requirements & Performance Standards for the 
Analysis of VPH under the Massachusetts Contingency Plan, WSC-CAM-IVA, July 
2010. 

97 

LIMITATION OF LIABILITIES 

Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing 
laboratory industry. In the event of an error, the sole and exclusive responsibility of Alpha Analytical 
shall be to re-perform the work at it's own expense. In no event shall Alpha Analytical be held liable 
for any incidental, consequential or special damages, including but not limited to, damages in any way 
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical. 

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling, 
containers, sampling procedures, holding time and splitting of samples in the field. 
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Serial_No:05201116:37 

Certificate/Approval Program Summary
Last revised February 23, 2011  - Westboro Facility
 

The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 


Connecticut Department of Public Health Certificate/Lab ID: PH-0574. NELAP Accredited Solid Waste/Soil. 

Drinking Water (Inorganic Parameters: Color, pH, Turbidity, Conductivity, Alkalinity, Chloride, Free Residual Chlorine, 
Fluoride, Calcium Hardness, Sulfate, Nitrate, Nitrite, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, 
Silver, Sodium, Thallium, Vanadium, Zinc, Total Dissolved Solids, Total Organic Carbon, Total Cyanide, Perchlorate. 
Organic Parameters: Volatile Organics 524.2, Total Trihalomethanes 524.2, 1,2-Dibromo-3-chloropropane (DBCP), 
Ethylene Dibromide (EDB), 1,4-Dioxane (Mod 8270). Microbiology Parameters: Total Coliform-MF mEndo (SM9222B), 
Total Coliform – Colilert (SM9223 P/A), E. Coli. – Colilert (SM9223 P/A), HPC – Pour Plate (SM9215B), Fecal Coliform – 
MF m-FC (SM9222D))  

Wastewater/Non-Potable Water (Inorganic Parameters: Color, pH, Conductivity, Acidity, Alkalinity, Chloride, Total 
Residual Chlorine, Fluoride, Total Hardness, Silica, Sulfate, Sulfide, Ammonia, Kjeldahl Nitrogen, Nitrate, Nitrite, O-
Phosphate, Total Phosphorus, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, 
Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, 
Selenium, Silver, Sodium, Strontium, Thallium, Tin, Titanium, Vanadium, Zinc, Total Residue (Solids), Total Dissolved 
Solids, Total Suspended Solids (non-filterable), BOD, CBOD, COD, TOC, Total Cyanide, Phenolics, Foaming Agents 
(MBAS), Bromide, Oil and Grease. Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, 
Toxaphene, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Acid Extractables (Phenols), Benzidines, Phthalate Esters, Nitrosamines, 
Nitroaromatics & Isophorone, Polynuclear Aromatic Hydrocarbons, Haloethers, Chlorinated Hydrocarbons, Volatile 
Organics, TPH (HEM/SGT), Extractable Petroleum Hydrocarbons (ETPH), MA-EPH, MA-VPH. Microbiology Parameters: 
Total Coliform – MF mEndo (SM9222B), Total Coliform – MTF (SM9221B), HPC – Pour Plate (SM9215B), Fecal 
Coliform – MF m-FC (SM9222D), Fecal Coliform – A-1 Broth (SM9221E).)  

Solid Waste/Soil (Inorganic Parameters: pH, Sulfide, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Tin, Vanadium, Zinc, Total Cyanide, Ignitability, 
Phenolics, Corrosivity, TCLP Leach (1311), SPLP Leach (1312 metals only), Reactivity. Organic Parameters: PCBs, 
PCBs in Oil, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Extractable Petroleum Hydrocarbons 
(ETPH), MA-EPH, MA-VPH, Dicamba, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Volatile Organics, Acid Extractables (Phenols), 
3.3’-Dichlorobenzidine, Phthalates, Nitrosamines, Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated 
Hydrocarbons. ) 

Maine Department of Human Services Certificate/Lab ID: 2009024.  

Drinking Water (Inorganic Parameters: SM9215B, 9222D, 9223B, EPA 180.1, 353.2, SM2130B, 2320B, 4500Cl-D,
 
4500CN-C, 4500CN-E, 4500F-C, 4500H+B, 4500NO3-F, EPA 200.7, EPA 200.8, 245.1, EPA 300.0. Organic
 
Parameters: 504.1, 524.2.)  


Wastewater/Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664A, 350.1, 351.1, 353.2, 410.4, 420.1, 
SM2320B, 2510B, 2540C, 2540D, 426C, 4500Cl-D, 4500Cl-E, 4500CN-C, 4500CN-E, 4500F-B, 4500F-C, 4500H+B, 
4500Norg-B, 4500Norg-C, 4500NH3-B, 4500NH3-G, 4500NH3-H, 4500NO3-F, 4500P-B, 4500P-E, 5210B, 5220D, 
5310C, EPA 200.7, 200.8, 245.1. Organic Parameters: 608, 624, ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Solid Waste/Soil (Organic Parameters: ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Massachusetts Department of Environmental Protection Certificate/Lab ID: M-MA086. 

Drinking Water (Inorganic Parameters: (EPA 200.8 for: Sb,As,Ba,Be,Cd,Cr,Cu,Pb,Ni,Se,Tl) (EPA 200.7 for: 

Ba,Be,Ca,Cd,Cr,Cu,Na,Ni)  245.1, (300.0 for:  Nitrate-N, Fluoride, Sulfate); (EPA 353.2 for: Nitrate-N, Nitrite-N);
 
(SM4500NO3-F for: Nitrate-N and Nitrite-N); 4500F-C, 4500CN-CE, EPA 180.1, SM2130B, SM4500Cl-D, 2320B, 

SM2540C, SM4500H-B. Organic Parameters: (EPA 524.2 for: Trihalomethanes, Volatile Organics); (504.1 for:  1,2
Dibromoethane, 1,2-Dibromo-3-Chloropropane), EPA 332. Microbiology Parameters: SM9215B; ENZ. SUB. SM9223;
 
ColilertQT SM9223B; MF-SM9222D.) 


Non-Potable Water (Inorganic Parameters:, (EPA 200.8 for: Al,Sb,As,Be,Cd,Cr,Cu,Pb,Mn,Ni,Se,Ag,Tl,Zn); (EPA 200.7 
for: Al,Sb,As,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Mo,Ni,K,Se,Ag,Na,Sr,Ti,Tl, V,Zn); 245.1, SM4500H,B, EPA 120.1, 
SM2510B, 2540C, 2340B, 2320B, 4500CL-E, 4500F-BC, 426C, SM4500NH3-BH, (EPA 350.1 for:  Ammonia-N), 
LACHAT 10-107-06-1-B for Ammonia-N, SM4500NO3-F, 353.2 for Nitrate-N, SM4500NH3-BC-NES, EPA 351.1, 
SM4500P-E, 4500P-B,E, 5220D, EPA 410.4, SM 5210B, 5310C, 4500CL-D, EPA 1664, SM14 510AC, EPA 420.1, 
SM4500-CN-CE, SM2540D. 
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Organic Parameters: (EPA 624 for Volatile Halocarbons, Volatile Aromatics),(608 for:  Chlordane, Aldrin, Dieldrin, DDD, 
DDE, DDT, Heptachlor, Heptachlor Epoxide, PCBs-Water), (EPA 625 for SVOC Acid Extractables and SVOC 
Base/Neutral Extractables), 600/4-81-045-PCB-Oil.  Microbiology Parameters: (ColilertQT SM9223B;Enterolert-QT: 
SM9222D-MF.)  

New Hampshire Department of Environmental Services Certificate/Lab ID: 200307. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM 9222B, 9223B, 9215B, EPA 200.7, 200.8, 245.2, 300.0, SM4500CN-E, 

4500H+B, 4500NO3-F, 2320B, 2510B, 2540C, 4500F-C, 5310C, 2120B, EPA 332.0. Organic Parameters: 504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM9222D, 9221B, 9222B, 9221E-EC, EPA 3005A, 200.7, 200.8, 245.1, 
245.2, SW-846 6010B, 6020, 7196A, 7470A, SM3500-CR-D, EPA 120.1, 300.0, 350.1, 351.1, 353.2, 410.4, 420.1, 
1664A, SW-846 9010, 9030, 9040B, 9050A, SM426C, SM2120B, 2310B, 2320B, 2540B, 2540D, 4500H+B, 4500CL-E, 
4500CN-E, 4500NH3-H, 4500NO3-F, 4500NO2-B, 4500P-E, 4500-S2-D, 5210B, 5220D, 2510B, 2540C, 4500F-C, 
5310C, 5540C, LACHAT 10-204-00-1-A, LACHAT 10-107-06-2-D. Organic Parameters: SW-846 3510C, 5030B, 8260B, 
8270C, 8330, EPA 624, 625, 608, SW-846 8082, 8081A, 8151A.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846 6010B, 7196A, 7471A, 1010, 1030, 9010, 9012A, 9014, 
9030B, 9040B, 9045C, 9050C, 9065,1311, 1312, 3005A, 3050B. Organic Parameters: SW-846 3540C,  3546, 3580A, 
5030B, 5035, 8260B, 8270C, 8330, 8151A, 8015B, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA935. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9222B, 9221E, 9223B, 9215B, 4500CN-CE, 4500NO3-F, 4500F-C, EPA
 
300.0, 200.7, 200.8, 245.2, 2540C, SM2120B, 2320B, 2510B, 5310C, SM4500H-B. Organic Parameters: EPA 332,
 
504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM5210B, EPA 410.4, SM5220D, 4500Cl-E, EPA 300.0, SM2120B, 
SM4500F-BC, EPA 200.7, 351.1, LACHAT 10-107-06-2-D, EPA 353.2, SM4500NO3-F, 4500NO2-B, EPA 1664A, 
SM5310B, C or D, 4500-PE, EPA 420.1, SM510ABC, SM4500P-B5+E, 2540B, 2540C, 2540D, EPA 120.1, SM2510B, 
SM15 426C, 9222D, 9221B, 9221C, 9221E, 9222B, 9215B, 2310B, 2320B, 4500NH3-H, 4500-S D, EPA 350.1, 350.2, 
SW-846 1312, 6020, 7470A, 5540C, 4500H-B, EPA 200.8, SM3500Cr-D, 4500CN-CE, EPA 245.1, 245.2, SW-846 
9040B, 3005A, EPA 6010B, 7196A, SW-846 9010B, 9030B. Organic Parameters: SW-846 8260B, 8270C, 8270C-SIM, 
3510C, EPA 608, 624, 625, SW-846 3630C, 5030B, 8081A, 8082, 8151A, 8330, NJ OQA-QAM-025 Rev.7, NJ EPH.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846, 6010B, 7196A, 9010B, 9030B, 1010, 1030, 1311, 1312, 
3005A, 3050B, 7471A, 9014, 9012A, 9040B, 9045C, 9050A, 9065. Organic Parameters: SW-846 8015B, 8081A, 8082, 
8151A, 8330, 8260B, 8270C, 8270C-SIM, 3540C, 3545, 3546, 3550B, 3580A, 3630C, 5030B, 5035L, 5035H, NJ OQA
QAM-025 Rev.7, NJ EPH.) 

New York Department of Health Certificate/Lab ID: 11148. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9223B, 9222B, 9215B, EPA 200.8, 200.7, 245.2, SM5310C, EPA 332.0, 

SM2320B, EPA 300.0, SM2120B, 4500CN-E, 4500F-C, 4500H-B, 4500NO3-F, 2540C, SM 2510B. Organic Parameters: 

EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: SM9221E, 9222D, 9221B, 9222B, 9215B, 5210B, 5310C, EPA 410.4, 
SM5220D, 2310B-4a, 2320B, EPA 200.7, 300.0, SM4500CL-E, 4500F-C, SM15 426C, EPA 350.1, SM4500NH3-BH, 
EPA 351.1, LACHAT 10-107-06-2, EPA 353.2, LACHAT 10-107-04-1-C, SM4500-NO3-F, 4500-NO2-B, 4500P-E, 
2540C, 2540B, 2540D, EPA 200.8, EPA 6010B, 6020, EPA 7196A, SM3500Cr-D, EPA 245.1, 245.2, 7470A, SM2120B, 
LACHAT 10-204-00-1-A, EPA 9040B, SM4500-HB, EPA 1664A, EPA 420.1, SM14 510C, EPA 120.1, SM2510B, 
SM4500S-D, SM5540C, EPA 3005A, 9010B, 9030B.. Organic Parameters: EPA 624, 8260B, 8270C, 625, 608, 8081A, 
8151A, 8330, 8082, EPA 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: 1010, 1030, EPA 6010B, 7196A, 7471A, 9012A, 9014, 9040B, 9045C, 
9065, 9050, EPA 1311, 1312, 3005A, 3050B, 9010B, 9030B. Organic Parameters: EPA 8260B, 8270C, 8015B, 8081A, 
8151A, 8330, 8082, 3540C, 3545, 3546, 3580, 5030B, 5035.)  

North Carolina Department of the Environment and Natural Resources Certificate/Lab ID : 666. Organic 
Parameters: MA-EPH, MA-VPH. 

Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-03671. NELAP Accredited. 
Drinking Water (Organic Parameters: EPA 524.2) 

Non-Potable Water (Inorganic Parameters: EPA 1312. Organic Parameters: EPA 3510C, 5030B, 625, 624, 608, 8081A, 
8082, 8151A, 8260B, 8270C, 8330) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 350.1, 1010, 1030, 1311, 1312, 3050B, 6010B, 7196A, 7471A, 
9010B, 9012A, 9014, 9040B, 9045C, 9050, 9065, SM 4500NH3-H.  Organic Parameters: 3540C, 3545, 3546, 3550B, 
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3580A, 3630C, 5035, 8015B, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 


Rhode Island Department of Health Certificate/Lab ID: LAO00065. NELAP Accredited via NY-DOH.
 
Refer to MA-DEP Certificate for Potable and Non-Potable Water.  

Refer to NJ-DEP Certificate for Potable and Non-Potable Water.  


Texas Commisson on Environmental Quality Certificate/Lab ID: T104704476-09-1. NELAP Accredited. 
Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664, 200.7, 200.8, 245.1, 245.2, 300.0, 350.1, 351.1, 353.2, 
376.2, 410.4, 420.1, 6010, 6020, 7196, 7470, 9040, SM 2120B, 2310B, 2320B, 2510B, 2540B, 2540C, 2540D, 426C, 
4500CL-E, 4500CN-E, 4500F-C, 4500H+B, 4500NH3-H, 4500NO2B, 4500P-E, 4500 S2¯D, 510C, 5210B, 5220D, 
5310C, 5540C. Organic Parameters: EPA 608, 624, 625, 8081, 8082, 8151, 8260, 8270, 8330.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 9012, 9014, 9040, 9045, 9050, 9065.) 

Department of Defense Certificate/Lab ID: L2217. 

Drinking Water (Inorganic Parameters: SM 4500H-B. Organic Parameters: EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: EPA 200.7, 200.8, 6010B, 6020, 245.1, 245.2, 7470A, 9040B, 300.0, 332.0, 
6860, 353.2, 410.4, 9060, 1664A, SM 4500CN-E, 4500H-B, 4500NO3-F, 5220D, 5310C, 2320B, 2540C, 3005A, 3015, 
9010B, 9056. Organic Parameters: EPA 8260B, 8270C, 8330A, 625, 8082, 8081A, 3510C, 5030B, MassDEP EPH, 
MassDEP VPH.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 200.7, 6010B, 7471A, 9010, 9012A, 6860, 1311, 1312, 3050B, 
7196A, 9010B, 3500-CR-D, 4500CN-CE, 2540G, Organic Parameters: EPA 8260B, 8270C, 8330A/B-prep, 8082, 
8081A, 3540C, 3546, 3580A, 5035A, MassDEP EPH, MassDEP VPH.) 

Analytes Not Accredited by NELAP 
Certification is not available by NELAP for the following analytes: EPA 8260B: Freon-113, 1,2,4,5-Tetramethylbenzene, 
4-Ethyltoluene. EPA 8330A:  PETN, Picric Acid, Nitroglycerine,  2,6-DANT,  2,4-DANT. EPA 8270C:  Methyl  
naphthalene, Dimethyl naphthalene, Total Methylnapthalenes, Total Dimethylnaphthalenes, 1,4-Diphenylhydrazine 
(Azobenzene). EPA 625: 4-Chloroaniline.  EPA 350.1 for Ammonia in a Soil matrix. 
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Certificate/Approval Program Summary
Last revised  March 23, 2011 – Mansfield Facility 

The following list includes only those analytes/methods for which certification/approval is currently held. 
For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 

Connecticut Department of Public Health Certificate/Lab ID: PH-0141. 

Wastewater/Non-Potable Water (Inorganic Parameters: pH, Turbidity, Conductivity, Alkalinity, Aluminum, 
Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, Cobalt, Copper, Iron, Lead, 
Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Strontium, 
Thallium, Tin, Vanadium, Zinc, Total Residue (Solids), Total Suspended Solids (non-filterable), Total Cyanide.  
Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Acid Extractables, 
Benzidines, Phthalate Esters, Nitrosamines, Nitroaromatics & Isophorone, PAHs, Haloethers, Chlorinated 
Hydrocarbons, Volatile Organics.) 

Solid Waste/Soil  (Inorganic Parameters: pH, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Vanadium, Zinc, Total Organic Carbon, 
Total Cyanide, Corrosivity, TCLP 1311.    Organic Parameters:  PCBs, Organochlorine Pesticides, Technical 
Chlordane, Toxaphene, Volatile Organics, Acid Extractables, Benzidines, Phthalates, Nitrosamines, 
Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated Hydrocarbons.) 

Florida Department of Health Certificate/Lab ID: E87814. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: SM2320B, SM2540D, SM2540G.) 

Solid & Chemical Materials  (Inorganic Parameters: 6020, 7470, 7471, 9045.  Organic Parameters: EPA 8260, 
8270, 8082, 8081.) 

Air & Emissions (EPA TO-15.) 

Louisiana Department of Environmental Quality Certificate/Lab ID: 03090. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: EPA 180.1, 245.7, 1631E, 3020, 6020A, 7470A, 9040, 9050A, 
SM2320B, 2540D, 2540G, 4500H-B, Organic Parameters: EPA 3510C, 3580A, 3630C, 3640A, 3660B, 3665A, 
5030B, 8015D, 3570, 8081B, 8082A, 8260B, 8270C.) 

Solid & Chemical Materials  (Inorganic Parameters: EPA 1311, 3050, 3051A, 3060A, 6020A, 7196A, 7470A, 
7471B, 7474, 9040B, 9045C, 9060.   Organic Parameters: EPA 3540C, 3570B, 3580A, 3630C, 3640A, 3660, 
3665A, 5035, 8015D, 8081B, 8082A, 8260B, 8270C.) 

Biological Tissue (Inorganic Parameters: EPA 6020A.  Organic Parameters: EPA 3570, 3510C, 3610B, 3630C, 
3640A, 8270C.) 

Air & Emissions (EPA TO-15.) 

New Hampshire Department of Environmental Services Certificate/Lab ID: 2206. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: EPA, 245.1, 245.7, 1631E, 180.1, 6020A, 7470A, 9040B, 9050A, 
SM2540D, 2540G, 4500H+B, 2320B. Organic Parameters: EPA 8081, 8082, 8260B, 8270C.) 

Solid & Chemical Materials  (Inorganic Parameters: SW-846 1311, 1312, 3050B, 3051A, 3060A, 6020A, 7470A, 
7471A, 9040B, 9045C, 7196A.  Organic Parameters: SW-846 3540C, 3580, 3630C, 3640A, 3660B, 3665A, 
5035, 8260B, 8270C, 8015D, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA015. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: SW-846 1312, 3010, 3020A, 3015, SM2320B, EPA 200.8, 
SM2540D, 2540G, EPA 120.1, SM2510B, EPA 180.1, 245.1, 1631E, SW-846 7470A, 9040B,  6020, 9010B, 
9014 Organic Parameters: SW-846 3510C, 3580A, 5030B, 5035L, 5035H, 3630C, 3640C, 3660B, 3665A, 8015B 
8081A, 8082, 8260B, 8270C) 
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Solid & Chemical Materials  (Inorganic Parameters: SW-846 6020, 9010B, 9014, 1311, 1312, 3050B, 3051, 
3060A, 7196A, 7470A, 7471A, 9040B, 9045C, 9060.  Organic Parameters: SW-846 3540C, 3570, 3580A, 
5030B, 5035L, 5035H, 3630C, 3640A, 3660B, 3665A, 8081A, 8082, 8260B, 8270C, 8015B.) 

Atmospheric Organic Parameters (EPA TO-15) 

Biological Tissue (Inorganic Parameters: SW-846 6020 Organic Parameters: SW-846 8270C, 3510C, 3570, 
3630C, 3640A) 

New York Department of Health Certificate/Lab ID: 11627. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: SM2320B, SM2540D, EPA 200.8, 6020, 1631E, 245.1, 9014, 9040B, 
120.1, SM2510B, 4500CN-E, 4500H-B, EPA 376.2, 180.1, 9010B.  Organic Parameters: EPA 8260B, 8270C, 
8081A, 8082, 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 6020, 7196A, 3060A, 7471A, 7474, 9014, 9040B, 9045C, 
9010B. Organic Parameters: EPA 8260B, 8270C, 8081A, DRO 8015B, 8082, 1311, 1312, 3050B, 3580, 3570, 
3051, 5035, 5030B.) 

Air & Emissions (EPA TO-15.) 

Rhode Island Department of Health Certificate/Lab ID: LAO00299. NELAP Accredited via LA-DEQ. 

Refer to LA-DEQ Certificate for Non-Potable Water. 

Texas Commission of Environmental Quality Certificate/Lab ID: T104704419-08-TX. NELAP Accredited. 

Solid & Chemical Materials  (Inorganic Parameters: EPA 6020, 7470, 7471, 1311, 7196, 9014, 9040, 9045, 
9060. Organic Parameters: EPA 8015, 8270, 8260, 8081, 8082.) 

Air (Organic Parameters: EPA TO-15) 

Washington State Department of Ecology Certificate/Lab ID: C954. Non-Potable Water (Inorganic 
Parameters: SM2540D, 2510B, EPA 120.1, 180.1, 1631E, 245.7.) 

Solid & Chemical Materials  (Inorganic Parameters: EPA 9040, 9060, 6020, 7470, 7471, 7474. Organic 
Parameters: EPA 8081, 8082, 8015 Mod, 8270, 8260.) 

U.S. Army Corps of Engineers 

Department of Defense Certificate/Lab ID: L2217.01. 

Non-Potable Water (Inorganic Parameters: EPA 6020A, SM4500H-B. Organic Parameters: 3020A, 3510C, 
5030B, 8260B, 8270C, 8270C-ALK-PAH, 8082, 8081A, 8015D-SHC.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 3050B, 6020A, 7471A, 9045C, 9060, SM 
2540G,  ASTM D422-63.  Organic Parameters: EPA 3580A, 3570, 3540C, 5035A, 8260B, 8270C, 8270-ALK-
PAH, 8082, 8081A, 8015D-SHC, 8015-DRO. 

Air & Emissions (EPA TO-15.) 

Analytes Not Accredited by NELAP 
Certification is not available by NELAP for the following analytes: 8270C: Biphenyl. TO-15: Halothane, 2,4,4-
Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene, 3-Methylthiophene, 2-
Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 2-
Methylnaphthalene, 1-Methylnaphthalene. 
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Serial_No:05201116:37 

7A 

VOLATILE CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1106741 


Instrument ID: Voa100.i Calibration Date: 16-MAY-2011 Time: 06:53 


Lab File ID: 0516A01 Init. Calib. Date(s): 25-APR-2 25-APR-2 


Sample No: 8260 CCAL Init. Calib. Times : 09:44 13:42 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|dichlorodifluoromethane_______|.17722|.09566| .1| 46 | 20|F 
|chloromethane_________________|.47561|.40541| .1| 15 | 20| 
|vinyl chloride________________|.25587|.21401| .1| 16 | 20| 
|bromomethane__________________|.11538|.10227| .1| 11 | 20| 
|chloroethane__________________|.09781|.10052| .1| -3 | 20|F 
|trichlorofluoromethane________|.23634|.29153| .1| -23 | 20|F 
|ethyl ether___________________|.11802|.11862| .05| -1 | 20| 
|1,1,-dichloroethene___________|.19082|.19481| .1| -2 | 20| 
|carbon disulfide______________| .6873|.67731| .1| 1 | 20| 
|methylene chloride____________|.22954|.23349| .1| -2 | 20| 
|acetone_______________________|.18532|.23412| .1| -26 | 20|F 
|trans-1,2-dichloroethene______|.23214|.23323| .1| 0 | 20| 
|methyl tert butyl ether_______|.66033| .6437| .1| 3 | 20| 
|Diisopropyl Ether_____________|1.1677|1.5079| .05| -29 | 20|F 
|1,1-dichloroethane____________|.47925|.50289| .2| -5 | 20| 
|Ethyl-Tert-Butyl-Ether________|.86672|1.0033| .05| -16 | 20| 
|cis-1,2-dichloroethene________|.25182|.26974| .1| -7 | 20| 
|2,2-dichloropropane___________| .3202|.34058| .05| -6 | 20| 
|bromochloromethane____________| .127|.14493| .05| -14 | 20| 
|chloroform____________________|.40218|.44245| .2| -10 | 20| 
|carbontetrachloride___________| .3031|.34879| .1| -15 | 20| 
|tetrahydrofuran_______________|.18955|.21025| .05| -11 | 20| 
|1,1,1-trichloroethane_________|.35506|.37981| .1| -7 | 20| 
|2-butanone____________________|.30979|.35873| .1| -16 | 20| 
|1,1-dichloropropene___________|.29417|.29902| .05| -2 | 20| 
|benzene_______________________|.87858|.89257| .5| -2 | 20| 
|Tertiary-Amyl Methyl Ether____|.55162| .621| .05| -13 | 20| 
|1,2-dichloroethane____________|.38882|.44984| .1| -16 | 20| 
|trichloroethene_______________|.23493|.24539| .2| -4 | 20| 
|dibromomethane________________|.15392|.17331| .05| -13 | 20| 
|1,2-dichloropropane___________|.27656|.29289| .1| -6 | 20| 
|bromodichloromethane__________| .3088|.33442| .2| -8 | 20| 
|1,4-dioxane___________________|.00394|.00444| .05| -13 | 20|F 
|cis-1,3-dichloropropene_______|.36895| .3822| .2| -4 | 20| 
|toluene_______________________|.72557|.60318| .4| 17 | 20| 
|4-methyl-2-pentanone__________|.18357|.20299| .1| -11 | 20| 
|tetrachloroethene_____________|.32182|.29729| .2| 8 | 20| 
|trans-1,3-dichloropropene_____|.44423|.40603| .1| 9 | 20| 
|______________________________|______|______|_____|______|____| 
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______________________________________________________________   

Serial_No:05201116:37 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1106741 


Instrument ID: Voa100.i Calibration Date: 16-MAY-2011 Time: 06:53 


Lab File ID: 0516A01 Init. Calib. Date(s): 25-APR-2 25-APR-2 


Sample No: 8260 CCAL Init. Calib. Times : 09:44 13:42 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|1,1,2-trichloroethane_________|.22238|.19991| .1| 10 | 20| 

|chlorodibromomethane__________|.33912|.32234| .1| 5 | 20| 

|1,3-dichloropropane___________|.45079|.40528| .05| 10 | 20| 

|1,2-dibromoethane_____________|.30976|.27386| .1| 12 | 20| 

|2-hexanone____________________|.57213|.56896| .1| 1 | 20| 

|chlorobenzene_________________|.82126|.71984| .5| 12 | 20| 

|ethyl benzene_________________|1.3736|1.2040| .1| 12 | 20| 

|1,1,1,2-tetrachloroethane_____|.30271|.30009| .05| 1 | 20| 

|p/m xylene____________________|.54299|.48476| .1| 11 | 20| 

|o xylene______________________|.51795|.45791| .3| 12 | 20| 

|styrene_______________________|.85423|.74869| .3| 12 | 20| 

|bromoform_____________________|.40571|.37233| .1| 8 | 20| 

|isopropylbenzene______________|2.4838|1.9881| .1| 20 | 20| 

|bromobenzene__________________|.63736|.54654| .05| 14 | 20| 

|n-propylbenzene_______________|2.7978|2.2714| .05| 19 | 20| 

|1,1,2,2,-tetrachloroethane____|.70848|.56534| .3| 20 | 20|F 

|2-chlorotoluene_______________|1.8188|1.5156| .05| 17 | 20| 

|1,3,5-trimethybenzene_________|2.0635|1.6949| .05| 18 | 20| 

|1,2,3-trichloropropane________|.58959|.49845| .05| 15 | 20| 

|4-chorotoluene________________|1.7774|1.4455| .05| 19 | 20| 

|tert-butylbenzene_____________|1.7500|1.4446| .05| 17 | 20| 

|1,2,4-trimethylbenzene________|2.1219|1.7735| .05| 16 | 20| 

|sec-butylbenzene______________|2.6576|2.1423| .05| 19 | 20| 

|p-isopropyltoluene____________|2.1972|1.8676| .05| 15 | 20| 

|1,3-dichlorobenzene___________|1.2512|1.0605| .6| 15 | 20| 

|1,4-dichlorobenzene___________|1.2928|1.0954| .5| 15 | 20| 

|n-butylbenzene________________|2.0173|1.6405| .05| 19 | 20| 

|1,2-dichlorobenzene___________|1.2053|1.0117| .4| 16 | 20| 

|1,2-dibromo-3-chloropropane___|.18118|.15293| .05| 16 | 20| 

|hexachlorobutadiene___________|.40991|.33467| .05| 18 | 20| 

|1,2,4-trichlorobenzene________|.86394|.75822| .2| 12 | 20| 

|naphthalene___________________|2.6062|2.0947| .05| 20 | 20| 

|1,2,3-trichlorobenzene________|.80639|.70385| .05| 13 | 20| 

|==============================|======|======|=====| ==== |====| 

|dibromofluoromethane__________| .2574|.27422| .05| -7 | 30| 

|1,2-dichloroethane-d4_________|.31692|.32886| .05| -4 | 30| 

|toluene-d8____________________|1.2413|1.0996| .05| 11 | 30| 

|4-bromofluorobenzene__________|.89147|.82944| .05| 7 | 30| 

|______________________________|______|______|_____|______|____| 
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______________________________________________________________   

Serial_No:05201116:37 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1106741 


Instrument ID: Voa100.i Calibration Date: 15-MAY-2011 Time: 08:09 


Lab File ID: 0515A02 Init. Calib. Date(s): 25-APR-2 25-APR-2 


Sample No: 8260 CCAL Init. Calib. Times : 09:44 13:42 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|dichlorodifluoromethane_______|.17722|.10889| .1| 39 | 20|F 
|chloromethane_________________|.47561|.41077| .1| 14 | 20| 
|vinyl chloride________________|.25587|.23105| .1| 10 | 20| 
|bromomethane__________________|.11538|.10576| .1| 8 | 20| 
|chloroethane__________________|.09781|.10812| .1| -11 | 20|F 
|trichlorofluoromethane________|.23634|.31471| .1| -33 | 20|F 
|ethyl ether___________________|.11802|.12472| .05| -6 | 20| 
|1,1,-dichloroethene___________|.19082|.20444| .1| -7 | 20| 
|carbon disulfide______________| .6873|.69468| .1| -1 | 20| 
|methylene chloride____________|.22954| .241| .1| -5 | 20| 
|acetone_______________________|.18532|.20699| .1| -12 | 20| 
|trans-1,2-dichloroethene______|.23214| .2462| .1| -6 | 20| 
|methyl tert butyl ether_______|.66033|.66321| .1| 0 | 20| 
|Diisopropyl Ether_____________|1.1677|1.5906| .05| -36 | 20|F 
|1,1-dichloroethane____________|.47925|.51732| .2| -8 | 20| 
|Ethyl-Tert-Butyl-Ether________|.86672|1.0637| .05| -23 | 20|F 
|cis-1,2-dichloroethene________|.25182|.27389| .1| -9 | 20| 
|2,2-dichloropropane___________| .3202|.35301| .05| -10 | 20| 
|bromochloromethane____________| .127|.14546| .05| -15 | 20| 
|chloroform____________________|.40218|.43677| .2| -9 | 20| 
|carbontetrachloride___________| .3031|.36544| .1| -21 | 20|F 
|tetrahydrofuran_______________|.18955|.21729| .05| -15 | 20| 
|1,1,1-trichloroethane_________|.35506|.39341| .1| -11 | 20| 
|2-butanone____________________|.30979|.36757| .1| -19 | 20| 
|1,1-dichloropropene___________|.29417|.30968| .05| -5 | 20| 
|benzene_______________________|.87858|.91815| .5| -5 | 20| 
|Tertiary-Amyl Methyl Ether____|.55162|.65153| .05| -18 | 20| 
|1,2-dichloroethane____________|.38882|.45606| .1| -17 | 20| 
|trichloroethene_______________|.23493|.25224| .2| -7 | 20| 
|dibromomethane________________|.15392|.17682| .05| -15 | 20| 
|1,2-dichloropropane___________|.27656|.30491| .1| -10 | 20| 
|bromodichloromethane__________| .3088| .3445| .2| -12 | 20| 
|1,4-dioxane___________________|.00394|.00432| .05| -10 | 20|F 
|cis-1,3-dichloropropene_______|.36895|.38912| .2| -5 | 20| 
|toluene_______________________|.72557|.65371| .4| 10 | 20| 
|4-methyl-2-pentanone__________|.18357| .2079| .1| -13 | 20| 
|tetrachloroethene_____________|.32182|.32125| .2| 0 | 20| 
|trans-1,3-dichloropropene_____|.44423|.41683| .1| 6 | 20| 
|______________________________|______|______|_____|______|____| 
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Serial_No:05201116:37 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1106741 


Instrument ID: Voa100.i Calibration Date: 15-MAY-2011 Time: 08:09 


Lab File ID: 0515A02 Init. Calib. Date(s): 25-APR-2 25-APR-2 


Sample No: 8260 CCAL Init. Calib. Times : 09:44 13:42 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|1,1,2-trichloroethane_________|.22238| .2064| .1| 7 | 20| 

|chlorodibromomethane__________|.33912| .335| .1| 1 | 20| 

|1,3-dichloropropane___________|.45079|.41226| .05| 9 | 20| 

|1,2-dibromoethane_____________|.30976|.28341| .1| 9 | 20| 

|2-hexanone____________________|.57213|.59686| .1| -4 | 20| 

|chlorobenzene_________________|.82126|.75497| .5| 8 | 20| 

|ethyl benzene_________________|1.3736|1.2686| .1| 8 | 20| 

|1,1,1,2-tetrachloroethane_____|.30271|.30564| .05| -1 | 20| 

|p/m xylene____________________|.54299|.50496| .1| 7 | 20| 

|o xylene______________________|.51795|.49075| .3| 5 | 20| 

|styrene_______________________|.85423|.80414| .3| 6 | 20| 

|bromoform_____________________|.40571|.38255| .1| 6 | 20| 

|isopropylbenzene______________|2.4838|2.1253| .1| 14 | 20| 

|bromobenzene__________________|.63736|.56083| .05| 12 | 20| 

|n-propylbenzene_______________|2.7978|2.3765| .05| 15 | 20| 

|1,1,2,2,-tetrachloroethane____|.70848|.59068| .3| 17 | 20| 

|2-chlorotoluene_______________|1.8188|1.5694| .05| 14 | 20| 

|1,3,5-trimethybenzene_________|2.0635|1.7802| .05| 14 | 20| 

|1,2,3-trichloropropane________|.58959|.52607| .05| 11 | 20| 

|4-chorotoluene________________|1.7774|1.5036| .05| 15 | 20| 

|tert-butylbenzene_____________|1.7500|1.5408| .05| 12 | 20| 

|1,2,4-trimethylbenzene________|2.1219|1.8575| .05| 12 | 20| 

|sec-butylbenzene______________|2.6576|2.2758| .05| 14 | 20| 

|p-isopropyltoluene____________|2.1972|1.9783| .05| 10 | 20| 

|1,3-dichlorobenzene___________|1.2512|1.1058| .6| 12 | 20| 

|1,4-dichlorobenzene___________|1.2928|1.1334| .5| 12 | 20| 

|n-butylbenzene________________|2.0173|1.7407| .05| 14 | 20| 

|1,2-dichlorobenzene___________|1.2053|1.0492| .4| 13 | 20| 

|1,2-dibromo-3-chloropropane___|.18118|.14861| .05| 18 | 20| 

|hexachlorobutadiene___________|.40991|.36386| .05| 11 | 20| 

|1,2,4-trichlorobenzene________|.86394|.79234| .2| 8 | 20| 

|naphthalene___________________|2.6062|2.2383| .05| 14 | 20| 

|1,2,3-trichlorobenzene________|.80639|.74962| .05| 7 | 20| 

|==============================|======|======|=====| ==== |====| 

|dibromofluoromethane__________| .2574|.27051| .05| -5 | 30| 

|1,2-dichloroethane-d4_________|.31692|.32468| .05| -2 | 30| 

|toluene-d8____________________|1.2413|1.1138| .05| 10 | 30| 

|4-bromofluorobenzene__________|.89147|.82381| .05| 8 | 30| 

|______________________________|______|______|_____|______|____| 
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Serial_No:05271117:06 

ANALYTICAL REPORT
 

Lab Number: L1107170 

Client: Apex Companies 

184 High Street 

Suite 502 

Boston, MA 02110 

ATTN: Chet Myers 

Phone: (617) 728-0070 

Project Name: SOUTH TERMINAL NEW BEDFORD 

Project Number: 6690 

Report Date: 05/27/11 

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its 
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original. 

Certifications & Approvals: MA (M-MA086), NY NELAC (11148), CT (PH-0574), NH (2003), NJ (MA935), RI (LAO00065), ME (MA0086), 
PA (Registration #68-03671), USDA (Permit #S-72578), US Army Corps of Engineers, Naval FESC. 

Eight Walkup Drive, Westborough, MA 01581-1019 
508-898-9220 (Fax) 508-898-9193 800-624-9220 - www.alphalab.com 
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Serial_No:05271117:06 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1107170
 
Project Number: 6690 Report Date: 05/27/11
 

Alpha Sample Collection 
Sample ID Client ID Location Date/Time 

L1107170-01 B-8/MW-5 NEW BEDFORD, MA 05/06/11 13:00 
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Serial_No:05271117:06 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1107170
 

Project Number: 6690 Report Date: 05/27/11
 

MADEP MCP Response Action Analytical Report Certification 

This form provides certifications for all samples performed by MCP methods. Please refer to 
the Sample Results and Container Information sections of this report for specification of 
MCP methods used for each analysis. The following questions pertain only to MCP 
Analytical Methods.

 An affirmative response to questions A through F is required for "Presumptive Certainty" status

Were all samples received in a condition consistent with those described on the Chain-of-
Custody, properly preserved (including temperature) in the field or laboratory, and 
prepared/analyzed within method holding times? 

A YES 

Were the analytical method(s) and all associated QC requirements specified in the selected 
CAM protocol(s) followed? 

B YES 

Were all required corrective actions and analytical response actions specified in the selected 
CAM protocol(s) implemented for all identified performance standard non-conformances? 

C YES 

Does the laboratory report comply with all the reporting requirements specified in CAM VII A, 
"Quality Assurance and Quality Control Guidelines for the Acquisition and Reporting of Analytical 
Data?" 

D YES 

VPH, EPH, and APH Methods only: Was each method conducted without significant 
modification(s)? (Refer to the individual method(s) for a list of significant modifications). 

E a. N/A 

APH and TO-15 Methods only: Was the complete analyte list reported for each method?E b. N/A 

Were all applicable CAM protocol QC and performance standard non-conformances identified 
and evaluated in a laboratory narrative (including all "No" responses to Questions A through E)? 

F YES 

A response to questions G, H and I is required for "Presumptive Certainty" status 

Were the reporting limits at or below all CAM reporting limits specified in the selected CAM 
protocol(s)? 

G YES 

Were all QC performance standards specified in the CAM protocol(s) achieved?H YES 

Were results reported for the complete analyte list specified in the selected CAM protocol(s)?I YES 

For any questions answered "No", please refer to the case narrative section on the following page(s). 

Please note that sample matrix information is located in the Sample Results section of this report. 

Page 3 of 19 



                                                                        

    

    

Serial_No:05271117:06 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1107170
 
Project Number: 6690 Report Date: 05/27/11
 

Case Narrative 

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report. 

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet all of the requirements of 

NELAC, for all NELAC accredited parameters. The data presented in this report is organized by parameter (i.e. VOC, SVOC, etc.). Sample 

specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list for each individual sample, 

followed by the Laboratory Batch Quality Control at the end of each parameter. If a sample was re-analyzed or re-extracted due to a 

required quality control corrective action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is 

designated with an "R" or "RE", respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the 

associated samples for each element are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % 

recovery or RPD value that is outside the listed Acceptance Criteria is bolded in the report. Definitions of all data qualifiers and acronyms 

used in this report are provided in the Glossary located at the back of the report. 

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody. 

For additional information, please contact Client Services at 800-624-9220. 

MCP Related Narratives 

Report Submission 

All MCP required questions were answered with affirmative responses; therefore, there are no relevant 

protocol-specific QC and/or performance standard non-conformances to report. 

I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
belief and based upon my personal inquiry of those responsible for providing the information contained
 in this analytical report, such information is accurate and complete. This certificate of analysis is not
 complete unless this page accompanies any and all pages of this report.

 Authorized Signature: 

Title: Technical Director/Representative Date: 05/27/11 
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Serial_No:05271117:06 

METALS
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FF 

Project Name: 

Project Number: 

Client ID: 

Matrix: 
Sample Location: 

Lab ID: 

Parameter 

SOUTH TERMINAL NEW BEDFORD 

6690 

SAMPLE RESULTS 

B-8/MW-5 

Soil 
NEW BEDFORD, MA 

L1107170-01 

Result 
Dilution 
FactorQualifier Units RL MDL 

Lab Number: 

Report Date: 

L1107170 

05/27/11 

05/06/11 13:00Date Collected: 
05/11/11Date Received: 

Field Prep: Not Specified 

Date 
Analyzed 

Analytical 
Method 

Date 
Prepared 

Prep 
Method 

05/25/11 22:20TCLP/SPLP Ext. Date: 

Serial_No:05271117:06 

Analyst 

TCLP Metals by EPA 1311 - Westborough Lab 

Lead, TCLP 0.55 mg/l 0.50 - 1 05/27/11 15:1705/27/11 10:45 EPA 3015 1,6010B MG 
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FF Serial_No:05271117:06 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1107170 

Project Number: 6690 Report Date: 05/27/11 

Method Blank Analysis 
Batch Quality Control 

Dilution Date Date Analytical 
Parameter Result Qualifier Units RL MDL Factor Prepared Analyzed Method Analyst 

TCLP Metals by EPA 1311 - Westborough Lab  for sample(s): 01  Batch: WG470084-1 

Lead, TCLP ND mg/l 0.50 -- 1 05/27/11 10:45 05/27/11 13:05 1,6010B MG 

Prep Information 

Digestion Method: EPA 3015 

TCLP/SPLP Extraction Date: 05/25/11 22:20 
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Serial_No:05271117:06 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL NEW BEDFORD 
Batch Quality Control 

Lab Number: L1107170 

Project Number: 6690 Report Date: 05/27/11 

Parameter 
LCS 

%Recovery 
LCSD 

%RecoveryQual Qual 

TCLP Metals by EPA 1311 - Westborough Lab  Associated sample(s): 01    Batch: WG470084-2 

%Recovery 
Limits RPD Qual RPD Limits 

Lead, TCLP  100 - 75-125 - 20 

Page 8 of 19 



   

Serial_No:05271117:06 

Matrix Spike Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1107170 

Project Number: 6690 Report Date: 05/27/11 

Native MS MS MS MSD MSD Recovery RPD 
Parameter Sample Added Found %Recovery Qual Found %Recovery Qual Limits RPD Qual Limits 

TCLP Metals by EPA 1311 - Westborough Lab Associated sample(s): 01    QC Batch ID: WG470084-4    QC Sample: L1106986-01  Client ID: MS Sample 

Lead, TCLP ND 10 10  100 - - 75-125 - 20 
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Serial_No:05271117:06 

Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL NEW BEDFORD Batch Quality Control Lab Number: L1107170 

Project Number: 6690 Report Date: 05/27/11 

Parameter Native Sample Duplicate Sample Units RPD Qual RPD Limits 

TCLP Metals by EPA 1311 - Westborough Lab  Associated sample(s): 01  QC Batch ID: WG470084-3  QC Sample: L1106986-01  Client ID: DUP Sample 

Lead, TCLP ND 0.52 mg/l NC 20 
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Serial_No:05271117:06 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1107170 

Project Number: 6690 Report Date: 05/27/11 

Sample Receipt and Container Information 

Were project specific reporting limits specified? YES 

Reagent H2O Preserved Vials Frozen on: NA 

A Absent 
Cooler 
Cooler Information Custody Seal 

Container ID Container Type 

Container Information 

Cooler pH 
Temp 
deg C Pres Seal Analysis(*) 

L1107170-01A 

L1107170-01X 

Amber 120ml unpreserved 

Plastic 250ml HNO3 preserved spl 

A 

A 

N/A 

<2 

2 

2 

Y 

Y 

Absent 

Absent 

-

PB-CI(180) 

*Values in parentheses indicate holding time in days 
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Serial_No:05271117:06 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1107170
 

Project Number: 6690 Report Date: 05/27/11
 

GLOSSARY
 

Acronyms 

EPA Environmental Protection Agency.

LCS Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known
amounts of analytes or a material containing known and verified amounts of analytes. 

LCSD Laboratory Control Sample Duplicate: Refer to LCS.

LFB Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known
amounts of analytes or a material containing known and verified amounts of analytes. 

MDL Method Detection Limit: This value represents the level to which target analyte concentrations are reported as
estimated values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

MS Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of
matrix sample for which an independent estimate of target analyte concentration is available. 

MSD Matrix Spike Sample Duplicate: Refer to MS.

NA Not Applicable.

NC Not Calculated: Term is utilized when one or more of the results utilized in the calculation are non-detect at the
parameter's reporting unit. 

NI Not Ignitable.

RL Reporting Limit: The value at which an instrument can accurately measure an analyte at a specific concentration.
The RL includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

RPD Relative Percent Difference: The results from matrix and/or matrix spike duplicates are primarily designed to
assess the precision of analytical results in a given matrix and are expressed as relative percent difference (RPD). 
Values which are less than five times the reporting limit for any individual parameter are evaluated by utilizing the 
absolute difference between the values; although the RPD value will be provided in the report. 

SRM Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix
as the associated field samples.

Terms 

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: 
EPA 8260B is shown as 1,8260B.) The codes for the reference method documents are provided in the References section of 
the Addendum. 

Data Qualifiers 

A -Spectra identified as "Aldol Condensation Product". 

B -The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated 
field samples that have detectable concentrations of the analyte at less than five times (5x) the concentration found in 
the blank. For MCP-related projects, flag only applies to associated field samples that have detectable concentrations 
of the analyte at less than ten times (10x) the concentration found in the blank. For DOD-related projects, flag only 
applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) the 
concentration found in the blank AND the analyte was detected above one-half the reporting limit (or above the 
reporting limit for common lab contaminants) in the associated method blank. 

C -Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co
extracted analyses. 

D -Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable 
concentrations of the analyte. 

E -Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument. 

G -The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The 
result should be considered estimated. 

H  -The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of 

Report Format: Data Usability Report 
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Serial_No:05271117:06 

Project Name: SOUTH TERMINAL NEW BEDFORD Lab Number: L1107170
 

Project Number: 6690 Report Date: 05/27/11
 

Data Qualifiers 

sample collection. 

I  The RPD between the results for the two columns exceeds the method-specified criteria; however, the lower value 
has been reported due to obvious interference. 

P  The RPD between the results for the two columns exceeds the method-specified criteria. 

Q  The quality control sample exceeds the associated acceptance criteria. Note: This flag is not applicable for matrix 
spike recoveries when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when 
the sample concentrations are less than 5x the RL. (Metals only.) 

R  Analytical results are from sample re-analysis. 

RE   Analytical results are from sample re-extraction. 

J - Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs). 

ND  - Not detected at the reporting limit (RL) for the sample. 

Report Format: Data Usability Report 
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Serial_No:05271117:06 

Project Name: Lab Number:SOUTH TERMINAL NEW BEDFORD L1107170 

Project Number: 6690 Report Date: 05/27/11 

REFERENCES 

1 Test Methods for Evaluating Solid Waste: Physical/Chemical Methods. EPA SW-846. 
Third Edition. Updates I - IIIA, 1997. 

LIMITATION OF LIABILITIES 

Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing 
laboratory industry. In the event of an error, the sole and exclusive responsibility of Alpha Analytical 
shall be to re-perform the work at it's own expense. In no event shall Alpha Analytical be held liable 
for any incidental, consequential or special damages, including but not limited to, damages in any way 
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical. 

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling, 
containers, sampling procedures, holding time and splitting of samples in the field. 
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Serial_No:05271117:06 

Certificate/Approval Program Summary
Last revised May 23, 2011  - Westboro Facility
 

The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 


Connecticut Department of Public Health Certificate/Lab ID: PH-0574. NELAP Accredited Solid Waste/Soil. 

Drinking Water (Inorganic Parameters: Color, pH, Turbidity, Conductivity, Alkalinity, Chloride, Free Residual Chlorine, 
Fluoride, Calcium Hardness, Sulfate, Nitrate, Nitrite, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, 
Silver, Sodium, Thallium, Vanadium, Zinc, Total Dissolved Solids, Total Organic Carbon, Total Cyanide, Perchlorate. 
Organic Parameters: Volatile Organics 524.2, Total Trihalomethanes 524.2, 1,2-Dibromo-3-chloropropane (DBCP), 
Ethylene Dibromide (EDB), 1,4-Dioxane (Mod 8270). Microbiology Parameters: Total Coliform-MF mEndo (SM9222B), 
Total Coliform – Colilert (SM9223 P/A), E. Coli. – Colilert (SM9223 P/A), HPC – Pour Plate (SM9215B), Fecal Coliform – 
MF m-FC (SM9222D))  

Wastewater/Non-Potable Water (Inorganic Parameters: Color, pH, Conductivity, Acidity, Alkalinity, Chloride, Total 
Residual Chlorine, Fluoride, Total Hardness, Silica, Sulfate, Sulfide, Ammonia, Kjeldahl Nitrogen, Nitrate, Nitrite, O-
Phosphate, Total Phosphorus, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, 
Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, 
Selenium, Silver, Sodium, Strontium, Thallium, Tin, Titanium, Vanadium, Zinc, Total Residue (Solids), Total Dissolved 
Solids, Total Suspended Solids (non-filterable), BOD, CBOD, COD, TOC, Total Cyanide, Phenolics, Foaming Agents 
(MBAS), Bromide, Oil and Grease. Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, 
Toxaphene, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Acid Extractables (Phenols), Benzidines, Phthalate Esters, Nitrosamines, 
Nitroaromatics & Isophorone, Polynuclear Aromatic Hydrocarbons, Haloethers, Chlorinated Hydrocarbons, Volatile 
Organics, TPH (HEM/SGT), Extractable Petroleum Hydrocarbons (ETPH), MA-EPH, MA-VPH. Microbiology Parameters: 
Total Coliform – MF mEndo (SM9222B), Total Coliform – MTF (SM9221B), HPC – Pour Plate (SM9215B), Fecal 
Coliform – MF m-FC (SM9222D), Fecal Coliform – A-1 Broth (SM9221E).)  

Solid Waste/Soil (Inorganic Parameters: pH, Sulfide, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Tin, Vanadium, Zinc, Total Cyanide, Ignitability, 
Phenolics, Corrosivity, TCLP Leach (1311), SPLP Leach (1312 metals only), Reactivity. Organic Parameters: PCBs, 
PCBs in Oil, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Extractable Petroleum Hydrocarbons 
(ETPH), MA-EPH, MA-VPH, Dicamba, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Volatile Organics, Acid Extractables (Phenols), 
3.3’-Dichlorobenzidine, Phthalates, Nitrosamines, Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated 
Hydrocarbons. ) 

Maine Department of Human Services Certificate/Lab ID: 2009024.  

Drinking Water (Inorganic Parameters: SM9215B, 9222D, 9223B, EPA 180.1, 353.2, SM2130B, 2320B, 4500Cl-D,
 
4500CN-C, 4500CN-E, 4500F-C, 4500H+B, 4500NO3-F, EPA 200.7, EPA 200.8, 245.1, EPA 300.0. Organic
 
Parameters: 504.1, 524.2.)  


Wastewater/Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664A, 350.1, 351.1, 353.2, 410.4, 420.1, 
SM2320B, 2510B, 2540C, 2540D, 426C, 4500Cl-D, 4500Cl-E, 4500CN-C, 4500CN-E, 4500F-B, 4500F-C, 4500H+B, 
4500Norg-B, 4500Norg-C, 4500NH3-B, 4500NH3-G, 4500NH3-H, 4500NO3-F, 4500P-B, 4500P-E, 5210B, 5220D, 
5310C, EPA 200.7, 200.8, 245.1. Organic Parameters: 608, 624, ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Solid Waste/Soil (Organic Parameters: ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Massachusetts Department of Environmental Protection Certificate/Lab ID: M-MA086. 

Drinking Water (Inorganic Parameters: (EPA 200.8 for: Sb,As,Ba,Be,Cd,Cr,Cu,Pb,Ni,Se,Tl) (EPA 200.7 for: 

Ba,Be,Ca,Cd,Cr,Cu,Na,Ni)  245.1, (300.0 for:  Nitrate-N, Fluoride, Sulfate); (EPA 353.2 for: Nitrate-N, Nitrite-N);
 
(SM4500NO3-F for: Nitrate-N and Nitrite-N); 4500F-C, 4500CN-CE, EPA 180.1, SM2130B, SM4500Cl-D, 2320B, 

SM2540C, SM4500H-B. Organic Parameters: (EPA 524.2 for: Trihalomethanes, Volatile Organics); (504.1 for:  1,2
Dibromoethane, 1,2-Dibromo-3-Chloropropane), EPA 332. Microbiology Parameters: SM9215B; ENZ. SUB. SM9223;
 
ColilertQT SM9223B; MF-SM9222D.) 


Non-Potable Water (Inorganic Parameters:, (EPA 200.8 for: Al,Sb,As,Be,Cd,Cr,Cu,Pb,Mn,Ni,Se,Ag,Tl,Zn); (EPA 200.7 
for: Al,Sb,As,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Mo,Ni,K,Se,Ag,Na,Sr,Ti,Tl, V,Zn); 245.1, SM4500H,B, EPA 120.1, 
SM2510B, 2540C, 2340B, 2320B, 4500CL-E, 4500F-BC, 426C, SM4500NH3-BH, (EPA 350.1 for:  Ammonia-N), 
LACHAT 10-107-06-1-B for Ammonia-N, SM4500NO3-F, 353.2 for Nitrate-N, SM4500NH3-BC-NES, EPA 351.1, 
SM4500P-E, 4500P-B,E, 5220D, EPA 410.4, SM 5210B, 5310C, 4500CL-D, EPA 1664, SM14 510AC, EPA 420.1, 
SM4500-CN-CE, SM2540D. 
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Serial_No:05271117:06 

Organic Parameters: (EPA 624 for Volatile Halocarbons, Volatile Aromatics),(608 for:  Chlordane, Aldrin, Dieldrin, DDD, 
DDE, DDT, Heptachlor, Heptachlor Epoxide, PCBs-Water), (EPA 625 for SVOC Acid Extractables and SVOC 
Base/Neutral Extractables), 600/4-81-045-PCB-Oil.  Microbiology Parameters: (ColilertQT SM9223B;Enterolert-QT: 
SM9222D-MF.)  

New Hampshire Department of Environmental Services Certificate/Lab ID: 200307. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM 9222B, 9223B, 9215B, EPA 200.7, 200.8, 245.2, 300.0, SM4500CN-E, 

4500H+B, 4500NO3-F, 2320B, 2510B, 2540C, 4500F-C, 5310C, 2120B, EPA 332.0. Organic Parameters: 504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM9222D, 9221B, 9222B, 9221E-EC, EPA 3005A, 200.7, 200.8, 245.1, 
245.2, SW-846 6010B, 6020, 7196A, 7470A, SM3500-CR-D, EPA 120.1, 300.0, 350.1, 351.1, 353.2, 410.4, 420.1, 
1664A, SW-846 9010, 9030, 9040B, 9050A, SM426C, SM2120B, 2310B, 2320B, 2540B, 2540D, 4500H+B, 4500CL-E, 
4500CN-E, 4500NH3-H, 4500NO3-F, 4500NO2-B, 4500P-E, 4500-S2-D, 5210B, 5220D, 2510B, 2540C, 4500F-C, 
5310C, 5540C, LACHAT 10-204-00-1-A, LACHAT 10-107-06-2-D. Organic Parameters: SW-846 3510C, 5030B, 8260B, 
8270C, 8330, EPA 624, 625, 608, SW-846 8082, 8081A, 8151A.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846 6010B, 7196A, 7471A, 1010, 1030, 9010, 9012A, 9014, 
9030B, 9040B, 9045C, 9050C, 9065,1311, 1312, 3005A, 3050B. Organic Parameters: SW-846 3540C,  3546, 3580A, 
5030B, 5035, 8260B, 8270C, 8330, 8151A, 8015B, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA935. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9222B, 9221E, 9223B, 9215B, 4500CN-CE, 4500NO3-F, 4500F-C, EPA
 
300.0, 200.7, 200.8, 245.2, 2540C, SM2120B, 2320B, 2510B, 5310C, SM4500H-B. Organic Parameters: EPA 332,
 
504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM5210B, EPA 410.4, SM5220D, 4500Cl-E, EPA 300.0, SM2120B, 
SM4500F-BC, EPA 200.7, 351.1, LACHAT 10-107-06-2-D, EPA 353.2, SM4500NO3-F, 4500NO2-B, EPA 1664A, 
SM5310B, C or D, 4500-PE, EPA 420.1, SM510ABC, SM4500P-B5+E, 2540B, 2540C, 2540D, EPA 120.1, SM2510B, 
SM15 426C, 9222D, 9221B, 9221C, 9221E, 9222B, 9215B, 2310B, 2320B, 4500NH3-H, 4500-S D, EPA 350.1, 350.2, 
SW-846 1312, 6020, 7470A, 5540C, 4500H-B, EPA 200.8, SM3500Cr-D, 4500CN-CE, EPA 245.1, 245.2, SW-846 
9040B, 3005A, EPA 6010B, 7196A, SW-846 9010B, 9030B. Organic Parameters: SW-846 8260B, 8270C, 8270C-SIM, 
3510C, EPA 608, 624, 625, SW-846 3630C, 5030B, 8081A, 8082, 8151A, 8330, NJ OQA-QAM-025 Rev.7, NJ EPH.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846, 6010B, 7196A, 9010B, 9030B, 1010, 1030, 1311, 1312, 
3005A, 3050B, 7471A, 9014, 9012A, 9040B, 9045C, 9050A, 9065. Organic Parameters: SW-846 8015B, 8081A, 8082, 
8151A, 8330, 8260B, 8270C, 8270C-SIM, 3540C, 3545, 3546, 3550B, 3580A, 3630C, 5030B, 5035L, 5035H, NJ OQA
QAM-025 Rev.7, NJ EPH.) 

New York Department of Health Certificate/Lab ID: 11148. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9223B, 9222B, 9215B, EPA 200.8, 200.7, 245.2, SM5310C, EPA 332.0, 

SM2320B, EPA 300.0, SM2120B, 4500CN-E, 4500F-C, 4500H-B, 4500NO3-F, 2540C, SM 2510B. Organic Parameters: 

EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: SM9221E, 9222D, 9221B, 9222B, 9215B, 5210B, 5310C, EPA 410.4, 
SM5220D, 2310B-4a, 2320B, EPA 200.7, 300.0, SM4500CL-E, 4500F-C, SM15 426C, EPA 350.1, SM4500NH3-BH, 
EPA 351.1, LACHAT 10-107-06-2, EPA 353.2, LACHAT 10-107-04-1-C, SM4500-NO3-F, 4500-NO2-B, 4500P-E, 
2540C, 2540B, 2540D, EPA 200.8, EPA 6010B, 6020, EPA 7196A, SM3500Cr-D, EPA 245.1, 245.2, 7470A, SM2120B, 
LACHAT 10-204-00-1-A, EPA 9040B, SM4500-HB, EPA 1664A, EPA 420.1, SM14 510C, EPA 120.1, SM2510B, 
SM4500S-D, SM5540C, EPA 3005A, 9010B, 9030B.. Organic Parameters: EPA 624, 8260B, 8270C, 625, 608, 8081A, 
8151A, 8330, 8082, EPA 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: 1010, 1030, EPA 6010B, 7196A, 7471A, 9012A, 9014, 9040B, 9045C, 
9065, 9050, EPA 1311, 1312, 3005A, 3050B, 9010B, 9030B. Organic Parameters: EPA 8260B, 8270C, 8015B, 8081A, 
8151A, 8330, 8082, 3540C, 3545, 3546, 3580, 5030B, 5035.)  

North Carolina Department of the Environment and Natural Resources Certificate/Lab ID : 666. Organic 
Parameters: MA-EPH, MA-VPH. 

Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-03671. NELAP Accredited. 
Drinking Water (Organic Parameters: EPA 524.2) 

Non-Potable Water (Inorganic Parameters: EPA 1312. Organic Parameters: EPA 3510C, 5030B, 625, 624, 608, 8081A, 
8082, 8151A, 8260B, 8270C, 8330) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 350.1, 1010, 1030, 1311, 1312, 3050B, 6010B, 7196A, 7471A, 
9010B, 9012A, 9014, 9040B, 9045C, 9050, 9065, SM 4500NH3-H.  Organic Parameters: 3540C, 3545, 3546, 3550B, 
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3580A, 3630C, 5035, 8015B, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 


Rhode Island Department of Health Certificate/Lab ID: LAO00065. NELAP Accredited via NY-DOH.
 
Refer to MA-DEP Certificate for Potable and Non-Potable Water.  

Refer to NJ-DEP Certificate for Potable and Non-Potable Water.  


Texas Commisson on Environmental Quality Certificate/Lab ID: T104704476-09-1. NELAP Accredited. 
Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664, 200.7, 200.8, 245.1, 245.2, 300.0, 350.1, 351.1, 353.2, 
376.2, 410.4, 420.1, 6010, 6020, 7196, 7470, 9040, SM 2120B, 2310B, 2320B, 2510B, 2540B, 2540C, 2540D, 426C, 
4500CL-E, 4500CN-E, 4500F-C, 4500H+B, 4500NH3-H, 4500NO2B, 4500P-E, 4500 S2¯D, 510C, 5210B, 5220D, 
5310C, 5540C. Organic Parameters: EPA 608, 624, 625, 8081, 8082, 8151, 8260, 8270, 8330.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 9012, 9014, 9040, 9045, 9050, 9065.) 

Department of Defense Certificate/Lab ID: L2217. 

Drinking Water (Inorganic Parameters: SM 4500H-B. Organic Parameters: EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: EPA 200.7, 200.8, 6010B, 6020, 245.1, 245.2, 7470A, 9040B, 300.0, 332.0, 
6860, 353.2, 410.4, 9060, 1664A, SM 4500CN-E, 4500H-B, 4500NO3-F, 5220D, 5310C, 2320B, 2540C, 3005A, 3015, 
9010B, 9056. Organic Parameters: EPA 8260B, 8270C, 8330A, 625, 8082, 8081A, 3510C, 5030B, MassDEP EPH, 
MassDEP VPH.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 200.7, 6010B, 7471A, 9010, 9012A, 6860, 1311, 1312, 3050B, 
7196A, 9010B, 3500-CR-D, 4500CN-CE, 2540G, Organic Parameters: EPA 8260B, 8270C, 8330A/B-prep, 8082, 
8081A, 3540C, 3546, 3580A, 5035A, MassDEP EPH, MassDEP VPH.) 

The following analytes are not included in our current NELAP/TNI Scope of Accreditation: 

EPA 8260B:  Freon-113, 1,2,4,5-Tetramethylbenzene, 4-Ethyltoluene.  EPA 8330A:  PETN, Picric Acid, Nitroglycerine, 

2,6-DANT,  2,4-DANT.  EPA 8270C:  Methyl naphthalene, Dimethyl naphthalene, Total Methylnapthalenes, Total 

Dimethylnaphthalenes, 1,4-Diphenylhydrazine (Azobenzene). EPA 625:  4-Chloroaniline. Total Phosphorus in a soil
 
matrix, Chloride in a soil matrix, TKN in a soil matrix, NO2 in a soil matrix, NO3 in a soil matrix, SO4 in a soil matrix. 
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Serial_No:07131118:04 

ANALYTICAL REPORT
 

Lab Number:	 L1109751 

Client:	 Apex Companies 

184 High Street 

Suite 502 

Boston, MA 02110 

ATTN: Chet Myers 

Phone: (617) 728-0070 

Project Name: SOUTH TERMINAL 

Project Number: 6690 

Report Date: 07/13/11 

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its 
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original. 

Certifications & Approvals: MA (M-MA086), NY NELAC (11148), CT (PH-0574), NH (2003), NJ (MA935), RI (LAO00065), ME (MA0086), 
PA (Registration #68-03671), USDA (Permit #S-72578), US Army Corps of Engineers, Naval FESC. 

Eight Walkup Drive, Westborough, MA 01581-1019 
508-898-9220 (Fax) 508-898-9193 800-624-9220 - www.alphalab.com 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 
Project Number: 6690 Report Date: 07/13/11
 

Alpha 
Sample ID 

L1109751-01 

L1109751-02 

L1109751-03 

L1109751-04 

L1109751-05 

L1109751-06 

Client ID 

TRIP BLANK 

MW-1 

MW-2 

MW-8 

MW-7 

MW-6 

Sample 
Location 

NEW BEDFORD, MA 

NEW BEDFORD, MA 

NEW BEDFORD, MA 

NEW BEDFORD, MA 

NEW BEDFORD, MA 

NEW BEDFORD, MA 

Collection 
Date/Time 

06/28/11 00:00 

06/28/11 12:35 

06/28/11 14:00 

06/28/11 15:15 

06/29/11 10:37 

06/29/11 13:17 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

MADEP MCP Response Action Analytical Report Certification 

This form provides certifications for all samples performed by MCP methods. Please refer to 
the Sample Results and Container Information sections of this report for specification of 
MCP methods used for each analysis. The following questions pertain only to MCP 
Analytical Methods.

 An affirmative response to questions A through F is required for "Presumptive Certainty" status

Were all samples received in a condition consistent with those described on the Chain-of-
Custody, properly preserved (including temperature) in the field or laboratory, and 
prepared/analyzed within method holding times? 

A YES 

Were the analytical method(s) and all associated QC requirements specified in the selected 
CAM protocol(s) followed? 

B YES 

Were all required corrective actions and analytical response actions specified in the selected 
CAM protocol(s) implemented for all identified performance standard non-conformances? 

C YES 

Does the laboratory report comply with all the reporting requirements specified in CAM VII A, 
"Quality Assurance and Quality Control Guidelines for the Acquisition and Reporting of Analytical 
Data?" 

D YES 

VPH, EPH, and APH Methods only: Was each method conducted without significant 
modification(s)? (Refer to the individual method(s) for a list of significant modifications). 

E a. YES 

APH and TO-15 Methods only: Was the complete analyte list reported for each method?E b. N/A 

Were all applicable CAM protocol QC and performance standard non-conformances identified 
and evaluated in a laboratory narrative (including all "No" responses to Questions A through E)? 

F YES 

A response to questions G, H and I is required for "Presumptive Certainty" status 

Were the reporting limits at or below all CAM reporting limits specified in the selected CAM 
protocol(s)? 

G NO 

Were all QC performance standards specified in the CAM protocol(s) achieved?H NO 

Were results reported for the complete analyte list specified in the selected CAM protocol(s)?I NO 

For any questions answered "No", please refer to the case narrative section on the following page(s). 

Please note that sample matrix information is located in the Sample Results section of this report. 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 
Project Number: 6690 Report Date: 07/13/11
 

Case Narrative 

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report. 

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet all of the requirements of 

NELAC, for all NELAC accredited parameters. The data presented in this report is organized by parameter (i.e. VOC, SVOC, etc.). Sample 

specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list for each individual sample, 

followed by the Laboratory Batch Quality Control at the end of each parameter. If a sample was re-analyzed or re-extracted due to a 

required quality control corrective action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is 

designated with an "R" or "RE", respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the 

associated samples for each element are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % 

recovery or RPD value that is outside the listed Acceptance Criteria is bolded in the report. Definitions of all data qualifiers and acronyms 

used in this report are provided in the Glossary located at the back of the report. 

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody. 

For additional information, please contact Client Services at 800-624-9220. 

Report Submission 

This final report replaces the partial report issued July 12, 2011 and includes the results of all requested 

analyses. 

MCP Related Narratives 

Sample Receipt 

The samples were Field Filtered for Dissolved Metals only. 

The samples were received above the appropriate pH for the Metals analysis. The laboratory added additional 

HNO3 to a pH <2. 

Volatile Organics 

L1109751-05 has elevated detection limits due to the dilution required by the elevated concentrations of target 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 
Project Number: 6690 Report Date: 07/13/11
 

Case Narrative (continued) 

compounds in the sample. 

In reference to question G: 

One or more of the target analytes did not achieve the requested CAM reporting limits. 

In reference to question H: 

The WG477573-1/-2 LCS/LCSD recoveries, associated with L1109751-02 through -05, are below the 

acceptance criteria for Bromomethane (53%/56%); however, it has been identified as a "difficult" analyte and is 

within the 40-160% acceptance limits. The results of the associated samples are reported; however, all results 

are considered to have a potentially low bias for this compound. 

The WG477573-1/-2 LCS/LCSD RPD, associated with L1109751-02 through -05, are above the acceptance 

criteria for Naphthalene (25%); however, the individual LCS/LCSD recoveries are within method limits. 

The WG477900-1/-2 LCS/LCSD recoveries, associated with L1109751-01 and -06, are below the acceptance 

criteria for Bromomethane (50%/53%); however, it has been identified as a "difficult" analyte and is within the 

40-160% acceptance limits. The results of the associated samples are reported; however, all results are 

considered to have a potentially low bias for this compound. 

The WG477900-1/-2 LCS/LCSD RPD, associated with L1109751-01 and -06, is above the acceptance criteria 

for 2-Hexanone (24%); however, the individual LCS/LCSD recoveries are within method limits. 

The initial calibration, associated with L1109751-01 through -06, did not meet the method required minimum 

response factors on the lowest calibration standards for 1,4-Dioxane (0.00293), as well as the average 

response factor for 1,4-Dioxane. In addition, a quadratic fit was utilized for Acetone. 

The continuing calibration standards, associated with L1109751-01 through -06, are outside the acceptance 

criteria for several compounds; however, they are within overall method allowances. Copies of the continuing 

calibration standards are included as addenda to this report. 

Semivolatile Organics 

In reference to question H: 

The WG476803-2/-3 LCS/LCSD recoveries, associated with L1109751-02 through -06, are outside the 

individual acceptance criteria for several compounds, but within the overall method allowances. The results of 

the associated samples are reported; however, all results are considered to have a potentially high bias for 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 
Project Number: 6690 Report Date: 07/13/11
 

Case Narrative (continued)

2,4-Dinitrophenol (144%/140%) and a potentially low bias for Aniline (36%/31%) and Phenol (29%/28%).
 

Semivolatile Organics - SIM
 

L1109751-05 has elevated detection limits due to the dilution required by the elevated concentrations of target 


compounds in the sample. 


In reference to question G:
 

L1109751-05: One or more of the target analytes did not achieve the requested CAM reporting limits.
 

In reference to question H:
 

The surrogate recoveries for L1109751-05 are below the acceptance criteria for 2-fluorophenol, Phenol-d6, 


Nitrobenzene-d5, 2-Fluorobiphenyl, 2,4,6-Tribromophenol, and 4-Terphenyl-d14 (all 0%) due to the dilution 


required to quantitate the sample. Re-extraction was not required; therefore, the results of the original analysis 


are reported.
 

VPH
 

L1109751-05 has elevated detection limits due to the dilution required by the elevated concentrations of target 


compounds in the sample.
 

In reference to question G:
 

L1109751-05: One or more of the target analytes did not achieve the requested CAM reporting limits.
 

In reference to question I: 


All samples were analyzed for a subset of MCP compounds per the Chain of Custody.
 

EPH
 

In reference to question I: 


All samples were analyzed for a subset of MCP compounds per the Chain of Custody.
 

Metals
 

In reference to question I: 


All samples were analyzed for a subset of MCP elements per the Chain of Custody.
 

I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
belief and based upon my personal inquiry of those responsible for providing the information contained
 in this analytical report, such information is accurate and complete. This certificate of analysis is not
 complete unless this page accompanies any and all pages of this report.

 Authorized Signature: 

Title: Technical Director/Representative Date: 07/13/11 
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FF Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 
SAMPLE RESULTS
 

Lab ID: L1109751-01 Date Collected: 06/28/11 00:00 
Client ID: TRIP BLANK Date Received: 06/30/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 
Matrix: Water 
Analytical Method: 97,8260B 
Analytical Date: 07/08/11 09:16 
Analyst: MM 

Parameter Result Qualifier Units RL MDL Dilution Factor 

MCP Volatile Organics - Westborough Lab 

Methylene chloride 

1,1-Dichloroethane 

Chloroform 

Carbon tetrachloride 

1,2-Dichloropropane 

Dibromochloromethane 

1,1,2-Trichloroethane 

Tetrachloroethene 

Chlorobenzene 

Trichlorofluoromethane 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Bromodichloromethane 

trans-1,3-Dichloropropene 

cis-1,3-Dichloropropene 

1,1-Dichloropropene 

Bromoform 

1,1,2,2-Tetrachloroethane 

Benzene 

Toluene 

Ethylbenzene 

Chloromethane 

Bromomethane 

Vinyl chloride 

Chloroethane 

1,1-Dichloroethene 

trans-1,2-Dichloroethene 

Trichloroethene 

1,2-Dichlorobenzene 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

2.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

2.0 

1.0 

1.0 

1.0 

0.50 

0.50 

2.0 

2.0 

1.0 

0.50 

1.0 

1.0 

2.0 

2.0 

1.0 

2.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 
SAMPLE RESULTS
 

L1109751-01Lab ID: Date Collected: 06/28/11 00:00 
TRIP BLANKClient ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methyl tert butyl ether ND ug/l 2.0 - 1 

p/m-Xylene ND ug/l 2.0 - 1 

o-Xylene ND ug/l 1.0 - 1 

cis-1,2-Dichloroethene ND ug/l 1.0 - 1 

Dibromomethane ND ug/l 2.0 - 1 

1,2,3-Trichloropropane ND ug/l 2.0 - 1 

Styrene ND ug/l 1.0 - 1 

Dichlorodifluoromethane ND ug/l 2.0 - 1 

Acetone ND ug/l 5.0 - 1 

Carbon disulfide ND ug/l 2.0 - 1 

2-Butanone ND ug/l 5.0 - 1 

4-Methyl-2-pentanone ND ug/l 5.0 - 1 

2-Hexanone ND ug/l 5.0 - 1 

Bromochloromethane ND ug/l 2.0 - 1 

Tetrahydrofuran ND ug/l 5.0 - 1 

2,2-Dichloropropane ND ug/l 2.0 - 1 

1,2-Dibromoethane ND ug/l 2.0 - 1 

1,3-Dichloropropane ND ug/l 2.0 - 1 

1,1,1,2-Tetrachloroethane ND ug/l 1.0 - 1 

Bromobenzene ND ug/l 2.0 - 1 

n-Butylbenzene ND ug/l 2.0 - 1 

sec-Butylbenzene ND ug/l 2.0 - 1 

tert-Butylbenzene ND ug/l 2.0 - 1 

o-Chlorotoluene ND ug/l 2.0 - 1 

p-Chlorotoluene ND ug/l 2.0 - 1 

1,2-Dibromo-3-chloropropane ND ug/l 2.0 - 1 

Hexachlorobutadiene ND ug/l 0.60 - 1 

Isopropylbenzene ND ug/l 2.0 - 1 

p-Isopropyltoluene ND ug/l 2.0 - 1 

Naphthalene ND ug/l 2.0 - 1 

n-Propylbenzene ND ug/l 2.0 - 1 

1,2,3-Trichlorobenzene ND ug/l 2.0 - 1 

1,2,4-Trichlorobenzene ND ug/l 2.0 - 1 

1,3,5-Trimethylbenzene ND ug/l 2.0 - 1 

1,2,4-Trimethylbenzene ND ug/l 2.0 - 1 

Ethyl ether ND ug/l 2.0 - 1 

Isopropyl Ether ND ug/l 2.0 - 1 

Ethyl-Tert-Butyl-Ether ND ug/l 2.0 - 1 

Tertiary-Amyl Methyl Ether ND ug/l 2.0 - 1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS
 

L1109751-01Lab ID: Date Collected: 06/28/11 00:00 
TRIP BLANKClient ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

1,4-Dioxane ND ug/l 250 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

105 

99 

111 

101 

70-130 

70-130 

70-130 

70-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

L1109751-02Lab ID: Date Collected: 06/28/11 12:35 
MW-1Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Matrix: Water 
Analytical Method: 97,8260B 
Analytical Date: 07/07/11 14:03 
Analyst: MM 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methylene chloride ND ug/l 2.0 - 1 

1,1-Dichloroethane ND ug/l 1.0 - 1 

Chloroform ND ug/l 1.0 - 1 

Carbon tetrachloride ND ug/l 1.0 - 1 

1,2-Dichloropropane ND ug/l 1.0 - 1 

Dibromochloromethane ND ug/l 1.0 - 1 

1,1,2-Trichloroethane ND ug/l 1.0 - 1 

Tetrachloroethene ND ug/l 1.0 - 1 

Chlorobenzene ND ug/l 1.0 - 1 

Trichlorofluoromethane ND ug/l 2.0 - 1 

1,2-Dichloroethane ND ug/l 1.0 - 1 

1,1,1-Trichloroethane ND ug/l 1.0 - 1 

Bromodichloromethane ND ug/l 1.0 - 1 

trans-1,3-Dichloropropene ND ug/l 0.50 - 1 

cis-1,3-Dichloropropene ND ug/l 0.50 - 1 

1,1-Dichloropropene ND ug/l 2.0 - 1 

Bromoform ND ug/l 2.0 - 1 

1,1,2,2-Tetrachloroethane ND ug/l 1.0 - 1 

Benzene ND ug/l 0.50 - 1 

Toluene ND ug/l 1.0 - 1 

Ethylbenzene ND ug/l 1.0 - 1 

Chloromethane ND ug/l 2.0 - 1 

Bromomethane ND ug/l 2.0 - 1 

Vinyl chloride ND ug/l 1.0 - 1 

Chloroethane ND ug/l 2.0 - 1 

1,1-Dichloroethene ND ug/l 1.0 - 1 

trans-1,2-Dichloroethene ND ug/l 1.0 - 1 

Trichloroethene ND ug/l 1.0 - 1 

1,2-Dichlorobenzene ND ug/l 1.0 - 1 

1,3-Dichlorobenzene ND ug/l 1.0 - 1 

1,4-Dichlorobenzene ND ug/l 1.0 - 1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 
SAMPLE RESULTS
 

L1109751-02Lab ID: Date Collected: 06/28/11 12:35 
MW-1Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methyl tert butyl ether ND ug/l 2.0 - 1 

p/m-Xylene ND ug/l 2.0 - 1 

o-Xylene ND ug/l 1.0 - 1 

cis-1,2-Dichloroethene ND ug/l 1.0 - 1 

Dibromomethane ND ug/l 2.0 - 1 

1,2,3-Trichloropropane ND ug/l 2.0 - 1 

Styrene ND ug/l 1.0 - 1 

Dichlorodifluoromethane ND ug/l 2.0 - 1 

Acetone ND ug/l 5.0 - 1 

Carbon disulfide ND ug/l 2.0 - 1 

2-Butanone ND ug/l 5.0 - 1 

4-Methyl-2-pentanone ND ug/l 5.0 - 1 

2-Hexanone ND ug/l 5.0 - 1 

Bromochloromethane ND ug/l 2.0 - 1 

Tetrahydrofuran ND ug/l 5.0 - 1 

2,2-Dichloropropane ND ug/l 2.0 - 1 

1,2-Dibromoethane ND ug/l 2.0 - 1 

1,3-Dichloropropane ND ug/l 2.0 - 1 

1,1,1,2-Tetrachloroethane ND ug/l 1.0 - 1 

Bromobenzene ND ug/l 2.0 - 1 

n-Butylbenzene ND ug/l 2.0 - 1 

sec-Butylbenzene ND ug/l 2.0 - 1 

tert-Butylbenzene ND ug/l 2.0 - 1 

o-Chlorotoluene ND ug/l 2.0 - 1 

p-Chlorotoluene ND ug/l 2.0 - 1 

1,2-Dibromo-3-chloropropane ND ug/l 2.0 - 1 

Hexachlorobutadiene ND ug/l 0.60 - 1 

Isopropylbenzene ND ug/l 2.0 - 1 

p-Isopropyltoluene ND ug/l 2.0 - 1 

Naphthalene ND ug/l 2.0 - 1 

n-Propylbenzene ND ug/l 2.0 - 1 

1,2,3-Trichlorobenzene ND ug/l 2.0 - 1 

1,2,4-Trichlorobenzene ND ug/l 2.0 - 1 

1,3,5-Trimethylbenzene ND ug/l 2.0 - 1 

1,2,4-Trimethylbenzene ND ug/l 2.0 - 1 

Ethyl ether ND ug/l 2.0 - 1 

Isopropyl Ether ND ug/l 2.0 - 1 

Ethyl-Tert-Butyl-Ether ND ug/l 2.0 - 1 

Tertiary-Amyl Methyl Ether ND ug/l 2.0 - 1 

Page 13 of 110 



Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS
 

L1109751-02Lab ID: Date Collected: 06/28/11 12:35 
MW-1Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

1,4-Dioxane ND ug/l 250 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

108 

99 

114 

97 

70-130 

70-130 

70-130 

70-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

L1109751-03Lab ID: Date Collected: 06/28/11 14:00 
MW-2Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Matrix: Water 
Analytical Method: 97,8260B 
Analytical Date: 07/07/11 14:36 
Analyst: MM 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methylene chloride ND ug/l 2.0 - 1 

1,1-Dichloroethane ND ug/l 1.0 - 1 

Chloroform ND ug/l 1.0 - 1 

Carbon tetrachloride ND ug/l 1.0 - 1 

1,2-Dichloropropane ND ug/l 1.0 - 1 

Dibromochloromethane ND ug/l 1.0 - 1 

1,1,2-Trichloroethane ND ug/l 1.0 - 1 

Tetrachloroethene ND ug/l 1.0 - 1 

Chlorobenzene ND ug/l 1.0 - 1 

Trichlorofluoromethane ND ug/l 2.0 - 1 

1,2-Dichloroethane ND ug/l 1.0 - 1 

1,1,1-Trichloroethane ND ug/l 1.0 - 1 

Bromodichloromethane ND ug/l 1.0 - 1 

trans-1,3-Dichloropropene ND ug/l 0.50 - 1 

cis-1,3-Dichloropropene ND ug/l 0.50 - 1 

1,1-Dichloropropene ND ug/l 2.0 - 1 

Bromoform ND ug/l 2.0 - 1 

1,1,2,2-Tetrachloroethane ND ug/l 1.0 - 1 

Benzene ND ug/l 0.50 - 1 

Toluene ND ug/l 1.0 - 1 

Ethylbenzene ND ug/l 1.0 - 1 

Chloromethane ND ug/l 2.0 - 1 

Bromomethane ND ug/l 2.0 - 1 

Vinyl chloride ND ug/l 1.0 - 1 

Chloroethane ND ug/l 2.0 - 1 

1,1-Dichloroethene ND ug/l 1.0 - 1 

trans-1,2-Dichloroethene ND ug/l 1.0 - 1 

Trichloroethene ND ug/l 1.0 - 1 

1,2-Dichlorobenzene ND ug/l 1.0 - 1 

1,3-Dichlorobenzene ND ug/l 1.0 - 1 

1,4-Dichlorobenzene ND ug/l 1.0 - 1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 
SAMPLE RESULTS
 

L1109751-03Lab ID: Date Collected: 06/28/11 14:00 
MW-2Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methyl tert butyl ether ND ug/l 2.0 - 1 

p/m-Xylene ND ug/l 2.0 - 1 

o-Xylene ND ug/l 1.0 - 1 

cis-1,2-Dichloroethene ND ug/l 1.0 - 1 

Dibromomethane ND ug/l 2.0 - 1 

1,2,3-Trichloropropane ND ug/l 2.0 - 1 

Styrene ND ug/l 1.0 - 1 

Dichlorodifluoromethane ND ug/l 2.0 - 1 

Acetone ND ug/l 5.0 - 1 

Carbon disulfide ND ug/l 2.0 - 1 

2-Butanone ND ug/l 5.0 - 1 

4-Methyl-2-pentanone ND ug/l 5.0 - 1 

2-Hexanone ND ug/l 5.0 - 1 

Bromochloromethane ND ug/l 2.0 - 1 

Tetrahydrofuran ND ug/l 5.0 - 1 

2,2-Dichloropropane ND ug/l 2.0 - 1 

1,2-Dibromoethane ND ug/l 2.0 - 1 

1,3-Dichloropropane ND ug/l 2.0 - 1 

1,1,1,2-Tetrachloroethane ND ug/l 1.0 - 1 

Bromobenzene ND ug/l 2.0 - 1 

n-Butylbenzene ND ug/l 2.0 - 1 

sec-Butylbenzene ND ug/l 2.0 - 1 

tert-Butylbenzene ND ug/l 2.0 - 1 

o-Chlorotoluene ND ug/l 2.0 - 1 

p-Chlorotoluene ND ug/l 2.0 - 1 

1,2-Dibromo-3-chloropropane ND ug/l 2.0 - 1 

Hexachlorobutadiene ND ug/l 0.60 - 1 

Isopropylbenzene ND ug/l 2.0 - 1 

p-Isopropyltoluene ND ug/l 2.0 - 1 

Naphthalene ND ug/l 2.0 - 1 

n-Propylbenzene ND ug/l 2.0 - 1 

1,2,3-Trichlorobenzene ND ug/l 2.0 - 1 

1,2,4-Trichlorobenzene ND ug/l 2.0 - 1 

1,3,5-Trimethylbenzene ND ug/l 2.0 - 1 

1,2,4-Trimethylbenzene ND ug/l 2.0 - 1 

Ethyl ether ND ug/l 2.0 - 1 

Isopropyl Ether ND ug/l 2.0 - 1 

Ethyl-Tert-Butyl-Ether ND ug/l 2.0 - 1 

Tertiary-Amyl Methyl Ether ND ug/l 2.0 - 1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS
 

L1109751-03Lab ID: Date Collected: 06/28/11 14:00 
MW-2Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

1,4-Dioxane ND ug/l 250 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

108 

100 

121 

100 

70-130 

70-130 

70-130 

70-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

L1109751-04Lab ID: Date Collected: 06/28/11 15:15 
MW-8Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Matrix: Water 
Analytical Method: 97,8260B 
Analytical Date: 07/07/11 15:08 
Analyst: MM 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methylene chloride ND ug/l 2.0 - 1 

1,1-Dichloroethane ND ug/l 1.0 - 1 

Chloroform ND ug/l 1.0 - 1 

Carbon tetrachloride ND ug/l 1.0 - 1 

1,2-Dichloropropane ND ug/l 1.0 - 1 

Dibromochloromethane ND ug/l 1.0 - 1 

1,1,2-Trichloroethane ND ug/l 1.0 - 1 

Tetrachloroethene ND ug/l 1.0 - 1 

Chlorobenzene ND ug/l 1.0 - 1 

Trichlorofluoromethane ND ug/l 2.0 - 1 

1,2-Dichloroethane ND ug/l 1.0 - 1 

1,1,1-Trichloroethane ND ug/l 1.0 - 1 

Bromodichloromethane ND ug/l 1.0 - 1 

trans-1,3-Dichloropropene ND ug/l 0.50 - 1 

cis-1,3-Dichloropropene ND ug/l 0.50 - 1 

1,1-Dichloropropene ND ug/l 2.0 - 1 

Bromoform ND ug/l 2.0 - 1 

1,1,2,2-Tetrachloroethane ND ug/l 1.0 - 1 

Benzene ND ug/l 0.50 - 1 

Toluene ND ug/l 1.0 - 1 

Ethylbenzene ND ug/l 1.0 - 1 

Chloromethane ND ug/l 2.0 - 1 

Bromomethane ND ug/l 2.0 - 1 

Vinyl chloride ND ug/l 1.0 - 1 

Chloroethane ND ug/l 2.0 - 1 

1,1-Dichloroethene ND ug/l 1.0 - 1 

trans-1,2-Dichloroethene ND ug/l 1.0 - 1 

Trichloroethene ND ug/l 1.0 - 1 

1,2-Dichlorobenzene ND ug/l 1.0 - 1 

1,3-Dichlorobenzene ND ug/l 1.0 - 1 

1,4-Dichlorobenzene ND ug/l 1.0 - 1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 
SAMPLE RESULTS
 

L1109751-04Lab ID: Date Collected: 06/28/11 15:15 
MW-8Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methyl tert butyl ether ND ug/l 2.0 - 1 

p/m-Xylene ND ug/l 2.0 - 1 

o-Xylene ND ug/l 1.0 - 1 

cis-1,2-Dichloroethene ND ug/l 1.0 - 1 

Dibromomethane ND ug/l 2.0 - 1 

1,2,3-Trichloropropane ND ug/l 2.0 - 1 

Styrene ND ug/l 1.0 - 1 

Dichlorodifluoromethane ND ug/l 2.0 - 1 

Acetone ND ug/l 5.0 - 1 

Carbon disulfide ND ug/l 2.0 - 1 

2-Butanone ND ug/l 5.0 - 1 

4-Methyl-2-pentanone ND ug/l 5.0 - 1 

2-Hexanone ND ug/l 5.0 - 1 

Bromochloromethane ND ug/l 2.0 - 1 

Tetrahydrofuran ND ug/l 5.0 - 1 

2,2-Dichloropropane ND ug/l 2.0 - 1 

1,2-Dibromoethane ND ug/l 2.0 - 1 

1,3-Dichloropropane ND ug/l 2.0 - 1 

1,1,1,2-Tetrachloroethane ND ug/l 1.0 - 1 

Bromobenzene ND ug/l 2.0 - 1 

n-Butylbenzene ND ug/l 2.0 - 1 

sec-Butylbenzene ND ug/l 2.0 - 1 

tert-Butylbenzene ND ug/l 2.0 - 1 

o-Chlorotoluene ND ug/l 2.0 - 1 

p-Chlorotoluene ND ug/l 2.0 - 1 

1,2-Dibromo-3-chloropropane ND ug/l 2.0 - 1 

Hexachlorobutadiene ND ug/l 0.60 - 1 

Isopropylbenzene ND ug/l 2.0 - 1 

p-Isopropyltoluene ND ug/l 2.0 - 1 

Naphthalene 42 ug/l 2.0 - 1 

n-Propylbenzene ND ug/l 2.0 - 1 

1,2,3-Trichlorobenzene ND ug/l 2.0 - 1 

1,2,4-Trichlorobenzene ND ug/l 2.0 - 1 

1,3,5-Trimethylbenzene ND ug/l 2.0 - 1 

1,2,4-Trimethylbenzene ND ug/l 2.0 - 1 

Ethyl ether ND ug/l 2.0 - 1 

Isopropyl Ether ND ug/l 2.0 - 1 

Ethyl-Tert-Butyl-Ether ND ug/l 2.0 - 1 

Tertiary-Amyl Methyl Ether ND ug/l 2.0 - 1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS
 

L1109751-04Lab ID: Date Collected: 06/28/11 15:15 
MW-8Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

1,4-Dioxane ND ug/l 250 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

107 

100 

108 

101 

70-130 

70-130 

70-130 

70-130 

Page 20 of 110 



Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

L1109751-05Lab ID: D Date Collected: 06/29/11 10:37 
MW-7Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Matrix: Water 
Analytical Method: 97,8260B 
Analytical Date: 07/07/11 15:40 
Analyst: MM 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methylene chloride ND ug/l 200 - 100 

1,1-Dichloroethane ND ug/l 100 - 100 

Chloroform ND ug/l 100 - 100 

Carbon tetrachloride ND ug/l 100 - 100 

1,2-Dichloropropane ND ug/l 100 - 100 

Dibromochloromethane ND ug/l 100 - 100 

1,1,2-Trichloroethane ND ug/l 100 - 100 

Tetrachloroethene ND ug/l 100 - 100 

Chlorobenzene ND ug/l 100 - 100 

Trichlorofluoromethane ND ug/l 200 - 100 

1,2-Dichloroethane ND ug/l 100 - 100 

1,1,1-Trichloroethane ND ug/l 100 - 100 

Bromodichloromethane ND ug/l 100 - 100 

trans-1,3-Dichloropropene ND ug/l 50 - 100 

cis-1,3-Dichloropropene ND ug/l 50 - 100 

1,1-Dichloropropene ND ug/l 200 - 100 

Bromoform ND ug/l 200 - 100 

1,1,2,2-Tetrachloroethane ND ug/l 100 - 100 

Benzene 370 ug/l 50 - 100 

Toluene 110 ug/l 100 - 100 

Ethylbenzene 940 ug/l 100 - 100 

Chloromethane ND ug/l 200 - 100 

Bromomethane ND ug/l 200 - 100 

Vinyl chloride ND ug/l 100 - 100 

Chloroethane ND ug/l 200 - 100 

1,1-Dichloroethene ND ug/l 100 - 100 

trans-1,2-Dichloroethene ND ug/l 100 - 100 

Trichloroethene ND ug/l 100 - 100 

1,2-Dichlorobenzene ND ug/l 100 - 100 

1,3-Dichlorobenzene ND ug/l 100 - 100 

1,4-Dichlorobenzene ND ug/l 100 - 100 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 
SAMPLE RESULTS
 

L1109751-05Lab ID: D Date Collected: 06/29/11 10:37 
MW-7Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methyl tert butyl ether ND ug/l 200 - 100 

p/m-Xylene 560 ug/l 200 - 100 

o-Xylene 280 ug/l 100 - 100 

cis-1,2-Dichloroethene ND ug/l 100 - 100 

Dibromomethane ND ug/l 200 - 100 

1,2,3-Trichloropropane ND ug/l 200 - 100 

Styrene ND ug/l 100 - 100 

Dichlorodifluoromethane ND ug/l 200 - 100 

Acetone ND ug/l 500 - 100 

Carbon disulfide ND ug/l 200 - 100 

2-Butanone ND ug/l 500 - 100 

4-Methyl-2-pentanone ND ug/l 500 - 100 

2-Hexanone ND ug/l 500 - 100 

Bromochloromethane ND ug/l 200 - 100 

Tetrahydrofuran ND ug/l 500 - 100 

2,2-Dichloropropane ND ug/l 200 - 100 

1,2-Dibromoethane ND ug/l 200 - 100 

1,3-Dichloropropane ND ug/l 200 - 100 

1,1,1,2-Tetrachloroethane ND ug/l 100 - 100 

Bromobenzene ND ug/l 200 - 100 

n-Butylbenzene ND ug/l 200 - 100 

sec-Butylbenzene ND ug/l 200 - 100 

tert-Butylbenzene ND ug/l 200 - 100 

o-Chlorotoluene ND ug/l 200 - 100 

p-Chlorotoluene ND ug/l 200 - 100 

1,2-Dibromo-3-chloropropane ND ug/l 200 - 100 

Hexachlorobutadiene ND ug/l 60 - 100 

Isopropylbenzene ND ug/l 200 - 100 

p-Isopropyltoluene ND ug/l 200 - 100 

Naphthalene 3900 ug/l 200 - 100 

n-Propylbenzene ND ug/l 200 - 100 

1,2,3-Trichlorobenzene ND ug/l 200 - 100 

1,2,4-Trichlorobenzene ND ug/l 200 - 100 

1,3,5-Trimethylbenzene ND ug/l 200 - 100 

1,2,4-Trimethylbenzene 300 ug/l 200 - 100 

Ethyl ether ND ug/l 200 - 100 

Isopropyl Ether ND ug/l 200 - 100 

Ethyl-Tert-Butyl-Ether ND ug/l 200 - 100 

Tertiary-Amyl Methyl Ether ND ug/l 200 - 100 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS
 

L1109751-05Lab ID: D Date Collected: 06/29/11 10:37 
MW-7Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

1,4-Dioxane ND ug/l 25000 - 100 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

106 

100 

110 

99 

70-130 

70-130 

70-130 

70-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

L1109751-06Lab ID: Date Collected: 06/29/11 13:17 
MW-6Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Matrix: Water 
Analytical Method: 97,8260B 
Analytical Date: 07/08/11 09:49 
Analyst: MM 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methylene chloride ND ug/l 2.0 - 1 

1,1-Dichloroethane ND ug/l 1.0 - 1 

Chloroform ND ug/l 1.0 - 1 

Carbon tetrachloride ND ug/l 1.0 - 1 

1,2-Dichloropropane ND ug/l 1.0 - 1 

Dibromochloromethane ND ug/l 1.0 - 1 

1,1,2-Trichloroethane ND ug/l 1.0 - 1 

Tetrachloroethene ND ug/l 1.0 - 1 

Chlorobenzene ND ug/l 1.0 - 1 

Trichlorofluoromethane ND ug/l 2.0 - 1 

1,2-Dichloroethane ND ug/l 1.0 - 1 

1,1,1-Trichloroethane ND ug/l 1.0 - 1 

Bromodichloromethane ND ug/l 1.0 - 1 

trans-1,3-Dichloropropene ND ug/l 0.50 - 1 

cis-1,3-Dichloropropene ND ug/l 0.50 - 1 

1,1-Dichloropropene ND ug/l 2.0 - 1 

Bromoform ND ug/l 2.0 - 1 

1,1,2,2-Tetrachloroethane ND ug/l 1.0 - 1 

Benzene ND ug/l 0.50 - 1 

Toluene ND ug/l 1.0 - 1 

Ethylbenzene ND ug/l 1.0 - 1 

Chloromethane ND ug/l 2.0 - 1 

Bromomethane ND ug/l 2.0 - 1 

Vinyl chloride ND ug/l 1.0 - 1 

Chloroethane ND ug/l 2.0 - 1 

1,1-Dichloroethene ND ug/l 1.0 - 1 

trans-1,2-Dichloroethene ND ug/l 1.0 - 1 

Trichloroethene ND ug/l 1.0 - 1 

1,2-Dichlorobenzene ND ug/l 1.0 - 1 

1,3-Dichlorobenzene ND ug/l 1.0 - 1 

1,4-Dichlorobenzene ND ug/l 1.0 - 1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 
SAMPLE RESULTS
 

L1109751-06Lab ID: Date Collected: 06/29/11 13:17 
MW-6Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methyl tert butyl ether ND ug/l 2.0 - 1 

p/m-Xylene ND ug/l 2.0 - 1 

o-Xylene ND ug/l 1.0 - 1 

cis-1,2-Dichloroethene ND ug/l 1.0 - 1 

Dibromomethane ND ug/l 2.0 - 1 

1,2,3-Trichloropropane ND ug/l 2.0 - 1 

Styrene ND ug/l 1.0 - 1 

Dichlorodifluoromethane ND ug/l 2.0 - 1 

Acetone ND ug/l 5.0 - 1 

Carbon disulfide ND ug/l 2.0 - 1 

2-Butanone ND ug/l 5.0 - 1 

4-Methyl-2-pentanone ND ug/l 5.0 - 1 

2-Hexanone ND ug/l 5.0 - 1 

Bromochloromethane ND ug/l 2.0 - 1 

Tetrahydrofuran ND ug/l 5.0 - 1 

2,2-Dichloropropane ND ug/l 2.0 - 1 

1,2-Dibromoethane ND ug/l 2.0 - 1 

1,3-Dichloropropane ND ug/l 2.0 - 1 

1,1,1,2-Tetrachloroethane ND ug/l 1.0 - 1 

Bromobenzene ND ug/l 2.0 - 1 

n-Butylbenzene ND ug/l 2.0 - 1 

sec-Butylbenzene ND ug/l 2.0 - 1 

tert-Butylbenzene ND ug/l 2.0 - 1 

o-Chlorotoluene ND ug/l 2.0 - 1 

p-Chlorotoluene ND ug/l 2.0 - 1 

1,2-Dibromo-3-chloropropane ND ug/l 2.0 - 1 

Hexachlorobutadiene ND ug/l 0.60 - 1 

Isopropylbenzene ND ug/l 2.0 - 1 

p-Isopropyltoluene ND ug/l 2.0 - 1 

Naphthalene ND ug/l 2.0 - 1 

n-Propylbenzene ND ug/l 2.0 - 1 

1,2,3-Trichlorobenzene ND ug/l 2.0 - 1 

1,2,4-Trichlorobenzene ND ug/l 2.0 - 1 

1,3,5-Trimethylbenzene ND ug/l 2.0 - 1 

1,2,4-Trimethylbenzene ND ug/l 2.0 - 1 

Ethyl ether ND ug/l 2.0 - 1 

Isopropyl Ether ND ug/l 2.0 - 1 

Ethyl-Tert-Butyl-Ether ND ug/l 2.0 - 1 

Tertiary-Amyl Methyl Ether ND ug/l 2.0 - 1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS
 

L1109751-06Lab ID: Date Collected: 06/29/11 13:17 
MW-6Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

1,4-Dioxane ND ug/l 250 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

106 

101 

111 

101 

70-130 

70-130 

70-130 

70-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/07/11 07:01 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics - Westborough Lab for sample(s):   02-05  Batch: WG477573-3 

Methylene chloride ND ug/l 2.0 -

1,1-Dichloroethane ND ug/l 1.0 -

Chloroform ND ug/l 1.0 -

Carbon tetrachloride ND ug/l 1.0 -

1,2-Dichloropropane ND ug/l 1.0 --

Dibromochloromethane ND ug/l 1.0 -

1,1,2-Trichloroethane ND ug/l 1.0 --

Tetrachloroethene ND ug/l 1.0 --

Chlorobenzene ND ug/l 1.0 --

Trichlorofluoromethane ND ug/l 2.0 -

1,2-Dichloroethane ND ug/l 1.0 -

1,1,1-Trichloroethane ND ug/l 1.0 --

Bromodichloromethane ND ug/l 1.0 -

trans-1,3-Dichloropropene ND ug/l 0.50 -

cis-1,3-Dichloropropene ND ug/l 0.50 -

1,1-Dichloropropene ND ug/l 2.0 --

Bromoform ND ug/l 2.0 -

1,1,2,2-Tetrachloroethane ND ug/l 1.0 -

Benzene ND ug/l 0.50 -

Toluene ND ug/l 1.0 --

Ethylbenzene ND ug/l 1.0 --

Chloromethane ND ug/l 2.0 --

Bromomethane ND ug/l 2.0 -

Vinyl chloride ND ug/l 1.0 --

Chloroethane ND ug/l 2.0 -

1,1-Dichloroethene ND ug/l 1.0 -

trans-1,2-Dichloroethene ND ug/l 1.0 --

Trichloroethene ND ug/l 1.0 -

1,2-Dichlorobenzene ND ug/l 1.0 -

1,3-Dichlorobenzene ND ug/l 1.0 -

1,4-Dichlorobenzene ND ug/l 1.0 -
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/07/11 07:01 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics - Westborough Lab for sample(s):   02-05  Batch: WG477573-3 

Methyl tert butyl ether ND ug/l 2.0 -

p/m-Xylene ND ug/l 2.0 -

o-Xylene ND ug/l 1.0 -

cis-1,2-Dichloroethene ND ug/l 1.0 --

Dibromomethane ND ug/l 2.0 -

1,2,3-Trichloropropane ND ug/l 2.0 -

Styrene ND ug/l 1.0 --

Dichlorodifluoromethane ND ug/l 2.0 -

Acetone ND ug/l 5.0 -

Carbon disulfide ND ug/l 2.0 -

2-Butanone ND ug/l 5.0 -

4-Methyl-2-pentanone ND ug/l 5.0 -

2-Hexanone ND ug/l 5.0 --

Bromochloromethane ND ug/l 2.0 --

Tetrahydrofuran ND ug/l 5.0 -

2,2-Dichloropropane ND ug/l 2.0 -

1,2-Dibromoethane ND ug/l 2.0 -

1,3-Dichloropropane ND ug/l 2.0 -

1,1,1,2-Tetrachloroethane ND ug/l 1.0 --

Bromobenzene ND ug/l 2.0 -

n-Butylbenzene ND ug/l 2.0 -

sec-Butylbenzene ND ug/l 2.0 -

tert-Butylbenzene ND ug/l 2.0 -

o-Chlorotoluene ND ug/l 2.0 -

p-Chlorotoluene ND ug/l 2.0 -

1,2-Dibromo-3-chloropropane ND ug/l 2.0 --

Hexachlorobutadiene ND ug/l 0.60 --

Isopropylbenzene ND ug/l 2.0 -

p-Isopropyltoluene ND ug/l 2.0 -

Naphthalene ND ug/l 2.0 -

n-Propylbenzene ND ug/l 2.0 -
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/07/11 07:01 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics - Westborough Lab for sample(s):   02-05  Batch: WG477573-3 

1,2,3-Trichlorobenzene ND ug/l 2.0 -

1,2,4-Trichlorobenzene ND ug/l 2.0 -

1,3,5-Trimethylbenzene ND ug/l 2.0 -

1,2,4-Trimethylbenzene ND ug/l 2.0 -

Ethyl ether ND ug/l 2.0 -

Isopropyl Ether ND ug/l 2.0 -

Ethyl-Tert-Butyl-Ether ND ug/l 2.0 -

Tertiary-Amyl Methyl Ether ND ug/l 2.0 -

1,4-Dioxane ND ug/l 250 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

101 

99 

70-130 

70-130 

4-Bromofluorobenzene 117 70-130 

Dibromofluoromethane 98 70-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/08/11 06:34 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics - Westborough Lab for sample(s):   01,06  Batch: WG477900-3 

Methylene chloride ND ug/l 2.0 -

1,1-Dichloroethane ND ug/l 1.0 -

Chloroform ND ug/l 1.0 -

Carbon tetrachloride ND ug/l 1.0 -

1,2-Dichloropropane ND ug/l 1.0 --

Dibromochloromethane ND ug/l 1.0 -

1,1,2-Trichloroethane ND ug/l 1.0 --

Tetrachloroethene ND ug/l 1.0 --

Chlorobenzene ND ug/l 1.0 --

Trichlorofluoromethane ND ug/l 2.0 -

1,2-Dichloroethane ND ug/l 1.0 -

1,1,1-Trichloroethane ND ug/l 1.0 --

Bromodichloromethane ND ug/l 1.0 -

trans-1,3-Dichloropropene ND ug/l 0.50 -

cis-1,3-Dichloropropene ND ug/l 0.50 -

1,1-Dichloropropene ND ug/l 2.0 --

Bromoform ND ug/l 2.0 -

1,1,2,2-Tetrachloroethane ND ug/l 1.0 -

Benzene ND ug/l 0.50 -

Toluene ND ug/l 1.0 --

Ethylbenzene ND ug/l 1.0 --

Chloromethane ND ug/l 2.0 --

Bromomethane ND ug/l 2.0 -

Vinyl chloride ND ug/l 1.0 --

Chloroethane ND ug/l 2.0 -

1,1-Dichloroethene ND ug/l 1.0 -

trans-1,2-Dichloroethene ND ug/l 1.0 --

Trichloroethene ND ug/l 1.0 -

1,2-Dichlorobenzene ND ug/l 1.0 -

1,3-Dichlorobenzene ND ug/l 1.0 -

1,4-Dichlorobenzene ND ug/l 1.0 -
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/08/11 06:34 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics - Westborough Lab for sample(s):   01,06  Batch: WG477900-3 

Methyl tert butyl ether ND ug/l 2.0 -

p/m-Xylene ND ug/l 2.0 -

o-Xylene ND ug/l 1.0 -

cis-1,2-Dichloroethene ND ug/l 1.0 --

Dibromomethane ND ug/l 2.0 -

1,2,3-Trichloropropane ND ug/l 2.0 -

Styrene ND ug/l 1.0 --

Dichlorodifluoromethane ND ug/l 2.0 -

Acetone ND ug/l 5.0 -

Carbon disulfide ND ug/l 2.0 -

2-Butanone ND ug/l 5.0 -

4-Methyl-2-pentanone ND ug/l 5.0 -

2-Hexanone ND ug/l 5.0 --

Bromochloromethane ND ug/l 2.0 --

Tetrahydrofuran ND ug/l 5.0 -

2,2-Dichloropropane ND ug/l 2.0 -

1,2-Dibromoethane ND ug/l 2.0 -

1,3-Dichloropropane ND ug/l 2.0 -

1,1,1,2-Tetrachloroethane ND ug/l 1.0 --

Bromobenzene ND ug/l 2.0 -

n-Butylbenzene ND ug/l 2.0 -

sec-Butylbenzene ND ug/l 2.0 -

tert-Butylbenzene ND ug/l 2.0 -

o-Chlorotoluene ND ug/l 2.0 -

p-Chlorotoluene ND ug/l 2.0 -

1,2-Dibromo-3-chloropropane ND ug/l 2.0 --

Hexachlorobutadiene ND ug/l 0.60 --

Isopropylbenzene ND ug/l 2.0 -

p-Isopropyltoluene ND ug/l 2.0 -

Naphthalene ND ug/l 2.0 -

n-Propylbenzene ND ug/l 2.0 -
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/08/11 06:34 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics - Westborough Lab for sample(s):   01,06  Batch: WG477900-3 

1,2,3-Trichlorobenzene ND ug/l 2.0 -

1,2,4-Trichlorobenzene ND ug/l 2.0 -

1,3,5-Trimethylbenzene ND ug/l 2.0 -

1,2,4-Trimethylbenzene ND ug/l 2.0 -

Ethyl ether ND ug/l 2.0 -

Isopropyl Ether ND ug/l 2.0 -

Ethyl-Tert-Butyl-Ether ND ug/l 2.0 -

Tertiary-Amyl Methyl Ether ND ug/l 2.0 -

1,4-Dioxane ND ug/l 250 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

101 

100 

70-130 

70-130 

4-Bromofluorobenzene 116 70-130 

Dibromofluoromethane 97 70-130 
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics - Westborough Lab  Associated sample(s): 02-05  Batch: WG477573-1 WG477573-2 

Methylene chloride 103 97 70-130 6 20 

1,1-Dichloroethane 96 97 70-130 1 20 

Chloroform 103 101 70-130 2 20 

Carbon tetrachloride 99 94 70-130 5 20 

1,2-Dichloropropane 98 100 70-130 2 20 

Dibromochloromethane 86 87 70-130 1 20 

1,1,2-Trichloroethane 89 95 70-130 7 20 

Tetrachloroethene 104 93 70-130 11 20 

Chlorobenzene 90 90 70-130 0 20 

Trichlorofluoromethane 118 101 70-130 16 20 

1,2-Dichloroethane 97 97 70-130 0 20 

1,1,1-Trichloroethane 100 95 70-130 5 20 

Bromodichloromethane 106 96 70-130 10 20 

trans-1,3-Dichloropropene 90 92 70-130 2 20 

cis-1,3-Dichloropropene 101 95 70-130 6 20 

1,1-Dichloropropene 96 95 70-130 1 20 

Bromoform 76 89 70-130 16 20 

1,1,2,2-Tetrachloroethane 84 97 70-130 14 20 

Benzene 100 96 70-130 4 20 

Toluene 98 91 70-130 7 20 

Ethylbenzene  98 97 70-130 1 20 
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Serial_No:07131118:04 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL 
Batch Quality Control 

Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics - Westborough Lab  Associated sample(s): 02-05  Batch: WG477573-1 WG477573-2 

Chloromethane 88 78 70-130 12 20 

Bromomethane 53 Q 56 Q 70-130 6 20 

Vinyl chloride 102 95 70-130 7 20 

Chloroethane 106 96 70-130 10 20 

1,1-Dichloroethene 108 95 70-130 13 20 

trans-1,2-Dichloroethene 98 94 70-130 4 20 

Trichloroethene 98 96 70-130 2 20 

1,2-Dichlorobenzene 87 94 70-130 8 20 

1,3-Dichlorobenzene 89 95 70-130 7 20 

1,4-Dichlorobenzene 93 94 70-130 1 20 

Methyl tert butyl ether 84 91 70-130 8 20 

p/m-Xylene 96 94 70-130 2 20 

o-Xylene 92 93 70-130 1 20 

cis-1,2-Dichloroethene 99 97 70-130 2 20 

Dibromomethane 101 100 70-130 1 20 

1,2,3-Trichloropropane 90 101 70-130 12 20 

Styrene 91 93 70-130 2 20 

Dichlorodifluoromethane 90 82 70-130 9 20 

Acetone 83 92 70-130 10 20 

Carbon disulfide 116 100 70-130 15 20 

2-Butanone  92 105 70-130 13 20 
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics - Westborough Lab  Associated sample(s): 02-05  Batch: WG477573-1 WG477573-2 

4-Methyl-2-pentanone 83 101 70-130 20 20 

2-Hexanone 85 100 70-130 16 20 

Bromochloromethane 95 94 70-130 1 20 

Tetrahydrofuran 88 103 70-130 16 20 

2,2-Dichloropropane 105 101 70-130 4 20 

1,2-Dibromoethane 88 91 70-130 3 20 

1,3-Dichloropropane 86 94 70-130 9 20 

1,1,1,2-Tetrachloroethane 95 94 70-130 1 20 

Bromobenzene 87 94 70-130 8 20 

n-Butylbenzene 101 101 70-130 0 20 

sec-Butylbenzene 94 100 70-130 6 20 

tert-Butylbenzene 95 97 70-130 2 20 

o-Chlorotoluene 95 98 70-130 3 20 

p-Chlorotoluene 96 99 70-130 3 20 

1,2-Dibromo-3-chloropropane 91 91 70-130 0 20 

Hexachlorobutadiene 97 104 70-130 7 20 

Isopropylbenzene 99 95 70-130 4 20 

p-Isopropyltoluene 96 104 70-130 8 20 

Naphthalene 70 90 70-130 25 Q 20 

n-Propylbenzene 96 100 70-130 4 20 

1,2,3-Trichlorobenzene  76 91 70-130 18 20 
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics - Westborough Lab  Associated sample(s): 02-05  Batch: WG477573-1 WG477573-2 

1,2,4-Trichlorobenzene 83 97 70-130 16 20 

1,3,5-Trimethylbenzene 96 99 70-130 3 20 

1,2,4-Trimethylbenzene 93 102 70-130 9 20 

Ethyl ether 111 105 70-130 6 20 

Isopropyl Ether 86 97 70-130 12 20 

Ethyl-Tert-Butyl-Ether 85 96 70-130 12 20 

Tertiary-Amyl Methyl Ether 95 96 70-130 1 20 

1,4-Dioxane  107 118 70-130 10 20 

Surrogate %Recovery 
LCS 

Qual %Recovery 
LCSD 

Qual 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

104 

103 

96 

102 

102 

101 

104 

103 

70-130 

70-130 

70-130 

70-130 
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics - Westborough Lab  Associated sample(s): 01,06  Batch: WG477900-1 WG477900-2 

Methylene chloride 108 107 70-130 1 20 

1,1-Dichloroethane 93 89 70-130 4 20 

Chloroform 96 94 70-130 2 20 

Carbon tetrachloride 94 90 70-130 4 20 

1,2-Dichloropropane 92 90 70-130 2 20 

Dibromochloromethane 85 88 70-130 3 20 

1,1,2-Trichloroethane 86 95 70-130 10 20 

Tetrachloroethene 94 96 70-130 2 20 

Chlorobenzene 89 90 70-130 1 20 

Trichlorofluoromethane 101 95 70-130 6 20 

1,2-Dichloroethane 91 92 70-130 1 20 

1,1,1-Trichloroethane 93 90 70-130 3 20 

Bromodichloromethane 88 91 70-130 3 20 

trans-1,3-Dichloropropene 88 91 70-130 3 20 

cis-1,3-Dichloropropene 90 89 70-130 1 20 

1,1-Dichloropropene 94 90 70-130 4 20 

Bromoform 84 87 70-130 4 20 

1,1,2,2-Tetrachloroethane 85 92 70-130 8 20 

Benzene 93 90 70-130 3 20 

Toluene 91 92 70-130 1 20 

Ethylbenzene  96 96 70-130 0 20 
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics - Westborough Lab  Associated sample(s): 01,06  Batch: WG477900-1 WG477900-2 

Chloromethane 76 71 70-130 7 20 

Bromomethane 50 Q 53 Q 70-130 6 20 

Vinyl chloride 90 86 70-130 5 20 

Chloroethane 94 88 70-130 7 20 

1,1-Dichloroethene 92 91 70-130 1 20 

trans-1,2-Dichloroethene 92 88 70-130 4 20 

Trichloroethene 94 91 70-130 3 20 

1,2-Dichlorobenzene 90 93 70-130 3 20 

1,3-Dichlorobenzene 94 93 70-130 1 20 

1,4-Dichlorobenzene 96 92 70-130 4 20 

Methyl tert butyl ether 79 87 70-130 10 20 

p/m-Xylene 95 94 70-130 1 20 

o-Xylene 96 95 70-130 1 20 

cis-1,2-Dichloroethene 94 92 70-130 2 20 

Dibromomethane 94 97 70-130 3 20 

1,2,3-Trichloropropane 93 96 70-130 3 20 

Styrene 94 95 70-130 1 20 

Dichlorodifluoromethane 77 76 70-130 1 20 

Acetone 82 91 70-130 10 20 

Carbon disulfide 103 97 70-130 6 20 

2-Butanone  88 99 70-130 12 20 
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics - Westborough Lab  Associated sample(s): 01,06  Batch: WG477900-1 WG477900-2 

4-Methyl-2-pentanone 81 93 70-130 14 20 

2-Hexanone 78 99 70-130 24 Q 20 

Bromochloromethane 89 91 70-130 2 20 

Tetrahydrofuran 92 96 70-130 4 20 

2,2-Dichloropropane 99 94 70-130 5 20 

1,2-Dibromoethane 83 93 70-130 11 20 

1,3-Dichloropropane 88 96 70-130 9 20 

1,1,1,2-Tetrachloroethane 90 94 70-130 4 20 

Bromobenzene 95 92 70-130 3 20 

n-Butylbenzene 103 101 70-130 2 20 

sec-Butylbenzene 100 96 70-130 4 20 

tert-Butylbenzene 100 93 70-130 7 20 

o-Chlorotoluene 99 96 70-130 3 20 

p-Chlorotoluene 102 96 70-130 6 20 

1,2-Dibromo-3-chloropropane 78 90 70-130 14 20 

Hexachlorobutadiene 110 106 70-130 4 20 

Isopropylbenzene 94 93 70-130 1 20 

p-Isopropyltoluene 103 100 70-130 3 20 

Naphthalene 76 86 70-130 12 20 

n-Propylbenzene 102 95 70-130 7 20 

1,2,3-Trichlorobenzene  81 91 70-130 12 20 
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics - Westborough Lab  Associated sample(s): 01,06  Batch: WG477900-1 WG477900-2 

1,2,4-Trichlorobenzene 89 93 70-130 4 20 

1,3,5-Trimethylbenzene 100 96 70-130 4 20 

1,2,4-Trimethylbenzene 102 99 70-130 3 20 

Ethyl ether 94 103 70-130 9 20 

Isopropyl Ether 92 95 70-130 3 20 

Ethyl-Tert-Butyl-Ether 86 93 70-130 8 20 

Tertiary-Amyl Methyl Ether 88 95 70-130 8 20 

1,4-Dioxane  106 125 70-130 16 20 

Surrogate %Recovery 
LCS 

Qual %Recovery 
LCSD 

Qual 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

98 

101 

106 

99 

100 

104 

104 

99 

70-130 

70-130 

70-130 

70-130 
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Serial_No:07131118:04 

SEMIVOLATILES
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FF Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 
SAMPLE RESULTS
 

Lab ID: L1109751-02 Date Collected: 06/28/11 12:35 
Client ID: MW-1 Date Received: 06/30/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C Extraction Date: 07/02/11 13:56 
Analytical Date: 07/09/11 23:02 
Analyst: RC 

Parameter Result Qualifier Units RL MDL Dilution Factor 

MCP Semivolatile Organics - Westborough Lab 

1,2,4-Trichlorobenzene 

Bis(2-chloroethyl)ether 

1,2-Dichlorobenzene 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

3,3'-Dichlorobenzidine 

2,4-Dinitrotoluene 

2,6-Dinitrotoluene 

Azobenzene 

4-Bromophenyl phenyl ether 

Bis(2-chloroisopropyl)ether 

Bis(2-chloroethoxy)methane 

Isophorone 

Nitrobenzene 

Bis(2-Ethylhexyl)phthalate 

Butyl benzyl phthalate 

Di-n-butylphthalate 

Di-n-octylphthalate 

Diethyl phthalate 

Dimethyl phthalate 

Aniline 

4-Chloroaniline 

Dibenzofuran 

Acetophenone 

2,4,6-Trichlorophenol 

2-Chlorophenol 

2,4-Dichlorophenol 

2,4-Dimethylphenol 

2-Nitrophenol 

4-Nitrophenol 

2,4-Dinitrophenol 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

5.0 

2.0 

2.0 

2.0 

2.0 

5.0 

5.0 

5.0 

2.0 

2.0 

2.0 

5.0 

5.0 

2.0 

3.0 

5.0 

5.0 

5.0 

5.0 

5.0 

2.0 

5.0 

2.0 

5.0 

5.0 

2.0 

5.0 

5.0 

10 

10 

20 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS
 

L1109751-02Lab ID: Date Collected: 06/28/11 12:35 
MW-1Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Phenol ND ug/l 5.0 - 1 

2-Methylphenol ND ug/l 5.0 - 1 

3-Methylphenol/4-Methylphenol ND ug/l 5.0 - 1 

2,4,5-Trichlorophenol ND ug/l 5.0 - 1 

Surrogate % Recovery Qual
Acceptance 

Criteriaifier 

2-Fluorophenol 41 15-110 

Phenol-d6 31 15-110 

Nitrobenzene-d5 65 30-130 

2-Fluorobiphenyl 62 30-130 

2,4,6-Tribromophenol 84 15-110 

4-Terphenyl-d14 114 30-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-02 06/28/11 12:35Date Collected: 
Client ID: MW-1 06/30/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C-SIM Extraction Date: 07/02/11 13:59 
Analytical Date: 07/06/11 09:32 
Analyst: AS 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics by SIM - Westborough Lab 

Acenaphthene 0.55 ug/l 0.20 - 1 

2-Chloronaphthalene ND ug/l 0.20 - 1 

Fluoranthene 0.48 ug/l 0.20 - 1 

Hexachlorobutadiene ND ug/l 0.50 - 1 

Naphthalene ND ug/l 0.20 - 1 

Benzo(a)anthracene ND ug/l 0.20 - 1 

Benzo(a)pyrene ND ug/l 0.20 - 1 

Benzo(b)fluoranthene ND ug/l 0.20 - 1 

Benzo(k)fluoranthene ND ug/l 0.20 - 1 

Chrysene ND ug/l 0.20 - 1 

Acenaphthylene ND ug/l 0.20 - 1 

Anthracene ND ug/l 0.20 - 1 

Benzo(ghi)perylene ND ug/l 0.20 - 1 

Fluorene ND ug/l 0.20 - 1 

Phenanthrene ND ug/l 0.20 - 1 

Dibenzo(a,h)anthracene ND ug/l 0.20 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/l 0.20 - 1 

Pyrene 0.23 ug/l 0.20 - 1 

2-Methylnaphthalene ND ug/l 0.20 - 1 

Pentachlorophenol ND ug/l 0.80 - 1 

Hexachlorobenzene ND ug/l 0.80 - 1 

Hexachloroethane ND ug/l 0.80 - 1 

Surrogate % Recovery Qual
Acceptance 

Criteriaifier 

2-Fluorophenol 45 15-110 

Phenol-d6 32 15-110 

Nitrobenzene-d5 66 30-130 

2-Fluorobiphenyl 56 30-130 

2,4,6-Tribromophenol 68 15-110 

4-Terphenyl-d14 105 30-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-03 06/28/11 14:00Date Collected: 
Client ID: MW-2 06/30/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C Extraction Date: 07/02/11 13:56 
Analytical Date: 07/09/11 23:27 
Analyst: RC 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

1,2,4-Trichlorobenzene ND ug/l 5.0 - 1 

Bis(2-chloroethyl)ether ND ug/l 2.0 - 1 

1,2-Dichlorobenzene ND ug/l 2.0 - 1 

1,3-Dichlorobenzene ND ug/l 2.0 - 1 

1,4-Dichlorobenzene ND ug/l 2.0 - 1 

3,3'-Dichlorobenzidine ND ug/l 5.0 - 1 

2,4-Dinitrotoluene ND ug/l 5.0 - 1 

2,6-Dinitrotoluene ND ug/l 5.0 - 1 

Azobenzene ND ug/l 2.0 - 1 

4-Bromophenyl phenyl ether ND ug/l 2.0 - 1 

Bis(2-chloroisopropyl)ether ND ug/l 2.0 - 1 

Bis(2-chloroethoxy)methane ND ug/l 5.0 - 1 

Isophorone ND ug/l 5.0 - 1 

Nitrobenzene ND ug/l 2.0 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/l 3.0 - 1 

Butyl benzyl phthalate ND ug/l 5.0 - 1 

Di-n-butylphthalate ND ug/l 5.0 - 1 

Di-n-octylphthalate ND ug/l 5.0 - 1 

Diethyl phthalate ND ug/l 5.0 - 1 

Dimethyl phthalate ND ug/l 5.0 - 1 

Aniline ND ug/l 2.0 - 1 

4-Chloroaniline ND ug/l 5.0 - 1 

Dibenzofuran ND ug/l 2.0 - 1 

Acetophenone ND ug/l 5.0 - 1 

2,4,6-Trichlorophenol ND ug/l 5.0 - 1 

2-Chlorophenol ND ug/l 2.0 - 1 

2,4-Dichlorophenol ND ug/l 5.0 - 1 

2,4-Dimethylphenol ND ug/l 5.0 - 1 

2-Nitrophenol ND ug/l 10 - 1 

4-Nitrophenol ND ug/l 10 - 1 

2,4-Dinitrophenol ND ug/l 20 - 1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS
 

L1109751-03Lab ID: Date Collected: 06/28/11 14:00 
MW-2Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Phenol ND ug/l 5.0 - 1 

2-Methylphenol ND ug/l 5.0 - 1 

3-Methylphenol/4-Methylphenol ND ug/l 5.0 - 1 

2,4,5-Trichlorophenol ND ug/l 5.0 - 1 

Surrogate % Recovery Qual
Acceptance 

Criteriaifier 

2-Fluorophenol 54 15-110 

Phenol-d6 41 15-110 

Nitrobenzene-d5 87 30-130 

2-Fluorobiphenyl 87 30-130 

2,4,6-Tribromophenol 89 15-110 

4-Terphenyl-d14 109 30-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-03 06/28/11 14:00Date Collected: 
Client ID: MW-2 06/30/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C-SIM Extraction Date: 07/02/11 13:59 
Analytical Date: 07/05/11 13:20 
Analyst: AS 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics by SIM - Westborough Lab 

Acenaphthene ND ug/l 0.20 - 1 

2-Chloronaphthalene ND ug/l 0.20 - 1 

Fluoranthene ND ug/l 0.20 - 1 

Hexachlorobutadiene ND ug/l 0.50 - 1 

Naphthalene ND ug/l 0.20 - 1 

Benzo(a)anthracene ND ug/l 0.20 - 1 

Benzo(a)pyrene ND ug/l 0.20 - 1 

Benzo(b)fluoranthene ND ug/l 0.20 - 1 

Benzo(k)fluoranthene ND ug/l 0.20 - 1 

Chrysene ND ug/l 0.20 - 1 

Acenaphthylene ND ug/l 0.20 - 1 

Anthracene ND ug/l 0.20 - 1 

Benzo(ghi)perylene ND ug/l 0.20 - 1 

Fluorene ND ug/l 0.20 - 1 

Phenanthrene ND ug/l 0.20 - 1 

Dibenzo(a,h)anthracene ND ug/l 0.20 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/l 0.20 - 1 

Pyrene ND ug/l 0.20 - 1 

2-Methylnaphthalene ND ug/l 0.20 - 1 

Pentachlorophenol ND ug/l 0.80 - 1 

Hexachlorobenzene ND ug/l 0.80 - 1 

Hexachloroethane ND ug/l 0.80 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 43 15-110 

Phenol-d6 33 15-110 

Nitrobenzene-d5 68 30-130 

2-Fluorobiphenyl 65 30-130 

2,4,6-Tribromophenol 87 15-110 

4-Terphenyl-d14 80 30-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-04 06/28/11 15:15Date Collected: 
Client ID: MW-8 06/30/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C Extraction Date: 07/02/11 13:56 
Analytical Date: 07/09/11 23:51 
Analyst: RC 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

1,2,4-Trichlorobenzene ND ug/l 5.0 - 1 

Bis(2-chloroethyl)ether ND ug/l 2.0 - 1 

1,2-Dichlorobenzene ND ug/l 2.0 - 1 

1,3-Dichlorobenzene ND ug/l 2.0 - 1 

1,4-Dichlorobenzene ND ug/l 2.0 - 1 

3,3'-Dichlorobenzidine ND ug/l 5.0 - 1 

2,4-Dinitrotoluene ND ug/l 5.0 - 1 

2,6-Dinitrotoluene ND ug/l 5.0 - 1 

Azobenzene ND ug/l 2.0 - 1 

4-Bromophenyl phenyl ether ND ug/l 2.0 - 1 

Bis(2-chloroisopropyl)ether ND ug/l 2.0 - 1 

Bis(2-chloroethoxy)methane ND ug/l 5.0 - 1 

Isophorone ND ug/l 5.0 - 1 

Nitrobenzene ND ug/l 2.0 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/l 3.0 - 1 

Butyl benzyl phthalate ND ug/l 5.0 - 1 

Di-n-butylphthalate ND ug/l 5.0 - 1 

Di-n-octylphthalate ND ug/l 5.0 - 1 

Diethyl phthalate ND ug/l 5.0 - 1 

Dimethyl phthalate ND ug/l 5.0 - 1 

Aniline ND ug/l 2.0 - 1 

4-Chloroaniline ND ug/l 5.0 - 1 

Dibenzofuran ND ug/l 2.0 - 1 

Acetophenone ND ug/l 5.0 - 1 

2,4,6-Trichlorophenol ND ug/l 5.0 - 1 

2-Chlorophenol ND ug/l 2.0 - 1 

2,4-Dichlorophenol ND ug/l 5.0 - 1 

2,4-Dimethylphenol ND ug/l 5.0 - 1 

2-Nitrophenol ND ug/l 10 - 1 

4-Nitrophenol ND ug/l 10 - 1 

2,4-Dinitrophenol ND ug/l 20 - 1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS
 

L1109751-04Lab ID: Date Collected: 06/28/11 15:15 
MW-8Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Phenol ND ug/l 5.0 - 1 

2-Methylphenol ND ug/l 5.0 - 1 

3-Methylphenol/4-Methylphenol ND ug/l 5.0 - 1 

2,4,5-Trichlorophenol ND ug/l 5.0 - 1 

Surrogate % Recovery Qual
Acceptance 

Criteriaifier 

2-Fluorophenol 50 15-110 

Phenol-d6 37 15-110 

Nitrobenzene-d5 77 30-130 

2-Fluorobiphenyl 76 30-130 

2,4,6-Tribromophenol 85 15-110 

4-Terphenyl-d14 106 30-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-04 06/28/11 15:15Date Collected: 
Client ID: MW-8 06/30/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C-SIM Extraction Date: 07/02/11 13:59 
Analytical Date: 07/05/11 13:49 
Analyst: AS 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics by SIM - Westborough Lab 

Acenaphthene 2.1 ug/l 0.20 - 1 

2-Chloronaphthalene ND ug/l 0.20 - 1 

Fluoranthene 3.8 ug/l 0.20 - 1 

Hexachlorobutadiene ND ug/l 0.50 - 1 

Naphthalene ND ug/l 0.20 - 1 

Benzo(a)anthracene 0.22 ug/l 0.20 - 1 

Benzo(a)pyrene ND ug/l 0.20 - 1 

Benzo(b)fluoranthene ND ug/l 0.20 - 1 

Benzo(k)fluoranthene ND ug/l 0.20 - 1 

Chrysene ND ug/l 0.20 - 1 

Acenaphthylene ND ug/l 0.20 - 1 

Anthracene ND ug/l 0.20 - 1 

Benzo(ghi)perylene ND ug/l 0.20 - 1 

Fluorene 0.28 ug/l 0.20 - 1 

Phenanthrene 0.25 ug/l 0.20 - 1 

Dibenzo(a,h)anthracene ND ug/l 0.20 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/l 0.20 - 1 

Pyrene 3.2 ug/l 0.20 - 1 

2-Methylnaphthalene ND ug/l 0.20 - 1 

Pentachlorophenol ND ug/l 0.80 - 1 

Hexachlorobenzene ND ug/l 0.80 - 1 

Hexachloroethane ND ug/l 0.80 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 42 15-110 

Phenol-d6 32 15-110 

Nitrobenzene-d5 69 30-130 

2-Fluorobiphenyl 66 30-130 

2,4,6-Tribromophenol 98 15-110 

4-Terphenyl-d14 88 30-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-05 06/29/11 10:37Date Collected: 
Client ID: MW-7 06/30/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C Extraction Date: 07/02/11 13:56 
Analytical Date: 07/10/11 00:16 
Analyst: RC 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

1,2,4-Trichlorobenzene ND ug/l 5.0 - 1 

Bis(2-chloroethyl)ether ND ug/l 2.0 - 1 

1,2-Dichlorobenzene ND ug/l 2.0 - 1 

1,3-Dichlorobenzene ND ug/l 2.0 - 1 

1,4-Dichlorobenzene ND ug/l 2.0 - 1 

3,3'-Dichlorobenzidine ND ug/l 5.0 - 1 

2,4-Dinitrotoluene ND ug/l 5.0 - 1 

2,6-Dinitrotoluene ND ug/l 5.0 - 1 

Azobenzene ND ug/l 2.0 - 1 

4-Bromophenyl phenyl ether ND ug/l 2.0 - 1 

Bis(2-chloroisopropyl)ether ND ug/l 2.0 - 1 

Bis(2-chloroethoxy)methane ND ug/l 5.0 - 1 

Isophorone ND ug/l 5.0 - 1 

Nitrobenzene ND ug/l 2.0 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/l 3.0 - 1 

Butyl benzyl phthalate ND ug/l 5.0 - 1 

Di-n-butylphthalate ND ug/l 5.0 - 1 

Di-n-octylphthalate ND ug/l 5.0 - 1 

Diethyl phthalate ND ug/l 5.0 - 1 

Dimethyl phthalate ND ug/l 5.0 - 1 

Aniline ND ug/l 2.0 - 1 

4-Chloroaniline ND ug/l 5.0 - 1 

Dibenzofuran ND ug/l 2.0 - 1 

Acetophenone ND ug/l 5.0 - 1 

2,4,6-Trichlorophenol ND ug/l 5.0 - 1 

2-Chlorophenol ND ug/l 2.0 - 1 

2,4-Dichlorophenol ND ug/l 5.0 - 1 

2,4-Dimethylphenol ND ug/l 5.0 - 1 

2-Nitrophenol ND ug/l 10 - 1 

4-Nitrophenol ND ug/l 10 - 1 

2,4-Dinitrophenol ND ug/l 20 - 1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS
 

L1109751-05Lab ID: Date Collected: 06/29/11 10:37 
MW-7Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Phenol ND ug/l 5.0 - 1 

2-Methylphenol ND ug/l 5.0 - 1 

3-Methylphenol/4-Methylphenol ND ug/l 5.0 - 1 

2,4,5-Trichlorophenol ND ug/l 5.0 - 1 

Surrogate % Recovery Qual
Acceptance 

Criteriaifier 

2-Fluorophenol 58 15-110 

Phenol-d6 42 15-110 

Nitrobenzene-d5 88 30-130 

2-Fluorobiphenyl 88 30-130 

2,4,6-Tribromophenol 106 15-110 

4-Terphenyl-d14 110 30-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-05 D 06/29/11 10:37Date Collected: 
Client ID: MW-7 06/30/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C-SIM Extraction Date: 07/02/11 13:59 
Analytical Date: 07/06/11 10:07 
Analyst: AS 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics by SIM - Westborough Lab 

Acenaphthene 68 ug/l 10 - 50 

2-Chloronaphthalene ND ug/l 10 - 50 

Fluoranthene ND ug/l 10 - 50 

Hexachlorobutadiene ND ug/l 25 - 50 

Naphthalene 700 ug/l 10 - 50 

Benzo(a)anthracene ND ug/l 10 - 50 

Benzo(a)pyrene ND ug/l 10 - 50 

Benzo(b)fluoranthene ND ug/l 10 - 50 

Benzo(k)fluoranthene ND ug/l 10 - 50 

Chrysene ND ug/l 10 - 50 

Acenaphthylene ND ug/l 10 - 50 

Anthracene ND ug/l 10 - 50 

Benzo(ghi)perylene ND ug/l 10 - 50 

Fluorene 20 ug/l 10 - 50 

Phenanthrene 19 ug/l 10 - 50 

Dibenzo(a,h)anthracene ND ug/l 10 - 50 

Indeno(1,2,3-cd)Pyrene ND ug/l 10 - 50 

Pyrene ND ug/l 10 - 50 

2-Methylnaphthalene 150 ug/l 10 - 50 

Pentachlorophenol ND ug/l 40 - 50 

Hexachlorobenzene ND ug/l 40 - 50 

Hexachloroethane ND ug/l 40 - 50 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

2-Fluorophenol 0 Q 15-110 

Phenol-d6 0 Q 15-110 

Nitrobenzene-d5 0 Q 30-130 

2-Fluorobiphenyl 0 Q 30-130 

2,4,6-Tribromophenol 0 Q 15-110 

4-Terphenyl-d14 0 Q 30-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-06 06/29/11 13:17Date Collected: 
Client ID: MW-6 06/30/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C Extraction Date: 07/02/11 13:56 
Analytical Date: 07/10/11 00:40 
Analyst: RC 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

1,2,4-Trichlorobenzene ND ug/l 5.0 - 1 

Bis(2-chloroethyl)ether ND ug/l 2.0 - 1 

1,2-Dichlorobenzene ND ug/l 2.0 - 1 

1,3-Dichlorobenzene ND ug/l 2.0 - 1 

1,4-Dichlorobenzene ND ug/l 2.0 - 1 

3,3'-Dichlorobenzidine ND ug/l 5.0 - 1 

2,4-Dinitrotoluene ND ug/l 5.0 - 1 

2,6-Dinitrotoluene ND ug/l 5.0 - 1 

Azobenzene ND ug/l 2.0 - 1 

4-Bromophenyl phenyl ether ND ug/l 2.0 - 1 

Bis(2-chloroisopropyl)ether ND ug/l 2.0 - 1 

Bis(2-chloroethoxy)methane ND ug/l 5.0 - 1 

Isophorone ND ug/l 5.0 - 1 

Nitrobenzene ND ug/l 2.0 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/l 3.0 - 1 

Butyl benzyl phthalate ND ug/l 5.0 - 1 

Di-n-butylphthalate ND ug/l 5.0 - 1 

Di-n-octylphthalate ND ug/l 5.0 - 1 

Diethyl phthalate ND ug/l 5.0 - 1 

Dimethyl phthalate ND ug/l 5.0 - 1 

Aniline ND ug/l 2.0 - 1 

4-Chloroaniline ND ug/l 5.0 - 1 

Dibenzofuran ND ug/l 2.0 - 1 

Acetophenone ND ug/l 5.0 - 1 

2,4,6-Trichlorophenol ND ug/l 5.0 - 1 

2-Chlorophenol ND ug/l 2.0 - 1 

2,4-Dichlorophenol ND ug/l 5.0 - 1 

2,4-Dimethylphenol ND ug/l 5.0 - 1 

2-Nitrophenol ND ug/l 10 - 1 

4-Nitrophenol ND ug/l 10 - 1 

2,4-Dinitrophenol ND ug/l 20 - 1 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS
 

L1109751-06Lab ID: Date Collected: 06/29/11 13:17 
MW-6Client ID: Date Received: 06/30/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Phenol ND ug/l 5.0 - 1 

2-Methylphenol ND ug/l 5.0 - 1 

3-Methylphenol/4-Methylphenol ND ug/l 5.0 - 1 

2,4,5-Trichlorophenol ND ug/l 5.0 - 1 

Surrogate % Recovery Qual
Acceptance 

Criteriaifier 

2-Fluorophenol 53 15-110 

Phenol-d6 40 15-110 

Nitrobenzene-d5 88 30-130 

2-Fluorobiphenyl 85 30-130 

2,4,6-Tribromophenol 92 15-110 

4-Terphenyl-d14 106 30-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-06 06/29/11 13:17Date Collected: 
Client ID: MW-6 06/30/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C-SIM Extraction Date: 07/02/11 13:59 
Analytical Date: 07/05/11 14:18 
Analyst: AS 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics by SIM - Westborough Lab 

Acenaphthene ND ug/l 0.20 - 1 

2-Chloronaphthalene ND ug/l 0.20 - 1 

Fluoranthene ND ug/l 0.20 - 1 

Hexachlorobutadiene ND ug/l 0.50 - 1 

Naphthalene ND ug/l 0.20 - 1 

Benzo(a)anthracene ND ug/l 0.20 - 1 

Benzo(a)pyrene ND ug/l 0.20 - 1 

Benzo(b)fluoranthene ND ug/l 0.20 - 1 

Benzo(k)fluoranthene ND ug/l 0.20 - 1 

Chrysene ND ug/l 0.20 - 1 

Acenaphthylene ND ug/l 0.20 - 1 

Anthracene ND ug/l 0.20 - 1 

Benzo(ghi)perylene ND ug/l 0.20 - 1 

Fluorene ND ug/l 0.20 - 1 

Phenanthrene ND ug/l 0.20 - 1 

Dibenzo(a,h)anthracene ND ug/l 0.20 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/l 0.20 - 1 

Pyrene ND ug/l 0.20 - 1 

2-Methylnaphthalene ND ug/l 0.20 - 1 

Pentachlorophenol ND ug/l 0.80 - 1 

Hexachlorobenzene ND ug/l 0.80 - 1 

Hexachloroethane ND ug/l 0.80 - 1 

Surrogate % Recovery Qua
Acceptance 

Criterialifier 

2-Fluorophenol 47 15-110 

Phenol-d6 35 15-110 

Nitrobenzene-d5 73 30-130 

2-Fluorobiphenyl 68 30-130 

2,4,6-Tribromophenol 96 15-110 

4-Terphenyl-d14 84 30-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3510C 
Analytical Date: 07/06/11 11:38 Extraction Date: 07/02/11 13:56 
Analyst: RC 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   02-06  Batch: WG476803-1 

Acenaphthene ND ug/l 2.0 -

1,2,4-Trichlorobenzene ND ug/l 5.0 --

Hexachlorobenzene ND ug/l 2.0 -

Bis(2-chloroethyl)ether ND ug/l 2.0 -

2-Chloronaphthalene ND ug/l 2.0 -

1,2-Dichlorobenzene ND ug/l 2.0 -

1,3-Dichlorobenzene ND ug/l 2.0 -

1,4-Dichlorobenzene ND ug/l 2.0 -

3,3'-Dichlorobenzidine ND ug/l 5.0 -

2,4-Dinitrotoluene ND ug/l 5.0 -

2,6-Dinitrotoluene ND ug/l 5.0 --

Azobenzene ND ug/l 2.0 --

Fluoranthene ND ug/l 2.0 -

4-Bromophenyl phenyl ether ND ug/l 2.0 -

Bis(2-chloroisopropyl)ether ND ug/l 2.0 -

Bis(2-chloroethoxy)methane ND ug/l 5.0 --

Hexachlorobutadiene ND ug/l 2.0 --

Hexachloroethane ND ug/l 2.0 --

Isophorone ND ug/l 5.0 -

Naphthalene ND ug/l 2.0 --

Nitrobenzene ND ug/l 2.0 -

Bis(2-Ethylhexyl)phthalate ND ug/l 3.0 --

Butyl benzyl phthalate ND ug/l 5.0 -

Di-n-butylphthalate ND ug/l 5.0 -

Di-n-octylphthalate ND ug/l 5.0 --

Diethyl phthalate ND ug/l 5.0 --

Dimethyl phthalate ND ug/l 5.0 -

Benzo(a)anthracene ND ug/l 2.0 -

Benzo(a)pyrene ND ug/l 2.0 -

Benzo(b)fluoranthene ND ug/l 2.0 -

Benzo(k)fluoranthene ND ug/l 2.0 -
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3510C 
Analytical Date: 07/06/11 11:38 Extraction Date: 07/02/11 13:56 
Analyst: RC 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   02-06  Batch: WG476803-1 

Chrysene ND ug/l 2.0 --

Acenaphthylene ND ug/l 2.0 --

Anthracene ND ug/l 2.0 -

Benzo(ghi)perylene ND ug/l 2.0 --

Fluorene ND ug/l 2.0 --

Phenanthrene ND ug/l 2.0 -

Dibenzo(a,h)anthracene ND ug/l 2.0 --

Indeno(1,2,3-cd)Pyrene ND ug/l 2.0 --

Pyrene ND ug/l 2.0 -

Aniline ND ug/l 2.0 -

4-Chloroaniline ND ug/l 5.0 --

Dibenzofuran ND ug/l 2.0 -

2-Methylnaphthalene ND ug/l 2.0 --

Acetophenone ND ug/l 5.0 -

2,4,6-Trichlorophenol ND ug/l 5.0 -

2-Chlorophenol ND ug/l 2.0 -

2,4-Dichlorophenol ND ug/l 5.0 -

2,4-Dimethylphenol ND ug/l 5.0 -

2-Nitrophenol ND ug/l 10 -

4-Nitrophenol ND ug/l 10 -

2,4-Dinitrophenol ND ug/l 20 --

Pentachlorophenol ND ug/l 10 -

Phenol ND ug/l 5.0 -

2-Methylphenol ND ug/l 5.0 -

3-Methylphenol/4-Methylphenol ND ug/l 5.0 -

2,4,5-Trichlorophenol ND ug/l 5.0 -
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3510C 
Analytical Date: 07/06/11 11:38 Extraction Date: 07/02/11 13:56 
Analyst: RC 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   02-06  Batch: WG476803-1 

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

2-Fluorophenol 36 15-110 

Phenol-d6 23 15-110 

Nitrobenzene-d5 80 30-130 

2-Fluorobiphenyl 61 30-130 

2,4,6-Tribromophenol 76 15-110 

4-Terphenyl-d14 103 30-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C-SIM Extraction Method: EPA 3510C 
Analytical Date: 07/05/11 18:06 Extraction Date: 07/02/11 13:59 
Analyst: AS 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics by SIM - Westborough Lab for sample(s):   02-06  Batch: WG476804-1 

Acenaphthene ND ug/l 0.20 -

2-Chloronaphthalene ND ug/l 0.20 --

Fluoranthene ND ug/l 0.20 --

Hexachlorobutadiene ND ug/l 0.50 -

Naphthalene ND ug/l 0.20 -

Benzo(a)anthracene ND ug/l 0.20 -

Benzo(a)pyrene ND ug/l 0.20 -

Benzo(b)fluoranthene ND ug/l 0.20 -

Benzo(k)fluoranthene ND ug/l 0.20 --

Chrysene ND ug/l 0.20 --

Acenaphthylene ND ug/l 0.20 --

Anthracene ND ug/l 0.20 -

Benzo(ghi)perylene ND ug/l 0.20 --

Fluorene ND ug/l 0.20 --

Phenanthrene ND ug/l 0.20 -

Dibenzo(a,h)anthracene ND ug/l 0.20 --

Indeno(1,2,3-cd)Pyrene ND ug/l 0.20 --

Pyrene ND ug/l 0.20 -

2-Methylnaphthalene ND ug/l 0.20 --

Pentachlorophenol ND ug/l 0.80 --

Hexachlorobenzene ND ug/l 0.80 --

Hexachloroethane ND ug/l 0.80 -
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C-SIM Extraction Method: EPA 3510C 
Analytical Date: 07/05/11 18:06 Extraction Date: 07/02/11 13:59 
Analyst: AS 

Parameter Result RLUnitsQualifier MDL 

MCP Semivolatile Organics by SIM - Westborough Lab for sample(s):   02-06  Batch: WG476804-1 

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

2-Fluorophenol 

Phenol-d6 

Nitrobenzene-d5 

2-Fluorobiphenyl 

2,4,6-Tribromophenol 

4-Terphenyl-d14 

36 

25 

53 

47 

49 

79 

15-110 

15-110 

30-130 

30-130 

15-110 

30-130 
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Serial_No:07131118:04 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL 
Batch Quality Control 

Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery LimitsQual RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 02-06  Batch: WG476803-2 WG476803-3 

Acenaphthene 78 81 40-140 4 20 

1,2,4-Trichlorobenzene 53 57 40-140 7 20 

Hexachlorobenzene 117 106 40-140 10 20 

Bis(2-chloroethyl)ether 56 55 40-140 2 20 

2-Chloronaphthalene 92 91 40-140 1 20 

1,2-Dichlorobenzene 45 51 40-140 13 20 

1,3-Dichlorobenzene 45 46 40-140 2 20 

1,4-Dichlorobenzene 44 48 40-140 9 20 

3,3'-Dichlorobenzidine 114 102 40-140 11 20 

2,4-Dinitrotoluene 129 117 40-140 10 20 

2,6-Dinitrotoluene 114 104 40-140 9 20 

Azobenzene 91 87 40-140 4 20 

Fluoranthene 114 102 40-140 11 20 

4-Bromophenyl phenyl ether 110 101 40-140 9 20 

Bis(2-chloroisopropyl)ether 43 44 40-140 2 20 

Bis(2-chloroethoxy)methane 56 61 40-140 9 20 

Hexachlorobutadiene 55 58 40-140 5 20 

Hexachloroethane 41 47 40-140 14 20 

Isophorone 63 66 40-140 5 20 

Naphthalene 60 60 40-140 0 20 

Nitrobenzene  65 67 40-140 3 20 
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 02-06  Batch: WG476803-2 WG476803-3 

Bis(2-Ethylhexyl)phthalate 127 124 40-140 2 20 

Butyl benzyl phthalate 117 114 40-140 3 20 

Di-n-butylphthalate 117 114 40-140 3 20 

Di-n-octylphthalate 119 107 40-140 11 20 

Diethyl phthalate 114 100 40-140 13 20 

Dimethyl phthalate 103 92 40-140 11 20 

Benzo(a)anthracene 116 111 40-140 4 20 

Benzo(a)pyrene 111 105 40-140 6 20 

Benzo(b)fluoranthene 130 117 40-140 11 20 

Benzo(k)fluoranthene 127 108 40-140 16 20 

Chrysene 117 102 40-140 14 20 

Acenaphthylene 84 84 40-140 0 20 

Anthracene 102 105 40-140 3 20 

Benzo(ghi)perylene 123 106 40-140 15 20 

Fluorene 98 90 40-140 9 20 

Phenanthrene 101 100 40-140 1 20 

Dibenzo(a,h)anthracene 130 108 40-140 18 20 

Indeno(1,2,3-cd)Pyrene 114 97 40-140 16 20 

Pyrene 105 105 40-140 0 20 

Aniline 36 Q 31 Q 40-140 15 20 

4-Chloroaniline  63 62 40-140 2 20 
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Serial_No:07131118:04 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL 
Batch Quality Control 

Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 02-06  Batch: WG476803-2 WG476803-3 

Dibenzofuran 89 85 40-140 5 20 

2-Methylnaphthalene 61 62 40-140 2 20 

Acetophenone 73 71 40-140 3 20 

2,4,6-Trichlorophenol 103 99 30-130 4 20 

2-Chlorophenol 58 62 30-130 7 20 

2,4-Dichlorophenol 76 77 30-130 1 20 

2,4-Dimethylphenol 69 72 30-130 4 20 

2-Nitrophenol 71 72 30-130 1 20 

4-Nitrophenol 67 59 30-130 13 20 

2,4-Dinitrophenol 144 Q 140 Q 30-130 3 20 

Pentachlorophenol 94 93 30-130 1 20 

Phenol 29 Q 28 Q 30-130 4 20 

2-Methylphenol 51 53 30-130 4 20 

3-Methylphenol/4-Methylphenol 52 53 30-130 2 20 

2,4,5-Trichlorophenol  102 101 30-130 1 20 
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 02-06  Batch: WG476803-2 WG476803-3 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

2-Fluorophenol 38 36 15-110 

Phenol-d6 26 24 15-110 

Nitrobenzene-d5 78 87 30-130 

2-Fluorobiphenyl 74 75 30-130 

2,4,6-Tribromophenol 103 99 15-110 

4-Terphenyl-d14 111 108 30-130 

MCP Semivolatile Organics by SIM - Westborough Lab  Associated sample(s): 02-06  Batch: WG476804-2 WG476804-3 

Acenaphthene 71 78 40-140 9 20 

2-Chloronaphthalene 77 86 40-140 11 20 

Fluoranthene 110 120 40-140 9 20 

Hexachlorobutadiene 51 56 40-140 9 20 

Naphthalene 68 76 40-140 11 20 

Benzo(a)anthracene 96 105 40-140 9 20 

Benzo(a)pyrene 84 91 40-140 8 20 

Benzo(b)fluoranthene 98 114 40-140 15 20 

Benzo(k)fluoranthene  96 102 40-140 6 20 
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics by SIM - Westborough Lab  Associated sample(s): 02-06  Batch: WG476804-2 WG476804-3 

Chrysene 88 95 40-140 8 20 

Acenaphthylene 77 84 40-140 9 20 

Anthracene 87 96 40-140 10 20 

Benzo(ghi)perylene 79 83 40-140 5 20 

Fluorene 86 93 40-140 8 20 

Phenanthrene 85 96 40-140 12 20 

Dibenzo(a,h)anthracene 88 95 40-140 8 20 

Indeno(1,2,3-cd)Pyrene 84 88 40-140 5 20 

Pyrene 103 112 40-140 8 20 

2-Methylnaphthalene 67 76 40-140 13 20 

Pentachlorophenol 105 116 30-130 10 20 

Hexachlorobenzene 69 77 40-140 11 20 

Hexachloroethane  55 62 40-140 12 20 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

2-Fluorophenol 47 51 15-110 

Phenol-d6 34 37 15-110 

Nitrobenzene-d5 69 77 30-130 

2-Fluorobiphenyl 66 73 30-130 

2,4,6-Tribromophenol 75 83 15-110 

4-Terphenyl-d14 95 101 30-130 
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PETROLEUM 

HYDROCARBONS
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Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 
SAMPLE RESULTS
 

Lab ID: L1109751-02 Date Collected: 06/28/11 12:35 
Client ID: MW-1 Date Received: 06/30/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 1,8015B(M) Extraction Date: 07/04/11 12:46 
Analytical Date: 07/08/11 10:06 
Analyst: NH 

Parameter Result 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

Qualifier Units RL MDL Dilution Factor 

TPH ND ug/l 500 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 87 40-140 
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Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-03 Date Collected: 06/28/11 14:00 
Client ID: MW-2 Date Received: 06/30/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 1,8015B(M) Extraction Date: 07/04/11 12:46 
Analytical Date: 07/07/11 09:12 
Analyst: NH 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/l 500 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 70 40-140 
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Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-04 Date Collected: 06/28/11 15:15 
Client ID: MW-8 Date Received: 06/30/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 1,8015B(M) Extraction Date: 07/04/11 12:46 
Analytical Date: 07/07/11 05:48 
Analyst: NH 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/l 500 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 97 40-140 
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Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-05 Date Collected: 06/29/11 10:37 
Client ID: MW-7 Date Received: 06/30/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 1,8015B(M) Extraction Date: 07/04/11 12:46 
Analytical Date: 07/07/11 05:14 
Analyst: NH 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH 3350 ug/l 500 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 83 40-140 
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Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 
SAMPLE RESULTS 

Lab ID: L1109751-06 Date Collected: 06/29/11 13:17 
Client ID: MW-6 Date Received: 06/30/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 1,8015B(M) Extraction Date: 07/04/11 12:46 
Analytical Date: 07/07/11 06:21 
Analyst: NH 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/l 500 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 84 40-140 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 1,8015B(M) Extraction Method: EPA 3510C 
Analytical Date: 07/07/11 08:03 Extraction Date: 07/04/11 12:46 
Analyst: NH 

Parameter Result RLUnitsQualifier MDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab for sample(s):   02-06  Batch: WG476974-1 

TPH ND 500ug/l -

Acceptance 
Surrogate %Recovery Qualifier Criteria 

o-Terphenyl 94 40-140 
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Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 02-06  Batch: WG476974-2 

TPH  82 - 40-140 - 40 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

o-Terphenyl 92 40-140 
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Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL Batch Quality Control Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Units RPDParameter Native Sample Duplicate Sample RPD LimitsQual 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 02-06  QC Batch ID: WG476974-4  QC Sample: L1109751-02  Client ID: 
MW-1 

TPH ND ND ug/l NC 40 

Acceptance 
Surrogate %Recovery Qualifier %Recovery Qualifier Criteria 

o-Terphenyl 87 89 40-140 
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Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

SAMPLE RESULTS
 

Lab ID: L1109751-01 Date Collected: 06/28/11 00:00 
Client ID: TRIP BLANK Date Received: 06/30/11 
Sample Location: NEW BEDFORD, MA Field Prep: Not Specified 
Matrix: Water 
Analytical Method: 100,VPH-04-1.1 
Analytical Date: 07/06/11 18:04 
Analyst: TT 

Quality Control Information 
Condition of sample received: 

Aqueous Preservative: 

Sample Temperature upon receipt: 

Satisfactory 

Laboratory Provided Preserved 
Container 
Received on Ice 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Volatile Petroleum Hydrocarbons - Westborough Lab 

C5-C8 Aliphatics ND ug/l 50.0 

C9-C12 Aliphatics ND ug/l 50.0 

C9-C10 Aromatics ND ug/l 50.0 

C5-C8 Aliphatics, Adjusted ND ug/l 50.0 

C9-C12 Aliphatics, Adjusted ND ug/l 50.0 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

-

1 

1 

1 

1 

1 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

83 

91 

70-130 

70-130 
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Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

SAMPLE RESULTS
 

Lab ID: L1109751-04 Date Collected: 06/28/11 15:15 
Client ID: MW-8 Date Received: 06/30/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water 
Analytical Method: 100,VPH-04-1.1 
Analytical Date: 07/06/11 18:55 
Analyst: TT 

Quality Control Information 
Condition of sample received: 

Aqueous Preservative: 

Sample Temperature upon receipt: 

Satisfactory 

Laboratory Provided Preserved 
Container 
Received on Ice 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Volatile Petroleum Hydrocarbons - Westborough Lab 

C5-C8 Aliphatics ND ug/l 50.0 

C9-C12 Aliphatics ND ug/l 50.0 

C9-C10 Aromatics ND ug/l 50.0 

C5-C8 Aliphatics, Adjusted ND ug/l 50.0 

C9-C12 Aliphatics, Adjusted ND ug/l 50.0 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

-

1 

1 

1 

1 

1 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

84 

92 

70-130 

70-130 
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Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

SAMPLE RESULTS
 

Lab ID: L1109751-04 Date Collected: 06/28/11 15:15 
Client ID: MW-8 Date Received: 06/30/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 98,EPH-04-1.1 Extraction Date: 07/07/11 17:47 
Analytical Date: 07/11/11 22:48 Cleanup Method1: EPH-04-1 
Analyst: AS Cleanup Date1: 07/08/11 

Quality Control Information 
Condition of sample received: 

Aqueous Preservative: 

Sample Temperature upon receipt: 

Sample Extraction method: 

Satisfactory 

Laboratory Provided Preserved 
Container 
Received on Ice 

Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND ug/l 100 

C19-C36 Aliphatics ND ug/l 100 

C11-C22 Aromatics 187 ug/l 100 

C11-C22 Aromatics, Adjusted 148 ug/l 100 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

1 

1 

1 

1 

Chloro-Octadecane 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

79 

88 

80 

77 

40-140 

40-140 

40-140 

40-140 
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Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

SAMPLE RESULTS
 

Lab ID: L1109751-05 Date Collected: 06/29/11 10:37 
Client ID: MW-7 Date Received: 06/30/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 98,EPH-04-1.1 Extraction Date: 07/07/11 17:47 
Analytical Date: 07/11/11 23:20 Cleanup Method1: EPH-04-1 
Analyst: AS Cleanup Date1: 07/08/11 

Quality Control Information 
Condition of sample received: 

Aqueous Preservative: 

Sample Temperature upon receipt: 

Sample Extraction method: 

Satisfactory 

Laboratory Provided Preserved 
Container 
Received on Ice 

Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND ug/l 100 

C19-C36 Aliphatics ND ug/l 100 

C11-C22 Aromatics 3030 ug/l 100 

C11-C22 Aromatics, Adjusted 2710 ug/l 100 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

1 

1 

1 

1 

Chloro-Octadecane 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

87 

98 

94 

95 

40-140 

40-140 

40-140 

40-140 
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Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

SAMPLE RESULTS 

Lab ID: L1109751-05 D Date Collected: 06/29/11 10:37 
Client ID: MW-7 Date Received: 06/30/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water 
Analytical Method: 100,VPH-04-1.1 
Analytical Date: 07/08/11 07:12 
Analyst: TT 

Quality Control Information 
Condition of sample received: 

Aqueous Preservative: 

Sample Temperature upon receipt: 

Satisfactory 

Laboratory Provided Preserved 
Container 
Received on Ice 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Volatile Petroleum Hydrocarbons - Westborough Lab 

C5-C8 Aliphatics ND ug/l 1250 

C9-C12 Aliphatics 7470 ug/l 1250 

C9-C10 Aromatics 3730 ug/l 1250 

C5-C8 Aliphatics, Adjusted ND ug/l 1250 

C9-C12 Aliphatics, Adjusted 2370 ug/l 1250 

Acceptance 
CriteriaSurrogate % Recovery Qualifier 

-

-

-

-

-

25 

25 

25 

25 

25 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

82 

85 

70-130 

70-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 100,VPH-04-1.1 
Analytical Date: 07/06/11 14:21 
Analyst: TT 

Parameter Result UnitsQualifier 

Volatile Petroleum Hydrocarbons - Westborough Lab for sample(s):   01,04

RL MDL 

Batch: WG477378-3 

C5-C8 Aliphatics ND ug/l 

C9-C12 Aliphatics ND ug/l 

C9-C10 Aromatics ND ug/l 

C5-C8 Aliphatics, Adjusted ND ug/l 

C9-C12 Aliphatics, Adjusted ND ug/l 

50.0 -

50.0 -

50.0 -

50.0 -

50.0 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

82 

90 

70-130 

70-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 100,VPH-04-1.1 
Analytical Date: 07/07/11 12:24 
Analyst: TT 

Parameter Result Qualifier Units RL MDL 

Volatile Petroleum Hydrocarbons - Westborough Lab for sample(s):   05  Batch: WG477619-3 

C5-C8 Aliphatics ND ug/l 50.0 -

C9-C12 Aliphatics ND ug/l 50.0 -

C9-C10 Aromatics ND ug/l 50.0 -

C5-C8 Aliphatics, Adjusted ND ug/l 50.0 -

C9-C12 Aliphatics, Adjusted ND ug/l 50.0 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

2,5-Dibromotoluene-PID 

2,5-Dibromotoluene-FID 

81 

87 

70-130 

70-130 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 98,EPH-04-1.1 Extraction Method: EPA 3510C 
Analytical Date: 07/11/11 10:33 Extraction Date: 07/07/11 17:47 
Analyst: AS Cleanup Method1: EPH-04-1 

Cleanup Date1: 07/08/11 

Parameter Result Qualifier Units RL MDL 

Extractable Petroleum Hydrocarbons - Westborough Lab for sample(s):   04-05  Batch: WG477718-1 

C9-C18 Aliphatics ND ug/l 100 -

C19-C36 Aliphatics ND ug/l 100 -

C11-C22 Aromatics ND ug/l 100 -

C11-C22 Aromatics, Adjusted ND ug/l 100 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 71 40-140 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

72 

65 

68 

40-140 

40-140 

40-140 
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Volatile Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01,04  Batch: WG477378-1 WG477378-2 

C5-C8 Aliphatics 115 113 70-130 2 25
 

C9-C12 Aliphatics 82 85 70-130 3 25
 

C9-C10 Aromatics 96 98 70-130 2 25
 

Benzene 95 94 70-130 0 25
 

Toluene 94 94 70-130 0 25
 

Ethylbenzene 94 95 70-130 1 25
 

p/m-Xylene 96 97 70-130 1 25
 

o-Xylene 96 98 70-130 2 25
 

Methyl tert butyl ether 94 93 70-130 1 25
 

Naphthalene 84 86 70-130 2 25
 

1,2,4-Trimethylbenzene 96 96 70-130 0 25
 

Pentane 129 120 70-130 7 25
 

2-Methylpentane 121 122 70-130 1 25
 

2,2,4-Trimethylpentane 103 105 70-130 2 25
 

n-Nonane 86 87 30-130 2 25
 

n-Decane 83 86 70-130 3 25
 

n-Butylcyclohexane  91 93 70-130 3 25
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Volatile Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01,04  Batch: WG477378-1 WG477378-2 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

2,5-Dibromotoluene-PID 76 79 70-130 

2,5-Dibromotoluene-FID 82 84 70-130 

Volatile Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 05  Batch: WG477619-1 WG477619-2 

C5-C8 Aliphatics 107 108 70-130 1 25 

C9-C12 Aliphatics 82 87 70-130 5 25 

C9-C10 Aromatics 97 98 70-130 1 25 

Benzene 95 92 70-130 3 25 

Toluene 94 95 70-130 1 25 

Ethylbenzene 95 95 70-130 1 25 

p/m-Xylene 97 97 70-130 0 25 

o-Xylene 97 98 70-130 1 25 

Methyl tert butyl ether  93 90 70-130 3 25 
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Volatile Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 05  Batch: WG477619-1 WG477619-2 

Naphthalene 82 84 70-130 3 25
 

1,2,4-Trimethylbenzene 95 96 70-130 1 25
 

Pentane 115 110 70-130 4 25
 

2-Methylpentane 112 115 70-130 3 25
 

2,2,4-Trimethylpentane 98 102 70-130 4 25
 

n-Nonane 85 87 30-130 3 25
 

n-Decane 84 90 70-130 6 25
 

n-Butylcyclohexane  88 92 70-130 4 25
 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

2,5-Dibromotoluene-PID 75 75 70-130
 

2,5-Dibromotoluene-FID 80 80 70-130
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 04-05  Batch: WG477718-2 WG477718-3 

C9-C18 Aliphatics 80 68 40-140 16 25
 

C19-C36 Aliphatics 99 91 40-140 8 25
 

C11-C22 Aromatics 89 85 40-140 5 25
 

Naphthalene 76 68 40-140 11 25
 

2-Methylnaphthalene 81 74 40-140 9 25
 

Acenaphthylene 73 68 40-140 7 25
 

Acenaphthene 80 74 40-140 8 25
 

Fluorene 79 74 40-140 7 25
 

Phenanthrene 85 82 40-140 4 25
 

Anthracene 84 81 40-140 4 25
 

Fluoranthene 89 88 40-140 1 25
 

Pyrene 93 93 40-140 0 25
 

Benzo(a)anthracene 89 89 40-140 0 25
 

Chrysene 92 92 40-140 0 25
 

Benzo(b)fluoranthene 91 92 40-140 1 25
 

Benzo(k)fluoranthene 96 96 40-140 0 25
 

Benzo(a)pyrene 88 90 40-140 2 25
 

Indeno(1,2,3-cd)Pyrene 95 95 40-140 0 25
 

Dibenzo(a,h)anthracene 90 90 40-140 0 25
 

Benzo(ghi)perylene 94 93 40-140 1 25
 

Nonane (C9)  71 57 30-140 22 25
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Serial_No:07131118:04 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 04-05  Batch: WG477718-2 WG477718-3 

Decane (C10) 81 67 40-140 19 25 

Dodecane (C12) 88 74 40-140 17 25 

Tetradecane (C14) 92 78 40-140 16 25 

Hexadecane (C16) 96 84 40-140 13 25 

Octadecane (C18) 100 90 40-140 11 25 

Nonadecane (C19) 102 92 40-140 10 25 

Eicosane (C20) 102 93 40-140 9 25 

Docosane (C22) 100 92 40-140 8 25 

Tetracosane (C24) 101 93 40-140 8 25 

Hexacosane (C26) 100 92 40-140 8 25 

Octacosane (C28) 97 90 40-140 7 25 

Triacontane (C30) 100 92 40-140 8 25 

Hexatriacontane (C36)  100 91 40-140 9 25 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

Chloro-Octadecane 83 81 40-140 

o-Terphenyl 82 80 40-140 

2-Fluorobiphenyl 68 71 40-140 

2-Bromonaphthalene 73 74 40-140 

% Naphthalene Breakthrough 0 0 

% 2-Methylnaphthalene Breakthrough 0 0 
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FF Serial_No:07131118:04 

Project Name: 

Project Number: 

SOUTH TERMINAL 

6690 

MW-1Client ID: 

Matrix: Water 
NEW BEDFORD, MASample Location: 

L1109751-02Lab ID: 

SAMPLE RESULTS 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

L1109751 

07/13/11 

06/28/11 12:35 
06/30/11 
See Narrative 

Parameter Result Qualifier Units 
Dilution 
FactorRL MDL 

Date 
Analyzed 

Date 
Prepared 

Analytical 
Method 

Prep 
Method Analyst 

MCP Dissolved Metals - Westborough Lab 

Antimony, Dissolved ND mg/l 

Arsenic, Dissolved 0.0011 mg/l 

Beryllium, Dissolved ND mg/l 

Cadmium, Dissolved ND mg/l 

Chromium, Dissolved ND mg/l 

Copper, Dissolved 0.0010 mg/l 

Lead, Dissolved ND mg/l 

Mercury, Dissolved ND mg/l 

Nickel, Dissolved 0.0008 mg/l 

Selenium, Dissolved 0.001 mg/l 

Silver, Dissolved ND mg/l 

Thallium, Dissolved ND mg/l 

Zinc, Dissolved 0.0144 mg/l 

10.0010 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0002 -

10.0005 -

10.001 -

10.0005 -

10.0005 -

10.0050 -

07/06/11 05:0807/03/11 12:15 

07/06/11 05:0807/03/11 12:15 

07/06/11 05:0807/03/11 12:15 

07/06/11 05:0807/03/11 12:15 

07/06/11 05:0807/03/11 12:15 

07/06/11 05:0807/03/11 12:15 

07/06/11 05:0807/03/11 12:15 

07/07/11 13:4307/06/11 17:01 

07/06/11 05:0807/03/11 12:15 

07/06/11 05:0807/03/11 12:15 

07/06/11 05:0807/03/11 12:15 

07/06/11 05:0807/03/11 12:15 

07/06/11 05:0807/03/11 12:15 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,7470AEPA 7470A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

BM 

BM 

BM 

BM 

BM 

BM 

BM 

AH 

BM 

BM 

BM 

BM 

BM 
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Serial_No:07131118:04 

Project Name: 

Project Number: 

SOUTH TERMINAL 

6690 

MW-2Client ID: 

Matrix: Water 
NEW BEDFORD, MASample Location: 

L1109751-03Lab ID: 

SAMPLE RESULTS 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

L1109751 

07/13/11 

06/28/11 14:00 
06/30/11 
See Narrative 

Parameter Result Qualifier Units 
Dilution 
FactorRL MDL 

Date 
Analyzed 

Date 
Prepared 

Analytical 
Method 

Prep 
Method Analyst 

MCP Dissolved Metals - Westborough Lab 

Antimony, Dissolved ND mg/l 

Arsenic, Dissolved 0.0011 mg/l 

Beryllium, Dissolved ND mg/l 

Cadmium, Dissolved ND mg/l 

Chromium, Dissolved ND mg/l 

Copper, Dissolved 0.0025 mg/l 

Lead, Dissolved 0.0016 mg/l 

Mercury, Dissolved ND mg/l 

Nickel, Dissolved 0.0014 mg/l 

Selenium, Dissolved 0.001 mg/l 

Silver, Dissolved ND mg/l 

Thallium, Dissolved ND mg/l 

Zinc, Dissolved 0.0189 mg/l 

10.0010 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0002 -

10.0005 -

10.001 -

10.0005 -

10.0005 -

10.0050 -

07/06/11 05:1407/03/11 12:15 

07/06/11 05:1407/03/11 12:15 

07/06/11 05:1407/03/11 12:15 

07/06/11 05:1407/03/11 12:15 

07/06/11 05:1407/03/11 12:15 

07/06/11 05:1407/03/11 12:15 

07/06/11 05:1407/03/11 12:15 

07/07/11 13:4507/06/11 17:01 

07/06/11 05:1407/03/11 12:15 

07/06/11 05:1407/03/11 12:15 

07/06/11 05:1407/03/11 12:15 

07/06/11 05:1407/03/11 12:15 

07/06/11 05:1407/03/11 12:15 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,7470AEPA 7470A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

BM 

BM 

BM 

BM 

BM 

BM 

BM 

AH 

BM 

BM 

BM 

BM 

BM 
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Serial_No:07131118:04 

Project Name: 

Project Number: 

SOUTH TERMINAL 

6690 

MW-8Client ID: 

Matrix: Water 
NEW BEDFORD, MASample Location: 

L1109751-04Lab ID: 

SAMPLE RESULTS 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

L1109751 

07/13/11 

06/28/11 15:15 
06/30/11 
See Narrative 

Parameter Result Qualifier Units 
Dilution 
FactorRL MDL 

Date 
Analyzed 

Date 
Prepared 

Analytical 
Method 

Prep 
Method Analyst 

MCP Dissolved Metals - Westborough Lab 

Antimony, Dissolved ND mg/l 

Arsenic, Dissolved 0.0008 mg/l 

Beryllium, Dissolved ND mg/l 

Cadmium, Dissolved ND mg/l 

Chromium, Dissolved 0.0008 mg/l 

Copper, Dissolved ND mg/l 

Lead, Dissolved ND mg/l 

Mercury, Dissolved ND mg/l 

Nickel, Dissolved 0.0008 mg/l 

Selenium, Dissolved 0.001 mg/l 

Silver, Dissolved ND mg/l 

Thallium, Dissolved ND mg/l 

Zinc, Dissolved 0.0090 mg/l 

10.0010 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0002 -

10.0005 -

10.001 -

10.0005 -

10.0005 -

10.0050 -

07/06/11 05:2007/03/11 12:15 

07/06/11 05:2007/03/11 12:15 

07/06/11 05:2007/03/11 12:15 

07/06/11 05:2007/03/11 12:15 

07/06/11 05:2007/03/11 12:15 

07/06/11 05:2007/03/11 12:15 

07/06/11 05:2007/03/11 12:15 

07/07/11 13:4707/06/11 17:01 

07/06/11 05:2007/03/11 12:15 

07/06/11 05:2007/03/11 12:15 

07/06/11 05:2007/03/11 12:15 

07/06/11 05:2007/03/11 12:15 

07/06/11 05:2007/03/11 12:15 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,7470AEPA 7470A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

BM 

BM 

BM 

BM 

BM 

BM 

BM 

AH 

BM 

BM 

BM 

BM 

BM 

Page 92 of 110 



                               

Serial_No:07131118:04 

Project Name: 

Project Number: 

SOUTH TERMINAL 

6690 

MW-7Client ID: 

Matrix: Water 
NEW BEDFORD, MASample Location: 

L1109751-05Lab ID: 

SAMPLE RESULTS 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

L1109751 

07/13/11 

06/29/11 10:37 
06/30/11 
See Narrative 

Parameter Result Qualifier Units 
Dilution 
FactorRL MDL 

Date 
Analyzed 

Date 
Prepared 

Analytical 
Method 

Prep 
Method Analyst 

MCP Dissolved Metals - Westborough Lab 

Antimony, Dissolved ND mg/l 

Arsenic, Dissolved 0.0013 mg/l 

Beryllium, Dissolved ND mg/l 

Cadmium, Dissolved ND mg/l 

Chromium, Dissolved ND mg/l 

Copper, Dissolved 0.0008 mg/l 

Lead, Dissolved ND mg/l 

Mercury, Dissolved ND mg/l 

Nickel, Dissolved 0.0011 mg/l 

Selenium, Dissolved 0.001 mg/l 

Silver, Dissolved ND mg/l 

Thallium, Dissolved ND mg/l 

Zinc, Dissolved 0.0127 mg/l 

10.0010 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0002 -

10.0005 -

10.001 -

10.0005 -

10.0005 -

10.0050 -

07/06/11 05:2707/03/11 12:15 

07/06/11 05:2707/03/11 12:15 

07/06/11 05:2707/03/11 12:15 

07/06/11 05:2707/03/11 12:15 

07/06/11 05:2707/03/11 12:15 

07/06/11 05:2707/03/11 12:15 

07/06/11 05:2707/03/11 12:15 

07/07/11 13:4907/06/11 17:01 

07/06/11 05:2707/03/11 12:15 

07/06/11 05:2707/03/11 12:15 

07/06/11 05:2707/03/11 12:15 

07/06/11 05:2707/03/11 12:15 

07/06/11 05:2707/03/11 12:15 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,7470AEPA 7470A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

BM 

BM 

BM 

BM 

BM 

BM 

BM 

AH 

BM 

BM 

BM 

BM 

BM 
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Serial_No:07131118:04 

Project Name: 

Project Number: 

SOUTH TERMINAL 

6690 

MW-6Client ID: 

Matrix: Water 
NEW BEDFORD, MASample Location: 

L1109751-06Lab ID: 

SAMPLE RESULTS 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

L1109751 

07/13/11 

06/29/11 13:17 
06/30/11 
See Narrative 

Parameter Result Qualifier Units 
Dilution 
FactorRL MDL 

Date 
Analyzed 

Date 
Prepared 

Analytical 
Method 

Prep 
Method Analyst 

MCP Dissolved Metals - Westborough Lab 

Antimony, Dissolved ND mg/l 

Arsenic, Dissolved 0.0046 mg/l 

Beryllium, Dissolved ND mg/l 

Cadmium, Dissolved ND mg/l 

Chromium, Dissolved ND mg/l 

Copper, Dissolved 0.0009 mg/l 

Lead, Dissolved ND mg/l 

Mercury, Dissolved ND mg/l 

Nickel, Dissolved 0.0021 mg/l 

Selenium, Dissolved 0.002 mg/l 

Silver, Dissolved ND mg/l 

Thallium, Dissolved ND mg/l 

Zinc, Dissolved 0.0130 mg/l 

10.0010 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0002 -

10.0005 -

10.001 -

10.0005 -

10.0005 -

10.0050 -

07/06/11 05:3307/03/11 12:15 

07/06/11 05:3307/03/11 12:15 

07/06/11 05:3307/03/11 12:15 

07/06/11 05:3307/03/11 12:15 

07/06/11 05:3307/03/11 12:15 

07/06/11 05:3307/03/11 12:15 

07/06/11 05:3307/03/11 12:15 

07/07/11 13:5107/06/11 17:01 

07/06/11 05:3307/03/11 12:15 

07/06/11 05:3307/03/11 12:15 

07/06/11 05:3307/03/11 12:15 

07/06/11 05:3307/03/11 12:15 

07/06/11 05:3307/03/11 12:15 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,7470AEPA 7470A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

BM 

BM 

BM 

BM 

BM 

BM 

BM 

AH 

BM 

BM 

BM 

BM 

BM 
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FF Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Method Blank Analysis 
Batch Quality Control 

Dilution Date Date Analytical 
Parameter Result Qualifier Units RL MDL Factor Prepared Analyzed Method Analyst 

MCP Dissolved Metals - Westborough Lab  for sample(s): 02-06  Batch: WG476943-1 

Antimony, Dissolved ND mg/l 0.0010 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Arsenic, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Beryllium, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Cadmium, Dissolved ND mg/l 0.0002 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Chromium, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Copper, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Lead, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Nickel, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Selenium, Dissolved ND mg/l 0.001 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Silver, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Thallium, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Zinc, Dissolved ND mg/l 0.0050 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Prep Information 

Digestion Method: EPA 3005A 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Date 
PreparedMDL 

MCP Dissolved Metals - Westborough Lab  for sample(s): 02-06  Batch: WG477461-1 

Mercury, Dissolved ND mg/l 10.0002 07/06/11 17:01-

Date 
Analyzed 

Analytical 
Method Analyst 

07/07/11 12:59 97,7470A AH 

Prep Information 

Digestion Method: EPA 7470A 
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Serial_No:07131118:04 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL 
Batch Quality Control 

Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Parameter 
LCS 

%Recovery Qual 

MCP Dissolved Metals - Westborough Lab  Associated sample(s): 02-06

LCSD 
%Recovery 

%Recovery 
LimitsQual 

    Batch: WG476943-2 WG476943-3 

RPD Qual RPD Limits 

Antimony, Dissolved 94

Arsenic, Dissolved 103

Beryllium, Dissolved 95

Cadmium, Dissolved 103

Chromium, Dissolved 92

Copper, Dissolved 96

Lead, Dissolved 100

Nickel, Dissolved 95

Selenium, Dissolved 102

Silver, Dissolved 92

Thallium, Dissolved 94

Zinc, Dissolved 102

94 80-120 

101 80-120 

94 80-120 

104 80-120 

90 80-120 

95 80-120 

101 80-120 

96 80-120 

102 80-120 

91 80-120 

93 80-120 

99 80-120 

0 

2 

1 

1 

2 

1 

1 

1 

0 

1 

1 

3 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

MCP Dissolved Metals - Westborough Lab  Associated sample(s): 02-06    Batch: WG477461-2 WG477461-3 

Mercury, Dissolved  108 105 80-120 3 20 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751 

Project Number: 6690 Report Date: 07/13/11 

Sample Receipt and Container Information 

Were project specific reporting limits specified? YES 

Reagent H2O Preserved Vials Frozen on: NA 

A Absent 
Cooler 
Cooler Information Custody Seal 

B Absent 

Container ID Container Type 

Container Information 

Cooler pH 
Temp 
deg C Pres Seal Analysis(*) 

L1109751-01A Vial HCl preserved A N/A 3 Y Absent VPH-10(14),MCP-8260-10(14) 

L1109751-02A Vial HCl preserved A N/A 3 Y Absent MCP-8260-10(14) 

L1109751-02B Vial HCl preserved A N/A 3 Y Absent MCP-8260-10(14) 

L1109751-02C Amber 1000ml unpreserved A 7 3 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109751-02D Amber 1000ml unpreserved A 7 3 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109751-02E Amber 1000ml unpreserved B 7 4 Y Absent TPH-DRO-D(7) 

L1109751-02F Amber 1000ml unpreserved B 7 4 Y Absent TPH-DRO-D(7) 

L1109751-02G Plastic 500ml HNO3 preserved B <2 4 Y Absent MCP-BE-6020S-10(180),MCP
PB-6020S-10(180),MCP
7470S-10(28),MCP-SB-6020S
10(180),MCP-CU-6020S
10(180),MCP-TL-6020S
10(180),MCP-CD-6020S
10(180),MCP-SE-6020S
10(180),MCP-AS-6020S
10(180),MCP-NI-6020S
10(180),MCP-AG-6020S
10(180),MCP-ZN-6020S
10(180),MCP-CR-6020S
10(180) 

L1109751-03A Vial HCl preserved A N/A 3 Y Absent MCP-8260-10(14) 

L1109751-03B Vial HCl preserved A N/A 3 Y Absent MCP-8260-10(14) 

L1109751-03C Amber 1000ml unpreserved A 7 3 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109751-03D Amber 1000ml unpreserved A 7 3 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109751-03E Amber 1000ml unpreserved B 7 4 Y Absent TPH-DRO-D(7) 

L1109751-03F Amber 1000ml unpreserved B 7 4 Y Absent TPH-DRO-D(7) 

*Values in parentheses indicate holding time in days 
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Serial_No:07131118:04 

Project Name: SOUTH TERMINAL Lab Number: L1109751
 

Project Number: 6690 Report Date: 07/13/11
 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1109751-03G Plastic 500ml HNO3 preserved B <2 4 Y Absent MCP-BE-6020S-10(180),MCP
PB-6020S-10(180),MCP
7470S-10(28),MCP-SB-6020S
10(180),MCP-CU-6020S
10(180),MCP-TL-6020S
10(180),MCP-CD-6020S
10(180),MCP-SE-6020S
10(180),MCP-AS-6020S
10(180),MCP-NI-6020S
10(180),MCP-AG-6020S
10(180),MCP-ZN-6020S
10(180),MCP-CR-6020S
10(180) 

L1109751-04A Vial HCl preserved A N/A 3 Y Absent MCP-8260-10(14) 

L1109751-04B Vial HCl preserved A N/A 3 Y Absent MCP-8260-10(14) 

L1109751-04C Vial HCl preserved A N/A 3 Y Absent VPH-10(14) 

L1109751-04D Vial HCl preserved A N/A 3 Y Absent VPH-10(14) 

L1109751-04E Amber 1000ml unpreserved A 7 3 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109751-04F Amber 1000ml unpreserved A 7 3 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109751-04G Amber 1000ml unpreserved B 7 4 Y Absent TPH-DRO-D(7) 

L1109751-04H Amber 1000ml unpreserved B 7 4 Y Absent TPH-DRO-D(7) 

L1109751-04I Amber 1000ml HCl preserved B <2 4 Y Absent EPH-10(14) 

L1109751-04J Amber 1000ml HCl preserved B <2 4 Y Absent EPH-10(14) 

L1109751-04K Plastic 500ml HNO3 preserved B <2 4 Y Absent MCP-BE-6020S-10(180),MCP
PB-6020S-10(180),MCP
7470S-10(28),MCP-SB-6020S
10(180),MCP-CU-6020S
10(180),MCP-TL-6020S
10(180),MCP-CD-6020S
10(180),MCP-SE-6020S
10(180),MCP-AS-6020S
10(180),MCP-NI-6020S
10(180),MCP-AG-6020S
10(180),MCP-ZN-6020S
10(180),MCP-CR-6020S
10(180) 

L1109751-05A Vial HCl preserved A N/A 3 Y Absent MCP-8260-10(14) 

L1109751-05B Vial HCl preserved A N/A 3 Y Absent MCP-8260-10(14) 

L1109751-05C Vial HCl preserved A N/A 3 Y Absent VPH-10(14) 

L1109751-05D Vial HCl preserved A N/A 3 Y Absent VPH-10(14) 

L1109751-05E Amber 1000ml unpreserved A 7 3 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109751-05F Amber 1000ml unpreserved A 7 3 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109751-05G Amber 1000ml unpreserved B 7 4 Y Absent TPH-DRO-D(7) 

L1109751-05H Amber 1000ml unpreserved B 7 4 Y Absent TPH-DRO-D(7) 

L1109751-05I Amber 1000ml HCl preserved B <2 4 Y Absent EPH-10(14) 

*Values in parentheses indicate holding time in days 
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Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1109751-05J Amber 1000ml HCl preserved B <2 4 Y Absent EPH-10(14) 

L1109751-05K Plastic 500ml HNO3 preserved B <2 4 Y Absent MCP-BE-6020S-10(180),MCP
PB-6020S-10(180),MCP
7470S-10(28),MCP-SB-6020S
10(180),MCP-CU-6020S
10(180),MCP-TL-6020S
10(180),MCP-CD-6020S
10(180),MCP-SE-6020S
10(180),MCP-AS-6020S
10(180),MCP-NI-6020S
10(180),MCP-AG-6020S
10(180),MCP-ZN-6020S
10(180),MCP-CR-6020S
10(180) 

L1109751-06A Vial HCl preserved A N/A 3 Y Absent MCP-8260-10(14) 

L1109751-06B Vial HCl preserved A N/A 3 Y Absent MCP-8260-10(14) 

L1109751-06C Amber 1000ml unpreserved A 7 3 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109751-06D Amber 1000ml unpreserved A 7 3 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109751-06E Amber 1000ml unpreserved B 7 4 Y Absent TPH-DRO-D(7) 

L1109751-06F Amber 1000ml unpreserved B 7 4 Y Absent TPH-DRO-D(7) 

L1109751-06G Plastic 500ml HNO3 preserved B <2 4 Y Absent MCP-BE-6020S-10(180),MCP
PB-6020S-10(180),MCP
7470S-10(28),MCP-SB-6020S
10(180),MCP-CU-6020S
10(180),MCP-TL-6020S
10(180),MCP-CD-6020S
10(180),MCP-SE-6020S
10(180),MCP-AS-6020S
10(180),MCP-NI-6020S
10(180),MCP-AG-6020S
10(180),MCP-ZN-6020S
10(180),MCP-CR-6020S
10(180) 

Container Comments 

L1109751-05C 

*Values in parentheses indicate holding time in days 
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GLOSSARY 
Acronyms 

EPA - Environmental Protection Agency. 

LCS - Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes. 

LCSD - Laboratory Control Sample Duplicate: Refer to LCS. 

LFB - Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes. 

MDL - Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated values, 
when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any adjustments from 
dilutions, concentrations or moisture content, where applicable. 

MS - Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for 
which an independent estimate of target analyte concentration is available. 

MSD - Matrix Spike Sample Duplicate: Refer to MS. 

NA - Not Applicable. 

NC - Not Calculated: Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit. 

NI - Not Ignitable. 

RL - Reporting Limit: The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

RPD - Relative Percent Difference: The results from matrix and/or matrix spike duplicates are primarily designed to assess the precision 
of analytical results in a given matrix and are expressed as relative percent difference (RPD). Values which are less than five 
times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the values; 
although the RPD value will be provided in the report. 

SRM - Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.

Footnotes 

1 - The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the original 
method.

Terms 

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum. 

Data Qualifiers 

A -Spectra identified as "Aldol Condensation Product". 

B -The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than five times (5x) the concentration found in the blank. For MCP-related 
projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. 

C -Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses. 

D -Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte. 

E -Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument. 

G -The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated. 

H -The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection. 

I -The RPD between the results for the two columns exceeds the method-specified criteria; however, the lower value has been reported 
due to obvious interference. 

M -Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte. 

P -The RPD between the results for the two columns exceeds the method-specified criteria. 

Q  -The quality control sample exceeds the associated acceptance criteria. Note: This flag is not applicable for matrix spike recoveries 
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less 

Report Format: Data Usability Report 
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Data Qualifiers 

than 5x the RL. (Metals only.)
 

R -Analytical results are from sample re-analysis.
 

RE  -Analytical results are from sample re-extraction.
 

J -Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).
 

ND  -Not detected at the reporting limit (RL) for the sample.
 

Report Format: Data Usability Report 
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REFERENCES 


1 Test Methods for Evaluating Solid Waste: Physical/Chemical Methods. EPA SW-846. 
Third Edition. Updates I - IIIA, 1997. 

97 EPA Test Methods (SW-846) with QC Requirements & Performance Standards for the 
Analysis of EPA SW-846 Methods under the Massachusetts Contingency Plan, WSC
CAM-IIA, IIB, IIIA, IIIB, IIIC, IIID, VA, VB, VC, VIA, VIB, VIIIA and VIIIB, July 2010. 

98 Method for the Determination of Extractable Petroleum Hydrocarbons (EPH), MassDEP, 
May 2004, Revision 1.1 with QC Requirements & Performance Standards for the 
Analysis of EPH under the Massachusetts Contingency Plan, WSC-CAM-IVB, July 
2010. 

100	 Method for the Determination of Volatile Petroleum Hydrocarbons (VPH), MassDEP, 
May 2004, Revision 1.1 with QC Requirements & Performance Standards for the 
Analysis of VPH under the Massachusetts Contingency Plan, WSC-CAM-IVA, July 
2010. 

LIMITATION OF LIABILITIES 

Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing 
laboratory industry. In the event of an error, the sole and exclusive responsibility of Alpha Analytical 
shall be to re-perform the work at it's own expense. In no event shall Alpha Analytical be held liable 
for any incidental, consequential or special damages, including but not limited to, damages in any way 
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical. 

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling, 
containers, sampling procedures, holding time and splitting of samples in the field. 
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Certificate/Approval Program Summary
Last revised June 7, 2011  - Westboro Facility
 

The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 


Connecticut Department of Public Health Certificate/Lab ID: PH-0574. NELAP Accredited Solid Waste/Soil. 

Drinking Water (Inorganic Parameters: Color, pH, Turbidity, Conductivity, Alkalinity, Chloride, Free Residual Chlorine, 
Fluoride, Calcium Hardness, Sulfate, Nitrate, Nitrite, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, 
Silver, Sodium, Thallium, Vanadium, Zinc, Total Dissolved Solids, Total Organic Carbon, Total Cyanide, Perchlorate. 
Organic Parameters: Volatile Organics 524.2, Total Trihalomethanes 524.2, 1,2-Dibromo-3-chloropropane (DBCP), 
Ethylene Dibromide (EDB), 1,4-Dioxane (Mod 8270). Microbiology Parameters: Total Coliform-MF mEndo (SM9222B), 
Total Coliform – Colilert (SM9223 P/A), E. Coli. – Colilert (SM9223 P/A), HPC – Pour Plate (SM9215B), Fecal Coliform – 
MF m-FC (SM9222D))  

Wastewater/Non-Potable Water (Inorganic Parameters: Color, pH, Conductivity, Acidity, Alkalinity, Chloride, Total 
Residual Chlorine, Fluoride, Total Hardness, Silica, Sulfate, Sulfide, Ammonia, Kjeldahl Nitrogen, Nitrate, Nitrite, O-
Phosphate, Total Phosphorus, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, 
Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, 
Selenium, Silver, Sodium, Strontium, Thallium, Tin, Titanium, Vanadium, Zinc, Total Residue (Solids), Total Dissolved 
Solids, Total Suspended Solids (non-filterable), BOD, CBOD, COD, TOC, Total Cyanide, Phenolics, Foaming Agents 
(MBAS), Bromide, Oil and Grease. Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, 
Toxaphene, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Acid Extractables (Phenols), Benzidines, Phthalate Esters, Nitrosamines, 
Nitroaromatics & Isophorone, Polynuclear Aromatic Hydrocarbons, Haloethers, Chlorinated Hydrocarbons, Volatile 
Organics, TPH (HEM/SGT), Extractable Petroleum Hydrocarbons (ETPH), MA-EPH, MA-VPH. Microbiology Parameters: 
Total Coliform – MF mEndo (SM9222B), Total Coliform – MTF (SM9221B), HPC – Pour Plate (SM9215B), Fecal 
Coliform – MF m-FC (SM9222D), Fecal Coliform – A-1 Broth (SM9221E).)  

Solid Waste/Soil (Inorganic Parameters: pH, Sulfide, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Tin, Vanadium, Zinc, Total Cyanide, Ignitability, 
Phenolics, Corrosivity, TCLP Leach (1311), SPLP Leach (1312 metals only), Reactivity. Organic Parameters: PCBs, 
PCBs in Oil, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Extractable Petroleum Hydrocarbons 
(ETPH), MA-EPH, MA-VPH, Dicamba, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Volatile Organics, Acid Extractables (Phenols), 
3.3’-Dichlorobenzidine, Phthalates, Nitrosamines, Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated 
Hydrocarbons. ) 

Maine Department of Human Services Certificate/Lab ID: 2009024.  

Drinking Water (Inorganic Parameters: SM9215B, 9222D, 9223B, EPA 180.1, 353.2, SM2130B, 2320B, 4500Cl-D,
 
4500CN-C, 4500CN-E, 4500F-C, 4500H+B, 4500NO3-F, EPA 200.7, EPA 200.8, 245.1, EPA 300.0. Organic
 
Parameters: 504.1, 524.2.)  


Wastewater/Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664A, 350.1, 351.1, 353.2, 410.4, 420.1, 
SM2320B, 2510B, 2540C, 2540D, 426C, 4500Cl-D, 4500Cl-E, 4500CN-C, 4500CN-E, 4500F-B, 4500F-C, 4500H+B, 
4500Norg-B, 4500Norg-C, 4500NH3-B, 4500NH3-G, 4500NH3-H, 4500NO3-F, 4500P-B, 4500P-E, 5210B, 5220D, 
5310C, EPA 200.7, 200.8, 245.1. Organic Parameters: 608, 624, ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Solid Waste/Soil (Organic Parameters: ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Massachusetts Department of Environmental Protection Certificate/Lab ID: M-MA086. 

Drinking Water (Inorganic Parameters: (EPA 200.8 for: Sb,As,Ba,Be,Cd,Cr,Cu,Pb,Ni,Se,Tl) (EPA 200.7 for: 

Ba,Be,Ca,Cd,Cr,Cu,Na,Ni)  245.1, (300.0 for:  Nitrate-N, Fluoride, Sulfate); (EPA 353.2 for: Nitrate-N, Nitrite-N);
 
(SM4500NO3-F for: Nitrate-N and Nitrite-N); 4500F-C, 4500CN-CE, EPA 180.1, SM2130B, SM4500Cl-D, 2320B, 

SM2540C, SM4500H-B. Organic Parameters: (EPA 524.2 for: Trihalomethanes, Volatile Organics); (504.1 for:  1,2
Dibromoethane, 1,2-Dibromo-3-Chloropropane), EPA 332. Microbiology Parameters: SM9215B; ENZ. SUB. SM9223;
 
ColilertQT SM9223B; MF-SM9222D.) 


Non-Potable Water (Inorganic Parameters:, (EPA 200.8 for: Al,Sb,As,Be,Cd,Cr,Cu,Pb,Mn,Ni,Se,Ag,Tl,Zn); (EPA 200.7 
for: Al,Sb,As,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Mo,Ni,K,Se,Ag,Na,Sr,Ti,Tl, V,Zn); 245.1, SM4500H,B, EPA 120.1, 
SM2510B, 2540C, 2340B, 2320B, 4500CL-E, 4500F-BC, 426C, SM4500NH3-BH, (EPA 350.1 for:  Ammonia-N), 
LACHAT 10-107-06-1-B for Ammonia-N, SM4500NO3-F, 353.2 for Nitrate-N, SM4500NH3-BC-NES, EPA 351.1, 
SM4500P-E, 4500P-B,E, 5220D, EPA 410.4, SM 5210B, 5310C, 4500CL-D, EPA 1664, SM14 510AC, EPA 420.1, 
SM4500-CN-CE, SM2540D. 
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Organic Parameters: (EPA 624 for Volatile Halocarbons, Volatile Aromatics),(608 for:  Chlordane, Aldrin, Dieldrin, DDD, 
DDE, DDT, Heptachlor, Heptachlor Epoxide, PCBs-Water), (EPA 625 for SVOC Acid Extractables and SVOC 
Base/Neutral Extractables), 600/4-81-045-PCB-Oil.  Microbiology Parameters: (ColilertQT SM9223B;Enterolert-QT: 
SM9222D-MF.)  

New Hampshire Department of Environmental Services Certificate/Lab ID: 200307. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM 9222B, 9223B, 9215B, EPA 200.7, 200.8, 245.2, 300.0, SM4500CN-E, 

4500H+B, 4500NO3-F, 2320B, 2510B, 2540C, 4500F-C, 5310C, 2120B, EPA 332.0. Organic Parameters: 504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM9222D, 9221B, 9222B, 9221E-EC, EPA 3005A, 200.7, 200.8, 245.1, 
245.2, SW-846 6010B, 6020, 7196A, 7470A, SM3500-CR-D, EPA 120.1, 300.0, 350.1, 351.1, 353.2, 410.4, 420.1, 
1664A, SW-846 9010, 9030, 9040B, 9050A, SM426C, SM2120B, 2310B, 2320B, 2540B, 2540D, 4500H+B, 4500CL-E, 
4500CN-E, 4500NH3-H, 4500NO3-F, 4500NO2-B, 4500P-E, 4500-S2-D, 5210B, 5220D, 2510B, 2540C, 4500F-C, 
5310C, 5540C, LACHAT 10-204-00-1-A, LACHAT 10-107-06-2-D. Organic Parameters: SW-846 3510C, 5030B, 8260B, 
8270C, 8330, EPA 624, 625, 608, SW-846 8082, 8081A, 8151A.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846 6010B, 7196A, 7471A, 1010, 1030, 9010, 9012A, 9014, 
9030B, 9040B, 9045C, 9050C, 9065,1311, 1312, 3005A, 3050B. Organic Parameters: SW-846 3540C,  3546, 3580A, 
5030B, 5035, 8260B, 8270C, 8330, 8151A, 8015B, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA935. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9222B, 9221E, 9223B, 9215B, 4500CN-CE, 4500NO3-F, 4500F-C, EPA
 
300.0, 200.7, 200.8, 245.2, 2540C, SM2120B, 2320B, 2510B, 5310C, SM4500H-B. Organic Parameters: EPA 332,
 
504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM5210B, EPA 410.4, SM5220D, 4500Cl-E, EPA 300.0, SM2120B, 
SM4500F-BC, EPA 200.7, 351.1, LACHAT 10-107-06-2-D, EPA 353.2, SM4500NO3-F, 4500NO2-B, EPA 1664A, 
SM5310B, C or D, 4500-PE, EPA 420.1, SM510ABC, SM4500P-B5+E, 2540B, 2540C, 2540D, EPA 120.1, SM2510B, 
SM15 426C, 9222D, 9221B, 9221C, 9221E, 9222B, 9215B, 2310B, 2320B, 4500NH3-H, 4500-S D, EPA 350.1, 350.2, 
SW-846 1312, 6020, 7470A, 5540C, 4500H-B, EPA 200.8, SM3500Cr-D, 4500CN-CE, EPA 245.1, 245.2, SW-846 
9040B, 3005A, EPA 6010B, 7196A, SW-846 9010B, 9030B. Organic Parameters: SW-846 8260B, 8270C, 8270C-SIM, 
3510C, EPA 608, 624, 625, SW-846 3630C, 5030B, 8081A, 8082, 8151A, 8330, NJ OQA-QAM-025 Rev.7, NJ EPH.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846, 6010B, 7196A, 9010B, 9030B, 1010, 1030, 1311, 1312, 
3005A, 3050B, 7471A, 9014, 9012A, 9040B, 9045C, 9050A, 9065. Organic Parameters: SW-846 8015B, 8081A, 8082, 
8151A, 8330, 8260B, 8270C, 8270C-SIM, 3540C, 3545, 3546, 3550B, 3580A, 3630C, 5030B, 5035L, 5035H, NJ OQA
QAM-025 Rev.7, NJ EPH.) 

New York Department of Health Certificate/Lab ID: 11148. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9223B, 9222B, 9215B, EPA 200.8, 200.7, 245.2, SM5310C, EPA 332.0, 

SM2320B, EPA 300.0, SM2120B, 4500CN-E, 4500F-C, 4500H-B, 4500NO3-F, 2540C, SM 2510B. Organic Parameters: 

EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: SM9221E, 9222D, 9221B, 9222B, 9215B, 5210B, 5310C, EPA 410.4, 
SM5220D, 2310B-4a, 2320B, EPA 200.7, 300.0, SM4500CL-E, 4500F-C, SM15 426C, EPA 350.1, SM4500NH3-BH, 
EPA 351.1, LACHAT 10-107-06-2, EPA 353.2, LACHAT 10-107-04-1-C, SM4500-NO3-F, 4500-NO2-B, 4500P-E, 
2540C, 2540B, 2540D, EPA 200.8, EPA 6010B, 6020, EPA 7196A, SM3500Cr-D, EPA 245.1, 245.2, 7470A, SM2120B, 
LACHAT 10-204-00-1-A, EPA 9040B, SM4500-HB, EPA 1664A, EPA 420.1, SM14 510C, EPA 120.1, SM2510B, 
SM4500S-D, SM5540C, EPA 3005A, 9010B, 9030B.. Organic Parameters: EPA 624, 8260B, 8270C, 625, 608, 8081A, 
8151A, 8330, 8082, EPA 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: 1010, 1030, EPA 6010B, 7196A, 7471A, 9012A, 9014, 9040B, 9045C, 
9065, 9050, EPA 1311, 1312, 3005A, 3050B, 9010B, 9030B. Organic Parameters: EPA 8260B, 8270C, 8015B, 8081A, 
8151A, 8330, 8082, 3540C, 3545, 3546, 3580, 5030B, 5035.)  

North Carolina Department of the Environment and Natural Resources Certificate/Lab ID : 666. Organic 
Parameters: MA-EPH, MA-VPH. 

Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-03671. NELAP Accredited. 
Drinking Water (Organic Parameters: EPA 524.2) 

Non-Potable Water (Inorganic Parameters: EPA 1312. Organic Parameters: EPA 3510C, 5030B, 625, 624, 608, 8081A, 
8082, 8151A, 8260B, 8270C, 8330) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 350.1, 1010, 1030, 1311, 1312, 3050B, 6010B, 7196A, 7471A, 
9010B, 9012A, 9014, 9040B, 9045C, 9050, 9065, SM 4500NH3-H.  Organic Parameters: 3540C, 3545, 3546, 3550B, 
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3580A, 3630C, 5035, 8015B, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 


Rhode Island Department of Health Certificate/Lab ID: LAO00065. NELAP Accredited via NY-DOH.
 
Refer to MA-DEP Certificate for Potable and Non-Potable Water.  

Refer to NJ-DEP Certificate for Potable and Non-Potable Water.  


Texas Commisson on Environmental Quality Certificate/Lab ID: T104704476-09-1. NELAP Accredited. 
Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664, 200.7, 200.8, 245.1, 245.2, 300.0, 350.1, 351.1, 353.2, 
376.2, 410.4, 420.1, 6010, 6020, 7196, 7470, 9040, SM 2120B, 2310B, 2320B, 2510B, 2540B, 2540C, 2540D, 426C, 
4500CL-E, 4500CN-E, 4500F-C, 4500H+B, 4500NH3-H, 4500NO2B, 4500P-E, 4500 S2¯D, 510C, 5210B, 5220D, 
5310C, 5540C. Organic Parameters: EPA 608, 624, 625, 8081, 8082, 8151, 8260, 8270, 8330.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 9012, 9014, 9040, 9045, 9050, 9065.) 

Department of Defense Certificate/Lab ID: L2217. 

Drinking Water (Inorganic Parameters: SM 4500H-B. Organic Parameters: EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: EPA 200.7, 200.8, 6010B, 6020, 245.1, 245.2, 7470A, 9040B, 300.0, 332.0, 
6860, 353.2, 410.4, 9060, 1664A, SM 4500CN-E, 4500H-B, 4500NO3-F, 5220D, 5310C, 2320B, 2540C, 3005A, 3015, 
9010B, 9056. Organic Parameters: EPA 8260B, 8270C, 8330A, 625, 8082, 8081A, 3510C, 5030B, MassDEP EPH, 
MassDEP VPH.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 200.7, 6010B, 7471A, 9010, 9012A, 6860, 1311, 1312, 3050B, 
7196A, 9010B, 3500-CR-D, 4500CN-CE, 2540G, Organic Parameters: EPA 8260B, 8270C, 8330A/B-prep, 8082, 
8081A, 3540C, 3546, 3580A, 5035A, MassDEP EPH, MassDEP VPH.) 

The following analytes are not included in our current NELAP/TNI Scope of Accreditation: 

EPA 8260B:  Freon-113, 1,2,4,5-Tetramethylbenzene, 4-Ethyltoluene.  EPA 8330A:  PETN, Picric Acid, Nitroglycerine, 

2,6-DANT,  2,4-DANT.  EPA 8270C:  Methyl naphthalene, Dimethyl naphthalene, Total Methylnapthalenes, Total 

Dimethylnaphthalenes, 1,4-Diphenylhydrazine (Azobenzene). EPA 625:  4-Chloroaniline, 4-Methylphenol.  Total 

Phosphorus in a soil matrix, Chloride in a soil matrix, TKN in a soil matrix, NO2 in a soil matrix, NO3 in a soil matrix, SO4 

in a soil matrix. 
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______________________________________________________________   

Serial_No:07131118:04 

7A 

VOLATILE CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1109751 


Instrument ID: Jack.i Calibration Date: 08-JUL-2011 Time: 04:57 


Lab File ID: 0708A01 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260 CCAL Init. Calib. Times : 07:57 13:55 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|dichlorodifluoromethane_______|.51464|.39794| .1| 23 | 20|F 
|chloromethane_________________|.72395|.54669| .1| 24 | 20|F 
|vinyl chloride________________|.64051|.57786| .1| 10 | 20| 
|bromomethane__________________|.35522|.17721| .1| 50 | 20|F 
|chloroethane__________________|.36316| .3423| .1| 6 | 20| 
|trichlorofluoromethane________|.76783|.77258| .1| -1 | 20| 
|ethyl ether___________________| .2548|.23957| .05| 6 | 20| 
|1,1,-dichloroethene___________|.52577|.48556| .1| 8 | 20| 
|carbon disulfide______________|1.4189|1.4558| .1| -3 | 20| 
|methylene chloride____________|.58411|.63313| .1| -8 | 20| 
|acetone_______________________| 100|82.150| .1| 18 | 20| 
|trans-1,2-dichloroethene______|.58756|.54362| .1| 7 | 20| 
|methyl tert butyl ether_______|1.3085|1.0354| .1| 21 | 20|F 
|Ethyl-Tert-Butyl-Ether________|1.5709|1.3570| .05| 14 | 20| 
|Diisopropyl Ether_____________|1.7281|1.5833| .01| 8 | 20| 
|1,1-dichloroethane____________|1.0440|.97328| .2| 7 | 20| 
|cis-1,2-dichloroethene________| .6364| .5963| .1| 6 | 20| 
|2,2-dichloropropane___________| .8103|.80381| .05| 1 | 20| 
|bromochloromethane____________|.29365|.26035| .05| 11 | 20| 
|chloroform____________________|.97072|.93539| .2| 4 | 20| 
|carbontetrachloride___________|.74515|.69787| .1| 6 | 20| 
|tetrahydrofuran_______________|.11977|.11078| .05| 8 | 20| 
|1,1,1-trichloroethane_________|.85602| .8| .1| 7 | 20| 
|Tertiary-Amyl Methyl Ether____|1.3512|1.1863| .05| 12 | 20| 
|1,1-dichloropropene___________|.82562| .7767| .05| 6 | 20| 
|2-butanone____________________|.15979|.14094| .1| 12 | 20| 
|benzene_______________________|2.4862|2.3145| .5| 7 | 20| 
|1,2-dichloroethane____________|.60644|.55108| .1| 9 | 20| 
|trichloroethene_______________| .6214|.58289| .2| 6 | 20| 
|dibromomethane________________|.29164|.27327| .05| 6 | 20| 
|1,2-dichloropropane___________|.61786| .5695| .1| 8 | 20| 
|bromodichloromethane__________|.83554|.73918| .2| 12 | 20| 
|1,4-dioxane___________________|.00293|.00311| .05| -6 | 20|F 
|cis-1,3-dichloropropene_______|.90971| .8161| .2| 10 | 20| 
|toluene_______________________|2.0650|1.8873| .4| 9 | 20| 
|tetrachloroethene_____________|.96842|.90548| .2| 6 | 20| 
|4-methyl-2-pentanone__________|.14621|.11787| .1| 19 | 20| 
|trans-1,3-dichloropropene_____|.98043|.86586| .1| 12 | 20| 
|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260-10 
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______________________________________________________________   

Serial_No:07131118:04 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1109751 


Instrument ID: Jack.i Calibration Date: 08-JUL-2011 Time: 04:57 


Lab File ID: 0708A01 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260 CCAL Init. Calib. Times : 07:57 13:55 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|1,1,2-trichloroethane_________|.48814|.41755| .1| 14 | 20| 

|chlorodibromomethane__________|.68897|.58648| .1| 15 | 20| 

|1,3-dichloropropane___________|.99242| .8747| .05| 12 | 20| 

|1,2-dibromoethane_____________| .5844|.48457| .1| 17 | 20| 

|2-hexanone____________________|.30316|.23528| .1| 22 | 20|F 

|chlorobenzene_________________|2.2881|2.0449| .5| 11 | 20| 

|ethyl benzene_________________|3.8858|3.7138| .1| 4 | 20| 

|1,1,1,2-tetrachloroethane_____|.77094|.69726| .05| 10 | 20| 

|p/m xylene____________________|1.5531|1.4780| .1| 5 | 20| 

|o xylene______________________|1.5037|1.4403| .3| 4 | 20| 

|styrene_______________________|2.4717|2.3210| .3| 6 | 20| 

|bromoform_____________________|.73129|.61823| .1| 15 | 20| 

|isopropylbenzene______________|3.8629|3.6510| .1| 5 | 20| 

|bromobenzene__________________|1.7372|1.6445| .05| 5 | 20| 

|n-propylbenzene_______________|7.3574|7.5150| .05| -2 | 20| 

|1,1,2,2,-tetrachloroethane____|1.1510|.98305| .3| 15 | 20| 

|2-chlorotoluene_______________|5.0241|4.9549| .05| 1 | 20| 

|1,2,3-trichloropropane________|.84982|.79316| .05| 7 | 20| 

|1,3,5-trimethybenzene_________|5.0630|5.0546| .05| 0 | 20| 

|4-chorotoluene________________|4.4986|4.5776| .05| -2 | 20| 

|tert-butylbenzene_____________|4.4234|4.4027| .05| 0 | 20| 

|1,2,4-trimethylbenzene________|5.1280|5.2586| .05| -3 | 20| 

|sec-butylbenzene______________|6.1442|6.1561| .01| 0 | 20| 

|p-isopropyltoluene____________|5.0070|5.1769| .05| -3 | 20| 

|1,3-dichlorobenzene___________|3.0830|2.9014| .6| 6 | 20| 

|1,4-dichlorobenzene___________|3.1175|2.9859| .5| 4 | 20| 

|n-butylbenzene________________|4.0357|4.1662| .05| -3 | 20| 

|1,2-dichlorobenzene___________|2.8281|2.5561| .4| 10 | 20| 

|1,2-dibromo-3-chloropropane___|.15112|.11719| .05| 22 | 20|F 

|hexachlorobutadiene___________|.58852|.64648| .05| -10 | 20| 

|1,2,4-trichlorobenzene________|1.3925|1.2428| .2| 11 | 20| 

|naphthalene___________________|2.7390|2.0743| .05| 24 | 20|F 

|1,2,3-trichlorobenzene________|1.1195|.90589| .05| 19 | 20| 

|==============================|======|======|=====| ==== |====| 

|dibromofluoromethane__________| .2378|.23643| .05| 1 | 20| 

|1,2-dichloroethane-d4_________|.22894|.22377| .05| 2 | 20| 

|toluene-d8____________________|1.2709|1.2799| .01| -1 | 20| 

|4-bromofluorobenzene__________|.78386|.83464| .05| -6 | 20| 

|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260-10 
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______________________________________________________________   

Serial_No:07131118:04 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1109751 


Instrument ID: Jack.i Calibration Date: 07-JUL-2011 Time: 05:24 


Lab File ID: 0707A01 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260 CCAL Init. Calib. Times : 07:57 13:55 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|dichlorodifluoromethane_______|.51464|.46309| .1| 10 | 20| 
|chloromethane_________________|.72395|.63323| .1| 13 | 20| 
|vinyl chloride________________|.64051|.65139| .1| -2 | 20| 
|bromomethane__________________|.35522|.18767| .1| 47 | 20|F 
|chloroethane__________________|.36316|.38588| .1| -6 | 20| 
|trichlorofluoromethane________|.76783|.90512| .1| -18 | 20| 
|ethyl ether___________________| .2548|.28311| .05| -11 | 20| 
|1,1,-dichloroethene___________|.52577|.56755| .1| -8 | 20| 
|carbon disulfide______________|1.4189|1.6505| .1| -16 | 20| 
|methylene chloride____________|.58411|.60453| .1| -3 | 20| 
|acetone_______________________| 100|83.323| .1| 17 | 20| 
|trans-1,2-dichloroethene______|.58756|.57501| .1| 2 | 20| 
|methyl tert butyl ether_______|1.3085|1.0973| .1| 16 | 20| 
|Ethyl-Tert-Butyl-Ether________|1.5709|1.3298| .05| 15 | 20| 
|Diisopropyl Ether_____________|1.7281|1.4776| .01| 14 | 20| 
|1,1-dichloroethane____________|1.0440|1.0022| .2| 4 | 20| 
|cis-1,2-dichloroethene________| .6364|.62874| .1| 1 | 20| 
|2,2-dichloropropane___________| .8103|.85142| .05| -5 | 20| 
|bromochloromethane____________|.29365|.27916| .05| 5 | 20| 
|chloroform____________________|.97072| .9974| .2| -3 | 20| 
|carbontetrachloride___________|.74515|.74103| .1| 1 | 20| 
|tetrahydrofuran_______________|.11977| .1059| .05| 12 | 20| 
|1,1,1-trichloroethane_________|.85602|.85435| .1| 0 | 20| 
|Tertiary-Amyl Methyl Ether____|1.3512| 1.283| .05| 5 | 20| 
|1,1-dichloropropene___________|.82562|.79166| .05| 4 | 20| 
|2-butanone____________________|.15979|.14615| .1| 9 | 20| 
|benzene_______________________|2.4862|2.4859| .5| 0 | 20| 
|1,2-dichloroethane____________|.60644|.58721| .1| 3 | 20| 
|trichloroethene_______________| .6214|.60883| .2| 2 | 20| 
|dibromomethane________________|.29164|.29475| .05| -1 | 20| 
|1,2-dichloropropane___________|.61786|.60524| .1| 2 | 20| 
|bromodichloromethane__________|.83554|.88272| .2| -6 | 20| 
|1,4-dioxane___________________|.00293|.00314| .05| -7 | 20|F 
|cis-1,3-dichloropropene_______|.90971|.92279| .2| -1 | 20| 
|toluene_______________________|2.0650|2.0345| .4| 1 | 20| 
|tetrachloroethene_____________|.96842|1.0073| .2| -4 | 20| 
|4-methyl-2-pentanone__________|.14621|.12145| .1| 17 | 20| 
|trans-1,3-dichloropropene_____|.98043|.88377| .1| 10 | 20| 
|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260-10 
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______________________________________________________________   

Serial_No:07131118:04 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1109751 


Instrument ID: Jack.i Calibration Date: 07-JUL-2011 Time: 05:24 


Lab File ID: 0707A01 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260 CCAL Init. Calib. Times : 07:57 13:55 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|1,1,2-trichloroethane_________|.48814|.43386| .1| 11 | 20| 

|chlorodibromomethane__________|.68897|.59239| .1| 14 | 20| 

|1,3-dichloropropane___________|.99242|.85682| .05| 14 | 20| 

|1,2-dibromoethane_____________| .5844|.51172| .1| 12 | 20| 

|2-hexanone____________________|.30316|.25674| .1| 15 | 20| 

|chlorobenzene_________________|2.2881|2.0649| .5| 10 | 20| 

|ethyl benzene_________________|3.8858|3.7940| .1| 2 | 20| 

|1,1,1,2-tetrachloroethane_____|.77094|.72949| .05| 5 | 20| 

|p/m xylene____________________|1.5531|1.4895| .1| 4 | 20| 

|o xylene______________________|1.5037|1.3894| .3| 8 | 20| 

|styrene_______________________|2.4717|2.2490| .3| 9 | 20| 

|bromoform_____________________|.73129|.55785| .1| 24 | 20|F 

|isopropylbenzene______________|3.8629|3.8318| .1| 1 | 20| 

|bromobenzene__________________|1.7372|1.5181| .05| 13 | 20| 

|n-propylbenzene_______________|7.3574|7.0973| .05| 4 | 20| 

|1,1,2,2,-tetrachloroethane____|1.1510|.96988| .3| 16 | 20| 

|2-chlorotoluene_______________|5.0241|4.7669| .05| 5 | 20| 

|1,2,3-trichloropropane________|.84982|.76831| .05| 10 | 20| 

|1,3,5-trimethybenzene_________|5.0630|4.8720| .05| 4 | 20| 

|4-chorotoluene________________|4.4986|4.3333| .05| 4 | 20| 

|tert-butylbenzene_____________|4.4234|4.1989| .05| 5 | 20| 

|1,2,4-trimethylbenzene________|5.1280|4.7684| .05| 7 | 20| 

|sec-butylbenzene______________|6.1442|5.7692| .01| 6 | 20| 

|p-isopropyltoluene____________|5.0070|4.8261| .05| 4 | 20| 

|1,3-dichlorobenzene___________|3.0830|2.7305| .6| 11 | 20| 

|1,4-dichlorobenzene___________|3.1175|2.8886| .5| 7 | 20| 

|n-butylbenzene________________|4.0357|4.0830| .05| -1 | 20| 

|1,2-dichlorobenzene___________|2.8281|2.4689| .4| 13 | 20| 

|1,2-dibromo-3-chloropropane___|.15112|.13753| .05| 9 | 20| 

|hexachlorobutadiene___________|.58852|.57032| .05| 3 | 20| 

|1,2,4-trichlorobenzene________|1.3925|1.1532| .2| 17 | 20| 

|naphthalene___________________|2.7390|1.9102| .05| 30 | 20|F 

|1,2,3-trichlorobenzene________|1.1195|.84546| .05| 24 | 20|F 

|==============================|======|======|=====| ==== |====| 

|dibromofluoromethane__________| .2378|.24247| .05| -2 | 20| 

|1,2-dichloroethane-d4_________|.22894|.23758| .05| -4 | 20| 

|toluene-d8____________________|1.2709|1.3114| .01| -3 | 20| 

|4-bromofluorobenzene__________|.78386|.75157| .05| 4 | 20| 

|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260-10 
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Serial_No:07071120:12 

ANALYTICAL REPORT
 

Lab Number:	 L1109821 

Client:	 Apex Companies 

184 High Street 

Suite 502 

Boston, MA 02110 

ATTN: Chet Myers 

Phone: (617) 728-0070 

Project Name: SOUTH TERMINAL 

Project Number: 6690 

Report Date: 07/07/11 

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its 
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original. 

Certifications & Approvals: MA (M-MA086), NY NELAC (11148), CT (PH-0574), NH (2003), NJ (MA935), RI (LAO00065), ME (MA0086), 
PA (Registration #68-03671), USDA (Permit #S-72578), US Army Corps of Engineers, Naval FESC. 

Eight Walkup Drive, Westborough, MA 01581-1019 
508-898-9220 (Fax) 508-898-9193 800-624-9220 - www.alphalab.com 

Page 1 of 72 

http:www.alphalab.com


Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 
Project Number: 6690 Report Date: 07/07/11
 

Alpha 
Sample ID Client ID 

Sample 
Location 

Collection 
Date/Time 

L1109821-01 MW-4 NEW BEDFORD, MA 06/30/11 12:15 

L1109821-02 MW-5 NEW BEDFORD, MA 06/30/11 13:30 

L1109821-03 MW-3 NEW BEDFORD, MA 06/30/11 14:50 

L1109821-04 TRIP NEW BEDFORD, MA 06/30/11 00:00 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 

MADEP MCP Response Action Analytical Report Certification 

This form provides certifications for all samples performed by MCP methods. Please refer to 
the Sample Results and Container Information sections of this report for specification of 
MCP methods used for each analysis. The following questions pertain only to MCP 
Analytical Methods.

 An affirmative response to questions A through F is required for "Presumptive Certainty" status

Were all samples received in a condition consistent with those described on the Chain-of-
Custody, properly preserved (including temperature) in the field or laboratory, and 
prepared/analyzed within method holding times? 

A YES 

Were the analytical method(s) and all associated QC requirements specified in the selected 
CAM protocol(s) followed? 

B YES 

Were all required corrective actions and analytical response actions specified in the selected 
CAM protocol(s) implemented for all identified performance standard non-conformances? 

C YES 

Does the laboratory report comply with all the reporting requirements specified in CAM VII A, 
"Quality Assurance and Quality Control Guidelines for the Acquisition and Reporting of Analytical 
Data?" 

D YES 

VPH, EPH, and APH Methods only: Was each method conducted without significant 
modification(s)? (Refer to the individual method(s) for a list of significant modifications). 

E a. N/A 

APH and TO-15 Methods only: Was the complete analyte list reported for each method?E b. N/A 

Were all applicable CAM protocol QC and performance standard non-conformances identified 
and evaluated in a laboratory narrative (including all "No" responses to Questions A through E)? 

F YES 

A response to questions G, H and I is required for "Presumptive Certainty" status 

Were the reporting limits at or below all CAM reporting limits specified in the selected CAM 
protocol(s)? 

G NO 

Were all QC performance standards specified in the CAM protocol(s) achieved?H NO 

Were results reported for the complete analyte list specified in the selected CAM protocol(s)?I NO 

For any questions answered "No", please refer to the case narrative section on the following page(s). 

Please note that sample matrix information is located in the Sample Results section of this report. 

Page 3 of 72 



Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 
Project Number: 6690 Report Date: 07/07/11
 

Case Narrative 

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report. 

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet all of the requirements of 

NELAC, for all NELAC accredited parameters. The data presented in this report is organized by parameter (i.e. VOC, SVOC, etc.). Sample 

specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list for each individual sample, 

followed by the Laboratory Batch Quality Control at the end of each parameter. If a sample was re-analyzed or re-extracted due to a 

required quality control corrective action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is 

designated with an "R" or "RE", respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the 

associated samples for each element are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % 

recovery or RPD value that is outside the listed Acceptance Criteria is bolded in the report. Definitions of all data qualifiers and acronyms 

used in this report are provided in the Glossary located at the back of the report. 

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody. 

For additional information, please contact Client Services at 800-624-9220. 

MCP Related Narratives
 

Sample Receipt
 

The samples were Field Filtered for Dissolved Metals only.
 

The samples were received above the appropriate pH for the Metals analysis. The laboratory added additional 


HNO3 to a pH <2.
 

Volatile Organics
 

In reference to question G:
 

One or more of the target analytes did not achieve the requested CAM reporting limits. 


In reference to question H:
 

The initial calibration, associated with L1109821-01 through -04, did not meet the method required minimum 


response factors on the lowest calibration standards for 1,4-Dioxane (0.00293), as well as the average 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 
Project Number: 6690 Report Date: 07/07/11
 

Case Narrative (continued)

response factor for 1,4-Dioxane. In addition, a quadratic fit was utilized for Acetone.
 

The continuing calibration standard, associated with L1109821-01 through -04, is outside the acceptance 


criteria for several compounds; however, it is within overall method allowances. A copy of the continuing 


calibration standard is included as an addendum to this report.
 

Semivolatile Organics
 

In reference to question H:
 

The WG476756-2/-3 LC/LCSD recoveries, associated with L1109821-01, -02 and -03, are below the 


individual acceptance criteria for Aniline (31%/32%), but within the overall method allowances. The results of 


the associated samples are reported; however, all results are considered to have a potentially low bias for this 


compound.
 

Metals
 

L1109821-02 has elevated detection limit for all analytes, with the exception of Mercury, due to the dilution 


required by the high concentrations of non-target analytes. The requested reporting limits were not achieved.
 

In reference to question G:
 

L1109821-02: One or more of the target analytes did not achieve the requested CAM reporting limits.
 

In reference to question I: 


All samples were analyzed for a subset of MCP elements per the Chain of Custody.
 

I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
belief and based upon my personal inquiry of those responsible for providing the information contained
 in this analytical report, such information is accurate and complete. This certificate of analysis is not
 complete unless this page accompanies any and all pages of this report.

 Authorized Signature: 

Title: Technical Director/Representative Date: 07/07/11 
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FF Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 
SAMPLE RESULTS
 

Lab ID: L1109821-01 Date Collected: 06/30/11 12:15 
Client ID: MW-4 Date Received: 07/01/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water 
Analytical Method: 97,8260B 
Analytical Date: 07/04/11 19:35 
Analyst: MM 

Parameter Result Qualifier Units RL MDL Dilution Factor 

MCP Volatile Organics - Westborough Lab 

Methylene chloride 

1,1-Dichloroethane 

Chloroform 

Carbon tetrachloride 

1,2-Dichloropropane 

Dibromochloromethane 

1,1,2-Trichloroethane 

Tetrachloroethene 

Chlorobenzene 

Trichlorofluoromethane 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Bromodichloromethane 

trans-1,3-Dichloropropene 

cis-1,3-Dichloropropene 

1,1-Dichloropropene 

Bromoform 

1,1,2,2-Tetrachloroethane 

Benzene 

Toluene 

Ethylbenzene 

Chloromethane 

Bromomethane 

Vinyl chloride 

Chloroethane 

1,1-Dichloroethene 

trans-1,2-Dichloroethene 

Trichloroethene 

1,2-Dichlorobenzene 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

2.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

2.0 

1.0 

1.0 

1.0 

0.50 

0.50 

2.0 

2.0 

1.0 

0.50 

1.0 

1.0 

2.0 

2.0 

1.0 

2.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 
SAMPLE RESULTS
 

L1109821-01Lab ID: Date Collected: 06/30/11 12:15 
MW-4Client ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methyl tert butyl ether ND ug/l 2.0 - 1 

p/m-Xylene ND ug/l 2.0 - 1 

o-Xylene ND ug/l 1.0 - 1 

cis-1,2-Dichloroethene ND ug/l 1.0 - 1 

Dibromomethane ND ug/l 2.0 - 1 

1,2,3-Trichloropropane ND ug/l 2.0 - 1 

Styrene ND ug/l 1.0 - 1 

Dichlorodifluoromethane ND ug/l 2.0 - 1 

Acetone ND ug/l 5.0 - 1 

Carbon disulfide ND ug/l 2.0 - 1 

2-Butanone ND ug/l 5.0 - 1 

4-Methyl-2-pentanone ND ug/l 5.0 - 1 

2-Hexanone ND ug/l 5.0 - 1 

Bromochloromethane ND ug/l 2.0 - 1 

Tetrahydrofuran ND ug/l 5.0 - 1 

2,2-Dichloropropane ND ug/l 2.0 - 1 

1,2-Dibromoethane ND ug/l 2.0 - 1 

1,3-Dichloropropane ND ug/l 2.0 - 1 

1,1,1,2-Tetrachloroethane ND ug/l 1.0 - 1 

Bromobenzene ND ug/l 2.0 - 1 

n-Butylbenzene ND ug/l 2.0 - 1 

sec-Butylbenzene ND ug/l 2.0 - 1 

tert-Butylbenzene ND ug/l 2.0 - 1 

o-Chlorotoluene ND ug/l 2.0 - 1 

p-Chlorotoluene ND ug/l 2.0 - 1 

1,2-Dibromo-3-chloropropane ND ug/l 2.0 - 1 

Hexachlorobutadiene ND ug/l 0.60 - 1 

Isopropylbenzene ND ug/l 2.0 - 1 

p-Isopropyltoluene ND ug/l 2.0 - 1 

Naphthalene ND ug/l 2.0 - 1 

n-Propylbenzene ND ug/l 2.0 - 1 

1,2,3-Trichlorobenzene ND ug/l 2.0 - 1 

1,2,4-Trichlorobenzene ND ug/l 2.0 - 1 

1,3,5-Trimethylbenzene ND ug/l 2.0 - 1 

1,2,4-Trimethylbenzene ND ug/l 2.0 - 1 

Ethyl ether ND ug/l 2.0 - 1 

Isopropyl Ether ND ug/l 2.0 - 1 

Ethyl-Tert-Butyl-Ether ND ug/l 2.0 - 1 

Tertiary-Amyl Methyl Ether ND ug/l 2.0 - 1 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS
 

L1109821-01Lab ID: Date Collected: 06/30/11 12:15 
MW-4Client ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

1,4-Dioxane ND ug/l 250 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

100 

101 

112 

98 

70-130 

70-130 

70-130 

70-130 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS 

L1109821-02Lab ID: Date Collected: 06/30/11 13:30 
MW-5Client ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Matrix: Water 
Analytical Method: 97,8260B 
Analytical Date: 07/04/11 20:07 
Analyst: MM 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methylene chloride ND ug/l 2.0 - 1 

1,1-Dichloroethane ND ug/l 1.0 - 1 

Chloroform ND ug/l 1.0 - 1 

Carbon tetrachloride ND ug/l 1.0 - 1 

1,2-Dichloropropane ND ug/l 1.0 - 1 

Dibromochloromethane ND ug/l 1.0 - 1 

1,1,2-Trichloroethane ND ug/l 1.0 - 1 

Tetrachloroethene ND ug/l 1.0 - 1 

Chlorobenzene ND ug/l 1.0 - 1 

Trichlorofluoromethane ND ug/l 2.0 - 1 

1,2-Dichloroethane ND ug/l 1.0 - 1 

1,1,1-Trichloroethane ND ug/l 1.0 - 1 

Bromodichloromethane ND ug/l 1.0 - 1 

trans-1,3-Dichloropropene ND ug/l 0.50 - 1 

cis-1,3-Dichloropropene ND ug/l 0.50 - 1 

1,1-Dichloropropene ND ug/l 2.0 - 1 

Bromoform ND ug/l 2.0 - 1 

1,1,2,2-Tetrachloroethane ND ug/l 1.0 - 1 

Benzene ND ug/l 0.50 - 1 

Toluene ND ug/l 1.0 - 1 

Ethylbenzene ND ug/l 1.0 - 1 

Chloromethane ND ug/l 2.0 - 1 

Bromomethane ND ug/l 2.0 - 1 

Vinyl chloride ND ug/l 1.0 - 1 

Chloroethane ND ug/l 2.0 - 1 

1,1-Dichloroethene ND ug/l 1.0 - 1 

trans-1,2-Dichloroethene ND ug/l 1.0 - 1 

Trichloroethene ND ug/l 1.0 - 1 

1,2-Dichlorobenzene ND ug/l 1.0 - 1 

1,3-Dichlorobenzene ND ug/l 1.0 - 1 

1,4-Dichlorobenzene ND ug/l 1.0 - 1 

Page 11 of 72 



Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 
SAMPLE RESULTS
 

L1109821-02Lab ID: Date Collected: 06/30/11 13:30 
MW-5Client ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methyl tert butyl ether ND ug/l 2.0 - 1 

p/m-Xylene ND ug/l 2.0 - 1 

o-Xylene ND ug/l 1.0 - 1 

cis-1,2-Dichloroethene ND ug/l 1.0 - 1 

Dibromomethane ND ug/l 2.0 - 1 

1,2,3-Trichloropropane ND ug/l 2.0 - 1 

Styrene ND ug/l 1.0 - 1 

Dichlorodifluoromethane ND ug/l 2.0 - 1 

Acetone ND ug/l 5.0 - 1 

Carbon disulfide ND ug/l 2.0 - 1 

2-Butanone ND ug/l 5.0 - 1 

4-Methyl-2-pentanone ND ug/l 5.0 - 1 

2-Hexanone ND ug/l 5.0 - 1 

Bromochloromethane ND ug/l 2.0 - 1 

Tetrahydrofuran ND ug/l 5.0 - 1 

2,2-Dichloropropane ND ug/l 2.0 - 1 

1,2-Dibromoethane ND ug/l 2.0 - 1 

1,3-Dichloropropane ND ug/l 2.0 - 1 

1,1,1,2-Tetrachloroethane ND ug/l 1.0 - 1 

Bromobenzene ND ug/l 2.0 - 1 

n-Butylbenzene ND ug/l 2.0 - 1 

sec-Butylbenzene ND ug/l 2.0 - 1 

tert-Butylbenzene ND ug/l 2.0 - 1 

o-Chlorotoluene ND ug/l 2.0 - 1 

p-Chlorotoluene ND ug/l 2.0 - 1 

1,2-Dibromo-3-chloropropane ND ug/l 2.0 - 1 

Hexachlorobutadiene ND ug/l 0.60 - 1 

Isopropylbenzene ND ug/l 2.0 - 1 

p-Isopropyltoluene ND ug/l 2.0 - 1 

Naphthalene ND ug/l 2.0 - 1 

n-Propylbenzene ND ug/l 2.0 - 1 

1,2,3-Trichlorobenzene ND ug/l 2.0 - 1 

1,2,4-Trichlorobenzene ND ug/l 2.0 - 1 

1,3,5-Trimethylbenzene ND ug/l 2.0 - 1 

1,2,4-Trimethylbenzene ND ug/l 2.0 - 1 

Ethyl ether ND ug/l 2.0 - 1 

Isopropyl Ether ND ug/l 2.0 - 1 

Ethyl-Tert-Butyl-Ether ND ug/l 2.0 - 1 

Tertiary-Amyl Methyl Ether ND ug/l 2.0 - 1 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS
 

L1109821-02Lab ID: Date Collected: 06/30/11 13:30 
MW-5Client ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

1,4-Dioxane ND ug/l 250 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

99 

103 

110 

97 

70-130 

70-130 

70-130 

70-130 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS 

L1109821-03Lab ID: Date Collected: 06/30/11 14:50 
MW-3Client ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Matrix: Water 
Analytical Method: 97,8260B 
Analytical Date: 07/04/11 20:39 
Analyst: MM 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methylene chloride ND ug/l 2.0 - 1 

1,1-Dichloroethane ND ug/l 1.0 - 1 

Chloroform ND ug/l 1.0 - 1 

Carbon tetrachloride ND ug/l 1.0 - 1 

1,2-Dichloropropane ND ug/l 1.0 - 1 

Dibromochloromethane ND ug/l 1.0 - 1 

1,1,2-Trichloroethane ND ug/l 1.0 - 1 

Tetrachloroethene ND ug/l 1.0 - 1 

Chlorobenzene ND ug/l 1.0 - 1 

Trichlorofluoromethane ND ug/l 2.0 - 1 

1,2-Dichloroethane ND ug/l 1.0 - 1 

1,1,1-Trichloroethane ND ug/l 1.0 - 1 

Bromodichloromethane ND ug/l 1.0 - 1 

trans-1,3-Dichloropropene ND ug/l 0.50 - 1 

cis-1,3-Dichloropropene ND ug/l 0.50 - 1 

1,1-Dichloropropene ND ug/l 2.0 - 1 

Bromoform ND ug/l 2.0 - 1 

1,1,2,2-Tetrachloroethane ND ug/l 1.0 - 1 

Benzene ND ug/l 0.50 - 1 

Toluene ND ug/l 1.0 - 1 

Ethylbenzene ND ug/l 1.0 - 1 

Chloromethane ND ug/l 2.0 - 1 

Bromomethane ND ug/l 2.0 - 1 

Vinyl chloride ND ug/l 1.0 - 1 

Chloroethane ND ug/l 2.0 - 1 

1,1-Dichloroethene ND ug/l 1.0 - 1 

trans-1,2-Dichloroethene ND ug/l 1.0 - 1 

Trichloroethene ND ug/l 1.0 - 1 

1,2-Dichlorobenzene ND ug/l 1.0 - 1 

1,3-Dichlorobenzene ND ug/l 1.0 - 1 

1,4-Dichlorobenzene ND ug/l 1.0 - 1 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 
SAMPLE RESULTS
 

L1109821-03Lab ID: Date Collected: 06/30/11 14:50 
MW-3Client ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methyl tert butyl ether ND ug/l 2.0 - 1 

p/m-Xylene ND ug/l 2.0 - 1 

o-Xylene ND ug/l 1.0 - 1 

cis-1,2-Dichloroethene ND ug/l 1.0 - 1 

Dibromomethane ND ug/l 2.0 - 1 

1,2,3-Trichloropropane ND ug/l 2.0 - 1 

Styrene ND ug/l 1.0 - 1 

Dichlorodifluoromethane ND ug/l 2.0 - 1 

Acetone ND ug/l 5.0 - 1 

Carbon disulfide ND ug/l 2.0 - 1 

2-Butanone ND ug/l 5.0 - 1 

4-Methyl-2-pentanone ND ug/l 5.0 - 1 

2-Hexanone ND ug/l 5.0 - 1 

Bromochloromethane ND ug/l 2.0 - 1 

Tetrahydrofuran ND ug/l 5.0 - 1 

2,2-Dichloropropane ND ug/l 2.0 - 1 

1,2-Dibromoethane ND ug/l 2.0 - 1 

1,3-Dichloropropane ND ug/l 2.0 - 1 

1,1,1,2-Tetrachloroethane ND ug/l 1.0 - 1 

Bromobenzene ND ug/l 2.0 - 1 

n-Butylbenzene ND ug/l 2.0 - 1 

sec-Butylbenzene ND ug/l 2.0 - 1 

tert-Butylbenzene ND ug/l 2.0 - 1 

o-Chlorotoluene ND ug/l 2.0 - 1 

p-Chlorotoluene ND ug/l 2.0 - 1 

1,2-Dibromo-3-chloropropane ND ug/l 2.0 - 1 

Hexachlorobutadiene ND ug/l 0.60 - 1 

Isopropylbenzene ND ug/l 2.0 - 1 

p-Isopropyltoluene ND ug/l 2.0 - 1 

Naphthalene ND ug/l 2.0 - 1 

n-Propylbenzene ND ug/l 2.0 - 1 

1,2,3-Trichlorobenzene ND ug/l 2.0 - 1 

1,2,4-Trichlorobenzene ND ug/l 2.0 - 1 

1,3,5-Trimethylbenzene ND ug/l 2.0 - 1 

1,2,4-Trimethylbenzene ND ug/l 2.0 - 1 

Ethyl ether ND ug/l 2.0 - 1 

Isopropyl Ether ND ug/l 2.0 - 1 

Ethyl-Tert-Butyl-Ether ND ug/l 2.0 - 1 

Tertiary-Amyl Methyl Ether ND ug/l 2.0 - 1 

Page 15 of 72 



Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS
 

L1109821-03Lab ID: Date Collected: 06/30/11 14:50 
MW-3Client ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

1,4-Dioxane ND ug/l 250 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

100 

99 

109 

98 

70-130 

70-130 

70-130 

70-130 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS 

L1109821-04Lab ID: Date Collected: 06/30/11 00:00 
TRIPClient ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: Not Specified 

Matrix: Water 
Analytical Method: 97,8260B 
Analytical Date: 07/04/11 19:02 
Analyst: MM 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methylene chloride ND ug/l 2.0 - 1 

1,1-Dichloroethane ND ug/l 1.0 - 1 

Chloroform ND ug/l 1.0 - 1 

Carbon tetrachloride ND ug/l 1.0 - 1 

1,2-Dichloropropane ND ug/l 1.0 - 1 

Dibromochloromethane ND ug/l 1.0 - 1 

1,1,2-Trichloroethane ND ug/l 1.0 - 1 

Tetrachloroethene ND ug/l 1.0 - 1 

Chlorobenzene ND ug/l 1.0 - 1 

Trichlorofluoromethane ND ug/l 2.0 - 1 

1,2-Dichloroethane ND ug/l 1.0 - 1 

1,1,1-Trichloroethane ND ug/l 1.0 - 1 

Bromodichloromethane ND ug/l 1.0 - 1 

trans-1,3-Dichloropropene ND ug/l 0.50 - 1 

cis-1,3-Dichloropropene ND ug/l 0.50 - 1 

1,1-Dichloropropene ND ug/l 2.0 - 1 

Bromoform ND ug/l 2.0 - 1 

1,1,2,2-Tetrachloroethane ND ug/l 1.0 - 1 

Benzene ND ug/l 0.50 - 1 

Toluene ND ug/l 1.0 - 1 

Ethylbenzene ND ug/l 1.0 - 1 

Chloromethane ND ug/l 2.0 - 1 

Bromomethane ND ug/l 2.0 - 1 

Vinyl chloride ND ug/l 1.0 - 1 

Chloroethane ND ug/l 2.0 - 1 

1,1-Dichloroethene ND ug/l 1.0 - 1 

trans-1,2-Dichloroethene ND ug/l 1.0 - 1 

Trichloroethene ND ug/l 1.0 - 1 

1,2-Dichlorobenzene ND ug/l 1.0 - 1 

1,3-Dichlorobenzene ND ug/l 1.0 - 1 

1,4-Dichlorobenzene ND ug/l 1.0 - 1 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 
SAMPLE RESULTS
 

L1109821-04Lab ID: Date Collected: 06/30/11 00:00 
TRIPClient ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

Methyl tert butyl ether ND ug/l 2.0 - 1 

p/m-Xylene ND ug/l 2.0 - 1 

o-Xylene ND ug/l 1.0 - 1 

cis-1,2-Dichloroethene ND ug/l 1.0 - 1 

Dibromomethane ND ug/l 2.0 - 1 

1,2,3-Trichloropropane ND ug/l 2.0 - 1 

Styrene ND ug/l 1.0 - 1 

Dichlorodifluoromethane ND ug/l 2.0 - 1 

Acetone ND ug/l 5.0 - 1 

Carbon disulfide ND ug/l 2.0 - 1 

2-Butanone ND ug/l 5.0 - 1 

4-Methyl-2-pentanone ND ug/l 5.0 - 1 

2-Hexanone ND ug/l 5.0 - 1 

Bromochloromethane ND ug/l 2.0 - 1 

Tetrahydrofuran ND ug/l 5.0 - 1 

2,2-Dichloropropane ND ug/l 2.0 - 1 

1,2-Dibromoethane ND ug/l 2.0 - 1 

1,3-Dichloropropane ND ug/l 2.0 - 1 

1,1,1,2-Tetrachloroethane ND ug/l 1.0 - 1 

Bromobenzene ND ug/l 2.0 - 1 

n-Butylbenzene ND ug/l 2.0 - 1 

sec-Butylbenzene ND ug/l 2.0 - 1 

tert-Butylbenzene ND ug/l 2.0 - 1 

o-Chlorotoluene ND ug/l 2.0 - 1 

p-Chlorotoluene ND ug/l 2.0 - 1 

1,2-Dibromo-3-chloropropane ND ug/l 2.0 - 1 

Hexachlorobutadiene ND ug/l 0.60 - 1 

Isopropylbenzene ND ug/l 2.0 - 1 

p-Isopropyltoluene ND ug/l 2.0 - 1 

Naphthalene ND ug/l 2.0 - 1 

n-Propylbenzene ND ug/l 2.0 - 1 

1,2,3-Trichlorobenzene ND ug/l 2.0 - 1 

1,2,4-Trichlorobenzene ND ug/l 2.0 - 1 

1,3,5-Trimethylbenzene ND ug/l 2.0 - 1 

1,2,4-Trimethylbenzene ND ug/l 2.0 - 1 

Ethyl ether ND ug/l 2.0 - 1 

Isopropyl Ether ND ug/l 2.0 - 1 

Ethyl-Tert-Butyl-Ether ND ug/l 2.0 - 1 

Tertiary-Amyl Methyl Ether ND ug/l 2.0 - 1 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS
 

L1109821-04Lab ID: Date Collected: 06/30/11 00:00 
TRIPClient ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics - Westborough Lab 

1,4-Dioxane ND ug/l 250 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

101 

99 

112 

98 

70-130 

70-130 

70-130 

70-130 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/04/11 17:57 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics - Westborough Lab for sample(s):   01-04  Batch: WG477040-3 

Methylene chloride ND ug/l 2.0 -

1,1-Dichloroethane ND ug/l 1.0 -

Chloroform ND ug/l 1.0 -

Carbon tetrachloride ND ug/l 1.0 -

1,2-Dichloropropane ND ug/l 1.0 --

Dibromochloromethane ND ug/l 1.0 -

1,1,2-Trichloroethane ND ug/l 1.0 --

Tetrachloroethene ND ug/l 1.0 --

Chlorobenzene ND ug/l 1.0 --

Trichlorofluoromethane ND ug/l 2.0 -

1,2-Dichloroethane ND ug/l 1.0 -

1,1,1-Trichloroethane ND ug/l 1.0 --

Bromodichloromethane ND ug/l 1.0 -

trans-1,3-Dichloropropene ND ug/l 0.50 -

cis-1,3-Dichloropropene ND ug/l 0.50 -

1,1-Dichloropropene ND ug/l 2.0 --

Bromoform ND ug/l 2.0 -

1,1,2,2-Tetrachloroethane ND ug/l 1.0 -

Benzene ND ug/l 0.50 -

Toluene ND ug/l 1.0 --

Ethylbenzene ND ug/l 1.0 --

Chloromethane ND ug/l 2.0 --

Bromomethane ND ug/l 2.0 -

Vinyl chloride ND ug/l 1.0 --

Chloroethane ND ug/l 2.0 -

1,1-Dichloroethene ND ug/l 1.0 -

trans-1,2-Dichloroethene ND ug/l 1.0 --

Trichloroethene ND ug/l 1.0 -

1,2-Dichlorobenzene ND ug/l 1.0 -

1,3-Dichlorobenzene ND ug/l 1.0 -

1,4-Dichlorobenzene ND ug/l 1.0 -
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/04/11 17:57 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics - Westborough Lab for sample(s):   01-04  Batch: WG477040-3 

Methyl tert butyl ether ND ug/l 2.0 -

p/m-Xylene ND ug/l 2.0 -

o-Xylene ND ug/l 1.0 -

cis-1,2-Dichloroethene ND ug/l 1.0 --

Dibromomethane ND ug/l 2.0 -

1,2,3-Trichloropropane ND ug/l 2.0 -

Styrene ND ug/l 1.0 --

Dichlorodifluoromethane ND ug/l 2.0 -

Acetone ND ug/l 5.0 -

Carbon disulfide ND ug/l 2.0 -

2-Butanone ND ug/l 5.0 -

4-Methyl-2-pentanone ND ug/l 5.0 -

2-Hexanone ND ug/l 5.0 --

Bromochloromethane ND ug/l 2.0 --

Tetrahydrofuran ND ug/l 5.0 -

2,2-Dichloropropane ND ug/l 2.0 -

1,2-Dibromoethane ND ug/l 2.0 -

1,3-Dichloropropane ND ug/l 2.0 -

1,1,1,2-Tetrachloroethane ND ug/l 1.0 --

Bromobenzene ND ug/l 2.0 -

n-Butylbenzene ND ug/l 2.0 -

sec-Butylbenzene ND ug/l 2.0 -

tert-Butylbenzene ND ug/l 2.0 -

o-Chlorotoluene ND ug/l 2.0 -

p-Chlorotoluene ND ug/l 2.0 -

1,2-Dibromo-3-chloropropane ND ug/l 2.0 --

Hexachlorobutadiene ND ug/l 0.60 --

Isopropylbenzene ND ug/l 2.0 -

p-Isopropyltoluene ND ug/l 2.0 -

Naphthalene ND ug/l 2.0 -

n-Propylbenzene ND ug/l 2.0 -
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/04/11 17:57 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics - Westborough Lab for sample(s):   01-04  Batch: WG477040-3 

1,2,3-Trichlorobenzene ND ug/l 2.0 -

1,2,4-Trichlorobenzene ND ug/l 2.0 -

1,3,5-Trimethylbenzene ND ug/l 2.0 -

1,2,4-Trimethylbenzene ND ug/l 2.0 -

Ethyl ether ND ug/l 2.0 -

Isopropyl Ether ND ug/l 2.0 -

Ethyl-Tert-Butyl-Ether ND ug/l 2.0 -

Tertiary-Amyl Methyl Ether ND ug/l 2.0 -

1,4-Dioxane ND ug/l 250 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

99 

95 

70-130 

70-130 

4-Bromofluorobenzene 108 70-130 

Dibromofluoromethane 99 70-130 
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Serial_No:07071120:12 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics - Westborough Lab  Associated sample(s): 01-04  Batch: WG477040-1 WG477040-2 

Methylene chloride 93 95 70-130 2 20 

1,1-Dichloroethane 91 95 70-130 4 20 

Chloroform 94 98 70-130 4 20 

Carbon tetrachloride 97 96 70-130 1 20 

1,2-Dichloropropane 91 94 70-130 3 20 

Dibromochloromethane 88 89 70-130 1 20 

1,1,2-Trichloroethane 91 96 70-130 5 20 

Tetrachloroethene 101 99 70-130 2 20 

Chlorobenzene 92 91 70-130 1 20 

Trichlorofluoromethane 99 100 70-130 1 20 

1,2-Dichloroethane 93 97 70-130 4 20 

1,1,1-Trichloroethane 96 98 70-130 2 20 

Bromodichloromethane 86 90 70-130 5 20 

trans-1,3-Dichloropropene 95 93 70-130 2 20 

cis-1,3-Dichloropropene 92 95 70-130 3 20 

1,1-Dichloropropene 91 97 70-130 6 20 

Bromoform 89 93 70-130 4 20 

1,1,2,2-Tetrachloroethane 90 96 70-130 6 20 

Benzene 95 96 70-130 1 20 

Toluene 95 93 70-130 2 20 

Ethylbenzene  97 97 70-130 0 20 
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Serial_No:07071120:12 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL 
Batch Quality Control 

Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics - Westborough Lab  Associated sample(s): 01-04  Batch: WG477040-1 WG477040-2 

Chloromethane 80 80 70-130 0 20 

Bromomethane 106 104 70-130 2 20 

Vinyl chloride 90 92 70-130 2 20 

Chloroethane 90 91 70-130 1 20 

1,1-Dichloroethene 94 96 70-130 2 20 

trans-1,2-Dichloroethene 95 98 70-130 3 20 

Trichloroethene 97 96 70-130 1 20 

1,2-Dichlorobenzene 92 96 70-130 4 20 

1,3-Dichlorobenzene 92 95 70-130 3 20 

1,4-Dichlorobenzene 94 97 70-130 3 20 

Methyl tert butyl ether 86 97 70-130 12 20 

p/m-Xylene 96 96 70-130 0 20 

o-Xylene 98 97 70-130 1 20 

cis-1,2-Dichloroethene 97 98 70-130 1 20 

Dibromomethane 94 99 70-130 5 20 

1,2,3-Trichloropropane 93 102 70-130 9 20 

Styrene 96 97 70-130 1 20 

Dichlorodifluoromethane 80 85 70-130 6 20 

Acetone 76 81 70-130 6 20 

Carbon disulfide 92 90 70-130 2 20 

2-Butanone  92 102 70-130 10 20 
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Serial_No:07071120:12 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics - Westborough Lab  Associated sample(s): 01-04  Batch: WG477040-1 WG477040-2 

4-Methyl-2-pentanone 90 100 70-130 11 20 

2-Hexanone 88 92 70-130 4 20 

Bromochloromethane 93 97 70-130 4 20 

Tetrahydrofuran 94 104 70-130 10 20 

2,2-Dichloropropane 100 102 70-130 2 20 

1,2-Dibromoethane 94 93 70-130 1 20 

1,3-Dichloropropane 91 93 70-130 2 20 

1,1,1,2-Tetrachloroethane 98 98 70-130 0 20 

Bromobenzene 96 94 70-130 2 20 

n-Butylbenzene 92 97 70-130 5 20 

sec-Butylbenzene 93 97 70-130 4 20 

tert-Butylbenzene 93 97 70-130 4 20 

o-Chlorotoluene 91 96 70-130 5 20 

p-Chlorotoluene 93 97 70-130 4 20 

1,2-Dibromo-3-chloropropane 104 99 70-130 5 20 

Hexachlorobutadiene 108 105 70-130 3 20 

Isopropylbenzene 94 94 70-130 0 20 

p-Isopropyltoluene 96 101 70-130 5 20 

Naphthalene 89 98 70-130 10 20 

n-Propylbenzene 94 98 70-130 4 20 

1,2,3-Trichlorobenzene  97 102 70-130 5 20 
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Serial_No:07071120:12 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics - Westborough Lab  Associated sample(s): 01-04  Batch: WG477040-1 WG477040-2 

1,2,4-Trichlorobenzene 99 104 70-130 5 20 

1,3,5-Trimethylbenzene 90 96 70-130 6 20 

1,2,4-Trimethylbenzene 94 98 70-130 4 20 

Ethyl ether 98 103 70-130 5 20 

Isopropyl Ether 90 98 70-130 9 20 

Ethyl-Tert-Butyl-Ether 91 101 70-130 10 20 

Tertiary-Amyl Methyl Ether 95 105 70-130 10 20 

1,4-Dioxane  110 130 70-130 17 20 

Surrogate %Recovery 
LCS 

Qual %Recovery 
LCSD 

Qual 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

99 

101 

100 

97 

99 

99 

102 

104 

70-130 

70-130 

70-130 

70-130 

Page 26 of 72 



Serial_No:07071120:12 

SEMIVOLATILES
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FF Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 
SAMPLE RESULTS
 

Lab ID: L1109821-01 Date Collected: 06/30/11 12:15 
Client ID: MW-4 Date Received: 07/01/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C Extraction Date: 07/02/11 02:53 
Analytical Date: 07/07/11 10:26 
Analyst: RC 

Parameter Result Qualifier Units RL MDL Dilution Factor 

MCP Semivolatile Organics - Westborough Lab 

1,2,4-Trichlorobenzene 

Bis(2-chloroethyl)ether 

1,2-Dichlorobenzene 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

3,3'-Dichlorobenzidine 

2,4-Dinitrotoluene 

2,6-Dinitrotoluene 

Azobenzene 

4-Bromophenyl phenyl ether 

Bis(2-chloroisopropyl)ether 

Bis(2-chloroethoxy)methane 

Isophorone 

Nitrobenzene 

Bis(2-Ethylhexyl)phthalate 

Butyl benzyl phthalate 

Di-n-butylphthalate 

Di-n-octylphthalate 

Diethyl phthalate 

Dimethyl phthalate 

Aniline 

4-Chloroaniline 

Dibenzofuran 

Acetophenone 

2,4,6-Trichlorophenol 

2-Chlorophenol 

2,4-Dichlorophenol 

2,4-Dimethylphenol 

2-Nitrophenol 

4-Nitrophenol 

2,4-Dinitrophenol 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

5.0 

2.0 

2.0 

2.0 

2.0 

5.0 

5.0 

5.0 

2.0 

2.0 

2.0 

5.0 

5.0 

2.0 

3.0 

5.0 

5.0 

5.0 

5.0 

5.0 

2.0 

5.0 

2.0 

5.0 

5.0 

2.0 

5.0 

5.0 

10 

10 

20 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS
 

L1109821-01Lab ID: Date Collected: 06/30/11 12:15 
MW-4Client ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Phenol 

2-Methylphenol 

3-Methylphenol/4-Methylphenol 

2,4,5-Trichlorophenol 

ND 

ND 

ND 

ND 

ug/l 

ug/l 

ug/l 

ug/l 

5.0 

5.0 

5.0 

5.0 

-

-

-

-

1 

1 

1 

1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

2-Fluorophenol 

Phenol-d6 

44 

30 

15-110 

15-110 

Nitrobenzene-d5 61 30-130 

2-Fluorobiphenyl 

2,4,6-Tribromophenol 

4-Terphenyl-d14 

57 

83 

81 

30-130 

15-110 

30-130 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS 

Lab ID: L1109821-01 06/30/11 12:15Date Collected: 
Client ID: MW-4 07/01/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C-SIM Extraction Date: 07/02/11 02:50 
Analytical Date: 07/05/11 16:29 
Analyst: AS 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics by SIM - Westborough Lab 

Acenaphthene ND ug/l 0.20 - 1 

2-Chloronaphthalene ND ug/l 0.20 - 1 

Fluoranthene ND ug/l 0.20 - 1 

Hexachlorobutadiene ND ug/l 0.50 - 1 

Naphthalene ND ug/l 0.20 - 1 

Benzo(a)anthracene ND ug/l 0.20 - 1 

Benzo(a)pyrene ND ug/l 0.20 - 1 

Benzo(b)fluoranthene ND ug/l 0.20 - 1 

Benzo(k)fluoranthene ND ug/l 0.20 - 1 

Chrysene ND ug/l 0.20 - 1 

Acenaphthylene ND ug/l 0.20 - 1 

Anthracene ND ug/l 0.20 - 1 

Benzo(ghi)perylene ND ug/l 0.20 - 1 

Fluorene ND ug/l 0.20 - 1 

Phenanthrene ND ug/l 0.20 - 1 

Dibenzo(a,h)anthracene ND ug/l 0.20 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/l 0.20 - 1 

Pyrene ND ug/l 0.20 - 1 

2-Methylnaphthalene ND ug/l 0.20 - 1 

Pentachlorophenol ND ug/l 0.80 - 1 

Hexachlorobenzene ND ug/l 0.80 - 1 

Hexachloroethane ND ug/l 0.80 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 51 15-110 

Phenol-d6 35 15-110 

Nitrobenzene-d5 74 30-130 

2-Fluorobiphenyl 68 30-130 

2,4,6-Tribromophenol 70 15-110 

4-Terphenyl-d14 91 30-130 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS 

Lab ID: L1109821-02 06/30/11 13:30Date Collected: 
Client ID: MW-5 07/01/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C Extraction Date: 07/02/11 02:53 
Analytical Date: 07/07/11 10:51 
Analyst: RC 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

1,2,4-Trichlorobenzene ND ug/l 5.0 - 1 

Bis(2-chloroethyl)ether ND ug/l 2.0 - 1 

1,2-Dichlorobenzene ND ug/l 2.0 - 1 

1,3-Dichlorobenzene ND ug/l 2.0 - 1 

1,4-Dichlorobenzene ND ug/l 2.0 - 1 

3,3'-Dichlorobenzidine ND ug/l 5.0 - 1 

2,4-Dinitrotoluene ND ug/l 5.0 - 1 

2,6-Dinitrotoluene ND ug/l 5.0 - 1 

Azobenzene ND ug/l 2.0 - 1 

4-Bromophenyl phenyl ether ND ug/l 2.0 - 1 

Bis(2-chloroisopropyl)ether ND ug/l 2.0 - 1 

Bis(2-chloroethoxy)methane ND ug/l 5.0 - 1 

Isophorone ND ug/l 5.0 - 1 

Nitrobenzene ND ug/l 2.0 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/l 3.0 - 1 

Butyl benzyl phthalate ND ug/l 5.0 - 1 

Di-n-butylphthalate ND ug/l 5.0 - 1 

Di-n-octylphthalate ND ug/l 5.0 - 1 

Diethyl phthalate ND ug/l 5.0 - 1 

Dimethyl phthalate ND ug/l 5.0 - 1 

Aniline ND ug/l 2.0 - 1 

4-Chloroaniline ND ug/l 5.0 - 1 

Dibenzofuran ND ug/l 2.0 - 1 

Acetophenone ND ug/l 5.0 - 1 

2,4,6-Trichlorophenol ND ug/l 5.0 - 1 

2-Chlorophenol ND ug/l 2.0 - 1 

2,4-Dichlorophenol ND ug/l 5.0 - 1 

2,4-Dimethylphenol ND ug/l 5.0 - 1 

2-Nitrophenol ND ug/l 10 - 1 

4-Nitrophenol ND ug/l 10 - 1 

2,4-Dinitrophenol ND ug/l 20 - 1 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS
 

L1109821-02Lab ID: Date Collected: 06/30/11 13:30 
MW-5Client ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Phenol 

2-Methylphenol 

3-Methylphenol/4-Methylphenol 

2,4,5-Trichlorophenol 

ND 

ND 

ND 

ND 

ug/l 

ug/l 

ug/l 

ug/l 

5.0 

5.0 

5.0 

5.0 

-

-

-

-

1 

1 

1 

1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

2-Fluorophenol 

Phenol-d6 

46 

31 

15-110 

15-110 

Nitrobenzene-d5 63 30-130 

2-Fluorobiphenyl 

2,4,6-Tribromophenol 

4-Terphenyl-d14 

59 

78 

77 

30-130 

15-110 

30-130 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS 

Lab ID: L1109821-02 06/30/11 13:30Date Collected: 
Client ID: MW-5 07/01/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C-SIM Extraction Date: 07/02/11 02:50 
Analytical Date: 07/05/11 17:02 
Analyst: AS 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics by SIM - Westborough Lab 

Acenaphthene ND ug/l 0.20 - 1 

2-Chloronaphthalene ND ug/l 0.20 - 1 

Fluoranthene ND ug/l 0.20 - 1 

Hexachlorobutadiene ND ug/l 0.50 - 1 

Naphthalene ND ug/l 0.20 - 1 

Benzo(a)anthracene ND ug/l 0.20 - 1 

Benzo(a)pyrene ND ug/l 0.20 - 1 

Benzo(b)fluoranthene ND ug/l 0.20 - 1 

Benzo(k)fluoranthene ND ug/l 0.20 - 1 

Chrysene ND ug/l 0.20 - 1 

Acenaphthylene ND ug/l 0.20 - 1 

Anthracene ND ug/l 0.20 - 1 

Benzo(ghi)perylene ND ug/l 0.20 - 1 

Fluorene ND ug/l 0.20 - 1 

Phenanthrene ND ug/l 0.20 - 1 

Dibenzo(a,h)anthracene ND ug/l 0.20 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/l 0.20 - 1 

Pyrene ND ug/l 0.20 - 1 

2-Methylnaphthalene ND ug/l 0.20 - 1 

Pentachlorophenol ND ug/l 0.80 - 1 

Hexachlorobenzene ND ug/l 0.80 - 1 

Hexachloroethane ND ug/l 0.80 - 1 

Acceptance 
Surrogate % Recovery Qualifier Criteria 

2-Fluorophenol 54 15-110 

Phenol-d6 37 15-110 

Nitrobenzene-d5 75 30-130 

2-Fluorobiphenyl 67 30-130 

2,4,6-Tribromophenol 69 15-110 

4-Terphenyl-d14 87 30-130 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS 

Lab ID: L1109821-03 06/30/11 14:50Date Collected: 
Client ID: MW-3 07/01/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C Extraction Date: 07/02/11 02:53 
Analytical Date: 07/07/11 11:15 
Analyst: RC 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

1,2,4-Trichlorobenzene ND ug/l 5.0 - 1 

Bis(2-chloroethyl)ether ND ug/l 2.0 - 1 

1,2-Dichlorobenzene ND ug/l 2.0 - 1 

1,3-Dichlorobenzene ND ug/l 2.0 - 1 

1,4-Dichlorobenzene ND ug/l 2.0 - 1 

3,3'-Dichlorobenzidine ND ug/l 5.0 - 1 

2,4-Dinitrotoluene ND ug/l 5.0 - 1 

2,6-Dinitrotoluene ND ug/l 5.0 - 1 

Azobenzene ND ug/l 2.0 - 1 

4-Bromophenyl phenyl ether ND ug/l 2.0 - 1 

Bis(2-chloroisopropyl)ether ND ug/l 2.0 - 1 

Bis(2-chloroethoxy)methane ND ug/l 5.0 - 1 

Isophorone ND ug/l 5.0 - 1 

Nitrobenzene ND ug/l 2.0 - 1 

Bis(2-Ethylhexyl)phthalate ND ug/l 3.0 - 1 

Butyl benzyl phthalate ND ug/l 5.0 - 1 

Di-n-butylphthalate ND ug/l 5.0 - 1 

Di-n-octylphthalate ND ug/l 5.0 - 1 

Diethyl phthalate ND ug/l 5.0 - 1 

Dimethyl phthalate ND ug/l 5.0 - 1 

Aniline ND ug/l 2.0 - 1 

4-Chloroaniline ND ug/l 5.0 - 1 

Dibenzofuran ND ug/l 2.0 - 1 

Acetophenone ND ug/l 5.0 - 1 

2,4,6-Trichlorophenol ND ug/l 5.0 - 1 

2-Chlorophenol ND ug/l 2.0 - 1 

2,4-Dichlorophenol ND ug/l 5.0 - 1 

2,4-Dimethylphenol ND ug/l 5.0 - 1 

2-Nitrophenol ND ug/l 10 - 1 

4-Nitrophenol ND ug/l 10 - 1 

2,4-Dinitrophenol ND ug/l 20 - 1 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS
 

L1109821-03Lab ID: Date Collected: 06/30/11 14:50 
MW-3Client ID: Date Received: 07/01/11 
NEW BEDFORD, MASample Location: Field Prep: See Narrative 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics - Westborough Lab 

Phenol 

2-Methylphenol 

3-Methylphenol/4-Methylphenol 

2,4,5-Trichlorophenol 

ND 

ND 

ND 

ND 

ug/l 

ug/l 

ug/l 

ug/l 

5.0 

5.0 

5.0 

5.0 

-

-

-

-

1 

1 

1 

1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

2-Fluorophenol 

Phenol-d6 

38 

27 

15-110 

15-110 

Nitrobenzene-d5 60 30-130 

2-Fluorobiphenyl 

2,4,6-Tribromophenol 

4-Terphenyl-d14 

55 

68 

75 

30-130 

15-110 

30-130 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS 

Lab ID: L1109821-03 06/30/11 14:50Date Collected: 
Client ID: MW-3 07/01/11Date Received: 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 97,8270C-SIM Extraction Date: 07/02/11 02:50 
Analytical Date: 07/05/11 17:34 
Analyst: AS 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Semivolatile Organics by SIM - Westborough Lab 

Acenaphthene ND ug/l 0.20 - 1 

2-Chloronaphthalene ND ug/l 0.20 - 1 

Fluoranthene ND ug/l 0.20 - 1 

Hexachlorobutadiene ND ug/l 0.50 - 1 

Naphthalene ND ug/l 0.20 - 1 

Benzo(a)anthracene ND ug/l 0.20 - 1 

Benzo(a)pyrene ND ug/l 0.20 - 1 

Benzo(b)fluoranthene ND ug/l 0.20 - 1 

Benzo(k)fluoranthene ND ug/l 0.20 - 1 

Chrysene ND ug/l 0.20 - 1 

Acenaphthylene ND ug/l 0.20 - 1 

Anthracene ND ug/l 0.20 - 1 

Benzo(ghi)perylene ND ug/l 0.20 - 1 

Fluorene ND ug/l 0.20 - 1 

Phenanthrene ND ug/l 0.20 - 1 

Dibenzo(a,h)anthracene ND ug/l 0.20 - 1 

Indeno(1,2,3-cd)Pyrene ND ug/l 0.20 - 1 

Pyrene ND ug/l 0.20 - 1 

2-Methylnaphthalene ND ug/l 0.20 - 1 

Pentachlorophenol ND ug/l 0.80 - 1 

Hexachlorobenzene ND ug/l 0.80 - 1 

Hexachloroethane ND ug/l 0.80 - 1 

Surrogate % Recovery Qua
Acceptance 

Criterialifier 

2-Fluorophenol 49 15-110 

Phenol-d6 34 15-110 

Nitrobenzene-d5 76 30-130 

2-Fluorobiphenyl 70 30-130 

2,4,6-Tribromophenol 67 15-110 

4-Terphenyl-d14 91 30-130 

Page 36 of 72 



     

Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C-SIM Extraction Method: EPA 3510C 
Analytical Date: 07/05/11 14:53 Extraction Date: 07/02/11 02:50 
Analyst: AS 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics by SIM - Westborough Lab for sample(s):   01-03  Batch: WG476755-1 

Acenaphthene ND ug/l 0.20 -

2-Chloronaphthalene ND ug/l 0.20 --

Fluoranthene ND ug/l 0.20 --

Hexachlorobutadiene ND ug/l 0.50 -

Naphthalene ND ug/l 0.20 -

Benzo(a)anthracene ND ug/l 0.20 -

Benzo(a)pyrene ND ug/l 0.20 -

Benzo(b)fluoranthene ND ug/l 0.20 -

Benzo(k)fluoranthene ND ug/l 0.20 --

Chrysene ND ug/l 0.20 --

Acenaphthylene ND ug/l 0.20 --

Anthracene ND ug/l 0.20 -

Benzo(ghi)perylene ND ug/l 0.20 --

Fluorene ND ug/l 0.20 --

Phenanthrene ND ug/l 0.20 -

Dibenzo(a,h)anthracene ND ug/l 0.20 --

Indeno(1,2,3-cd)Pyrene ND ug/l 0.20 --

Pyrene ND ug/l 0.20 -

2-Methylnaphthalene ND ug/l 0.20 --

Pentachlorophenol ND ug/l 0.80 --

Hexachlorobenzene ND ug/l 0.80 --

Hexachloroethane ND ug/l 0.80 -
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C-SIM Extraction Method: EPA 3510C 
Analytical Date: 07/05/11 14:53 Extraction Date: 07/02/11 02:50 
Analyst: AS 

Parameter Result RLUnitsQualifier MDL 

MCP Semivolatile Organics by SIM - Westborough Lab for sample(s):   01-03  Batch: WG476755-1 

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

2-Fluorophenol 

Phenol-d6 

Nitrobenzene-d5 

2-Fluorobiphenyl 

2,4,6-Tribromophenol 

4-Terphenyl-d14 

52 

35 

76 

66 

65 

85 

15-110 

15-110 

30-130 

30-130 

15-110 

30-130 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3510C 
Analytical Date: 07/07/11 09:13 Extraction Date: 07/02/11 02:53 
Analyst: RC 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   01-03  Batch: WG476756-1 

Acenaphthene ND ug/l 2.0 -

1,2,4-Trichlorobenzene ND ug/l 5.0 --

Hexachlorobenzene ND ug/l 2.0 -

Bis(2-chloroethyl)ether ND ug/l 2.0 -

2-Chloronaphthalene ND ug/l 2.0 -

1,2-Dichlorobenzene ND ug/l 2.0 -

1,3-Dichlorobenzene ND ug/l 2.0 -

1,4-Dichlorobenzene ND ug/l 2.0 -

3,3'-Dichlorobenzidine ND ug/l 5.0 -

2,4-Dinitrotoluene ND ug/l 5.0 -

2,6-Dinitrotoluene ND ug/l 5.0 --

Azobenzene ND ug/l 2.0 --

Fluoranthene ND ug/l 2.0 -

4-Bromophenyl phenyl ether ND ug/l 2.0 -

Bis(2-chloroisopropyl)ether ND ug/l 2.0 -

Bis(2-chloroethoxy)methane ND ug/l 5.0 --

Hexachlorobutadiene ND ug/l 2.0 --

Hexachloroethane ND ug/l 2.0 --

Isophorone ND ug/l 5.0 -

Naphthalene ND ug/l 2.0 --

Nitrobenzene ND ug/l 2.0 -

Bis(2-Ethylhexyl)phthalate ND ug/l 3.0 --

Butyl benzyl phthalate ND ug/l 5.0 -

Di-n-butylphthalate ND ug/l 5.0 -

Di-n-octylphthalate ND ug/l 5.0 --

Diethyl phthalate ND ug/l 5.0 --

Dimethyl phthalate ND ug/l 5.0 -

Benzo(a)anthracene ND ug/l 2.0 -

Benzo(a)pyrene ND ug/l 2.0 -

Benzo(b)fluoranthene ND ug/l 2.0 -

Benzo(k)fluoranthene ND ug/l 2.0 -
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3510C 
Analytical Date: 07/07/11 09:13 Extraction Date: 07/02/11 02:53 
Analyst: RC 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   01-03  Batch: WG476756-1 

Chrysene ND ug/l 2.0 --

Acenaphthylene ND ug/l 2.0 --

Anthracene ND ug/l 2.0 -

Benzo(ghi)perylene ND ug/l 2.0 --

Fluorene ND ug/l 2.0 --

Phenanthrene ND ug/l 2.0 -

Dibenzo(a,h)anthracene ND ug/l 2.0 --

Indeno(1,2,3-cd)Pyrene ND ug/l 2.0 --

Pyrene ND ug/l 2.0 -

Aniline ND ug/l 2.0 -

4-Chloroaniline ND ug/l 5.0 --

Dibenzofuran ND ug/l 2.0 -

2-Methylnaphthalene ND ug/l 2.0 --

Acetophenone ND ug/l 5.0 -

2,4,6-Trichlorophenol ND ug/l 5.0 -

2-Chlorophenol ND ug/l 2.0 -

2,4-Dichlorophenol ND ug/l 5.0 -

2,4-Dimethylphenol ND ug/l 5.0 -

2-Nitrophenol ND ug/l 10 -

4-Nitrophenol ND ug/l 10 -

2,4-Dinitrophenol ND ug/l 20 --

Pentachlorophenol ND ug/l 10 -

Phenol ND ug/l 5.0 -

2-Methylphenol ND ug/l 5.0 -

3-Methylphenol/4-Methylphenol ND ug/l 5.0 -

2,4,5-Trichlorophenol ND ug/l 5.0 -
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 97,8270C Extraction Method: EPA 3510C 
Analytical Date: 07/07/11 09:13 Extraction Date: 07/02/11 02:53 
Analyst: RC 

Parameter Result Qualifier Units RL MDL 

MCP Semivolatile Organics - Westborough Lab for sample(s):   01-03  Batch: WG476756-1 

Acceptance 
Surrogate %Recovery Qualifier Criteria 

2-Fluorophenol 46 15-110 

Phenol-d6 31 15-110 

Nitrobenzene-d5 65 30-130 

2-Fluorobiphenyl 59 30-130 

2,4,6-Tribromophenol 80 15-110 

4-Terphenyl-d14 79 30-130 
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Serial_No:07071120:12 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL 
Batch Quality Control 

Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics by SIM - Westborough Lab  Associated sample(s): 01-03  Batch: WG476755-2 WG476755-3 

Acenaphthene 86 86 40-140 0 20 

2-Chloronaphthalene 99 96 40-140 3 20 

Fluoranthene 120 120 40-140 0 20 

Hexachlorobutadiene 71 66 40-140 7 20 

Naphthalene 88 85 40-140 3 20 

Benzo(a)anthracene 104 106 40-140 2 20 

Benzo(a)pyrene 90 94 40-140 4 20 

Benzo(b)fluoranthene 109 111 40-140 2 20 

Benzo(k)fluoranthene 102 107 40-140 5 20 

Chrysene 95 96 40-140 1 20 

Acenaphthylene 96 95 40-140 1 20 

Anthracene 98 98 40-140 0 20 

Benzo(ghi)perylene 83 91 40-140 9 20 

Fluorene 99 102 40-140 3 20 

Phenanthrene 96 96 40-140 0 20 

Dibenzo(a,h)anthracene 92 99 40-140 7 20 

Indeno(1,2,3-cd)Pyrene 87 94 40-140 8 20 

Pyrene 111 111 40-140 0 20 

2-Methylnaphthalene 88 84 40-140 5 20 

Pentachlorophenol 124 123 30-130 1 20 

Hexachlorobenzene  78 78 40-140 0 20 
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Serial_No:07071120:12 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics by SIM - Westborough Lab  Associated sample(s): 01-03  Batch: WG476755-2 WG476755-3 

Hexachloroethane  77 72 40-140 7 20 

Surrogate Qual%Recovery 
LCS 

Qual%Recovery 
LCSD Acceptance 

Criteria 

2-Fluorophenol 57 59 15-110 

Phenol-d6 41 42 15-110 

Nitrobenzene-d5 85 84 30-130 

2-Fluorobiphenyl 82 81 30-130 

2,4,6-Tribromophenol 85 88 15-110 

4-Terphenyl-d14 100 101 30-130 
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Serial_No:07071120:12 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL 
Batch Quality Control 

Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery LimitsQual RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01-03  Batch: WG476756-2 WG476756-3 

Acenaphthene 71 73 40-140 3 20 

1,2,4-Trichlorobenzene 62 60 40-140 3 20 

Hexachlorobenzene 71 77 40-140 8 20 

Bis(2-chloroethyl)ether 65 68 40-140 5 20 

2-Chloronaphthalene 71 74 40-140 4 20 

1,2-Dichlorobenzene 61 59 40-140 3 20 

1,3-Dichlorobenzene 59 58 40-140 2 20 

1,4-Dichlorobenzene 58 57 40-140 2 20 

3,3'-Dichlorobenzidine 82 88 40-140 7 20 

2,4-Dinitrotoluene 77 85 40-140 10 20 

2,6-Dinitrotoluene 65 76 40-140 16 20 

Azobenzene 84 89 40-140 6 20 

Fluoranthene 76 82 40-140 8 20 

4-Bromophenyl phenyl ether 73 78 40-140 7 20 

Bis(2-chloroisopropyl)ether 42 44 40-140 5 20 

Bis(2-chloroethoxy)methane 62 69 40-140 11 20 

Hexachlorobutadiene 58 55 40-140 5 20 

Hexachloroethane 62 59 40-140 5 20 

Isophorone 59 68 40-140 14 20 

Naphthalene 66 65 40-140 2 20 

Nitrobenzene  68 68 40-140 0 20 
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Serial_No:07071120:12 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01-03  Batch: WG476756-2 WG476756-3 

Bis(2-Ethylhexyl)phthalate 106 108 40-140 2 20 

Butyl benzyl phthalate 81 89 40-140 9 20 

Di-n-butylphthalate 91 96 40-140 5 20 

Di-n-octylphthalate 99 104 40-140 5 20 

Diethyl phthalate 79 85 40-140 7 20 

Dimethyl phthalate 77 82 40-140 6 20 

Benzo(a)anthracene 93 97 40-140 4 20 

Benzo(a)pyrene 80 84 40-140 5 20 

Benzo(b)fluoranthene 95 96 40-140 1 20 

Benzo(k)fluoranthene 90 94 40-140 4 20 

Chrysene 93 98 40-140 5 20 

Acenaphthylene 62 69 40-140 11 20 

Anthracene 85 88 40-140 3 20 

Benzo(ghi)perylene 87 91 40-140 4 20 

Fluorene 72 77 40-140 7 20 

Phenanthrene 84 86 40-140 2 20 

Dibenzo(a,h)anthracene 88 92 40-140 4 20 

Indeno(1,2,3-cd)Pyrene 87 91 40-140 4 20 

Pyrene 74 81 40-140 9 20 

Aniline 31 Q 32 Q 40-140 3 20 

4-Chloroaniline  47 49 40-140 4 20 
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Serial_No:07071120:12 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01-03  Batch: WG476756-2 WG476756-3 

Dibenzofuran 75 76 40-140 1 20 

2-Methylnaphthalene 63 64 40-140 2 20 

Acetophenone 63 70 40-140 11 20 

2,4,6-Trichlorophenol 62 69 30-130 11 20 

2-Chlorophenol 62 66 30-130 6 20 

2,4-Dichlorophenol 63 66 30-130 5 20 

2,4-Dimethylphenol 58 70 30-130 19 20 

2-Nitrophenol 59 63 30-130 7 20 

4-Nitrophenol 38 44 30-130 15 20 

2,4-Dinitrophenol 67 79 30-130 16 20 

Pentachlorophenol 77 83 30-130 8 20 

Phenol 33 36 30-130 9 20 

2-Methylphenol 53 62 30-130 16 20 

3-Methylphenol/4-Methylphenol 48 57 30-130 17 20 

2,4,5-Trichlorophenol  65 72 30-130 10 20 
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Serial_No:07071120:12 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 

Parameter 
LCS 

%Recovery 
LCSD 

%Recovery 
%Recovery 

LimitsQual Qual RPD Qual RPD Limits 

MCP Semivolatile Organics - Westborough Lab  Associated sample(s): 01-03  Batch: WG476756-2 WG476756-3 

Surrogate Qual%Recovery 
LCS 

Qual%Recovery 
LCSD Acceptance 

Criteria 

2-Fluorophenol 44 46 15-110 

Phenol-d6 30 32 15-110 

Nitrobenzene-d5 62 66 30-130 

2-Fluorobiphenyl 60 62 30-130 

2,4,6-Tribromophenol 90 89 15-110 

4-Terphenyl-d14 77 83 30-130 
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Serial_No:07071120:12 

PETROLEUM 

HYDROCARBONS
 

Page 48 of 72 



FF Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 
SAMPLE RESULTS
 

Lab ID: L1109821-01 Date Collected: 06/30/11 12:15 
Client ID: MW-4 Date Received: 07/01/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 1,8015B(M) Extraction Date: 07/02/11 02:58 
Analytical Date: 07/03/11 17:44 
Analyst: KG 

Parameter Result 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

Qualifier Units RL MDL Dilution Factor 

TPH ND ug/l 500 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 75 40-140 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS 

Lab ID: L1109821-02 Date Collected: 06/30/11 13:30 
Client ID: MW-5 Date Received: 07/01/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 1,8015B(M) Extraction Date: 07/02/11 02:58 
Analytical Date: 07/03/11 18:18 
Analyst: KG 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/l 500 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 81 40-140 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 
SAMPLE RESULTS 

Lab ID: L1109821-03 Date Collected: 06/30/11 14:50 
Client ID: MW-3 Date Received: 07/01/11 
Sample Location: NEW BEDFORD, MA Field Prep: See Narrative 
Matrix: Water Extraction Method: EPA 3510C 
Analytical Method: 1,8015B(M) Extraction Date: 07/02/11 02:58 
Analytical Date: 07/03/11 20:31 
Analyst: KG 

Parameter Result Qualifier Units RL Dilution FactorMDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab 

TPH ND ug/l 500 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

o-Terphenyl 90 40-140 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 

Method Blank Analysis
 
Batch Quality Control
 

Analytical Method: 1,8015B(M) Extraction Method: EPA 3510C 
Analytical Date: 07/03/11 16:03 Extraction Date: 07/02/11 02:58 
Analyst: KG 

Parameter Result RLUnitsQualifier MDL 

Petroleum Hydrocarbon Quantitation - Westborough Lab for sample(s):   01-03  Batch: WG476757-1 

TPH ND 500ug/l -

Acceptance 
Surrogate %Recovery Qualifier Criteria 

o-Terphenyl 88 40-140 
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Serial_No:07071120:12 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 01-03  Batch: WG476757-2 

TPH  81 - 40-140 - 40 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

o-Terphenyl 86 40-140 
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Serial_No:07071120:12 

Lab Duplicate Analysis 
Project Name: SOUTH TERMINAL Batch Quality Control Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

Units RPDParameter Native Sample Duplicate Sample RPD LimitsQual 

Petroleum Hydrocarbon Quantitation - Westborough Lab  Associated sample(s): 01-03  QC Batch ID: WG476757-3  QC Sample: L1109821-01  Client ID: 
MW-4 

TPH ND ND ug/l NC 40 

Acceptance 
Surrogate %Recovery Qualifier %Recovery Qualifier Criteria 

o-Terphenyl 75 80 40-140 
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Serial_No:07071120:12 

METALS
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FF Serial_No:07071120:12 

Project Name: 

Project Number: 

SOUTH TERMINAL 

6690 

MW-4Client ID: 

Matrix: Water 
NEW BEDFORD, MASample Location: 

L1109821-01Lab ID: 

SAMPLE RESULTS 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

L1109821 

07/07/11 

06/30/11 12:15 
07/01/11 
See Narrative 

Parameter Result Qualifier Units 
Dilution 
FactorRL MDL 

Date 
Analyzed 

Date 
Prepared 

Analytical 
Method 

Prep 
Method Analyst 

MCP Dissolved Metals - Westborough Lab 

Antimony, Dissolved 0.0036 mg/l 

Arsenic, Dissolved 0.0006 mg/l 

Beryllium, Dissolved ND mg/l 

Cadmium, Dissolved ND mg/l 

Chromium, Dissolved ND mg/l 

Copper, Dissolved 0.0018 mg/l 

Lead, Dissolved ND mg/l 

Mercury, Dissolved ND mg/l 

Nickel, Dissolved 0.0008 mg/l 

Selenium, Dissolved 0.001 mg/l 

Silver, Dissolved ND mg/l 

Thallium, Dissolved ND mg/l 

Zinc, Dissolved 0.0118 mg/l 

10.0010 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0002 -

10.0005 -

10.001 -

10.0005 -

10.0005 -

10.0050 -

07/06/11 04:4407/03/11 12:15 

07/06/11 04:4407/03/11 12:15 

07/06/11 04:4407/03/11 12:15 

07/06/11 04:4407/03/11 12:15 

07/06/11 04:4407/03/11 12:15 

07/06/11 04:4407/03/11 12:15 

07/06/11 04:4407/03/11 12:15 

07/05/11 15:4707/03/11 16:00 

07/06/11 04:4407/03/11 12:15 

07/06/11 04:4407/03/11 12:15 

07/06/11 04:4407/03/11 12:15 

07/06/11 04:4407/03/11 12:15 

07/06/11 04:4407/03/11 12:15 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,7470AEPA 7470A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

BM 

BM 

BM 

BM 

BM 

BM 

BM 

AH 

BM 

BM 

BM 

BM 

BM 
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Serial_No:07071120:12 

Project Name: 

Project Number: 

SOUTH TERMINAL 

6690 

MW-5Client ID: 

Matrix: Water 
NEW BEDFORD, MASample Location: 

L1109821-02Lab ID: 

SAMPLE RESULTS 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

L1109821 

07/07/11 

06/30/11 13:30 
07/01/11 
See Narrative 

Parameter Result Qualifier Units 
Dilution 
FactorRL MDL 

Date 
Analyzed 

Date 
Prepared 

Analytical 
Method 

Prep 
Method Analyst 

MCP Dissolved Metals - Westborough Lab 

Antimony, Dissolved ND mg/l 

Arsenic, Dissolved 0.0055 mg/l 

Beryllium, Dissolved ND mg/l 

Cadmium, Dissolved ND mg/l 

Chromium, Dissolved ND mg/l 

Copper, Dissolved 0.0124 mg/l 

Lead, Dissolved ND mg/l 

Mercury, Dissolved ND mg/l 

Nickel, Dissolved 0.0064 mg/l 

Selenium, Dissolved 0.024 mg/l 

Silver, Dissolved ND mg/l 

Thallium, Dissolved ND mg/l 

Zinc, Dissolved ND mg/l 

100.0100 -

100.0050 -

100.0050 -

100.0050 -

100.0050 -

100.0050 -

100.0050 -

10.0002 -

100.0050 -

100.010 -

100.0050 -

100.0050 -

100.0500 -

07/06/11 04:5007/03/11 12:15 

07/06/11 04:5007/03/11 12:15 

07/06/11 04:5007/03/11 12:15 

07/06/11 04:5007/03/11 12:15 

07/06/11 04:5007/03/11 12:15 

07/06/11 04:5007/03/11 12:15 

07/06/11 04:5007/03/11 12:15 

07/05/11 15:4907/03/11 16:00 

07/06/11 04:5007/03/11 12:15 

07/06/11 04:5007/03/11 12:15 

07/06/11 04:5007/03/11 12:15 

07/06/11 04:5007/03/11 12:15 

07/06/11 04:5007/03/11 12:15 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,7470AEPA 7470A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

BM 

BM 

BM 

BM 

BM 

BM 

BM 

AH 

BM 

BM 

BM 

BM 

BM 
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Serial_No:07071120:12 

Project Name: 

Project Number: 

SOUTH TERMINAL 

6690 

MW-3Client ID: 

Matrix: Water 
NEW BEDFORD, MASample Location: 

L1109821-03Lab ID: 

SAMPLE RESULTS 

Lab Number: 

Report Date: 

Date Collected: 
Date Received: 
Field Prep: 

L1109821 

07/07/11 

06/30/11 14:50 
07/01/11 
See Narrative 

Parameter Result Qualifier Units 
Dilution 
FactorRL MDL 

Date 
Analyzed 

Date 
Prepared 

Analytical 
Method 

Prep 
Method Analyst 

MCP Dissolved Metals - Westborough Lab 

Antimony, Dissolved ND mg/l 

Arsenic, Dissolved ND mg/l 

Beryllium, Dissolved ND mg/l 

Cadmium, Dissolved ND mg/l 

Chromium, Dissolved ND mg/l 

Copper, Dissolved 0.0024 mg/l 

Lead, Dissolved ND mg/l 

Mercury, Dissolved ND mg/l 

Nickel, Dissolved 0.0021 mg/l 

Selenium, Dissolved 0.002 mg/l 

Silver, Dissolved ND mg/l 

Thallium, Dissolved ND mg/l 

Zinc, Dissolved 0.0116 mg/l 

10.0010 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0005 -

10.0002 -

10.0005 -

10.001 -

10.0005 -

10.0005 -

10.0050 -

07/06/11 04:5607/03/11 12:15 

07/06/11 04:5607/03/11 12:15 

07/06/11 04:5607/03/11 12:15 

07/06/11 04:5607/03/11 12:15 

07/06/11 04:5607/03/11 12:15 

07/06/11 04:5607/03/11 12:15 

07/06/11 04:5607/03/11 12:15 

07/05/11 15:5107/03/11 16:00 

07/06/11 04:5607/03/11 12:15 

07/06/11 04:5607/03/11 12:15 

07/06/11 04:5607/03/11 12:15 

07/06/11 04:5607/03/11 12:15 

07/06/11 04:5607/03/11 12:15 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,7470AEPA 7470A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

97,6020AEPA 3005A 

BM 

BM 

BM 

BM 

BM 

BM 

BM 

AH 

BM 

BM 

BM 

BM 

BM 
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FF Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

Method Blank Analysis 
Batch Quality Control 

Dilution Date Date Analytical 
Parameter Result Qualifier Units RL MDL Factor Prepared Analyzed Method Analyst 

MCP Dissolved Metals - Westborough Lab  for sample(s): 01-03  Batch: WG476943-1 

Antimony, Dissolved ND mg/l 0.0010 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Arsenic, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Beryllium, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Cadmium, Dissolved ND mg/l 0.0002 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Chromium, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Copper, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Lead, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Nickel, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Selenium, Dissolved ND mg/l 0.001 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Silver, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Thallium, Dissolved ND mg/l 0.0005 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Zinc, Dissolved ND mg/l 0.0050 -- 1 07/03/11 12:15 07/06/11 01:49 97,6020A BM 

Prep Information 

Digestion Method: EPA 3005A 

Parameter Result 
Dilution 
FactorQualifier Units RL 

Date 
PreparedMDL 

MCP Dissolved Metals - Westborough Lab  for sample(s): 01-03  Batch: WG477020-1 

Mercury, Dissolved ND mg/l 10.0002 07/03/11 16:00-

Date 
Analyzed 

Analytical 
Method Analyst 

07/05/11 15:30 97,7470A AH 

Prep Information 

Digestion Method: EPA 7470A 
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Serial_No:07071120:12 

Lab Control Sample Analysis 

Project Name: SOUTH TERMINAL 
Batch Quality Control 

Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

Parameter 
LCS 

%Recovery Qual 

MCP Dissolved Metals - Westborough Lab  Associated sample(s): 01-03

LCSD 
%Recovery 

%Recovery 
LimitsQual 

    Batch: WG476943-2 WG476943-3 

RPD Qual RPD Limits 

Antimony, Dissolved 94

Arsenic, Dissolved 103

Beryllium, Dissolved 95

Cadmium, Dissolved 103

Chromium, Dissolved 92

Copper, Dissolved 96

Lead, Dissolved 100

Nickel, Dissolved 95

Selenium, Dissolved 102

Silver, Dissolved 92

Thallium, Dissolved 94

Zinc, Dissolved 102

94 80-120 

101 80-120 

94 80-120 

104 80-120 

90 80-120 

95 80-120 

101 80-120 

96 80-120 

102 80-120 

91 80-120 

93 80-120 

99 80-120 

0 

2 

1 

1 

2 

1 

1 

1 

0 

1 

1 

3 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

MCP Dissolved Metals - Westborough Lab  Associated sample(s): 01-03    Batch: WG477020-2 WG477020-3 

Mercury, Dissolved  86 85 80-120 1 20 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

Sample Receipt and Container Information 

Were project specific reporting limits specified? YES 

Reagent H2O Preserved Vials Frozen on: NA 

Cooler 
Cooler Information Custody Seal 

A Absent 

Container ID Container Type 

Container Information 

Cooler pH 
Temp 
deg C Pres Seal Analysis(*) 

L1109821-01A Vial HCl preserved A N/A 3.7 Y Absent MCP-8260-10(14) 

L1109821-01B Vial HCl preserved A N/A 3.7 Y Absent MCP-8260-10(14) 

L1109821-01C Amber 1000ml unpreserved A 7 3.7 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109821-01D Amber 1000ml unpreserved A 7 3.7 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109821-01E Amber 1000ml unpreserved A 7 3.7 Y Absent TPH-DRO-D(7) 

L1109821-01F Amber 1000ml unpreserved A 7 3.7 Y Absent TPH-DRO-D(7) 

L1109821-01G Plastic 500ml HNO3 preserved A <2 3.7 Y Absent MCP-BE-6020S-10(180),MCP
PB-6020S-10(180),MCP
7470S-10(28),MCP-SB-6020S
10(180),MCP-CU-6020S
10(180),MCP-TL-6020S
10(180),MCP-CD-6020S
10(180),MCP-SE-6020S
10(180),MCP-AS-6020S
10(180),MCP-NI-6020S
10(180),MCP-AG-6020S
10(180),MCP-ZN-6020S
10(180),MCP-CR-6020S
10(180) 

L1109821-02A Vial HCl preserved A N/A 3.7 Y Absent MCP-8260-10(14) 

L1109821-02B Vial HCl preserved A N/A 3.7 Y Absent MCP-8260-10(14) 

L1109821-02C Amber 1000ml unpreserved A 7 3.7 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109821-02D Amber 1000ml unpreserved A 7 3.7 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109821-02E Amber 1000ml unpreserved A 7 3.7 Y Absent TPH-DRO-D(7) 

L1109821-02F Amber 1000ml unpreserved A 7 3.7 Y Absent TPH-DRO-D(7) 

*Values in parentheses indicate holding time in days 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821
 

Project Number: 6690 Report Date: 07/07/11
 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1109821-02G Plastic 500ml HNO3 preserved A <2 3.7 Y Absent MCP-BE-6020S-10(180),MCP
PB-6020S-10(180),MCP
7470S-10(28),MCP-SB-6020S
10(180),MCP-CU-6020S
10(180),MCP-TL-6020S
10(180),MCP-CD-6020S
10(180),MCP-SE-6020S
10(180),MCP-AS-6020S
10(180),MCP-NI-6020S
10(180),MCP-AG-6020S
10(180),MCP-ZN-6020S
10(180),MCP-CR-6020S
10(180) 

L1109821-03A Vial HCl preserved A N/A 3.7 Y Absent MCP-8260-10(14) 

L1109821-03B Vial HCl preserved A N/A 3.7 Y Absent MCP-8260-10(14) 

L1109821-03C Amber 1000ml unpreserved A 7 3.7 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109821-03D Amber 1000ml unpreserved A 7 3.7 Y Absent MCP-8270-10(7),MCP
8270SIM-10(7) 

L1109821-03E Amber 1000ml unpreserved A 7 3.7 Y Absent TPH-DRO-D(7) 

L1109821-03F Amber 1000ml unpreserved A 7 3.7 Y Absent TPH-DRO-D(7) 

L1109821-03G Plastic 500ml HNO3 preserved A <2 3.7 Y Absent MCP-BE-6020S-10(180),MCP
PB-6020S-10(180),MCP
7470S-10(28),MCP-SB-6020S
10(180),MCP-CU-6020S
10(180),MCP-TL-6020S
10(180),MCP-CD-6020S
10(180),MCP-SE-6020S
10(180),MCP-AS-6020S
10(180),MCP-NI-6020S
10(180),MCP-AG-6020S
10(180),MCP-ZN-6020S
10(180),MCP-CR-6020S
10(180) 

L1109821-04A Vial HCl preserved A N/A 3.7 Y Absent MCP-8260-10(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

GLOSSARY 
Acronyms 

EPA - Environmental Protection Agency. 

LCS - Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes. 

LCSD - Laboratory Control Sample Duplicate: Refer to LCS. 

LFB - Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes. 

MDL - Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated values, 
when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any adjustments from 
dilutions, concentrations or moisture content, where applicable. 

MS - Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for 
which an independent estimate of target analyte concentration is available. 

MSD - Matrix Spike Sample Duplicate: Refer to MS. 

NA - Not Applicable. 

NC - Not Calculated: Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit. 

NI - Not Ignitable. 

RL - Reporting Limit: The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

RPD - Relative Percent Difference: The results from matrix and/or matrix spike duplicates are primarily designed to assess the precision 
of analytical results in a given matrix and are expressed as relative percent difference (RPD). Values which are less than five 
times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the values; 
although the RPD value will be provided in the report. 

SRM - Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.

Footnotes 

1 - The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the original 
method.

Terms 

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum. 

Data Qualifiers 

A -Spectra identified as "Aldol Condensation Product". 

B -The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than five times (5x) the concentration found in the blank. For MCP-related 
projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. 

C -Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses. 

D -Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte. 

E -Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument. 

G -The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated. 

H -The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection. 

I -The RPD between the results for the two columns exceeds the method-specified criteria; however, the lower value has been reported 
due to obvious interference. 

M -Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte. 

P -The RPD between the results for the two columns exceeds the method-specified criteria. 

Q  -The quality control sample exceeds the associated acceptance criteria. Note: This flag is not applicable for matrix spike recoveries 
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less 

Report Format: Data Usability Report 
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Serial_No:07071120:12 

Project Name: SOUTH TERMINAL Lab Number: L1109821 

Project Number: 6690 Report Date: 07/07/11 

Data Qualifiers 

than 5x the RL. (Metals only.)
 

R -Analytical results are from sample re-analysis.
 

RE  -Analytical results are from sample re-extraction.
 

J -Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).
 

ND  -Not detected at the reporting limit (RL) for the sample.
 

Report Format: Data Usability Report 
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Serial_No:07071120:12 

Project Name: Lab Number:SOUTH TERMINAL L1109821 

Project Number: 6690 Report Date: 07/07/11 

REFERENCES 

1 Test Methods for Evaluating Solid Waste: Physical/Chemical Methods. EPA SW-846. 
Third Edition. Updates I - IIIA, 1997. 

97 EPA Test Methods (SW-846) with QC Requirements & Performance Standards for the 
Analysis of EPA SW-846 Methods under the Massachusetts Contingency Plan, WSC
CAM-IIA, IIB, IIIA, IIIB, IIIC, IIID, VA, VB, VC, VIA, VIB, VIIIA and VIIIB, July 2010. 

LIMITATION OF LIABILITIES 

Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing 
laboratory industry. In the event of an error, the sole and exclusive responsibility of Alpha Analytical 
shall be to re-perform the work at it's own expense. In no event shall Alpha Analytical be held liable 
for any incidental, consequential or special damages, including but not limited to, damages in any way 
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical. 

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling, 
containers, sampling procedures, holding time and splitting of samples in the field. 
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Serial_No:07071120:12 

Certificate/Approval Program Summary
Last revised June 7, 2011  - Westboro Facility
 

The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 


Connecticut Department of Public Health Certificate/Lab ID: PH-0574. NELAP Accredited Solid Waste/Soil. 

Drinking Water (Inorganic Parameters: Color, pH, Turbidity, Conductivity, Alkalinity, Chloride, Free Residual Chlorine, 
Fluoride, Calcium Hardness, Sulfate, Nitrate, Nitrite, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, 
Silver, Sodium, Thallium, Vanadium, Zinc, Total Dissolved Solids, Total Organic Carbon, Total Cyanide, Perchlorate. 
Organic Parameters: Volatile Organics 524.2, Total Trihalomethanes 524.2, 1,2-Dibromo-3-chloropropane (DBCP), 
Ethylene Dibromide (EDB), 1,4-Dioxane (Mod 8270). Microbiology Parameters: Total Coliform-MF mEndo (SM9222B), 
Total Coliform – Colilert (SM9223 P/A), E. Coli. – Colilert (SM9223 P/A), HPC – Pour Plate (SM9215B), Fecal Coliform – 
MF m-FC (SM9222D))  

Wastewater/Non-Potable Water (Inorganic Parameters: Color, pH, Conductivity, Acidity, Alkalinity, Chloride, Total 
Residual Chlorine, Fluoride, Total Hardness, Silica, Sulfate, Sulfide, Ammonia, Kjeldahl Nitrogen, Nitrate, Nitrite, O-
Phosphate, Total Phosphorus, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, 
Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, 
Selenium, Silver, Sodium, Strontium, Thallium, Tin, Titanium, Vanadium, Zinc, Total Residue (Solids), Total Dissolved 
Solids, Total Suspended Solids (non-filterable), BOD, CBOD, COD, TOC, Total Cyanide, Phenolics, Foaming Agents 
(MBAS), Bromide, Oil and Grease. Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, 
Toxaphene, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Acid Extractables (Phenols), Benzidines, Phthalate Esters, Nitrosamines, 
Nitroaromatics & Isophorone, Polynuclear Aromatic Hydrocarbons, Haloethers, Chlorinated Hydrocarbons, Volatile 
Organics, TPH (HEM/SGT), Extractable Petroleum Hydrocarbons (ETPH), MA-EPH, MA-VPH. Microbiology Parameters: 
Total Coliform – MF mEndo (SM9222B), Total Coliform – MTF (SM9221B), HPC – Pour Plate (SM9215B), Fecal 
Coliform – MF m-FC (SM9222D), Fecal Coliform – A-1 Broth (SM9221E).)  

Solid Waste/Soil (Inorganic Parameters: pH, Sulfide, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Tin, Vanadium, Zinc, Total Cyanide, Ignitability, 
Phenolics, Corrosivity, TCLP Leach (1311), SPLP Leach (1312 metals only), Reactivity. Organic Parameters: PCBs, 
PCBs in Oil, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Extractable Petroleum Hydrocarbons 
(ETPH), MA-EPH, MA-VPH, Dicamba, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Volatile Organics, Acid Extractables (Phenols), 
3.3’-Dichlorobenzidine, Phthalates, Nitrosamines, Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated 
Hydrocarbons. ) 

Maine Department of Human Services Certificate/Lab ID: 2009024.  

Drinking Water (Inorganic Parameters: SM9215B, 9222D, 9223B, EPA 180.1, 353.2, SM2130B, 2320B, 4500Cl-D,
 
4500CN-C, 4500CN-E, 4500F-C, 4500H+B, 4500NO3-F, EPA 200.7, EPA 200.8, 245.1, EPA 300.0. Organic
 
Parameters: 504.1, 524.2.)  


Wastewater/Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664A, 350.1, 351.1, 353.2, 410.4, 420.1, 
SM2320B, 2510B, 2540C, 2540D, 426C, 4500Cl-D, 4500Cl-E, 4500CN-C, 4500CN-E, 4500F-B, 4500F-C, 4500H+B, 
4500Norg-B, 4500Norg-C, 4500NH3-B, 4500NH3-G, 4500NH3-H, 4500NO3-F, 4500P-B, 4500P-E, 5210B, 5220D, 
5310C, EPA 200.7, 200.8, 245.1. Organic Parameters: 608, 624, ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Solid Waste/Soil (Organic Parameters: ME-DRO, ME-GRO, MA-EPH, MA-VPH.) 

Massachusetts Department of Environmental Protection Certificate/Lab ID: M-MA086. 

Drinking Water (Inorganic Parameters: (EPA 200.8 for: Sb,As,Ba,Be,Cd,Cr,Cu,Pb,Ni,Se,Tl) (EPA 200.7 for: 

Ba,Be,Ca,Cd,Cr,Cu,Na,Ni)  245.1, (300.0 for:  Nitrate-N, Fluoride, Sulfate); (EPA 353.2 for: Nitrate-N, Nitrite-N);
 
(SM4500NO3-F for: Nitrate-N and Nitrite-N); 4500F-C, 4500CN-CE, EPA 180.1, SM2130B, SM4500Cl-D, 2320B, 

SM2540C, SM4500H-B. Organic Parameters: (EPA 524.2 for: Trihalomethanes, Volatile Organics); (504.1 for:  1,2
Dibromoethane, 1,2-Dibromo-3-Chloropropane), EPA 332. Microbiology Parameters: SM9215B; ENZ. SUB. SM9223;
 
ColilertQT SM9223B; MF-SM9222D.) 


Non-Potable Water (Inorganic Parameters:, (EPA 200.8 for: Al,Sb,As,Be,Cd,Cr,Cu,Pb,Mn,Ni,Se,Ag,Tl,Zn); (EPA 200.7 
for: Al,Sb,As,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Mo,Ni,K,Se,Ag,Na,Sr,Ti,Tl, V,Zn); 245.1, SM4500H,B, EPA 120.1, 
SM2510B, 2540C, 2340B, 2320B, 4500CL-E, 4500F-BC, 426C, SM4500NH3-BH, (EPA 350.1 for:  Ammonia-N), 
LACHAT 10-107-06-1-B for Ammonia-N, SM4500NO3-F, 353.2 for Nitrate-N, SM4500NH3-BC-NES, EPA 351.1, 
SM4500P-E, 4500P-B,E, 5220D, EPA 410.4, SM 5210B, 5310C, 4500CL-D, EPA 1664, SM14 510AC, EPA 420.1, 
SM4500-CN-CE, SM2540D. 
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Serial_No:07071120:12 

Organic Parameters: (EPA 624 for Volatile Halocarbons, Volatile Aromatics),(608 for:  Chlordane, Aldrin, Dieldrin, DDD, 
DDE, DDT, Heptachlor, Heptachlor Epoxide, PCBs-Water), (EPA 625 for SVOC Acid Extractables and SVOC 
Base/Neutral Extractables), 600/4-81-045-PCB-Oil.  Microbiology Parameters: (ColilertQT SM9223B;Enterolert-QT: 
SM9222D-MF.)  

New Hampshire Department of Environmental Services Certificate/Lab ID: 200307. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM 9222B, 9223B, 9215B, EPA 200.7, 200.8, 245.2, 300.0, SM4500CN-E, 

4500H+B, 4500NO3-F, 2320B, 2510B, 2540C, 4500F-C, 5310C, 2120B, EPA 332.0. Organic Parameters: 504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM9222D, 9221B, 9222B, 9221E-EC, EPA 3005A, 200.7, 200.8, 245.1, 
245.2, SW-846 6010B, 6020, 7196A, 7470A, SM3500-CR-D, EPA 120.1, 300.0, 350.1, 351.1, 353.2, 410.4, 420.1, 
1664A, SW-846 9010, 9030, 9040B, 9050A, SM426C, SM2120B, 2310B, 2320B, 2540B, 2540D, 4500H+B, 4500CL-E, 
4500CN-E, 4500NH3-H, 4500NO3-F, 4500NO2-B, 4500P-E, 4500-S2-D, 5210B, 5220D, 2510B, 2540C, 4500F-C, 
5310C, 5540C, LACHAT 10-204-00-1-A, LACHAT 10-107-06-2-D. Organic Parameters: SW-846 3510C, 5030B, 8260B, 
8270C, 8330, EPA 624, 625, 608, SW-846 8082, 8081A, 8151A.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846 6010B, 7196A, 7471A, 1010, 1030, 9010, 9012A, 9014, 
9030B, 9040B, 9045C, 9050C, 9065,1311, 1312, 3005A, 3050B. Organic Parameters: SW-846 3540C,  3546, 3580A, 
5030B, 5035, 8260B, 8270C, 8330, 8151A, 8015B, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA935. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9222B, 9221E, 9223B, 9215B, 4500CN-CE, 4500NO3-F, 4500F-C, EPA
 
300.0, 200.7, 200.8, 245.2, 2540C, SM2120B, 2320B, 2510B, 5310C, SM4500H-B. Organic Parameters: EPA 332,
 
504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM5210B, EPA 410.4, SM5220D, 4500Cl-E, EPA 300.0, SM2120B, 
SM4500F-BC, EPA 200.7, 351.1, LACHAT 10-107-06-2-D, EPA 353.2, SM4500NO3-F, 4500NO2-B, EPA 1664A, 
SM5310B, C or D, 4500-PE, EPA 420.1, SM510ABC, SM4500P-B5+E, 2540B, 2540C, 2540D, EPA 120.1, SM2510B, 
SM15 426C, 9222D, 9221B, 9221C, 9221E, 9222B, 9215B, 2310B, 2320B, 4500NH3-H, 4500-S D, EPA 350.1, 350.2, 
SW-846 1312, 6020, 7470A, 5540C, 4500H-B, EPA 200.8, SM3500Cr-D, 4500CN-CE, EPA 245.1, 245.2, SW-846 
9040B, 3005A, EPA 6010B, 7196A, SW-846 9010B, 9030B. Organic Parameters: SW-846 8260B, 8270C, 8270C-SIM, 
3510C, EPA 608, 624, 625, SW-846 3630C, 5030B, 8081A, 8082, 8151A, 8330, NJ OQA-QAM-025 Rev.7, NJ EPH.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846, 6010B, 7196A, 9010B, 9030B, 1010, 1030, 1311, 1312, 
3005A, 3050B, 7471A, 9014, 9012A, 9040B, 9045C, 9050A, 9065. Organic Parameters: SW-846 8015B, 8081A, 8082, 
8151A, 8330, 8260B, 8270C, 8270C-SIM, 3540C, 3545, 3546, 3550B, 3580A, 3630C, 5030B, 5035L, 5035H, NJ OQA
QAM-025 Rev.7, NJ EPH.) 

New York Department of Health Certificate/Lab ID: 11148. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9223B, 9222B, 9215B, EPA 200.8, 200.7, 245.2, SM5310C, EPA 332.0, 

SM2320B, EPA 300.0, SM2120B, 4500CN-E, 4500F-C, 4500H-B, 4500NO3-F, 2540C, SM 2510B. Organic Parameters: 

EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: SM9221E, 9222D, 9221B, 9222B, 9215B, 5210B, 5310C, EPA 410.4, 
SM5220D, 2310B-4a, 2320B, EPA 200.7, 300.0, SM4500CL-E, 4500F-C, SM15 426C, EPA 350.1, SM4500NH3-BH, 
EPA 351.1, LACHAT 10-107-06-2, EPA 353.2, LACHAT 10-107-04-1-C, SM4500-NO3-F, 4500-NO2-B, 4500P-E, 
2540C, 2540B, 2540D, EPA 200.8, EPA 6010B, 6020, EPA 7196A, SM3500Cr-D, EPA 245.1, 245.2, 7470A, SM2120B, 
LACHAT 10-204-00-1-A, EPA 9040B, SM4500-HB, EPA 1664A, EPA 420.1, SM14 510C, EPA 120.1, SM2510B, 
SM4500S-D, SM5540C, EPA 3005A, 9010B, 9030B.. Organic Parameters: EPA 624, 8260B, 8270C, 625, 608, 8081A, 
8151A, 8330, 8082, EPA 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: 1010, 1030, EPA 6010B, 7196A, 7471A, 9012A, 9014, 9040B, 9045C, 
9065, 9050, EPA 1311, 1312, 3005A, 3050B, 9010B, 9030B. Organic Parameters: EPA 8260B, 8270C, 8015B, 8081A, 
8151A, 8330, 8082, 3540C, 3545, 3546, 3580, 5030B, 5035.)  

North Carolina Department of the Environment and Natural Resources Certificate/Lab ID : 666. Organic 
Parameters: MA-EPH, MA-VPH. 

Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-03671. NELAP Accredited. 
Drinking Water (Organic Parameters: EPA 524.2) 

Non-Potable Water (Inorganic Parameters: EPA 1312. Organic Parameters: EPA 3510C, 5030B, 625, 624, 608, 8081A, 
8082, 8151A, 8260B, 8270C, 8330) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 350.1, 1010, 1030, 1311, 1312, 3050B, 6010B, 7196A, 7471A, 
9010B, 9012A, 9014, 9040B, 9045C, 9050, 9065, SM 4500NH3-H.  Organic Parameters: 3540C, 3545, 3546, 3550B, 
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Serial_No:07071120:12 

3580A, 3630C, 5035, 8015B, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 


Rhode Island Department of Health Certificate/Lab ID: LAO00065. NELAP Accredited via NY-DOH.
 
Refer to MA-DEP Certificate for Potable and Non-Potable Water.  

Refer to NJ-DEP Certificate for Potable and Non-Potable Water.  


Texas Commisson on Environmental Quality Certificate/Lab ID: T104704476-09-1. NELAP Accredited. 
Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664, 200.7, 200.8, 245.1, 245.2, 300.0, 350.1, 351.1, 353.2, 
376.2, 410.4, 420.1, 6010, 6020, 7196, 7470, 9040, SM 2120B, 2310B, 2320B, 2510B, 2540B, 2540C, 2540D, 426C, 
4500CL-E, 4500CN-E, 4500F-C, 4500H+B, 4500NH3-H, 4500NO2B, 4500P-E, 4500 S2¯D, 510C, 5210B, 5220D, 
5310C, 5540C. Organic Parameters: EPA 608, 624, 625, 8081, 8082, 8151, 8260, 8270, 8330.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 9012, 9014, 9040, 9045, 9050, 9065.) 

Department of Defense Certificate/Lab ID: L2217. 

Drinking Water (Inorganic Parameters: SM 4500H-B. Organic Parameters: EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: EPA 200.7, 200.8, 6010B, 6020, 245.1, 245.2, 7470A, 9040B, 300.0, 332.0, 
6860, 353.2, 410.4, 9060, 1664A, SM 4500CN-E, 4500H-B, 4500NO3-F, 5220D, 5310C, 2320B, 2540C, 3005A, 3015, 
9010B, 9056. Organic Parameters: EPA 8260B, 8270C, 8330A, 625, 8082, 8081A, 3510C, 5030B, MassDEP EPH, 
MassDEP VPH.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 200.7, 6010B, 7471A, 9010, 9012A, 6860, 1311, 1312, 3050B, 
7196A, 9010B, 3500-CR-D, 4500CN-CE, 2540G, Organic Parameters: EPA 8260B, 8270C, 8330A/B-prep, 8082, 
8081A, 3540C, 3546, 3580A, 5035A, MassDEP EPH, MassDEP VPH.) 

The following analytes are not included in our current NELAP/TNI Scope of Accreditation: 

EPA 8260B:  Freon-113, 1,2,4,5-Tetramethylbenzene, 4-Ethyltoluene.  EPA 8330A:  PETN, Picric Acid, Nitroglycerine, 

2,6-DANT,  2,4-DANT.  EPA 8270C:  Methyl naphthalene, Dimethyl naphthalene, Total Methylnapthalenes, Total 

Dimethylnaphthalenes, 1,4-Diphenylhydrazine (Azobenzene). EPA 625:  4-Chloroaniline, 4-Methylphenol.  Total 

Phosphorus in a soil matrix, Chloride in a soil matrix, TKN in a soil matrix, NO2 in a soil matrix, NO3 in a soil matrix, SO4 

in a soil matrix. 
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______________________________________________________________   

Serial_No:07071120:12 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1109821 


Instrument ID: Jack.i Calibration Date: 04-JUL-2011 Time: 16:20 


Lab File ID: 0704N01 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260 ccal Init. Calib. Times : 07:57 13:55 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|dichlorodifluoromethane_______|.51464|.41327| .1| 20 | 20| 
|chloromethane_________________|.72395|.57747| .1| 20 | 20|F 
|vinyl chloride________________|.64051|.57529| .1| 10 | 20| 
|bromomethane__________________|.35522|.37719| .1| -6 | 20| 
|chloroethane__________________|.36316|.32549| .1| 10 | 20| 
|trichlorofluoromethane________|.76783|.75957| .1| 1 | 20| 
|ethyl ether___________________| .2548|.24893| .05| 2 | 20| 
|1,1,-dichloroethene___________|.52577|.49254| .1| 6 | 20| 
|carbon disulfide______________|1.4189|1.2984| .1| 8 | 20| 
|freon-113_____________________|.50328|.51317| .1| -2 | 20| 
|iodomethane___________________|.76333|.73127| .05| 4 | 20| 
|acrolien______________________|.00529| .0439| .05| -730 | 20|F 
|methylene chloride____________|.58411|.54588| .1| 7 | 20| 
|acetone_______________________| 100|76.153| .1| 24 | 20|F 
|trans-1,2-dichloroethene______|.58756|.55865| .1| 5 | 20| 
|methyl acetate________________|.24556|.23853| .1| 3 | 20| 
|methyl tert butyl ether_______|1.3085|1.1323| .1| 13 | 20| 
|tert butyl alcohol____________|.04112|.03641| .05| 11 | 20|F 
|Diisopropyl Ether_____________|1.7281|1.5580| .01| 10 | 20| 
|1,1-dichloroethane____________|1.0440|.95477| .2| 9 | 20| 
|Halothane_____________________|.45395|.41714| .05| 8 | 20| 
|Ethyl-Tert-Butyl-Ether________|1.5709|1.4269| .05| 9 | 20| 
|vinyl acetate_________________|.91019|.81124| .05| 11 | 20| 
|cis-1,2-dichloroethene________| .6364|.61562| .1| 3 | 20| 
|2,2-dichloropropane___________| .8103|.80814| .05| 0 | 20| 
|bromochloromethane____________|.29365|.27426| .05| 7 | 20| 
|chloroform____________________|.97072|.90921| .2| 6 | 20| 
|carbontetrachloride___________|.74515|.72031| .1| 3 | 20| 
|ethyl acetate_________________|.35091|.33303| .05| 5 | 20| 
|tetrahydrofuran_______________|.11977|.11322| .05| 5 | 20| 
|1,1,1-trichloroethane_________|.85602|.82349| .1| 4 | 20| 
|1,1-dichloropropene___________|.82562|.75124| .05| 9 | 20| 
|2-butanone____________________|.15979|.14637| .1| 8 | 20| 
|benzene_______________________|2.4862|2.3549| .5| 5 | 20| 
|Tertiary-Amyl Methyl Ether____|1.3512|1.2815| .05| 5 | 20| 
|1,2-dichloroethane____________|.60644|.56187| .1| 7 | 20| 
|trichloroethene_______________| .6214|.60543| .2| 3 | 20| 
|dibromomethane________________|.29164|.27565| .05| 5 | 20| 
|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260-10 
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______________________________________________________________   

Serial_No:07071120:12 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1109821 


Instrument ID: Jack.i Calibration Date: 04-JUL-2011 Time: 16:20 


Lab File ID: 0704N01 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260 ccal Init. Calib. Times : 07:57 13:55 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|1,2-dichloropropane___________|.61786|.56033| .1| 9 | 20| 
|bromodichloromethane__________|.83554|.71765| .2| 14 | 20| 
|1,4-dioxane___________________|.00293|.00323| .05| -10 | 20|F 
|2-chloroethylvinyl ether______| .2818|.27771| .05| 1 | 20| 
|cis-1,3-dichloropropene_______|.90971|.83329| .2| 8 | 20| 
|toluene_______________________|2.0650|1.9551| .4| 5 | 20| 
|tetrachloroethene_____________|.96842|.98215| .2| -1 | 20| 
|4-methyl-2-pentanone__________|.14621|.13107| .1| 10 | 20| 
|trans-1,3-dichloropropene_____|.98043|.93293| .1| 5 | 20| 
|1,1,2-trichloroethane_________|.48814|.44598| .1| 9 | 20| 
|chlorodibromomethane__________|.68897|.60976| .1| 11 | 20| 
|1,3-dichloropropane___________|.99242|.90602| .05| 9 | 20| 
|1,2-dibromoethane_____________| .5844|.54784| .1| 6 | 20| 
|2-hexanone____________________|.30316|.26781| .1| 12 | 20| 
|chlorobenzene_________________|2.2881|2.1007| .5| 8 | 20| 
|ethyl benzene_________________|3.8858|3.7716| .1| 3 | 20| 
|1,1,1,2-tetrachloroethane_____|.77094|.75732| .05| 2 | 20| 
|p/m xylene____________________|1.5531|1.4989| .1| 3 | 20| 
|o xylene______________________|1.5037|1.4721| .3| 2 | 20| 
|bromoform_____________________|.73129| .6501| .1| 11 | 20| 
|styrene_______________________|2.4717|2.3820| .3| 4 | 20| 
|isopropylbenzene______________|3.8629|3.6275| .1| 6 | 20| 
|bromobenzene__________________|1.7372|1.6652| .05| 4 | 20| 
|n-propylbenzene_______________|7.3574|6.9370| .05| 6 | 20| 
|1,1,2,2,-tetrachloroethane____|1.1510|1.0373| .3| 10 | 20| 
|4-ethyltoluene________________|6.6346|5.9173| .05| 11 | 20| 
|2-chlorotoluene_______________|5.0241|4.5929| .05| 9 | 20| 
|1,2,3-trichloropropane________|.84982| .7911| .05| 7 | 20| 
|1,3,5-trimethybenzene_________|5.0630|4.5717| .05| 10 | 20| 
|trans-1,4-dichloro-2-butene___|.28106| .2745| .05| 2 | 20| 
|4-chorotoluene________________|4.4986|4.1991| .05| 7 | 20| 
|1,2,4-trimethylbenzene________|5.1280|4.8462| .05| 5 | 20| 
|sec-butylbenzene______________|6.1442|5.7236| .01| 7 | 20| 
|tert-butylbenzene_____________|4.4234|4.1122| .05| 7 | 20| 
|p-isopropyltoluene____________|5.0070|4.8147| .05| 4 | 20| 
|1,3-dichlorobenzene___________|3.0830|2.8397| .6| 8 | 20| 
|1,4-dichlorobenzene___________|3.1175|2.9199| .5| 6 | 20| 
|p-diethylbenzene______________|3.0895|2.7521| .05| 11 | 20| 
|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260-10 
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Serial_No:07071120:12 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1109821 


Instrument ID: Jack.i Calibration Date: 04-JUL-2011 Time: 16:20 


Lab File ID: 0704N01 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260 ccal Init. Calib. Times : 07:57 13:55 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|n-butylbenzene________________|4.0357|3.7256| .05| 8 | 20| 

|1,2-dichlorobenzene___________|2.8281|2.6101| .4| 8 | 20| 

|1,2,4,5-tetramethylbenzene____|4.3658|3.7087| .05| 15 | 20| 

|1,2-dibromo-3-chloropropane___|.15112|.15705| .05| -4 | 20| 

|1,3,5-trichlorobenzene________|.77501|.73572| .05| 5 | 20| 

|1,2,4-trichlorobenzene________|1.3925|1.3821| .2| 1 | 20| 

|hexachlorobutadiene___________|.58852| .6367| .05| -8 | 20| 

|naphthalene___________________|2.7390|2.4391| .05| 11 | 20| 

|1,2,3-trichlorobenzene________|1.1195|1.0894| .05| 3 | 20| 

|==============================|======|======|=====| ==== |====| 

|dibromofluoromethane__________| .2378|.23086| .05| 3 | 20| 

|1,2-dichloroethane-d4_________|.22894|.22704| .05| 1 | 20| 

|toluene-d8____________________|1.2709|1.2841| .01| -1 | 20| 

|4-bromofluorobenzene__________|.78386|.78705| .05| 0 | 20| 

|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260-10 


Page 72 of 72 



Chet Myers 
Apex Companies LLC 
184 High Street 
Suite 502 
Boston, MA 02110 

Project: South Terminal.6690 

PO Number: 
Report Number: 
Date Received: 
Date Reported: 

6690 
20993 
05/12/11 
05/27111 

Attached please find results for analyses performed on samples received on 05/12/11 at 1000. 

Samples were received in acceptable condition and under chain of custody. 

Instruments used in analysis were calibrated with the appropriate frequency and to the 
specifications of the referenced methods. 

Analytes in blanks were below levels affecting sample results. 

Matrix effects as monitored by matrix spike recovery or unusual physical properties were not 
apparent, except where noted. 

Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits. 

EnviroSystems, Incorporated 

Authorized 
Signature 

Attachment 
Report 

Date ___ .....e')41-,-;l--;7H/'--1I....L(_ 

1/22 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(uglg) 

Aroclor 1016\1242 U 
Arocior 1221 U 
Arocior 1232 U 
Arocior 1248 U 
Arocior 1254 0.03 
Arocior 1260 U 

SURROGATE STANDARD Recovery 

(%) 
tetrachloro-m-xylene 76 

decachlorobiphenyl 84 

U = Below quantitation limit 

20993-001 
B-3/MW-1 
05102/11 1030 
05/17/11 

05/26/11 

Solid 
10 
96 
1 
1 

Reporting 
Limit 

(uglg) 

0.0052 

0.0052 
0.0052 

0.0052 
0.0052 

0.0052 

Advisory Limits 

( %) 
30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Arocior and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052511A\030B3501.D 
rdf 
26 May 2011 6:48 am using AcqMethod DUAL COL.M 

HP G1530A 
20993-001 FV 1.0 

Vial Number: 30 

Response_ 
9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

Signal:030S3501.b\ECD1A.CH 
10.36 

16.38 

14.80 

14.06 

14. 

15.69 

15. P 
15.S 

5. 
17.15 

24.55 

1000000 

1'i.N~219.23 
1.6 1~: 1 

W ~/IJUY\~v~v~ __ .. _,-----

Time 
I 

2.00 

I H 
4.00 

I 

6.00 

j, 

I 
8.00 

I 

10.00 
I 

12.00 

3/22 

I 

14.00 
I I I I I 

16.00 18.00 20.00 22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arocior 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Arocior 1248 U 
Arocior 1254 0.48 
Arocior 1260 0.013 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 74 
decachlorobiphenyl 82 

U = Below quantitation limit 

20993-002 
B-4/MW-2 
05/03/11 1000 
05/17/11 
OS/26/11 
Solid 
10 
93 
1 
1 

Reporting 
Limit 

(ug/g) 

0.0054 

0.0054 
0.0054 
0.0054 
0.0054 

J 0.0054 

Advisory Limits 

( %) 

30 - 150 

30 - 150 

J = Estimated value. This analyte may have been affected by other arociors in the sample. 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Arocior and used for 

quantitation were present. Arochlor identification is tentative. 
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EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

4/22 



File C:\DATA2\052511A\032B3701.D 
Operator rdf 
Acquired 26 May 2011 8:02 am using AcqMethod DUAL COL.M 
Instrument HP G1530A 
Sample Name: 20993-002 FV 1.0 
Misc Info 
Vial Number: 32 

Response_ 

4.4e+07 

4.2e+07 

4e+07 

3.8e+07 

3.6e+07 

3.4e+07 

3.2e+07 

3e+07 

2.8e+07 

2.6e+07 

2.4e+07 

2.2e+07 

2e+07 

1.8e+07 

1.6e+07 

1.4e+07 

1.2e+07 

1e+07 

8000000 

6000000 

4000000 

2000000 

Time 2.00 4.00 6.00 8.00 

Signal: 032B37()1.D\ECD1A.CH 
14.79 

16.37 

14.05 

15.34 

14. 6 

13.6 5. 

1 .1 
17.14 

10.36 12.69 

10.00 12.00 

5/22 

4 8 
1 

14.00 16.00 

17.87 

19.23 
8.21 

18.00 20.00 

24.54 

23.39 

22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 58 
decachlorobiphenyl 62 

U = Below quantitation limit 

Page of 

20993-003 
B-5/MW-3 
05/04/11 1110 
05/17/11 
OS/26/11 
Solid 
10 
88 

Reporting 
Limit 

(ug/g) 

0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File C:\DATA2\052511A\033B4001.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

26 May 2011 
HP G1530A 

9:52 am using AcqMethod DUAL COL.M 

20993-003 FV 1.0 
Misc Info 
Vial Number: 33 

Response_ 

6400000 

6200000 

6000000 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

Time 2.00 4.00 6.00 8.00 

Signal: 033B4C)Oi.o\i::C01A.CH 
.38 

10.00 12.00 

7/22 

14.84 16.44 

15.76 

14.00 16.00 18.00 

24.69 

20.00 22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.04 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 60 
decachlorobiphenyl 68 

U = Below quantitation limit 

20993-004 
B-6/MW-4 
05/05/11 0945 
05/17/11 
OS/26/11 
Solid 
10 
88 

Reporting 
Limit 
(ug/g) 

0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 

Advisory Limits 
( %) 
30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 

Page of ESI 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052511A\034B4101.D 
rdf 
26 May 2011 

HP G1530A 
10:29 am using AcqMethod DUAL COL.M 

20993-004 FV 1.0 

Vial Number: 34 

Response_ 
6800000 

6600000 

6400000 

6200000 

6000000 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

Time 2.00 4.00 6.00 8.00 

Signal: 034B4101.D\ECD1A.CH 
10.38 

14.84 16.44 

14.10 

13.6~ 
15 ~9t6 

13.l514. 1 

5.1~·C 
13 i4 

17.21 

17.94 

10.00 12.00 14.00 16~00 18.00 

9/22 

20.00 22.00 

24.69 

I 
24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.06 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 73 
decachlorobiphenyl 68 

U = Below quantitation limit 

20993-005 
B-7 
05/06/11 0930 
05/17/11 
OS/26/11 
Solid 
10 
94 
1 

Reporting 
Limit 
(ug/g) 

0.0053 
0.0053 
0.0053 
0.0053 
0.0053 
0.0053 

Advisory Limits 
(%) 
30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 

Page of ESI 
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File C:\DATA2\05251lA\035B4401.D 
Operator rdf 
Acquired 26 May 2011 12:20 pm using AcqMethod DUAL COL.M 
Instrument HP G1530A 
Sample Name: 20993-005 FV 1.0 
Misc Info 
Vial Number: 35 

Response_ 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

Signal: 035B4401.D\ECD1A.CH 
10.38 1E 43 

15.75 

15. 9 

14.8 

17.21 

14.09 

.17 

5. 

~.( 

1 .6 

18.77 

17.93 19.31 
8.2 

24.67 

1200000 

1000000 

'\ 1\ I' 
\ \ 
\ \' I\~ 23.51 

v jJ! 

800000 

I I I I I I 
Time 2.00 4.00 6.00 8.00 10.00 12.00 14.00 

11/22 

I 

16.00 
I 

18.00 
I 

20.00 
I I 

22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.02 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 55 
decachlorobiphenyl 66 

U = Below quantitation limit 

20993-006 
B-8/MW-5 
05/06/11 1300 
05/17/11 
OS/26/11 
Solid 
10 
88 

Reporting 
Limit 
(ug/g) 

0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 

Advisory Limits 
(%) 
30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052511A\036B4501.D 
rdf 
26 May 2011 12:57 pm using AcqMethod DUAL COL.M 

HP G1530A 
20993-006 FV 1.0 

Vial Number: 36 

Response_ 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

Time 2.00 4.00 6.00 8.00 

sliinal: 0:.36B4501.D\ECD1A.CH 
38 

16.43 

14.83 

15.7 

5.1 

17.20 

10.00 12.00 14.00 

13/22 

16.00 

18.29
1 9.30 

18.00 20.00 

24.66 

26.22 

23.05 

22.00 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.02 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 74 
decachlorobiphenyl 70 

U = Below quantitation limit 

20993-007 
B-9/MW-6 
05109/11 1100 
05/17/11 
05/26/11 
Solid 
10 
94 
1 

Reporting 
Limit 

(ug/g) 

0.0053 
0.0053 
0.0053 
0.0053 
0.0053 
0.0053 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052511A\037B4601.D 
rdf 
26 May 2011 

HP G1530A 
1:33 pm using AcqMethod DUAL COL.M 

20993-007 FV 1.0 

Vial Number: 37 

3400000 

3300000 

3200000 

3100000 

3000000 

2900000 

2800000 

2700000 

2600000 

2500000 

2400000 

2300000 

2200000 

2100000 

2000000 

1900000 

1800000 

1700000 

1600000 

1500000 

1400000 

1300000 

1200000 

1100000 

1000000 

900000 

800000 

Signal: 03784601.D\ECD1A.CH 
1C 38 

14.83 

16.43 

14.09 

15.39 
14. 0 

5.7E 

5. oJ 

24.66 

17.20 

/\ ! ~ A. \ f\: : I~~~~~_.~ 

~ J- 'Gfl.-, ,,,..J. 
700000~~~~j~J~I~~~-~ ~~v~~~~~~~~~~~~~~~-,~~,-~~~~~~~~~~ 

" I I 
Time 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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File 
Operator 
Acquired 
Instrument 

C:\DATA2\052511A\012B1201.D 
rdf 
25 May 2011 

HP G1530A 
Sample Name: 1221 1000 
Misc Info 
Vial Number: 12 

289 

2500000 

2400000 

2300000 

2200000 

2100000 

2000000 

1900000 

1800000 

1700000 

1600000 

1500000 

1400000 

1300000 

1200000 

1100000 

1000000 .96 

900000 

800000 

Time 2.00 4.00 6.00 

4:42 pm using AcqMethod DUAL COL.M 

8.00 

9.36 

··SignaFOi2Si20fO\ECD1A.CH 
1 .98 

10. 

12.29 

I 

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 

C:\DATA2\052311A\010B1301.D 
rdf 

Misc Info 

23 May 2011 
HP G1530A 

1232.1000 

Vial Number: 10 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

Time 

I 
I I 

2,09 4_00 
I 

6_00 

4:43 pm using AcqMethod DUAL COL.M 

9.34 

-Signai:010i3i361.D\ECD1A.cH 
1C95 

12.24 

11.5; .4~ .04 

_5 1372 

. 3 
U .1 4.05 

10.( 3 

1 8~ 3. 

14.79 

I I I I I I I 
8.00 10_00 12.00 14.00 16.00 18.00 20.0022_9024.00 26.00 .. ..... _.. .. . 

17/22 



File C:\DATA2\052311A\011B1401.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

23 May 2011 
HP G1530A 

5:20 pm using AcqMethod DUAL COL.M 

1248.1000 
Misc Info 
Vial Number: 11 

Response 
600000m 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

Time 2.00 4.00 6.00 8.00 

Signai:011B140f.O\ECD1A.CH 
1 .04 

10.00 

14.05 

13. 1 

12. 9 

.1 
.12 

14.79 

12.2 

3. 

4.6 

11.51 

12.00 14.00 

18/22 

6.37 

16.00 
ii' , , , I ' , iii' , , iii' , iii i 
18.00 20.00 22.00 24.00 26.00 



File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052311A\012B1501.D 
rdf 
23 May 2011 

HP G1530A 
1254.1000 

5:57 pm using AcqMethod DUAL COL.M 

Vial Number: 12 

2500000 

2400000 

2300000 

2200000 

2100000 

2000000 

1900000 

1800000 

1700000 

1600000 

1500000 

1400000 

1300000 

1200000 

1100000 

1000000 

900000 

800000 

Time 2.00 4.00 6.00 8.00 10.00 

Signal: bi2B1501.b\E=.CD1A.CH 
14.001.80 

13.6 

12.70 
1 

14. 7 

17.15 

18.21 

19.22 

I I I I I ' I I , I I I I I I I , , I I I , , I I I , , I I ' I , , I ' , 
12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

C:\DATA2\052511A\010B1501.D 
rdf 
25 May 2011 

HP G1530A 
1016-1260 1000 

6:32 pm using AcqMethod DUAL COL.M 

Vial Number: 10 

18.21 

1.7e+07 

1.6e+07 

1.5e+07 

1.4e+07 

1.3e+07 

1.2e+07 

1.1e+07 
10.36 16.38 

15.69 
1e+07 

12.25 

15.1 

9000000 

8000000 

7000000 

6000000 
11.52 5 . 

1 .45 
2.86 13.05 

14. 6 .7 
5000000 

1 .43 

.98 .19 
4000000 10.9 

sta<tJ6 

I 
3000000 I .5 141 7 

2000000 
2 I 8. 

/, I 

I 2 8 
1 

1000000 

Time 6.00 8.00 10.00 12.00 14.00 16.00 18.00 

20/22 

19.23 

24.54 

1 .48 21.85 

20.68 

I, 23.38 
I 

20.00 22.00 24.00 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION 

STUDY NO: 
SDG No: 

Project: 

Delivered via: 

20993 

South Terminal.6690 

ESI 

Page 1 of 1 

Date and Time Received: 

Recieved By: 

05/12/11 1000 

OW 

Date and Time Logged into Lab: 

Logged into Lab by: 

05/12/11 1400 

LCB 

Air bill/ Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 6 
Number of COC Pages: 1 
COC Serial Number(s): NA 
COC Complete: 

Sampled Date: Yes 
Field 10 complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Field 10 

B~3/MW-1 

8-4/MW-2 
B-5/MW-3 
8-6/MW-4 
8-7 
B-8/MW-5 
B-9/MW-6 

Notes and qualifications: 

Lab 10 

20993-001 
20993-002 
20993-003 
20993-004 
20993-005 
20993-006 
20993-007 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Bottle 

Mx Analysis Requested 

S AR08082 90zG 
S AR08082 90zG 
S AR08082 90zG 
S AR08082 90zG 
S AR08082 90z G 
S AR08082 90zG 
S AR08082 90zG 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hamp 2 1 / 2 242-0778 (603) 926-3345 fax (603) 926-3521 

Req'd Verified 

Pres'n Pres'n 

4C Yes 
4C Yes 
4C Yes 
4C Yes 
4C Yes 
4C Yes 
4C Yes 

www.envirosystems.com 



I 

I.·. I 
EnviroSystems, Inc. 
I Lafayette Road 
p.o. Box 778 
Hampton, N.H. 03843 

Client: i", 

Voice: 603-926-3345 
FAX: 603-926-3521 

CHAijN OIF CUSTODY DOCUMENTAT~ON 

ESI ,Job No: 

Contact: {. /. '.)1 Project Name: r,l.j i"~ J. {·f.,,!i\i) t".:!~itJ Page 

Address: Project Number:? C- Ci < 

Address: ~k,; ,.",:: ,ee,. 'C', Z., Project Manager: 
II 

(-~ 

of 

~. C c: t.,.t' { .. ,,) Quote No: 

Protocol: RCRA 
Lab Number I Your Field ID: 
(assigned 
by lab) 

(must agree with 
container) 

~, 0' 
'~_,J"I 

SDWA NPDES USCOE 
Date 

Sampled 
Time I Sampled 

Sampled By 

i·.~ ,t I ~ r·'· • .P \, ij ~,JI' . I 
L? 1;:- "I ih. ,"'" I ~:J .... ' ) \' 1; j t·, ,~.( ",.-

I ," 
~ ~ 

Grab 
or com

posit 
(G/C) 

"~,, 

Other 

Container I Container 
Size Type 
(mI.) (P/Gff) 

'.i,' 

Field 
Preser
vation 

I" '" 
y ., 

~'i".r, I~ if:::) 

Matrix I Filter I Analyses Requested\ 
S~Solid N~Not needed Special Instructions: 
W~Water F~Done in field 

L~Lab to do 

,~; f'''',\ 

:$' ff"';' ~, 

~:. ':) 1 ~ .. ~ tg;, ( ?~;;, ;~. 

I-N 
~~--'r:~~~--------~~~~r-~~~~~~~~~~~~-------------------I N I 
~N 6 

(~ i~~ S 

L b~ S 

Relinquished By: ~-"_,. Date: T· /f)".·· .. ·, ""0"· Ime: . ~,. (;! Received BY:)');;;;:~Date: .~ b / Time: /J! o-d 
I Relinquished By: Date: Time: Received at Lab By: Date: Time: 
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Chet Myers PO Number: 
Apex Companies LLC Report Number: 21163 
184 High Street Date Received: 06/29 - 07101/11 
Suite 502 Date Reported: 07/06/11 
Boston, MA 02110 

Project: South Terminal.New Bedford. 6690 


Attached please find results for analyses performed on samples received on 06/29/11 thru 07101/11. 


Samples were received in acceptable condition and under chain of custody. 


Instruments used in analysis were calibrated with the appropriate frequency and to the 

specifications of the referenced methods. 


Analytes in blanks were below levels affecting sample results. 


Matrix effects as monitored by matrix spike recovery or unusual physical properties were not 

apparent. 


Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits. 

Please visit our website at www.envirosystems.com for a copy of our NH NELAP Accreditation 
and Massachusetts State Certification. 

EnviroSystems, Incorporated 

Authorized 
Signature 

Attachment 
Report 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/L) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 85 
decachlorobiphenyl 115 

U = Below quantitation limit 

of 

21163-001 
MW-1 
06/28/11 1235 
06/30/11 
07/01/11 
Water 
1000 
100 
1 
1 

Reporting 
Limit 

(ug/L) 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

2/28 



File 
Operator 
Acquired 
Instrument 
Sample Name: 

H:\1\DATA\063011B\003B0301.D 
rdf 
01 Jul 2011 

HP G1530A 
21163-001 

2:52 pm using AcqMethod DUAL COL.M 

Misc Info 
Vial Number: 3 

Response_ Signal: 003B0301.D\ECD1A.CH 
10.26 84 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 16.70 

3500000 
9.25 

3000000 

2500000 

2000000 

1500000 

1000000 

3/28 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/L) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 105 
decachlorobiphenyl 112 

U = Below quantitation limit 

of 

21163-002 
MW-2 
06/28/11 1400 
06/30/11 
07/01/11 
Water 
1000 
100 
1 
1 

Reporting 
Limit 
(ug/L) 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\063011B\005B0501.D 
rdf 
01 Jul 2011 

HP G1530A 
21163-002 

4:06 pm using AcqMethod DUAL COL.M 

Vial Number: 5 

Response_ 
1 25 

6200000 

6000000 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 9.24 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 
10.66 

2000000 

1800000 

1600000 

1400000 

1200000 

12.36 

j 13.16 
2.54 

11.92 I 

13.92 

Signal: 005B0501.D\ECD1A.CH 

16.69 

18.72 

19.26 

5/28 

24.19 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POL YCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/L) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 110 

decachlorobiphenyl 123 

U = Below quantitation limit 

of 

21163-003 
MW-8 
06/28/11 1515 
06/30/11 
07/01/11 
Water 
1000 
100 
1 
1 

Reporting 
Limit 

(ug/L) 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Mise Info 

H:\1\DATA\063011B\007B0701.D 
rdf 
01 Jul 2011 

HP G1530A 
21163-003 

5:21 pm using AeqMethod DUAL COL.M 

Vial Number: 7 

Response_ 

3.8e+07 

3.6e+07 

3.4e+07 

3.2e+07 

3e+07 

2.8e+07 

2.6e+07 

2.4e+07 

2.2e+07 

2e+07 

1.8e+07 

1.6e+07 

1.4e+07 

1.2e+07 

Signal: 007B0701.D\ECD1A.CH 
13.67 

11.92 

14.32 

10.25 11.28 
1e+07 14.89 

8000000 

6000000 

17.51 20.04 
4000000 

2000000 

~6~66~JJ~ ___ ~ 
Time 

7/28 

24.19 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/L) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 90 
decachlorobiphenyl 119 

U = Below quantitation limit 

of 

21163-004 
MW-7 
06/29/11 1037 
06/30/11 
07/01/11 
Water 
1000 
100 
1 
1 

Reporting 
Limit 
(ug/L) 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

Advisory Limits 
( %) 

30 - 150 
30 150 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\063011B\008B0801.D 
rdf 
01 Jul 2011 

HP G1530A 
21163-004 

5:58 pm using AcqMethod DUAL COL.M 

Vial Number: 8 

2.5e+07 

2.4e+07 

2.3e+07 

2.2e+07 

2.1e+07 

2e+07 

1.ge+07 

1.Be+07 

1.7e+07 

1.6e+07 

1.5e+07 

1.4e+07 

1.3e+07 

1.2e+07 

1.1e+07 

1e+07 

9000000 

BOOOOOO 

7000000 

1 .30 

11.2B 

10.B7 

11.B3 
1.5 

13.67 

Signal: 00BBOB01.D\ECD1A.CH 

1B.74 

14.B9 

9/28 

20.04 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (9): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/l) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 111 
decachlorobiphenyl 129 

U = Below quantitation limit 

of 

21163-005 
MW-6 
06/29/11 1317 
06/30/11 
07/01/11 
Water 
1000 
100 
1 
1 

Reporting 
Limit 

(ug/L) 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\063011B\009B0901.D 
rdf 
01 Jul 2011 

HP G1530A 
21163-005 

6:35 pm using AcqMethod DUAL COL.M 

Vial Number: 9 

Response_ Signal: 009B0901.D\ECD1A.CH 
1.1e+07 10 .25 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 16.68 

4000000 

3500000 

13.91 
3000000 18.71 

8.81 12.35 

2500000 19.25 

10.66 

2000000 9.24 

11/28 

24.18 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (9): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/L) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 103 
decachlorobiphenyl 123 

U = Below quantitation limit 

Page of 

21163-006 
MW-4 
06/30/11 1215 
07/01/11 
07/01/11 
Water 
1000 
100 

Reporting 
Limit 

(ug/L) 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

12/28 



File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\063011B\010B1001.D 
rdf 
01 Jul 2011 

HP G1530A 
21163-006 

7:12 pm using AcqMethod DUAL COL.M 

Vial Number: 10 

Response_ Signal: 01 OBi 001.D\ECD1A.CH 
1 .25 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

16.68 
4000000 

3500000 

3000000 13.16 

2500000 
12.68 

13/28 

24.18 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POL YCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/L) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 

(%) 
tetrachloro-m-xylene 104 

decachlorobiphenyl 123 

U = Below quantitation limit 

of 

21163-007 
MW-5 
06/30/11 1330 
07/01/11 
07/01/11 
Water 
1000 
100 
1 
1 

Reporting 
Limit 
(ug/L) 

0.05 

0.05 
0.05 

0.05 
0.05 

0.05 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\063011B\011BII01.D 
rdf 
01 Jul 2011 

HP G1530A 
21163-007 

7:50 pm using AcqMethod DUAL COL.M 

Vial Number: 11 

Response_ Signal: 011B1101.D\ECD1A.CH 
1 .25 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

16.68 

3500000 

11.91 

3000000 18.71 

2500000 

15/28 

24.18 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/L) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 104 
decachlorobiphenyl 123 

U = Below quantitation limit 

of 

21163-008 
MW-3 
06/30/11 1450 
07/01/11 
07/01/11 
Water 
1000 
100 

Reporting 
Limit 

(ug/L) 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

Advisory Limits 
( %) 
30 - 150 

30 - 150 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\063011B\012B1201.D 
rdf 
01 Jul 2011 

HP G1530A 
21163-008 

8:27 pm using AcqMethod DUAL COL.M 

Vial Number: 12 

Response_ Signal: 01281201 
.25 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 
16.68 

4000000 

35000001 

3000000 
13.15 

2500000 18.70 

.64 12·~.68 

2000000 

1500000 

1000000 

17/28 

24.17 



File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\063011A\006B0601.D 
rdf 
30 Jun 2011 

HP G1530A 
1221 1 04915 

5:39 pm using AcqMethod DUAL COL.M 

Vial Number: 6 

Response_ 

6400000 

6200000 

6000000 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

9.26 

Signal: 006B0601.D\ECD1A.CH 
10.86 

10.54 

10. 8 

11.64 

18/28 



File H:\1\DATA\063011A\007B0701.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

30 Jun 2011 
HP G1530A 

6:16 pm using AcqMethod DUAL COL.M 

1232 1 03396 
Misc Info 
Vial Number: 7 

Response_ Signal: 007B0701.D\ECD1A.CH 
1 .85 

7500000 

12.15 
7000000 

6500000 

6000000 

5500000 12 11 

5000000 2.34 

4500000 

12.94 13.66 

.44 13 . 0 

4000000 
11.42 

13.94 

3500000 
~4 

10.53 11.75 13. 3000000 
1 .6 

10. 8 

14.67 
2500000 

12. 15.21 15.83 

I 14.91 
1. 3 

2000000 \ 

9.25 

1500000 

19/28 



File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\063011A\008B0801.D 
rdf 
30 Jun 2011 

HP G1530A 
1248 1 04551 

6:53 pm using AcqMethod DUAL COL.M 

Vial Number: 8 

Response_ 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 11.41 

3000000 

2500000 

2000000 

10.85 

1500000 

1000000 

Signal: 008B0801.D\ECD1A.CH 
1 .60 

12.94 1 .65 

13.93 

12.1412.59 

3.08 

12 11 1 .63 

14.66 

13 . 

. 13 

14.4 15.20 
2.3 

I 14. 6 
3. 

14.91 

I' ,I 

/\ 
/ I 

20/28 

15.82 

16.22 



File 
Operator 
Acquired 
Instrument 
Sample Name: 
Mise Info 

H:\1\DATA\063011A\009B0901.D 
rdf 
30 Jun 2011 

HP G1530A 
1254 1 04453 

7:29 pm using AeqMethod DUAL COL.M 

Vial Number: 9 

Response_ 

1.2e+07 

1.15e+07 

1.1e+07 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

12.59 

12.93 

Signal: 009B0901.D\ECD1A.CH 
1 .66 

13.93 

14.4 

13.52 

.60 
1 .01 

13. 

\ / 
\ l 
\ 

14. 6 

16.21 

15.20 

15.83 

15.55 

14.9 

21/28 

16.97 

17.6~8.02 
19.01 



File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\063011A\003B0301.D 
rdf 
30 Jun 2011 

HP G1530A 
1016/1260 1.25 

3:49 pm using AcqMethod DUAL COL.M 

Vial Number: 3 

Response_ 

2e+07 

1.ge+07 

1.8e+07 

1.7e+07 

1.6e+07 

1.5e+07 

12.15 

1.4e+07 

1.3e+07 

1.2e+07 

1.1e+07 

12 12 

1e+07 

9000000 

8000000 
11.42 

7000000 

10.86 
6000000 

5000000 

4000000 

3000000 

2000000 

1000000 

15.57 

15.01 

003B0301.D\ECD1A.CH 
1 .05 

16.23 

17.15 
6.48 

19.05 

5.8 

14.7 
.60 19.29 

22/28 

21.62 
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STUDY NO: 
SDG No: 

Project: 

Delivered via: 

21163 

South Terminal.New Bedford. 6690 

ESI 
Date and Time Received: 

Recieved By: 

06/29/11 0900 

DW 

Date and Time Logged into Lab: 

Logged into Lab by: 

06/29/11 1235 

MES 

Air bill / Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 10 
Number of COC Pages: 1 
COC Serial Number(s): 
COC Complete: 

Sampled Date: 
Field ID complete: 

Sampled Time: 
Analysis request: 

COC Signed and dated: 
Were all samples received? 
Client notification/authorization: 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Not required 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Bottle 

Field ID Lab ID Mx Analysis Requested 

MW-1 
MW-2 
MW-8 

Notes and qualifications: 

21163-001 W 
21163-002 W 
21163-003 W 

AR08082 
AR08082 
AR08082 

2x1L g 
2x1L g 
2x1L 9 

Req'd 

Pres'n 

4C 
4C 
4C 

Verified 

Pres'n 

Yes 
Yes 
Yes 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 31 2 42-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



SAMPLE RECEIPT AND CONDITION "-""'-II ............ , ......... Page 1 of 1 

STUDY NO: 21163 

SDG No: 

Project: 

Delivered via: 

South Terminal.New Bedford. 6690 

ESI 
Date and Time Received: 06/30/11 0950 

OW Recieved By: 

Air bill! Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 7 
Number of COC Pages: 1 
COC Serial Number(s): 
COC Complete: Yes 

Sampled Date: Yes 
Field 10 complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 

Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

06/30/11 1415 

JEB 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field 10 Lab 10 Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

MW-7 
MW-6 

Notes and qualifications: 

21163-004 
21163-005 

W AR08082 
W AR08082 

EnviroSystems, Inc. One Lafayette Road P,O, Box 778 Hampton, NH 03842-0778 

24/28 

2x1L g 
2x1L 9 

4C 
4C 

Yes 
Yes 

(603) 926-3345 fax (603) 926-3521 VI/WW,envirosystems,com 



STUDY NO: 
SDG No: 

Project: 

Delivered via: 

RECEIPT AND CONDITION DOCUMENTATION 

21163 

South Terminal.New Bedford. 6690 

ESI 

Page 1 of 1 

Date and Time Received: 07/01/110730 

DW 

Date and Time Logged into Lab: 07/01/11 1040 

Recieved By: 

Air bill! Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 4 
Number of COC Pages: 1 
COC Serial Number(s): 
COC Complete: Yes 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Field ID 

MW-4 
MW-5 
MW-3 

Notes and qualifications: 

Lab ID 

21163-006 
21163-007 
21163-008 

Logged into Lab by: MES 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Mx Analysis Requested 

W AR08020 
W AR08020 
W AR08020 

Bottle 

2x1L g 
2x1L 9 
2x1L 9 

Req'd Verified 

Pres'n Pres'n 

4C Yes 
4C Yes 
4C Yes 

EnviroSystems, Inc. One lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 
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EnviroSystems, Inc. 
I Lafayette Road 
po. Box 778 
l-l::lry'\",t",.., N.H. 03843 

Contact: 

Voice: 603-926-3345 
FAX: 603-926-3521 

CUSTODY 

Project Name: 

Number: 

ESI Job No: 
\ 

Quote No: 

~----~----------------------------------r---------l---------+--------r------i--------1--------~------~------+---------T---------------------------------------------~ 

00 

Time: Received at Lab By: Date: Time: 

No: 
,f'!rlvr"'" n"""r> 



I-n\/"'y",'--\/ctc>ms, Inc 

Lalaycw:: Road 
po. Box 778 
I-hmntnn N.H. 03843 

Client/--:\ ~:~ ~-;:p" ;~" ILt./"-... ··· 
" 

Report to <:-".\-~;,< '\"- Il\/~ ""'f ~: ,i~j~~;{ 

Invoice to i'"~t:J.~f/' 
Voice / ~e '; .~~,;~ +2,;~ !l. A,,'-t' ,C} 

.\ .. ~-
~ 

RCRA SDWA IV!.V,",V 

lab Numbe Your Field ID 
(must agree with 
container) 

J' 

- fir.":" 

i-
N 
-......,j 

....... 
I-------

N 
00 

P,,,,,iinI"H lished By,J'/"'r<~l '~:'~~, ,,~' -,~r'-':' 
., 

nt;m IlJUI:::i! !t;U By: 

Voice: 603-926-3345 
603-926-3521 

OF CUSTODY [Ui'LJIL.9\LH'!I'HILI 

5~ .. l 
~r'" "'.".." 

~.2r1J9_Ct: C~, .rl£,c-~ ,.\/\ ,~( ~ Vf .. ~j, Project Name: ;i',~; ... ,. "';". :{·~i·,,&::J);(+;;l·t/fJ 

b..ddress. \ (6/~ ! + q'f,..." q( ~~[ -=~~~-:.(;'.:. ~,-; '-."'c" Project Number (~~,,(, C 

II , f:lli~>~ ',,, //'1(7\ ;1~#' /') ~;,._ ... :i Iii:', Project ~V!dl ia\:11::1 {.,. %, t't:r i '·{~;:.ii~";fi; --

Fax:'1'(;;'1 /l:)'~FL~~ <.~;,.~ ~ 'email: (:,dl·-~I,."; ~;,!/';,.:" f;i :-~1ii';:J~'t ,;{,c,':~; ; ·'1 
;, ..•. I v 

NPDES USCOE Other I;'\-''\,t'\', /""'~f~~'_ii,(3 
Date Time I Sampled I Grab I COl ndlllt;1 I Container I Field Matrix Filter 

Sampled Sampled I By or com- Size I Preser- S=Solid N=Not needed 

I posit (mI.) I vation 
W=Water F=Done in field 

I (G/C) 
L=Lab to do 

~./ ~~/, l L1j~J (r' I 1,,:\;.1/ 

,l~l ~i~ '} ~r» I 
I 

I :f} 

I 

I 

I 
! 

I 
I 

I I 
I I 

I 

I 

I i 

I 
i 

I 
I 

ESI Job No: 

Page 

" 

of 1 

,p.O. No: Quote No: 

Analyses Requested\ 
Special Instructions: 

'f;;;;,A/"i::'F 

p(u(·.P, .,;,()'. ,,';, 

Date 4; liJ~,;l!!l Time: !~t;' ~)l) ~"vv 'vY BY:~'''~l f:-',r-'~/'i:~tt' Date: fr~;/,j {i:il >,: Time: 
l! / .' 

Date: Time 'i<;:;\"vIVI::U at lab By: pate: TjI"rle: 

: n·""'·:";'.~r ('//) '; 

S~(;3 ''C, 

I 

--'-



f-m/lrn'-,\Ict<=>ms, Inc. 

LClld),<::LLI::: Road 
po. Box 778 
H:lI'Y\r'\t""" N.H. 03843 

Client ,,'\ \'1~:'~7", i 'i, f .. II" (,/ 
if 

Report to i;' i ~l::~·r~ i;V\ "'>11~,. ill :.::: 

invoice to: (\ ii'},c>'i. 

Voice r \' ,!~,\~l·/ ),.\~ C·'C i ... 
'\ ,. 

RCRA SDWA \"!UlUI,.;UI 

Lab Nurnber YCur Field 
(must agree with 
container) 

\ 0 

1 

l'~ 
i---- N 

c:o 
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i---
N 
c:o 

Relinquished By .,'?' 'J'o{,; 
'" .. /.1' 

Relinquished By: 

ESI Job No: 
603-926-3521 

OF 

Contact: {/' Ii{[{,,·r ~/t" (¥\,';: 
I ," '. "! :;. lArt .. f~ (\,'\i!f~' '( ,j 

I Project Name: 8\.l;,t ~\ I ,{:'i'~':, ~I t\,:'~r~ Page of .. 

" t !~ ,:t \. ··L\ (·<xt ~~d ,. 'i " ~". ':"', 1 'f: Project Number: (, /;' {:; 'I. '( 

.•. ~ ~~~ F)(~.\\::~·,. t/V\\f!' 11 l'li!, Project Manager: {.I i
\ (·r !~\ '\ .; t-r;·,:~ 

Fax {C \I~l ·f- Ie· J
i

, J\ ~,C' I email <c. ,/'1\ ,!tk, ;,.-)' t .) \, .J\ .. x ( -\ .~, I, ,;:/', Ip,o. No Quote No: 

I\IPDES \. 
,/ ! ~ ~ 

USCOE Other ,1\',1 {\ Ii'\;\ i ( 

Date Time 
,.... 

Grab i (.;OfllctH lei (.;l.Jl <tall!",,' Field Matrix Filter Analyses Requested\ vClIIIf.1It::U 

S8.!llfJled Sampled By Size S=Solid N=Not needed Special Instructions: 
W=Water F=Done in field 

(G/C) 
L=Lab to do 

'f / ./! "::j 
{,< C I {~r E.f/\ (~ 

I /1) .\,J~: \; {~ (lc'J( :( 
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I 
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I I 
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I 
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Chet Myers 
Apex Companies LLC 
184 High Street 
Suite 502 
Boston, MA 02110 

Project: South Terminal.6690 

PO Number: 
Report Number: 
Date Received: 
Date Reported: 

None 
21200 
07/15/11 
08/01/11 

Attached please find results for analyses performed on samples received on 07/15/11 at 1040. 

Samples were received in acceptable condition and under chain of custody. 

Instruments used in analysis were calibrated with the appropriate frequency and to the 
specifications of the referenced methods. 

Analytes in blanks were below levels affecting sample results. 

Matrix effects as monitored by matrix spike recovery or unusual physical properties were not 
apparent. 

Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits . 

. Please visit our website at www.envirosystems.com for a copy of our NH NELAP Accreditation 
and Massachusetts State Certification. 

EnviroSystems, Incorporated 

'. 1\~"'1 () /~ /~ 
., UMU\~ \ .... \I I ." . 

Authorized 
Signature 

Attachment 
Report 

',-. 
oate ___ -·-· ~.;:...:;·_I_I +)--,-(...:..1_ 

/ 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 89 
decachlorobiphenyl 93 

U = Below quantitation limit 

Page of 

21200-001 
B-11/MW-7 
05/12/11 1200 
07/20/11 
07/26/11 
Solid 
10 
87 

Reporting 
Limit 
(ug/g) 

0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File H:\1\DATA\072211B\025B2701.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

26 Jul 2011 
HP G1530A 

6:34 am using AcqMethod DUAL COL.M 

21200-001 ARO 
Misc Info 
Vial Number: 25 

Response_ 

1.1e+07 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 2.00 
I 

4.00 

II 
I 

6.00 

I 
8.00 

I 

10.00 

Signai:oiS82701.D\ECD1A.CH 

I 

12.00 

3/9 

I 
14.00 

I 
16.00 

A 

I I I I 
18.00 20.00 22,00.. 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arocior 1016\1242 U 
Aroclor 1221 U 
Arocior 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 76 

decachlorobiphenyl 81 

U = Below quantitation limit 

Page of 

21200-002 
B-12/MW-8a 
05/13/11 1000 
07/20/11 
07/26/11 
Solid 
10 
44 

Reporting 
Limit 

(ug/g) 

0.011 

0.011 
0.011 
0.011 
0.011 

0.011 

Advisory Limits 

( %) 
30 - 150 

30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File H:\1\DATA\072211B\026B2801.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

26 Jul 2011 7:11 am using AcqMethod DUAL COL.M 
HP G1530A 

21200-002 ARO 
Misc Info 
Vial Number: 26 

Response~ 
1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 2.00 4.00 6.00 

... Sigm3F()26B28()1.D\EC01A.CH 

8.00 10.00 12.00 14.00 16.00 18.00 

5/9 

20.00 22.00 ... 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 83 
decachlorobiphenyl 95 

U = Below quantitation limit 

Page of 

21200-003 
B-12/MW-8b 
05/13/11 1005 
07/20/11 
07/26/11 
Solid 
10 
84 

Reporting 
Limit 
(ug/g) 

0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File H:\1\DATA\072211B\027B2901.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

26 Jul 2011 7:48 am using AcqMethod DUAL COL.M 
HP G1530A 

21200-003 ARO 
Misc Info 
Vial Number: 27 

Response_ 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 

7/9 

20.00 22.00 .. 24.00 26.00 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 1 

STUDY NO: 21200 
SDG No: 

Project: 

Delivered via: 

South Terminal.6690 

ESI 
Date and Time Received: 07/15/111040 

DW Recieved By: 

Air bill / Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 8C 
Number of COC Pages: 1 
COC Serial Number(s): NA 
COC Complete: Yes 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

07/15/11 1545 

EAL fL~) 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field ID Lab ID Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

B-11/MW-7 
B-12/MW-8a 
B-12/MW-8b 

Notes and qualifications: 

21200-001 S 
21200-002 S 
21200-003 S 

AR08082 
AR08082 
AR08082 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hamptor8 / 93842-0778 

1X200 G 
1X200 G 
1X200 G 

NA 
NA 
NA 

Yes 
Yes 
Yes 

(603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



I EnviroSystems, Inc. 
I Lafayette Road 
po. Box 778 
Hampton, NH 03843 

Voice: 603-926-3345 
FAX: 603-926-3521 

CHA~N Of CUSTODY DOCUMENTAT~ON 

ESI Job No: 

I of l 
;1 , 1! I 

Client: i'~\{;'~Q!"';,.; l,~·l_"L,,~" Contact: ".",,~r 

Report to ' I Address' \ § ", ..... 

Project Name: .;.?,{:ify;, .,j •• ,J,:1 Page 

• • s; ~~~'. k __ :;.1 

Invoice to: Address: i (I. 

,;",", / \ 
Voicel l o,'l Fax:{ f) } 

~,.-...,..."'. ""i --"..-:;::.-.>-------w;·'---'l} ,.,;,; 

Protocol: RCRA SDWA NPDES USCOE Other 

~J 

Ii Ii 
Project Number: (~? Iii.' 

Project Manager: Cl<-4:'.~,~-

I 
.... / 

email: (..: .. !~ •. .c . .rd.)<:;C:-~:.Cl.:!1i!-P.O.No: {.J K~~' Quote No: 
~.J----' 

Lab Number I Your Field ID: 
(assigned 
by lab) 

(must agree with 
container) 

Date I Time I Sampled I Grab IContainerl Container 
Sampled Sampled By or com- Size Type 

posit I (mI.) (P/Gfr) 

Field 
Preser
vation 

Matrix I Filter I Analyses Requested\ 
S=Solid N=Not needed Special Instructions: 

W=Water F=Done in field 
L=Lab to do 

(G/C) 

., ito! ~,;.' I I I I ie, i ,\.,L~, '" :;'"' J"t~~SL 
,-

...... 

,""'"..... v;ti;) 
() /., . .i 
I ,,,...,' '}'l:' ,,> ~~I fI ~~.~" :> l' t.:2J .," ,~f(J g . vI' i~/I:~j ~·0}'." ~ ~ 

,.r'"'' 
(¥:1 
..,il /~'iI'(>clAl; /~"-

I 
~ 

" ~--~-----------------+----+---~--~--~----+---~---+--~----+-----------------------~ 

I. I, 
,. , j 

'''";?/A//'-'/ I' ./ Relinquishe<r! By: Date;1F,r4 , . /" Time: 
F ",.,J, .A 't'" , '"~'\ y( 

Relinquished By: Date: Time: Received at Lab By: Date: Time: 

Comments: ______________________________________________________________________________________________________________________________________________ _ 

ISample Delivery Group No: Ipage of -------
'"'rv=' n",,.... 11.8",· 



Chet Myers 
Apex Companies LLC 
184 High Street 
Suite 502 
Boston, MA 02110 

Project: South Terminal.6690 

PO Number: 
Report Number: 
Date Received: 
Date Reported: 

None 
21200 
07/15/11 
08/01/11 

Attached please find results for analyses performed on samples received on 07/15/11 at 1040. 

Samples were received in acceptable condition and under chain of custody. 

Instruments used in analysis were calibrated with the appropriate frequency and to the 
specifications of the referenced methods. 

Analytes in blanks were below levels affecting sample results. 

Matrix effects as monitored by matrix spike recovery or unusual physical properties were not 
apparent. 

Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits . 

. Please visit our website at www.envirosystems.com for a copy of our NH NELAP Accreditation 
and Massachusetts State Certification. 

EnviroSystems, Incorporated 

'. 1\~"'1 () /~ /~ 
., UMU\~ \ .... \I I ." . 

Authorized 
Signature 

Attachment 
Report 

',-. 
oate ___ -·-· ~.;:...:;·_I_I +)--,-(...:..1_ 

/ 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 89 
decachlorobiphenyl 93 

U = Below quantitation limit 

Page of 

21200-001 
B-11/MW-7 
05/12/11 1200 
07/20/11 
07/26/11 
Solid 
10 
87 

Reporting 
Limit 
(ug/g) 

0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File H:\1\DATA\072211B\025B2701.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

26 Jul 2011 
HP G1530A 

6:34 am using AcqMethod DUAL COL.M 

21200-001 ARO 
Misc Info 
Vial Number: 25 

Response_ 

1.1e+07 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 2.00 
I 

4.00 

II 
I 

6.00 

I 
8.00 

I 

10.00 

Signai:oiS82701.D\ECD1A.CH 

I 

12.00 

3/9 

I 
14.00 

I 
16.00 

A 

I I I I 
18.00 20.00 22,00.. 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arocior 1016\1242 U 
Aroclor 1221 U 
Arocior 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 76 

decachlorobiphenyl 81 

U = Below quantitation limit 

Page of 

21200-002 
B-12/MW-8a 
05/13/11 1000 
07/20/11 
07/26/11 
Solid 
10 
44 

Reporting 
Limit 

(ug/g) 

0.011 

0.011 
0.011 
0.011 
0.011 

0.011 

Advisory Limits 

( %) 
30 - 150 

30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File H:\1\DATA\072211B\026B2801.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

26 Jul 2011 7:11 am using AcqMethod DUAL COL.M 
HP G1530A 

21200-002 ARO 
Misc Info 
Vial Number: 26 

Response~ 
1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 2.00 4.00 6.00 

... Sigm3F()26B28()1.D\EC01A.CH 

8.00 10.00 12.00 14.00 16.00 18.00 

5/9 

20.00 22.00 ... 24.00 26.00 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 83 
decachlorobiphenyl 95 

U = Below quantitation limit 

Page of 

21200-003 
B-12/MW-8b 
05/13/11 1005 
07/20/11 
07/26/11 
Solid 
10 
84 

Reporting 
Limit 
(ug/g) 

0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File H:\1\DATA\072211B\027B2901.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

26 Jul 2011 7:48 am using AcqMethod DUAL COL.M 
HP G1530A 

21200-003 ARO 
Misc Info 
Vial Number: 27 

Response_ 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 
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ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 1 

STUDY NO: 21200 
SDG No: 

Project: 

Delivered via: 

South Terminal.6690 

ESI 
Date and Time Received: 07/15/111040 

DW Recieved By: 

Air bill / Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 8C 
Number of COC Pages: 1 
COC Serial Number(s): NA 
COC Complete: Yes 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

07/15/11 1545 

EAL fL~) 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field ID Lab ID Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

B-11/MW-7 
B-12/MW-8a 
B-12/MW-8b 

Notes and qualifications: 

21200-001 S 
21200-002 S 
21200-003 S 

AR08082 
AR08082 
AR08082 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hamptor8 / 93842-0778 

1X200 G 
1X200 G 
1X200 G 

NA 
NA 
NA 

Yes 
Yes 
Yes 

(603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



I EnviroSystems, Inc. 
I Lafayette Road 
po. Box 778 
Hampton, NH 03843 

Voice: 603-926-3345 
FAX: 603-926-3521 

CHA~N Of CUSTODY DOCUMENTAT~ON 

ESI Job No: 

I of l 
;1 , 1! I 

Client: i'~\{;'~Q!"';,.; l,~·l_"L,,~" Contact: ".",,~r 

Report to ' I Address' \ § ", ..... 

Project Name: .;.?,{:ify;, .,j •• ,J,:1 Page 

• • s; ~~~'. k __ :;.1 

Invoice to: Address: i (I. 

,;",", / \ 
Voicel l o,'l Fax:{ f) } 

~,.-...,..."'. ""i --"..-:;::.-.>-------w;·'---'l} ,.,;,; 

Protocol: RCRA SDWA NPDES USCOE Other 

~J 

Ii Ii 
Project Number: (~? Iii.' 

Project Manager: Cl<-4:'.~,~-

I 
.... / 

email: (..: .. !~ •. .c . .rd.)<:;C:-~:.Cl.:!1i!-P.O.No: {.J K~~' Quote No: 
~.J----' 

Lab Number I Your Field ID: 
(assigned 
by lab) 

(must agree with 
container) 

Date I Time I Sampled I Grab IContainerl Container 
Sampled Sampled By or com- Size Type 

posit I (mI.) (P/Gfr) 

Field 
Preser
vation 

Matrix I Filter I Analyses Requested\ 
S=Solid N=Not needed Special Instructions: 

W=Water F=Done in field 
L=Lab to do 

(G/C) 

., ito! ~,;.' I I I I ie, i ,\.,L~, '" :;'"' J"t~~SL 
,-

...... 

,""'"..... v;ti;) 
() /., . .i 
I ,,,...,' '}'l:' ,,> ~~I fI ~~.~" :> l' t.:2J .," ,~f(J g . vI' i~/I:~j ~·0}'." ~ ~ 

,.r'"'' 
(¥:1 
..,il /~'iI'(>clAl; /~"-

I 
~ 

" ~--~-----------------+----+---~--~--~----+---~---+--~----+-----------------------~ 

I. I, 
,. , j 

'''";?/A//'-'/ I' ./ Relinquishe<r! By: Date;1F,r4 , . /" Time: 
F ",.,J, .A 't'" , '"~'\ y( 

Relinquished By: Date: Time: Received at Lab By: Date: Time: 

Comments: ______________________________________________________________________________________________________________________________________________ _ 

ISample Delivery Group No: Ipage of -------
'"'rv=' n",,.... 11.8",· 



Chet Myers 
Apex Companies LLC 
184 High Street 
Suite 502 
Boston, MA 02110 

Project: South Terminal 

PO Number: 
Report Number: 
Date Received: 
Date Reported: 

None 
21206 
07/19 - 07/26/11 
07/29/11 

Attached please find the aroclor results for analyses performed on samples received on 07/19/11 thru 07/26111. 
The results for volatiles, semi-volatiles, and extractable petroleum hydrocarbons will be reported uder seperate cover. 

Samples were received in acceptable condition and under chain of custody. 

Instruments used in analysis were calibrated with the appropriate frequency and to the 
specifications of the referenced methods. 

Analytes in blanks were below levels affecting sample results. 

Matrix effects as monitored by matrix spike recovery or unusual physical properties were not 
apparent, except where noted. 

Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits. 

Please visit our website at Www.envirosystems.com for a copy of our NH NELAP Accreditation 
and Massachusetts State Certification. 

E~V' :dtems, Incor
P
. o. ra. tedf~. . t". r,;r.((\ \ 

1\;,. X! 
\ ( !I J\ . 

'''~~ \...". & 
Authorized 
Signature 

Attachment 
Report 

Date_,---_~-'-/--'=2'+/-=ZO'--· -!..f 1_ 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.02 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 60 
decachlorobiphenyl 62 

U = Below quantitation limit 

21206-001 
TP6-1-N-H 
07/18/11 1200 
07/20/11 
07/25/11 
Solid 
10 
50 

Reporting 
Limit 
(ug/g) 

0.0099 
0.0099 
0.0099 
0.0099 
0.0099 
0.0099 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 

Page of ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\007B0701.D 
rdf 
25 Jul 2011 

HP G1530A 
21206-001 ARO 

6:21 pm using AcqMethod DUAL COL.M 

Vial Number: 7 

Response": . . ·Signal:007S076fb\ECD1A.CH 

1.35e+07 

1.3e+07 

1.25e+07 

1.2e+07 

1.15e+07 

1.1e+07 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 10.00 11.00 12.00 13.00 14.00 1?Q9 16.00 .. 17.00 18.00 .19.99 20.0021.00 22.99 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arocior 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Arocior 1260 U 

sum( 
SURROGATE STANDARC Recovery 

(%) 
tetrachloro-m-xylene 55 
decachlorobiphenyl 68 

U = Below quantitation limit 

Page of 

21206-005 
TP6-2-N-M 
07/18/111230 
07/20/11 
07/25/11 
Solid 
10 
74 
1 

Reporting 
Limit 

(ug/g) 

0.0068 
0.0068 
0.0068 
0.0068 
0.0068 
0.0068 

Advisory Limits 
( %) 

30 - 150 
30 -150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 

H:\1\DATA\072211B\008B0801.D 
rdf 
25 Jul 2011 

HP G1530A 
21206-005 ARO 

6:58 pm using AcqMethod DUAL COL.M 

Misc Info 
Vial Number: 8 

Sigl1al:ooaB0801.D\ECD1A.CH 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

Time 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 _......... ..... . . ..... . ...................................................... _. . -. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.54 
Aroclor 1260 0.019 

sum( 
SURROGATE STANDARC Recovery 

(%) 
tetrachloro-m-xylene 80 
decachlorobiphenyl 85 

U = Below quantitation limit 

21206-009 
TP6-3-N-A 
07/18/111300 
07/20/11 
07/25/11 
Solid 
10 
85 

Reporting 
Limit 

(ug/g) 

0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 

Page of ESI 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\009B0901.D 
rdf 
25 Jul 2011 

HP G1530A 
21206-009 ARO 

7:34 pm using AcqMethod DUAL COL.M 

Vial Number: 9 

Response~ 

5.8e+07 

5.6e+07 

5.4e+07 

5.2e+07 

5e+07 

4.8e+07 

4.6e+07 

4.4e+07 

4.2e+07 

4e+07 

3.8e+07 

3.6e+07 

3.4e+07 

3.2e+07 

3e+07 

2.8e+07 

2.6e+07 

2.4e+07 

2.2e+07 

2e+07 

1.8e+07 

1.6e+07 

1.4e+07 

1.2e+07 

1e+07 

8000000 

6000000 

4000000 

2000000 

Signal: ()()9B09()1.0\ECD1A.CH 

w 
Time 10.00 11.00 12~00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arocior 1016\1242 U 
Arocior 1221 U 
Aroclor 1232 U 
Arocior 1248 U 
Arocior 1254 U 
Arocior 1260 U 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene 87 
decachlorobiphenyl 91 

U = Below quantitation limit 

Page of 

21206-013 
TP6-3-N-B 
07/18/111330 
07/20/11 
07/25/11 
Solid 
10 
81 

Reporting 
Limit 

(ug/g) 

0.0062 
0.0062 
0.0062 
0.0062 
0.0062 
0.0062 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\003B0301.D 
rdf 
25 Jul 2011 

HP G1530A 
21206-013 ARO 

3:54 pm using AcqMethod DUAL COL.M 

Vial Number: 3 

Response_ 
1.15e+07 

1.1e+07 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

SignaE003S0301.D\ECD1A.cH 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00nOO 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 1.70 
Aroclor 1260 U 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene 85 
decachlorobiphenyl 91 

U = Below quantitation limit 

21206-018 
TP6-2-W-A 
07/19/110900 
07/20/11 
07/25/11 
Solid 
10 
87 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0058 
0.0058 
0.0058 
0.0058 
0.0058 
0.0058 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 

Page of ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\010B1001.D 
rdf 
25 Jul 2011 

HP G1530A 
21206-018 ARO 

8:11 pm using AcqMethod DUAL COL.M 

Vial Number: 10 

1.7e+08 

1.6e+08 

1.5e+08 

1.4e+08 

1.3e+08 

1.2e+08 

1.1e+08 

1e+08 

ge+07 

8e+07 

7e+07 

6e+07 

5e+07 

4e+07 

3e+07 

2e+07 

~ \~ 
l~~,---w /'A l 'VIt 

1e+07 

T -I I I 
JL 

I I 
Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

sum( 
SURROGATE STANDARC Recovery 

(%) 
tetrachloro-m-xylene 72 
decachlorobiphenyl 70 

U = Below quantitation limit 

Page of 

21206-022 
TP6-2-W-M 
07/19/110915 
07/20/11 
07/25/11 
Solid 
10 
26 

Reporting 
Limit 
(ug/g) 

0.019 
0.019 
0.019 
0.019 
0.019 
0.019 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\011Bl101.D 
rdf 
25 Jul 2011 

HP G1530A 
21206-022 ARO 

8:48 pm using AcqMethod DUAL COL.M 

Vial Number: 11 

Response_ 
8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 10.00 11.00 1 ioo 13.0014,0015,00 16,0017.9018,0019.9920.00 21.00 22.00 2}.00 24,00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene 78 
decachlorobiphenyl 91 

U = Below quantitation limit 

Page of 

21206-026 
TP6-2-W-B 
07/19/11 0930 
07/20/11 
07/25/11 
Solid 
10 
90 
1 

Reporting 
Limit 
(ug/g) 

0.0056 
0.0056 
0.0056 
0.0056 
0.0056 
0.0056 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\012B1201.D 
rdf 
25 Jul 2011 

HP G1530A 
21206-026 ARO 

9:24 pm using AcqMethod DUAL COL.M 

Vial Number: 12 

. ····Signal: 012B12D1.0\ECD1A.CH 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

sum( 
SURROGATE STANDARC Recovery 

(%) 
tetrachloro-m-xylene 64 
decachlorobiphenyl 75 

U = Below quantitation limit 

Page of 

21206-030 
TP2-1-W-H 
07/19/11 1000 
07/20/11 
07/25/11 
Solid 
10 
86 
1 
1 

Reporting 
Limit 

(ug/g) 

0.0058 
0.0058 
0.0058 
0.0058 
0.0058 
0.0058 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\015B1501.D 
rdf 
25 Jul 2011 

HP G1530A 
21206-030 ARO 

11:14 pm using AcqMethod DUAL COL.M 

Vial Number: 15 

Signal: 615B1501.D\ECb1A.cH ... 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 10,0011,90, 12.00 13,001':+,001§.Q9J?00 17,00 18.QOJ9,9920·Q9?1.002?,OO 23.00 24.00 25.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Arocior 1221 U 
Aroclor 1232 U 
Arocior 1248 U 
Arocior 1254 U 
Arocior 1260 U 

sum( 
SURROGATE STANDARC Recovery 

(%) 
tetrachloro-m-xylene 74 
decachlorobiphenyl 83 

U = Below quantitation limit 

Page of 

21206-034 
TP2-2-W-M 
07/19/11 1030 
07/20/11 
07/25/11 
Solid 
10 
89 
1 
1 

Reporting 
Limit 

(ug/g) 

0.0056 
0.0056 
0.0056 
0.0056 
0.0056 
0.0056 

Advisory Limits 
( %) 

30 -150 

30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\016B1601.D 
rdf 
25 Jul 2011 

HP G1530A 
21206-034 ARO 

11:51 pm using AcqMethod DUAL COL.M 

Vial Number: 16 

Response_ Signal:016B16CJ1.D\ECD1A.cH 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 0.0077 
Aroclor 1221 U 
Aroclor 1232 U 
Arocior 1248 U 
Arocior 1254 0.17 
Arocior 1260 0.012 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene 85 
decachlorobiphenyl 91 

U = Below quantitation limit 

21206-038 
TP2-4-W-A 
07/19/111100 
07/20/11 
07/26/11 
Solid 
10 
91 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0055 
0.0055 
0.0055 
0.0055 
0.0055 
0.0055 

Advisory Limits 
(%) 

30 -150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\017B1701.D 
rdf 
26 Jul 2011 

HP G1530A 
21206-038 ARO 

12:28 am using AcqMethod DUAL COL.M 

Vial Number: 17 

Response_ . Sigmil: 017B1701.D\ECD1A.CH 

3.4e+07 

3.2e+07 

3e+07 

2.8e+07 

2.6e+07 

2.4e+07 

2.2e+07 

2e+07 

1.8e+07 

1.6e+07 

1.4e+07 

1.2e+07 

1e+07 

8000000 

6000000 

4000000 

2000000 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Arocior 1221 U 
Aroclor 1232 U 
Arocior 1248 U 
Arocior 1254 0.09 
Aroclor 1260 0.0059 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene 91 
decachlorobiphenyl 109 

U = Below quantitation limit 

21206-042 
TP2-4-W-B 
07/19/111115 
07/20/11 
07/26/11 
Solid 
10 
88 

Reporting 
Limit 

(ug/g) 

0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Arocior and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\019B1901.D 
rdf 
26 Jul 2011 

HP G1530A 
21206-042 ARO 

1:41 am using AcqMethod DUAL COL.M 

Vial Number: 19 

Response_ 

1.5e+07 

1.45e+07 

1.4e+07 

1.35e+07 

1.3e+07 

1.25e+07 

1.2e+07 

1.15e+07 

1.1e+07 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.57 
Aroclor 1260 U 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachI oro-m-xylene 90 
decachlorobiphenyl 111 

U = Below quantitation limit 

21206-046 
TP4-1-E 
07/19/11 1200 
07/20/11 
07/26/11 
Solid 
10 
75 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0067 
0.0067 
0.0067 
0.0067 
0.0067 
0.0067 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File H:\1\DATA\072211B\018B1801.D 
Operator rdf 
Acquired 26 Jul 2011 1:04 am using AcqMethod DUAL COL.M 
Instrument : ~~HP G1530A 
Sample Name~3:r1i±&e~&400' ARO,L~'Zf":;;0 - b 
Misc Info 
Vial Number: 18 

Response_ 
6e+07 

5.8e+07 

5.6e+07 

5.4e+07 

5.2e+07 

5e+07 

4.8e+07 

4.6e+07 

4.4e+07 

4.2e+07 

4e+07 

3.8e+07 

3.6e+07 

3.4e+07 

3.2e+07 

3e+07 

2.8e+07 

2.6e+07 

2.4e+07 

2.2e+07 

2e+07 

1.8e+07 

1.6e+07 

1.4e+07 

1.2e+07 

1e+07 

8000000 

6000000 

4000000 

2000000 

, 
Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 .17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroelor 1016\1242 U 
Aroclor 1221 U 
Aroelor 1232 U 
Aroclor 1248 U 
Aroelor 1254 U 
Aroclor 1260 U 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene 97 
decachlorobiphenyl 91 

U ::: Below quantitation limit 

Page of 

21206-050 
TP3-1-S 
07/19/111300 
07/20/11 
07/26/11 
Solid 
10 
72 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0069 
0.0069 
0.0069 
0.0069 
0.0069 
0.0069 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\020B2001.D 
rdf 
26 Jul 2011 

HP G1530A 
21206-050 ARO 

2:18 am using AcqMethod DUAL COL.M 

Vial Number: 20 

Signal: 020B2001.D\ECD1A.cH· 

1.1 e+07 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 10.0011.0012.0013.0014.0015.0016.0017.0018.00 19.0020.0021.0022.0023.0024.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Arocior 1254 1.30 
Aroclor 1260 0.06 

sum( 
SURROGATE STANDARC Recovery 

(%) 
tetrachloro-m-xylene 83 
decachlorobiphenyl 108 

U = Below quantitation limit 

21206-052 
TP3-2-S-A 
07/19/11 1400 
07/20/11 
07/26/11 
Solid 
10 
87 
1 

Reporting 
Limit 

(ug/g) 

0.0058 
0.0058 
0.0058 
0.0058 
0.0058 
0.0058 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

Aroclor 1254 concentration was above the calibration limit but within the linear response range of the instrument. 
This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 
Vial Number: 

1.5e+08 

1.45e+08 

1.4e+08 

1.35e+08 

1.3e+08 

1.25e+08 

1.2e+08 

1.15e+08 

1.1e+08 

1.05e+08 

1e+08 

9.5e+07 

ge+07 

8.5e+07 

8e+07 

7.5e+07 

7e+07 

6.5e+07 

6e+07 

5.5e+07 

5e+07 

4.5e+07 

4e+07 

3.5e+07 

3e+07 

2.5e+07 

2e+07 

1.5e+07 

1e+07 

5000000 

I 

H:\1\DATA\072211B\021B2101.D 
rdf 
26 Jul 2011 2:54 am using AcqMethod DUAL COL.M 

HP G1530A 
21206-052 ARO 

21 

Signal: ()21821 ()1.[)\EC01A.CH 

I~ ~ 

~~ W 
, 
~~ 

I I I I I 
Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.42 
Aroclor 1260 0.019 

sum( 
SURROGATE STANDARC Recovery 

(%) 
tetrachloro-m-xylene 94 
decachlorobiphenyl 96 

U = Below quantitation limit 

21206-054 
TP3-2-S-M 
07/19/111415 
07/20/11 
07/26/11 
Solid 
10 
89 
1 

Reporting 
Limit 
(ug/g) 

0.0056 
0.0056 
0.0056 
0.0056 
0.0056 
0.0056 

Advisory Limits 
( %) 
30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\022B2201.D 
rdf 
26 Jul 2011 

HP G1530A 
21206-054 ARO 

3:31 am using AcqMethod DUAL COL.M 

Vial Number: 22 

Response_ Signai:022B2201 :O\EC:01A. CH· 
S.4e+07 

S.2e+07 

Se+07 

4.Se+07 

4.6e+07 

4.4e+07 

4.2e+07 

4e+07 

3.Se+07 

3.6e+07 

3.4e+07 

3.2e+07 

3e+07 

2.Se+07 

2.6e+07 

2.4e+07 

2.2e+07 

2e+07 

1.Se+07 

1.6e+07 

1.4e+07 

1.2e+07 

1e+07 

SOOOOOO 

6000000 

~ 4000000 

2000000 

Time 10.00 11.00 12.00 13.00 14.00 1S.00 16.00 17.00 1S.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Arocior 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

sum( 
SURROGATE STANDARC Recovery 

(%) 
tetrachloro-m-xylene 100 
decachlorobiphenyi 98 

U = Below quantitation limit 

Page of 

21206-056 
TP3-2-S-B 
07/19/11 1430 
07/20/11 
07/26/11 
Solid 
10 
84 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\023B2301.D 
rdf 
26 Jul 2011 

HP G1530A 
21206-056 ARO 

4:07 am using AcqMethod DUAL COL.M 

Vial Number: 23 

ReSRonse 
1.2e+07i 

1.15e+07 

1.1 e+07 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

. ···Signal:()23B2301.0\EC01A.CH 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.36 
Aroclor 1260 0.041 

sum( 
SURROGATE STANDARC Recovery 

(%) 

tetrachloro-m-xylene 100 

decachlorobiphenyl 102 

U = Below quantitation limit 

21206-059 
TP4-1-S-A 
07/20/11 1000 
07/20/11 
07/26/11 
Solid 
10 
86 

Reporting 
Limit 
(ug/g) 

0.0058 

0.0058 

0.0058 

0.0058 

0.0058 

0.0058 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211B\024B2401.D 
rdf 
26 Jul 2011 

HP G1530A 
21206-059 ARO 

4:44 am using AcqMethod DUAL COL.M 

Vial Number: 24 

Response_ . Signal: 024B2401.D\ECD1A.CH 

8.5e+07 

8e+07 

7.5e+07 

7e+07 

6.5e+07 

6e+07 

5.5e+07 

5e+07 

4.5e+07 

4e+07 

3.5e+07 

3e+07 

2.5e+07 

2e+07 

1.5e+07 

1e+07 

5000000 

I 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

ArocJor 1016\1242 U 
Aroclor 1221 U 
ArocJor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.006 
Aroclor 1260 U 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene 62 
decachlorobiphenyl 70 

U = Below quantitation limit 

21206-061 
TP4-1-S-M 
07/20/111015 
07/22/11 
07/27/11 
Solid 
10 
89 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0056 
0.0056 
0.0056 
0.0056 
0.0056 
0.0056 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211C\007B0701.D 
rdf 
27 Jul 2011 3:31 pm using AcqMethod DUAL COL.M 

HP G1530A 
21206-061 ARO 

Vial Number: 7 

Response_ 
7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

. Signal: 007B0701.D\ECD1A.CH 

J 
Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Arocior 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

sum( 
SURROGATE STANDARC Recovery 

(%) 
tetrachloro-m-xylene 59 
decachlorobiphenyl 71 

U = Below quantitation limit 

Page of 

21206-063 
TP4-1-S-B 
07/20/11 1020 
07/22/11 
07/27/11 
Solid 
10 
85 

Reporting 
Limit 
(ug/g) 

0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Mise Info 

H:\1\DATA\072211C\008B0801.D 
rdf 
27 Jul 2011 

HP G1530A 
21206-063 ARO 

4:08 pm using AeqMethod DUAL COL.M 

Vial Number: 8 

Sigmil:OOSB0801.0\ECD1A.CH 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

1000000L,~~"~~TT"~~TT,,~~~~,,-r~~~"~~TT"~~~TT""~TTTT""~~~~"-' 
Time 10.0011.0012.0013.0014.0015.0016.0017.0018.00 19.0020.0021.0022.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 630 
Aroclor 1260 11 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene Diluted out 
decachlorobiphenyl Diluted out 

U = Below quantitation limit 

21206-065 
TP4-1-W-A 
07/20/11 1130 
07/22/11 
07/28/11 
Solid 
10 
81 
1 
500 

Reporting 
Limit 

(ug/g) 

3.1 
3.1 

3.1 
3.1 
3.1 
3.1 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211D\031B0101.D 
rdf 
28 Jul 2011 11:30 am using AcqMethod DUAL COL.M 

HP G1530A 
21206-065 L500 

Vial Number: 31 

Response_ . . Signal:03iS0161.o\ECoiA.CH 

9.5e+07 

ge+07 

8.5e+07 

8e+07 

7.5e+07 

7e+07 

6.5e+07 

6e+07 

5.5e+07 

5e+07 

4.5e+07 

4e+07 

3.5e+07 

3e+07 

2.5e+07 

2e+07 

1.5e+07 

1e+07 

5000000 

v 

\\~U ~~ ~ 
V ~ 

f\ 
1 1 ' 1 1 1 1 1 .1 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 970 
Aroclor 1260 19 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene Diluted out 
decachlorobiphenyl Diluted out 

U = Below quantitation limit 

21206-067 
TP4-1-W-M 
07/20/11 1140 
07/22/11 
07/28/11 
Solid 
10 
85 
1 
500 

Reporting 
Limit 
(ug/g) 

2.9 
2.9 
2.9 
2.9 
2.9 
2.9 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Arocior and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211D\032B0201.D 
rdf 
28 Jul 2011 12:06 pm using AcqMethod DUAL COL.M 

HP G1530A 
21206-067 L500 

Vial Number: 32 

! 
Signal: 032B0201.0\ECD1A.CH Response_ 

1.2e+08 

1.15e+08 

1.1e+08 

1.05e+08 

1e+08 

9.5e+07 

ge+07 

8.5e+07 

8e+07 

7.5e+07 

7e+07 

6.5e+07 

6e+07 

5.5e+07 

5e+07 

4.5e+07 

4e+07 

3.5e+07 
I 

3e+07 

2.5e+07 

,I 
2e+07 

I 
1.5e+07 

~ 
~ 

~ \ \~~\ J~ 
w Vl~ V 

1e+07 

5000000 

I I I I I I I I I 
Time 10.0011.00 12.00 13.0014.0015.0016.0017.0018.0019.0020.0021.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 0.023 
Aroclor 1254 0.17 
Aroclor 1260 U 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene 58 
decachlorobiphenyl 69 

U = Below quantitation limit 

21206-069 
TP4-1-W-B 
07/20/11 1145 
07/22/11 
07/27/11 
Solid 
10 
84 

Reporting 
Limit 
(ug/g) 

0.006 
0.006 
0.006 
0.006 
0.006 
0.006 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File H:\1\DATA\072211C\011BII01.D 
Operator rdf 
Acquired 27 Jul 2011 6:00 pm using AcqMethod DUAL COL.M 
Instrument ;. ~ HP G1530A 
Sample Name p>'&~e&&"'''f}6··8· ARO ,l!Z.OIe "01&'1 

Misc Info 
Vial Number: 11 

1,7e+07 

1.6e+07 

1.5e+07 

1.4e+07 

1.3e+07 

1.2e+07 

1.1e+07 

1e+07 

9000000 

8000000 

7000000 

6000000 

5000000 

4000000 

3000000 

2000000 

.. SignaF011B11 o1.b\ECD1ACH 

1000000~~~~~~~~~~~~~~~~~~~~~~~"~-,~~"~-,,,~,,~~,,~~,,~~,, I I I 
Time 10,00 11.00 12.00 13.00 14.00 15,00 16.00 17,00 18,00 19.00 20.00 21.00 22.00 23.00 24.00 25,00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 480 
Aroclor 1260 U 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene Diluted out 
decachlorobiphenyl Diluted out 

U = Below quantitation limit 

21206-071 
TP4-2-W 
07/20/11 1225 
07/22/11 
07/28/11 
Solid 
10 
84 
1 
2000 

Reporting 
Limit 
(ug/g) 

12 
12 
12 
12 
12 
12 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211D\033B0301.D 
rdf 
28 Jul 2011 12:43 pm using AcqMethod DUAL COL.M 

HP G1530A 
21206-071 L2000 

Vial Number: 33 

Response_ Signal:033B0301.0\ECD1A.CH 

1.7e+07 

1.6e+07 

1.5e+07 

1.4e+07 

1.3e+07 

1.2e+07 

1.1e+07 

1e+07 

9000000 

8000000 

7000000 

6000000 

5000000 

4000000j 

I 
3000000 

2000000 

1000000 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~-,~~",-~,,~,,~,-~,,~.-

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.014 
Aroclor 1260 U 

sum( 
SURROGATE STANDARC Recovery 

(%) 
tetrachloro-m-xylene 58 
decachlorobiphenyl 64 

U = Below quantitation limit 

21206-073 
TP9-1-E 
07/20/11 1400 
07/22/11 
07/27/11 
Solid 
10 
55 

Reporting 
Limit 
(ug/g) 

0.0092 
0.0092 
0.0092 
0.0092 
0.0092 
0.0092 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211C\015B1501.D 
rdf 
27 Jul 2011 

HP G1530A 
21206-073 ARO 

8:29 pm using AcqMethod DUAL COL.M 

Vial Number: 15 

Response_ Signal: 615B1501:0\EijoiA.ci-t 

5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 
~~"~~""""""~"~~"~"""""TT"""TT"""""""",,~,,~~~~rr 

Time 9.00 10,00 11.9012,90 13,0014.00 15.00 1R nn 1700 18.0019.0020,00 21,00 22.09 ?3.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroelor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroelor 1248 0.017 
Aroclor 1254 0.069 
Aroelor 1260 U 

sum( 
SURROGATE STANDARC Recovery 

(%) 
tetrachloro-m-xylene 61 
decachlorobiphenyl 69 

U = Below quantitation limit 

21206-074 
TP9-1-W 
07/20/11 1420 
07/22/11 
07/27/11 
Solid 
10 
66 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0075 
0.0075 
0.0075 
0.0075 
0.0075 
0.0075 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211C\016B1601.D 
rdf . 
27 Jul 2011 9:07 pm using AcqMethod DUAL COL.M 

HP G1530A 
21206-074 ARO 

Vial Number: 16 

Response_ 
6800000 

6600000 

6400000 

6200000 

6000000 

5800000 

56000001 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1000000 

800000 

Signal:0168160i .b\ECbiA.CH 

L,~~~~~"~~~"~~~"~~"~""""~~",,,,~,,,,,,~~,,~,,,,~-.,,~,, 
Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

sum( 
SURROGATE STANDARC Recovery 

(%) 
tetrachloro-m-xylene 63 
decachlorobiphenyl 74 

U = Below quantitation limit 

Page of 

21206-075 
TP9-1-N 
07/20/11 1430 
07/22/11 
07/27/11 
Solid 
10 
51 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0097 
0.0097 
0.0097 
0.0097 
0.0097 
0.0097 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

ESI 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 

H:\1\DATA\072211C\003B0301.D 
rdf 
27 Jul 2011 

HP G1530A 
21206-075 ARO 

1:03 pm using AcqMethod DUAL COL.M 

Misc Info 
Vial Number: 3 

R~ . Signa.I:003B0301.D\ECDiA.CH 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 
I 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene 57 
decachlorobiphenyl 63 

U = Below quantitation limit 

Page of 

21206-076 
TP9-1-S 
07/20/11 1500 
07/22/11 
07/27/11 
Solid 
10 
52 
1 

Reporting 
Limit 
(ug/g) 

0.0096 
0.0096 
0.0096 
0.0096 
0.0096 
0.0096 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

ESI 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211C\017B1701.D 
rdf 
27 Jul 2011 

HP G1530A 
21206-076 ARO 

9:44 pm using AcqMethod DUAL COL.M 

Vial Number: 17 

Response_ 
5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

. Signal:017B 1701.0\ECD1 A.CH 

80000°L,~~"~~~~~~~~~~-'~~""~-'~"~"'-~"TT"~-'~"~"~-'~""~'-, I I . 
Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Arocior 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.73 
Arocior 1260 0.069 

sum( 
SURROGATESTANDARC Recovery 

(%) 
tetrachloro-m-xylene 85 
decachlorobiphenyl Interference 

U = Below quantitation limit 

21206-077 
TP13-1-S 
07/21/110800 
07/22/11 
07/27/11 
Solid 
10 
81 
1 

Reporting 
Limit 

(ug/g) 

0.0061 
0.0061 
0.0061 
0.0061 
0.0061 
0.0061 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211C\018B1801.D 
rdf 
27 Jul 2011 

HP G1530A 
21206-077 ARO 

10:21 pm using AcqMethod DUAL COL.M 

Vial Number: 18 

Response 
7e+07i 

6.5e+07 

6e+07 

5.5e+07 

5e+07 

4.5e+07 

4e+07 

3.5e+07 

3e+07 

2.5e+07 

2e+07 

1.5e+07 

I 
1e+07 

5000000 

Signal: 018sia01.0\ECD1A.CH· 

Time 10.0011.0012.00 13.00 14.0015,9016.0017.0018.0019.0020.0021.0022.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.01 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 61 
decachlorobiphenyl 72 

U = Below quantitation limit 

21206-078 
TP13-2-S-A 
07/21/11 0830 
07/22/11 
07/27/11 
Solid 
10 
95 

Reporting 
Limit 
(ug/g) 

0.0053 
0.0053 
0.0053 
0.0053 
0.0053 
0.0053 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211C\019B1901.D 
rdf 
27 Jul 2011 

HP G1530A 
21206-078 ARO 

10:58 pm using AcqMethod DUAL COL.M 

Vial Number: 19 

Response_ 
5800000 

5600000 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

·Signal:·019Sf90T.[)\ECD1A.-CH 

I 
Time 10.0011.0012.00 13.0014.0015.0016.0017.0018.0019.0020.0021.00 22.0023.0024.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 0.013 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 0.033 
Aroclor 1254 0.86 
Aroclor 1260 0.086 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 44 
decachlorobiphenyl 69 

U = Below quantitation limit 

21206-079 
TP13-2-S-M 
07/21/11 0835 
07/22/11 
07/27/11 
Solid 
10 
77 
1 

Reporting 
Limit 
(ug/g) 

0.0065 
0.0065 
0.0065 
0.0065 
0.0065 
0.0065 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File H:\1\DATA\072211C\020B2001.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

27 Jul 2011 
HP G1530A 

21206-079 ARO 

11:35 pm using AcqMethod DUAL COL.M 

Misc Info 
Vial Number: 20 

Resp,onse 
6.Se+OTi 

6e+07 

S.Se+07 

Se+07 

4.Se+07 

4e+07 

3.Se+07 

3e+07 

2.Se+07 

2e+07 

1.Se+07 

1e+07 

SOOOOOO 

Time 2.00 

. Signai:OiOB2001.0\EC01A.CH 

II 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Arocior 1248 U 
Arocior 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 60 
decachlorobiphenyl 68 

U = Below quantitation limit 

21206-080 
TP13-2-S-B 
07/21/11 0840 
07/22/11 
07/28/11 
Solid 
10 
67 

Reporting 
Limit 
(ug/g) 

0.0074 
0.0074 
0.0074 
0.0074 
0.0074 
0.0074 

Advisory Limits 
(%) 
30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211C\021B2101.D 
rdf 
28 Jul 2011 

HP G1530A 
21206-080 ARO 

12:13 am using AcqMethod DUAL COL.M 

Vial Number: 21 

Response_ 

5600000 

5400000 

5200000 

5000000 

48000001 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

180000°1 

1600000 

1400000 

1200000 

SlgnaI021B2101.b\ECD1A.CH 

800000~~~~~~~~"~~,,,,~-r~~,,~~,,"~~~,,"~rr~""~",,~~rr""I"~-r 
Time 1 0.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.54 
Aroclor 1260 0.031 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 47 
decachlorobiphenyl 93 

U = Below quantitation limit 

21206-081 
TP17-1-S-A 
07/21/11 0900 
07/22/11 
07/28/11 
Solid 
10 
89 

Reporting 
Limit 
(ug/g) 

0.0056 
0.0056 
0.0056 
0.0056 
0.0056 
0.0056 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Mise Info 

H:\1\DATA\072211C\022B2201.D 
rdf 
28 Jul 2011 

HP G1530A 
21206-081 ARO 

12:50 am using AcqMethod DUAL COL.M 

Vial Number: 22 

Response 
5.Be+OTj 

5.6e+07j 

5.4e+07 

5.2e+07 

5e+07 

4.Be+07 

4.6e+07 

4.4e+07 

4.2e+07 

4e+07 

3.Be+07 

3.6e+07 

3.4e+07 

3.2e+07 

3e+07 

2.Be+07 

2.6e+07 

2.4e+07 

2.2e+07 

2e+07 

1.Be+07 

1.6e+07 

1.4e+07 

1.2e+07j 

1e+071 

BOOOOOO 

Signal: Cl22B22Cl1.D\ECD1A.CH 
I 

:::::::IU' 
2000000 ~.~ 

~~, ~~,,~""" "'1",,-0, "'1"""-" '1"""-'-'1 """,'-01 """"'1-0, """'1,,-0, ""'1"'" ""'1",,-0, "'1"",,-0, 'I """"'1-'-" ""~I 
Time 1 0.00 13.00 14.00 15.00 16.00 17.00 1B.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.06 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 53 
decachlorobiphenyl 69 

U = Below quantitation limit 

21206-082 
TP17-1-S-M 
07/21/11 0915 
07/22/11 
07/28/11 
Solid 
10 
74 
1 

Reporting 
Limit 

(ug/g) 

0.0067 

0.0067 
0.0067 

0.0067 
0.0067 

0.0067 

Advisory Limits 

(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Mise Info 

H:\1\DATA\072211C\023B2301.D 
rdf 
28 Jul 2011 

HP G1530A 
21206-082 ARO 

1:27 am using AeqMethod DUAL COL.M 

Vial Number: 23 

Response_ 

7500000 

SignaI:02382301.0\ECD1A.CH 

! 

7000000 I 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 61 
decachlorobiphenyl 67 

U = Below quantitation limit 

21206-083 
TP17-1-S-B 
07/21/11 0920 
07/22/11 
07/28/11 
Solid 
10 
82 

Reporting 
Limit 

(ug/g) 

0.0061 
0.0061 
0.0061 
0.0061 
0.0061 
0.0061 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211C\024B2401.D 
rdf 
28 Jul 2011 

HP G1530A 
21206-083 ARO 

2:04 am using AcqMethod DUAL COL.M 

Vial Number: 24 

Response_ SignaE024B2401 :[)\EC[)1A.cH 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

I 
Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Arocior 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.78 
Aroclor 1260 0.072 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 54 
decachlorobiphenyl 68 

U = Below quantitation limit 

21206-084 
TP13/17-1-C-A 
07/21/11 0945 
07/22/11 
07/28/11 
Solid 
10 
85 

Reporting 
Limit 

(ug/g) 

0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 

Advisory Limits 
(%) 
30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211C\025B2701.D 
rdf 
28 Jul 2011 

HP G1530A 
21206-084 ARO 

3:55 am using AcqMethod DUAL COL.M 

Vial Number: 25 

Signal: 025B27()1.0\ECD1A.CH 

5.Se+07 

5.6e+07 

5.4e+07 

5.2e+07 

5e+07 

4.Se+07 

4.6e+07 

4.4e+07 

4.2e+07 

4e+07 

3.Se+07 

3.6e+07 

3.4e+07 

3.2e+07 

3e+07 

2.Se+07 

2.6e+07 

2.4e+07 

2.2e+07 

2e+07 

1.Se+07 

1.6e+07 

1.4e+07 

1.2e+07 

1e+07 

SOOOOOO 

6000000 

4000000 

2000000 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 1S.00 19.00 20.00 21.00 22.00 23.00 24.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 54 
decachlorobiphenyl 64 

U = Below quantitation limit 

21206-085 
TP13/17-1-C-M 
07/21/11 0950 
07/22/11 
07/28/11 
Solid 
10 
53 

Reporting 
Limit 
(ug/g) 

0.0094 

0.0094 

0.0094 
0.0094 
0.0094 

0.0094 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 

Page of ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

72/145 



File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211C\026B2801.D 
rdf 
28 Jul 2011 

HP G1530A 
21206-085 ARO 

4:32 am using AcqMethod DUAL COL.M 

Vial Number: 26 

Response_ 

46000001 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

20000001 

1800000 

1600000 

1400000 

1200000 

800000~~~~~~-'~~~~~~~~~~~~~~~~~~~-'~~~~-'~~~~-'~~~1~~~ 
Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.01 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 62 
decachlorobiphenyl 68 

U = Below quantitation limit 

21206-086 
TP13/17-1-C-B 
07/21/11 0955 
07/22/11 
07/28/11 
Solid 
10 
83 

Reporting 
Limit 
(ug/g) 

0.0061 
0.0061 
0.0061 
0.0061 
0.0061 
0.0061 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File H:\1\DATA\072211C\027B2901.D 
rdf Operator 

Acquired 
Instrument 
Sample Name: 

28 Jul 2011 5:08 am using AcqMethod DUAL COL.M 
HP G1530A 

21206-086 ARO 
Misc Info 
Vial Number: 27 

Response 

520000~ 
5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

Time 9.00 10.00 11.00 12.00 13.00 
" ........ . ... . 

Sigmll:02is2901.D\EC01A.CH· 

15.00 16.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 0.0059 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 2.10 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 39 
decachlorobiphenyl 113 

U = Below quantitation limit 

21206-087 
TP13-1-N-A 
07/21/111030 
07/26/11 
07128/11 
Solid 
10 
86 

Reporting 
Limit 

(ug/g) 

0.0058 
0.0058 
0.0058 
0.0058 
0.0058 
0.0058 

Advisory Limits 
(%) 
30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\037B0701.D 
rdf 
28 Jul 2011 

HP G1530A 
21206-087 ARO 

7:38 pm using AcqMethod DUAL COL.M 

Vial Number: 37 

Response_ 
1.7e+08 

1.6e+08 

1.5e+08 

1.4e+08 

1.3e+08 

1.2e+08 

1.1e+08 

1e+08 

ge+07 

8e+07 

7e+07 

6e+07 

5e+07 

4e+07 

3e+07 

2e+07 

1e+07 

Time 10.00 11.00 12.00 

Signal: 037130701.D\ECD1A.CH 

1\ 

~ 
~ 

I I 
13.00 14.00 15.00 16.00 17.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Arocior 1221 U 
Arocior 1232 U 
Arocior 1248 U 
Aroclor 1254 0.26 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 49 
decachlorobiphenyl 56 

U = Below quantitation limit 

21206-088 
TP13-1-N-M 
07/21/111035 
07/26/11 
07/28/11 
Solid 
10 
75 

Reporting 
Limit 
(ug/g) 

0.0067 
0.0067 
0.0067 
0.0067 
0.0067 
0.0067 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\038B0801.D 
rdf 
28 Jul 2011 

HP G1530A 
21206-088 ARO 

8:15 pm using AcqMethod DUAL COL.M 

Vial Number: 38 

Response_ 

I 
2.1e+07 

2e+07 

1.ge+07 

1.8e+07 

1.7e+07 

1.6e+07 

1.5e+07 

1.4e+07 

1.3e+07 

1.2e+07 

1.1 e+07 

1e+07 

9000000 

8000000 

7000000 

6000000 

5000000 
I 

4000000 

3000000
1 

2000000 

1000000 

.. Signal:038B0801.D\ECD1ACH 

! 

I 
Time 9.00 10.0011.0012.0013.0014.0015.0016.0017.0018.00 19.0020.0021.0022.0023.0024.0025.00 

79/145 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Arocior 1248 U 
Aroclor 1254 0.01 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 55 
decachlorobiphenyl 65 

U = Below quantitation limit 

21206-089 
TP13-1-N-B 
07/21/11 1040 
07/26/11 
07/28/11 
Solid 
10 
75 

Reporting 
Limit 
(ug/g) 

0.0067 
0.0067 
0.0067 
0.0067 
0.0067 
0.0067 

Advisory Limits 
(%) 
30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\039B0901.D 
rdf 
28 Jul 2011 

HP G1530A 
21206-089 ARO 

8:52 pm using AcqMethod DUAL COL.M 

Vial Number: 39 

Response_ 
4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

Signal: 0398090f.O\ECD1A.CH 

) 
800000~"~nn~""~"~"~nn""rnnn""rn~""rn~,,,,nn,,,,,,nn,,"rnnn,,,,nn,,~nn-' 

Time 9.00 10.90 J1,09 12.00 13.00 14.0015,90 16.00 17.00 18.00 19.0020,OO?1·QO 22,00 23.00 24.00 25.00 26.00 27.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.62 
Aroclor 1260 0.034 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 48 
decachlorobiphenyl 99 

U = Below quantitation limit 

21206-090 
TP17-1-N-A 
07/21/111100 
07/26/11 
07/28/11 
Solid 
10 
82 

Reporting 
Limit 

(ug/g) 

0.0061 
0.0061 
0.0061 

0.0061 
0.0061 
0.0061 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\040B1001.D 
rdf 
28 Jul 2011 

HP G1530A 
21206-090 ARO 

9:29 pm using AcqMethod DUAL COL.M 

Vial Number: 40 

Re5~j+W, 

5.4e+071 

.... Signal:04bs10b1.D\ECD1A.CH 

5.2e+07 

5e+07 

4.8e+07 

4.6e+07 

4.4e+07 

4.2e+07 

4e+07 

3.8e+07 

3.6e+07 

3.4e+07 

3.2e+07 

3e+07 

2.8e+07 

2.6e+07 

2.4e+07 

2.2e+07 

2e+07 

1.8e+07 

1.6e+07 

1.4e+07 

1.2e+07 

1e+07 

8000000 

6000000 

i~ 
iii' i \ I Iii iii iii iii iii Iii iii iii iii iii Iii I i If' Ii" iii iii Iii I ) 

14.00 15.00 16.00 17.00 18,00 19.00 20,00 21.00 22.0023.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 47 
decachlorobiphenyl 54 

U = Below quantitation limit 

21206-091 
TP17-1-N-M 
07/21/111110 
07/26/11 
07/28/11 
Solid 
10 
82 

Reporting 
Limit 
(ug/g) 

0.0061 
0.0061 
0.0061 
0.0061 
0.0061 
0.0061 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\041BI101.D 
rdf 
28 Jul 2011 

HP G1530A 
21206-091 ARO 

10:06 pm using AcqMethod DUAL COL.M 

Vial Number: 41 

3700000 

3600000 

35000001 
; 

3400000 

3300000 

3200000 

3100000 

3000000 

2900000 

2800000 

2700000 

2600000 

25000001' 

2400000 

2300000 

2200000 

2100000 

2000000 

1900000 

1800000 

1700000 

1600000 

1500000 

1400000 

1300000 

1200000 

1100000 

1000000 

···Signal: 041SfiOfO\ECD1A.CH 

l 

\ 

~ 

900000t::: ' 

800000 
iii iii ii' iii Iii iii' i , iii iii Iii iii iii iii iii Iii' iii iii I ' ii' I ' iii Iii iii iii, Iii' iii iii Iii. 

Time ~.OO 10.0011:00 12.0013.00 14.0015.00 16.00 17.0018.0019.0020.00 21.00 22.00 23.00 24.00 25.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW846 8082 

Concentration 
(ug/g) 

Aroclor 1016\1242 

Aroclor 1221 
Aroclor 1232 

Aroclor 1248 
Aroclor 1254 

Aroclor 1260 

SURROGATE STANDARD 

tetrachloro-m-xylene 

decachlorobiphenyl 

U = Below quantitation limit 

U 

U 
U 
U 

U 
U 

Recovery 
(%) 

61 

66 

21206-092 
TP17-1-N-B 
07/21/111120 
07/26/11 
07/28/11 
Solid 
10 
64 

Reporting 
Limit 
(ug/g) 

0.0078 
0.0078 
0.0078 

0.0078 
0.0078 

0.0078 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\042B1201.D 
rdf 
28 Jul 2011 

HP G1530A 
21206-092 ARO 

10:43 pm using AcqMethod DUAL COL.M 

Vial Number: 42 

Response_ 
5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000
1 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

Signal: 042B1201.D\ECD1A.CH 

L 

800000L,~~~~~~~~~~~r,~~"'-~"'-~~-r~~"~-r,,~,,,,~,,,-~~,-~,,,-~.
Time 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 1.70 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 59 
decachlorobiphenyl 72 

U = Below quantitation limit 

21206-093 
TP6-1-NW-A 
07/22/11 0800 
07/26/11 
07/29/11 
Solid 
10 
85 

Reporting 
Limit 

(ug/g) 

0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\045B1501.D 
rdf 
29 Jul 2011 

HP G1530A 
21206-093 ARO 

12:33 am using AcqMethod DUAL COL.M 

Vial Number: 45 

Response~ 
3.2e+08 

3e+08 

2.8e+08 

2.6e+08 

2.4e+08 

2.2e+08 

2e+08 

1.8e+08 

1.6e+08 

1.4e+08 

1.2e+08 

1e+08 

8e+07 

6e+071 

I 
4e+07! 

2e+07 

Time 
I ,[I, , , I ' , , , I ' 

10.00 11.00 12.00 

Signal: 045B1501.D\E:CD1A.CH· 

I 
, , I ' , , , I ' , , , I ' , I , , I ' , 

13.00 14.00 15.00 16.00 17.00 18.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroelor 1254 0.28 
Aroclor 1260 0.14 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 62 
decachlorobiphenyl 68 

U = Below quantitation limit 

21206-095 
TP6-1-NW-M 
07/22/11 0810 
07/26/11 
07/29/11 
Solid 
10 
97 

Reporting 
Limit 

(ug/g) 

0.0052 
0.0052 
0.0052 
0.0052 
0.0052 
0.0052 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroelor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\046B1601.D 
rdf 
29 Jul 2011 

HP G1530A 
21206-095 ARO 

1:10 am using AcqMethod DUAL COL.M 

Vial Number: 46 

Response_ 

4e+07j 

3.Se+07 

3.6e+07 

3.4e+07 

3.2e+07 

3e+07j 

2.Se+07 

2.6e+07 

2.4e+07 

2.2e+07 

2e+07 

1.Se+07 

1.6e+07 

1.4e+07 

1.2e+07 

1e+07 

SOOOOOO 

6000000 

4000000 

. Signal:046S1601.0\EC01A.CH 

2000000~~TT~'~~~~~~~~~~~~'-~~~~~~'-~~~"~~"~~"~'~',=", " ~'~'~I~'~'~"~'-" ~ "1''''1''''1'' I "1""1""1" 1''''1''''1''''1'' I '1""1 
Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 1S.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.05 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 44 
decachlorobiphenyl 46 

U = Below quantitation limit 

21206-097 
TP6-1-NW-B 
07/22/11 0820 
07/26/11 
07/29/11 
Solid 
10 
83 

Reporting 
Limit 

(ug/g) 

0.006 
0.006 
0.006 
0.006 
0.006 
0.006 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\047B1701.D 
rdf 
29 Jul 2011 

HP G1530A 
21206-097 ARO 

1:47 am using AcqMethod DUAL COL.M 

Vial Number: 47 

ResJlonse 
4 oooom 

.... Signal: 047B1701.D\ECD1A.CH 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

?t:::l1l1nnnJ 
~vvvvvvi 

I I ~ I 
I \ I 

24000001 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 JJ 

800000 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 2.30 
Aroclor 1260 0.094 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 61 
decachlorobiphenyl 71 

U = Below quantitation limit 

21206-099 
TP6-2-NW-A 
07/22/11 0900 
07/26/11 
07/29/11 
Solid 
10 
34 

Reporting 
Limit 

(ug/g) 

0.015 
0.015 
0.015 
0.015 
0.015 
0.015 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCS's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 

H:\1\DATA\072211E\048B1801.D 
rdf 
29 Jul 2011 

HP G1530A 
21206-099 ARO 

Misc Info 
Vial Number: 48 

Response_ 

6e+oJ 

5.5e+07 

5e+07 

4.5e+07 

4e+07 

3.5e+07 

3e+07 

2.5e+07 

2e+07 

1.5e+07 

1e+07 

5000000 

Time 

j ,J,,; 
10.00 11.00 

2:23 am using AcqMethod DUAL COL.M 

Signal: ()4881801.D\EC01A.CH 

iii' iii Iii iii iii iii iii Iii " , ~-------./i , " I " " I " " I i 

14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 58 
decachlorobiphenyl 66 

U = Below quantitation limit 

21206-101 
TP6-2-NW-M 
07/22/11 0910 
07/26/11 
07/28/11 
Solid 
10 
92 

Reporting 
Limit 

(ug/g) 

0.0054 
0.0054 
0.0054 
0.0054 
0.0054 
0.0054 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File H:\1\DATA\072211E\033B0301.D 
Operator rdf 
Acquired 28 Jul 2011 5:11 pm using AcqMethod DUAL COL.M 
Instrument HP G1530A 
Sample Name: 21206-101 ARO 
Misc Info 
Vial Number: 33 

Response~ 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

28000001 

I 
26000001 

I 
2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

. Signal: 033B03()1.0\EC[)1A:CH 

800000" , , I ' , , , I ' , , , I ' , , , I ' , , , I ' , , , I ' , , , I ' , , , I ' , , , I ' , , , I ' , , , I ' , , , I ' , , , I " 'I"" I ' , , , I ' , , , I 
Time 10,00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 60 
decachlorobiphenyl 67 

U = Below quantitation limit 

21206-103 
TP6-2-NW-B 
07/22/11 0920 
07/26/11 
07/29/11 
Solid 
10 
83 

Reporting 
Limit 
(ug/g) 

0.006 

0.006 
0.006 
0.006 
0.006 

0.006 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\049B1901.D 
rdf 
29 Jul 2011 

HP G1530A 
21206-103 ARO 

3:00 am using AcqMethod DUAL COL.M 

Vial Number: 49 

Response_ Signai:04981901.D\ECD1A.CH 

4600000 

4400000 

4200000 

4000000 

3S00000 

3600000 

3400000 

3200000

1 

3000000 

2S00000 

2600000 

24000001 

2200000] 

2000000 

1S00000 

1600000 

1400000 

1200000 1 

l/ 1000000 

SOOOOOI 
'r---, 'j ,-, ,-, ,-, ,-, 'I .-, .-, ;-, .-, 'j .-, .-, .-, ,-, 'j ,-, ,-, ,-, ,-, 'j ,-, ,-, ,-, ,-, 'j .-, .-, .-, .-, 'j r-, r-, r-, r-, j",;-;,;-;,-o"j-o'-o,-o,-o"j"""-'"j---r,---r,---r,-r"j-r'-"-"-"'j-"-"-"-"'j""'-''-''j'-''-''-' -" 'j -" .-, .-, ,-, '-j ,-, ;-, r-, ,...,-, j 

Time 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 1S.00 19:00 20,00 21.00 22,00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.25 
Aroclor 1260 0.0096 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 64 
decachlorobiphenyl 68 

U = Below quantitation limit 

21206-105 
TP6-1-NE-A 
07/22/11 0930 
07/26/11 
07/29/11 
Solid 
10 
97 
1 

Reporting 
Limit 

(ug/g) 

0.0051 
0.0051 
0.0051 
0.0051 
0.0051 
0.0051 

Advisory Limits 
(%) 
30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\050B2001.D 
rdf 
29 Jul 2011 

HP G1530A 
21206-105 ARO 

3:37 am using AcqMethod DUAL COL.M 

Vial Number: 50 

Response_ 
2e+071 

Signal: 050B2001.D\EC[)1A.CH 

1.ge+07 

1.8e+07 

1.7e+071 

1.6e+07 

1.5e+07 

1.4e+07 

1.3e+07 

1.2e+07 

1.1e+07 

1e+07 

9000000 

8000000 

7000000 

6000000 

5000000 

4000000 

3000000 

20000001 

1000000 
, 

Time 10.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.35 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 72 
decachlorobiphenyl 35 

U = Below quantitation limit 

21206-107 
TP6-1-NE-M 
07/22/11 0935 
07/26/11 
07/29/11 
Solid 
10 
80 

Reporting 
Limit 

(ug/g) 

0.0062 
0.0062 
0.0062 
0.0062 
0.0062 
0.0062 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File H:\1\DATA\072211E\051B2101.D 
Operator rdf 
Acquired 29 Jul 2011 4:14 am using AcqMethod DUAL COL.M 
Instrument HP G1530A 
Sample Name: 21206-107 ARO 
Misc Info 
Vial Number: 51 

ReSRonse 
3.6e+07i 

3.4e+07 

3.2e+07 

3e+07 

2.8e+07 

2.6e+07 

2.4e+07 

2.2e+07 

2e+07 

1.8e+07 

1.6e+07 

1.4e+07 

1.2e+07 

8000000 

6000000 

4000000 

2000000 

Signal:051s2101.[)\ECD1A:CH 

l 
I 

Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 . .. .. . . -
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.03 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 56 
decachlorobiphenyl 77 

U = Below quantitation limit 

21206-109 
TP6-1-NE-B 
07/22/11 0940 
07/26/11 
07/29/11 
Solid 
10 
97 

Reporting 
Limit 
(ug/g) 

0.0051 
0.0051 
0.0051 
0.0051 
0.0051 
0.0051 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 

Page of ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

104/145 



File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\052B2201.D 
rdf 
29 Jul 2011 

HP G1530A 
21206-109 ARO 

4:50 am using AcqMethod DUAL COL.M 

Vial Number: 52 

ReS~0I1se 
9 00001 
9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000~ 
I 

1000000 

~ 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Time 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.0g 21.0022.00 23.00 24.00 25.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.03 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 58 
decachlorobiphenyl 61 

U = Below quantitation limit 

21206-111 
TP6-3-NE-A 
07/22/111100 
07/26/11 
07/29/11 
Solid 
10 
91 
1 

Reporting 
Limit 
(ug/g) 

0.0055 
0.0055 
0.0055 
0.0055 
0.0055 
0.0055 

Advisory Limits 
(%) 
30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\053B2301.D 
rdf 
29 Jul 2011 5:27 am using AcqMethod DUAL COL.M 

HP G1530A 
21206-111 ARO 

Vial Number: 53 

Response_ 

56000001 

5400000 

5200000 

5000000 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

12000001 

1000000 

Signal: 053B2301.D\ECD1A.CH 

800000~~~~~~~~~~~~~~~,,~~~~~~~~,,~~nr~,,~,,~~,,""~"~~"" 

Time 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 50 
decachlorobiphenyl 59 

U = Below quantitation limit 

21206-113 
TP6-3-NE-M 
07/22/11 1110 
07/26/11 
07/29/11 
Solid 
10 
91 

Reporting 
Limit 

(ug/g) 

0.0055 
0.0055 
0.0055 
0.0055 
0.0055 
0.0055 

Advisory Limits 
(%) 
30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 

Page of ESI 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\054B2401.D 
rdf 
29 Jul 2011 

HP G1530A 
21206-113 ARO 

6:04 am using AcqMethod DUAL COL.M 

Vial Number: 54 

Response_ Signal:054B2401.D\ECD1ACH . 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000~~"~~~~"~~"~~~~""""~"~""~~~",,~~,,"~"~rn~~~~~~ 
Time 1 0.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW846 8082 

Concentration 
(ug/g) 

Aroclor 1016\1242 
Aroclor 1221 
Aroclor 1232 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

SURROGATE STANDARD 

tetrachloro-m-xylene 

decachlorobiphenyl 

U = Below quantitation limit 

U 
U 
U 
U 

0.02 
U 

Recovery 
(%) 
42 

47 

21206-115 
TP6-3-NE-B 
07/22/11 1120 
07/26/11 
07/29/11 
Solid 
10 
86 

Reporting 
Limit 
(ug/g) 

0.0058 
0.0058 
0.0058 
0.0058 
0.0058 
0.0058 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\055B2701.D 
rdf 
29 Jul 2011 7:54 am using AcqMethod DUAL COL.M 

HP G1530A 
21206-115 ARO 

Vial Number: 55 

Response_ Signal: 055B2761.D\ECD1A.CH 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

I 
Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Arocior 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 62 
decachlorobiphenyl 64 

U = Below quantitation limit 

21206-117 
TP6-5-NE-A 
07/25/11 0950 
07/26/11 
07/29/11 
Solid 
10 
97 

Reporting 
Limit 
(ug/g) 

0.0051 
0.0051 
0.0051 
0.0051 
0.0051 
0.0051 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\056B2801.D 
rdf 
29 Jul 2011 

HP G1530A 
21206-117 ARO 

8:31 am using AcqMethod DUAL COL.M 

Vial Number: 56 

Response_ . Signal: 056B2801.D\ECD1A.CH 

4800000 

4600000 

4400000 ! 
II 

4200000 II 

4000000 1 I 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

22000001 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000~ , , , : ' , , , ' , , , , , ' , , , , ' , , , , ' " , , ' " , , ' , , , , ' , , , , ' , , , , ' , , , , ' , , , , ' , , , , ' , , , , ' , , , , ' , , , , ' , , , : ' , 
Time 10.00 11.00 12.00 13.00 14,99 15.00 16.00 17.00 18.00 19.00 20,00 21.90 ~2.00 23.00 24.00 25.00 26.00 27.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.04 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 52 
decachlorobiphenyl 61 

U = Below quantitation limit 

21206-118 
TP6-5-NE-M 
07/25/11 0955 
07/26/11 
07/29/11 
Solid 
10 
84 

Reporting 
Limit 

(ug/g) 

0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Arocior and used for 
quantitation were present. Arochlor identification is tentative. 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211E\057B2901.D 
rdf 
29 Jul 2011 

HP G1530A 
21206-118 ARO 

9:08 am using AcqMethod DUAL COL.M 

Vial Number: 57 

Response_ 

5000000 1 

4800000 

4600000 

4400000 

4200000 

4000000 

3800000 

3600000 

3400000 

3200000 

3000000 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

Signal: 057E32901.b\ECbiA.CH 

I ' , I 
Time 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 63 
decachlorobiphenyl 76 

U = Below quantitation limit 

Page of 

21206-119 
TP6-5-NE-B 
07/25/11 1000 
07/29/11 
07/29/11 
Solid 
10 
75 

Reporting 
Limit 
(ug/g) 

0.0066 
0.0066 
0.0066 
0.0066 
0.0066 
0.0066 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211G\003B0301.D 
rdf 
29 Jul 2011 

HP G1530A 
21206-119 ARO 

3:38 pm using AcqMethod DUAL COL.M 

Vial Number: 3 

Response_ 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Signal:003E30301.D\ECD1ACH 

I , 
Time 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 

117/145 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.11 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 67 
decachlorobiphenyl 107 

U = Below quantitation limit 

21206-120 
TP6-7-NW-A 
07/25/11 1030 
07/29/11 
07/29/11 
Solid 
10 
89 

Reporting 
Limit 
(ug/g) 

0.0056 
0.0056 
0.0056 
0.0056 
0.0056 
0.0056 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 

quantitation were present. Arochlor identification is tentative. 
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File H:\1\DATA\072211G\004B0401.D 
Operator rdf 
Acquired 29 Jul 2011 4:15 pm using AeqMethod DUAL COL.M 
Instrument HP G1530A 
Sample Name: 21206-120 ARO 
Mise Info 
Vial Number: 4 

Response_ 
2.ge+07 

2.Se+07 

2.7e+07 

2.6e+07 

2.5e+07 

2.4e+07 

2.3e+07 

2.2e+07 

2.1e+07 

2e+07 

1.ge+07 

1.Se+07i 

1.7e+07 

1.6e+07 

1.5e+07 

1.4e+07 

1.3e+07 

1.2e+07 

1.1 e+07 

1e+07 

9000000 

SOOOOOO 

7000000 

6000000 

50000001 
I 

40000001

1 3000000 

2000000 

Time 2.00 4.00 6.00 

Signal: 00480401.0\ECD1A.CH 

S.OO 10.00 12.00 14.00 16.00 1S.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 79 
decachlorobiphenyl 97 

U = Below quantitation limit 

Page of 

21206-121 
TP6-7-NW-M 
07/25/11 1035 
07/29/11 
08/01/11 
Solid 
10 
75 

Reporting 
Limit 
(ug/g) 

0.0066 
0.0066 
0.0066 
0.0066 
0.0066 
0.0066 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

ESI 
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File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211H\017B0701.D 
rdf 
01 Aug 2011 

HP G1530A 
21206-121 ARO 

4:19 pm using AcqMethod DUAL COL.M 

Vial Number: 17 

Response_ 

1.35e+071 

1.3e+07 

1.25e+07 

1.2e+07 

1.15e+07 

1.1 e+07 

1.05e+07 

1e+07 

9500000 

9000000 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

20000001 

1500000 1 

1000000 

Signal: 017B0701.D\ECD1A.CH 

/ 

I 

II 
II 

L,~~r+~~"~~~~~~~~"~~"~~"~""-'~~~"~TI"~"'-~"'-~"'-"-
Time 2.00 4.00 6.00 8.00 1 0.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 57 
decachlorobiphenyl 74 

U = Below quantitation limit 

Page of 

21206-122 
TP6-7-NW-B 
07/25/11 1040 
07/29/11 
08/01/11 
Solid 
10 
84 
1 

Reporting 
Limit 
(ug/g) 

0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 

Advisory Limits 
(%) 
30 - 150 
30 - 150 

ESI 
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122/145 



File 
Operator 
Acquired 
Instrument 
Sample Name: 
Misc Info 

H:\1\DATA\072211H\016B0601.D 
rdf 
01 Aug 2011 

HP G1530A 
21206-122 ARO 

3:42 pm using AcqMethod DUAL COL.M 

Vial Number: 16 

Response_ Signal:016S0601.0\EC01A.CH 

9000000 

8500000 

80000001 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

Time 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 
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ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 1 

STUDY NO: 
SDG No: 

Project: 

Delivered via: 

21206 

South Terminal 

ESI 
Date and Time Received: 07/19/11 0800 

Recieved By: OW 

Air bill / Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 6 
Number of COC Pages: 2 
COC Serial Number(s): 
COC Complete: Yes 

Sampled Date: Yes 
Field 10 complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

07/19/11 1445 

JEB ·S\H 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of heads pace? NA 

Field 10 Lab 10 Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

TP6-1-N-H 
TP6-1-N-H 
TP6-1-N-H 
TP6-1-N-H 
TP6-2-N-M 
TP6-2-N-M 
TP6-2-N-M 
TP6-2-N-M 
TP6-3-N-A 
TP6-3-N-A 
TP6-3-N-A 
TP6-3-N-A 
TP6-3-N-B 
TP6-3-N-B 
TP6-3-N-B 
TP6-3-N-B 
TRIP BLANK 

Notes and qualifications: 

21206-001 
21206-002 
21206-003 
21206-004 
21206-005 
21206-006 
21206-007 
21206-008 
21206-009 
21206-010 
21206-011 
21206-012 
21206-013 
21206-014 
21206-015 
21206-016 
21206-017 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

SVOC8270C, AR08082; 
MAEPH 
VOC8260HIGH 
VOC8260LO 
SVOC8270C, AR08082; 
MAEPH 
VOC8260HIGH 
VOC8260LO 
SVOC8270C, AR08082; 
MAEPH 
VOC8260HIGH 
VOC8260LO 
SVOC8270C, AR08082; 
MAEPH 
VOC8260HIGH 
VOC8260LO 
VOC8260LO 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Ha124/ 145:-0778 

1x90z 9 4C Yes 
1x90z 9 4C Yes 
1x40ml 9 MeOH Yes 
2x40ml 9 H2O Yes 
1x90z 9 4C Yes 
1x90z 9 4C Yes 
1x40ml 9 MeOH Yes 
2x40ml 9 H2O Yes 
1x90z g 4C Yes 
1x90z 9 4C Yes 
1x40ml 9 MeOH Yes 
2x40ml 9 H2O Yes 
1x90z 9 4C Yes 
1x90z g 4C Yes 
1x40ml 9 MeOH Yes 
2x40ml g H2O Yes 
1x40ml 9 H2O Yes 

(603) 926-3345 fax (603) 926-3521 'MNW.envirosystems.com 



ESt 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 2 

STUDY NO: 21206 
SDG No: 

Project: 

Delivered via: 

South Terminal 

ESI 
Date and Time Received: 07/20/11 0800 

Recieved By: DW 

Air bill 1 Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 5 
Number of COC Pages: 5 
COC Serial Number(s): 
COC Complete: Yes 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Field ID LablD 

TP6-2-W-A 21206-018 
TP6-2-W-A 21206-019 
TP6-2-W-A 21206-020 
TP6-2-W-A 21206-021 
TP6-2-W-M 21206-022 
TP6-2-W-M 21206-023 
TP6-2-W-M 21206-024 
TP6-2-W-M 21206-025 
TP6-2-W-B 21206-026 
TP6-2-W-B 21206-027 
TP6-2-W-B 21206-028 
TP6-2-W-B 21206-029 
TP2-1-W-H 21206-030 
TP2-1-W-H 21206-031 
TP2-1-W-H 21206-032 
TP2-1-W-H 21206-033 
TP2-2-W-M 21206-034 
TP2-2-W-M 21206-035 
TP2-2-W-M 21206-036 
TP2-2-W-M 21206-037 
TP2-4-W-A 21206-038 
TP2-4-W-A 21206-039 
TP2-4-W-A 21206-040 

Notes and qualifications: 

Mx 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

Date and Time Logged into Lab: 

Logged into Lab by: 

07/20/11 1405 

JEB .,-";",,,» 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Bottle 

Analysis Requested 

SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x90z 9 
VOC8260HI 1x40ml 9 
VOC8260LO 2x40ml 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x90z 9 
VOC8260HI 1x40ml 9 
VOC8260LO 2x40ml 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x90z 9 
VOC8260HI 1x40ml 9 
VOC8260LO 2x40ml 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x90z 9 
VOC8260HI 1x40ml 9 
VOC8260LO 2x40ml 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x90z 9 
VOC8260HI 1x40ml 9 
VOC8260LO 2x40ml 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x90z 9 
VOC8260HI 1x40ml q 

Req'd 

Pres'n 

4C 
4C 
MeOH 
H2O 
4C 
4C 
MeOH 
H2O 
4C 
4C 
MeOH 
H2O 
4C 
4C 
MeOH 
H2O 
4C 
4C 
MeOH 
H2O 
4C 
4C 
MeOH 

Verified 

Pres'n 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

EnviroSystems, Inc, One Lafayette Road P,O, Box 778 Ha,125 / 145·0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 2 of 2 

STUDY NO: 21206 
SDG No: 

Project: South Terminal 
Delivered via: ESI 
Date and Time Received: 07/20/11 0800 Date and Time Logged into Lab: 07/20/11 1405 

Recieved By: DW Logged into Lab by: JEB~~ 

Air bill 1 Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 5 Custody Seals intact? NA 
Number of COC Pages: 5 
COC Serial Number(s): 
COC Complete: Yes Does the info on the COC match the samples? Yes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field ID complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 

Client notification/authorization: Not required 

Bottle Req'd Verified 

Field ID LablD Mx Analysis Requested Pres'n Pres'n 

TP2-4-W-A 21206-041 S VOC8260LO 2x40ml 9 H2O Yes 
TP2-4-W-B 21206-042 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP2-4-W-B 21206-043 S MAEPH 1x90z 9 4C Yes 
TP2-4-W-B 21206-044 S VOC8260HI 1x40ml 9 MeOH Yes 
TP2-4-W-B 21206-045 S VOC8260LO 2x40ml 9 H2O Yes 
TP4-1-E 21206-046 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-E 21206-047 S MAEPH 1x90z 9 4C Yes 

TP4-1-E 21206-048 S VOC8260HI 1x40ml 9 MeOH Yes 
TP4-1-E 21206-049 S VOC8260LO 2x40ml 9 H2O Yes 

TP3-1-S 21206-050 S SVOC8270C,AR08082; 1x90z 9 4C Yes 

TP3-1-S 21206-051 S MAEPH 1x90z 9 4C Yes 
TP3-2-S-A 21206-052 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP3-2-S-A 21206-053 S MAEPH 1x90z 9 4C Yes 
TP3-2-S-M 21206-054 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP3-2-S-M 21206-055 S MAEPH 1x90z 9 4C Yes 

TP3-2-S-B 21206-056 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP3-2-S-B 21206-057 S MAEPH 1x90z 9 4C Yes 

TRIP BLANK 21206-058 S VOC8260LO 2x40ml 9 H2O Yes 

Notes and qualifications: 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Ha 1 2 6 / 1 4 5 -0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESt 
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STUDY NO: 21206 

SDG No: 

Project: South Terminal 

Delivered via: ESI 
Date and Time Received: 07/21/11 0800 Date and Time Logged into Lab: 07/21/11 1340 

Recieved By: OW Logged into Lab by: JEB 

Air bill/Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 5 Custody Seals intact? NA 
Number of COC Pages: 2 
COC Serial Number(s): 
COC Complete: Yes Does the info on the COC match the samples? Yes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field 10 complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 

Client notification/authorization: Not required 

Bottle Req'd Verified 

Field 10 Lab 10 Mx Analysis Requested Pres'n Pres'n 

TP4-1-S-A 21206-059 S SVOC8270C,AR08082; 1x90z g 4C Yes 
TP4-1-S-A 21206-060 S MAEPH 1x4oz 9 4C Yes 
TP4-1-S-M 21206-061 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-S-M 21206-062 S MAEPH 1x4oz 9 4C Yes 
TP4-1-S-B 21206-063 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-S-B 21206-064 S MAEPH 1x4oz 9 4C Yes 
TP4-1-W-A 21206-065 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-W-A 21206-066 S MAEPH 1x4oz 9 4C Yes 
TP4-1-W-M 21206-067 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-W-M 21206-068 S MAEPH 1x4oz 9 4C Yes 
TP4-1-W-B 21206-069 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-W-B 21206-070 S MAEPH 1x4oz 9 4C Yes 
TP4-2-W 21206-071 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-2-W 21206-072 S MAEPH 1x4oz 9 4C Yes 
TP9-1-E 21206-073 S AR08082; 1x90z 9 4C Yes 
TP9-1-W 21206-074 S AR08082; 1x90z 9 4C Yes 
TP9-1-N 21206-075 S AR08082; 1x90z 9 4C Yes 
TP9-1-S 21206-076 S AR08082; 1x90z 9 4C Yes 

Notes and qualifications: 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hal 2 7 / 145:-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 1 

STUDY NO: 21206 
SDG No: 

Project: South Terminal 

Delivered via: ESI 
Date and Time Received: 07/22/11 0842 Date and Time Logged into Lab: 07/22/11 1135 

Recieved By: BS Logged into Lab by: MES '0""--':::> 
Air bill 1 Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 5 Custody Seals intact? NA 
Number of COC Pages: 2 
COC Serial Number(s): 
COC Complete: Yes Does the info on the COC match the samples? Yes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field ID complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of heads pace? NA 

Client notification/authorization: Not required 

Bottle Req'd Verified 

Field ID Lab ID Mx Analysis Requested Pres'n Pres'n 

TP13-1-S 21206-077 S AROBOB2; 1x9oz g 4C Yes 
TP13-2-S-A 21206-07B S AR080B2; 1x9oz g 4C Yes 
TP13-2-S-M 21206-079 S AROBOB2; 1x9oz g 4C Yes 
TP13-2-S-B 21206-0BO S AROBOB2; 1x9oz g 4C Yes 
TP17-1-S-A 21206-0B1 S AROBOB2; 1x9oz g 4C Yes 
TP17-1-S-M 21206-0B2 S AROBOB2; 1x9oz g 4C Yes 
TP17-1-S-B 21206-0B3 S AROBOB2; 1x9oz g 4C Yes 
TP13/17-1-C-A 21206-0B4 S AROBOB2; 1x9oz 9 4C Yes 
TP13/17-1-C-M 21206-0B5 S AROBOB2; 1x9oz g 4C Yes 
TP13/17-1-C-B 21206-0B6 S AROBOB2; 1x9oz 9 4C Yes 
TP13-1-N-A 21206-0B7 S AROBOB2; 1x9oz 9 4C Yes 
TP13-1-N-M 21206-0BB S AROBOB2; 1x9oz 9 4C Yes 
TP13-1-N-B 21206-0B9 S AROBOB2; 1x9oz 9 4C Yes 
TP17-1-N-A 21206-090 S AROBOB2; 1x9oz 9 4C Yes 
TP17-1-N-M 21206-091 S AROBOB2; 1x9oz 9 4C Yes 
TP17-1-N-B 21206-092 S AROBOB2; 1x9oz 9 4C Yes 

Notes and qualifications: 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926~521 www.envirosystems.com 
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ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 2 

STUDY NO: 21206 
SDG No: 

Project: South Terminal 

Delivered via: ESI 
Date and Time Received: 07/23/11 0820 

Recieved By: OW 

Air bill / Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 4C 
Number of COC Pages: 2 
COC Serial Number(s): NA 
COC Complete: Yes 

Sampled Date: Yes 
Field 10 complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Field 10 Lab 10 

TP6-1-NW-A 21206-093 
TP6-1-NW-A 21206-094 
TP6-1-NW-M 21206-095 
TP6-1-NW-M 21206-096 
TP6-1-NW-B 21206-097 
TP6-1-NW-B 21206-098 
TP6-2-NW-A 21206-099 
TP6-2-NW-A 21206-100 
TP6-2-NW-M 21206-101 
TP6-2-NW-M 21206-102 
TP6-2-NW-B 21206-103 
TP6-2-NW-B 21206-104 
TP6-1-NE-A 21206-105 
TP6-1-NE-A 21206-106 
TP6-1-NE-M 21206-107 
TP6-1-NE-M 21206-108 
TP6-1-NE-B 21206-109 
TP6-1-NE-B 21206-110 
TP6-3-NE-A 21206-111 
TP6-3-NE-A 21206-112 
TP6-3-NE-M 21206-113 
TP6-3-NE-M 21206-114 
TP6-3-NE-B 21206-115 

Notes and qualifications: 

Mx 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

Date and Time Logged into Lab: 

Logged into Lab by: 

07/25/11 0815 

EAL 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of heads pace? NA 

Bottle 

Analysis Requested 

SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z q 

Req'd 

Pres'n 

4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 

Verified 

Pres'n 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

EnviroSyslems, Inc. One Lafayette Road P.O. Box 778 Hall 29/145-0778 (603) 926-3345 fax (603) 926-3521 www.envirosyslems.com 
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ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 2 of 2 

STUDY NO: 
SDG No: 

Project: 

Delivered via: 

21206 

South Terminal 

ESI 
Date and Time Received: 07/23/11 0820 

Recieved By: DW 

Air bill / Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 4C 
Number of COC Pages: 2 
COC Serial Number(s): NA 
COC Complete: Yes 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 07/25/11 0815 

Logged into Lab by: 

Air bill included in folder if received? NA 
Custody Seals present? Yes 
Custody Seals intact? Yes 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field ID Lab ID Mx Analysis Requested 

Bottie Req'd Verified 

Pres'n Pres'n 

TP6-3-NE-B 21206-116 S MAEPH 1x4oz g 4C Yes 

Notes and qualifications: 21206-116 S MAEPH 

EnviroSystems, Inc, One Lafayette Road P,O, Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 WWI./oJ .envirosystems.com 
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ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 1 

STUDY NO: 21206 
SDG No: 

Project: South Terminal 

Delivered via: ESI 
Date and Time Received: 07/26/11 0800 

Recieved By: OW 

Air bill 1 Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 4C 
Number of COC Pages: 1 
COC Serial Number(s): NA 
COC Complete: Yes 

Sampled Date: Yes 
Field 10 complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

07/26/11 1318 

EAL 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field 10 Lab 10 Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

TP6-5-NE-A 
TP6-5-NE-M 
TP6-5-NE-B 
TP6-7-NW-A 
TP6-7-NW-M 
TP6-7-NW-B 
TP6-5-NE-A 
TP6-5-NE-M 
TP6-5-NE-B 
TP6-7-NW-A 
TP6-7-NW-M 
TP6-7-NW-B 

Notes and qualifications: 

21206-117 
21206-118 
21206-119 
21206-120 
21206-121 
21206-122 
21206-123 
21206-124 
21206-125 
21206-126 
21206-127 
21206-128 

S SVOC8270C,AR08082; 
S SVOC8270C,AR08082; 
S SVOC8270C,AR08082; 
S SVOC8270C,AR08082; 
S SVOC8270C,AR08082; 
S SVOC8270C,AR08082; 
S MAEPH 
S MAEPH 
S MAEPH 
S MAEPH 
S MAEPH 
S MAEPH 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hal131 / 145-0778 

1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1X4oz G 4C Yes 
1X4oz G 4C Yes 
1X4oz G 4C Yes 
1X4oz G 4C Yes 
1X4oz G 4C Yes 
1X4oz G 4C Yes 

(603) 926-3345 fax (603) 926-3521 www.envirosystems.com 
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I Lafayette Road 
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EnviroSystems, Inc. 
I Lafayette Road 
PO Box 778 
I-lampton, f'-IH 03843 

Voice: 603-926-3345 
FAX: 603-926-3521 

CHA~N Of CUSTOrOV DOCUlMiENTAT~ON 

ESI Job No: 

" " ;r""-/' 1~ .,,'.. .f, 

£'.i:2ject [\!ame: ,J,,- ;''..i~ll--- ! l~,,';;J?.fl,''''-;_-) (I,page I of j 

Address: /.~!;:,;,;,: ,S(~, .,~~. / 2.../l,~ '/-'" ,\~~~1 ';2,: il /' ,;,~ 
i~~~~~~~'~~~~--~~~~~~~---------~'~~~~~~~~'-y----

L I Project i\lumber: i) _0 (:{' ,t., I 
i <""," 

(: #'/l::r /rL~'.- f~)J'~' Project ~Vlanager: 

--------------;-- .. - '!I"''''-'''-''''':-''~;;:-

P.O, No: Quote No: Fax: i ,:C., , (j ,,..;, email: ,{" i1,-1 ""'-,1 ,,:., /r ;".",/i,) I' "",," 

Protocol: RCFlA SDWA NPDES USCOE Other ~~;,~,,"'l, 

Lab i'~umber Your Field 10: -- Date- bTime I sam,p, led [--Grab 
(assigned (musl agree With Sampled Sampled By or cam-
by lab) container) I' posit 

(G/C) 

~f71~:;~--,,--, 1<0---- -- 'S Pn'J f~f i" ,( f t ",1 <; -TJ: ;'l',,; I~~~---I ___ :~~_-~-"--- -- ~ / -, .;., .{~- ~'--"'~--'" 
i j"i\ ,; II ! '.\,4 ,;:'J----- --.lC' 
: ___ i~:'.-? ,1 • \~ .t,..~ ,~ ---------+------t- r- -----I----------=-:::-'1,~-~=:__t---'-----+~~'-'--I------+-

" , 1 I I-' ' '''-',' 

,-- ~ E//" -" t~! '>'-"~---" "J-/--=+I-------,';v~t-~~---------+I-::-(~~-, J--~:~J -----'--1,----, 

I-~~ ~ ~'''' ;,/' -;~"'¥ -] (~Y" ~)~,; I 

Container I Container 
Size Type 
(mI.) (P/Gn-) 

Field I Matrix I Filter I Analyses Requested\ 
Preser- S=Solid N=Not needed Special Instructions: 

t
' W=Waler F=Done in field 

va Ion L=Lab 10 do 

--f------+,-----t---t-------t-----------------

& ' 

\ 
I , C /'"",-,- \ , _ '~.1 '---, (; Ii 

---"---- \\, ... .." ~,:.-' // 

I 
. -l !,,-:,\-f 

____ :_c"'-___ ________ -',,_\V"-' _' _____ _ 

··~--l TP r:., -)~.I---iA~ \-- 1/L;!' 

__ c.:...C_' ; -1-- '1 
.'"'~:":" I _ ~ 
--~~~----[\y \J3'P--1--+--+--1-----+--,,-----il--~--'--+~if___ 

, --'!l-, ' 1/ ' -Oate:tu ,/"", 1/ II,) Time: ';:';, 

Relinguisl1..ed 8.1_:_________________ Dale: ~rime: I Received at Lab By: Date: Time: 

Comments: 
----.---~ --------------

I Sample Delivery Group No-: I Page of 
";n('~ r-)((1{(' i~il«Y 



~ 
EnviroSystems, Inc. 
I Lafayette Road 
p.o. Box 778 
Hampton, f'.IH 03843 

Voice: 603-926-3345 
FAX: 603-926-3521 

CHAiN OIF CUSTODY DOCUME~\rrA:nON 

ESI Job No: 

. __ ~contact_~-=~-=--=-=--=- bOiee! Name: 'i;( e 

1----. 
I Client 
i-----·-

I ReDOr" to' 

I
I' 0, , . (' /'.Ii I i'L 

'~. ·~~7,,,. il ft.4[:I' ~ 
• • """ ,J 1,fL...- ¥] " , 

i Invoice w: '-',. Il.· ". ~ Address: i, K~,f( I .-.-" ,-" .• " i 

Project Number: Address: 

7/ 
Pn:1Elci Ma..!!ager: :l 

if 

I Voice: Fax: email: P.O, No: 

I Protocol: HCRA SDWA NPDES ____ ~COE __ Other 

<'-" 

of 4""'~' 

Quote No: 

I (assigned (must agree With Sampled Samplecl By or com- Size Type Preser- S~Sohd N~Not needed Special Instructions: 
by lab) container) Dosit (mI.) (P/Grr) .t· W~Water F~Done In field 

, va Ion L~Lab to do 

I Lab l\lumber I Your FielcllD: ~a!e I Tim, I S,mpl,d Gffib COOlaIO",::;ontainer Field IllIIatr.i~' Filter Analyses Requested\ 

I ~ (GIG) 

-,:=Jj~t)!/~ .. ')",,1 1\; t~ ~(fi/i:!G· -
--~=_. __ L j ~, ~'L '" .' . , I I ----1-1--

'~I I····' "( ....... ,:-.,,').,,''',-; ., ~_ "'JIV:\.,)'-;;> l",:1t"'~:)A lf/'~'~) vlfu: _ -
r---I " ) ." J 

-~ ;:; ~~-.--['. ~-~~~-
U1 ~ ~ . .l 1 '\./JJ I j 
::: -- "tv ~!1 ----- ~ 1 "4 

.j:::> """-l"l ') ,i \ I ;'.----: j, I. ::t..f 'i! I II .. '1 !I~' . ";, ; "" 
Ul ___ I ~!, ,1 --, ,,=, !\,\~, t i,rlJ1.L.'iC'" ·u..Jj, '.,e.··it:} . 'i}~ "'--" -:1. ,.. !' I 

T' - '.\j' '\ Ii ' 
.. -"-.:-.... --..Jr---- -~. t.' Uj -1-' " ~ v f,,~ '''''._,'.J '" J 

I ;1 d " ! 

. II I t- i, '_1-1__ 1 i 
1 / I . '~:;, C'.' ) .' 

'Cc 

--~~-l----. ,<]1 --L_~",t --~-~--.,----I ',." """"', ; 

. ;'''.'' (J . :'.";' . \ V\:o . "",1 .l./ i ,,·1 . 1'-.. ),,, '. 
.'" !\ ~,{,F 1",)'.,,/ W ~/ :1 I'')''', ;~"n,' i! I"" ,,' Ii I I "- 'v L -- I I « \" jI; +- /-" I ,.f\,; :,' \,/ -1, ," '"'. ">,, /! I' '.'.,,".J' :' 1 "_ . .c , ... --,v·o,]--'c.-.. --' -' --1'--'" '\ . ,J" 'i

l 
" ---, ----I <!--;-- " . 

) 1.1 I __ , 

--:~---'l \ I i J 
__ '·~----.JI ____ , \,/ Il ,\' ,('- \" '1/ - I~J I'i' i.,. "'i c .. ,., 1 ';, '" «r-' 
__ ,, ___ i_~ ________ ''-..,~./I _________ ~ 'y/ _ ~__ , ~l \\~'f . ~ .. /t>;~~~, f.~,_. !1 ·'·"~~-.r,,".' 

./~~~ Date:"'?' :'~t: Time: ". /~('!~)I~.;~ Flelinquished By: 
'\ .~. !. 
. • ;--, i ," 

"eo l ( .. ,: t., _________ ... ____ . Date: '~f/P __ / /; Time: ,1,")'",) 

fi:.s1inquished By..:....... ___ .. Date: Time: Received at Lab By: Date: Time: 

Comments: ---------- --------

[SamPle Delivery Group l\lo: 
----
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~ 
EnviroSystems, Inc. 
I Lafayette Road 
P.O Box 778 
I-lampton, N.H. 03843 

Voice: 603-926-3345 
FAX: 603-926-352'1 

CHA~~\l OF CUSTOrDY rDOCUME~~TAnO[NI 

ESI Job No: 

1---/\-, ,-" '-/ -I I ,.~" I ""7 //;'~ 
!S_·li_en_t_:_/,/~;_~,,_;/!_'f~>.( ,(;;: ( ~C-"(~_:' _. __ ~ I~~t·_. _________ ~roject Name: e,\f.:,cJ;:lf l'/<'';'('''i!lA'\I/-i./ Page ~"Y of ({--y 

1"FlepO(t to: '_-+--__________ Address: Project Number:, __ --"'((/2~C!ll=·~!L.: -t'yL..:'_""=':.L:_J ___ +-_____ , _______________ _ 

!Invoice to: 'C:~:~l~:'l~' Address: ________ ProjeCt lVianager: " .. l 
I I 

~~~~ij~--------

. .v0ice: Fa)(: email: [P.O. No: Quote No: 

l£l:o!ocol: RCRA SDWA I\[PDES 

(assigned (must agree with Sampled 

'

tab Number Your Field 10: l Date 

I by lab) container) 

USCOE 
Time I Sampled I Grab 

Sampled By I or com· 
posit 
(G/C) 

Other 

Container I Container 
Size Type 
(ml.) (P/Gn-) 

1

1

- ,~" yt.'" ~ !~~, F-iJ-i " ,'¥", ,{.r ~'\" I C' I" +r11'iPKI 

I' t-{" '~ II,. I I-~-l~\ W I I£J ."'", 
:"------1--1-----'-1'--+ ull --I \- I ,?"'L(/ ·J.;"'I 

W II , I, . ----j--. 

Field 
Preser, 
vation 

lViatri)( I Filter I Analyses Requested\ 
S=Solid N=Nol needed Special Instructions: 

W=Water F=Done in field 
L=Lab to do 

<' {'If 
-"" ~~!i.j (fiji; 1, /} 

1K..-I<}, 
7 

i,- I-' _1_,_ l ____ 1__ \ ~-" [ ; 1 '---I 

'"" Ii, , L'" t!' \ ,f _ _ \ ~/ __ 

9, ~ "'i\ I'jf ;1 .[ n Iii i I /' /' I j.j ;I 

"\ / I" 'I .. >,'., ;'"i /.' ri I Ii;· '.''1 I .~ / i\ ( ...... ~ j "J"'" 1 '" "~''''''-~'I ~:.... 9 (, .. ,......., '1./ • \." 

()1 1'~,~' '7 ,'f~r-I~U ~ 
/'/1 ill--J[li-- ,,' '=t 

"' ,! Jp1/ t l,'"\i' 

j i 0-9' i :~ .. \ ~'- Ii;, . ", ~4 "Ai, --t------t---"'-',( 'l,----" L--- ------,-,-----,------",--'"> ---------7'--

I ' i/., i./ .> I,i'\ V 'i V I ' f- \ ," fl f'; _, .,.,~ \, -r ----"·t---r---=-~-- ~1-- ,~*' ~~ ---~ I J,,/t. 

I 
r;j "' I .. ,er:',,,,!, ,,' .h ;:' n ! ~?" 
I: f .~ >; - I':: ·fHil JILL! t",·", 1.1" /,~_, _~_ '",", 1,,',- "j'L"i. __ 'I __ L~- I '~')'\.J'\),' " .... , ,f" ,'0{ ,,:"':: ;;., ;1-" ';"'k.'''''' 1"i""«X--'~/iU,;,f'''' 

1 ' IH " [ .. ~ ",_:' i 

>", 1 " " 'i L.t,,,.,'" l 
, _____ .1_'" _' ___ I -1\ ) .. IT .. ,0' ~~ t--+[ ___ --+-"-J ,,,,," ''"'' ;',-,," .. >--~'u.i','~ ... '_'.-__"'_. L/ ___________ _ 

I j 11\\ {~"~' fi/It~{);,,1 I 
'---,-, i"J / I \ iJj '-~/ [. \/' L} 1')' i I .. , t 'I l{ , ~4 ;Ie; I :t \/:.:::~L\\!j, i c: \ \ji '1/ i(""j / II "i' l ,/" I" "~") 

--- ------- 1-, ,.,;< I.e .. ,.! ,. " i"") , f',- . • /" .. ,\ ... , },:' ,/,--" /;~/"). /.c, '. ,;::~::~7:,':; 
__ D_a[e.1'/((""/,,, lime. ;;: ,.,,-,' Received By.!, <;;,."" :'.,,~"~ Date, .. ,.I', " Time .• '\ , _ .. -

f .' ' 

Date: Time: ___ ---', Received at Lab By: Date: Time: 

Comments: 
-----, 
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~ 
EnviroSystems, Inc. 

I Lafayette Road 
po. Box 778 
Hampton, NH 0.3843 

Voice: 603-926-3345 
FAX: 603-926-3521 

CH/i.\~N OF CUSTOlDY lDOCUMENTAT~ON 

ESI Job No: 

I ,I 
. i.:". (" IS:e!!'!Lll,_/(, 

1'----
IContacc ~, . ," . 'I t r~~:/ Project Name: ,;'h>\) (i"N' lt~'/lij..l;/,i"',\!'~" Page ,L~~, of /../-) 

I I' 
i \~eDOrl to: I~~_L-. ----.-1-Address: ,Li{; (}It 

1 

I ~nvojce "to: 

Voice: 

Prolocol: RCRA SDWA I\IPDES USCOE Other 

Lab Number !your Field ID: - [' Date '~r;m' 1 Sampled Gmb Contal"" Coolal",;;r FI," 
(assigned (must agree Wlih Sampled Sampled By or com" Size Type Preser. 
oy lab) container) 1 posit (ml.) (P/GfT) vation 

(G/C) 

P.O. No: 

Matrix I Filter I Analyses Requested\ 
S=Solid N=Not needed Special Instructions: 

W=Water F=Done In field 
L=Lab to do 

Quote No: 

1.-tJ) I { . -ll 1 I <~:;;:;"? (, ' I" ""Y' " . • .. '0. ,. " ,,, 

,(,,:1)., ,I ".. <~ 1'~711o':H q ,\.;~.;; :e!7lf L, O( V1~ (: f r ::;'v\, c (~~(:_ ,t~ C. J rl,fJ' l~ if..), <:::'--,_,.;/'..1'-
II .. Ii' .. ~ ./ . 

. " .~-JI' i'\ 1 rl/ j.r(i- 1':" jp}f 

v', 1 .... __ ,+ ··· .. 1 .. ,.... J .. , ...... : ................ )., .... ¥... ........ f '1 [, . \ 

';"'; " .... +... ·~T!.)! i~/1wr1 1, il/"? ct:, •. - It,ll G \ '7' f b- _;I' 

,'-l'!"r.!' "'\T:i .. ·----\!t,-·~:i I'·.;;~J IA,,·;'-. ,.,i_
I
" j,Jr-'rI'" ,~.'Lc¢ . Ii,.""":,,, · .. ··I'I·;;..-{+v.,J /"C"'"i>J·-:'" 

w. " l' ," 
........... ',U \\~?y ~ '\W ,,!V '''--t ~ ,~ ,1 '; !f"",-"lfi 11\Y \~, ],~ ',"';-- ,- !t'" ,,,; l ~.;:,. ...~~;;,:;;. '\ 
f--l \', \ r-- '~\.-.,. /0>" 

~. T I"~· '1,. .• S ' f\ 1-1 ";11 I ch,c I' VI C (1·~ i' (IF K:, I.· .• , !j (. (~ Z.:hc ::rr~) . (t!k (,A{:;,~-J 
, "/, I"'" "-

; "".,L! c-L:- t' 1 ;'VI ~~" -t; IfJ !1'''1 

I ,,~=tt= i 
--I---jl--- -~- -- _____ I 

.. 1-

f"~'~ '''', ; . ~"' -'" '/ " 

,/ \ ,.1 '+ .. , I'V' ~....lJ" I·::::t\lf 
./. /;\i'l,"J. '\\~{i '0' ':,~~,,~:;, lVJ i't-'/Il{/!i ~ ,if. (\;:) ! (." q .. ~Jl~ (~5/r_, '.:t:".,,:_";J.' I I')'i< i'y / "!~/L'\{A,_/;:/?==,.", 
w ·1-' ~ 

''U 1) dl 'I ' il '~l" j;~' "Ji I I if\~ ,/,1 1~1.·P d, 

?ielinquish_ed By: _ 

Commen"1s: 

"':(V": n,nlli" :I\i]f'\)" 

! - '\ .. , 

-"':JJ .. -----... <-- \ 'it \, ... ~j -"'--~17~ ------- -<-< --1- --l--I- I 

L-~ j I. I 1/;,: I 

. i) ,f" .)"~?i __ -
• , Received By:." .. ' ,/' ",/' '>< ,.;" 

-I Received at Lab :y:""" '---
Time: Date: ~~.~~; ;-- r(~\ 

~T 

.. /' 
-7.,' 

Dale: :> )'v· Time' p"-.." . d ,. 

Date: Time: ---------_. .::..:..--- Date: Time: 

§'.~mple Delivery Group No: Ipage of 



~ 
EnviroSystems, Inc. 
I Lafayette Road 
Po. Box 778 
Hampton, N.H. 03843 

Voice: 603-926-3345 
FAX: 603-926-3521 

CHA~N OIF CIUSTODV DOCIUMIENTATIION 

ESI Job No: 

I~.. .d i /" ,/'. ,/ I / 1-. '. (" !-""., ,. 

1_'-"lIem:;/ l tYrA
--/. L:u- L?:L ,( I Contacc ~roJec!J'-Lame:J.)i; ')jf pf il, jl,p!,./!/-,,/:J L-.! Page 

I Flepor!to: I Address: 

t) 

Project Number: n 
Invoice to: 

~~' /' , •• _0" b ,/; r 
-~) t~:" (-:::,:, Address: // tJ~""" - ~ 

Project II/Ianager: 
J 

Voice: Fax: email: P.O. No: 

Protocol: RCRA SDWA NPDES USCOE Other 

of 

Lab Number I Your Field ID: Date Time I Sampled Grab containelcontainer Field Matri)( Filter I Analyses Requested\ 

by lab) container) posit (mI.) (P/GIT) ,. W=Water F=Done in field 

(G/C) 

Quote No: 

(assigned I (must agree with Sampled Sampled By or com- Size Type Preser- S=Sohd N=Not needed Special Instructions: 

iL 
va(lon L=Lab to do 

~1;z~ __ ~~I\~_~v --~~~~,-.~-~~~--~-~~~~~-~~~~ __ _ 
__ ~__ (l; ______ -1-- -,,' t! 

__ ~ =r;;~:" :S· dL'~ rc_-b Cily c: ~-' -1-----+-

~ -~ I I--'r-----+---I-
'-------1-- I=-==t---' -J f---~~---
_______ L l---J-~ 

---i F£ J-~I r --t ___ : ~_ 
~=--=J-- I I _r{ , :--1-~" -f-------
--~ I ct--L' +-

_________ .1_ r'l /1 -- -':i~) Ii "i .~;.\ ---r- .1') /i"y'/: .,~-, "'''Z-'{ it .,'-' /, 
': f--Lf Dale: ·<,fii,";"/ !i Time: J ~. (L, J Received By:c //( ;l'//~ Date.:,.:;.~C6, ,.. Time:,> ... ''; -c' '7 ,"- 7 -y- -~~ " e., .. , 

Date: Time: Received at Lab By: Date: Time: 

Comments: .-------------------

iSample Delivery Group No: ipage of 

":{"»{'~ nn:1' !1\111"l' 
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~ 
EnviroSystems, Inc. 
I Lafayette Road 
Po. Box 778 
Hampton, N.H. 03843 

Voice: 603-926-3345 
FAX: 603-926-3521 

CIHA~~\JI OIF CUSTODY DOCUM!ENTAT~ON 

I~~ntac!: ('" rY! ·'f(-.I/L)~~ Project Name: ,j ovrl i· '11, IJ~i'~i!j";';il;_ 

ESI Job No: 

Page / of blLent --l\ 121;>, (~>~J-'-""L--/ .---

~~ort~ C,M~~~~ A~re~: ~,1~T. ~~ ~~~~e=ct~N=u~m=~~r~:~t~~~~~I'~~~I~~~' ___ + _______________ ~ 
~l\10iCe to: ("" F\/'l'--1 t-u·f.,;(, Address: ""':S'T';;",,.; Ih ('t () ,j.,;)(..'> 
f ,~ - / 

Pro]' ect lVIanager' {I :' ~A w(' {, /V:..f:" • 1\._ .. ,II • I (L..:- -:. ___ ' 

~ce: Ii( ,,·t/~:1l\-f:::. j.) :Y;-f:.j . __ Fa)(: ((.11/1) ~~.' C';<L.:: -'-c_:· ___ , PO. No: Quote No: 

I Protocot RCRA SDWA NPDES' i USCOE Olher(.q, n",\, 

I~Num~r~urF~dID: I - ~l-·~d~G~r-~~~c~oo~~~~-e~r~c~o-~-~~~-r~=Fj~el~d~M~a-t~~~~F~~-r-~IA-n-~-~-e-s-R-~-u-~-~-d~\----------

I 
(assigned (musl agree with Sampled Sampled By or com- Size Type Preser- S=Solid N=Nol needed, I Special Instructions: 
by lab) container) posi' (mI.) (P/GIT) t' W=Waler F=Done in field I l va Ion L=Lab to do 

L. ':>' I ···re.L:.1" ~ il .,- :S ..•. " A ]!/k-.llI ' 10(10 " ,~. (1 (G/G) 'ic,~ c./'r 5~+----+-'?-V-i'i..:e-/:""-(~-7-("?'-<)-· /i-~~~-~-
I, " 'riC) :.::l'''·~ ,- ~~ .-(~ I,]-,J"z"'ild j i,>Dc.: I _ ~.~ -4 .. t:.>i;; <C.:.c;'/r' __ 'y'~\\i,;} l'tt'J>i;t 

I._~~'~'~_ ,'~l' ,~~ 11 "' ~) r ' . ' ill;) li'~; D , ti,) ~ ] ~?\''',{- (S:(:"1-~'c-) ,j ftA"j, v'¥I!....;;'(:...""""";~"\ 
i .'. ~ , -:I," " .. ?' .1/,,,,·,, .-, ,.- tttl I I '....... I~ri{' .'-\' ,"" 'I ",)-'? '\. pr\~,! 'I" Jt (;;'l,.- i'l" ¢\ .t:'!P. + ~ f--1 - ,\., .,..; - - ~-. ., I~ Uf' - ~:-:",,- tl' 

1 __ ~~~) I "re"l,·'·· I ~, {~) '- 'f;-;. I:f) 2.-K.,> _1
1_1-_ I 'j~L ;.«-0;u-o '--)1 (C'(A" , 

'"\""'1?1£,),", 1 ,.' {::;, .. - r~'='\ 1(""" ,," 0'1 i-t.nY ~1./1 !f"iJ- ,~<, ,;,;,', 
I ,-:;.J''' , _~/ ,od ,::;..,.'\:/ ...-~ 'I..J;f.~~~_ U "y 9 'fL, .... r~ ?-'Y' 

1~7{::-"l; Jt~ifi~~--L :~<jt;~~ 

I~ri/;(+- ,,, \ .- IV"".,," l\ .~ \ ':i);(; 1 q 0):" -j""''i')·;::~L (\Z,~,·::n",~~,.G~) .; e(r?~') ff:1p/~J·.dj.J'L" 
. . , I I ~~. ,,) I 

r·. (c !e r'i(1,:~. ,,,- J ,., ~;,,; "~1f-':\\ '\ !I ':).,:;i A .r:; b I li~c',\ l/2t-V.AO aA 

i " . k l'T"P'+ .-,' j ~. i.." I ~ t"VI, i 11 <"1"(:J I ~;l ,[,jt:) I! ":::;~! ;::.t'~,. / ~<:l't'cf<' r"t i\. 
__ I .) I 1,- , ,! } 

Ii" '7" ~:;) ,;:!\. " il ," L. \~; .-j \/\, i i]l"tf"i,:_: -+ LI,vb I h,f, \;;'\ ~ _(I =1" 

j I~C 1 '~l j i;",,,; .. ~. 0 j il~:!~t£~; \ . II <1..':.-22: 1 <';".\, (;-i,_ /'.c.{. '::':::;+\;:;;.C·~ : 

J 
i ' i I l~,· { 

,/ I -' t\,; r-- g::;;- \j i;l ~it"');'''\ll '~i 41't,:'l:',. ~.~____ "L. iVh'~ \"''f;;'H~< 
.', ----- /r':) It 

r,)', I J' ,~ --, j /' .""., . ;\ 
Received BY:··LJ A? _Y} d(':Js,.... Date:?!} / J / Time: lY.: &''iJ 

~/ so", '/ /' ~ 

c-· '-j 

Time: "~ ~ (;,r: :.~ 

Date: Time: Received at Lab By: Date: Time: 

Comments: ---- ------_._---_._----

~mple Delivery Group No: I Page of 
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~,: ~ 
EnvimSystems, Inc. 
I Lafayette Road 
po. Box 778 
Hampton, ~IH 03843 

'I Contact, (: , (1/1\ 

Address: 

Voice: 603-926-3345 
FAX: 603-926-3521 

CHJ.UN Of CUS1'ODY DOCUMlENIA1'~o.N 

ESI Job No: 

---------1-'1 Project l\lame: ':)('" ','It 'Til,j"-{i,; I """1<11:... •.• 1 Page ~,~ """./ 

~~~:r ~.~ !!4' lV ',L~-., Project Number: '(, 

-' Address: {,!",_ ~;/rG,>',; , rVJil. ,;, ;",., gil Project Manager: C, rL\~"(f,; _1.",<;.'/_;,' __ 1-__________________ _ 
I if 

Fax:! f:: ~Y9ice: {/pc';;"} -::#"l,,5f ",> i;'-1(;. 
, 
I Protocol: RCFlA SDWA NPDES USCOE Other 

Quote No: email: ..tv\IP.O.No: 
I -- %to: •• ,,' r(::;, I~.: ~e.~-","" 

I
, Lab Number Your Field 10:-- '1-- Date Time Sampled Grab Container Container Field Matrix Filter I Analyses Requested\ 

(assigned (musl agree With Sampled Sampled By or com- Size Type Preser- S=Sohd N=Not needed
1 
I Special Instructions: 

by lab) container) posit (mI.) (PfGff) t' W=Water F=Done in field 
I va Ion L=Lab to do 

~______ ____ ~-,::::_+_@!C) 

I J F'dl'" L ,-' ~ 'lr"/&iii' II ~:t I S" (:~-' __ _ 
I (~, I,\,-,t:/,~, / "\!'. j±; i'~' 1 t: !-------- ' :, ~..,. __ i I \i ~d I 

l 

' 1 ~=,-' .. ' ,.,,>' \~<>.. \ , 
f-l' 'I i';) {\ "eo ,\."" ~"~S::. : 

1 __ .j:>.-' \" V "I' ~ -I _.--
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Chet Myers 
Apex Companies LLC 
184 High Street 
Suite 502 
Boston, MA 02110 

Project: South Terminal 

PO Number: 
Report Number: 
Date Received: 
Date Reported: 

None 
21206 
07/19 - 07/26111 
08/05/11 

Attached please find the volatiles, semi-volatiles, and extractable petroleum hydrocarbons results 
for analyses performed on samples received on 07/19/11 thru 07/26/11. 

The results for aroclors were reported under seperate cover on 07/29/11. 

Samples were received in acceptable condition and under chain of custody. 

Instruments used in analysis were calibrated with the appropriate frequency and to the 
specifications of the referenced methods. 

Analytes in blanks were below levels affecting sample results. 

Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits. 

Please visit our website at www.envirosystems.com for a copy of our NH NELAP Accreditation 
and Massachusetts State Certification. 

The results for MA EPH, VOC High, and VOC Low were provided by Alpha Analytical of Westborough, MA. 

Enlti 

( 

Authorized 
Signature 

Attachment 
Report 

Date_----->~'f-/ b=-t-/--'-JU'---_ 
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Lab Number: 21206-001 
Sample Designation: TP6-1-N-H 
Date Sampled: 07118/11 
Date Extracted: 07127/11 
Date Analyzed: 07/28/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg drywt mg/Kg dry wt 

N-nitrosodimethylamine U 5 2,4-dinitrotoluene U 10 

phenol U 5 acenaphthene 320 5 

2-chlorophenol U 5 3-nitroaniline U 5 

bis(2-chloroethyl)ether U 5 2,4-dinitrophenol U 10 

1,3-dichlorobenzene U 5 dibenzofuran U 5 

1,4-dichlorobenzene U 5 4-nitrophenol U 10 

1,2-dichlorobenzene U 5 fluorene 79 5 

benzyl alcohol U 5 4-chlorophenyl phenyl ether U 5 

2-methylphenol (m-cresol) U 5 diethyl phthalate U 5 

bis(2-chloroisopropyl)ether U 5 4-nitroaniline U 5 

hexachloroethane U 5 4,6-dinitro-2-methylphenol U 50 

N-nitroso-di-n-propylamine U 5 4-bromophenyl-phenylether U 5 

3- and 4-methylphenol (p- and o-cresol) U 5 N-nitrosodiphenylamine 6.3 5 

nitrobenzene U 5 1 ,2-diphenylhydrazine (azobenzene) U 5 

isophorone U 5 4-bromophenyl phenyl ether U 5 

2-nitrophenol U 5 hexachlorobenzene U 5 

2,4-dimethylphenol U 5 pentachlorophenol U 5 

bis(2-chloroethoxy)methane U 5 phenanthrene 650 5 

2,4-dichlorophenol U 5 anthracene 120 5 

2,6-dichlorophenol U 5 carbazole U 5 

1,2,4-trichlorobenzene U 5 di-n-butylphthalate U 5 

naphthalene 230 5 fluoranthene 86 5 

benzoic acid U 50 benzidine U 50 

4-chloroaniline U 5 pyrene 180 5 

hexachloro-1,3-butadiene U 5 butylbenzylphthalate U 5 

4-chloro-3-methylphenol U 5 benzo( a )anthracene 60 5 

2-methylnaphthalene 39 5 chrysene 62 5 

hexachlorocyclopentadiene U 10 3,3'-dichlorobenzidine U 5 

2,4,6-trichlorophenol U 5 bis(2-ethylhexyl)phthalate U 5 

2,4,5-trichlorophenol U 5 di-n-octylphthalate U 5 

2-chloronaphthalene U 5 benzo(b)f\uoranthene 7.7 5 

2-nitroaniline U 5 benzo(k)f1uoranthene 17 5 

acenaphthylene 22 5 benzo(a)pyrene 18 5 

dimethylphthalate U 5 indeno(1,2,3-cd)pyrene 7.7 5 

2,6-dinitrotoluene U 5 dibenz(a,h)anthracene 11 5 

benzo(g,h,i)perylene 13 5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 66 21-100 nitrobenzene-d5 73 35-114 

phenol-d5 78 10-102 2-fluorobiphenyl 93 43-116 

2,4,6-tribromophenol 58 10-123 terphenyl-d14 93 33-141 

U = Below quantitation limit 

Page of ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

2/64 



Lab Number: 21206-005 
Sample Designation: TP6-2-N-M 
Date Sampled: 07/18/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/28/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration 

mg/Kg drywt 

N-nitrosodimethylamine U 

phenol U 

2-chlorophenol U 

bis(2-chloroethyl)ether U 

1,3-dichlorobenzene U 

1,4-dichlorobenzene U 

1,2-dichlorobenzene U 

benzyl alcohol U 

2-methylphenol (m-cresol) U 

bis(2-chloroisopropyl)ether U 

hexachloroethane U 

N-nitroso-di-n-propylamine U 

3- and 4-methylphenol (p- and o-cresol) U 

nitrobenzene U 

isophorone U 

2-nitrophenol U 

2,4-dimethylphenol U 

bis(2-chloroethoxy)methane U 

2,4-dichlorophenol U 

2,6-dichlorophenol U 

1,2,4-trichlorobenzene U 

naphthalene U 

benzoic acid U 

4-chloroaniline U 

hexachloro-1 ,3-butadiene U 

4-chloro-3-methylphenol U 

2-methylnaphthalene U 

hexachlorocyclopentadiene U 

2,4,6-trichlorophenol U 

2,4,5-trichlorophenol U 

2-chloronaphthalene U 

2-nitroaniline U 

acenaphthylene U 

dimethylphthalate U 

2,6-dinitrotoluene U 

SURROGATE STANDARDS 

Recovery 

(%) 

2-fluorophenol 65 

phenol-d5 46 

2,4,6-tribromophenol 74 

U = Below quantitation limit 
Detection limit elevated by high organics content. 

Reporting Limit 

mg/Kg dry wt 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

8 

0.8 

0.8 

0.8 

0.8 

2 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

Acceptance Limits 

(%) 

21-100 

10-102 

10-123 

Page of 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butYlphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo( a )anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-oclylphthalate 

benzo(b )fluoranthene 

benzo(k)fluoranthene 

benzo(a)pyrene 

indeno(1,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g ,h,i)perylene 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d 14 

Concentration 

mg/Kg drywt 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

Recovery 

(%) 

108 

93 

90 
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Reporting Limit 

mg/Kg drywt 

2 

0.8 

0.8 

2 

0.8 

2 

0.8 

0.8 

0.8 

0.8 

8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 
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Lab Number: 21206-009 
Sample Designation: TP6-3-N-A 
Date Sampled: 07/18/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg drywt mg/Kg drywt 

N-nitrosodimethylamine U 0.03 2,4-dinitrotoluene U 0.06 

phenol U 0.03 acenaphthene U 0.03 

2-chlorophenol U 0.03 3-nitroaniline U 0.03 

bis(2-chloroethyl)ether U 0.03 2,4-dinitrophenol U 0.06 

1,3-dichlorobenzene U 0.03 dibenzofuran U 0.03 

1,4-dichlorobenzene U 0.03 4-nitrophenol U 0.06 

1,2-dichlorobenzene U 0.03 fluorene U 0.03 

benzyl alcohol U 0.03 4-chlorophenyl phenyl ether U 0.03 

2-methylphenol (m-cresol) U 0.03 diethyl phthalate U 0.03 

bis(2-chloroisopropyl)ether U 0.03 4-nitroaniline U 0.03 

hexachloroethane U 0.03 4,6-dinitro-2-methylphenol U 0.3 

N-nitroso-di-n-propylamine U 0.03 4-bromophenyl-phenylether U 0.03 

3- and 4-methylphenol (p- and o-cresol) U 0.03 N-nitrosodiphenylamine U 0.03 

nitrobenzene U 0.03 1,2-diphenylhydrazine (azobenzene) U 0.03 

isophorone U 0.03 4-bromophenyl phenyl ether U 0.03 

2-nitrophenol U 0.03 hexachlorobenzene U 0.03 

2,4-dimethylphenol U 0.03 pentachlorophenol U 0.03 

bis(2-chloroethoxy)methane U 0.03 phenanthrene 0.2 0.03 

2,4-dichlorophenol U 0.03 anthracene U 0.03 

2,6-dichlorophenol U 0.03 carbazole U 0.03 

1 ,2,4-trichlorobenzene U 0.03 di-n-butylphthalate U 0.03 

naphthalene U 0.03 fluoranthene 0.3 0.03 

benzoic acid U 0.3 benzidine U 0.3 

4-chloroanHine U 0.03 pyrene 0.3 0.03 

hexachloro-1,3-butadiene U 0.03 butylbenzylphthalate U 0.03 

4-chloro-3-methylphenol U 0.03 benzo(a)anthracene 0.2 0.03 

2-methylnaphthalene U 0.03 chrysene 0.2 0.03 

hexachlorocyclopentadiene U 0.06 3,3'-dichlorobenzidine U 0.03 

2,4,6-trichlorophenol U 0.03 bis(2-ethylhexyl)phthalate U 0.03 

2,4,5-trichlorophenol U 0.03 di-n-octylphthalate U 0.03 

2-chloronaphthalene U 0.03 benzo(b)fluoranthene 0.1 0.03 

2-nitroaniline U 0.03 benzo(k)fluoranthene 0.2 0.03 

acenaphthylene U 0.03 benzo(a)pyrene 0.2 0.03 

dimethylphthalate U 0.03 indeno( 1 ,2,3-cd)pyrene 0.2 0.03 

2,6-dinitrotoluene U 0.03 dibenz(a,h)anthracene U 0.03 

benzo(g,h,i)perylene 0.2 0.03 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 60 21-100 nitrobenzene-d5 74 35-114 

phenol-d5 60 10-102 2-fluorobiphenyl 69 43-116 

2,4,6-tribromophenol 62 10-123 terphenyl-d14 73 33-141 

U = Below quantitation limit 

Page of ESI 
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Lab Number: 21206-013 
Sample Designation: TP6-3-N-B 
Date Sampled: 07/18/11 
Date Extracted: 07/27/11 
Date Analyzed: 08/03/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg dry wt mg/Kg dry wt mg/Kg drywt 

N-nitrosodimethylamine U 0.03 2,4-dinitrotoluene U 0.06 

phenol U 0.03 acenaphthene U 0.03 

2-chlorophenol U 0.03 3-nitroaniline U 0.03 

bis(2-chloroethyl)ether U 0.03 2,4-dinitrophenol U 0.06 

1,3-dichlorobenzene U 0.03 dibenzofuran U 0.03 

1,4-dichlorobenzene U 0.03 4-nitrophenol U 0.06 

1,2-dichlorobenzene U 0.03 fluorene U 0.03 

benzyl alcohol U 0.03 4-chlorophenyl phenyl ether U 0.03 

2-methylphenol (m-cresol) U 0.03 diethyl phthalate U 0.03 

bis(2-chloroisopropyl)ether U 0.03 4-nitroaniline U 0.03 

hexachloroethane U 0.03 4,6-dinitro-2-methylphenol U 0.3 

N-nitroso-di-n-propylamine U 0.03 4-bromophenyl-phenylether U 0.03 

3- and 4-methylphenol (p- and o-cresol) U 0.03 N-nitrosodiphenylamine U 0.03 

nitrobenzene U 0.03 1,2-diphenylhydrazine (azobenzene) U 0.03 

isophorone U 0.03 4-bromophenyl phenyl ether U 0.03 

2-nitrophenol U 0.03 hexachlorobenzene U 0.03 

2,4-dimethylphenol U 0.03 pentachlorophenol U 0.03 

bis(2-chloroethoxy)methane U 0.03 phenanthrene U 0.03 

2,4-dichlorophenol U 0.03 anthracene U 0.03 

2,6-dichlorophenol U 0.03 carbazole U 0.03 

1,2,4-trichlorobenzene U 0.03 di-n-bulylphthalate U 0.03 

naphthalene U 0.03 f1uoranthene U 0.03 

benzoic acid U 0.3 benzidine U 0.3 

4-chloroaniline U 0.03 pyrene U 0.03 

hexachloro-1,3-butadiene U 0.03 butyl benzyl phthalate U 0.03 

4-chloro-3-methylphenol U 0.03 benzo(a)anthracene U 0.03 

2-methylnaphthalene U 0.03 chrysene U 0.03 

hexachlorocyclopentadiene U 0.06 3,3'-dichlorobenzidine U 0.03 

2,4,6-trichlorophenol U 0.03 bis(2-ethylhexyl)phthalate U 0.03 
2,4,5-trichlorophenol U 0.03 di-n-oclylphthalate U 0.03 

2-chloronaphthalene U 0.03 benzo(b )f1uoranthene U 0.03 

2-nitroaniline U 0.03 benzo(k)fluoranthene U 0.03 

acenaphthylene U 0.03 benzo(a)pyrene U 0.03 

dimethyl phthalate U 0.03 indeno( 1,2,3-cd)pyrene U 0.03 

2,6-dinitrotoluene U 0.03 dibenz(a,h)anthracene U 0.03 

benzo(g,h,i)perylene U 0.03 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 90 21-100 nitrobenzene-d5 108 35-114 

phenol-d5 102 10-102 2-fluorobiphenyl 98 43-116 

2,4,6-tribromophenol 87 10-123 terphenyl-d 14 106 33-141 

U = Below quantitation limit 

Page of ESI 
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Lab Number: 21206-018 
Sample Designation: TP6-2-W-A 
Date Sampled: 07/19/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt 

N-nitrosodimethylamine U 0.06 2,4-dinitrotoluene U 0.1 

phenol U 0.06 acenaphthene U 0.06 

2-chlorophenol U 0.06 3-nitroaniline U 0.06 

bis(2-chloroethyl)ether U 0.06 2,4-dinitrophenol U 0.1 

1,3-dichlorobenzene U 0.06 dibenzofuran U 0.06 

1,4-dichlorobenzene U 0.06 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.06 fluorene U 0.06 

benzyl alcohol U 0.06 4-chlorophenyl phenyl ether U 0.06 

2-methylphenol (m-cresol) U 0.06 diethyl phthalate U 0.06 

bis(2-chloroisopropyl)ether U 0.06 4-nitroaniline U 0.06 

hexachloroethane U 0.06 4,6-dinitro-2-methylphenol U 0.6 

N-nitroso-di-n-propylamine U 0.06 4-bromophenyl-phenylether U 0.06 

3- and 4-methylphenol (p- and o-cresol) U 0.06 N-nitrosodiphenylamine U 0.06 

nitrobenzene U 0.06 1 ,2-diphenylhydrazine (azobenzene) U 0.06 

isophorone U 0.06 4-bromophenyl phenyl ether U 0.06 

2-nitrophenol U 0.06 hexachlorobenzene U 0.06 

2,4-dimethylphenol U 0.06 pentachlorophenol U 0.06 

bis(2-chloroethoxy)methane U 0.06 phenanthrene 0.4 0.06 

2,4-dichlorophenol U 0.06 anthracene 0.2 0.06 

2,6-dichlorophenol U 0.06 carbazole U 0.06 

1,2,4-trichlorobenzene U 0.06 di-n-butylphthalate U 0.06 

naphthalene U 0.06 f1uoranthene 2.5 0.06 

benzoic acid U 0.6 benzidine U 0.6 

4-chloroaniline U 0.06 pyrene 6 0.06 

hexachloro-l ,3-butadiene U 0.06 butylbenzylphthalate U 0.06 

4-chloro-3-methylphenol U 0.06 benzo(a)anthracene 2.8 0.06 

2-methylnaphthalene U 0.06 chrysene 3.2 0.06 

hexachlorocyclopentadiene U 0.1 3,3'-dichlorobenzidine U 0.06 

2,4,6-trichlorophenol U 0.06 bis(2-ethylhexyl)phthalate U 0.06 

2,4 ,5-trichlorophenol U 0.06 di-n-octylphthalate U 0.06 

2-chloronaphthalene U 0.06 benzo(b)f1uoranthene 2 0.06 

2-nitroaniline U 0.06 benzo(k)f1uoranthene 2.9 0.06 

acenaphthylene 0.3 0.06 benzo(a)pyrene 5.1 0.06 

dimethytphthalate U 0.06 indeno(1,2,3-cd)pyrene 4 0.06 

2,6-dinitrotoluene U 0.06 dibenz(a,h)anthracene 0.8 0.06 

benzo(g.h,i)perylene 4.4 0.06 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 57 21-100 nitrobenzene-d5 69 35-114 

phenol-d5 61 10-102 2-f1uorobiphenyl 65 43-116 

2.4,6-tribromophenol 51 10-123 terphenYI-d 14 73 33-141 

U = Below quantitation limit 
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Lab Number: 21206-022 
Sample Designation: TP6-2-W-M 
Date Sampled: 07/19/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/28/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit 

mg/Kg dry wt mg/Kg drywt 

N-nitrosodimethylamine U 6 

phenol U 6 

2-chlorophenol U 6 

bis(2-chloroethyl)ether U 6 

1,3-dichlorobenzene U 6 

1,4-dichlorobenzene U 6 

1,2-dichlorobenzene U 6 

benzyl alcohol U 6 

2-methylphenol (m-cresol) U 6 

bis(2-chloroisopropyl)ether U 6 

hexachloroethane U 6 

N-nitroso-di-n-propylamine U 6 

3- and 4-methylphenol (p- and o-cresol) U 6 

nitrobenzene U 6 

isophorone U 6 

2-nitrophenol U 6 

2,4-dimethylphenol U 6 

bis(2-chloroethoxy)methane U 6 

2,4-dichlorophenol U 6 

2,6-dichlorophenol U 6 

1,2,4-trichlorobenzene U 6 

naphthalene U 6 

benzoic acid U 60 

4-chloroaniline U 6 

hexachloro-1 ,3-butadiene U 6 

4-chloro-3-methylphenol U 6 

2-methylnaphthalene U 6 

hexachlorocyclopentadiene U 10 

2,4,6-trichlorophenol U 6 

2,4,5-trichlorophenol U 6 

2-chloronaphthalene U 6 

2-nitroaniline U 6 

acenaphthylene U 6 

dimethyl phthalate U 6 

2,6-dinitrotoluene U 6 

SURROGATE STANDARDS 

Recovery Acceptance Limits 

(%) (%) 

2-fluorophenol 79 21-100 

phenol-d5 84 10-102 

2,4,6-tribromophenol 70 10-123 

U = Below quantitation limit 
Detection limit elevated by high organics and/or moisture content. 

Page 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b )fluoranthene 

benzo(k)f1uoranthene 

benzo(a)pyrene 

indeno(1,2,3-cd)pyrene 

dibenz( a, h )anthracene 

benzo(g, h,i)perylene 

nitrobenzene-d5 

2-f1uorobiphenyl 

terphenyl-d 14 

of 

Concentration 

mg/Kg dry wt 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

16 

U 

U 

U 

U 

15 

U 

U 

13 

U 

U 

U 

U 

U 

U 

U 

U 

U 

Recovery 

(%) 

89 

88 

88 
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Reporting Limit 

mg/Kg dry wt 

10 

6 

6 

10 

6 

10 

6 

6 

6 

6 

60 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

60 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 
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Lab Number: 21206-026 
Sample Designation: TP6-2-W-B 
Date Sampled: 07/19/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/28/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg drywt mg/Kg dry wt 

N-nitrosodimethylamine U 0.6 2,4-dinitrotoluene U 

phenol U 0.6 acenaphthene 1.2 0.6 

2-chlorophenol U 0.6 3-nitroaniline U 0.6 

bis(2-chloroethyl)ether U 0.6 2,4-dinitrophenol U 

1,3-dichlorobenzene U 0.6 dibenzofuran U 0.6 

1 ,4-dichlorobenzene U 0.6 4-nitrophenol U 1 

1,2-dichlorobenzene U 0.6 fluorene U 0.6 

benzyl alcohol U 0.6 4-chlorophenyl phenyl ether U 0.6 

2-methylphenol (m-cresol) U 0.6 diethyl phthalate U 0.6 

bis(2-chloroisopropyl)ether U 0.6 4-nitroaniline U 0.6 

hexachloroethane U 0.6 4,6-dinitro-2-methylphenol U 6 

N-nitroso-di-n-propylamine U 0.6 4-bromophenyl-phenylether U 0.6 

3- and 4-methylphenol (p- and o-cresol) U 0.6 N-nitrosodiphenylamine U 0.6 

nitrobenzene U 0.6 1 ,2-diphenylhydrazine (azobenzene) U 0.6 

isophorone U 0.6 4-bromophenyl phenyl ether U 0.6 

2-nitrophenol U 0.6 hexachlorobenzene U 0.6 

2,4-dimethylphenol U 0.6 pentachlorophenol U 0.6 

bis(2-chloroethoxy)methane U 0.6 phenanthrene 3.6 0.6 

2,4-dichlorophenol U 0.6 anthracene U 0.6 

2,6-dichlorophenol U 0.6 carbazole U 0.6 

1,2,4-trichlorobenzene U 0.6 di-n-butylphthalate U 0.6 

naphthalene U 0.6 fiuoranthene U 0.6 

benzoic acid U 6 benzidine U 6 

4-chloroaniline U 0.6 pyrene 2.3 0.6 

hexachloro-1,3-butadiene U 0.6 butyl benzyl phthalate U 0.6 

4-chloro-3-methylphenol U 0.6 benzo(a)anthracene U 0.6 

2-methylnaphthalene U 0.6 chrysene U 0.6 

hexachlorocyclopentadiene U 1 3,3'-dichlorobenzidine U 0.6 

2,4,6-trichlorophenol U 0.6 bis(2-ethylhexyl)phthalate U 0.6 

2,4,S-trichlorophenol U 0.6 di-n-octylphthalate U 0.6 

2-chloronaphthalene U 0.6 benzo(b)fluoranthene U 0.6 

2-nitroaniline U 0.6 benzo(k)fluoranthene U 0.6 

acenaphthylene U 0.6 benzo(a)pyrene U 0.6 

dimethyl phthalate U 0.6 indeno(1,2,3-cd)pyrene U 0.6 

2,6-dinitrotoluene U 0.6 dibenz( a, h )anthracene U 0.6 

benzo(g, h, i)perylene U 0.6 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 87 21-100 nitrobenzene-dS 100 35-114 

phenol-cIS 96 10-102 2-fluorobiphenyl 91 43-116 

2,4,6-tribromophenol 59 10-123 terphenyl-d 14 89 33-141 

U = Below quantitation limit 

Page of ESI 
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Lab Number: 21206-030 
Sample Designation: TP2-1-W-H 
Date Sampled: 07/19/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/28/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit 

mg/Kg drywt mg/Kg drywt 

N-nitrosodimethylamine U 3 

phenol U 3 

2-chlorophenol U 3 

bis(2-chloroethyl)ether U 3 

1,3-dichlorobenzene U 3 

1,4-dichlorobenzene U 3 

1,2-dichlorobenzene U 3 

benzyl alcohol U 3 

2-methylphenol (m-cresol) U 3 

bis(2-chloroisopropyl)ether U 3 

hexachloroethane U 3 

N-nitroso-di-n-propylamine U 3 

3- and 4-methylphenol (p- and o-cresol) U 3 

nitrobenzene U 3 

isophorone U 3 

2-nitrophenol U 3 

2,4-dimethylphenol U 3 

bis(2-chloroethoxy)methane U 3 

2,4-dichlorophenol U 3 

2,6-dichlorophenol U 3 

1,2,4-trichlorobenzene U 3 

naphthalene 410 3 

benzoic acid U 30 

4-chloroaniline U 3 

hexachloro-1,3-butadiene U 3 

4-chloro-3-methylphenol U 3 

2-methylnaphthalene 150 3 

hexachlorocyclopentadiene U 6 

2,4,6-trichlorophenol U 3 
2,4,5-trichlorophenol U 3 

2-chloronaphthalene U 3 

2-nitroaniline U 3 

acenaphthylene 24 3 

dimethylphthalate U 3 

2,6-dinitrotoluene U 3 

SURROGATE STANDARDS 

Recovery Acceptance Limits 

(%) (%) 

2-fluorophenol Diluted out 21-100 

phenol-d5 Diluted out 10-102 

2,4,6-tribromophenol Diluted out 10-123 

U = Below quantitation limit 
Detection limit elevated by high organics andlor moisture content. 

Page of 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-oclylphthalate 

benzo(b)fluoranthene 

benzo(k)fluoranthene 

benzo( a )pyrene 

indeno(1,2,3-cd)pyrene 

dibenz( a, h )anthracene 

benzo(g, h, i)perylene 

nitrobenzene-d5 

2-f1uorobiphenyl 

terphenyl-d14 

Concentration 

mg/Kg dry wt 

U 

110 

U 

U 

U 

U 

54 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

290 

60 

U 

U 

150 

U 

320 

U 

120 

120 

U 

U 

U 

58 

72 

140 

92 

23 

100 

Recovery 

(%) 

Diluted out 

Diluted out 

Diluted out 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 

9/64 

Reporting Limit 

mg/Kg dry wt 

6 

3 

3 

6 

3 

6 

3 

3 

3 

3 

30 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

30 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 
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Lab Number: 21206-034 
Sample Designation: TP2-2-W-M 
Date Sampled: 07/19/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/28/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt 

N-nitrosodimethylamine U 2,4-dinitrotoluene U 2 

phenol U acenaphthene 22 

2-chlorophenol U 3-nitroaniline U 

bis(2-chloroethyl)ether U 2,4-dinitrophenol U 2 

1,3-dichlorobenzene U dibenzofuran U 

l,4-dichlorobenzene U 4-nitrophenol U 2 

1,2-dichlorobenzene U fluorene 8.3 

benzyl alcohol U 4-chlorophenyl phenyl ether U 

2-methylphenol (m-cresol) U diethyl phthalate U 

bis(2-chloroisopropyl)ether U 4-nitroaniline U 

hexachloroethane U 4,6-dinitro-2-methylphenol U 10 

N-nitroso-di-n-propylamine U 4-bromophenyl-phenylether U 

3- and 4-methylphenol (p- and o-cresol) U N-nitrosodiphenylamine U 

nitrobenzene U 1 ,2-diphenylhydrazine (azobenzene) U 

isophorone U 4-bromophenyl phenyl ether U 

2-nitrophenol U hexachlorobenzene U 

2,4-dimethylphenol U pentachlorophenol U 

bis(2-chloroethoxy)methane U phenanthrene 47 

2,4-dichlorophenol U anthracene 13 

2,6-dichlorophenol U carbazole U 

1,2,4-trichlorobenzene U di-n-butylphthalate U 

naphthalene 65 fluoranthene 20 

benzoic acid U 10 benzidine U 10 

4-chloroaniline U pyrene 43 

hexachloro-1 ,3-butadiene U butylbenzylphthalate U 

4-chloro-3-methylphenol U benzo( a )anthracene 15 

2-methylnaphthalene 43 chrysene 15 

hexachlorocyclopentadiene U 2 3,3'-dichlorobenzidine U 

2,4,6-trichlorophenol U 1 bis(2-ethylhexyl)phthalate U 

2,4,5-trichlorophenol U di-n-octylphthalate U 

2-chloronaphthalene U benzo(b )fluoranthene 8.7 

2-nitroaniline U benzo(k)fluoranthene 6.7 

acenaphthylene 3.1 benzo(a)pyrene 21 

dimethyl phthalate U indeno(1,2,3-cd)pyrene 13 

2,6-dinitrotoluene U dibenz(a,h)anthracene U 

benzo(g, h, i)perylene 17 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 67 21-100 nitrobenzene-d5 83 35-114 

phenol-d5 77 10-102 2-fluorobiphenyl 88 43-116 

2,4,6-tribromophenol 59 10-123 terphenyl-d 14 87 33-141 

U = Below quantitation limit 

Page of ESI 
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Lab Number: 21206-038 
Sample Designation: TP2-4-W-A 
Date Sampled: 07/19/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt mg/Kg drywt 

N-nitrosodimethylamine U 0.06 2,4-dinitrotoluene U 0.1 

phenol U 0.06 acenaphthene U 0.06 

2-chlorophenol U 0.06 3-nitroaniline U 0.06 

bis(2-chloroethyl)ether U 0.06 2,4-dinitrophenol U 0.1 

1,3-dichlorobenzene U 0.06 dibenzofuran U 0.06 

1 ,4-dichlorobenzene U 0.06 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.06 fluorene U 0.06 

benzyl alcohol U 0.06 4-chlorophenyl phenyl ether U O.OS 

2-methylphenol (m-cresol) U 0.06 diethyl phthalate U 0.06 

bis(2-chloroisopropyl)ether U 0.06 4-nitroaniline U 0.06 

hexachloroethane U 0.06 4,S-dinitro-2-methylphenol U 0.6 

N-nitroso-di-n-propylamine U 0.06 4-bromophenyl-phenylether U O.OS 

3- and 4-methylphenol (p- and o-cresol) U 0.06 N-nitrosodiphenylamine U 0.06 

nitrobenzene U 0.06 1 ,2-diphenylhydrazine (azobenzene) U 0.06 

isophorone U O.OS 4-bromophenyl phenyl ether U 0.06 

2-nitrophenol U O.OS hexachlorobenzene U 0.06 

2,4-dimethylphenol U 0.06 pentachlorophenol U 0.06 

bis(2-chloroethoxy)methane U 0.06 phenanthrene 0.3 0.06 

2,4-dichlorophenol U 0.06 anthracene U O.OS 

2,S-dichlorophenol U 0.06 carbazole U 0.06 

1,2,4-trichlorobenzene U 0.06 di-n-butylphthalate U O.OS 

naphthalene U 0.06 fluoranthene 0.6 0.06 

benzoic acid U O.S benzidine U O.S 

4-chloroaniline U O.OS pyrene 0.6 O.OS 

hexachloro-1 ,3-butadiene U 0.06 butylbenzylphthalate U O.OS 

4-chloro-3-methylphenol U 0.06 benzo(a)anthracene 0.3 O.OS 

2-methylnaphthalene U O.OS chrysene 0.4 0.06 

hexachlorocyclopentadiene U 0.1 3,3'-dichlorobenzidine U 0.06 

2,4,6-trichlorophenol U 0.06 bis(2-ethylhexyl)phthalate U 0.06 

2,4,5-trichlorophenol U 0.06 di-n-octylphthalate U O.OS 

2-chloronaphthalene U O.OS benzo(b )fluoranthene 0.2 0.06 

2-nitroaniline U 0.06 benzo(k)fluoranthene 0.3 0.06 

acenaphthylene U 0.06 benzo(a)pyrene 0.3 0.06 

dimethylphthalate U O.OS indeno( 1,2,3-cd)pyrene 0.2 0.06 

2,6-dinitrotoluene U O.OS dibenz(a,h)anthracene U 0.06 

benzo(g, h, i)perylene 0.3 0.06 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 82 21-100 nitrobenzene-d5 103 35-114 

phenol-d5 95 10-102 2-fluorobiphenyl 97 43-116 

2,4,6-tribromophenol 95 10-123 terphenyl-d 14 102 33-141 

U = Below quantitation limit 

Page of ESI 
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Lab Number: 21206-042 
Sample Designation: TP2-4-W-B 
Date Sampled: 07/19/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg dry wt mg/Kg drywt mg/Kg drywt 

N-nitrosodimethylamine U 0.03 2A-dinitrotoluene U 0.06 

phenol U 0.03 acenaphthene 0.1 0.03 

2-chlorophenol U 0.03 3-nitroaniline U 0.03 

bis(2-chloroethyl)ether U 0.03 2A-dinitrophenol U 0.06 

1 ,3-dichlorobenzene U 0.03 dibenzofuran 0.07 0.03 

1 A-dichlorobenzene U 0.03 4-nitrophenol U 0.06 

1,2-dichlorobenzene U 0.03 fluorene 0.1 0.03 

benzyl alcohol U 0.03 4-chlorophenyl phenyl ether U 0.03 

2-methylphenol (m-cresol) U 0.03 diethyl phthalate U 0.03 

bis(2-chloroisopropyl)ether U 0.03 4-nitroaniline U 0.03 

hexachloroethane U 0.03 4,6-dinitro-2-methylphenol U 0.3 

N-nitroso-di-n-propylamine U 0.03 4-bromophenyl-phenylether U 0.03 

3- and 4-methylphenol (p- an,d o-cresol) U 0.03 N-nitrosodiphenylamine U 0.03 

nitrobenzene U 0.03 1 ,2-diphenylhydrazine (azobenzene) U 0.03 

isophorone U 0.03 4-bromophenyl phenyl ether U 0.03 

2-nitrophenol U 0.03 hexachlorobenzene U 0.03 

2,4-dimethylphenol U 0.03 pentachlorophenol U 0.03 

bis(2-chloroethoxy)methane U 0.03 phenanthrene 1.7 0.03 

2,4-dichlorophenol U 0.03 anthracene 0.4 0.03 

2,6-dichlorophenol U 0.03 carbazole 0.1 0.03 

1,2,4-trichlorobenzene U 0.03 di-n-butylphthalate U 0.03 

naphthalene 0.3 0.03 f1uoranthene 3 0.03 

benzoic acid U 0.3 benzidine U 0.3 

4-chloroaniline U 0.03 pyrene 3.4 0.03 

hexachloro-1,3-butadiene U 0.03 butylbenzylphthalate U 0.03 

4-chloro-3-methylphenol U 0.03 benzo( a )anthracene 1.8 0.03 

2-methylnaphthalene 0.06 0.03 chrysene 1.9 0.03 

hexachlorocyclopentadiene U 0.06 3,3'-dichlorobenzidine U 0.03 

2,4,6-trichlorophenol U 0.03 bis(2-ethylhexyl)phthalate U 0.03 

2,4,5-trichlorophenol U 0.03 di-n-octylphthalate U 0.03 

2-chloronaphthalene U 0.03 benzo(b )fluoranthene 1.4 0.03 

2-nitroaniline U 0.03 benzo(k)f1uoranthene 1.2 0.03 

acenaphthylene 0.3 0.03 benzo(a)pyrene 2 0.03 

dimethylphthalate U 0.03 indeno(1,2,3-cd)pyrene 1.8 0.03 

2,6-dinitrotoluene U 0.03 dibenz( a, h )anthracene 0.3 0.03 

benzo(g,h,i)perylene 2.1 0.03 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

('Yo) ('Yo) ('Yo) ('Yo) 

2-fluorophenol 56 21-100 nitrobenzene-d5 69 35-114 

phenol-d5 58 10-102 2-fluorobiphenyl 60 43-116 

2,4,6-tribromophenol 61 10-123 terphenyl-d 14 61 33-141 

U = Below quantitation limit 

Page of ESI 
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Lab Number: 21206-046 
Sample Designation: TP4-1-E 
Date Sampled: 07/19/11 
Date Extracted: 07/27/11 
Date Analyzed: 07128111 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg dry wt mg/Kg drywt mg/Kg drywt 

N-nitrosodimethylamine U 2A-dinitrotoluene U 2 

phenol U acenaphthene U 

2-chlorophenol U 3-nitroaniline U 

bis(2-chloroethyl)ether U 2A-dinitrophenol U 2 

1,3-dichlorobenzene U dibenzofuran U 1 

1 A-dichlorobenzene U 4-nitrophenol U 2 

1,2-dichlorobenzene U fluorene U 

benzyl alcohol U 4-chlorophenyl phenyl ether U 

2-methylphenol (m-cresol) U diethyl phthalate U 

bis(2-chloroisopropyl)ether U 4-nitroaniline U 

hexachloroethane U 4,6-dinitro-2-methylphenol U 10 

N-nitroso-di-n-propylamine U 4-bromophenyl-phenylether U 1 

3- and 4-methylphenol (p- and o-cresol) U N-nitrosodiphenylamine U 

nitrobenzene U 1 ,2-diphenylhydrazine (azobenzene) U 

isophorone U 4-bromophenyl phenyl ether U 

2-nitrophenol U hexachlorobenzene U 

2A-dimethylphenol U pentachlorophenol U 

bis(2-chloroethoxy)methane U phenanthrene U 

2,4-dichlorophenol U anthracene U 

2,6-dichlorophenol U carbazole U 

1,2,4-trichlorobenzene U di-n-butylphthalate U 

naphthalene 2 fluoranthene U 

benzoic acid U 10 benzidine U 10 

4-chloroaniline U pyrene 2.2 

hexachloro-1 ,3-butadiene U butylbenzylphthalate U 

4-chloro-3-methylphenol U benzo(a)anthracene U 

2-methylnaphthalene U chrysene U 

hexachlorocyclopentadiene U 2 3,3'-dichlorobenzidine U 

2,4,6-trichlorophenol U bis(2-ethylhexyl)phthalate U 

2,4,5-trichlorophenol U di-n-octylphthalate U 

2-chloronaphthalene U benzo(b)fluoranthene U 

2-nitroaniline U benzo(k)fluoranthene U 

acenaphthylene U benzo(a)pyrene U 

dimethylphthalate U indeno( 1 ,2,3-cd)pyrene U 

2,6-dinitrotoluene U dibenz(a,h)anthracene U 

benzo(g,h,i)perylene U 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 75 21-100 nitrobenzene-d5 86 35-114 

phenol-d5 73 10-102 2-fluorobiphenyl 86 43-116 

2,4,6-tribromophenol 60 10-123 terphenyl-d 14 88 33-141 

U = Below quantitation limit 

Page of ESI 
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Lab Number: 21206-050 
Sample Designation: TP3-1-S 
Date Sampled: 07/19/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg dry wt mg/Kg drywt mg/Kg drywt 

N-nitrosodimethylamine U 0.07 2,4-dinitrotoluene U 0.1 

phenol U 0.07 acenaphthene U 0.07 

2-chlorophenol U 0.07 3-nitroaniline U 0.07 

bis(2-chloroethyl)ether U 0.07 2,4-dinitrophenol U 0.1 

1,3-dichlorobenzene U 0.07 dibenzofuran U 0.07 

1 ,4-dichlorobenzene U 0.07 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.07 fluorene U 0.07 

benzyl alcohol U 0.07 4-chlorophenyl phenyl ether U 0.G7 

2-methylphenol (m-cresol) U 0.07 diethyl phthalate U 0.07 

bis(2-chloroisopropyl)ether U 0.07 4-nitroaniline U 0.07 

hexachloroethane U 0.07 4,6-dinitro-2-methylphenol U 0.7 

N-nitroso-di-n-propylamine U 0.07 4-bromophenyl-phenylether U 0.07 

3- and 4-methylphenol (p- and o-cresol) U 0.07 N-nitrosodiphenylamine U 0.07 

nitrobenzene U 0.07 1 ,2-diphenylhydrazine (azobenzene) U 0.G7 

isophorone U 0.07 4-bromophenyl phenyl ether U 0.07 

2-nitrophenol U 0.07 hexachlorobenzene U 0.07 

2,4-dimethylphenol U 0.07 pentachlorophenol U 0.07 

bis(2-chloroethoxy)methane U 0.07 phenanthrene 0.1 0.07 

2,4-dichlorophenol U 0.07 anthracene U 0.07 

2,6-dichlorophenol U 0.07 carbazole U 0.07 

1,2,4-trichlorobenzene U 0.07 di-n-butylphthalate U 0.07 

naphthalene U 0.07 fluoranthene 0.3 0.07 

benzoic acid U 0.7 benzidine U 0.7 

4-chloroaniline U 0.07 pyrene 0.3 0.G7 

hexachloro-1,3-butadiene U 0.07 butylbenzylphthalate U 0.07 

4-chloro-3-methylphenol U 0.07 benzo(a)anthracene 0.2 0.07 

2-methylnaphthalene U 0.07 chrysene 0.2 0.07 

hexachlorocyclopentadiene U 0.1 3,3'-dichlorobenzidine U 0.07 

2,4,6-trichlorophenol U 0.07 bis(2-ethylhexyl)phthalate U 0.07 

2,4,5-trichlorophenol U 0.07 di-n-octylphthalate U 0.07 

2-chloronaphthalene U 0.07 benzo(b)fluoranthene U 0.07 

2-nitroaniline U 0.07 benzo(k)f1uoranthene 0.09 0.07 

acenaphthylene U 0.07 benzo(a)pyrene 0.1 0.G7 

dimethylphthalate U 0.07 indeno(1,2,3-cd)pyrene U 0.07 

2,6-dinitrotoluene U 0.07 dibenz( a, h )anthracene U 0.07 

benzo(g,h,i)perylene U 0.07 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 36 21-100 nitrobenzene-d5 45 35-114 

phenol-d5 39 10-102 2-fluorobiphenyl 42 43-116 

2,4,6-tribromophenol 45 10-123 terphenyl-d14 45 33-141 

U = Below quantitation limit 
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Lab Number: 21206-052 
Sample Designation: TP3-2-S-A 
Date Sampled: 07/19/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg drywt mg/Kg dry wt 

N-nitrosodimethylamine U 0.06 2,4-dinitrotoluene U 0.1 

phenol U 0.06 acenaphthene 0.7 0.06 

2-chlorophenol U 0.06 3-nitroaniline U 0.06 

bis(2-chloroethyl)ether U 0.06 2,4-dinitrophenol U 0.1 

1 ,3-dichlorobenzene U 0.06 dibenzofuran 0.5 0.06 

1 ,4-dichlorobenzene U 0.06 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.06 fluorene 0.8 0.06 

benzyl alcohol U 0.06 4-chlorophenyl phenyl ether U 0.06 

2-methylphenol (m-cresol) U 0.06 diethyl phthalate U 0.06 

bis(2-chloroisopropyl)ether U 0.06 4-nitroaniline U 0.06 

hexachloroethane U 0.06 4,6-dinitro-2-methylphenol U 0.6 

N-nitroso-di-n-propylamine U 0.06 4-bromophenyl-phenylether U 0.06 

3- and 4-methylphenol (p- and o-cresol) U 0.06 N-nitrosodiphenylamine U 0.06 

nitrobenzene U 0.06 1 ,2-diphenylhydrazine (azobenzene) U 0.06 

isophorone U 0.06 4-bromophenyl phenyl ether U 0.06 

2-nitrophenol U 0.06 hexachlorobenzene U 0.06 

2,4-dimethylphenol U 0.06 pentachlorophenol U 0.06 

bis(2-chloroethoxy)methane U 0.06 phenanthrene 10 0.06 

2,4-dichlorophenol U 0.06 anthracene 2.4 0.06 

2,6-dichlorophenol U 0.06 carbazole 1 0.06 

1,2,4-trichlorobenzene U 0.06 di-n-butylphthalate U 0.06 

naphthalene 0.6 0.06 fluoranthene 19 0.06 

benzoic acid U 0.6 benzidine U 0.6 

4-chloroaniline U 0.06 pyrene 17 0.06 

hexachloro-1 ,3-butadiene U 0.06 butylbenzylphthalate U 0.06 

4-chloro-3-methylphenol U 0.06 benzo(a)anthracene 9.B 0.06 

2-methylnaphthalene 0.2 0.06 chrysene 8.7 0.06 

hexachlorocyclopentadiene U 0.1 3,3'-dichlorobenzidine U 0.06 

2,4,6-trichlorophenol U 0.06 bis(2-ethylhexyl)phthalate U 0.06 

2,4,5-trichlorophenol U 0.06 di-n-octylphthalate U 0.06 

2-chloronaphthalene U 0.06 benzo(b)fluoranthene 8.5 0.06 

2-nitroaniline U 0.06 benzo(k)fluoranthene 4.7 0.06 

acenaphthylene 0.8 0.06 benzo(a)pyrene 9.4 0.06 

dimethyl phthalate U 0.06 indeno(1,2,3-cd)pyrene 4.1 0.06 

2,6-dinitrotoluene U 0.06 dibenz(a,h)anthracene 1.4 0.06 

benzo(g, h, i)perylene 4.5 0.06 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 44 21-100 nitrobenzene-d5 58 35-114 

phenol-d5 40 10-102 2-fluorobiphenyl 54 43-116 

2,4,6-lribromophenol 53 10-123 terphenyl-d14 60 33-141 

U = Below quantitation limit 
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Lab Number: 21206-054 
Sample Designation: TP3-2-S-M 
Date Sampled: 07/19/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt 

N-nitrosodimethylamine U 0.1 2,4-dinitrotoluene U 0.2 

phenol U 0.1 acenaphthene U 0.1 

2-chlorophenol U 0.1 3-nitroaniline U 0.1 

bis(2-chloroethyl)ether U 0.1 2,4-dinitrophenol U 0.2 

1,3-dichlorobenzene U 0.1 dibenzofuran U 0.1 

1,4-dichlorobenzene U 0.1 4-nitrophenol U 0.2 

1,2-dichlorobenzene U 0.1 fluorene U 0.1 

benzyl alcohol U 0.1 4-chlorophenyl phenyl ether U 0.1 

2-methylphenol (m-cresol) U 0.1 diethyl phthalate U 0.1 

bis(2-chloroisopropyl)ether U 0.1 4-nitroaniline U 0.1 

hexachloroethane U 0.1 4,6-dinitro-2-methylphenol U 

N-nitroso-di-n-propylamine U 0.1 4-bromophenyl-phenylether U 0.1 

3- and 4-methylphenol (p- and o-cresol) U 0.1 N-nitrosodiphenylamine U 0.1 

nitrobenzene U 0.1 1 ,2-diphenylhydrazine (azobenzene) U 0.1 

isophorone U 0.1 4-bromophenyl phenyl ether U 0.1 

2-nitrophenol U 0.1 hexachlorobenzene U 0.1 

2,4-dimethylphenol U 0.1 pentachlorophenol U 0.1 

bis(2-chloroethoxy)methane U 0.1 phenanthrene 0.6 0.1 

2,4-dichlorophenol U 0.1 anthracene 0.1 0.1 

2,6-dichlorophenol U 0.1 carbazole U 0.1 

1,2,4-trichlorobenzene U 0.1 di-n-butylphthalate U 0.1 

naphthalene U 0.1 fluoranthene 1.2 0.1 

benzoic acid U benzidine U 

4-chloroaniline U 0.1 pyrene 1 0.1 

hexachloro-1 ,3-butadiene U 0.1 butylbenzylphthalate U 0.1 

4-chloro-3-methylphenol U 0.1 benzo(a)anthracene 0.5 0.1 

2-methylnaphthalene U 0.1 chrysene 0.6 0.1 

hexachlorocyclopentadiene U 0.2 3,3'-dichlorobenzidine U 0.1 

2,4,6-trichlorophenol U 0.1 bis(2-ethylhexyl)phthalate U 0.1 

2,4,5-trichlorophenol U 0.1 di-n-octylphthalate U 0.1 

2-chloronaphthalene U 0.1 benzo(b)fluoranthene 0.4 0.1 

2-nitroaniline U 0.1 benzo(k)fluoranthene 0.5 0.1 

acenaphthylene U 0.1 benzo(a)pyrene 0.6 0.1 

dimethyl phthalate U 0.1 indeno(1,2,3-cd)pyrene 0.4 0.1 

2,6-dinitrotoluene U 0.1 dibenz(a,h)anthracene 0.2 0.1 

benzo(g,h,i)perylene 0.5 0.1 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 84 21-100 nitrobenzene-d5 90 35-114 

phenol-d5 81 10-102 2-fluorobiphenyl 86 43-116 

2,4,6-tribromophenol 81 10-123 terphenyl-d14 84 33-141 

U = Below quantitation limit 
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Lab Number: 21206-056 
Sample Designation: TP3-2-S-B 
Date Sampled: 07/19/11 
Date Extracted: 07/27/11 
Date Analyzed: 08/04/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt mg/Kg drywt 

N-nitrosodimethylamine U 0.03 2,4-dinitrotoluene U 0.06 

phenol U 0.03 acenaphthene U 0.03 

2-chlorophenol U 0.03 3-nitroaniline U 0.03 

bis(2-chloroethyl)ether U 0.03 2,4-dinitrophenol U 0.06 

1 ,3-dichlorobenzene U 0.03 dibenzofuran U 0.03 

l,4-dichlorobenzene U 0.03 4-nitrophenol U 0.06 

1,2-dichlorobenzene U 0.03 fluorene U 0.03 

benzyl alcohol U 0.03 4-chlorophenyl phenyl ether U 0.03 

2-methylphenol (m-cresol) U 0.03 diethyl phthalate U 0.03 

bis(2-chloroisopropyl)ether U 0.03 4-nitroaniline U 0.03 

hexachloroethane U 0.03 4,6-dinitro-2-methylphenol U 0.3 

N-nitroso-di-n-propylamine U 0.03 4-bromophenyl-phenylether U 0.03 

3- and 4-methylphenol (p- and o-cresol) U 0.03 N-nitrosodiphenylamine U 0.03 

nitrobenzene U 0.03 1 ,2-diphenylhydrazine (azobenzene) U 0.03 

isophorone U 0.03 4-bromophenyl phenyl ether U 0.03 

2-nitrophenol U 0.03 hexachlorobenzene U 0.03 

2,4-dimethylphenol U 0.03 pentachlorophenol U 0.03 

bis(2-chloroethoxy)methane U 0.03 phenanthrene U 0.03 

2,4-dichlorophenol U 0.03 anthracene U 0.03 

2,6-dichlorophenol U 0.03 carbazole U 0.03 

1,2,4-trichlorobenzene U 0.03 di-n-butylphthalate U 0.03 

naphthalene 0.7 0.03 fluoranthene U 0.03 

benzoic acid U 0.3 benzidine U 0.3 

4-chloroaniline U 0.03 pyrene U 0.03 

hexachloro-1 ,3-butadiene U 0.03 butylbenzylphthalate U 0.03 

4-chloro-3-methylphenol U 0.03 benzo(a)anthracene U 0.03 

2-methylnaphthalene U 0.03 chrysene U 0.03 

hexachlorocyclopentadiene U 0.06 3,3'-dichlorobenzidine U 0.03 

2,4,6-trichlorophenol U 0.03 bis(2-ethylhexyl)phthalate U 0.03 

2,4,5-trichlorophenol U 0.03 di-n-octylphthalate U 0.03 

2-chloronaphthalene U 0.03 benzo(b )fIuoranthene U 0.03 

2-nitroaniline U 0.03 benzo(k)fluoranthene U 0.03 

acenaphthylene U 0.03 benzo(a)pyrene U 0.03 

dimethylphthalate U 0.03 indeno(1,2,3-cd)pyrene U 0.03 

2,6-dinitrotoluene U 0.03 dibenz( a, h )anthracene U 0.03 

benzo(g,h,i)perylene U 0.03 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-f1uorophenol 65 21-100 nitrobenzene-d5 74 35-114 

phenol-d5 67 10-102 2-fluorobiphenyl 65 43-116 

2,4,6-tribromophenol 55 10-123 terphenyl-d14 65 33-141 

U = Below quantitation limit 
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Lab Number: 21206-059 
Sample Designation: TP4-1-S-A 
Date Sampled: 07/20/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg drywt mg/Kg dry wt 

N-nitrosodimethylamine U 0.04 2,4-dinitrotoluene U 0.07 

phenol U 0.04 acenaphthene 0.08 0.04 

2-chlorophenol U 0.04 3-nitroaniline U 0.04 

bis(2-chloroethyl)ether U 0.04 2,4-dinitrophenol U 0.07 

1,3-dichlorobenzene U 0.04 dibenzofuran U 0.04 

1,4-dichlorobenzene U 0.04 4-nitrophenol U 0.07 

1,2-dichlorobenzene U 0.04 fluorene 0.1 0.04 

benzyl alcohol U 0.04 4-chlorophenyl phenyl ether U 0.04 

2-methylphenol (m-cresol) U 0.04 diethyl phthalate U 0.04 

bis(2-chloroisopropyl)ether U 0.04 4-nitroaniline U 0.04 

hexachloroethane U 0.04 4,6-dinitro-2-methylphenol U 0.4 

N-nitroso-di-n-propylamine U 0.04 4-bromophenyl-phenylether U 0.04 

3- and 4-methylphenol (p- and o-cresol) U 0.04 N-nitrosodiphenylamine U 0.04 

nitrobenzene U 0.04 1 ,2-diphenylhydrazine (azobenzene) U 0.04 

isophorone U 0.04 4-bromophenyl phenyl ether U 0.04 

2-nitrophenol U 0.04 hexachlorobenzene U 0.04 

2,4-dimethylphenol U 0.04 pentachlorophenol U 0.04 

bis(2-chloroethoxy)methane U 0.04 phenanthrene 1.1 0.04 

2,4-dichlorophenol U 0.04 anthracene 0.2 0.04 

2,6-dichlorophenol U 0.04 carbazole 0.1 0.04 

1,2,4-trichlorobenzene U 0.04 di-n-butylphthalate U 0.04 

naphthalene 0.09 0.04 fluoranthene 1.8 0.04 

benzoic acid U 0.4 benzidine U 0.4 

4-chloroaniline U 0.04 pyrene 1.8 0.04 

hexachloro-1 ,3-butadiene U 0.04 butyl benzyl phthalate U 0.04 

4-chloro-3-methylphenol U 0.04 benzo( a )anthracene 1.1 0.04 

2-methylnaphthalene U 0.04 chrysene 1.1 0.04 

hexachlorocyclopentadiene U 0.07 3,3'-dichlorobenzidine U 0.04 

2,4,6-trichlorophenol U 0.04 bis(2-ethylhexyl)phthalate U 0.04 

2,4,5-trichlorophenol U 0.04 di-n-octylphthalate U 0.04 

2-chloronaphthalene U 0.04 benzo(b )fluoranthene 0.9 0.04 

2-nitroaniline U 0.04 benzo(k)fluoranthene 0.8 0.04 

acenaphthylene 0.1 0.04 benzo(a)pyrene 1.2 0.04 

dimethyl phthalate U 0.04 indeno(1,2,3-cd)pyrene 0.7 0.04 

2,6-dinilrololuene U 0.04 dibenz(a,h)anthracene 0.2 0.04 

benzo(g ,h,i)perylene 0.7 0.04 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 45 21-100 nitrobenzene-d5 57 35-114 

phenol-d5 49 10-102 2-fluorobiphenyl 53 43-116 

2,4,6-tribromophenol 51 10-123 terphenyl-d 14 51 33-141 

U = Below quantitation limit 
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Lab Number: 21206-061 
Sample Designation: TP4-1-S-M 
Date Sampled: 07/20/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt 

N-nitrosodimethylamine U 0.06 2,4-dinitrotoluene U 0.1 

phenol U 0.06 acenaphthene 0.3 0.06 

2-chlorophenol U 0.06 3-nitroaniline U 0.06 

bis(2-chloroethyl)ether U 0.06 2,4-dinitrophenol U 0.1 

1,3-dichlorobenzene U 0.06 dibenzofuran 0.2 0.06 

1 ,4-dichlorobenzene U 0.06 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.06 fluorene 0.4 0.06 

benzyl alcohol U 0.06 4-chlorophenyl phenyl ether U 0.06 

2-methylphenol (m-cresol) U 0.06 diethyl phthalate U 0.06 

bis(2-chloroisopropyl)ether U 0.06 4-nitroaniline U 0.06 

hexachloroethane U 0.06 4,6-dinitro-2-methylphenol U 0.6 

N-nitroso-di-n-propylamine U 0.06 4-bromophenyl-phenylether U 0.06 

3- and 4-methylphenol (p- and o-cresol) U 0.06 N-nitrosodiphenylamine U 0.06 

nitrobenzene U 0.06 1 ,2-diphenylhydrazine (azobenzene) U 0.06 

isophorone U 0.06 4-bromophenyl phenyl ether U 0.06 

2-nitrophenol U 0.06 hexachlorobenzene U 0.06 

2,4-dimethylphenol U 0.06 pentachlorophenol U 0.06 

bis(2-chloroethoxy)methane U 0.06 phenanthrene 5.4 0.06 

2,4-dichlorophenol U 0.06 anthracene 1.1 0.06 

2,6-dichlorophenol U 0.06 carbazole 0.3 0.06 

1,2,4-trichlorobenzene U 0.06 di-n-butylphthalate U 0.06 

naphthalene 0.7 0.06 fluoranthene 9 0.06 

benzoic acid U 0.6 benzidine U 0.6 

4-chloroaniline U 0.06 pyrene 13 0.06 

hexachloro-l,3-butadiene U 0.06 butylbenzylphthalate U 0.06 

4-chloro-3-methylphenol U 0.06 benzo(a)anthracene 7 0.06 

2-methylnaphthalene 0.2 0.06 chrysene 7.4 0.06 

hexachlorocyclopentadiene U 0.1 3,3'-dichlorobenzidine U 0.06 

2,4,6-trichlorophenol U 0.06 bis(2-ethylhexyl)phthalate U 0.06 

2,4,5-trichlorophenol U 0.06 di-n-octyl phthalate U 0.06 

2-chloronaphthalene U 0.06 benzo(b )fluoranthene 5.7 0.06 

2-nitroaniline U 0.06 benzo(k)fluoranthene 4.4 0.06 

acenaphthylene 0.9 0.06 benzo(a)pyrene 7.2 0.06 

dimethylphthalate U 0.06 indeno(1,2,3-cd)pyrene 5.1 0.06 

2,6-dinitrotoluene U 0.06 dibenz(a,h)anthracene 1.4 0.06 

benzo(g,h ,i)perylene 5.6 0.06 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 46 21-100 nitrobenzene-d5 63 35-114 

phenol-d5 49 10-102 2-fluorobiphenyl 53 43-116 

2,4,6-tribromophenol 49 10-123 terphenyl-d14 54 33-141 

U = Below quantitation limit 
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Lab Number: 21206-063 
Sample Designation: TP4-1-S-B 
Date Sampled: 07/20/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg dry wt mg/Kg drywt mg/Kg dry wt 

N-nitrosodimethylamine U 0.1 2,4-dinitrotoluene U 0.2 

phenol U 0.1 acenaphthene U 0.1 

2-chlorophenol U 0.1 3-nitroaniline U 0.1 

bis(2-chloroethyl)ether U 0.1 2,4-dinitrophenol U 0.2 

1,3-dichlorobenzene U 0.1 dibenzofuran U 0.1 

1,4-dichlorobenzene U 0.1 4-nitrophenol U 0.2 

1,2-dichlorobenzene U 0.1 fluorene U 0.1 

benzyl alcohol U 0.1 4-chlorophenyl phenyl ether U 0.1 

2-methylphenol (m-cresol) U 0.1 diethyl phthalate U 0.1 

bis(2-chloroisopropyl)ether U 0.1 4-nitroaniline U 0.1 

hexachloroethane U 0.1 4,6-dinitro-2-methylphenol U 1 

N-nitroso-di-n-propylamine U 0.1 4-bromophenyl-phenylether U 0.1 

3- and 4-methylphenol (p- and o-cresol) U 0.1 N-nitrosodiphenylamine U 0.1 

nitrobenzene U 0.1 1,2-diphenylhydrazine (azobenzene) U 0.1 

isophorone U 0.1 4-bromophenyl phenyl ether U 0.1 

2-nitrophenol U 0.1 hexachlorobenzene U 0.1 

2,4-dimethylphenol U 0.1 pentachlorophenol U 0.1 

bis(2-chloroethoxy)methane U 0.1 phenanthrene U 0.1 

2,4-dichlorophenol U 0.1 anthracene U 0.1 

2,6-dichlorophenol U 0.1 carbazole U 0.1 

1,2,4-trichlorobenzene U 0.1 di-n-butylphthalate U 0.1 

naphthalene U 0.1 fluoranthene 0.4 0.1 

benzoic acid U benzidine U 

4-chloroaniline U 0.1 pyrene 0.5 0.1 

hexachloro-1,3-butadiene U 0.1 butylbenzylphthalate U 0.1 

4-chloro-3-methylphenol U 0.1 benzo(a)anthracene 0.2 0.1 

2-methylnaphthalene U 0.1 chrysene 0.3 0.1 

hexachlorocyclopentadiene U 0.2 3,3'-dichlorobenzidine U 0.1 

2,4,6-trichlorophenol U 0.1 bis(2-ethylhexyl)phthalate U 0.1 

2,4,5-trichlorophenol U 0.1 di-n-octYlphthalate U 0.1 

2-chloronaphthalene U 0.1 benzo(b )fluoranthene U 0.1 

2-nitroaniline U 0.1 benzo(k)fluoranthene U 0.1 

acenaphthylene U 0.1 benzo(a)pyrene 0.4 0.1 

dimethylphthalate U 0.1 indeno( 1 ,2,3-cd)pyrene 0.3 0.1 

2,6-dinitrotoluene U 0.1 dibenz(a,h)anthracene U 0.1 

benzo(g,h,i)perylene 0.4 0.1 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 42 21-100 nitrobenzene-d5 52 35-114 

phenol-d5 44 10-102 2-fluorobiphenyl 43 43-116 

2,4,6-tribromophenol 41 10-123 terphenyl-d 14 44 33-141 

U = Below quantitation limit 

Page of ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

20/64 



Lab Number: 21206-065 
Sample Designation: TP4-1-W-A 
Date Sampled: 07/20/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg drywt mg/Kg dry wt mg/Kg drywt 

N-nitrosodimethylamine U 0.06 2,4-dinitrotoluene U 0.1 

phenol U 0.06 acenaphthene 2.7 0.06 

2-chlorophenol U 0.06 3-nitroaniline U 0.06 

bis(2-chloroethyl)ether U 0.06 2,4-dinitrophenol U 0.1 

1 ,3-dichlorobenzene U 0.06 dibenzofuran 1.9 0.06 

1,4-dichlorobenzene U 0.06 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.06 fluorene 2.5 0.06 

benzyl alcohol U 0.06 4-chlorophenyl phenyl ether U 0.06 

2-methylphenol (m-cresol) U 0.06 diethyl phthalate U 0.06 

bis(2-chloroisopropyl)ether U 0.06 4-nitroaniline U 0.06 

hexachloroethane U 0.06 4,6-dinitro-2-methylphenol U 0.6 

N-nitroso-di-n-propylamine U 0.06 4-bromophenyl-phenylether U 0.06 

3- and 4-methylphenol (p- and o-cresol) U 0.06 N-nitrosodiphenylamine U 0.06 

nitrobenzene U 0.06 1 ,2-diphenylhydrazine (azobenzene) U 0.06 

isophorone U 0.06 4-bromophenyl phenyl ether U 0.06 

2-nitrophenol U 0.06 hexachlorobenzene U 0.06 

2,4-dimethylphenol U 0.06 pentachlorophenol U 0.06 

bis(2-chloroethoxy)methane U 0.06 phenanthrene 23 0.06 

2,4-dichlorophenol U 0.06 anthracene 5.9 0.06 

2,6-dichlorophenol U 0.06 carbazole 3 0.06 

1,2,4-trichlorobenzene U 0.06 di-n-butylphthalate U 0.06 

naphthalene 1.3 0.06 fiuoranthene 26 0.06 

benzoic acid U 0.6 benzidine U 0.6 

4-chloroaniline U 0.06 pyrene 22 0.06 

hexachloro-1,3-butadiene U 0.06 butylbenzylphthalate U 0.06 

4-chloro-3-methylphenol U 0.06 benzo(a)anthracene 14 0.06 

2-methylnaphthalene 0.6 0.06 chrysene 8.8 0.06 

hexachlorocyclopentadiene U 0.1 3,3'-dichlorobenzidine U 0.06 

2,4,6-trichlorophenol U 0.06 bis(2-ethylhexyl)phthalate U 0.06 

2,4,5-trichlorophenol U 0.06 di-n-octylphthalate U 0.06 

2-chloronaphthalene U 0.06 benzo(b)fluoranthene 6.5 0.06 

2-nitroaniline U 0.06 benzo(k)fluoranthene 9 0.06 

acenaphthylene 0.7 0.06 benzo(a)pyrene 10 0.06 

dimethyl phthalate U 0.06 indeno(1,2,3-cd)pyrene 4.2 0.06 

2,6-dinitrotoluene U 0.06 dibenz(a,h)anthracene 1.6 0.06 

benzo(g,h,i)perylene 4.5 0.06 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 38 21-100 nitrobenzene-d5 57 35-114 

phenol-d5 42 10-102 2-f1uorobiphenyl 51 43-116 

2,4,6-tribromophenol 56 10-123 terphenyl-d14 53 33-141 

U = Below quantitation limit 
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Lab Number: 21206-067 
Sample Designation: TP4-1-W-M 
Date Sampled: 07/20/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg drywt mg/Kg drywt mg/Kg dry wt 

N-nitrosodimethylamine U 0.06 2,4-dinitrotoluene U 0.1 

phenol U 0.06 acenaphthene 0.2 0.06 

2-chlorophenol U 0.06 3-nitroaniline U 0.06 

bis(2-chloroethyl)ether U 0.06 2,4-dinitrophenol U 0.1 

1,3-dichlorobenzene U 0.06 dibenzofuran 0.1 0.06 

1,4-dichlorobenzene U 0.06 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.06 fluorene 0.3 0.06 

benzyl alcohol U 0.06 4-chlorophenyl phenyl ether U 0.06 

2-methylphenol (m-cresol) U 0.06 diethyl phthalate U 0.06 

bis(2-chloroisopropyl)ether U 0.06 4-nitroaniline U 0.06 

hexachloroethane U 0.06 4,6-dinitro-2-methylphenol U 0.6 

N-nitroso-di-n-propylamine U 0.06 4-bromophenyl-phenylether U 0.06 

3- and 4-methylphenol (p- and o-cresol) U 0.06 N-nitrosodiphenylamine U 0.06 

nitrobenzene U 0.06 1 ,2-diphenylhydrazine (azobenzene) U 0.06 

isophorone U 0.06 4-bromophenyl phenyl ether U 0.06 

2-nitrophenol U 0.06 hexachlorobenzene U 0.06 

2,4-dimethylphenol U 0.06 pentachlorophenol U 0.06 

bis(2-chloroethoxy)methane U 0.06 phenanthrene 4.3 0.06 

2,4-dichlorophenol U 0.06 anthracene 1.1 0.06 

2,6-dichlorophenol U 0.06 carbazole 0.2 0.06 

1,2,4-trichlorobenzene U 0.06 di-n-butylphthalate 0.1 0.06 

naphthalene 1.4 0.06 fluoranthene 6.8 0.06 

benzoic acid U 0.6 benzidine U 0.6 

4-chloroaniline U 0.06 pyrene 11 0.06 

hexachloro-1,3-butadiene U 0.06 butylbenzylphthalate U 0.06 

4-chloro-3-methylphenol U 0.06 benzo(a)anthracene 5.3 0.06 

2-methylnaphthalene 0.4 0.06 chrysene 5.4 0.06 

hexachlorocyclopentadiene U 0.1 3,3'-dichlorobenzidine U 0.06 

2,4,6-trichlorophenol U 0.06 bis(2-ethylhexyl)phthalate U 0.06 

2,4,5-trichlorophenol U 0.06 di-n-octylphthalate U 0.06 

2-chloronaphthalene U 0.06 benzo(b )f1uoranthene 4.9 0.06 

2-nitroaniline U 0.06 benzo(k)f1uoranthene 2.8 0.06 

acenaphthylene 0.06 benzo(a)pyrene 5.9 0.06 

dimethyl phthalate U 0.06 indeno(1,2,3-cd)pyrene 3.2 0.06 

2,6-dinitrotoluene U 0.06 dibenz( a, h )anthracene 1.1 0.06 

benzo(g, h, i)perylene 3.6 0.06 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 31 21-100 nitrobenzene-d5 47 35-114 

phenol-d5 32 10-102 2-f1uorobiphenyl 43 43-116 

2,4,6-tribromophenol 41 10-123 terphenyl-d 14 47 33-141 

U = Below quantitation limit 
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Lab Number: 21206-069 
Sample Designation: TP4-1-W-B 
Date Sampled: 07120111 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt 

N-nitrosodimethylamine U 0.2 2,4-dinitrotoluene U 0.5 

phenol U 0.2 acenaphthene U 0.2 

2-chlorophenol U 0.2 3-nitroaniline U 0.2 

bis(2-chloroethyl)ether U 0.2 2,4-dinitrophenol U 0.5 

1,3-dichlorobenzene U 0.2 dibenzofuran U 0.2 

1 ,4-dichlorobenzene U 0.2 4-nitrophenol U 0.5 

1,2-dichlorobenzene U 0.2 fluorene U 0.2 

benzyl alcohol U 0.2 4-chlorophenyl phenyl ether U 0.2 

2-methylphenol (m-cresol) U 0.2 diethyl phthalate U 0.2 

bis(2-chloroisopropyl)ether U 0.2 4-nitroaniline U 0.2 

hexachloroethane U 0.2 4,6-dinitro-2-methylphenol U 2 

N-nitroso-di-n-propylamine U 0.2 4-bromophenyl-phenylether U 0.2 

3- and 4-methylphenol (p- and o-cresol) U 0.2 N-nitrosodiphenylamine U 0.2 

nitrobenzene U 0.2 1 ,2-diphenylhydrazine (azobenzene) U 0.2 

isophorone U 0.2 4-bromophenyl phenyl ether U 0.2 

2-nitrophenol U 0.2 hexachlorobenzene U 0.2 

2,4-dimethylphenol U 0.2 pentachlorophenol U 0.2 

bis(2-chloroethoxy)methane U 0.2 phenanthrene 0.6 0.2 

2,4-dichlorophenol U 0.2 anthracene U 0.2 

2,6-dichlorophenol U 0.2 carbazole U 0.2 

1,2,4-trichlorobenzene U 0.2 di-n-butylphthalate U 0.2 

naphthalene U 0.2 fluoranthene 1 0.2 

benzoic acid U 2 benzidine U 2 

4-chloroaniline U 0.2 pyrene 1.3 0.2 

hexachloro-1,3-butadiene U 0.2 butyl benzyl phthalate U 0.2 

4-chloro-3-methylphenol U 0.2 benzo(a)anthracene 0.7 0.2 

2-methylnaphthalene U 0.2 chrysene 0.9 0.2 

hexachlorocyclopentadiene U 0.5 3,3'-dichlorobenzidine U 0.2 

2,4,6-trichlorophenol U 0.2 bis(2-ethylhexyl)phthalate U 0.2 

2,4,5-trichlorophenol U 0.2 di-n-octylphthalate U 0.2 

2-chloronaphthalene U 0.2 benzo(b )fluoranthene 0.2 

2-nitroaniline U 0.2 benzo(k)f1uoranthene 0.6 0.2 

acenaphthylene 0.3 0.2 benzo(a)pyrene 1.7 0.2 

dimethyl phthalate U 0.2 indeno( 1 ,2,3-cd)pyrene 2.5 0.2 

2,6-dinitrotoluene U 0.2 dibenz(a,h)anthracene 0.3 0.2 

benzo(g,h,i)perylene 2.7 0.2 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 80 21-100 nitrobenzene-d5 98 35-114 

phenol-d5 82 10-102 2-fluorobiphenyl 87 43-116 

2,4,6-tribromophenol 82 10-123 terphenyl-d14 84 33-141 

U = Below quantitation limit 
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Lab Number: 21206-071 
Sample Designation: TP4-2-W 
Date Sampled: 07/20/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg drywt mg/Kg dry wt mg/Kg dry wt 

N-nitrosodimethylamine U 0.2 2,4-dinitrotoluene U 0.5 

phenol U 0.2 acenaphthene U 0.2 

2-chlorophenol U 0.2 3-nitroaniline U 0.2 

bis(2-chloroethyl)ether U 0.2 2,4-dinitrophenol U 0.5 

1 ,3-dichlorobenzene U 0.2 dibenzofuran U 0.2 

1 ,4-dichlorobenzene U 0.2 4-nitrophenol U 0.5 

1,2-dichlorobenzene U 0.2 fluorene U 0.2 

benzyl alcohol U 0.2 4-chlorophenyl phenyl ether U 0.2 

2-methylphenol (m-cresol) U 0.2 diethyl phthalate U 0.2 

bis(2-chloroisopropyl)ether U 0.2 4-nitroaniline U 0.2 

hexachloroethane U 0.2 4,6-dinitro-2-methylphenol U 2 

N-nitroso-di-n-propylamine U 0.2 4-bromophenyl-phenylether U 0.2 

3- and 4-methylphenol (p- and o-cresol) U 0.2 N-nitrosodiphenylamine U 0.2 

nitrobenzene U 0.2 1,2-diphenylhydrazine (azobenzene) U 0.2 

isophorone U 0.2 4-bromophenyl phenyl ether U 0.2 

2-nitrophenol U 0.2 hexachlorobenzene U 0.2 

2,4-dimethylphenol U 0.2 pentachlorophenol U 0.2 

bis(2-chloroethoxy)methane U 0.2 phenanthrene 0.2 

2,4-dichlorophenol U 0.2 anthracene 0.5 0.2 

2,6-dichlorophenol U 0.2 carbazole U 0.2 

1,2,4-trichlorobenzene U 0.2 di-n-butylphthalate U 0.2 

naphthalene U 0.2 f1uoranthene 1.9 0.2 

benzoic acid U 2 benzidine U 2 

4-chloroaniline U 0.2 pyrene 3.9 0.2 

hexachloro-1,3-butadiene U 0.2 butylbenzylphthalate U 0.2 

4-chloro-3-methylphenol U 0.2 benzo( a )anthracene 1.7 0.2 

2-methylnaphthalene U 0.2 chrysene 2.1 0.2 

hexachlorocyclopentadiene U 0.5 3,3'-dichlorobenzidine U 0.2 

2,4,6-trichlorophenol U 0.2 bis(2-ethylhexyl)phthalate U 0.2 

2,4,5-trichlorophenol U 0.2 di-n-octylphthalate U 0.2 

2-chloronaphthalene U 0.2 benzo(b )fluoranthene 2.6 0.2 

2-nitroaniline U 0.2 benzo(k)f1uoranthene 1.3 0.2 

acenaphthylene 1 0.2 benzo(a)pyrene 4.7 0.2 

dimethyl phthalate U 0.2 indeno(1,2,3-cd)pyrene 7.8 0.2 

2,6-dinitrotoluene U 0.2 dibenz(a,h)anthracene 0.9 0.2 

benzo(g,h,i)perylene 9.2 0.2 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-f1uorophenol 76 21-100 nitrobenzene-d5 91 35-114 

phenol-d5 75 10-102 2-fluorobiphenyl 83 43-116 

2,4,6-tribromophenol 79 10-123 terphenyl-d14 78 33-141 

U = Below quantitation limit 

Page of ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

24/64 



Lab Number: 21206-093 
Sample Designation: TP6-1-NW-A 
Date Sampled: 07/22/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/30/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt mg/Kg drywt 

N-nitrosodimethylamine U O.OS 2,4-dinitrotoluene U 0.1 

phenol U O.OS acenaphthene U 0.06 

2-chlorophenol U O.OS 3-nitroaniline U 0.06 

bis(2-chloroethyl)ether U 0.06 2,4-dinitrophenol U 0.1 

1,3-dichlorobenzene U O.OS dibenzofuran U O.OS 

1,4-dichlorobenzene U O.OS 4-nitrophenol U 0.1 

1,2-dichlorobenzene U O.OS fluorene U O.OS 

benzyl alcohol U O.OS 4-chlorophenyl phenyl ether U O.OS 

2-methylphenol (m-cresol) U O.OS diethyl phthalate U 0.06 

bis(2-chloroisopropyl)ether U 0.06 4-nitroaniline U O.OS 

hexachloroethane U 0.06 4,S-dinitro-2-methylphenol U O.S 

N-nitroso-di-n-propylamine U 0.06 4-bromophenyl-phenylether U 0.06 

3- and 4-methylphenol (p- and o-cresol) U O.OS N-nitrosodiphenylamine U O.OS 

nitrobenzene U O.OS 1 ,2-diphenylhydrazine (azobenzene) U O.OS 

isophorone U O.OS 4-bromophenyl phenyl ether U O.OS 

2-nitrophenol U O.OS hexachlorobenzene U O.OS 

2,4-dimethylphenol U 0.06 pentachlorophenol U 0.06 

bis(2-chloroethoxy)methane U 0.06 phenanthrene 0.1 0.06 

2,4-dichlorophenol U 0.06 anthracene U 0.06 

2,6-dichlorophenol U O.OS carbazole U 0.06 

1,2,4-trichlorobenzene U 0.06 di-n-butylphthalate U O.OS 

naphthalene U 0.06 fluoranthene 0.3 0.06 

benzoic acid U O.S benzidine U 0.6 

4-chloroaniline U 0.06 pyrene 0.3 0.06 

hexachloro-1,3-butadiene U 0.06 butylbenzylphthalate U 0.06 

4-chloro-3-methylphenol U 0.06 benzo( a )anthracene 0.2 0.06 

2-methylnaphthalene U O.OS chrysene 0.3 0.06 

hexachlorocyclopentadiene U 0.1 3,3 '-dichlorobenzidine U 0.06 

2,4,6-trichlorophenol U 0.06 bis(2-ethylhexyl)phthalate U 0.06 

2,4,5-trichlorophenol U 0.06 di-n-octylphthalate U 0.06 

2-chloronaphthalene U 0.06 benzo(b )fluoranthene 0.2 0.06 

2-nitroaniline U 0.06 benzo(k)fluoranthene 0.2 0.06 

acenaphthylene U 0.06 benzo(a)pyrene 0.2 0.06 

dimethylphthalate U 0.06 indeno(1,2,3-cd)pyrene 0.1 0.06 

2,6-dinitrotoluene U 0.06 dibenz( a, h )anthracene 0.07 O.OS 

benzo(g,h,i)perylene 0.2 0.06 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 112 21-100 nitrobenzene-d5 127 35-114 

phenol-d5 115 10-102 2-fluorobiphenyl 112 43-11S 

2,4,6-tribromophenol 114 10-123 terphenyl-d14 106 33-141 

U = Below quantitation limit 
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Lab Number: 21206-095 
Sample Designation: TP6-1-NW-M 
Date Sampled: 07/22/11 
Date Extracted: 07/27/11 
Date Analyzed: 08/03/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg drywt mg/Kg dry wt mg/Kg drywt 

N-nitrosodimethylamine U 0.06 2,4-dinitrotoluene U 0.1 

phenol U 0.06 acenaphthene U 0.06 

2-chlorophenol U 0.06 3-nitroaniline U 0.06 

bis(2-chloroethyl)ether U 0.06 2,4-dinitrophenol U 0.1 

1,3-dichlorobenzene U 0.06 dibenzofuran U 0.06 

1,4-dichlorobenzene U 0.06 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.06 fluorene U 0.06 

benzyl alcohol U 0.06 4-chlorophenyl phenyl ether U 0.06 

2-methylphenol (m-cresol) U 0.06 diethyl phthalate U 0.06 

bis(2-chloroisopropyl)ether U 0.06 4-nitroaniline U 0.06 

hexachloroethane U 0.06 4,6-dinitro-2-methylphenol U 0.6 

N-nitroso-di-n-propylamine U 0.06 4-bromophenyl-phenylether U 0.06 

3- and 4-methylphenol (p- and o-cresol} U 0.06 N-nitrosodiphenylamine U 0.06 

nitrobenzene U 0.06 1 ,2-diphenylhydrazine (azobenzene) U 0.06 

isophorone U 0.06 4-bromophenyl phenyl ether U 0.06 

2-nitrophenol U 0.06 hexachlorobenzene U 0.06 

2,4-dimethylphenol U 0.06 pentachlorophenol U 0.06 

bis(2-chloroethoxy)methane U 0.06 phenanthrene U 0.06 

2,4-dichlorophenol U 0.06 anthracene U 0.06 

2,6-dichlorophenol U 0.06 carbazole U 0.06 

1,2,4-trichlorobenzene U 0.06 di-n-butylphthalate U 0.06 

naphthalene U 0.06 fluoranthene U 0.06 

benzoic acid U 0.6 benzidine U 0.6 

4-chloroaniline U 0.06 pyrene U 0.06 

hexachloro-1,3cbutadiene U 0.06 butyl benzyl phthalate U 0.06 

4-chloro-3-methylphenol U 0.06 benzo(a)anthracene U 0.06 

2-methylnaphthalene U 0.06 chrysene U 0.06 

hexachlorocyclopentadiene U 0.1 3,3'-dichlorobenzidine U 0.06 

2,4,6-trichlorophenol U 0.06 bis(2-ethylhexyl)phthalate U 0.06 

2,4,5-trichlorophenol U 0.06 di-n-octylphthalate U 0.06 

2-chloronaphthalene U 0.06 benzo(b)fluoranthene U 0.06 

2-nitroaniline U 0.06 benzo(k)fluoranthene U 0.06 

acenaphthylene U 0.06 benzo(a)pyrene U 0.06 

dimethylphthalate U 0.06 indeno(1,2,3-cd)pyrene U 0.06 

2,6-dinitrotoluene U 0.06 dibenz(a,h)anthracene U 0.06 

benzo(g,h,i)perylene U 0.06 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 39 21-100 nitrobenzene-d5 44 35-114 

phenol-d5 40 10-102 2-fluorobiphenyl 40 43-116 

2,4,6-tribromophenol 34 10-123 terphenyl-d 14 41 33-141 

U = Below quantitation limit 
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Lab Number: 21206-097 
Sample Designation: TP6-1-NW-B 
Date Sampled: 07/22/11 
Date Extracted: 07/27/11 
Date Analyzed: 08/03/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg drywt mg/Kg drywt mg/Kg drywt 

N-nitrosodimethylamine U 0.2 2,4-dinitrotoluene U 0.5 

phenol U 0.2 acenaphthene U 0.2 

2-chlorophenol U 0.2 3-nitroaniline U 0.2 

bis{2-chloroethyl)ether U 0.2 2,4-dinitrophenol U 0.5 

1,3-dichlorobenzene U 0.2 dibenzofuran U 0.2 

1,4-dichlorobenzene U 0.2 4-nitrophenol U 0.5 

1,2-dichlorobenzene U 0.2 fluorene U 0.2 

benzyl alcohol U 0.2 4-chlorophenyl phenyl ether U 0.2 

2-methylphenol (m-cresol) U 0.2 diethyl phthalate U 0.2 

bis{2-chloroisopropyl)ether U 0.2 4-nitroaniline U 0.2 

hexachloroethane U 0.2 4,6-dinitro-2-methylphenol U 2 

N-nitroso-di-n-propylamine U 0.2 4-bromophenyl-phenylether U 0.2 

3- and 4-methylphenol (p- and o-cresol) U 0.2 N-nitrosodiphenylamine U 0.2 

nitrobenzene U 0.2 1,2-diphenylhydrazine (azobenzene) U 0.2 

isophorone U 0.2 4-bromophenyl phenyl ether U 0.2 

2-nitrophenol U 0.2 hexachlorobenzene U 0.2 

2,4-dimethylphenol U 0.2 pentachlorophenol U 0.2 

bis(2-chloroethoxy)methane U 0.2 phenanthrene U 0.2 

2,4-dichlorophenol U 0.2 anthracene U 0.2 

2,6-dichlorophenol U 0.2 carbazole U 0.2 

1,2,4-trichlorobenzene U 0.2 di-n-butylphthalate U 0.2 

naphthalene 0.4 0.2 fluoranthene U 0.2 

benzoic acid U 2 benzidine U 2 

4-chloroaniline U 0.2 pyrene U 0.2 

hexachloro-1 ,3-butadiene U 0.2 butylbenzylphthalate U 0.2 

4-chloro-3-methylphenol U 0.2 benzo{a)anthracene U 0.2 

2-methylnaphthalene U 0.2 chrysene U 0.2 

hexachlorocyclopentadiene U 0.5 3,3'-dichlorobenzidine U 0.2 

2,4,6-trichlorophenol U 0.2 bis{2-ethylhexyl)phthalate 0.3 0.2 

2,4,5-trichlorophenol U 0.2 di-n-octylphthalate U 0.2 

2-chloronaphthalene U 0.2 benzo(b )fluoranthene U 0.2 

2-nitroaniline U 0.2 benzo(k)fluoranthene U 0.2 

acenaphthylene U 0.2 benzo(a)pyrene U 0.2 

dimethylphthalate U 0.2 indeno(1,2,3-cd)pyrene U 0.2 

2,6-dinitrotoluene U 0.2 dibenz{a,h)anthracene U 0.2 

benzo{g,h,i)perylene U 0.2 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 47 21-100 nitrobenzene-d5 62 35-114 

phenol-d5 43 10-102 2-fluorobiphenyl 55 43-116 

2,4,6-tribromophenol 53 10-123 terphenyl-d 14 57 33-141 

U = Below quantitation limit 
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Lab Number: 21206-099 
Sample Designation: TP6-2-NW-A 
Date Sampled: 07/22/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/30111 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt mg/Kg drywt 

N-nitrosodimethylamine U 0.1 2,4-dinitrotoluene U 0.3 

phenol U 0.1 acenaphthene U 0.1 

2-chlorophenol U 0.1 3-nitroaniline U 0.1 

bis(2-chloroethyl)ether U 0.1 2,4-dinitrophenol U 0.3 

1,3-dichlorobenzene U 0.1 dibenzofuran U 0.1 

1 ,4-dichlorobenzene U 0.1 4-nitrophenol U 0.3 

1,2-dichlorobenzene U 0.1 fluorene U 0.1 

benzyl alcohol U 0.1 4-chlorophenyl phenyl ether U 0.1 

2-methylphenol (m-cresol) U 0.1 diethyl phthalate U 0.1 

bis(2-chloroisopropyl)ether U 0.1 4-nitroaniline U 0.1 

hexachloroethane U 0.1 4,6-dinitro-2-methylphenol U 

N-nitroso-di-n-propylamine U 0.1 4-bromophenyl-phenylether U 0.1 

3- and 4-methylphenol (p- and o-cresol) U 0.1 N-nitrosodiphenylamine U 0.1 

nitrobenzene U 0.1 1 ,2-diphenylhydrazine (azobenzene) U 0.1 

isophorone U 0.1 4-bromophenyl phenyl ether U 0.1 

2-nitrophenol U 0.1 hexachlorobenzene U 0.1 

2,4-dimethylphenol U 0.1 pentachlorophenol U 0.1 

bis(2-chloroethoxy)methane U 0.1 phenanthrene 1.1 0.1 

2,4-dichlorophenol U 0.1 anthracene 0.2 0.1 

2,6-dichlorophenol U 0.1 carbazole U 0.1 

1,2,4-trichlorobenzene U 0.1 di-n-butylphthalate U 0.1 

naphthalene U 0.1 fluoranthene 1.6 0.1 

benzoic acid U benzidine U 1 

4-chloroaniline U 0.1 pyrene 1.5 0.1 

hexachloro-1,3-butadiene U 0.1 butylbenzylphthalate U 0.1 

4-chloro-3-methylphenol U 0.1 benzo(a)anthracene 0.8 0.1 

2-methylnaphthalene U 0.1 chrysene 0.9 0.1 

hexachlorocyclopentadiene U 0.3 3,3'-dichlorobenzidine U 0.1 

2,4,6-trichlorophenol U 0.1 bis(2-ethylhexyl)phthalate U 0.1 

2,4,5-trichlorophenol U 0.1 di-n-octylphthalate U 0.1 

2-chloronaphthalene U 0.1 benzo(b)fluoranthene 0.6 0.1 

2-nitroaniline U 0.1 benzo(k)fluoranthene 0.8 0.1 

acenaphthylene U 0.1 benzo(a)pyrene 0.9 0.1 

dimethyl phthalate U 0.1 indeno(1,2,3-cd)pyrene 0.4 0.1 

2,6-dinitrotoluene U 0.1 dibenz(a,h)anthracene U 0.1 

benzo(g,h ,i)perylene 0.5 0.1 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 48 21-100 nitrobenzene-d5 60 35-114 

phenol-d5 50 10-102 2-fluorobiphenyl 49 43-116 

2,4,6-tribromophenol 48 10-123 terphenyl-d14 49 33-141 

U = Below quantitation limit 

Page of ESI 
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Lab Number: 21206-101 
Sample Designation: TP6-2-NW-M 
Date Sampled: 07/22/11 
Date Extracted: 07/27/11 
Date Analyzed: 08/03/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg drywt mg/Kg dry wt 

N-nitrosodimethylamine U 0.1 2,4-dinitrotoluene U 0.2 

phenol U 0.1 acenaphthene U 0.1 

2-chlorophenol U 0.1 3-nitroaniline U 0.1 

bis(2-chloroethyl)ether U 0.1 2,4-dinitrophenol U 0.2 

1 ,3-dichlorobenzene U 0.1 dibenzofuran U 0.1 

1 ,4-dichlorobenzene U 0.1 4-nitrophenol U 0.2 

1,2-dichlorobenzene U 0.1 fluorene U 0.1 

benzyl alcohol U 0.1 4-chlorophenyl phenyl ether U 0.1 

2-methylphenol (m-cresol) U 0.1 diethyl phthalate U 0.1 

bis(2-chloroisopropyl)ether U 0.1 4-nitroaniline U 0.1 

hexachloroethane U 0.1 4,6-dinitro-2-methYlphenol U 

N-nitroso-di-n-propylamine U 0.1 4-bromophenyl-phenylether U 0.1 

3- and 4-methylphenol (p- and o-cresol) U 0.1 N-nitrosodiphenylamine U 0.1 

nitrobenzene U 0.1 1,2-diphenylhydrazine (azobenzene) U 0.1 

isophorone U 0.1 4-bromophenyl phenyl ether U 0.1 

2-nitrophenol U 0.1 hexachlorobenzene U 0.1 

2,4-dimethylphenol U 0.1 pentachlorophenol U 0.1 

bis(2-chloroethoxy)methane U 0.1 phenanthrene U 0.1 

2,4-dichlorophenol U 0.1 anthracene U 0.1 

2,6-dichlorophenol U 0.1 carbazole U 0.1 

1,2,4-trichlorobenzene U 0.1 di-n-butylphthalate U 0.1 

naphthalene U 0.1 fluoranthene U 0.1 

benzoic acid U benzidine U 

4-chloroaniline U 0.1 pyrene U 0.1 

hexachloro-1,3-butadiene U 0.1 butylbenzylphthalate U 0.1 

4-chloro-3-methylphenol U 0.1 benzo(a)anthracene U 0.1 

2-methylnaphthalene U 0.1 chrysene U 0.1 

hexachlorocyclopentadiene U 0.2 3,3'-dichlorobenzidine U 0.1 

2,4,6-trichlorophenol U 0.1 bis(2-ethylhexyl)phthalate U 0.1 

2,4,5-trichlorophenol U 0.1 di-n-octylphthalate U 0.1 

2-chloronaphthalene U 0.1 benzo(b )fluoranthene U 0.1 

2-nitroaniline U 0.1 benzo(k)fluoranthene U 0.1 

acenaphthylene U 0.1 benzo(a)pyrene U 0.1 

dimethyl phthalate U 0.1 indeno(1,2,3-cd)pyrene U 0.1 

2,6-dinitrotoluene U 0.1 dibenz(a,h)anthracene U 0.1 

benzo(g,h,i)perylene U 0.1 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 58 21-100 nitrobenzene-d5 77 35-114 

phenol-d5 60 10-102 2-fluorobiphenyl 65 43-116 

2,4,6-tribromophenol 59 10-123 terphenyl-d 14 66 33-141 

U = Below quantitation limit 
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Lab Number: 21206-103 
Sample Designation: TP6-2-NW-B 
Date Sampled: 07/22/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/28/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt 

N-nitrosodimethylamine U 1 2,4-dinitrotoluene U 3 

phenol U acenaphthene U 1 

2-chlorophenol U 3-nitroaniline U 

bis(2-chloroethyl)ether U 2,4-dinitrophenol U 3 

1,3-dichlorobenzene U dibenzofuran U 

1 ,4-dichlorobenzene U 4-nitrophenol U 3 

1,2-dichlorobenzene U fluorene U 

benzyl alcohol U 4-chlorophenyl phenyl ether U 

2-methylphenol (m-cresol) U diethyl phthalate U 

bis(2-chloroisopropyl)ether U 4-nitroaniline U 

hexachloroethane U 4,6-dinitro-2-methylphenol U 10 

N-nitroso-di-n-propylamine U 4-bromophenyl-phenylether U 

3- and 4-methylphenol (p- and o-cresol) U N-nitrosodiphenylamine U 

nitrobenzene U 1 ,2-diphenylhydrazine (azobenzene) U 

isophorone U 4-bromophenyl phenyl ether U 

2-nitrophenol U hexachlorobenzene U 

2,4-dimethYlphenol U pentachlorophenol U 

bis(2-chloroethoxy)methane U phenanthrene U 

2,4-dichlorophenol U anthracene U 

2,6-dichlorophenol U carbazole U 

1,2,4-trichlorobenzene U di-n-butylphthalate U 

naphthalene U f1uoranthene U 

benzoic acia U 10 benzidine U 10 

4-chloroaniline U 1 pyrene U 

hexachloro-1,3-butadiene U butylbenzylphthalate U 

4-chloro-3-methylphenol U benzo(a)anthracene U 

2-methylnaphthalene U chrysene U 

hexachlorocyclopentadiene U 3 3,3'-dichlorobenzidine U 

2,4,6-trichlorophenol U bis(2-ethylhexyl)phthalate U 

2,4,5-trichlorophenol U di-n-octylphthalate U 

2-chloronaphthalene U benzo(b)fluoranthene U 

2-nitroaniline U benzo(k)f1uoranthene U 

acenaphthylene U benzo(a)pyrene U 

dimethyl phthalate U indeno(1,2,3-cd)pyrene U 

2,6-dinitrotoluene U dibenz(a,h)anthracene U 

benzo(g, h, i)perylene U 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 79 21-100 nitrobenzene-d5 80 35-114 

phenol-a5 87 10-102 2-fluorobiphenyl 81 43-116 

2,4,6-tribromophenol 51 10-123 terphenyl-d 14 82 33-141 

U = Below quantitation limit 
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Lab Number: 21206-105 
Sample Designation: TP6-1-NE-A 
Date Sampled: 07/22/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/30/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt 

N-nitrosodimethylamine U 0.06 2,4-dinitrotoluene U 0.1 

phenol U 0.06 acenaphthene U 0.06 

2-chlorophenol U 0.06 3-nitroaniline U 0.06 

bis(2-chloroethyl)ether U 0.06 2,4-dinitrophenol U 0.1 

1,3-dichlorobenzene U 0.06 dibenzofuran U 0.06 

1 ,4-dichlorobenzene U 0.06 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.06 fluorene U 0.06 

benzyl alcohol U 0.06 4-chlorophenyl phenyl ether U 0.06 

2-methylphenol (m-cresol) U 0.06 diethyl phthalate U 0.06 

bis(2-chloroisopropyl)ether U 0.06 4-nitroaniline U 0.06 

hexachloroethane U 0.06 4 ,6-dinitro-2-methyl phenol U 0.6 

N-nitroso-di-n-propylamine U 0.06 4-bromophenyl-phenylether U 0.06 

3- and 4-methylphenol (p- and o-cresol) U 0.06 N-nitrosodiphenylamine U 0.06 

nitrobenzene U 0.06 1,2-diphenylhydrazine (azobenzene) U 0.06 

isophorone U 0.06 4-bromophenyl phenyl ether U 0.06 

2-nitrophenol U 0.06 hexachlorobenzene U 0.06 

2,4-dimethylphenol U 0.06 pentachlorophenol U 0.06 

bis(2-chloroethoxy)methane U 0.06 phenanthrene 0.07 0.06 

2,4-dichlorophenol U 0.06 anthracene U 0.06 

2,6-dichlorophenol U 0.06 carbazole U 0.06 

1,2,4-trichlorobenzene U 0.06 di-n-bulylphthalate U 0.06 

naphthalene U 0.06 fluoranthene 0.2 0.06 

benzoic acid U 0.6 benzidine U 0.6 

4-chloroaniline U 0.06 pyrene 0.1 0.06 

hexachloro-1,3-butadiene U 0.06 butylbenzylphthalate U 0.06 

4-chloro-3-methylphenol U 0.06 benzo(a)anthracene 0.08 0.06 

2-methylnaphthalene U 0.06 chrysene 0.09 0.06 

hexachlorocyclopentadiene U 0.1 3,3' -dichlorobenzidine U 0.06 

2,4,6-Irichlorophenol U 0.06 bis(2-ethylhexyl)phthalate U 0.06 

2,4,5-trichlorophenol U 0.06 di-n-octylphthalate U 0.06 

2-chloronaphthalene U 0.06 benzo(b )fluoranthene 0.07 0.06 

2-nitroaniline U 0.06 benzo(k)ftuoranthene 0.07 0.06 

acenaphthylene U 0.06 benzo(a)pyrene 0.09 0.06 

dimethyl phthalate U 0.06 indeno(1,2,3-cd)pyrene U 0.06 

2,6-dinitrotoluene U 0.06 dibenz(a,h)anthracene U 0.06 

benzo(g, h, i)perylene 0.06 0.06 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-ftuorophenol 69 21-100 nitrobenzene-d5 73 35-114 

phenol-d5 68 10-102 2-ftuorobiphenyl 63 43-116 

2,4,6-tribromophenol 63 10-123 terphenyl-d 14 59 33-141 

U = Below quantitation limit 
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Lab Number: 21206-107 
Sample Designation: TP6-1-NE-M 
Date Sampled: 07/22/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/28/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit 

mg/Kg drywt mg/Kg dry wt 

N-nitrosodimethylamine U 7 

phenol U 7 

2-chlorophenol U 7 

bis(2-chloroethyl)ether U 7 

1,3-dichlorobenzene U 7 

1,4-dichlorobenzene U 7 

1,2-dichlorobenzene U 7 

benzyl alcohol U 7 

2-methylphenol (m-cresol) U 7 

bis(2-chloroisopropyl)ether U 7 

hexachloroethane U 7 

N-nitroso-di-n-propylamine U 7 

3- and 4-methylphenol (p- and o-cresol) U 7 

nitrobenzene U 7 

isophorone U 7 

2-nitrophenol U 7 

2,4-dimethylphenol U 7 

bis(2-chloroethoxy)methane U 7 

2,4-dichlorophenol U 7 

2,6-dichlorophenol U 7 

1,2,4-trichlorobenzene U 7 

naphthalene 130 7 

benzoic acid U 70 

4-chloroaniline U 7 

hexachloro-1 ,3-butadiene U 7 

4-chloro-3-methylphenol U 7 

2-methylnaphthalene 83 7 

hexachlorocyclopentadiene U 10 

2,4,6-trichlorophenol U 7 
2,4,5-trichlorophenol U 7 

2-chloronaphthalene U 7 

2-nitroaniline U 7 

acenaphthylene 33 7 

dimethylphthalate U 7 

2,6-dinitrotoluene U 7 

SURROGATE STANDARDS 

Recovery Acceptance Limits 

(%) (%) 

2-fluorophenol Diluted out 21-100 

phenol-d5 Diluted out 10-102 

2,4,6-tribromophenol Diluted out 10-123 

U = Below quantitation limit 
Detection limit elevated by high organics andlor moisture content. 

Page of 

2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

fluoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b )fluoranthene 

benzo(k)fluoranthene 

benzo(a)pyrene 

indeno(1,2,3-cd)pyrene 

dibenz( a, h )anthracene 

benzo(g,h,i)perylene 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d 14 

Concentration 

mg/Kg dry wt 

U 

200 

U 

U 

110 

U 

230 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

1600 

390 

150 

U 

1800 

U 

1700 

U 

910 

850 

U 

U 

U 

670 

380 

720 

380 

120 

420 

Recovery 

(%) 

Diluted out 

Diluted out 

Diluted out 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 

32/64 

Reporting Limit 

mg/Kg dry wt 

10 

7 

7 

10 

7 

10 

7 

7 

7 

7 

70 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

70 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 
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Lab Number: 21206-109 
Sample Designation: TP6-1-NE-B 
Date Sampled: 07/22/11 
Date Extracted: 07/27/11 
Date Analyzed: 08/04/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg drywt mg/Kgdrywt mg/Kg dry wt 

N-nitrosodimethylamine U 0.2 2,4-dinitrotoluene U 0.4 

phenol U 0.2 acenaphthene 0.4 0.2 

2-chlorophenol U 0.2 3-nitroaniline U 0.2 

bis(2-chloroethyl)ether U 0.2 2A-dinitrophenol U 0.4 

1,3-dichlorobenzene U 0.2 dibenzofuran U 0.2 

1 A-dichlorobenzene U 0.2 4-nitrophenol U 0.4 

1,2-dichlorobenzene U 0.2 fluorene 0.5 0.2 

benzyl alcohol U 0.2 4-chlorophenyl phenyl ether U 0.2 

2-methylphenol (m-cresol) U 0.2 diethyl phthalate U 0.2 

bis(2-chloroisopropyl)ether U 0.2 4-nitroaniline U 0.2 

hexachloroethane U 0.2 4,6-dinitro-2-methylphenol U 2 

N-nitroso-di-n-propylamine U 0.2 4-bromophenyl-phenylether U 0.2 

3- and 4-methylphenol (p- and o-cresol) U 0.2 N-nitrosodiphenylamine U 0.2 

nitrobenzene U 0.2 1,2-diphenylhydrazine (azobenzene) U 0.2 

isophorone U 0.2 4-bromophenyl phenyl ether U 0.2 

2-nitrophenol U 0.2 hexachlorobenzene U 0.2 

2A-dimethylphenol U 0.2 pentachlorophenol U 0.2 

bis(2-chloroethoxy)methane U 0.2 phenanthrene 4.2 0.2 

2,4-dichlorophenol U 0.2 anthracene 0.8 0.2 

2,6-dichlorophenol U 0.2 carbazole U 0.2 

1,2A-trichlorobenzene U 0.2 di-n-bulylphthalate U 0.2 

naphthalene 0.2 0.2 fluoranthene 3.6 0.2 

benzoic acid U 2 benzidine U 2 

4-chloroaniline U 0.2 pyrene 4 0.2 

hexachloro-1,3-butadiene U 0.2 butyl benzyl phthalate U 0.2 

4-chloro-3-methylphenol U 0.2 benzo( a )anthracene 1.7 0.2 

2-methylnaphthalene 0.2 0.2 chrysene 2 0.2 

hexachlorocyclopentadiene U 0.4 3,3'-dichlorobenzidine U 0.2 

2,4,6-trichlorophenol U 0.2 bis(2-ethylhexyl)phthalate U 0.2 

2 A ,5-trichlorophenol U 0.2 di-n-octylphthalate U 0.2 

2-chloronaphthalene U 0.2 benzo(b)fluoranthene 0.2 

2-nitroaniline U 0.2 benzo(k)fluoranthene 1.4 0.2 

acenaphthylene U 0.2 benzo(a)pyrene 1.9 0.2 

dimethyl phthalate U 0.2 indeno(1,2,3-cd)pyrene 0.9 0.2 

2,6-dinitrotoluene U 0.2 dibenz(a, h)anthracene 0.4 0.2 

benzo(g,h,i)perylene 1.1 0.2 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 69 21-100 nitrobenzene-d5 78 35-114 

phenol-d5 62 10-102 2-fluorobiphenyl 71 43-116 

2,4,6-tribromophenol 61 10-123 terphenyl-d 14 73 33-141 

U = Below quantitation limit 
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Lab Number: 21206-111 
Sample Designation: TP6-3-NE-A 
Date Sampled: 07/22/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/30/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wi mg/Kg dry wi mg/Kg dry wi mg/Kg dry wi 

N-nitrosodimethylamine U 0.05 2,4-dinitrotoluene U 0.1 

phenol U 0.05 acenaphthene U 0.05 

2-chlorophenol U 0.05 3-nitroaniline U 0.05 

bis(2-chloroethyl)ether U 0.05 2,4-dinitrophenol U 0.1 

1,3-dichlorobenzene U 0.05 dibenzofuran U 0.05 

1 ,4-dichlorobenzene U 0.05 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.05 fluorene U 0.05 

benzyl alcohol U 0.05 4-chlorophenyl phenyl ether U 0.05 

2-methylphenol (m-cresol) U 0.05 diethyl phthalate U 0.05 

bis(2-chloroisopropyl)ether U 0.05 4-nitroaniline U 0.05 

hexachloroethane U 0.05 4,6-dinitro-2-methylphenol U 0.5 

N-nitroso-di-n-propylamine U 0.05 4-bromophenyl-phenylether U 0.05 

3- and 4-methylphenol (p- and o-cresol) U 0.05 N-nitrosodiphenylamine U 0.05 

nitrobenzene U 0.05 1 ,2-diphenylhydrazine (azobenzene) U 0.05 

isophorone U 0.05 4-bromophenyl phenyl ether U 0.05 

2-nitrophenol U 0.05 hexachlorobenzene U 0.05 

2,4-dimethylphenol U 0.05 pentachlorophenol U 0.05 

bis(2-chloroethoxy)methane U 0.05 phenanthrene U 0.05 

2,4-dichlorophenol U 0.05 anthracene U 0.05 

2,6-dichlorophenol U 0.05 carbazole U 0.05 

1,2,4-trichlorobenzene U 0.05 di-n-bulylphthalate U 0.05 

naphthalene U 0.05 fluoranthene 0.08 0.05 

benzoic acid U 0.5 benzidine U 0.5 

4-chloroanHine U 0.05 pyrene 0.08 0.05 

hexachloro-1,3-butadiene U 0.05 butylbenzylphthalate U 0.05 

4-chloro-3-methylphenol U 0.05 benzo(a)anthracene U 0.05 

2-methylnaphthalene U 0.05 chrysene U 0.05 

hexachlorocyclopentadiene U 0.1 3,3'-dichlorobenzidine U 0.05 

2,4,6-trichlorophenol U 0.05 bis(2-ethylhexyl)phthalate U 0.05 

2,4 ,5-trichlorophenol U 0.05 di-n-octylphthalate U 0.05 

2-chloronaphthalene U 0.05 benzo(b )f1uoranthene U 0.05 

2-nitroaniline U 0.05 benzo(k)fluoranthene 0.06 0.05 

acenaphthylene U 0.05 benzo(a)pyrene 0.06 0.05 

dimethyl phthalate U 0.05 indeno(1,2,3-cd)pyrene U 0.05 

2,6-dinitrotoluene U 0.05 dibenz(a,h)anthracene U 0.05 

benzo(g, h, i)perylene U 0.05 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(0/0) (0/0) (0/0) (0/0) 

2-fluorophenol 55 21-100 nitrobenzene-d5 64 35-114 

phenol-d5 55 10-102 2-fluorobiphenyl 51 43-116 

2,4,6-tribromophenol 55 10-123 terphenyl-d 14 50 33-141 

U = Below quantitation limit 
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Lab Number: 21206-113 
Sample Designation: TP6-3-NE-M 
Date Sampled: 07/22/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/30/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW846 8270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg dry wt mg/Kg drywt mg/Kg drywt 

N-nitrosodimethylamine U 0.06 2,4-dinitrotoluene U 0.1 

phenol U 0.06 acenaphthene U 0.06 

2-chlorophenol U 0.06 3-nitroaniline U 0.06 

bis(2-chloroethyl)ether U O.OS 2,4-dinitrophenol U 0.1 

1,3-dichlorobenzene U O.OS dibenzofuran U O.OS 

1 ,4-dichlorobenzene U 0.06 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.06 fluorene U 0.06 

benzyl alcohol U O.OS 4-chlorophenyl phenyl ether U O.OS 

2-methylphenol (m-cresol) U o.os diethyl phthalate U 0.06 

bis(2-chloroisopropyl)ether U O.OS 4-nitroaniline U 0.06 

hexachloroethane U O.OS 4,S-dinitro-2-methylphenol U 0.6 

N-nitroso-di-n-propylamine U O.OS 4-bromophenyl-phenylether U 0.06 

3- and 4-methylphenol (p- and o-cresol) U O.OS N-nitrosodiphenylamine U o.os 
nitrobenzene U O.OS 1 ,2-diphenylhydrazine (azobenzene) U 0.06 

isophorone U O.OS 4-bromophenyl phenyl ether U o.os 
2-nitrophenol U o.os hexachlorobenzene U O.OS 

2,4-dimethylphenol U O.OS pentachlorophenol U o.os 
bis(2-chloroethoxy)methane U o.os phenanthrene 0.3 O.OS 

2,4-dichlorophenol U 0.06 anthracene U o.os 
2,6-dichlorophenol U O.OS carbazole U 0.06 

1,2,4-trichlorobenzene U O.OS di-n-butylphthalate U 0.06 

naphthalene U O.OS f1uoranthene 0.4 0.06 

benzoic acid U O.S benzidine U O.S 

4-chloroaniline U 0.06 pyrene 0.3 O.OS 

hexachloro-1 ,3-butadiene U O.OS butylbenzylphthalate U O.OS 

4-chloro-3-methylphenol U O.OS benzo(a)anthracene 0.2 0.06 

2-methylnaphthalene U 0.06 chrysene 0.2 O.OS 

hexachlorocyclopentadiene U 0.1 3,3'-dichlorobenzidine U O.OS 

2,4,S-trichlorophenol U O.OS bis(2-ethylhexyl)phthalate U O.OS 

2,4,5-trichlorophenol U O.OS di-n-octylphthalate U O.OS 

2-chloronaphthalene U O.OS benzo(b)fluoranthene 0.1 O.OS 

2-nitroaniline U 0.06 benzo(k)f1uoranthene 0.1 O.OS 

acenaphthylene U O.OS benzo(a)pyrene 0.2 O.OS 

dimethyl phthalate U O.OS indeno(1,2,3-cd)pyrene U O.OS 

2,6-dinitrotoluene U 0.06 dibenz(a, h)anthracene U O.OS 

benzo(g ,h, i )perylene U O.OS 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 60 21-100 nitrobenzene-d5 S 35-114 

phenol-d5 S1 10-102 2-f1uorobiphenyl 59 43-11S 

2,4,S-tribromophenol 61 10-123 terphenyl-d 14 55 33-141 

U = Below quantitation limit 
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Lab Number: 21206-115 
Sample Designation: TP6-3-NE-B 
Date Sampled: 07/22/11 
Date Extracted: 07/27/11 
Date Analyzed: 08/05/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg drywt mg/Kg drywt mg/Kg dry wt 

N-nitrosodimethylamine U 5 2,4-dinitrotoluene U 9 

phenol U 5 acenaphthene 12 5 

2-chlorophenol U 5 3-nitroaniline U 5 

bis(2-chloroethyl)ether U 5 2,4-dinitrophenol U 9 

1,3-dichlorobenzene U 5 dibenzofuran 9.5 5 

1 ,4-dichlorobenzene U 5 4-nitrophenol U 9 

1 ,2-dichlorobenzene U 5 fluorene 16 5 

benzyl alcohol U 5 4-chlorophenyl phenyl ether U 5 

2-methylphenol (m-cresol) U 5 diethyl phthalate U 5 

bis(2-chloroisopropyl)ether U 5 4-nitroaniline U 5 

hexachloroethane U 5 4,6-dinitro-2-methylphenol U 50 

N-nitroso-di-n-propylamine U 5 4-bromophenyl-phenylether U 5 

3- and 4-methylphenol (p- and o-cresol) U 5 N-nitrosodiphenylamine U 5 

nitrobenzene U 5 1 ,2-diphenylhydrazine (azobenzene) U 5 

isophorone U 5 4-bromophenyl phenyl ether U 5 

2-nitrophenol U 5 hexachlorobenzene U 5 

2,4-dimethylphenol U 5 pentachlorophenol U 5 

bis(2-chloroethoxy)methane U 5 phenanthrene 100 5 

2,4-dichlorophenol U 5 anthracene 37 5 

2,6-dichlorophenol U 5 carbazole U 5 

1,2,4-trichlorobenzene U 5 di-n-butylphthalate U 5 

naphthalene U 5 fluoranthene 140 5 

benzoic acid U 50 benzidine U 50 

4-chloroaniline U 5 pyrene 100 5 

hexachloro-1,3-butadiene U 5 butyl benzyl phthalate U 5 

4-chloro-3-methylphenol U 5 benzo(a)anthracene 52 5 

2-methylnaphthalene U 5 chrysene 53 5 

hexachlorocyclopentadiene U 9 3,3'-dichlorobenzidine U 5 

2,4,6-trichlorophenol U 5 bis(2-ethylhexyl)phthalate U 5 

2,4,5-trichlorophenol U 5 di-n-octylphthalate U 5 

2-chloronaphthalene U 5 benzo(b )fluoranthene 40 5 

2-nitroaniline U 5 benzo(k)f1uoranthene 42 5 

acenaphthylene U 5 benzo(a)pyrene 59 5 

dimethyl phthalate U 5 indeno(1,2,3-cd)pyrene 30 5 

2,6-dinitrotoluene U 5 dibenz(a,h)anthracene U 5 

benzo(g,h,i)perylene 26 5 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 96 21-100 nitrobenzene-d5 114 35-114 

phenol-d5 105 10-102 2-fluorobiphenyl 107 43-116 

2,4,6-tribromophenol 59 10-123 terphenyl-d 14 98 33-141 

U = Below quantitation limit 
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Lab Number: 21206-117 
Sample Designation: TP6-5-NE-A 
Date Sampled: 07/25/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/29/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg drywt mg/Kg dry wt 

N-nitrosodimethylamine U 0.2 2,4-dinitrotoluene U 0.4 

phenol U 0.2 acenaphthene U 0.2 

2-chlorophenol U 0.2 3-nitroaniline U 0.2 

bis(2-chloroethyl)ether U 0.2 2,4-dinitrophenol U 0.4 

1,3-dichlorobenzene U 0.2 dibenzofuran U 0.2 

l,4-dichlorobenzene U 0.2 4-nitrophenol U 0.4 

1,2-dichlorobenzene U 0.2 fluorene U 0.2 

benzyl alcohol U 0.2 4-chlorophenyl phenyl ether U 0.2 

2-methylphenol (m-cresol) U 0.2 diethyl phthalate U 0.2 

bis(2-chloroisopropyl)ether U 0.2 4-nitroaniline U 0.2 

hexachloroethane U 0.2 4,6-dinitro-2-methylphenol U 2 

N-nitroso-di-n-propylamine U 0.2 4-bromophenyl-phenylether U 0.2 

3- and 4-methylphenol (p- and o-cresol) U 0.2 N-nitrosodiphenylamine U 0.2 

nitrobenzene U 0.2 1 ,2-diphenylhydrazine (azobenzene) U 0.2 

isophorone U 0.2 4-bromophenyl phenyl ether U 0.2 

2-nitrophenol U 0.2 hexachlorobenzene U 0.2 

2,4-dimethylphenol U 0.2 pentachlorophenol U 0.2 

bis(2-chloroethoxy)methane U 0.2 phenanthrene U 0.2 

2,4-dichlorophenol U 0.2 anthracene U 0.2 

2,6-dichlorophenol U 0.2 carbazole U 0.2 

1,2,4-trichlorobenzene U 0.2 di-n-butylphthalate U 0.2 

naphthalene U 0.2 fluoranthene U 0.2 

benzoic acid U 2 benzidine U 2 

4-chloroaniline U 0.2 pyrene U 0.2 

hexachloro-1 ,3-butadiene U 0.2 butylbenzylphthalate U 0.2 

4-chloro-3-methylphenol U 0.2 benzo(a)anthracene U 0.2 

2-methylnaphthalene U 0.2 chrysene U 0.2 

hexachlorocyclopentadiene U 0.4 3,3'-dichlorobenzidine U 0.2 

2,4,6-trichlorophenol U 0.2 bis(2-ethylhexyl)phthalate U 0.2 

2,4,5-trichlorophenol U 0.2 di-n-octylphthalate U 0.2 

2-chloronaphthalene U 0.2 benzo(b )fluoranthene U 0.2 

2-nitroaniline U 0.2 benzo(k)fluoranthene U 0.2 

acenaphthylene U 0.2 benzo(a)pyrene U 0.2 

dimethyl phthalate U 0.2 indeno(1,2,3-cd)pyrene U 0.2 

2,6-dinitrotoluene U 0.2 dibenz(a,h)anthracene U 0.2 

benzo(g,h,i)perylene U 0.2 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 89 21-100 nitrobenzene-d5 110 35-114 

phenol-d5 93 10-102 2-fluorobiphenyl 94 43-116 

2,4,6-tribromophenol 86 10-123 terphenyl-d14 93 33-141 

U = Below quantitation limit 
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Lab Number: 21206-118 
Sample Designation: TP6-5-NE-M 
Date Sampled: 07/25/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/28/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt 

N-nitrosodimethylamine U 3 

phenol U 3 

2-chlorophenol U 3 

bis(2-chloroethyl)ether U 3 

1,3-dichlorobenzene U 3 

1,4-dichlorobenzene U 3 

1,2-dichlorobenzene U 3 

benzyl alcohol U 3 

2-methylphenol (m-cresol) U 3 

bis(2-chloroisopropyl)ether U 3 

hexachloroethane U 3 

N-nitroso-di-n-propylamine U 3 

3- and 4-methylphenol (p- and o-cresol) U 3 

nitrobenzene U 3 

isophorone U 3 

2-nitrophenol U 3 

2,4-dimethylphenol U 3 

bis(2-chloroethoxy)methane U 3 

2,4-dichlorophenol U 3 

2,6-dichlorophenol U 3 

1,2,4-trichlorobenzene U 3 

naphthalene U 3 

benzoic acid U 30 

4-chloroaniline U 3 

hexachloro-1,3-butadiene U 3 

4-chloro-3-methylphenol U 3 

2-methylnaphthalene U 3 

hexachlorocyclopentadiene U 5 

2,4,6-trichlorophenol U 3 

2,4,5-trichlorophenol U 3 

2-chloronaphthalene U 3 

2-nitroaniline U 3 

acenaphthylene U 3 

dimethyl phthalate U 3 

2,6-dinitrotoluene U 3 

SURROGATE STANDARDS 

Recovery Acceptance Limits 

(%) (%) 

2-fluorophenol 73 21-100 

phenol-d5 68 10-102 

2,4,6-tribromophenol 64 10-123 

U = Below quantitation limit 
Detection limit elevated by high organics andlor moisture content. 
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2,4-dinitrotoluene 

acenaphthene 

3-nitroaniline 

2,4-dinitrophenol 

dibenzofuran 

4-nitrophenol 

fluorene 

4-chlorophenyl phenyl ether 

diethyl phthalate 

4-nitroaniline 

4,6-dinitro-2-methylphenol 

4-bromophenyl-phenylether 

N-nitrosodiphenylamine 

1 ,2-diphenylhydrazine (azobenzene) 

4-bromophenyl phenyl ether 

hexachlorobenzene 

pentachlorophenol 

phenanthrene 

anthracene 

carbazole 

di-n-butylphthalate 

f1uoranthene 

benzidine 

pyrene 

butylbenzylphthalate 

benzo(a)anthracene 

chrysene 

3,3'-dichlorobenzidine 

bis(2-ethylhexyl)phthalate 

di-n-octylphthalate 

benzo(b)f1uoranthene 

benzo(k)fluoranthene 

benzo(a)pyrene 

indeno(1,2,3-cd)pyrene 

dibenz(a,h)anthracene 

benzo(g,h,i)perylene 

nitrobenzene-d5 

2-fluorobiphenyl 

terphenyl-d 14 

of 

Concentration 

mg/Kg dry wt 

U 

6.9 

U 

U 

U 

U 

7.4 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

57 

13 

8.8 

U 

60 

U 

49 

U 

26 

24 

U 

U 

U 

16 

16 

22 

11 

U 

12 

Recovery 

(%) 

94 

86 

87 
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Reporting Limit 

mg/Kg dry wt 

5 

3 

3 

5 

3 

5 

3 

3 

3 

3 

30 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

30 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Acceptance Limits 

(%) 

35-114 

43-116 

33-141 
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Lab Number: 21206-119 
Sample Designation: TP6-5-NE-B 
Date Sampled: 07/25/11 
Date Extracted: 07/27/11 
Date Analyzed: 08/03/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg dry wt mg/Kg dry wt mg/Kg drywt 

N-nitrosodimethylamine U 0.1 2,4-dinitrotoluene U 0.3 

phenol U 0.1 acenaphthene U 0.1 

2-chlorophenol U 0.1 3-nitroaniline U 0.1 

bis(2-chloroethyl)ether U 0.1 2,4-dinitrophenol U 0.3 

1 ,3-dichlorobenzene U 0.1 dibenzofuran U 0.1 

1 ,4-dichlorobenzene U 0.1 4-nitrophenol U 0.3 

1,2-dichlorobenzene U 0.1 fluorene U 0.1 

benzyl alcohol U 0.1 4-chlorophenyl phenyl ether U 0.1 

2-methylphenol (m-cresol) U 0.1 diethyl phthalate U 0.1 

bis(2-chloroisopropyl)ether U 0.1 4-nitroaniline U 0.1 

hexachloroethane U 0.1 4,6-dinitro-2-methylphenol U 1 

N-nitroso-di-n-propylamine U 0.1 4-bromophenyl-phenylether U 0.1 

3- and 4-methylphenol (p- and o-cresol) U 0.1 N-nitrosodiphenylamine U 0.1 

nitrobenzene U 0.1 1,2-diphenylhydrazine (azobenzene) U 0.1 

isophorone U 0.1 4-bromophenyl phenyl ether U 0.1 

2-nitrophenol U 0.1 hexachlorobenzene U 0.1 

2,4-dimethylphenol U 0.1 pentachlorophenol U 0.1 

bis(2-chloroethoxy)methane U 0.1 phenanthrene U 0.1 

2,4-dichlorophenol U 0.1 anthracene U 0.1 

2,6-dichlorophenol U 0.1 carbazole U 0.1 

1,2,4-trichlorobenzene U 0.1 di-n-butYlphthalate U 0.1 

naphthalene U 0.1 fluoranthene 0.3 0.1 

benzoic acid U benzidine U 1 

4-chloroaniline U 0.1 pyrene 0.4 0.1 

hexachloro-1,3-butadiene U 0.1 butylbenzylphthalate U 0.1 

4-chloro-3-methylphenol U 0.1 benzo(a)anthracene U 0.1 

2-methylnaphthalene U 0.1 chrysene U 0.1 

hexachlorocyclopentadiene U 0.3 3,3' -dichlorobenzidine U 0.1 

2,4,6-trichlorophenol U 0.1 bis(2-ethylhexyl)phthalate U 0.1 

2,4,5-trichlorophenol U 0.1 di-n-octytphthalate U 0.1 

2-chloronaphthalene U 0.1 benzo(b )fluoranthene U 0.1 

2-nitroaniline U 0.1 benzo(k)fluoranthene U 0.1 

acenaphthylene U 0.1 benzo(a)pyrene U 0.1 

dimethylphthalate U 0.1 indeno(1,2,3-cd)pyrene U 0.1 

2,6-dinitrotoluene U 0.1 dibenz(a,h)anthracene U 0.1 

benzo(g,h,i)perylene U 0.1 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 42 21-100 nitrobenzene-d5 47 35-114 

phenol-d5 39 10-102 2-fluorobiphenyl 46 43-116 

2,4,6-tribromophenol 41 10-123 terphenYI-d14 49 33-141 

U = Below quantitation limit 
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Lab Number: 21206-120 
Sample Designation: TP6-7-NW-A 
Date Sampled: 07/25/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/30/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg drywt mg/Kg dry wt mg/Kg drywt mg/Kg drywt 

N-nitrosodimethylamine U 0.06 2,4-dinitrotoluene U 0.1 

phenol U 0.06 acenaphthene 1.9 0.06 

2-chlorophenol U 0.06 3-nitroaniline U 0.06 

bis(2-chloroethyl)ether U 0.06 2,4-dinitrophenol U 0.1 

1,3-dichlorobenzene U 0.06 dibenzofuran 1 0.06 

1,4-dichlorobenzene U 0.06 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.06 fluorene 2.2 0.06 

benzyl alcohol U 0.06 4-chlorophenyl phenyl ether U 0.06 

2-methylphenol (m-cresol) U 0.06 diethyl phthalate U 0.06 

bis(2-chloroisopropyl)ether U 0.06 4-nitroaniline U 0.06 

hexachloroethane U 0.06 4,6-dinitro-2-methylphenol U 0.6 

N-nitroso-di-n-propylamine U 0.06 4-bromophenyl-phenylether U 0.06 

3- and 4-methylphenol (p- and o-cresol) U 0.06 N-nitrosodiphenylamine U 0.06 

nitrobenzene U 0.06 1,2-diphenylhydrazine (azobenzene) U 0.06 

isophorone U 0.06 4-bromophenyl phenyl ether U 0.06 

2-nitrophenol U 0.06 hexachlorobenzene U 0.06 

2,4-dimethylphenol U 0.06 pentachlorophenol U 0.06 

bis(2-chloroethoxy)methane U 0.06 phenanthrene 22 0.06 

2,4-dichlorophenol U 0.06 anthracene 5.5 0.06 

2,6-dichlorophenol U 0.06 carbazole 2.2 0.06 

1,2,4-trichlorobenzene U 0.06 di-n-butylphthalate U 0.06 

naphthalene 1.2 0.06 fluoranthene 38 0.06 

benzoic acid U 0.6 benzidine U 0.6 

4-chloroaniline U 0.06 pyrene 35 0.06 

hexachloro-1,3-butadiene U 0.06 butyl benzyl phthalate U 0.06 

4-chloro-3-methylphenol U 0.06 benzo(a)anthracene 23 0.06 

2-methylnaphthalene 0.6 0.06 chrysene 14 0.06 

hexachlorocyclopentadiene U 0.1 3,3'-dichlorobenzidine U 0.06 

2,4,6-trichlorophenol U 0.06 bis(2-ethylhexyl)phthalate U 0.06 

2,4,5-trichlorophenol U 0.06 di-n-octylphthalate U 0.06 

2-chloronaphthalene U 0.06 benzo(b )fluoranthene 17 0.06 

2-nitroaniline U 0.06 benzo(k)fluoranthene 6.3 0.06 

acenaphthylene 2 0.06 benzo(a)pyrene 16 0.06 

dimethyl phthalate U 0.06 indeno(1,2,3-cd)pyrene 5.4 0.06 

2,6-dinitrotoluene U 0.06 dibenz(a,h)anthracene 2 0.06 

benzo(g, h, i)perylene 5.5 0.06 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 42 21-100 nitrobenzene-d5 61 35-114 

phenol-d5 48 10-102 2-fluorobiphenyl 62 43-116 

2,4,6-tribromophenol 73 10-123 terphenYI-d14 68 33-141 

U = Below quantitation limit 
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Lab Number: 21206-121 
Sample Designation: TP6-7-NW-M 
Date Sampled: 07/25/11 
Date Extracted: 07/27/11 
Date Analyzed: 07/30/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mglKg drywt mglKg drywt mglKg drywt mglKg drywt 

N-nitrosodimethylamine U 0.07 2,4-dinitrotoluene U 0.1 

phenol U 0.07 acenaphthene 0.4 0.07 

2-chlorophenol U 0.07 3-nitroaniline U 0.07 

bis(2-chloroethyl)ether U 0.07 2,4-dinitrophenol U 0.1 

1,3-dichlorobenzene U 0.07 dibenzofuran U 0.07 

1 A-dichlorobenzene U 0.07 4-nitrophenol U 0.1 

1,2-dichlorobenzene U 0.07 fluorene 0.3 0.07 

benzyl alcohol U 0.07 4-chlorophenyl phenyl ether U 0.07 

2-methylphenol (m-cresol) U 0.07 diethyl phthalate U 0.07 

bis(2-chloroisopropyl)ether U 0.07 4-nitroaniline U 0.07 

hexachloroethane U 0.07 4,6-dinitro-2-methylphenol U 0.7 

N-nitroso-di-n-propylamine U 0.07 4-bromophenyl-phenylether U 0.07 

3- and 4-methylphenol (p- and o-cresol) U 0.07 N-nitrosodiphenylamine U 0.07 

nitrobenzene U 0.07 1 ,2-diphenylhydrazine (azobenzene) U 0.07 

isophorone U 0.07 4-bromophenyl phenyl ether U 0.07 

2-nitrophenol U 0.07 hexachlorobenzene U 0.07 

2A-dimethylphenol U 0.07 pentachlorophenol U 0.07 

bis(2-chloroethoxy)methane U 0.07 phenanthrene 3.6 0.07 

2A-dichlorophenol U 0.07 anthracene 0.6 0.07 

2,6-dichlorophenol U 0.07 carbazole 0.3 0.07 

1,2,4-trichlorobenzene U 0.07 di-n-butylphthalate U 0.07 

naphthalene 0.2 0.07 fiuoranthene 3.3 0.07 

benzoic acid U 0.7 benzidine U 0.7 

4-chloroaniline U 0.07 pyrene 3.2 0.07 

hexachloro-1,3-butadiene U 0.07 butylbenzylphthalate U 0.07 

4-chloro-3-methylphenol U 0.07 benzo(a)anthracene 1.5 0.07 

2-methylnaphthalene 0.1 0.07 chrysene 1.7 0.07 

hexachlorocyclopentadiene U 0.1 3,3'-dichlorobenzidine U 0.07 

2A,6-trichlorophenol U 0.07 bis(2-ethylhexyl)phthalate U 0.07 

2 A ,5-trichlorophenol U 0.07 di-n-octylphthalate U 0.07 

2-chloronaphthalene U 0.07 benzo(b )ftuoranthene 1.1 0.07 

2-nitroaniline U 0.07 benzo(k)fluoranthene 1 0.07 

acenaphthylene U 0.07 benzo(a)pyrene 1.4 0.07 

dimethylphthalate U 0.07 indeno(1,2,3-cd)pyrene 0.6 0.07 

2,6-dinitrotoluene U 0.07 dibenz(a,h)anthracene 0.2 0.07 

benzo(g,h,i)perylene 0.7 0.07 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (%) (%) (%) 

2-fluorophenol 41 21-100 nitrobenzene-d5 53 35-114 

phenol-d5 42 10-102 2-ftuorobiphenyl 45 43-116 

2 A ,6-tribromophenol 50 10-123 terphenyl-d 14 47 33-141 

U = Below quantitation limit 
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Lab Number: 21206-122 
Sample Designation: TP6-7-NW-B 
Date Sampled: 07/25/11 
Date Extracted: 07/27/11 
Date Analyzed: 08/03/11 
Matrix: Solid 

SEMIVOLATILE ORGANICS 
Method Reference: SW8468270 

Concentration Reporting Limit Concentration Reporting Limit 

mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt mg/Kg dry wt 

N-nitrosodimethylamine U 0.1 2,4-dinitrotoluene U 0.2 

phenol U 0.1 acenaphthene U 0.1 

2-chlorophenol U 0.1 3-nitroaniline U 0.1 

bis(2-chloroethyl)ether U 0.1 2,4-dinitrophenol U 0.2 

1,3-dichlorobenzene U 0.1 dibenzofuran U 0.1 

1 ,4-dichlorobenzene U 0.1 4-nitrophenol U 0.2 

1,2-dichlorobenzene U 0.1 fluorene U 0.1 

benzyl alcohol U 0.1 4-chlorophenyl phenyl ether U 0.1 

2-methylphenol (m-cresol) U 0.1 diethyl phthalate U 0.1 

bis(2-chloroisopropyl)ether U 0.1 4-nitroaniline U 0.1 

hexachloroethane U 0.1 4,6-dinitro-2-methylphenol U 

N-nitroso-di-n-propylamine U 0.1 4-bromophenyl-phenylether U 0.1 

3- and 4-methylphenol (p- and o-cresol) U 0.1 N-nitrosodiphenylamine U 0.1 

nitrobenzene U 0.1 1,2-diphenylhydrazine (azobenzene) U 0.1 

isophorone U 0.1 4-bromophenyl phenyl ether U 0.1 

2-nitrophenol U 0.1 hexachlorobenzene U 0.1 

2,4-dimethylphenol U 0.1 pentachlorophenol U 0.1 

bis(2-chloroethoxy)methane U 0.1 phenanthrene U 0.1 

2,4-dichlorophenol U 0.1 anthracene U 0.1 

2,6-dichlorophenol U 0.1 carbazole U 0.1 

1,2,4-trichlorobenzene U 0.1 di-n-butylphthalate U 0.1 

naphthalene U 0.1 f1uoranthene U 0.1 

benzoic acid U 1 benzidine U 

4-chloroanWine U 0.1 pyrene U 0.1 

hexachloro-1,3-butadiene U 0.1 butylbenzylphthalate U 0.1 

4-chloro-3-methylphenol U 0.1 benzo(a)anthracene U 0.1 

2-methylnaphthalene U 0.1 chrysene U 0.1 

hexachlorocyclopentadiene U 0.2 3,3'-dichlorobenzidine U 0.1 

2,4,6-trichlorophenol U 0.1 bis(2-ethylhexyl)phthalate U 0.1 

2,4,5-trichlorophenol U 0.1 di-n-octYlphthalate U 0.1 

2-chloronaphthalene U 0.1 benzo(b)fluoranthene U 0.1 

2-nitroaniline U 0.1 benzo(k)fluoranthene U 0.1 

acenaphthylene U 0.1 benzo(a)pyrene U 0.1 

dimethylphthalate U 0.1 indeno(1,2,3-cd)pyrene U 0.1 

2,6-dinitrotoluene U 0.1 dibenz(a,h)anthracene U 0.1 

benzo(g, h, i)perylene U 0.1 

SURROGATE STANDARDS 

Recovery Acceptance Limits Recovery Acceptance Limits 

(%) (0/0) (0/0) (0/0) 

2-f1uorophenol 36 21-100 nitrobenzene-d5 43 35-114 

phenol-d5 41 10-102 2-f1uorobiphenyl 39 43-116 

2,4,6-tribromophenol 35 10-123 terphenYI-d14 42 33-141 

U = Below quantitation limit 

Page of ESI 
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STUDY NO: 21206 

SDG No: 

Project: South Terminal 

Delivered via: ESI 
Date and Time Received: 07/19/11 0800 Date and Time Logged into Lab: 07/19/111445 

Recieved By: DW Logged into Lab by: JEB ~"ll -l,:b 

Air bill/ Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 6 Custody Seals intact? NA 
Number of COC Pages: 2 
COC Serial Number(s): 
COC Complete: Yes Does the info on the COC match the samples? Yes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field ID complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 

Client notification/authorization: Not required 

Bottle Req'd Verified 

Field ID Lab ID Mx Analysis Requested Pres'n Pres'n 

TP6-1-N-H 21206-001 S SVOC8270C, AR08082; 1x90z 9 4C Yes 
TP6-1-N-H 21206-002 S MAEPH 1x90z 9 4C Yes 
TP6-1-N-H 21206-003 S VOC8260HIGH 1x40ml 9 MeOH Yes 
TP6-1-N-H 21206-004 S VOC8260LO 2x40ml 9 H2O Yes 
TP6-2-N-M 21206-005 S SVOC8270C, AR08082; 1x90z 9 4C Yes 
TP6-2-N-M 21206-006 S MAEPH 1x90z 9 4C Yes 
TP6-2-N-M 21206-007 S VOC8260HIGH 1x40ml 9 MeOH Yes 
TP6-2-N-M 21206-008 S VOC8260LO 2x40ml 9 H2O Yes 
TP6-3-N-A 21206-009 S SVOC8270C, AR08082; 1x90z 9 4C Yes 
TP6-3-N-A 21206-010 S MAEPH 1x90z 9 4C Yes 
TP6-3-N-A 21206-011 S VOC8260HIGH 1x40ml 9 MeOH Yes 
TP6-3-N-A 21206-012 S VOC8260LO 2x40ml 9 H2O Yes 
TP6-3-N-B 21206-013 S SVOC8270C, AR08082; 1x90z 9 4C Yes 
TP6-3-N-B 21206-014 S MAEPH 1x90z 9 4C Yes 
TP6-3-N-B 21206-015 S VOC8260HIGH 1x40ml 9 MeOH Yes 
TP6-3-N-B 21206-016 S VOC8260LO 2x40ml 9 H2O Yes 
TRIP BLANK 21206-017 S VOC8260LO 1x40ml 9 H2O Yes 

Notes and qualifications: 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Ham 43 /64342-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 2 

STUOYNO: 21206 
SOG No: 

Project: South Terminal 

Delivered via: ESI 
Date and Time Received: 07/20/11 0800 

Recieved By: DW 

Air bill / Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 5 
Number of COC Pages: 5 
COC Serial Number(s): 
COC Complete: Yes 

Sampled Date: Yes 
Field 10 complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Field ID Lab 10 

TP6-2-W-A 21206-018 
TP6-2-W-A 21206-019 
TP6-2-W-A 21206-020 
TP6-2-W-A 21206-021 
TP6-2-W-M 21206-022 
TP6-2-W-M 21206-023 
TP6-2-W-M 21206-024 
TP6-2-W-M 21206-025 
TP6-2-W-B 21206-026 
TP6-2-W-B 21206-027 
TP6-2-W-B 21206-028 
TP6-2-W-B 21206-029 
TP2-1-W-H 21206-030 
TP2-1-W-H 21206-031 
TP2-1-W-H 21206-032 
TP2-1-W-H 21206-033 
TP2-2-W-M 21206-034 
TP2-2-W-M 21206-035 
TP2-2-W-M 21206-036 
TP2-2-W-M 21206-037 
TP2-4-W-A 21206-038 
TP2-4-W-A 21206-039 
TP2-4-W-A 21206-040 

Notes and qualifications: 

Mx 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

Date and Time Logged into Lab: 

Logged into Lab by: 

07/20/111405 

JEB '''~'"~ 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of heads pace? NA 

Bottle 

Analysis Requested 

SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x90z 9 
VOC8260HI 1x40ml 9 
VOC8260LO 2x40ml 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x90z 9 
VOC8260HI 1x40ml 9 
VOC8260LO 2x40ml 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x90z 9 
VOC8260HI 1x40ml 9 
VOC8260LO 2x40ml 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x90z 9 
VOC8260HI 1x40ml 9 
VOC8260LO 2x40ml 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x90z 9 
VOC8260HI 1x40ml 9 
VOC8260LO 2x40ml 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x90z 9 
VOC8260HI 1x40ml q 

Req'd 

Pres'n 

4C 
4C 
MeOH 
H2O 
4C 
4C 
MeOH 
H2O 
4C 
4C 
MeOH 
H2O 
4C 
4C 
MeOH 
H2O 
4C 
4C 
MeOH 
H2O 
4C 
4C 
MeOH 

Verified 

Pres'n 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
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STUDY NO: 21206 
SDG No: 

Project: South Terminal 
Delivered via: ESI 
Date and Time Received: 07/20/11 0800 Date and Time Logged into Lab: 07/20/11 1405 

Recieved By: DW Logged into Lab by: JEB ~'-:) 

Air bill/Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 5 Custody Seals intact? NA 
Number of COC Pages: 5 
COC Serial Number(s): 
COC Complete: Yes Does the info on the COC match the samples? Yes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field ID complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 
Client notification/authorization: Not required 

Bottle Req'd Verified 

Field ID LablD Mx Analysis Requested Pres'n Pres'n 

TP2-4-W-A 21206-041 S VOC8260LO 2x40ml 9 H2O Yes 
TP2-4-W-B 21206-042 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP2-4-W-B 21206-043 S MAEPH 1x90z 9 4C Yes 
TP2-4-W-B 21206-044 S VOC8260HI 1x40ml 9 MeOH Yes 
TP2-4-W-B 21206-045 S VOC8260LO 2x40ml 9 H2O Yes 
TP4-1-E 21206-046 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-E 21206-047 S MAEPH 1x90z 9 4C Yes 
TP4-1-E 21206-048 S VOC8260HI 1x40ml 9 MeOH Yes 
TP4-1-E 21206-049 S VOC8260LO 2x40ml 9 H2O Yes 
TP3-1-S 21206-050 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP3-1-S 21206-051 S MAEPH 1x90z 9 4C Yes 
TP3-2-S-A 21206-052 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP3-2-S-A 21206-053 S MAEPH 1x90z 9 4C Yes 
TP3-2-S-M 21206-054 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP3-2-S-M 21206-055 S MAEPH 1x90z 9 4C Yes 
TP3-2-S-B 21206-056 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP3-2-S-B 21206-057 S MAEPH 1x90z 9 4C Yes 
TRIP BLANK 21206-058 S VOC8260LO 2x40ml 9 H2O Yes 

Notes and qualifications: 

------------------------------45/64-----------------------------------
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Ham, .... , ...... .'42-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESI 
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STUDY NO: 21206 
SDG No: 

Project: South Terminal 

Delivered via: ESI 
Date and Time Received: 07/21/11 0800 Date and Time Logged into Lab: 07/21/111340 

Recieved By: DW Logged into Lab by: JEB 

Air bill 1 Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 5 Custody Seals intact? NA 
Number of COC Pages: 2 
COC Serial Number(s): 
COC Complete: Yes Does the info on the COC match the samples? Yes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field 10 complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 
Client notification/authorization: Not required 

Bottle Req'd Verified 

Field ID Lab 10 Mx Analysis Requested Pres'n Pres'n 

TP4-1-S-A 21206-059 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-S-A 21206-060 S MAEPH 1x4oz 9 4C Yes 
TP4-1-S-M 21206-061 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-S-M 21206-062 S MAEPH 1x4oz 9 4C Yes 
TP4-1-S-B 21206-063 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-S-B 21206-064 S MAEPH 1x4oz 9 4C Yes 
TP4-1-W-A 21206-065 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-W-A 21206-066 S MAEPH 1x4oz 9 4C Yes 
TP4-1-W-M 21206-067 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-W-M 21206-068 S MAEPH 1x4oz 9 4C Yes 
TP4-1-W-B 21206-069 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-1-W-B 21206-070 S MAEPH 1x4oz 9 4C Yes 
TP4-2-W 21206-071 S SVOC8270C,AR08082; 1x90z 9 4C Yes 
TP4-2-W 21206-072 S MAEPH 1x4oz 9 4C Yes 
TP9-1-E 21206-073 S AR08082; 1x90z 9 4C Yes 
TP9-1-W 21206-074 S AR08082; 1x90z 9 4C Yes 
TP9-1-N 21206-075 S AR08082; 1x90z 9 4C Yes 
TP9-1-S 21206-076 S AR08082; 1x90z 9 4C Yes 

Notes and qualifications: 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Ham46 / 64342-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 1 

STUDY NO: 21206 
SDG No: 

Project: South Terminal 

Delivered via: ESI 
Date and Time Received: 07/22/11 0842 Date and Time Logged into Lab: 07/22/111135 

Recieved By: BS Logged into Lab by: MES '\\'i"-?-'), 

Air bill/ Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 5 Custody Seals intact? NA 
Number of COC Pages: 2 
COC Serial Number(s): 
COC Complete: Yes Does the info on the COC match the samples? Yes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field 10 complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 
Client notification/authorization: Not required 

Bottle Req'd Verified 

Field 10 Lab 10 Mx Analysis Requested Pres'n Pres'n 

TP13-1-S 21206-077 S AR08082; 1x90z 9 4C Yes 
TP13-2-S-A 21206-078 S AR08082; 1x90z g 4C Yes 
TP13-2-S-M 21206-079 S AR08082; 1x90z 9 4C Yes 
TP13-2-S-B 21206-080 S AR08082; 1x90z g 4C Yes 
TP17-1-S-A 21206-081 S AR08082; 1x90z 9 4C Yes 
TP17-1-S-M 21206-082 S AR08082; 1x90zg 4C Yes 
TP17-1-S-B 21206-083 S AR08082; 1x90z g 4C Yes 
TP13/17-1-C-A 21206-084 S AR08082; 1x90z 9 4C Yes 
TP13/17-1-C-M 21206-085 S AR08082; 1x90z g 4C Yes 
TP13/17-1-C-B 21206-086 S AR08082; 1x90z g 4C Yes 
TP13-1-N-A 21206-087 S AR08082; 1x90z 9 4C Yes 
TP13-1-N-M 21206-088 S AR08082; 1x90z 9 4C Yes 
TP13-1-N-B 21206-089 S AR08082; 1x90z g 4C Yes 
TP17-1-N-A 21206-090 S AR08082; 1x90z 9 4C Yes 
TP17-1-N-M 21206-091 S AR08082; 1x90z g 4C Yes 
TP17-1-N-B 21206-092 S AR08082; 1x90z 9 4C Yes 

Notes and qualifications: 
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SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 2 

STUDY NO: 21206 
SDG No: 

Project: South Terminal 

Delivered via: ESI 
Date and Time Received: 07/23/11 0820 

Recieved By: OW 

Air bill/ Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 4C 
Number of COC Pages: 2 
COC Serial Number(s): NA 
COC Complete: Yes 

Sampled Date: Yes 
Field 10 complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Field 10 Lab 10 

TP6-1-NW-A 21206-093 
TP6-1-NW-A 21206-094 
TP6-1-NW-M 21206-095 
TP6-1-NW-M 21206-096 
TP6-1-NW-B 21206-097 
TP6-1-NW-B 21206-098 
TP6-2-NW-A 21206-099 
TP6-2-NW-A 21206-100 
TP6-2-NW-M 21206-101 
TP6-2-NW-M 21206-102 
TP6-2-NW-B 21206-103 
TP6-2-NW-B 21206-104 
TP6-1-NE-A 21206-105 
TP6-1-NE-A 21206-106 
TP6-1-NE-M 21206-107 
TP6-1-NE-M 21206-108 
TP6-1-NE-B 21206-109 
TP6-1-NE-B 21206-110 
TP6-3-NE-A 21206-111 
TP6-3-NE-A 21206-112 
TP6-3-NE-M 21206-113 
TP6-3-NE-M 21206-114 
TP6-3-NE-B 21206-115 

Notes and qualifications: 

Mx 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

Date and Time Logged into Lab: 

Logged into Lab by: 

07/25/11 0815 

EAL t:2e'J,L 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Bottle 

Analysis Requested 

SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z 9 
MAEPH 1x4oz 9 
SVOC8270C,AR08082; 1x90z q 

Req'd 

Pres'n 

4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 

Verified 

Pres'n 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
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STUDY NO: 
SDG No: 

Project: 

Delivered via: 

21206 

South Terminal 

ESI 
Date and Time Received: 07/23/11 0820 

Recieved By: OW 

Air bill/ Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 4C 
Number of COC Pages: 2 
COC Serial Number{s): NA 
COC Complete: Yes 

Sampled Date: Yes 
Field 10 complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

07/25/110815 

EAL 

Air bill included in folder if received? NA 
Custody Seals present? Yes 
Custody Seals intact? Yes 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field 10 Lab 10 Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

TP6-3-NE-B 21206-116 S MAEPH 1x4oz 9 4C Yes 

Notes and qualifications: 21206-116 S MA EPH 

EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0778 (603) 926-3345 fax (603) 926-3521 www.envirosystems.com 
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STUDY NO: 21206 
SDG No: 

Project: South Terminal 

Delivered via: ESI 
Date and Time Received: 07/26/11 OBOO 

Recieved By: DW 

Air bill/ Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 4C 
Number of COC Pages: 1 
COC Serial Number(s): NA 
COC Complete: Yes 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

07/26/11131B 

EAL 

Air bill included in folder if received? NA 
Custody Seals present? NA 
Custody Seals intact? NA 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Field ID LablD Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

TP6-5-NE-A 
TP6-5-NE-M 
TP6-5-NE-B 
TP6-7-NW-A 
TP6-7-NW-M 
TP6-7-NW-B 
TP6-5-NE-A 
TP6-5-NE-M 
TP6-5-NE-B 
TP6-7-NW-A 
TP6-7-NW-M 
TP6-7-NW-B 

Notes and qualifications: 

21206-117 
21206-11B 
21206-119 
21206-120 
21206-121 
21206-122 
21206-123 
21206-124 
21206-125 
21206-126 
21206-127 
21206-12B 

S SVOCB270C,AROBOB2; 
S SVOCB270C,AROBOB2; 
S SVOCB270C ,AROBOB2; 
S SVOCB270C,AROBOB2; 
S SVOCB270C,AROBOB2; 
S SVOCB270C,AROBOB2; 
S MAEPH 
S MAEPH 
S MAEPH 
S MAEPH 
S MAEPH 
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Fax: 
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W=Water F=Done in field 
L=Lab to do 

'5\"X,(~ 
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CHA~N OF CUSTODY DOCUMENTAT~ON 

ESI Job No: 

Project Name: 5ti,,: r \"1 T Paae of 

Report to: (;,(.} ~:"T ,1ft):! ""( tC':'--'l1A Project Number: 

invoice to: 
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rs;::;;::- f~ ["T ~X""I ,.~- /,/,/ '~mtN'I~,~~ (X:i I r 
~~--------~~--~--~~~~i'~ 
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-I» ',=_' " '), ~ ,~. \"1,,) -= 

-- , I ,--- I'-,------r I 

~ ! 1I111 

I 1---
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Client: 

Report to: 
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\.. .. 
J./7 d "'" G; I;:;~ /'" (/o";!;- 6~/r '"",, 

.c,;,,/c, C /:;~) ~.I' I;;' C p.~" yiY .. /,U .. :C:;((.'/l,J I L, t:,l.;;; 'l". """,,)I 
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C'" ,;,------,-". 

'rotocol: RCRA SDWA 

.ab NUmber) Your Field ID: 
,ssigned (must agree with 
'Y lab) container) 

~ 1-- ;;;.~ A 
~ l ,-

C'.: f:S: ~.'~ ~ ~ 

r· / I "~,, ,Il ,'., , .f)., 1S~ '-1:;" J if 1 fft-.-..- 1 .,- iIi'",i - ~/' -\ 

(I;:: i1 -'." R 

{:. (1._ ~ r' 

~ 1;\",; 

1
=, g 

• ~ .J~~- !j o?""' .r-

lelinquished ... By: 

lelinquished By: 

Fa)(: ~I 7· J \1.. (::;. 

NPDES USCOE 

Date I Time 
Sampled Sampled 

Sampled 
By 

Grab 
or com

posit 
(G/C) 

·c~ , 
i 
I 
1 

1 

I 

email: L.v\Vi~(.SIP.O.No: Quote No: 

Other ,(~ "(.;3. fr"};.",", 

Container I Container 
Size Type 
(mI.) (P/GfT) 
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Serial_No:08021116:33 

ANALYTICAL REPORT
 

Lab Number: L1111004 

Client: Envirosystems, Inc. 

1 Lafayette Road 

PO Box 778 

Hampton, NH 03843 

ATTN: Megan Scott 

Phone: (603) 926-3345 

Project Name: 21206 

Project Number: Not Specified 

Report Date: 08/02/11 

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its 
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original. 

Certifications & Approvals: MA (M-MA086), NY NELAC (11148), CT (PH-0574), NH (2003), NJ (MA935), RI (LAO00065), ME (MA0086), 
PA (Registration #68-03671), USDA (Permit #S-72578), US Army Corps of Engineers, Naval FESC. 

Eight Walkup Drive, Westborough, MA 01581-1019 
508-898-9220 (Fax) 508-898-9193 800-624-9220 - www.alphalab.com 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 
Project Number: Not Specified Report Date: 08/02/11
 

Alpha 
Sample ID 

L1111004-01 

L1111004-02 

L1111004-03 

L1111004-04 

L1111004-05 

L1111004-06 

L1111004-07 

L1111004-08 

L1111004-09 

L1111004-10 

L1111004-11 

L1111004-12 

L1111004-13 

L1111004-14 

L1111004-15 

L1111004-16 

L1111004-17 

L1111004-18 

Sample Collection 

Client ID Location Date/Time 

21206-002,003,004 Not Specified 07/18/11 12:00 

21206-006,007,008 Not Specified 07/18/11 12:30 

21206-010,011,012 Not Specified 07/18/11 13:00 

21206-014,015,016 Not Specified 07/18/11 13:30 

21206-017 Not Specified 07/18/11 00:00 

21206-019,020,021 Not Specified 07/19/11 09:00 

21206-023,024,025 Not Specified 07/19/11 09:15 

21206-027,028,029 Not Specified 07/19/11 09:30 

21206-031,032,033 Not Specified 07/19/11 10:00 

21206-035,036,037 Not Specified 07/19/11 10:30 

21206-039,040,041 Not Specified 07/19/11 11:00 

21206-043,044,045 Not Specified 07/19/11 11:15 

21206-047,048,049 Not Specified 07/19/11 12:00 

21206-051 Not Specified 07/19/11 13:00 

21206-053 Not Specified 07/19/11 14:00 

21206-055 Not Specified 07/19/11 14:15 

21206-057 Not Specified 07/19/11 14:30 

21206-058 Not Specified 07/19/11 15:00 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 

MADEP MCP Response Action Analytical Report Certification 

This form provides certifications for all samples performed by MCP methods. Please refer to 
the Sample Results and Container Information sections of this report for specification of 
MCP methods used for each analysis. The following questions pertain only to MCP 
Analytical Methods.

 An affirmative response to questions A through F is required for "Presumptive Certainty" status

Were all samples received in a condition consistent with those described on the Chain-of-
Custody, properly preserved (including temperature) in the field or laboratory, and 
prepared/analyzed within method holding times? 

A YES 

Were the analytical method(s) and all associated QC requirements specified in the selected 
CAM protocol(s) followed? 

B YES 

Were all required corrective actions and analytical response actions specified in the selected 
CAM protocol(s) implemented for all identified performance standard non-conformances? 

C YES 

Does the laboratory report comply with all the reporting requirements specified in CAM VII A, 
"Quality Assurance and Quality Control Guidelines for the Acquisition and Reporting of Analytical 
Data?" 

D YES 

VPH, EPH, and APH Methods only: Was each method conducted without significant 
modification(s)? (Refer to the individual method(s) for a list of significant modifications). 

E a. N/A 

APH and TO-15 Methods only: Was the complete analyte list reported for each method?E b. N/A 

Were all applicable CAM protocol QC and performance standard non-conformances identified 
and evaluated in a laboratory narrative (including all "No" responses to Questions A through E)? 

F YES 

A response to questions G, H and I is required for "Presumptive Certainty" status 

Were the reporting limits at or below all CAM reporting limits specified in the selected CAM 
protocol(s)? 

G NO 

Were all QC performance standards specified in the CAM protocol(s) achieved?H NO 

Were results reported for the complete analyte list specified in the selected CAM protocol(s)?I YES 

For any questions answered "No", please refer to the case narrative section on the following page(s). 

Please note that sample matrix information is located in the Sample Results section of this report. 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 
Project Number: Not Specified Report Date: 08/02/11
 

Case Narrative 

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report. 

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet all of the requirements of 

NELAC, for all NELAC accredited parameters. The data presented in this report is organized by parameter (i.e. VOC, SVOC, etc.). Sample 

specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list for each individual sample, 

followed by the Laboratory Batch Quality Control at the end of each parameter. If a sample was re-analyzed or re-extracted due to a 

required quality control corrective action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is 

designated with an "R" or "RE", respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the 

associated samples for each element are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % 

recovery or RPD value that is outside the listed Acceptance Criteria is bolded in the report. Definitions of all data qualifiers and acronyms 

used in this report are provided in the Glossary located at the back of the report. 

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody. 

For additional information, please contact Client Services at 800-624-9220. 

Report Submission
 

This final report replaces the partial report issued July 29, 2011 and includes the results of all requested 


analyses.
 

Volatile Organics by GC/MS
 

In reference to Question G:
 

L1111004-01 and -10 have elevated detection limits due to the dilution required by the elevated 


concentrations of target compounds in the sample.
 

L1111004-02: The analysis of Volatile Organics by EPA Method 5035/8260B Low Level could not be 


performed due to the elevated concentrations of non-target compounds in the sample. The high level analysis 


was reported.
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 
Project Number: Not Specified Report Date: 08/02/11
 

Case Narrative (continued) 

L1111004-09 was re-analyzed on dilution in order to quantitate the sample within the calibration range. The 

result should be considered estimated, and is qualified with an E flag, for any compound that exceeded the 

calibration on the initial analysis. The re-analysis was performed only for the compound that exceeded the 

calibration range. 

In reference to Question H: 

The initial calibration, associated with L1111004-01, 09 and 02, did not meet the method required minimum 

response factors on the lowest calibration standards for 1,4-Dioxane (0.00293), as well as the average 

response factor for 1,4-Dioxane. In addition, a quadratic fit was utilized for Acetone. 

The WG481271-1/-2 LCS/LCSD recoveries, associated with L1111004-01,09,02, are below the acceptance 

criteria for Chloromethane (LCS 66%), Dichlorodifluoromethane (67%)/(68%), Acetone (LCS 65%); however, 

they have been identified as "difficult" analytes and are within the 40-160% acceptance limits. The results of 

the associated samples are reported; however, all results are considered to have a potentially low bias for 

these compounds. The WG481271-2 LCS/LCSD RPD(s), associated with L1111004-01,09,02, are above the 

acceptance criteria for Naphthalene (22%); however, the individual LCS/LCSD recoveries are within method 

limits. In addition, the associated WG481271-2 LCS/LCSD RPD(s) are above the acceptance criteria for 

Acetone(23%). 

The initial calibration, associated with L1111004-09,10,13, 07 and 08 did not meet the method required 

minimum response factors on the lowest calibration standards for 1,4-Dioxane (0.00290), as well as the 

average response factor for 1,4-Dioxane. In addition, a quadratic fit was utilized for Chloroethane, Acetone, 

and 4-Methyl-2-Pentanone. 

The WG481271-5 LCS/LCSD recoveries, associated with L1111004-09,10,13,07 and 08, are below the 

acceptance criteria for Dichlorodifluoromethane (69%); however, they have been identified as "difficult" 

analytes and are within the 40-160% acceptance limits. The results of the associated samples are reported; 

however, all results are considered to have a potentially low bias for these compounds. The WG481271-5 

LCS/LCSD RPD(s), associated with L1111004-09,10,13,07 and 08, are above the acceptance criteria for 2

Butanone (21%) and Tetrahydrofuran (22%); however, the individual LCS/LCSD recoveries are within method 

limits. 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 
Project Number: Not Specified Report Date: 08/02/11
 

Case Narrative (continued) 

The continuing calibration standard, associated with L1111004-01,09 and 02, is outside the acceptance criteria 

for several compounds; however, it is within overall method allowances. A copy of the continuing calibration 

standard is included as an addendum to this report. 

The continuing calibration standard, associated with L1111004-09,10,13,07 and 08 is outside the acceptance 

criteria for several compounds; however, it is within overall method allowances. A copy of the continuing 

calibration standard is included as an addendum to this report. 

EPH 

In Reference to Question G: 

L1111004-01 has elevated detection limits due to the dilution required by the matrix interferences encountered 

during the concentration of the sample and the analytical dilution required by the target compounds present in 

the sample. The surrogate recoveries for L1111004-01 are below the acceptance criteria for chloro

octadecane (0%) and o-terphenyl (0%) due to the dilution required. Re-extraction was not required; therefore, 

the results of the original analysis are reported. 

L1111004-06 has elevated detection limits due to the dilution required by the elevated concentrations of target 

compounds in the sample. 

L1111004-09 has elevated detection limits due to the dilution required by the elevated concentrations of target 

compounds in the sample. The surrogate recoveries for L1111004-09 are outside the acceptance criteria for 

o-terphenyl (240%); however, the sample was not re-extracted due to coelution with obvious interferences. A 

copy of the chromatogram is included as an attachment to this report. The results are not considered to be 

biased. 

L1111004-10 has elevated detection limits due to the dilution required by the matrix interferences encountered 

during the concentration of the sample and the analytical dilution required by the target compounds present in 

the sample. 

L1111004-15 has elevated detection limits due to the dilution required by matrix interferences encountered 

during the concentration of the sample. The surrogate recoveries for L1111004-15 are outside the acceptance 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 
Project Number: Not Specified Report Date: 08/02/11
 

Case Narrative (continued)

criteria for o-terphenyl (166%); however, the sample was not re-extracted due to coelution with obvious 

interferences. A copy of the chromatogram is included as an attachment to this report. The results are not 

considered to be biased. 

In Reference to Question H: 

The surrogate recoveries for the WG480776-2 LCS, associated with L1111004-17,14 and 16 are above the 

acceptance criteria for chloro-Octadecane (165%) and o-Terphenyl (161%). The associated LCS spike 

compounds are within overall acceptance criteria, therefore, no further action was taken. 

The WG481797-2/-3 LCS/LCSD RPDs, associated with L1111004-01 through -04 and 06 through -13, are 

above the acceptance criteria for several compounds; however, the individual LCS/LCSD recoveries are within 

method limits. 

I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
belief and based upon my personal inquiry of those responsible for providing the information contained
 in this analytical report, such information is accurate and complete. This certificate of analysis is not
 complete unless this page accompanies any and all pages of this report.

 Authorized Signature: 

Title: Technical Director/Representative Date: 08/02/11 
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ORGANICS
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Serial_No:08021116:33 

VOLATILES
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-01Lab ID: D Date Collected: 07/18/11 12:00 
21206-002,003,004Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/26/11 13:35 
Analyst: MM

 49%Percent Solids: 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 66000 - 25 

1,1-Dichloroethane ND ug/kg 9900 - 25 

Chloroform ND ug/kg 9900 - 25 

Carbon tetrachloride ND ug/kg 6600 - 25 

1,2-Dichloropropane ND ug/kg 23000 - 25 

Dibromochloromethane ND ug/kg 6600 - 25 

1,1,2-Trichloroethane ND ug/kg 9900 - 25 

Tetrachloroethene ND ug/kg 6600 - 25 

Chlorobenzene ND ug/kg 6600 - 25 

Trichlorofluoromethane ND ug/kg 26000 - 25 

1,2-Dichloroethane ND ug/kg 6600 - 25 

1,1,1-Trichloroethane ND ug/kg 6600 - 25 

Bromodichloromethane ND ug/kg 6600 - 25 

trans-1,3-Dichloropropene ND ug/kg 6600 - 25 

cis-1,3-Dichloropropene ND ug/kg 6600 - 25 

1,1-Dichloropropene ND ug/kg 26000 - 25 

Bromoform ND ug/kg 26000 - 25 

1,1,2,2-Tetrachloroethane ND ug/kg 6600 - 25 

Benzene ND ug/kg 6600 - 25 

Toluene ND ug/kg 9900 - 25 

Ethylbenzene 39000 ug/kg 6600 - 25 

Chloromethane ND ug/kg 26000 - 25 

Bromomethane ND ug/kg 13000 - 25 

Vinyl chloride ND ug/kg 13000 - 25 

Chloroethane ND ug/kg 13000 - 25 

1,1-Dichloroethene ND ug/kg 6600 - 25 

trans-1,2-Dichloroethene ND ug/kg 9900 - 25 

Trichloroethene ND ug/kg 6600 - 25 

1,2-Dichlorobenzene ND ug/kg 26000 - 25 

1,3-Dichlorobenzene ND ug/kg 26000 - 25 

1,4-Dichlorobenzene ND ug/kg 26000 - 25 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-01Lab ID: D Date Collected: 07/18/11 12:00 
21206-002,003,004Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 13000 - 25 

p/m-Xylene 15000 ug/kg 13000 - 25 

o-Xylene 18000 ug/kg 13000 - 25 

cis-1,2-Dichloroethene ND ug/kg 6600 - 25 

Dibromomethane ND ug/kg 26000 - 25 

1,2,3-Trichloropropane ND ug/kg 26000 - 25 

Styrene ND ug/kg 13000 - 25 

Dichlorodifluoromethane ND ug/kg 66000 - 25 

Acetone ND ug/kg 240000 - 25 

Carbon disulfide ND ug/kg 26000 - 25 

2-Butanone ND ug/kg 66000 - 25 

4-Methyl-2-pentanone ND ug/kg 66000 - 25 

2-Hexanone ND ug/kg 66000 - 25 

Bromochloromethane ND ug/kg 26000 - 25 

Tetrahydrofuran ND ug/kg 26000 - 25 

2,2-Dichloropropane ND ug/kg 33000 - 25 

1,2-Dibromoethane ND ug/kg 26000 - 25 

1,3-Dichloropropane ND ug/kg 26000 - 25 

1,1,1,2-Tetrachloroethane ND ug/kg 6600 - 25 

Bromobenzene ND ug/kg 33000 - 25 

n-Butylbenzene ND ug/kg 6600 - 25 

sec-Butylbenzene ND ug/kg 6600 - 25 

tert-Butylbenzene ND ug/kg 26000 - 25 

o-Chlorotoluene ND ug/kg 26000 - 25 

p-Chlorotoluene ND ug/kg 26000 - 25 

1,2-Dibromo-3-chloropropane ND ug/kg 26000 - 25 

Hexachlorobutadiene ND ug/kg 26000 - 25 

Isopropylbenzene 38000 ug/kg 6600 - 25 

p-Isopropyltoluene 43000 ug/kg 6600 - 25 

Naphthalene 470000 ug/kg 26000 - 25 

n-Propylbenzene ND ug/kg 6600 - 25 

1,2,3-Trichlorobenzene ND ug/kg 26000 - 25 

1,2,4-Trichlorobenzene ND ug/kg 26000 - 25 

1,3,5-Trimethylbenzene ND ug/kg 26000 - 25 

1,2,4-Trimethylbenzene 40000 ug/kg 26000 - 25 

Ethyl ether ND ug/kg 33000 - 25 

Isopropyl Ether ND ug/kg 26000 - 25 

Ethyl-Tert-Butyl-Ether ND ug/kg 26000 - 25 

Tertiary-Amyl Methyl Ether ND ug/kg 26000 - 25 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-01Lab ID: D Date Collected: 07/18/11 12:00 
21206-002,003,004Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 660000 - 25 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

96 

99 

107 

98 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-02 Date Collected: 07/18/11 12:30 
Client ID: 21206-006,007,008 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/26/11 14:07 
Analyst: MM
Percent Solids: 77% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 1300 - 1 

1,1-Dichloroethane ND ug/kg 190 - 1 

Chloroform ND ug/kg 190 - 1 

Carbon tetrachloride ND ug/kg 130 - 1 

1,2-Dichloropropane ND ug/kg 440 - 1 

Dibromochloromethane ND ug/kg 130 - 1 

1,1,2-Trichloroethane ND ug/kg 190 - 1 

Tetrachloroethene ND ug/kg 130 - 1 

Chlorobenzene ND ug/kg 130 - 1 

Trichlorofluoromethane ND ug/kg 510 - 1 

1,2-Dichloroethane ND ug/kg 130 - 1 

1,1,1-Trichloroethane ND ug/kg 130 - 1 

Bromodichloromethane ND ug/kg 130 - 1 

trans-1,3-Dichloropropene ND ug/kg 130 - 1 

cis-1,3-Dichloropropene ND ug/kg 130 - 1 

1,1-Dichloropropene ND ug/kg 510 - 1 

Bromoform ND ug/kg 510 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 130 - 1 

Benzene ND ug/kg 130 - 1 

Toluene ND ug/kg 190 - 1 

Ethylbenzene ND ug/kg 130 - 1 

Chloromethane ND ug/kg 510 - 1 

Bromomethane ND ug/kg 250 - 1 

Vinyl chloride ND ug/kg 250 - 1 

Chloroethane ND ug/kg 250 - 1 

1,1-Dichloroethene ND ug/kg 130 - 1 

trans-1,2-Dichloroethene ND ug/kg 190 - 1 

Trichloroethene ND ug/kg 130 - 1 

1,2-Dichlorobenzene ND ug/kg 510 - 1 

1,3-Dichlorobenzene ND ug/kg 510 - 1 

1,4-Dichlorobenzene ND ug/kg 510 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-02Lab ID: Date Collected: 07/18/11 12:30 
21206-006,007,008Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 250 - 1 

p/m-Xylene ND ug/kg 250 - 1 

o-Xylene ND ug/kg 250 - 1 

cis-1,2-Dichloroethene ND ug/kg 130 - 1 

Dibromomethane ND ug/kg 510 - 1 

1,2,3-Trichloropropane ND ug/kg 510 - 1 

Styrene ND ug/kg 250 - 1 

Dichlorodifluoromethane ND ug/kg 1300 - 1 

Acetone ND ug/kg 4600 - 1 

Carbon disulfide ND ug/kg 510 - 1 

2-Butanone ND ug/kg 1300 - 1 

4-Methyl-2-pentanone ND ug/kg 1300 - 1 

2-Hexanone ND ug/kg 1300 - 1 

Bromochloromethane ND ug/kg 510 - 1 

Tetrahydrofuran ND ug/kg 510 - 1 

2,2-Dichloropropane ND ug/kg 630 - 1 

1,2-Dibromoethane ND ug/kg 510 - 1 

1,3-Dichloropropane ND ug/kg 510 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 130 - 1 

Bromobenzene ND ug/kg 630 - 1 

n-Butylbenzene ND ug/kg 130 - 1 

sec-Butylbenzene ND ug/kg 130 - 1 

tert-Butylbenzene ND ug/kg 510 - 1 

o-Chlorotoluene ND ug/kg 510 - 1 

p-Chlorotoluene ND ug/kg 510 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 510 - 1 

Hexachlorobutadiene ND ug/kg 510 - 1 

Isopropylbenzene ND ug/kg 130 - 1 

p-Isopropyltoluene ND ug/kg 130 - 1 

Naphthalene ND ug/kg 510 - 1 

n-Propylbenzene ND ug/kg 130 - 1 

1,2,3-Trichlorobenzene ND ug/kg 510 - 1 

1,2,4-Trichlorobenzene ND ug/kg 510 - 1 

1,3,5-Trimethylbenzene ND ug/kg 510 - 1 

1,2,4-Trimethylbenzene ND ug/kg 510 - 1 

Ethyl ether ND ug/kg 630 - 1 

Isopropyl Ether ND ug/kg 510 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 510 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 510 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-02Lab ID: Date Collected: 07/18/11 12:30 
21206-006,007,008Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 13000 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

95 

98 

127 

94 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-03 Date Collected: 07/18/11 13:00 
Client ID: 21206-010,011,012 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/27/11 10:45 
Analyst: BN
Percent Solids: 86% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 13 - 1 

1,1-Dichloroethane ND ug/kg 2.0 - 1 

Chloroform ND ug/kg 2.0 - 1 

Carbon tetrachloride ND ug/kg 1.3 - 1 

1,2-Dichloropropane ND ug/kg 4.6 - 1 

Dibromochloromethane ND ug/kg 1.3 - 1 

1,1,2-Trichloroethane ND ug/kg 2.0 - 1 

Tetrachloroethene ND ug/kg 1.3 - 1 

Chlorobenzene ND ug/kg 1.3 - 1 

Trichlorofluoromethane ND ug/kg 5.3 - 1 

1,2-Dichloroethane ND ug/kg 1.3 - 1 

1,1,1-Trichloroethane ND ug/kg 1.3 - 1 

Bromodichloromethane ND ug/kg 1.3 - 1 

trans-1,3-Dichloropropene ND ug/kg 1.3 - 1 

cis-1,3-Dichloropropene ND ug/kg 1.3 - 1 

1,1-Dichloropropene ND ug/kg 5.3 - 1 

Bromoform ND ug/kg 5.3 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 1.3 - 1 

Benzene ND ug/kg 1.3 - 1 

Toluene ND ug/kg 2.0 - 1 

Ethylbenzene ND ug/kg 1.3 - 1 

Chloromethane ND ug/kg 5.3 - 1 

Bromomethane ND ug/kg 2.6 - 1 

Vinyl chloride ND ug/kg 2.6 - 1 

Chloroethane ND ug/kg 2.6 - 1 

1,1-Dichloroethene ND ug/kg 1.3 - 1 

trans-1,2-Dichloroethene ND ug/kg 2.0 - 1 

Trichloroethene ND ug/kg 1.3 - 1 

1,2-Dichlorobenzene ND ug/kg 5.3 - 1 

1,3-Dichlorobenzene ND ug/kg 5.3 - 1 

1,4-Dichlorobenzene ND ug/kg 5.3 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-03Lab ID: Date Collected: 07/18/11 13:00 
21206-010,011,012Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 2.6 - 1 

p/m-Xylene ND ug/kg 2.6 - 1 

o-Xylene ND ug/kg 2.6 - 1 

cis-1,2-Dichloroethene ND ug/kg 1.3 - 1 

Dibromomethane ND ug/kg 5.3 - 1 

1,2,3-Trichloropropane ND ug/kg 5.3 - 1 

Styrene ND ug/kg 2.6 - 1 

Dichlorodifluoromethane ND ug/kg 13 - 1 

Acetone ND ug/kg 48 - 1 

Carbon disulfide ND ug/kg 5.3 - 1 

2-Butanone ND ug/kg 13 - 1 

4-Methyl-2-pentanone ND ug/kg 13 - 1 

2-Hexanone ND ug/kg 13 - 1 

Bromochloromethane ND ug/kg 5.3 - 1 

Tetrahydrofuran ND ug/kg 5.3 - 1 

2,2-Dichloropropane ND ug/kg 6.6 - 1 

1,2-Dibromoethane ND ug/kg 5.3 - 1 

1,3-Dichloropropane ND ug/kg 5.3 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 1.3 - 1 

Bromobenzene ND ug/kg 6.6 - 1 

n-Butylbenzene ND ug/kg 1.3 - 1 

sec-Butylbenzene ND ug/kg 1.3 - 1 

tert-Butylbenzene ND ug/kg 5.3 - 1 

o-Chlorotoluene ND ug/kg 5.3 - 1 

p-Chlorotoluene ND ug/kg 5.3 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 5.3 - 1 

Hexachlorobutadiene ND ug/kg 5.3 - 1 

Isopropylbenzene ND ug/kg 1.3 - 1 

p-Isopropyltoluene ND ug/kg 1.3 - 1 

Naphthalene ND ug/kg 5.3 - 1 

n-Propylbenzene ND ug/kg 1.3 - 1 

1,2,3-Trichlorobenzene ND ug/kg 5.3 - 1 

1,2,4-Trichlorobenzene ND ug/kg 5.3 - 1 

1,3,5-Trimethylbenzene ND ug/kg 5.3 - 1 

1,2,4-Trimethylbenzene ND ug/kg 5.3 - 1 

Ethyl ether ND ug/kg 6.6 - 1 

Isopropyl Ether ND ug/kg 5.3 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 5.3 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 5.3 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-03Lab ID: Date Collected: 07/18/11 13:00 
21206-010,011,012Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 53 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

107 

99 

99 

101 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-04 Date Collected: 07/18/11 13:30 
Client ID: 21206-014,015,016 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/27/11 11:11 
Analyst: BN
Percent Solids: 81% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 9.5 - 1 

1,1-Dichloroethane ND ug/kg 1.4 - 1 

Chloroform ND ug/kg 1.4 - 1 

Carbon tetrachloride ND ug/kg 0.95 - 1 

1,2-Dichloropropane ND ug/kg 3.3 - 1 

Dibromochloromethane ND ug/kg 0.95 - 1 

1,1,2-Trichloroethane ND ug/kg 1.4 - 1 

Tetrachloroethene ND ug/kg 0.95 - 1 

Chlorobenzene ND ug/kg 0.95 - 1 

Trichlorofluoromethane ND ug/kg 3.8 - 1 

1,2-Dichloroethane ND ug/kg 0.95 - 1 

1,1,1-Trichloroethane ND ug/kg 0.95 - 1 

Bromodichloromethane ND ug/kg 0.95 - 1 

trans-1,3-Dichloropropene ND ug/kg 0.95 - 1 

cis-1,3-Dichloropropene ND ug/kg 0.95 - 1 

1,1-Dichloropropene ND ug/kg 3.8 - 1 

Bromoform ND ug/kg 3.8 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 0.95 - 1 

Benzene ND ug/kg 0.95 - 1 

Toluene ND ug/kg 1.4 - 1 

Ethylbenzene ND ug/kg 0.95 - 1 

Chloromethane ND ug/kg 3.8 - 1 

Bromomethane ND ug/kg 1.9 - 1 

Vinyl chloride ND ug/kg 1.9 - 1 

Chloroethane ND ug/kg 1.9 - 1 

1,1-Dichloroethene ND ug/kg 0.95 - 1 

trans-1,2-Dichloroethene ND ug/kg 1.4 - 1 

Trichloroethene ND ug/kg 0.95 - 1 

1,2-Dichlorobenzene ND ug/kg 3.8 - 1 

1,3-Dichlorobenzene ND ug/kg 3.8 - 1 

1,4-Dichlorobenzene ND ug/kg 3.8 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-04Lab ID: Date Collected: 07/18/11 13:30 
21206-014,015,016Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 1.9 - 1 

p/m-Xylene ND ug/kg 1.9 - 1 

o-Xylene ND ug/kg 1.9 - 1 

cis-1,2-Dichloroethene ND ug/kg 0.95 - 1 

Dibromomethane ND ug/kg 3.8 - 1 

1,2,3-Trichloropropane ND ug/kg 3.8 - 1 

Styrene ND ug/kg 1.9 - 1 

Dichlorodifluoromethane ND ug/kg 9.5 - 1 

Acetone 50 ug/kg 34 - 1 

Carbon disulfide 4.3 ug/kg 3.8 - 1 

2-Butanone ND ug/kg 9.5 - 1 

4-Methyl-2-pentanone ND ug/kg 9.5 - 1 

2-Hexanone ND ug/kg 9.5 - 1 

Bromochloromethane ND ug/kg 3.8 - 1 

Tetrahydrofuran ND ug/kg 3.8 - 1 

2,2-Dichloropropane ND ug/kg 4.7 - 1 

1,2-Dibromoethane ND ug/kg 3.8 - 1 

1,3-Dichloropropane ND ug/kg 3.8 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 0.95 - 1 

Bromobenzene ND ug/kg 4.7 - 1 

n-Butylbenzene ND ug/kg 0.95 - 1 

sec-Butylbenzene ND ug/kg 0.95 - 1 

tert-Butylbenzene ND ug/kg 3.8 - 1 

o-Chlorotoluene ND ug/kg 3.8 - 1 

p-Chlorotoluene ND ug/kg 3.8 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 3.8 - 1 

Hexachlorobutadiene ND ug/kg 3.8 - 1 

Isopropylbenzene ND ug/kg 0.95 - 1 

p-Isopropyltoluene ND ug/kg 0.95 - 1 

Naphthalene ND ug/kg 3.8 - 1 

n-Propylbenzene ND ug/kg 0.95 - 1 

1,2,3-Trichlorobenzene ND ug/kg 3.8 - 1 

1,2,4-Trichlorobenzene ND ug/kg 3.8 - 1 

1,3,5-Trimethylbenzene ND ug/kg 3.8 - 1 

1,2,4-Trimethylbenzene ND ug/kg 3.8 - 1 

Ethyl ether ND ug/kg 4.7 - 1 

Isopropyl Ether ND ug/kg 3.8 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 3.8 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 3.8 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-04Lab ID: Date Collected: 07/18/11 13:30 
21206-014,015,016Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 38 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

106 

96 

99 

104 

70-130 

70-130 

70-130 

70-130 

Page 21 of 153 



Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-05 Date Collected: 07/18/11 00:00 
Client ID: 21206-017 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/27/11 11:38 
Analyst: BN 
Percent Solids: Results reported on an 'AS RECEIVED' basis. 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 10 - 1 

1,1-Dichloroethane ND ug/kg 1.5 - 1 

Chloroform ND ug/kg 1.5 - 1 

Carbon tetrachloride ND ug/kg 1.0 - 1 

1,2-Dichloropropane ND ug/kg 3.5 - 1 

Dibromochloromethane ND ug/kg 1.0 - 1 

1,1,2-Trichloroethane ND ug/kg 1.5 - 1 

Tetrachloroethene ND ug/kg 1.0 - 1 

Chlorobenzene ND ug/kg 1.0 - 1 

Trichlorofluoromethane ND ug/kg 4.0 - 1 

1,2-Dichloroethane ND ug/kg 1.0 - 1 

1,1,1-Trichloroethane ND ug/kg 1.0 - 1 

Bromodichloromethane ND ug/kg 1.0 - 1 

trans-1,3-Dichloropropene ND ug/kg 1.0 - 1 

cis-1,3-Dichloropropene ND ug/kg 1.0 - 1 

1,1-Dichloropropene ND ug/kg 4.0 - 1 

Bromoform ND ug/kg 4.0 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 1.0 - 1 

Benzene ND ug/kg 1.0 - 1 

Toluene ND ug/kg 1.5 - 1 

Ethylbenzene ND ug/kg 1.0 - 1 

Chloromethane ND ug/kg 4.0 - 1 

Bromomethane ND ug/kg 2.0 - 1 

Vinyl chloride ND ug/kg 2.0 - 1 

Chloroethane ND ug/kg 2.0 - 1 

1,1-Dichloroethene ND ug/kg 1.0 - 1 

trans-1,2-Dichloroethene ND ug/kg 1.5 - 1 

Trichloroethene ND ug/kg 1.0 - 1 

1,2-Dichlorobenzene ND ug/kg 4.0 - 1 

1,3-Dichlorobenzene ND ug/kg 4.0 - 1 

1,4-Dichlorobenzene ND ug/kg 4.0 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-05Lab ID: Date Collected: 07/18/11 00:00 
21206-017Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 2.0 - 1 

p/m-Xylene ND ug/kg 2.0 - 1 

o-Xylene ND ug/kg 2.0 - 1 

cis-1,2-Dichloroethene ND ug/kg 1.0 - 1 

Dibromomethane ND ug/kg 4.0 - 1 

1,2,3-Trichloropropane ND ug/kg 4.0 - 1 

Styrene ND ug/kg 2.0 - 1 

Dichlorodifluoromethane ND ug/kg 10 - 1 

Acetone ND ug/kg 36 - 1 

Carbon disulfide ND ug/kg 4.0 - 1 

2-Butanone ND ug/kg 10 - 1 

4-Methyl-2-pentanone ND ug/kg 10 - 1 

2-Hexanone ND ug/kg 10 - 1 

Bromochloromethane ND ug/kg 4.0 - 1 

Tetrahydrofuran ND ug/kg 4.0 - 1 

2,2-Dichloropropane ND ug/kg 5.0 - 1 

1,2-Dibromoethane ND ug/kg 4.0 - 1 

1,3-Dichloropropane ND ug/kg 4.0 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 1.0 - 1 

Bromobenzene ND ug/kg 5.0 - 1 

n-Butylbenzene ND ug/kg 1.0 - 1 

sec-Butylbenzene ND ug/kg 1.0 - 1 

tert-Butylbenzene ND ug/kg 4.0 - 1 

o-Chlorotoluene ND ug/kg 4.0 - 1 

p-Chlorotoluene ND ug/kg 4.0 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 4.0 - 1 

Hexachlorobutadiene ND ug/kg 4.0 - 1 

Isopropylbenzene ND ug/kg 1.0 - 1 

p-Isopropyltoluene ND ug/kg 1.0 - 1 

Naphthalene ND ug/kg 4.0 - 1 

n-Propylbenzene ND ug/kg 1.0 - 1 

1,2,3-Trichlorobenzene ND ug/kg 4.0 - 1 

1,2,4-Trichlorobenzene ND ug/kg 4.0 - 1 

1,3,5-Trimethylbenzene ND ug/kg 4.0 - 1 

1,2,4-Trimethylbenzene ND ug/kg 4.0 - 1 

Ethyl ether ND ug/kg 5.0 - 1 

Isopropyl Ether ND ug/kg 4.0 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 4.0 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 4.0 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-05Lab ID: Date Collected: 07/18/11 00:00 
21206-017Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 40 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

108 

96 

96 

102 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-06 Date Collected: 07/19/11 09:00 
Client ID: 21206-019,020,021 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/27/11 12:04 
Analyst: BN
Percent Solids: 86% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 25 - 1 

1,1-Dichloroethane ND ug/kg 3.8 - 1 

Chloroform ND ug/kg 3.8 - 1 

Carbon tetrachloride ND ug/kg 2.5 - 1 

1,2-Dichloropropane ND ug/kg 8.8 - 1 

Dibromochloromethane ND ug/kg 2.5 - 1 

1,1,2-Trichloroethane ND ug/kg 3.8 - 1 

Tetrachloroethene ND ug/kg 2.5 - 1 

Chlorobenzene ND ug/kg 2.5 - 1 

Trichlorofluoromethane ND ug/kg 10 - 1 

1,2-Dichloroethane ND ug/kg 2.5 - 1 

1,1,1-Trichloroethane ND ug/kg 2.5 - 1 

Bromodichloromethane ND ug/kg 2.5 - 1 

trans-1,3-Dichloropropene ND ug/kg 2.5 - 1 

cis-1,3-Dichloropropene ND ug/kg 2.5 - 1 

1,1-Dichloropropene ND ug/kg 10 - 1 

Bromoform ND ug/kg 10 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 2.5 - 1 

Benzene ND ug/kg 2.5 - 1 

Toluene ND ug/kg 3.8 - 1 

Ethylbenzene ND ug/kg 2.5 - 1 

Chloromethane ND ug/kg 10 - 1 

Bromomethane ND ug/kg 5.0 - 1 

Vinyl chloride ND ug/kg 5.0 - 1 

Chloroethane ND ug/kg 5.0 - 1 

1,1-Dichloroethene ND ug/kg 2.5 - 1 

trans-1,2-Dichloroethene ND ug/kg 3.8 - 1 

Trichloroethene ND ug/kg 2.5 - 1 

1,2-Dichlorobenzene ND ug/kg 10 - 1 

1,3-Dichlorobenzene ND ug/kg 10 - 1 

1,4-Dichlorobenzene ND ug/kg 10 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-06Lab ID: Date Collected: 07/19/11 09:00 
21206-019,020,021Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 5.0 - 1 

p/m-Xylene ND ug/kg 5.0 - 1 

o-Xylene ND ug/kg 5.0 - 1 

cis-1,2-Dichloroethene ND ug/kg 2.5 - 1 

Dibromomethane ND ug/kg 10 - 1 

1,2,3-Trichloropropane ND ug/kg 10 - 1 

Styrene ND ug/kg 5.0 - 1 

Dichlorodifluoromethane ND ug/kg 25 - 1 

Acetone ND ug/kg 91 - 1 

Carbon disulfide ND ug/kg 10 - 1 

2-Butanone ND ug/kg 25 - 1 

4-Methyl-2-pentanone ND ug/kg 25 - 1 

2-Hexanone ND ug/kg 25 - 1 

Bromochloromethane ND ug/kg 10 - 1 

Tetrahydrofuran ND ug/kg 10 - 1 

2,2-Dichloropropane ND ug/kg 13 - 1 

1,2-Dibromoethane ND ug/kg 10 - 1 

1,3-Dichloropropane ND ug/kg 10 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 2.5 - 1 

Bromobenzene ND ug/kg 13 - 1 

n-Butylbenzene ND ug/kg 2.5 - 1 

sec-Butylbenzene ND ug/kg 2.5 - 1 

tert-Butylbenzene ND ug/kg 10 - 1 

o-Chlorotoluene ND ug/kg 10 - 1 

p-Chlorotoluene ND ug/kg 10 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 10 - 1 

Hexachlorobutadiene ND ug/kg 10 - 1 

Isopropylbenzene ND ug/kg 2.5 - 1 

p-Isopropyltoluene ND ug/kg 2.5 - 1 

Naphthalene ND ug/kg 10 - 1 

n-Propylbenzene ND ug/kg 2.5 - 1 

1,2,3-Trichlorobenzene ND ug/kg 10 - 1 

1,2,4-Trichlorobenzene ND ug/kg 10 - 1 

1,3,5-Trimethylbenzene ND ug/kg 10 - 1 

1,2,4-Trimethylbenzene ND ug/kg 10 - 1 

Ethyl ether ND ug/kg 13 - 1 

Isopropyl Ether ND ug/kg 10 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 10 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 10 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-06Lab ID: Date Collected: 07/19/11 09:00 
21206-019,020,021Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 100 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

106 

98 

100 

105 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-07 Date Collected: 07/19/11 09:15 
Client ID: 21206-023,024,025 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/27/11 09:47 
Analyst: MM
Percent Solids: 26% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 7200 - 1 

1,1-Dichloroethane ND ug/kg 1100 - 1 

Chloroform ND ug/kg 1100 - 1 

Carbon tetrachloride ND ug/kg 720 - 1 

1,2-Dichloropropane ND ug/kg 2500 - 1 

Dibromochloromethane ND ug/kg 720 - 1 

1,1,2-Trichloroethane ND ug/kg 1100 - 1 

Tetrachloroethene ND ug/kg 720 - 1 

Chlorobenzene ND ug/kg 720 - 1 

Trichlorofluoromethane ND ug/kg 2900 - 1 

1,2-Dichloroethane ND ug/kg 720 - 1 

1,1,1-Trichloroethane ND ug/kg 720 - 1 

Bromodichloromethane ND ug/kg 720 - 1 

trans-1,3-Dichloropropene ND ug/kg 720 - 1 

cis-1,3-Dichloropropene ND ug/kg 720 - 1 

1,1-Dichloropropene ND ug/kg 2900 - 1 

Bromoform ND ug/kg 2900 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 720 - 1 

Benzene 2100 ug/kg 720 - 1 

Toluene ND ug/kg 1100 - 1 

Ethylbenzene 5600 ug/kg 720 - 1 

Chloromethane ND ug/kg 2900 - 1 

Bromomethane ND ug/kg 1400 - 1 

Vinyl chloride ND ug/kg 1400 - 1 

Chloroethane ND ug/kg 1400 - 1 

1,1-Dichloroethene ND ug/kg 720 - 1 

trans-1,2-Dichloroethene ND ug/kg 1100 - 1 

Trichloroethene ND ug/kg 720 - 1 

1,2-Dichlorobenzene ND ug/kg 2900 - 1 

1,3-Dichlorobenzene ND ug/kg 2900 - 1 

1,4-Dichlorobenzene ND ug/kg 2900 - 1 

Page 28 of 153 



Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-07Lab ID: Date Collected: 07/19/11 09:15 
21206-023,024,025Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 1400 - 1 

p/m-Xylene 4300 ug/kg 1400 - 1 

o-Xylene 2000 ug/kg 1400 - 1 

cis-1,2-Dichloroethene ND ug/kg 720 - 1 

Dibromomethane ND ug/kg 2900 - 1 

1,2,3-Trichloropropane ND ug/kg 2900 - 1 

Styrene ND ug/kg 1400 - 1 

Dichlorodifluoromethane ND ug/kg 7200 - 1 

Acetone ND ug/kg 26000 - 1 

Carbon disulfide ND ug/kg 2900 - 1 

2-Butanone ND ug/kg 7200 - 1 

4-Methyl-2-pentanone ND ug/kg 7200 - 1 

2-Hexanone ND ug/kg 7200 - 1 

Bromochloromethane ND ug/kg 2900 - 1 

Tetrahydrofuran ND ug/kg 2900 - 1 

2,2-Dichloropropane ND ug/kg 3600 - 1 

1,2-Dibromoethane ND ug/kg 2900 - 1 

1,3-Dichloropropane ND ug/kg 2900 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 720 - 1 

Bromobenzene ND ug/kg 3600 - 1 

n-Butylbenzene ND ug/kg 720 - 1 

sec-Butylbenzene ND ug/kg 720 - 1 

tert-Butylbenzene ND ug/kg 2900 - 1 

o-Chlorotoluene ND ug/kg 2900 - 1 

p-Chlorotoluene ND ug/kg 2900 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 2900 - 1 

Hexachlorobutadiene ND ug/kg 2900 - 1 

Isopropylbenzene ND ug/kg 720 - 1 

p-Isopropyltoluene ND ug/kg 720 - 1 

Naphthalene ND ug/kg 2900 - 1 

n-Propylbenzene ND ug/kg 720 - 1 

1,2,3-Trichlorobenzene ND ug/kg 2900 - 1 

1,2,4-Trichlorobenzene ND ug/kg 2900 - 1 

1,3,5-Trimethylbenzene ND ug/kg 2900 - 1 

1,2,4-Trimethylbenzene ND ug/kg 2900 - 1 

Ethyl ether ND ug/kg 3600 - 1 

Isopropyl Ether ND ug/kg 2900 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 2900 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 2900 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-07Lab ID: Date Collected: 07/19/11 09:15 
21206-023,024,025Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 72000 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

112 

95 

97 

118 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-08 Date Collected: 07/19/11 09:30 
Client ID: 21206-027,028,029 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/27/11 10:20 
Analyst: MM
Percent Solids: 91% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 870 - 1 

1,1-Dichloroethane ND ug/kg 130 - 1 

Chloroform ND ug/kg 130 - 1 

Carbon tetrachloride ND ug/kg 87 - 1 

1,2-Dichloropropane ND ug/kg 300 - 1 

Dibromochloromethane ND ug/kg 87 - 1 

1,1,2-Trichloroethane ND ug/kg 130 - 1 

Tetrachloroethene ND ug/kg 87 - 1 

Chlorobenzene ND ug/kg 87 - 1 

Trichlorofluoromethane ND ug/kg 350 - 1 

1,2-Dichloroethane ND ug/kg 87 - 1 

1,1,1-Trichloroethane ND ug/kg 87 - 1 

Bromodichloromethane ND ug/kg 87 - 1 

trans-1,3-Dichloropropene ND ug/kg 87 - 1 

cis-1,3-Dichloropropene ND ug/kg 87 - 1 

1,1-Dichloropropene ND ug/kg 350 - 1 

Bromoform ND ug/kg 350 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 87 - 1 

Benzene ND ug/kg 87 - 1 

Toluene ND ug/kg 130 - 1 

Ethylbenzene ND ug/kg 87 - 1 

Chloromethane ND ug/kg 350 - 1 

Bromomethane ND ug/kg 170 - 1 

Vinyl chloride ND ug/kg 170 - 1 

Chloroethane ND ug/kg 170 - 1 

1,1-Dichloroethene ND ug/kg 87 - 1 

trans-1,2-Dichloroethene ND ug/kg 130 - 1 

Trichloroethene ND ug/kg 87 - 1 

1,2-Dichlorobenzene ND ug/kg 350 - 1 

1,3-Dichlorobenzene ND ug/kg 350 - 1 

1,4-Dichlorobenzene ND ug/kg 350 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-08Lab ID: Date Collected: 07/19/11 09:30 
21206-027,028,029Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 170 - 1 

p/m-Xylene ND ug/kg 170 - 1 

o-Xylene ND ug/kg 170 - 1 

cis-1,2-Dichloroethene ND ug/kg 87 - 1 

Dibromomethane ND ug/kg 350 - 1 

1,2,3-Trichloropropane ND ug/kg 350 - 1 

Styrene ND ug/kg 170 - 1 

Dichlorodifluoromethane ND ug/kg 870 - 1 

Acetone ND ug/kg 3100 - 1 

Carbon disulfide ND ug/kg 350 - 1 

2-Butanone ND ug/kg 870 - 1 

4-Methyl-2-pentanone ND ug/kg 870 - 1 

2-Hexanone ND ug/kg 870 - 1 

Bromochloromethane ND ug/kg 350 - 1 

Tetrahydrofuran ND ug/kg 350 - 1 

2,2-Dichloropropane ND ug/kg 440 - 1 

1,2-Dibromoethane ND ug/kg 350 - 1 

1,3-Dichloropropane ND ug/kg 350 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 87 - 1 

Bromobenzene ND ug/kg 440 - 1 

n-Butylbenzene ND ug/kg 87 - 1 

sec-Butylbenzene ND ug/kg 87 - 1 

tert-Butylbenzene ND ug/kg 350 - 1 

o-Chlorotoluene ND ug/kg 350 - 1 

p-Chlorotoluene ND ug/kg 350 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 350 - 1 

Hexachlorobutadiene ND ug/kg 350 - 1 

Isopropylbenzene ND ug/kg 87 - 1 

p-Isopropyltoluene ND ug/kg 87 - 1 

Naphthalene 450 ug/kg 350 - 1 

n-Propylbenzene ND ug/kg 87 - 1 

1,2,3-Trichlorobenzene ND ug/kg 350 - 1 

1,2,4-Trichlorobenzene ND ug/kg 350 - 1 

1,3,5-Trimethylbenzene ND ug/kg 350 - 1 

1,2,4-Trimethylbenzene ND ug/kg 350 - 1 

Ethyl ether ND ug/kg 440 - 1 

Isopropyl Ether ND ug/kg 350 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 350 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 350 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-08Lab ID: Date Collected: 07/19/11 09:30 
21206-027,028,029Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 8700 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

108 

93 

95 

118 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-09 Date Collected: 07/19/11 10:00 
Client ID: 21206-031,032,033 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/26/11 15:45 
Analyst: MM
Percent Solids: 86% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 1000 - 1 

1,1-Dichloroethane ND ug/kg 160 - 1 

Chloroform ND ug/kg 160 - 1 

Carbon tetrachloride ND ug/kg 100 - 1 

1,2-Dichloropropane ND ug/kg 370 - 1 

Dibromochloromethane ND ug/kg 100 - 1 

1,1,2-Trichloroethane 300 ug/kg 160 - 1 

Tetrachloroethene ND ug/kg 100 - 1 

Chlorobenzene ND ug/kg 100 - 1 

Trichlorofluoromethane ND ug/kg 420 - 1 

1,2-Dichloroethane ND ug/kg 100 - 1 

1,1,1-Trichloroethane ND ug/kg 100 - 1 

Bromodichloromethane ND ug/kg 100 - 1 

trans-1,3-Dichloropropene ND ug/kg 100 - 1 

cis-1,3-Dichloropropene ND ug/kg 100 - 1 

1,1-Dichloropropene ND ug/kg 420 - 1 

Bromoform ND ug/kg 420 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 100 - 1 

Benzene 380 ug/kg 100 - 1 

Toluene 320 ug/kg 160 - 1 

Ethylbenzene 4600 ug/kg 100 - 1 

Chloromethane ND ug/kg 420 - 1 

Bromomethane ND ug/kg 210 - 1 

Vinyl chloride ND ug/kg 210 - 1 

Chloroethane ND ug/kg 210 - 1 

1,1-Dichloroethene ND ug/kg 100 - 1 

trans-1,2-Dichloroethene ND ug/kg 160 - 1 

Trichloroethene ND ug/kg 100 - 1 

1,2-Dichlorobenzene ND ug/kg 420 - 1 

1,3-Dichlorobenzene ND ug/kg 420 - 1 

1,4-Dichlorobenzene ND ug/kg 420 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-09Lab ID: Date Collected: 07/19/11 10:00 
21206-031,032,033Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 210 - 1 

p/m-Xylene 5400 ug/kg 210 - 1 

o-Xylene 2800 ug/kg 210 - 1 

cis-1,2-Dichloroethene ND ug/kg 100 - 1 

Dibromomethane ND ug/kg 420 - 1 

1,2,3-Trichloropropane ND ug/kg 420 - 1 

Styrene ND ug/kg 210 - 1 

Dichlorodifluoromethane ND ug/kg 1000 - 1 

Acetone ND ug/kg 3800 - 1 

Carbon disulfide ND ug/kg 420 - 1 

2-Butanone ND ug/kg 1000 - 1 

4-Methyl-2-pentanone ND ug/kg 1000 - 1 

2-Hexanone ND ug/kg 1000 - 1 

Bromochloromethane ND ug/kg 420 - 1 

Tetrahydrofuran ND ug/kg 420 - 1 

2,2-Dichloropropane ND ug/kg 520 - 1 

1,2-Dibromoethane ND ug/kg 420 - 1 

1,3-Dichloropropane ND ug/kg 420 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 100 - 1 

Bromobenzene ND ug/kg 520 - 1 

n-Butylbenzene 1300 ug/kg 100 - 1 

sec-Butylbenzene 100 ug/kg 100 - 1 

tert-Butylbenzene ND ug/kg 420 - 1 

o-Chlorotoluene ND ug/kg 420 - 1 

p-Chlorotoluene ND ug/kg 420 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 420 - 1 

Hexachlorobutadiene ND ug/kg 420 - 1 

Isopropylbenzene 1500 ug/kg 100 - 1 

p-Isopropyltoluene 1300 ug/kg 100 - 1 

Naphthalene 340000 E ug/kg 420 - 1 

n-Propylbenzene 770 ug/kg 100 - 1 

1,2,3-Trichlorobenzene ND ug/kg 420 - 1 

1,2,4-Trichlorobenzene ND ug/kg 420 - 1 

1,3,5-Trimethylbenzene 4700 ug/kg 420 - 1 

1,2,4-Trimethylbenzene 8800 ug/kg 420 - 1 

Ethyl ether ND ug/kg 520 - 1 

Isopropyl Ether ND ug/kg 420 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 420 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 420 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-09Lab ID: Date Collected: 07/19/11 10:00 
21206-031,032,033Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 10000 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

99 

96 

98 

97 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-09 D Date Collected: 07/19/11 10:00 
Client ID: 21206-031,032,033 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/27/11 10:52 
Analyst: MM
Percent Solids: 86% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Naphthalene 600000 ug/kg 74000 - 100 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

106 

96 

102 

113 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-10 D Date Collected: 07/19/11 10:30 
Client ID: 21206-035,036,037 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/27/11 11:25 
Analyst: MM
Percent Solids: 85% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 18000 - 20 

1,1-Dichloroethane ND ug/kg 2800 - 20 

Chloroform ND ug/kg 2800 - 20 

Carbon tetrachloride ND ug/kg 1800 - 20 

1,2-Dichloropropane ND ug/kg 6400 - 20 

Dibromochloromethane ND ug/kg 1800 - 20 

1,1,2-Trichloroethane ND ug/kg 2800 - 20 

Tetrachloroethene ND ug/kg 1800 - 20 

Chlorobenzene ND ug/kg 1800 - 20 

Trichlorofluoromethane ND ug/kg 7400 - 20 

1,2-Dichloroethane ND ug/kg 1800 - 20 

1,1,1-Trichloroethane ND ug/kg 1800 - 20 

Bromodichloromethane ND ug/kg 1800 - 20 

trans-1,3-Dichloropropene ND ug/kg 1800 - 20 

cis-1,3-Dichloropropene ND ug/kg 1800 - 20 

1,1-Dichloropropene ND ug/kg 7400 - 20 

Bromoform ND ug/kg 7400 - 20 

1,1,2,2-Tetrachloroethane ND ug/kg 1800 - 20 

Benzene ND ug/kg 1800 - 20 

Toluene ND ug/kg 2800 - 20 

Ethylbenzene 2900 ug/kg 1800 - 20 

Chloromethane ND ug/kg 7400 - 20 

Bromomethane ND ug/kg 3700 - 20 

Vinyl chloride ND ug/kg 3700 - 20 

Chloroethane ND ug/kg 3700 - 20 

1,1-Dichloroethene ND ug/kg 1800 - 20 

trans-1,2-Dichloroethene ND ug/kg 2800 - 20 

Trichloroethene ND ug/kg 1800 - 20 

1,2-Dichlorobenzene ND ug/kg 7400 - 20 

1,3-Dichlorobenzene ND ug/kg 7400 - 20 

1,4-Dichlorobenzene ND ug/kg 7400 - 20 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-10Lab ID: D Date Collected: 07/19/11 10:30 
21206-035,036,037Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 3700 - 20 

p/m-Xylene ND ug/kg 3700 - 20 

o-Xylene ND ug/kg 3700 - 20 

cis-1,2-Dichloroethene ND ug/kg 1800 - 20 

Dibromomethane ND ug/kg 7400 - 20 

1,2,3-Trichloropropane ND ug/kg 7400 - 20 

Styrene ND ug/kg 3700 - 20 

Dichlorodifluoromethane ND ug/kg 18000 - 20 

Acetone ND ug/kg 66000 - 20 

Carbon disulfide ND ug/kg 7400 - 20 

2-Butanone ND ug/kg 18000 - 20 

4-Methyl-2-pentanone ND ug/kg 18000 - 20 

2-Hexanone ND ug/kg 18000 - 20 

Bromochloromethane ND ug/kg 7400 - 20 

Tetrahydrofuran ND ug/kg 7400 - 20 

2,2-Dichloropropane ND ug/kg 9200 - 20 

1,2-Dibromoethane ND ug/kg 7400 - 20 

1,3-Dichloropropane ND ug/kg 7400 - 20 

1,1,1,2-Tetrachloroethane ND ug/kg 1800 - 20 

Bromobenzene ND ug/kg 9200 - 20 

n-Butylbenzene ND ug/kg 1800 - 20 

sec-Butylbenzene ND ug/kg 1800 - 20 

tert-Butylbenzene ND ug/kg 7400 - 20 

o-Chlorotoluene ND ug/kg 7400 - 20 

p-Chlorotoluene ND ug/kg 7400 - 20 

1,2-Dibromo-3-chloropropane ND ug/kg 7400 - 20 

Hexachlorobutadiene ND ug/kg 7400 - 20 

Isopropylbenzene ND ug/kg 1800 - 20 

p-Isopropyltoluene ND ug/kg 1800 - 20 

Naphthalene 92000 ug/kg 7400 - 20 

n-Propylbenzene ND ug/kg 1800 - 20 

1,2,3-Trichlorobenzene ND ug/kg 7400 - 20 

1,2,4-Trichlorobenzene ND ug/kg 7400 - 20 

1,3,5-Trimethylbenzene ND ug/kg 7400 - 20 

1,2,4-Trimethylbenzene ND ug/kg 7400 - 20 

Ethyl ether ND ug/kg 9200 - 20 

Isopropyl Ether ND ug/kg 7400 - 20 

Ethyl-Tert-Butyl-Ether ND ug/kg 7400 - 20 

Tertiary-Amyl Methyl Ether ND ug/kg 7400 - 20 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-10Lab ID: D Date Collected: 07/19/11 10:30 
21206-035,036,037Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 180000 - 20 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

100 

93 

101 

115 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-11 Date Collected: 07/19/11 11:00 
Client ID: 21206-039,040,041 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/27/11 12:57 
Analyst: BN
Percent Solids: 87% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 16 - 1 

1,1-Dichloroethane ND ug/kg 2.3 - 1 

Chloroform ND ug/kg 2.3 - 1 

Carbon tetrachloride ND ug/kg 1.6 - 1 

1,2-Dichloropropane ND ug/kg 5.4 - 1 

Dibromochloromethane ND ug/kg 1.6 - 1 

1,1,2-Trichloroethane ND ug/kg 2.3 - 1 

Tetrachloroethene ND ug/kg 1.6 - 1 

Chlorobenzene ND ug/kg 1.6 - 1 

Trichlorofluoromethane ND ug/kg 6.2 - 1 

1,2-Dichloroethane ND ug/kg 1.6 - 1 

1,1,1-Trichloroethane ND ug/kg 1.6 - 1 

Bromodichloromethane ND ug/kg 1.6 - 1 

trans-1,3-Dichloropropene ND ug/kg 1.6 - 1 

cis-1,3-Dichloropropene ND ug/kg 1.6 - 1 

1,1-Dichloropropene ND ug/kg 6.2 - 1 

Bromoform ND ug/kg 6.2 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 1.6 - 1 

Benzene ND ug/kg 1.6 - 1 

Toluene ND ug/kg 2.3 - 1 

Ethylbenzene ND ug/kg 1.6 - 1 

Chloromethane ND ug/kg 6.2 - 1 

Bromomethane ND ug/kg 3.1 - 1 

Vinyl chloride ND ug/kg 3.1 - 1 

Chloroethane ND ug/kg 3.1 - 1 

1,1-Dichloroethene ND ug/kg 1.6 - 1 

trans-1,2-Dichloroethene ND ug/kg 2.3 - 1 

Trichloroethene ND ug/kg 1.6 - 1 

1,2-Dichlorobenzene ND ug/kg 6.2 - 1 

1,3-Dichlorobenzene ND ug/kg 6.2 - 1 

1,4-Dichlorobenzene ND ug/kg 6.2 - 1 

Page 41 of 153 



Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-11Lab ID: Date Collected: 07/19/11 11:00 
21206-039,040,041Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 3.1 - 1 

p/m-Xylene ND ug/kg 3.1 - 1 

o-Xylene ND ug/kg 3.1 - 1 

cis-1,2-Dichloroethene ND ug/kg 1.6 - 1 

Dibromomethane ND ug/kg 6.2 - 1 

1,2,3-Trichloropropane ND ug/kg 6.2 - 1 

Styrene ND ug/kg 3.1 - 1 

Dichlorodifluoromethane ND ug/kg 16 - 1 

Acetone ND ug/kg 56 - 1 

Carbon disulfide ND ug/kg 6.2 - 1 

2-Butanone ND ug/kg 16 - 1 

4-Methyl-2-pentanone ND ug/kg 16 - 1 

2-Hexanone ND ug/kg 16 - 1 

Bromochloromethane ND ug/kg 6.2 - 1 

Tetrahydrofuran ND ug/kg 6.2 - 1 

2,2-Dichloropropane ND ug/kg 7.8 - 1 

1,2-Dibromoethane ND ug/kg 6.2 - 1 

1,3-Dichloropropane ND ug/kg 6.2 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 1.6 - 1 

Bromobenzene ND ug/kg 7.8 - 1 

n-Butylbenzene ND ug/kg 1.6 - 1 

sec-Butylbenzene ND ug/kg 1.6 - 1 

tert-Butylbenzene ND ug/kg 6.2 - 1 

o-Chlorotoluene ND ug/kg 6.2 - 1 

p-Chlorotoluene ND ug/kg 6.2 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 6.2 - 1 

Hexachlorobutadiene ND ug/kg 6.2 - 1 

Isopropylbenzene ND ug/kg 1.6 - 1 

p-Isopropyltoluene ND ug/kg 1.6 - 1 

Naphthalene ND ug/kg 6.2 - 1 

n-Propylbenzene ND ug/kg 1.6 - 1 

1,2,3-Trichlorobenzene ND ug/kg 6.2 - 1 

1,2,4-Trichlorobenzene ND ug/kg 6.2 - 1 

1,3,5-Trimethylbenzene ND ug/kg 6.2 - 1 

1,2,4-Trimethylbenzene ND ug/kg 6.2 - 1 

Ethyl ether ND ug/kg 7.8 - 1 

Isopropyl Ether ND ug/kg 6.2 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 6.2 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 6.2 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-11Lab ID: Date Collected: 07/19/11 11:00 
21206-039,040,041Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 62 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

100 

101 

100 

103 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-12 Date Collected: 07/19/11 11:15 
Client ID: 21206-043,044,045 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/27/11 12:30 
Analyst: BN
Percent Solids: 81% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 19 - 1 

1,1-Dichloroethane ND ug/kg 2.8 - 1 

Chloroform ND ug/kg 2.8 - 1 

Carbon tetrachloride ND ug/kg 1.9 - 1 

1,2-Dichloropropane ND ug/kg 6.5 - 1 

Dibromochloromethane ND ug/kg 1.9 - 1 

1,1,2-Trichloroethane ND ug/kg 2.8 - 1 

Tetrachloroethene ND ug/kg 1.9 - 1 

Chlorobenzene ND ug/kg 1.9 - 1 

Trichlorofluoromethane ND ug/kg 7.5 - 1 

1,2-Dichloroethane ND ug/kg 1.9 - 1 

1,1,1-Trichloroethane ND ug/kg 1.9 - 1 

Bromodichloromethane ND ug/kg 1.9 - 1 

trans-1,3-Dichloropropene ND ug/kg 1.9 - 1 

cis-1,3-Dichloropropene ND ug/kg 1.9 - 1 

1,1-Dichloropropene ND ug/kg 7.5 - 1 

Bromoform ND ug/kg 7.5 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 1.9 - 1 

Benzene ND ug/kg 1.9 - 1 

Toluene ND ug/kg 2.8 - 1 

Ethylbenzene ND ug/kg 1.9 - 1 

Chloromethane ND ug/kg 7.5 - 1 

Bromomethane ND ug/kg 3.7 - 1 

Vinyl chloride ND ug/kg 3.7 - 1 

Chloroethane ND ug/kg 3.7 - 1 

1,1-Dichloroethene ND ug/kg 1.9 - 1 

trans-1,2-Dichloroethene ND ug/kg 2.8 - 1 

Trichloroethene ND ug/kg 1.9 - 1 

1,2-Dichlorobenzene ND ug/kg 7.5 - 1 

1,3-Dichlorobenzene ND ug/kg 7.5 - 1 

1,4-Dichlorobenzene ND ug/kg 7.5 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-12Lab ID: Date Collected: 07/19/11 11:15 
21206-043,044,045Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 3.7 - 1 

p/m-Xylene ND ug/kg 3.7 - 1 

o-Xylene ND ug/kg 3.7 - 1 

cis-1,2-Dichloroethene ND ug/kg 1.9 - 1 

Dibromomethane ND ug/kg 7.5 - 1 

1,2,3-Trichloropropane ND ug/kg 7.5 - 1 

Styrene ND ug/kg 3.7 - 1 

Dichlorodifluoromethane ND ug/kg 19 - 1 

Acetone ND ug/kg 67 - 1 

Carbon disulfide ND ug/kg 7.5 - 1 

2-Butanone ND ug/kg 19 - 1 

4-Methyl-2-pentanone ND ug/kg 19 - 1 

2-Hexanone ND ug/kg 19 - 1 

Bromochloromethane ND ug/kg 7.5 - 1 

Tetrahydrofuran ND ug/kg 7.5 - 1 

2,2-Dichloropropane ND ug/kg 9.4 - 1 

1,2-Dibromoethane ND ug/kg 7.5 - 1 

1,3-Dichloropropane ND ug/kg 7.5 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 1.9 - 1 

Bromobenzene ND ug/kg 9.4 - 1 

n-Butylbenzene ND ug/kg 1.9 - 1 

sec-Butylbenzene ND ug/kg 1.9 - 1 

tert-Butylbenzene ND ug/kg 7.5 - 1 

o-Chlorotoluene ND ug/kg 7.5 - 1 

p-Chlorotoluene ND ug/kg 7.5 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 7.5 - 1 

Hexachlorobutadiene ND ug/kg 7.5 - 1 

Isopropylbenzene ND ug/kg 1.9 - 1 

p-Isopropyltoluene 3.4 ug/kg 1.9 - 1 

Naphthalene ND ug/kg 7.5 - 1 

n-Propylbenzene ND ug/kg 1.9 - 1 

1,2,3-Trichlorobenzene ND ug/kg 7.5 - 1 

1,2,4-Trichlorobenzene ND ug/kg 7.5 - 1 

1,3,5-Trimethylbenzene ND ug/kg 7.5 - 1 

1,2,4-Trimethylbenzene ND ug/kg 7.5 - 1 

Ethyl ether ND ug/kg 9.4 - 1 

Isopropyl Ether ND ug/kg 7.5 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 7.5 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 7.5 - 1 

Page 45 of 153 



Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-12Lab ID: Date Collected: 07/19/11 11:15 
21206-043,044,045Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 75 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

108 

98 

95 

104 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-13 Date Collected: 07/19/11 12:00 
Client ID: 21206-047,048,049 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/27/11 09:15 
Analyst: MM
Percent Solids: 77% 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 1600 - 1 

1,1-Dichloroethane ND ug/kg 240 - 1 

Chloroform ND ug/kg 240 - 1 

Carbon tetrachloride ND ug/kg 160 - 1 

1,2-Dichloropropane ND ug/kg 550 - 1 

Dibromochloromethane ND ug/kg 160 - 1 

1,1,2-Trichloroethane ND ug/kg 240 - 1 

Tetrachloroethene ND ug/kg 160 - 1 

Chlorobenzene ND ug/kg 160 - 1 

Trichlorofluoromethane ND ug/kg 630 - 1 

1,2-Dichloroethane ND ug/kg 160 - 1 

1,1,1-Trichloroethane ND ug/kg 160 - 1 

Bromodichloromethane ND ug/kg 160 - 1 

trans-1,3-Dichloropropene ND ug/kg 160 - 1 

cis-1,3-Dichloropropene ND ug/kg 160 - 1 

1,1-Dichloropropene ND ug/kg 630 - 1 

Bromoform ND ug/kg 630 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 160 - 1 

Benzene 3300 ug/kg 160 - 1 

Toluene 360 ug/kg 240 - 1 

Ethylbenzene ND ug/kg 160 - 1 

Chloromethane ND ug/kg 630 - 1 

Bromomethane ND ug/kg 320 - 1 

Vinyl chloride ND ug/kg 320 - 1 

Chloroethane ND ug/kg 320 - 1 

1,1-Dichloroethene ND ug/kg 160 - 1 

trans-1,2-Dichloroethene ND ug/kg 240 - 1 

Trichloroethene ND ug/kg 160 - 1 

1,2-Dichlorobenzene ND ug/kg 630 - 1 

1,3-Dichlorobenzene ND ug/kg 630 - 1 

1,4-Dichlorobenzene ND ug/kg 630 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-13Lab ID: Date Collected: 07/19/11 12:00 
21206-047,048,049Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 320 - 1 

p/m-Xylene ND ug/kg 320 - 1 

o-Xylene ND ug/kg 320 - 1 

cis-1,2-Dichloroethene ND ug/kg 160 - 1 

Dibromomethane ND ug/kg 630 - 1 

1,2,3-Trichloropropane ND ug/kg 630 - 1 

Styrene ND ug/kg 320 - 1 

Dichlorodifluoromethane ND ug/kg 1600 - 1 

Acetone ND ug/kg 5700 - 1 

Carbon disulfide ND ug/kg 630 - 1 

2-Butanone ND ug/kg 1600 - 1 

4-Methyl-2-pentanone ND ug/kg 1600 - 1 

2-Hexanone ND ug/kg 1600 - 1 

Bromochloromethane ND ug/kg 630 - 1 

Tetrahydrofuran ND ug/kg 630 - 1 

2,2-Dichloropropane ND ug/kg 790 - 1 

1,2-Dibromoethane ND ug/kg 630 - 1 

1,3-Dichloropropane ND ug/kg 630 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 160 - 1 

Bromobenzene ND ug/kg 790 - 1 

n-Butylbenzene ND ug/kg 160 - 1 

sec-Butylbenzene ND ug/kg 160 - 1 

tert-Butylbenzene ND ug/kg 630 - 1 

o-Chlorotoluene ND ug/kg 630 - 1 

p-Chlorotoluene ND ug/kg 630 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 630 - 1 

Hexachlorobutadiene ND ug/kg 630 - 1 

Isopropylbenzene ND ug/kg 160 - 1 

p-Isopropyltoluene ND ug/kg 160 - 1 

Naphthalene ND ug/kg 630 - 1 

n-Propylbenzene ND ug/kg 160 - 1 

1,2,3-Trichlorobenzene ND ug/kg 630 - 1 

1,2,4-Trichlorobenzene ND ug/kg 630 - 1 

1,3,5-Trimethylbenzene ND ug/kg 630 - 1 

1,2,4-Trimethylbenzene ND ug/kg 630 - 1 

Ethyl ether ND ug/kg 790 - 1 

Isopropyl Ether ND ug/kg 630 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 630 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 630 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-13Lab ID: Date Collected: 07/19/11 12:00 
21206-047,048,049Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 16000 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

103 

96 

101 

112 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS 

Lab ID: L1111004-18 Date Collected: 07/19/11 15:00 
Client ID: 21206-058 Date Received: 07/21/11 
Sample Location: Not Specified Field Prep: Not Specified 
Matrix: Soil 
Analytical Method: 97,8260B 
Analytical Date: 07/27/11 13:23 
Analyst: BN 
Percent Solids: Results reported on an 'AS RECEIVED' basis. 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methylene chloride ND ug/kg 10 - 1 

1,1-Dichloroethane ND ug/kg 1.5 - 1 

Chloroform ND ug/kg 1.5 - 1 

Carbon tetrachloride ND ug/kg 1.0 - 1 

1,2-Dichloropropane ND ug/kg 3.5 - 1 

Dibromochloromethane ND ug/kg 1.0 - 1 

1,1,2-Trichloroethane ND ug/kg 1.5 - 1 

Tetrachloroethene ND ug/kg 1.0 - 1 

Chlorobenzene ND ug/kg 1.0 - 1 

Trichlorofluoromethane ND ug/kg 4.0 - 1 

1,2-Dichloroethane ND ug/kg 1.0 - 1 

1,1,1-Trichloroethane ND ug/kg 1.0 - 1 

Bromodichloromethane ND ug/kg 1.0 - 1 

trans-1,3-Dichloropropene ND ug/kg 1.0 - 1 

cis-1,3-Dichloropropene ND ug/kg 1.0 - 1 

1,1-Dichloropropene ND ug/kg 4.0 - 1 

Bromoform ND ug/kg 4.0 - 1 

1,1,2,2-Tetrachloroethane ND ug/kg 1.0 - 1 

Benzene ND ug/kg 1.0 - 1 

Toluene ND ug/kg 1.5 - 1 

Ethylbenzene ND ug/kg 1.0 - 1 

Chloromethane ND ug/kg 4.0 - 1 

Bromomethane ND ug/kg 2.0 - 1 

Vinyl chloride ND ug/kg 2.0 - 1 

Chloroethane ND ug/kg 2.0 - 1 

1,1-Dichloroethene ND ug/kg 1.0 - 1 

trans-1,2-Dichloroethene ND ug/kg 1.5 - 1 

Trichloroethene ND ug/kg 1.0 - 1 

1,2-Dichlorobenzene ND ug/kg 4.0 - 1 

1,3-Dichlorobenzene ND ug/kg 4.0 - 1 

1,4-Dichlorobenzene ND ug/kg 4.0 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 
SAMPLE RESULTS
 

L1111004-18Lab ID: Date Collected: 07/19/11 15:00 
21206-058Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

Methyl tert butyl ether ND ug/kg 2.0 - 1 

p/m-Xylene ND ug/kg 2.0 - 1 

o-Xylene ND ug/kg 2.0 - 1 

cis-1,2-Dichloroethene ND ug/kg 1.0 - 1 

Dibromomethane ND ug/kg 4.0 - 1 

1,2,3-Trichloropropane ND ug/kg 4.0 - 1 

Styrene ND ug/kg 2.0 - 1 

Dichlorodifluoromethane ND ug/kg 10 - 1 

Acetone ND ug/kg 36 - 1 

Carbon disulfide ND ug/kg 4.0 - 1 

2-Butanone ND ug/kg 10 - 1 

4-Methyl-2-pentanone ND ug/kg 10 - 1 

2-Hexanone ND ug/kg 10 - 1 

Bromochloromethane ND ug/kg 4.0 - 1 

Tetrahydrofuran ND ug/kg 4.0 - 1 

2,2-Dichloropropane ND ug/kg 5.0 - 1 

1,2-Dibromoethane ND ug/kg 4.0 - 1 

1,3-Dichloropropane ND ug/kg 4.0 - 1 

1,1,1,2-Tetrachloroethane ND ug/kg 1.0 - 1 

Bromobenzene ND ug/kg 5.0 - 1 

n-Butylbenzene ND ug/kg 1.0 - 1 

sec-Butylbenzene ND ug/kg 1.0 - 1 

tert-Butylbenzene ND ug/kg 4.0 - 1 

o-Chlorotoluene ND ug/kg 4.0 - 1 

p-Chlorotoluene ND ug/kg 4.0 - 1 

1,2-Dibromo-3-chloropropane ND ug/kg 4.0 - 1 

Hexachlorobutadiene ND ug/kg 4.0 - 1 

Isopropylbenzene ND ug/kg 1.0 - 1 

p-Isopropyltoluene ND ug/kg 1.0 - 1 

Naphthalene ND ug/kg 4.0 - 1 

n-Propylbenzene ND ug/kg 1.0 - 1 

1,2,3-Trichlorobenzene ND ug/kg 4.0 - 1 

1,2,4-Trichlorobenzene ND ug/kg 4.0 - 1 

1,3,5-Trimethylbenzene ND ug/kg 4.0 - 1 

1,2,4-Trimethylbenzene ND ug/kg 4.0 - 1 

Ethyl ether ND ug/kg 5.0 - 1 

Isopropyl Ether ND ug/kg 4.0 - 1 

Ethyl-Tert-Butyl-Ether ND ug/kg 4.0 - 1 

Tertiary-Amyl Methyl Ether ND ug/kg 4.0 - 1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 
SAMPLE RESULTS
 

L1111004-18Lab ID: Date Collected: 07/19/11 15:00 
21206-058Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL Dilution FactorMDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab 

1,4-Dioxane ND ug/kg 40 - 1 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

4-Bromofluorobenzene 

Dibromofluoromethane 

105 

98 

96 

99 

70-130 

70-130 

70-130 

70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/26/11 08:10 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   01-02,09  Batch: 
WG481271-3 

Methylene chloride ND ug/kg 500 -

1,1-Dichloroethane ND ug/kg 75 -

Chloroform ND ug/kg 75 -

Carbon tetrachloride ND ug/kg 50 -

1,2-Dichloropropane ND ug/kg 180 --

Dibromochloromethane ND ug/kg 50 -

1,1,2-Trichloroethane ND ug/kg 75 --

Tetrachloroethene ND ug/kg 50 --

Chlorobenzene ND ug/kg 50 --

Trichlorofluoromethane ND ug/kg 200 -

1,2-Dichloroethane ND ug/kg 50 -

1,1,1-Trichloroethane ND ug/kg 50 --

Bromodichloromethane ND ug/kg 50 -

trans-1,3-Dichloropropene ND ug/kg 50 -

cis-1,3-Dichloropropene ND ug/kg 50 -

1,1-Dichloropropene ND ug/kg 200 --

Bromoform ND ug/kg 200 -

1,1,2,2-Tetrachloroethane ND ug/kg 50 -

Benzene ND ug/kg 50 -

Toluene ND ug/kg 75 --

Ethylbenzene ND ug/kg 50 --

Chloromethane ND ug/kg 200 --

Bromomethane ND ug/kg 100 -

Vinyl chloride ND ug/kg 100 --

Chloroethane ND ug/kg 100 -

1,1-Dichloroethene ND ug/kg 50 -

trans-1,2-Dichloroethene ND ug/kg 75 --

Trichloroethene ND ug/kg 50 -

1,2-Dichlorobenzene ND ug/kg 200 -

1,3-Dichlorobenzene ND ug/kg 200 -
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/26/11 08:10 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   01-02,09  Batch: 
WG481271-3 

1,4-Dichlorobenzene ND ug/kg 200 -

Methyl tert butyl ether ND ug/kg 100 -

p/m-Xylene ND ug/kg 100 -

o-Xylene ND ug/kg 100 -

cis-1,2-Dichloroethene ND ug/kg 50 --

Dibromomethane ND ug/kg 200 -

1,2,3-Trichloropropane ND ug/kg 200 -

Styrene ND ug/kg 100 --

Dichlorodifluoromethane ND ug/kg 500 -

Acetone ND ug/kg 1800 -

Carbon disulfide ND ug/kg 200 -

2-Butanone ND ug/kg 500 -

4-Methyl-2-pentanone ND ug/kg 500 -

2-Hexanone ND ug/kg 500 --

Bromochloromethane ND ug/kg 200 --

Tetrahydrofuran ND ug/kg 200 -

2,2-Dichloropropane ND ug/kg 250 -

1,2-Dibromoethane ND ug/kg 200 -

1,3-Dichloropropane ND ug/kg 200 -

1,1,1,2-Tetrachloroethane ND ug/kg 50 --

Bromobenzene ND ug/kg 250 -

n-Butylbenzene ND ug/kg 50 -

sec-Butylbenzene ND ug/kg 50 -

tert-Butylbenzene ND ug/kg 200 -

o-Chlorotoluene ND ug/kg 200 -

p-Chlorotoluene ND ug/kg 200 -

1,2-Dibromo-3-chloropropane ND ug/kg 200 --

Hexachlorobutadiene ND ug/kg 200 --

Isopropylbenzene ND ug/kg 50 -

p-Isopropyltoluene ND ug/kg 50 -
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/26/11 08:10 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   01-02,09  Batch: 
WG481271-3 

Naphthalene ND ug/kg 200 -

n-Propylbenzene ND ug/kg 50 -

1,2,3-Trichlorobenzene ND ug/kg 200 -

1,2,4-Trichlorobenzene ND ug/kg 200 -

1,3,5-Trimethylbenzene ND ug/kg 200 -

1,2,4-Trimethylbenzene ND ug/kg 200 -

Ethyl ether ND ug/kg 250 -

Isopropyl Ether ND ug/kg 200 -

Ethyl-Tert-Butyl-Ether ND ug/kg 200 -

Tertiary-Amyl Methyl Ether ND ug/kg 200 -

1,4-Dioxane ND ug/kg 5000 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

98 

96 

70-130 

70-130 

4-Bromofluorobenzene 107 70-130 

Dibromofluoromethane 99 70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/27/11 08:43 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   07-10,13  Batch: 
WG481271-6 

Methylene chloride ND ug/kg 500 -

1,1-Dichloroethane ND ug/kg 75 -

Chloroform ND ug/kg 75 -

Carbon tetrachloride ND ug/kg 50 -

1,2-Dichloropropane ND ug/kg 180 --

Dibromochloromethane ND ug/kg 50 -

1,1,2-Trichloroethane ND ug/kg 75 --

Tetrachloroethene ND ug/kg 50 --

Chlorobenzene ND ug/kg 50 --

Trichlorofluoromethane ND ug/kg 200 -

1,2-Dichloroethane ND ug/kg 50 -

1,1,1-Trichloroethane ND ug/kg 50 --

Bromodichloromethane ND ug/kg 50 -

trans-1,3-Dichloropropene ND ug/kg 50 -

cis-1,3-Dichloropropene ND ug/kg 50 -

1,1-Dichloropropene ND ug/kg 200 --

Bromoform ND ug/kg 200 -

1,1,2,2-Tetrachloroethane ND ug/kg 50 -

Benzene ND ug/kg 50 -

Toluene ND ug/kg 75 --

Ethylbenzene ND ug/kg 50 --

Chloromethane ND ug/kg 200 --

Bromomethane ND ug/kg 100 -

Vinyl chloride ND ug/kg 100 --

Chloroethane ND ug/kg 100 -

1,1-Dichloroethene ND ug/kg 50 -

trans-1,2-Dichloroethene ND ug/kg 75 --

Trichloroethene ND ug/kg 50 -

1,2-Dichlorobenzene ND ug/kg 200 -

1,3-Dichlorobenzene ND ug/kg 200 -
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/27/11 08:43 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   07-10,13  Batch: 
WG481271-6 

1,4-Dichlorobenzene ND ug/kg 200 -

Methyl tert butyl ether ND ug/kg 100 -

p/m-Xylene ND ug/kg 100 -

o-Xylene ND ug/kg 100 -

cis-1,2-Dichloroethene ND ug/kg 50 --

Dibromomethane ND ug/kg 200 -

1,2,3-Trichloropropane ND ug/kg 200 -

Styrene ND ug/kg 100 --

Dichlorodifluoromethane ND ug/kg 500 -

Acetone ND ug/kg 1800 -

Carbon disulfide ND ug/kg 200 -

2-Butanone ND ug/kg 500 -

4-Methyl-2-pentanone ND ug/kg 500 -

2-Hexanone ND ug/kg 500 --

Bromochloromethane ND ug/kg 200 --

Tetrahydrofuran ND ug/kg 200 -

2,2-Dichloropropane ND ug/kg 250 -

1,2-Dibromoethane ND ug/kg 200 -

1,3-Dichloropropane ND ug/kg 200 -

1,1,1,2-Tetrachloroethane ND ug/kg 50 --

Bromobenzene ND ug/kg 250 -

n-Butylbenzene ND ug/kg 50 -

sec-Butylbenzene ND ug/kg 50 -

tert-Butylbenzene ND ug/kg 200 -

o-Chlorotoluene ND ug/kg 200 -

p-Chlorotoluene ND ug/kg 200 -

1,2-Dibromo-3-chloropropane ND ug/kg 200 --

Hexachlorobutadiene ND ug/kg 200 --

Isopropylbenzene ND ug/kg 50 -

p-Isopropyltoluene ND ug/kg 50 -
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/27/11 08:43 
Analyst: MM 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   07-10,13  Batch: 
WG481271-6 

Naphthalene ND ug/kg 200 -

n-Propylbenzene ND ug/kg 50 -

1,2,3-Trichlorobenzene ND ug/kg 200 -

1,2,4-Trichlorobenzene ND ug/kg 200 -

1,3,5-Trimethylbenzene ND ug/kg 200 -

1,2,4-Trimethylbenzene ND ug/kg 200 -

Ethyl ether ND ug/kg 250 -

Isopropyl Ether ND ug/kg 200 -

Ethyl-Tert-Butyl-Ether ND ug/kg 200 -

Tertiary-Amyl Methyl Ether ND ug/kg 200 -

1,4-Dioxane ND ug/kg 5000 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

106 

96 

70-130 

70-130 

4-Bromofluorobenzene 93 70-130 

Dibromofluoromethane 115 70-130 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/27/11 07:41 
Analyst: BN 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   03-06,11-12,18  Batch: 
WG481308-3 

Methylene chloride ND ug/kg 10 -

1,1-Dichloroethane ND ug/kg 1.5 -

Chloroform ND ug/kg 1.5 -

Carbon tetrachloride ND ug/kg 1.0 -

1,2-Dichloropropane ND ug/kg 3.5 --

Dibromochloromethane ND ug/kg 1.0 -

1,1,2-Trichloroethane ND ug/kg 1.5 --

Tetrachloroethene ND ug/kg 1.0 --

Chlorobenzene ND ug/kg 1.0 --

Trichlorofluoromethane ND ug/kg 4.0 -

1,2-Dichloroethane ND ug/kg 1.0 -

1,1,1-Trichloroethane ND ug/kg 1.0 --

Bromodichloromethane ND ug/kg 1.0 -

trans-1,3-Dichloropropene ND ug/kg 1.0 -

cis-1,3-Dichloropropene ND ug/kg 1.0 -

1,1-Dichloropropene ND ug/kg 4.0 --

Bromoform ND ug/kg 4.0 -

1,1,2,2-Tetrachloroethane ND ug/kg 1.0 -

Benzene ND ug/kg 1.0 -

Toluene ND ug/kg 1.5 --

Ethylbenzene ND ug/kg 1.0 --

Chloromethane ND ug/kg 4.0 --

Bromomethane ND ug/kg 2.0 -

Vinyl chloride ND ug/kg 2.0 --

Chloroethane ND ug/kg 2.0 -

1,1-Dichloroethene ND ug/kg 1.0 -

trans-1,2-Dichloroethene ND ug/kg 1.5 --

Trichloroethene ND ug/kg 1.0 -

1,2-Dichlorobenzene ND ug/kg 4.0 -

1,3-Dichlorobenzene ND ug/kg 4.0 -
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/27/11 07:41 
Analyst: BN 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   03-06,11-12,18  Batch: 
WG481308-3 

1,4-Dichlorobenzene ND ug/kg 4.0 -

Methyl tert butyl ether ND ug/kg 2.0 -

p/m-Xylene ND ug/kg 2.0 -

o-Xylene ND ug/kg 2.0 -

cis-1,2-Dichloroethene ND ug/kg 1.0 --

Dibromomethane ND ug/kg 4.0 -

1,2,3-Trichloropropane ND ug/kg 4.0 -

Styrene ND ug/kg 2.0 --

Dichlorodifluoromethane ND ug/kg 10 -

Acetone ND ug/kg 36 -

Carbon disulfide ND ug/kg 4.0 -

2-Butanone ND ug/kg 10 -

4-Methyl-2-pentanone ND ug/kg 10 -

2-Hexanone ND ug/kg 10 --

Bromochloromethane ND ug/kg 4.0 --

Tetrahydrofuran ND ug/kg 4.0 -

2,2-Dichloropropane ND ug/kg 5.0 -

1,2-Dibromoethane ND ug/kg 4.0 -

1,3-Dichloropropane ND ug/kg 4.0 -

1,1,1,2-Tetrachloroethane ND ug/kg 1.0 --

Bromobenzene ND ug/kg 5.0 -

n-Butylbenzene ND ug/kg 1.0 -

sec-Butylbenzene ND ug/kg 1.0 -

tert-Butylbenzene ND ug/kg 4.0 -

o-Chlorotoluene ND ug/kg 4.0 -

p-Chlorotoluene ND ug/kg 4.0 -

1,2-Dibromo-3-chloropropane ND ug/kg 4.0 --

Hexachlorobutadiene ND ug/kg 4.0 --

Isopropylbenzene ND ug/kg 1.0 -

p-Isopropyltoluene ND ug/kg 1.0 -
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 97,8260B 
Analytical Date: 07/27/11 07:41 
Analyst: BN 

Parameter Result Qualifier Units RL MDL 

MCP Volatile Organics by 8260B/5035 - Westborough Lab for sample(s):   03-06,11-12,18  Batch: 
WG481308-3 

Naphthalene ND ug/kg 4.0 -

n-Propylbenzene ND ug/kg 1.0 -

1,2,3-Trichlorobenzene ND ug/kg 4.0 -

1,2,4-Trichlorobenzene ND ug/kg 4.0 -

1,3,5-Trimethylbenzene ND ug/kg 4.0 -

1,2,4-Trimethylbenzene ND ug/kg 4.0 -

Ethyl ether ND ug/kg 5.0 -

Isopropyl Ether ND ug/kg 4.0 -

Ethyl-Tert-Butyl-Ether ND ug/kg 4.0 -

Tertiary-Amyl Methyl Ether ND ug/kg 4.0 -

1,4-Dioxane ND ug/kg 40 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

1,2-Dichloroethane-d4 

Toluene-d8 

97 

97 

70-130 

70-130 

4-Bromofluorobenzene 99 70-130 

Dibromofluoromethane 97 70-130 
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 01-02,09  Batch: WG481271-1 WG481271-2 

Methylene chloride 95 96 70-130 1 20 

1,1-Dichloroethane 90 95 70-130 5 20 

Chloroform 94 99 70-130 5 20 

Carbon tetrachloride 94 101 70-130 7 20 

1,2-Dichloropropane 87 94 70-130 8 20 

Dibromochloromethane 82 95 70-130 15 20 

1,1,2-Trichloroethane 86 100 70-130 15 20 

Tetrachloroethene 95 104 70-130 9 20 

Chlorobenzene 90 96 70-130 6 20 

Trichlorofluoromethane 96 103 70-130 7 20 

1,2-Dichloroethane 89 96 70-130 8 20 

1,1,1-Trichloroethane 95 98 70-130 3 20 

Bromodichloromethane 86 94 70-130 9 20 

trans-1,3-Dichloropropene 88 96 70-130 9 20 

cis-1,3-Dichloropropene 88 95 70-130 8 20 

1,1-Dichloropropene 95 98 70-130 3 20 

Bromoform 82 100 70-130 20 20 

1,1,2,2-Tetrachloroethane 86 104 70-130 19 20 

Benzene 93 100 70-130 7 20 

Toluene 92 98 70-130 6 20 

Ethylbenzene  93 101 70-130 8 20 
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Serial_No:08021116:33 

Lab Control Sample Analysis 

Project Name: 21206 
Batch Quality Control 

Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 01-02,09  Batch: WG481271-1 WG481271-2 

Chloromethane 66 Q 70 70-130 6 20 

Bromomethane 74 72 70-130 3 20 

Vinyl chloride 81 88 70-130 8 20 

Chloroethane 89 92 70-130 3 20 

1,1-Dichloroethene 93 98 70-130 5 20 

trans-1,2-Dichloroethene 94 97 70-130 3 20 

Trichloroethene 96 101 70-130 5 20 

1,2-Dichlorobenzene 91 101 70-130 10 20 

1,3-Dichlorobenzene 92 103 70-130 11 20 

1,4-Dichlorobenzene 92 101 70-130 9 20 

Methyl tert butyl ether 81 90 70-130 11 20 

p/m-Xylene 94 100 70-130 6 20 

o-Xylene 92 99 70-130 7 20 

cis-1,2-Dichloroethene 96 98 70-130 2 20 

Dibromomethane 94 103 70-130 9 20 

1,2,3-Trichloropropane 90 108 70-130 18 20 

Styrene 91 98 70-130 7 20 

Dichlorodifluoromethane 67 Q 68 Q 70-130 1 20 

Acetone 65 Q 82 70-130 23 Q 20 

Carbon disulfide 94 96 70-130 2 20 

2-Butanone  87 102 70-130 16 20 
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 01-02,09  Batch: WG481271-1 WG481271-2 

4-Methyl-2-pentanone 87 106 70-130 20 20 

2-Hexanone 79 97 70-130 20 20 

Bromochloromethane 94 101 70-130 7 20 

Tetrahydrofuran 80 94 70-130 16 20 

2,2-Dichloropropane 99 103 70-130 4 20 

1,2-Dibromoethane 87 98 70-130 12 20 

1,3-Dichloropropane 87 96 70-130 10 20 

1,1,1,2-Tetrachloroethane 88 96 70-130 9 20 

Bromobenzene 93 102 70-130 9 20 

n-Butylbenzene 90 100 70-130 11 20 

sec-Butylbenzene 91 100 70-130 9 20 

tert-Butylbenzene 93 100 70-130 7 20 

o-Chlorotoluene 90 100 70-130 11 20 

p-Chlorotoluene 92 103 70-130 11 20 

1,2-Dibromo-3-chloropropane 84 102 70-130 19 20 

Hexachlorobutadiene 101 107 70-130 6 20 

Isopropylbenzene 92 100 70-130 8 20 

p-Isopropyltoluene 94 106 70-130 12 20 

Naphthalene 88 110 70-130 22 Q 20 

n-Propylbenzene 94 103 70-130 9 20 

1,2,3-Trichlorobenzene  90 108 70-130 18 20 
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 01-02,09  Batch: WG481271-1 WG481271-2 

1,2,4-Trichlorobenzene 96 109 70-130 13 20
 

1,3,5-Trimethylbenzene 92 101 70-130 9 20
 

1,2,4-Trimethylbenzene 95 102 70-130 7 20
 

Ethyl ether 90 102 70-130 13 20
 

Isopropyl Ether 85 93 70-130 9 20
 

Ethyl-Tert-Butyl-Ether 84 94 70-130 11 20
 

Tertiary-Amyl Methyl Ether 89 102 70-130 14 20
 

1,4-Dioxane  111 128 70-130 14 20
 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

1,2-Dichloroethane-d4 96 100 70-130
 

Toluene-d8 98 101 70-130
 

4-Bromofluorobenzene 102 104 70-130
 

Dibromofluoromethane 101 94 70-130
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 07-10,13  Batch: WG481271-4 WG481271-5 

Methylene chloride 102 100 70-130 2 20 

1,1-Dichloroethane 102 98 70-130 4 20 

Chloroform 100 96 70-130 4 20 

Carbon tetrachloride 93 91 70-130 2 20 

1,2-Dichloropropane 96 90 70-130 6 20 

Dibromochloromethane 88 78 70-130 12 20 

1,1,2-Trichloroethane 93 83 70-130 11 20 

Tetrachloroethene 96 89 70-130 8 20 

Chlorobenzene 93 87 70-130 7 20 

Trichlorofluoromethane 98 97 70-130 1 20 

1,2-Dichloroethane 99 96 70-130 3 20 

1,1,1-Trichloroethane 104 104 70-130 0 20 

Bromodichloromethane 97 90 70-130 7 20 

trans-1,3-Dichloropropene 91 85 70-130 7 20 

cis-1,3-Dichloropropene 90 87 70-130 3 20 

1,1-Dichloropropene 97 93 70-130 4 20 

Bromoform 90 86 70-130 5 20 

1,1,2,2-Tetrachloroethane 99 92 70-130 7 20 

Benzene 98 94 70-130 4 20 

Toluene 91 91 70-130 0 20 

Ethylbenzene  97 92 70-130 5 20 

Page 66 of 153 



        

Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 07-10,13  Batch: WG481271-4 WG481271-5 

Chloromethane 80 78 70-130 3 20 

Bromomethane 85 84 70-130 1 20 

Vinyl chloride 82 80 70-130 2 20 

Chloroethane 91 91 70-130 0 20 

1,1-Dichloroethene 91 87 70-130 4 20 

trans-1,2-Dichloroethene 104 102 70-130 2 20 

Trichloroethene 93 92 70-130 1 20 

1,2-Dichlorobenzene 92 91 70-130 1 20 

1,3-Dichlorobenzene 94 89 70-130 5 20 

1,4-Dichlorobenzene 96 92 70-130 4 20 

Methyl tert butyl ether 93 86 70-130 8 20 

p/m-Xylene 99 91 70-130 8 20 

o-Xylene 96 90 70-130 6 20 

cis-1,2-Dichloroethene 106 100 70-130 6 20 

Dibromomethane 110 102 70-130 8 20 

1,2,3-Trichloropropane 99 94 70-130 5 20 

Styrene 98 93 70-130 5 20 

Dichlorodifluoromethane 72 69 Q 70-130 4 20 

Acetone 102 91 70-130 11 20 

Carbon disulfide 97 97 70-130 0 20 

2-Butanone  112 91 70-130 21 Q 20 
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 07-10,13  Batch: WG481271-4 WG481271-5 

4-Methyl-2-pentanone 103 106 70-130 3 20 

2-Hexanone 110 97 70-130 13 20 

Bromochloromethane 114 103 70-130 10 20 

Tetrahydrofuran 109 87 70-130 22 Q 20 

2,2-Dichloropropane 106 101 70-130 5 20 

1,2-Dibromoethane 96 87 70-130 10 20 

1,3-Dichloropropane 93 85 70-130 9 20 

1,1,1,2-Tetrachloroethane 90 89 70-130 1 20 

Bromobenzene 96 95 70-130 1 20 

n-Butylbenzene 97 87 70-130 11 20 

sec-Butylbenzene 94 87 70-130 8 20 

tert-Butylbenzene 95 88 70-130 8 20 

o-Chlorotoluene 93 88 70-130 6 20 

p-Chlorotoluene 86 83 70-130 4 20 

1,2-Dibromo-3-chloropropane 98 95 70-130 3 20 

Hexachlorobutadiene 93 95 70-130 2 20 

Isopropylbenzene 98 90 70-130 9 20 

p-Isopropyltoluene 97 89 70-130 9 20 

Naphthalene 102 91 70-130 11 20 

n-Propylbenzene 95 91 70-130 4 20 

1,2,3-Trichlorobenzene  97 88 70-130 10 20 
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 07-10,13  Batch: WG481271-4 WG481271-5 

1,2,4-Trichlorobenzene 98 89 70-130 10 20
 

1,3,5-Trimethylbenzene 90 88 70-130 2 20
 

1,2,4-Trimethylbenzene 94 91 70-130 3 20
 

Ethyl ether 105 97 70-130 8 20
 

Isopropyl Ether 91 87 70-130 4 20
 

Ethyl-Tert-Butyl-Ether 92 85 70-130 8 20
 

Tertiary-Amyl Methyl Ether 99 94 70-130 5 20
 

1,4-Dioxane  81 87 70-130 7 20
 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

1,2-Dichloroethane-d4 106 100 70-130
 

Toluene-d8 98 94 70-130
 

4-Bromofluorobenzene 97 97 70-130
 

Dibromofluoromethane 105 105 70-130
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 03-06,11-12,18  Batch: WG481308-1 WG481308-2 

Methylene chloride 102 98 70-130 4 20
 

1,1-Dichloroethane 97 92 70-130 5 20
 

Chloroform 100 95 70-130 5 20
 

Carbon tetrachloride 96 90 70-130 6 20
 

1,2-Dichloropropane 102 95 70-130 7 20
 

Dibromochloromethane 97 96 70-130 1 20
 

1,1,2-Trichloroethane 104 106 70-130 2 20
 

Tetrachloroethene 102 94 70-130 8 20
 

Chlorobenzene 98 93 70-130 5 20
 

Trichlorofluoromethane 104 94 70-130 10 20
 

1,2-Dichloroethane 97 95 70-130 2 20
 

1,1,1-Trichloroethane 98 89 70-130 10 20
 

Bromodichloromethane 96 93 70-130 3 20
 

trans-1,3-Dichloropropene 100 100 70-130 0 20
 

cis-1,3-Dichloropropene 97 97 70-130 0 20
 

1,1-Dichloropropene 100 92 70-130 8 20
 

Bromoform 98 102 70-130 4 20
 

1,1,2,2-Tetrachloroethane 100 103 70-130 3 20
 

Benzene 100 95 70-130 5 20
 

Toluene 97 91 70-130 6 20
 

Ethylbenzene  102 95 70-130 7 20
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 03-06,11-12,18  Batch: WG481308-1 WG481308-2 

Chloromethane 95 89 70-130 7 20
 

Bromomethane 96 87 70-130 10 20
 

Vinyl chloride 104 95 70-130 9 20
 

Chloroethane 101 95 70-130 6 20
 

1,1-Dichloroethene 98 91 70-130 7 20
 

trans-1,2-Dichloroethene 99 94 70-130 5 20
 

Trichloroethene 100 93 70-130 7 20
 

1,2-Dichlorobenzene 100 100 70-130 0 20
 

1,3-Dichlorobenzene 103 99 70-130 4 20
 

1,4-Dichlorobenzene 102 98 70-130 4 20
 

Methyl tert butyl ether 87 88 70-130 1 20
 

p/m-Xylene 104 95 70-130 9 20
 

o-Xylene 102 96 70-130 6 20
 

cis-1,2-Dichloroethene 101 96 70-130 5 20
 

Dibromomethane 102 102 70-130 0 20
 

1,2,3-Trichloropropane 101 107 70-130 6 20
 

Styrene 102 97 70-130 5 20
 

Dichlorodifluoromethane 112 103 70-130 8 20
 

Acetone 88 98 70-130 11 20
 

Carbon disulfide 85 78 70-130 9 20
 

2-Butanone  101 105 70-130 4 20
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 03-06,11-12,18  Batch: WG481308-1 WG481308-2 

4-Methyl-2-pentanone 100 106 70-130 6 20
 

2-Hexanone 97 101 70-130 4 20
 

Bromochloromethane 105 104 70-130 1 20
 

Tetrahydrofuran 82 96 70-130 16 20
 

2,2-Dichloropropane 98 90 70-130 9 20
 

1,2-Dibromoethane 99 99 70-130 0 20
 

1,3-Dichloropropane 104 101 70-130 3 20
 

1,1,1,2-Tetrachloroethane 102 97 70-130 5 20
 

Bromobenzene 101 96 70-130 5 20
 

n-Butylbenzene 103 95 70-130 8 20
 

sec-Butylbenzene 102 94 70-130 8 20
 

tert-Butylbenzene 102 95 70-130 7 20
 

o-Chlorotoluene 102 97 70-130 5 20
 

p-Chlorotoluene 102 98 70-130 4 20
 

1,2-Dibromo-3-chloropropane 101 110 70-130 9 20
 

Hexachlorobutadiene 95 86 70-130 10 20
 

Isopropylbenzene 101 94 70-130 7 20
 

p-Isopropyltoluene 106 98 70-130 8 20
 

Naphthalene 99 102 70-130 3 20
 

n-Propylbenzene 103 96 70-130 7 20
 

1,2,3-Trichlorobenzene  101 99 70-130 2 20
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

MCP Volatile Organics by 8260B/5035 - Westborough Lab  Associated sample(s): 03-06,11-12,18  Batch: WG481308-1 WG481308-2 

1,2,4-Trichlorobenzene 102 100 70-130 2 20
 

1,3,5-Trimethylbenzene 102 95 70-130 7 20
 

1,2,4-Trimethylbenzene 106 99 70-130 7 20
 

Ethyl ether 94 96 70-130 2 20
 

Isopropyl Ether 93 91 70-130 2 20
 

Ethyl-Tert-Butyl-Ether 90 91 70-130 1 20
 

Tertiary-Amyl Methyl Ether 94 95 70-130 1 20
 

1,4-Dioxane  101 106 70-130 5 20
 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

1,2-Dichloroethane-d4 99 101 70-130
 

Toluene-d8 100 100 70-130
 

4-Bromofluorobenzene 99 102 70-130
 

Dibromofluoromethane 98 98 70-130
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-01 D 
21206-002,003,004 
Not Specified 
Soil 
98,EPH-04-1.1 
08/01/11 21:12 
MW 
49% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/18/11 12:00 
07/21/11 
Not Specified 
EPA 3546 
07/29/11 10:36 
EPH-04-1 
07/30/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 20600 

C11-C22 Aromatics, Adjusted 17800 

Naphthalene 343 

2-Methylnaphthalene 152 

Acenaphthylene ND 

Acenaphthene 410 

Fluorene 528 

Phenanthrene 850 

Anthracene 154 

Fluoranthene 73.6 

Pyrene 157 

Benzo(a)anthracene 50.6 

Chrysene 60.1 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene 34.3 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

643 

643 

643 

643 

32.2 

32.2 

32.2 

32.2 

32.2 

32.2 

32.2 

32.2 

32.2 

32.2 

32.2 

32.2 

32.2 

32.2 

32.2 

32.2 

32.2 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-01Lab ID: D Date Collected: 07/18/11 12:00 
21206-002,003,004Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 0 Q 40-140 

o-Terphenyl 0 Q 40-140 

2-Fluorobiphenyl 80 40-140 

2-Bromonaphthalene 82 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-02 
21206-006,007,008 
Not Specified 
Soil 
98,EPH-04-1.1 
07/30/11 21:14 
MW 
77% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/18/11 12:30 
07/21/11 
Not Specified 
EPA 3546 
07/29/11 10:36 
EPH-04-1 
07/30/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics 1070 

C19-C36 Aliphatics 970 

C11-C22 Aromatics 1100 

C11-C22 Aromatics, Adjusted 1100 

Naphthalene ND 

2-Methylnaphthalene 1.28 

Acenaphthylene 0.648 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 2.04 

Anthracene ND 

Fluoranthene 0.561 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

8.57 

8.57 

8.57 

8.57 

0.428 

0.428 

0.428 

0.428 

0.428 

0.428 

0.428 

0.428 

0.428 

0.428 

0.428 

0.428 

0.428 

0.428 

0.428 

0.428 

0.428 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-02Lab ID: Date Collected: 07/18/11 12:30 
21206-006,007,008Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 79 40-140 

o-Terphenyl 60 40-140 

2-Fluorobiphenyl 80 40-140 

2-Bromonaphthalene 115 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-03 
21206-010,011,012 
Not Specified 
Soil 
98,EPH-04-1.1 
07/31/11 01:25 
MW 
86% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/18/11 13:00 
07/21/11 
Not Specified 
EPA 3546 
07/29/11 10:36 
EPH-04-1 
07/30/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 30.0 

C11-C22 Aromatics, Adjusted 22.2 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 1.20 

Anthracene ND 

Fluoranthene 1.20 

Pyrene 1.31 

Benzo(a)anthracene 0.535 

Chrysene 0.829 

Benzo(b)fluoranthene 0.544 

Benzo(k)fluoranthene 0.500 

Benzo(a)pyrene 0.576 

Indeno(1,2,3-cd)Pyrene 0.432 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 0.669 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.54 

7.54 

7.54 

7.54 

0.377 

0.377 

0.377 

0.377 

0.377 

0.377 

0.377 

0.377 

0.377 

0.377 

0.377 

0.377 

0.377 

0.377 

0.377 

0.377 

0.377 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-03Lab ID: Date Collected: 07/18/11 13:00 
21206-010,011,012Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 81 40-140 

o-Terphenyl 96 40-140 

2-Fluorobiphenyl 85 40-140 

2-Bromonaphthalene 83 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-04 
21206-014,015,016 
Not Specified 
Soil 
98,EPH-04-1.1 
07/30/11 21:45 
MW 
81% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/18/11 13:30 
07/21/11 
Not Specified 
EPA 3546 
07/29/11 10:36 
EPH-04-1 
07/30/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics ND 

C11-C22 Aromatics, Adjusted ND 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene ND 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.42 

7.42 

7.42 

7.42 

0.371 

0.371 

0.371 

0.371 

0.371 

0.371 

0.371 

0.371 

0.371 

0.371 

0.371 

0.371 

0.371 

0.371 

0.371 

0.371 

0.371 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-04Lab ID: Date Collected: 07/18/11 13:30 
21206-014,015,016Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 48 40-140 

o-Terphenyl 68 40-140 

2-Fluorobiphenyl 72 40-140 

2-Bromonaphthalene 68 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-06 D 
21206-019,020,021 
Not Specified 
Soil 
98,EPH-04-1.1 
07/30/11 14:23 
MW 
86% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/19/11 09:00 
07/21/11 
Not Specified 
EPA 3546 
07/29/11 10:36 
EPH-04-1 
07/30/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics 54.8 

C11-C22 Aromatics 322 

C11-C22 Aromatics, Adjusted 253 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 3.11 

Anthracene ND 

Fluoranthene 10.6 

Pyrene 13.5 

Benzo(a)anthracene 7.26 

Chrysene 8.30 

Benzo(b)fluoranthene 5.68 

Benzo(k)fluoranthene 4.62 

Benzo(a)pyrene 7.38 

Indeno(1,2,3-cd)Pyrene 4.15 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 4.81 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

36.9 

36.9 

36.9 

36.9 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-06Lab ID: D Date Collected: 07/19/11 09:00 
21206-019,020,021Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 80 40-140 

o-Terphenyl 126 40-140 

2-Fluorobiphenyl 69 40-140 

2-Bromonaphthalene 67 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-07 
21206-023,024,025 
Not Specified 
Soil 
98,EPH-04-1.1 
07/31/11 00:23 
MW 
26% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/19/11 09:15 
07/21/11 
Not Specified 
EPA 3546 
07/29/11 10:36 
EPH-04-1 
07/30/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics 29.4 

C11-C22 Aromatics 112 

C11-C22 Aromatics, Adjusted 90.8 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 2.33 

Anthracene ND 

Fluoranthene 1.94 

Pyrene 4.06 

Benzo(a)anthracene 1.71 

Chrysene 1.80 

Benzo(b)fluoranthene 1.40 

Benzo(k)fluoranthene 1.40 

Benzo(a)pyrene 2.16 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 4.15 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

25.4 

25.4 

25.4 

25.4 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-07Lab ID: Date Collected: 07/19/11 09:15 
21206-023,024,025Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 65 40-140 

o-Terphenyl 73 40-140 

2-Fluorobiphenyl 74 40-140 

2-Bromonaphthalene 72 40-140 

Page 86 of 153 



FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-08 
21206-027,028,029 
Not Specified 
Soil 
98,EPH-04-1.1 
07/31/11 00:54 
MW 
91% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/19/11 09:30 
07/21/11 
Not Specified 
EPA 3546 
07/29/11 10:36 
EPH-04-1 
07/30/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 56.1 

C11-C22 Aromatics, Adjusted 38.9 

Naphthalene ND 

2-Methylnaphthalene 0.411 

Acenaphthylene ND 

Acenaphthene 1.13 

Fluorene 0.757 

Phenanthrene 4.57 

Anthracene 1.00 

Fluoranthene 1.54 

Pyrene 2.99 

Benzo(a)anthracene 0.908 

Chrysene 0.867 

Benzo(b)fluoranthene 0.515 

Benzo(k)fluoranthene 0.468 

Benzo(a)pyrene 0.978 

Indeno(1,2,3-cd)Pyrene 0.424 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 0.644 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.18 

7.18 

7.18 

7.18 

0.359 

0.359 

0.359 

0.359 

0.359 

0.359 

0.359 

0.359 

0.359 

0.359 

0.359 

0.359 

0.359 

0.359 

0.359 

0.359 

0.359 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-08Lab ID: Date Collected: 07/19/11 09:30 
21206-027,028,029Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 81 40-140 

o-Terphenyl 106 40-140 

2-Fluorobiphenyl 81 40-140 

2-Bromonaphthalene 80 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-09 D 
21206-031,032,033 
Not Specified 
Soil 
98,EPH-04-1.1 
07/30/11 16:32 
MW 
86% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/19/11 10:00 
07/21/11 
Not Specified 
EPA 3546 
07/29/11 10:36 
EPH-04-1 
07/30/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics 130 

C19-C36 Aliphatics 286 

C11-C22 Aromatics 2840 

C11-C22 Aromatics, Adjusted 1870 

Naphthalene 75.4 

2-Methylnaphthalene 65.7 

Acenaphthylene 9.58 

Acenaphthene 68.9 

Fluorene 36.4 

Phenanthrene 166 

Anthracene 40.2 

Fluoranthene 70.5 

Pyrene 147 

Benzo(a)anthracene 48.1 

Chrysene 48.3 

Benzo(b)fluoranthene 29.6 

Benzo(k)fluoranthene 31.2 

Benzo(a)pyrene 62.7 

Indeno(1,2,3-cd)Pyrene 26.7 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 38.7 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

115 

115 

115 

115 

5.76 

5.76 

5.76 

5.76 

5.76 

5.76 

5.76 

5.76 

5.76 

5.76 

5.76 

5.76 

5.76 

5.76 

5.76 

5.76 

5.76 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-09Lab ID: D Date Collected: 07/19/11 10:00 
21206-031,032,033Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 104 40-140 

o-Terphenyl 240 Q 40-140 

2-Fluorobiphenyl 86 40-140 

2-Bromonaphthalene 109 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-10 D 
21206-035,036,037 
Not Specified 
Soil 
98,EPH-04-1.1 
08/02/11 01:40 
MW 
85% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/19/11 10:30 
07/21/11 
Not Specified 
EPA 3546 
07/29/11 10:36 
EPH-04-1 
07/30/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics 84.6 

C19-C36 Aliphatics 44.0 

C11-C22 Aromatics 837 

C11-C22 Aromatics, Adjusted 558 

Naphthalene 35.1 

2-Methylnaphthalene 29.6 

Acenaphthylene 2.35 

Acenaphthene 15.6 

Fluorene 10.9 

Phenanthrene 49.8 

Anthracene 11.8 

Fluoranthene 18.0 

Pyrene 37.0 

Benzo(a)anthracene 10.3 

Chrysene 10.6 

Benzo(b)fluoranthene 7.18 

Benzo(k)fluoranthene 8.06 

Benzo(a)pyrene 13.8 

Indeno(1,2,3-cd)Pyrene 7.29 

Dibenzo(a,h)anthracene 2.25 

Benzo(ghi)perylene 9.78 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

30.6 

30.6 

30.6 

30.6 

1.53 

1.53 

1.53 

1.53 

1.53 

1.53 

1.53 

1.53 

1.53 

1.53 

1.53 

1.53 

1.53 

1.53 

1.53 

1.53 

1.53 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-10Lab ID: D Date Collected: 07/19/11 10:30 
21206-035,036,037Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 63 40-140 

o-Terphenyl 126 40-140 

2-Fluorobiphenyl 75 40-140 

2-Bromonaphthalene 69 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-11 
21206-039,040,041 
Not Specified 
Soil 
98,EPH-04-1.1 
07/30/11 12:08 
MW 
87% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/19/11 11:00 
07/21/11 
Not Specified 
EPA 3546 
07/29/11 10:36 
EPH-04-1 
07/30/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics 65.9 

C11-C22 Aromatics 47.9 

C11-C22 Aromatics, Adjusted 47.0 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene 0.454 

Pyrene 0.430 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.57 

7.57 

7.57 

7.57 

0.378 

0.378 

0.378 

0.378 

0.378 

0.378 

0.378 

0.378 

0.378 

0.378 

0.378 

0.378 

0.378 

0.378 

0.378 

0.378 

0.378 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-11Lab ID: Date Collected: 07/19/11 11:00 
21206-039,040,041Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 79 40-140 

o-Terphenyl 88 40-140 

2-Fluorobiphenyl 87 40-140 

2-Bromonaphthalene 84 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-12 
21206-043,044,045 
Not Specified 
Soil 
98,EPH-04-1.1 
07/31/11 02:28 
MW 
81% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/19/11 11:15 
07/21/11 
Not Specified 
EPA 3546 
07/29/11 10:36 
EPH-04-1 
07/30/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics 12.4 

C11-C22 Aromatics 88.9 

C11-C22 Aromatics, Adjusted 66.3 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 1.79 

Anthracene ND 

Fluoranthene 3.09 

Pyrene 3.85 

Benzo(a)anthracene 1.79 

Chrysene 2.17 

Benzo(b)fluoranthene 1.79 

Benzo(k)fluoranthene 1.50 

Benzo(a)pyrene 2.21 

Indeno(1,2,3-cd)Pyrene 1.75 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 2.65 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.80 

7.80 

7.80 

7.80 

0.390 

0.390 

0.390 

0.390 

0.390 

0.390 

0.390 

0.390 

0.390 

0.390 

0.390 

0.390 

0.390 

0.390 

0.390 

0.390 

0.390 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-12Lab ID: Date Collected: 07/19/11 11:15 
21206-043,044,045Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 65 40-140 

o-Terphenyl 96 40-140 

2-Fluorobiphenyl 71 40-140 

2-Bromonaphthalene 71 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-13 
21206-047,048,049 
Not Specified 
Soil 
98,EPH-04-1.1 
07/30/11 23:51 
MW 
77% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/19/11 12:00 
07/21/11 
Not Specified 
EPA 3546 
07/29/11 10:36 
EPH-04-1 
07/30/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics 15.5 

C19-C36 Aliphatics 10.3 

C11-C22 Aromatics 63.9 

C11-C22 Aromatics, Adjusted 61.6 

Naphthalene 0.466 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 0.574 

Anthracene ND 

Fluoranthene ND 

Pyrene 0.452 

Benzo(a)anthracene ND 

Chrysene 0.784 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

8.49 

8.49 

8.49 

8.49 

0.424 

0.424 

0.424 

0.424 

0.424 

0.424 

0.424 

0.424 

0.424 

0.424 

0.424 

0.424 

0.424 

0.424 

0.424 

0.424 

0.424 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-13Lab ID: Date Collected: 07/19/11 12:00 
21206-047,048,049Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 50 40-140 

o-Terphenyl 82 40-140 

2-Fluorobiphenyl 71 40-140 

2-Bromonaphthalene 70 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-14 
21206-051 
Not Specified 
Soil 
98,EPH-04-1.1 
07/27/11 06:46 
NH 
68% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/19/11 13:00 
07/21/11 
Not Specified 
EPA 3546 
07/24/11 11:31 
EPH-04-1 
07/26/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 42.5 

C11-C22 Aromatics, Adjusted 25.8 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 2.42 

Anthracene ND 

Fluoranthene 3.17 

Pyrene 3.00 

Benzo(a)anthracene 1.27 

Chrysene 1.52 

Benzo(b)fluoranthene 1.23 

Benzo(k)fluoranthene 1.02 

Benzo(a)pyrene 1.30 

Indeno(1,2,3-cd)Pyrene 0.914 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 0.907 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

9.24 

9.24 

9.24 

9.24 

0.462 

0.462 

0.462 

0.462 

0.462 

0.462 

0.462 

0.462 

0.462 

0.462 

0.462 

0.462 

0.462 

0.462 

0.462 

0.462 

0.462 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-14Lab ID: Date Collected: 07/19/11 13:00 
21206-051Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 59 40-140 

o-Terphenyl 75 40-140 

2-Fluorobiphenyl 76 40-140 

2-Bromonaphthalene 80 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-15 
21206-053 
Not Specified 
Soil 
98,EPH-04-1.1 
07/27/11 03:40 
NH 
85% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/19/11 14:00 
07/21/11 
Not Specified 
EPA 3546 
07/24/11 11:31 
EPH-04-1 
07/26/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics 135 

C11-C22 Aromatics 558 

C11-C22 Aromatics, Adjusted 392 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 19.8 

Anthracene 3.96 

Fluoranthene 31.0 

Pyrene 26.7 

Benzo(a)anthracene 13.0 

Chrysene 14.7 

Benzo(b)fluoranthene 12.8 

Benzo(k)fluoranthene 11.2 

Benzo(a)pyrene 14.4 

Indeno(1,2,3-cd)Pyrene 9.28 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 9.61 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

38.3 

38.3 

38.3 

38.3 

1.91 

1.91 

1.91 

1.91 

1.91 

1.91 

1.91 

1.91 

1.91 

1.91 

1.91 

1.91 

1.91 

1.91 

1.91 

1.91 

1.91 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-15Lab ID: Date Collected: 07/19/11 14:00 
21206-053Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 72 40-140 

o-Terphenyl 166 Q 40-140 

2-Fluorobiphenyl 83 40-140 

2-Bromonaphthalene 85 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-16 
21206-055 
Not Specified 
Soil 
98,EPH-04-1.1 
07/27/11 07:17 
NH 
89% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/19/11 14:15 
07/21/11 
Not Specified 
EPA 3546 
07/24/11 11:31 
EPH-04-1 
07/26/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics 7.80 

C11-C22 Aromatics 34.8 

C11-C22 Aromatics, Adjusted 25.5 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 0.981 

Anthracene ND 

Fluoranthene 1.93 

Pyrene 1.71 

Benzo(a)anthracene 0.833 

Chrysene 0.902 

Benzo(b)fluoranthene 0.583 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene 0.921 

Indeno(1,2,3-cd)Pyrene 0.681 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 0.751 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

6.83 

6.83 

6.83 

6.83 

0.341 

0.341 

0.341 

0.341 

0.341 

0.341 

0.341 

0.341 

0.341 

0.341 

0.341 

0.341 

0.341 

0.341 

0.341 

0.341 

0.341 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-16Lab ID: Date Collected: 07/19/11 14:15 
21206-055Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 63 40-140 

o-Terphenyl 69 40-140 

2-Fluorobiphenyl 70 40-140 

2-Bromonaphthalene 76 40-140 
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FF Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111004-17 
21206-057 
Not Specified 
Soil 
98,EPH-04-1.1 
07/27/11 08:20 
NH 
88% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/19/11 14:30 
07/21/11 
Not Specified 
EPA 3546 
07/24/11 11:31 
EPH-04-1 
07/26/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics ND 

C11-C22 Aromatics, Adjusted ND 

Naphthalene 0.626 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene ND 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

6.98 

6.98 

6.98 

6.98 

0.349 

0.349 

0.349 

0.349 

0.349 

0.349 

0.349 

0.349 

0.349 

0.349 

0.349 

0.349 

0.349 

0.349 

0.349 

0.349 

0.349 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111004-17Lab ID: Date Collected: 07/19/11 14:30 
21206-057Client ID: Date Received: 07/21/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 73 40-140 

o-Terphenyl 67 40-140 

2-Fluorobiphenyl 72 40-140 

2-Bromonaphthalene 79 40-140 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 98,EPH-04-1.1 Extraction Method: EPA 3546 
Analytical Date: 07/27/11 06:15 Extraction Date: 07/24/11 11:31 
Analyst: NH Cleanup Method1: EPH-04-1 

Cleanup Date1: 07/26/11 

Parameter Result Qualifier Units RL MDL 

Extractable Petroleum Hydrocarbons - Westborough Lab for sample(s):   14-17  Batch: WG480776-1 

C9-C18 Aliphatics ND mg/kg 6.39 -

C19-C36 Aliphatics ND mg/kg 6.39 -

C11-C22 Aromatics ND mg/kg 6.39 -

C11-C22 Aromatics, Adjusted ND mg/kg 6.39 -

Naphthalene ND mg/kg 0.319 -

2-Methylnaphthalene ND mg/kg 0.319 --

Acenaphthylene ND mg/kg 0.319 --

Acenaphthene ND mg/kg 0.319 --

Fluorene ND mg/kg 0.319 --

Phenanthrene ND mg/kg 0.319 --

Anthracene ND mg/kg 0.319 --

Fluoranthene ND mg/kg 0.319 --

Pyrene ND mg/kg 0.319 -

Benzo(a)anthracene ND mg/kg 0.319 --

Chrysene ND mg/kg 0.319 -

Benzo(b)fluoranthene ND mg/kg 0.319 -

Benzo(k)fluoranthene ND mg/kg 0.319 -

Benzo(a)pyrene ND mg/kg 0.319 --

Indeno(1,2,3-cd)Pyrene ND mg/kg 0.319 -

Dibenzo(a,h)anthracene ND mg/kg 0.319 -

Benzo(ghi)perylene ND mg/kg 0.319 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 72 40-140 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

44 

45 

50 

40-140 

40-140 

40-140 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 98,EPH-04-1.1 Extraction Method: EPA 3546 
Analytical Date: 07/30/11 19:40 Extraction Date: 07/29/11 10:36 
Analyst: MW Cleanup Method1: EPH-04-1 

Cleanup Date1: 07/30/11 

Parameter Result Qualifier Units RL MDL 

Extractable Petroleum Hydrocarbons - Westborough Lab for sample(s):   01-04,06-13  Batch: 
WG481797-1 

C9-C18 Aliphatics ND mg/kg 6.66 -

C19-C36 Aliphatics ND mg/kg 6.66 -

C11-C22 Aromatics ND mg/kg 6.66 -

C11-C22 Aromatics, Adjusted ND mg/kg 6.66 -

Naphthalene ND mg/kg 0.333 -

2-Methylnaphthalene ND mg/kg 0.333 --

Acenaphthylene ND mg/kg 0.333 --

Acenaphthene ND mg/kg 0.333 --

Fluorene ND mg/kg 0.333 --

Phenanthrene ND mg/kg 0.333 --

Anthracene ND mg/kg 0.333 --

Fluoranthene ND mg/kg 0.333 --

Pyrene ND mg/kg 0.333 -

Benzo(a)anthracene ND mg/kg 0.333 --

Chrysene ND mg/kg 0.333 -

Benzo(b)fluoranthene ND mg/kg 0.333 -

Benzo(k)fluoranthene ND mg/kg 0.333 -

Benzo(a)pyrene ND mg/kg 0.333 --

Indeno(1,2,3-cd)Pyrene ND mg/kg 0.333 -

Dibenzo(a,h)anthracene ND mg/kg 0.333 -

Benzo(ghi)perylene ND mg/kg 0.333 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 74 40-140 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

80 

78 

75 

40-140 

40-140 

40-140 
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 14-17  Batch: WG480776-2 WG480776-3 

C9-C18 Aliphatics 64 64 40-140 0 25
 

C19-C36 Aliphatics 75 78 40-140 4 25
 

C11-C22 Aromatics 74 79 40-140 7 25
 

Naphthalene 72 71 40-140 1 25
 

2-Methylnaphthalene 76 76 40-140 0 25
 

Acenaphthylene 65 66 40-140 2 25
 

Acenaphthene 74 75 40-140 1 25
 

Fluorene 73 74 40-140 1 25
 

Phenanthrene 75 77 40-140 3 25
 

Anthracene 73 76 40-140 4 25
 

Fluoranthene 76 80 40-140 5 25
 

Pyrene 78 83 40-140 6 25
 

Benzo(a)anthracene 72 77 40-140 7 25
 

Chrysene 74 80 40-140 8 25
 

Benzo(b)fluoranthene 75 80 40-140 6 25
 

Benzo(k)fluoranthene 75 82 40-140 9 25
 

Benzo(a)pyrene 70 75 40-140 7 25
 

Indeno(1,2,3-cd)Pyrene 73 81 40-140 10 25
 

Dibenzo(a,h)anthracene 69 76 40-140 10 25
 

Benzo(ghi)perylene 72 79 40-140 9 25
 

Nonane (C9)  56 55 30-140 2 25
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 14-17  Batch: WG480776-2 WG480776-3 

Decane (C10) 64 63 40-140 2 25 

Dodecane (C12) 69 68 40-140 1 25 

Tetradecane (C14) 71 70 40-140 1 25 

Hexadecane (C16) 74 74 40-140 0 25 

Octadecane (C18) 78 79 40-140 1 25 

Nonadecane (C19) 78 81 40-140 4 25 

Eicosane (C20) 78 80 40-140 3 25 

Docosane (C22) 77 80 40-140 4 25 

Tetracosane (C24) 77 80 40-140 4 25 

Hexacosane (C26) 77 80 40-140 4 25 

Octacosane (C28) 76 79 40-140 4 25 

Triacontane (C30) 79 82 40-140 4 25 

Hexatriacontane (C36)  83 87 40-140 5 25 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

Chloro-Octadecane 165 Q 80 40-140 

o-Terphenyl 161 Q 83 40-140 

2-Fluorobiphenyl 83 81 40-140 

2-Bromonaphthalene 87 88 40-140 

% Naphthalene Breakthrough 0 0 

% 2-Methylnaphthalene Breakthrough 0 0 
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Serial_No:08021116:33 

Lab Control Sample Analysis 

Project Name: 21206 
Batch Quality Control 

Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01-04,06-13  Batch: WG481797-2 WG481797-3 

C9-C18 Aliphatics 53 67 40-140 23 25 

C19-C36 Aliphatics 62 81 40-140 27 Q 25 

C11-C22 Aromatics 64 84 40-140 27 Q 25 

Naphthalene 56 71 40-140 24 25 

2-Methylnaphthalene 60 77 40-140 25 25 

Acenaphthylene 58 76 40-140 27 Q 25 

Acenaphthene 60 78 40-140 26 Q 25 

Fluorene 61 82 40-140 29 Q 25 

Phenanthrene 62 83 40-140 29 Q 25 

Anthracene 62 82 40-140 28 Q 25 

Fluoranthene 64 85 40-140 28 Q 25 

Pyrene 65 86 40-140 28 Q 25 

Benzo(a)anthracene 63 84 40-140 29 Q 25 

Chrysene 64 86 40-140 29 Q 25 

Benzo(b)fluoranthene 66 87 40-140 27 Q 25 

Benzo(k)fluoranthene 66 87 40-140 27 Q 25 

Benzo(a)pyrene 65 86 40-140 28 Q 25 

Indeno(1,2,3-cd)Pyrene 66 87 40-140 27 Q 25 

Dibenzo(a,h)anthracene 63 82 40-140 26 Q 25 

Benzo(ghi)perylene 65 86 40-140 28 Q 25 

Nonane (C9)  48 58 30-140 19 25 
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Serial_No:08021116:33 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01-04,06-13  Batch: WG481797-2 WG481797-3 

Decane (C10) 54 65 40-140 18 25 

Dodecane (C12) 56 70 40-140 22 25 

Tetradecane (C14) 58 75 40-140 26 Q 25 

Hexadecane (C16) 60 79 40-140 27 Q 25 

Octadecane (C18) 63 82 40-140 26 Q 25 

Nonadecane (C19) 63 83 40-140 27 Q 25 

Eicosane (C20) 63 82 40-140 26 Q 25 

Docosane (C22) 62 81 40-140 27 Q 25 

Tetracosane (C24) 62 81 40-140 27 Q 25 

Hexacosane (C26) 63 82 40-140 26 Q 25 

Octacosane (C28) 62 81 40-140 27 Q 25 

Triacontane (C30) 66 86 40-140 26 Q 25 

Hexatriacontane (C36)  75 96 40-140 25 25 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

Chloro-Octadecane 64 75 40-140 

o-Terphenyl 70 79 40-140 

2-Fluorobiphenyl 70 76 40-140 

2-Bromonaphthalene 70 76 40-140 

% Naphthalene Breakthrough 0 0 

% 2-Methylnaphthalene Breakthrough 0 0 
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MISCELLANEOUS
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

21206-002,003,004Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-01Lab ID: 07/18/11 12:00Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 49 % 10.10 NA 07/22/11 08:50 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

SAMPLE RESULTS 

21206-006,007,008Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-02Lab ID: 07/18/11 12:30Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 77 % 0.10 NA 1 07/22/11 08:50 30,2540G JC-

Page 115 of 153 



FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

21206-010,011,012Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-03Lab ID: 07/18/11 13:00Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 86 % 10.10 NA 07/22/11 08:50 30,2540G JC-

Page 116 of 153 



FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

21206-014,015,016Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-04Lab ID: 07/18/11 13:30Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 81 % 10.10 NA 07/22/11 09:10 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

21206-019,020,021Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-06Lab ID: 07/19/11 09:00Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 86 % 10.10 NA 07/22/11 09:10 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

21206-023,024,025Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-07Lab ID: 07/19/11 09:15Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 26 % 10.10 NA 07/22/11 09:10 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

21206-027,028,029Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-08Lab ID: 07/19/11 09:30Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 91 % 10.10 NA 07/22/11 09:10 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

SAMPLE RESULTS 

21206-031,032,033Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-09Lab ID: 07/19/11 10:00Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 86 % 0.10 NA 1 07/22/11 09:10 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

21206-035,036,037Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-10Lab ID: 07/19/11 10:30Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 85 % 10.10 NA 07/22/11 09:10 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

SAMPLE RESULTS 

21206-039,040,041Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-11Lab ID: 07/19/11 11:00Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 87 % 0.10 NA 1 07/22/11 09:10 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

21206-043,044,045Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-12Lab ID: 07/19/11 11:15Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 81 % 10.10 NA 07/22/11 09:10 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

SAMPLE RESULTS 

21206-047,048,049Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-13Lab ID: 07/19/11 12:00Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 77 % 0.10 NA 1 07/22/11 09:10 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

21206-051Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-14Lab ID: 07/19/11 13:00Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 68 % 10.10 NA 07/22/11 09:10 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

21206-053Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-15Lab ID: 07/19/11 14:00Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 85 % 10.10 NA 07/22/11 09:10 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

21206-055Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-16Lab ID: 07/19/11 14:15Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 89 % 10.10 NA 07/22/11 09:10 30,2540G JC-
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FF Serial_No:08021116:33 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111004 

08/02/11 

21206-057Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111004-17Lab ID: 07/19/11 14:30Date Collected: 
07/21/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 88 % 10.10 NA 07/22/11 09:10 30,2540G JC-
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Serial_No:08021116:33 

Lab Duplicate Analysis 
Lab Number:Project Name: 21206 Batch Quality Control L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Parameter Native Sample Duplicate Sample Units RPD Qual RPD Limits 

General Chemistry - Westborough Lab  Associated sample(s): 01-03  QC Batch ID: WG480509-1  QC Sample: L1110933-04  Client ID: DUP Sample 

Solids, Total 88 88 % 0 20 

General Chemistry - Westborough Lab  Associated sample(s): 04,06-17  QC Batch ID: WG480510-1  QC Sample: L1111004-04  Client ID: 21206
014,015,016 

Solids, Total 81 82 % 1 20 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Sample Receipt and Container Information 

Were project specific reporting limits specified? YES 

Reagent H2O Preserved Vials Frozen on: 07/21/2011 20:43 

Cooler Information Custody Seal 
Cooler 
A Absent 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1111004-01A Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-01B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-01C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-01D Amber 250ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-02A Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-02B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-02C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-02D Amber 250ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-03A Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-03B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-03C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-03D Amber 250ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-04A Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-04B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-04C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-04D Amber 250ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-05A Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-05B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-06A Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-06B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-06C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-06D Amber 250ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-07A Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-07B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-07C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-07D Amber 120ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-08A Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004
 

Project Number: Not Specified Report Date: 08/02/11
 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1111004-08B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-08C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-08D Amber 120ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-09A Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-09B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-09C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-09D Amber 120ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-10A Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-10B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-10C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-10D Amber 120ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-11A Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-11B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-11C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-11D Amber 120ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-12A Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-12B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-12C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-12D Amber 120ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-13A Vial MeOH preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-13B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-13C Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-13D Amber 120ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-14A Amber 120ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-15A Amber 120ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-16A Amber 120ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-17A Amber 120ml unpreserved A N/A 4 Y Absent TS(7),EPH-DELUX-10(14) 

L1111004-18A Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

L1111004-18B Vial water preserved A N/A 4 Y Absent MCP-8260HLW-10(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

GLOSSARY 
Acronyms 

EPA - Environmental Protection Agency. 

LCS - Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes. 

LCSD - Laboratory Control Sample Duplicate: Refer to LCS. 

LFB - Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes. 

MDL - Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated values, 
when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any adjustments from 
dilutions, concentrations or moisture content, where applicable. 

MS - Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for 
which an independent estimate of target analyte concentration is available. 

MSD - Matrix Spike Sample Duplicate: Refer to MS. 

NA - Not Applicable. 

NC - Not Calculated: Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit. 

NI - Not Ignitable. 

RL - Reporting Limit: The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

RPD - Relative Percent Difference: The results from matrix and/or matrix spike duplicates are primarily designed to assess the precision 
of analytical results in a given matrix and are expressed as relative percent difference (RPD). Values which are less than five 
times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the values; 
although the RPD value will be provided in the report. 

SRM - Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.

Footnotes 

1 - The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the original 
method.

Terms 

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum. 

Data Qualifiers 

A -Spectra identified as "Aldol Condensation Product". 

B -The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than five times (5x) the concentration found in the blank. For MCP-related 
projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. 

C -Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses. 

D -Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte. 

E -Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument. 

G -The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated. 

H -The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection. 

I -The RPD between the results for the two columns exceeds the method-specified criteria; however, the lower value has been reported 
due to obvious interference. 

M -Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte. 

P -The RPD between the results for the two columns exceeds the method-specified criteria. 

Q  -The quality control sample exceeds the associated acceptance criteria. Note: This flag is not applicable for matrix spike recoveries 
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less 

Report Format: Data Usability Report 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

Data Qualifiers 

than 5x the RL. (Metals only.)
 

R -Analytical results are from sample re-analysis.
 

RE  -Analytical results are from sample re-extraction.
 

J -Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).
 

ND  -Not detected at the reporting limit (RL) for the sample.
 

Report Format: Data Usability Report 
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Serial_No:08021116:33 

Project Name: 21206 Lab Number: L1111004 

Project Number: Not Specified Report Date: 08/02/11 

REFERENCES 

30 Standard Methods for the Examination of Water and Wastewater. APHA-AWWA
WPCF. 18th Edition. 1992. 

97 EPA Test Methods (SW-846) with QC Requirements & Performance Standards for the 
Analysis of EPA SW-846 Methods under the Massachusetts Contingency Plan, WSC
CAM-IIA, IIB, IIIA, IIIB, IIIC, IIID, VA, VB, VC, VIA, VIB, VIIIA and VIIIB, July 2010. 

98 Method for the Determination of Extractable Petroleum Hydrocarbons (EPH), MassDEP, 
May 2004, Revision 1.1 with QC Requirements & Performance Standards for the 
Analysis of EPH under the Massachusetts Contingency Plan, WSC-CAM-IVB, July 
2010. 

LIMITATION OF LIABILITIES 

Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing 
laboratory industry. In the event of an error, the sole and exclusive responsibility of Alpha Analytical 
shall be to re-perform the work at it's own expense. In no event shall Alpha Analytical be held liable 
for any incidental, consequential or special damages, including but not limited to, damages in any way 
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical. 

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling, 
containers, sampling procedures, holding time and splitting of samples in the field. 
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Serial_No:08021116:33 

Certificate/Approval Program Summary
Last revised July 28, 2011  - Westboro Facility
 

The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 


Connecticut Department of Public Health Certificate/Lab ID: PH-0574. NELAP Accredited Solid Waste/Soil. 

Drinking Water (Inorganic Parameters: Color, pH, Turbidity, Conductivity, Alkalinity, Chloride, Free Residual Chlorine, 
Fluoride, Calcium Hardness, Sulfate, Nitrate, Nitrite, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, 
Silver, Sodium, Thallium, Vanadium, Zinc, Total Dissolved Solids, Total Organic Carbon, Total Cyanide, Perchlorate. 
Organic Parameters: Volatile Organics 524.2, Total Trihalomethanes 524.2, 1,2-Dibromo-3-chloropropane (DBCP), 
Ethylene Dibromide (EDB), 1,4-Dioxane (Mod 8270). Microbiology Parameters: Total Coliform-MF mEndo (SM9222B), 
Total Coliform – Colilert (SM9223 P/A), E. Coli. – Colilert (SM9223 P/A), HPC – Pour Plate (SM9215B), Fecal Coliform – 
MF m-FC (SM9222D))  

Wastewater/Non-Potable Water (Inorganic Parameters: Color, pH, Conductivity, Acidity, Alkalinity, Chloride, Total 
Residual Chlorine, Fluoride, Total Hardness, Silica, Sulfate, Sulfide, Ammonia, Kjeldahl Nitrogen, Nitrate, Nitrite, O-
Phosphate, Total Phosphorus, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, 
Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, 
Selenium, Silver, Sodium, Strontium, Thallium, Tin, Titanium, Vanadium, Zinc, Total Residue (Solids), Total Dissolved 
Solids, Total Suspended Solids (non-filterable), BOD, CBOD, COD, TOC, Total Cyanide, Phenolics, Foaming Agents 
(MBAS), Bromide, Oil and Grease. Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, 
Toxaphene, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Acid Extractables (Phenols), Benzidines, Phthalate Esters, Nitrosamines, 
Nitroaromatics & Isophorone, Polynuclear Aromatic Hydrocarbons, Haloethers, Chlorinated Hydrocarbons, Volatile 
Organics, TPH (HEM/SGT), Extractable Petroleum Hydrocarbons (ETPH), MA-EPH, MA-VPH. Microbiology Parameters: 
Total Coliform – MF mEndo (SM9222B), Total Coliform – MTF (SM9221B), HPC – Pour Plate (SM9215B), Fecal 
Coliform – MF m-FC (SM9222D), Fecal Coliform – A-1 Broth (SM9221E).)  

Solid Waste/Soil (Inorganic Parameters: pH, Sulfide, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Tin, Vanadium, Zinc, Total Cyanide, Ignitability, 
Phenolics, Corrosivity, TCLP Leach (1311), SPLP Leach (1312 metals only), Reactivity. Organic Parameters: PCBs, 
PCBs in Oil, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Extractable Petroleum Hydrocarbons 
(ETPH), MA-EPH, MA-VPH, Dicamba, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Volatile Organics, Acid Extractables (Phenols), 
3.3’-Dichlorobenzidine, Phthalates, Nitrosamines, Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated 
Hydrocarbons. ) 

Maine Department of Human Services Certificate/Lab ID: 2009024.  

Drinking Water (Inorganic Parameters: SM9215B, 9222D, 9223B, EPA 180.1, 353.2, SM2130B, 2320B, 2540C, 4500Cl
D, 4500CN-C, 4500CN-E, 4500F-C, 4500H+B, 4500NO3-F, EPA 200.7, EPA 200.8, 245.1, EPA 300.0. Organic 

Parameters: 504.1, 524.2.)  


Wastewater/Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664A, 350.1, 351.1, 353.2, 410.4, 420.1, 
SM2320B, 2510B, 2540C, 2540D, 426C, 4500Cl-D, 4500Cl-E, 4500CN-C, 4500CN-E, 4500F-B, 4500F-C, 4500H+B, 
4500Norg-B, 4500Norg-C, 4500NH3-B, 4500NH3-G, 4500NH3-H, 4500NO3-F, 4500P-B, 4500P-E, 5210B, 5220D, 
5310C, 9010B, 9040B, 9030B, 7470A, 7196A, 2340B, EPA 200.7, 6010, 200.8, 6020, 245.1, 1311, 1312, 3005A, 
Enterolert, 9223D, 9222D. Organic Parameters: 608, 8081, 8082, 8330, 8151A, 624, 8260, 3510C, 3630C, 5030B, ME
DRO, ME-GRO, MA-EPH, MA-VPH.) 

Solid Waste/Soil (Inorganic Parameters: 9010B, 9012A, 9014A, 9040B, 9045C, 6010B, 7471A, 7196A, 9050A, 1010, 
1030, 9065, 1311, 1312, 3005A, 3050B. Organic Parameters: ME-DRO, ME-GRO, MA-EPH, MA-VPH, 8260B, 8270C, 
8330, 8151A, 8081A, 8082, 3540C, 3546, 3580A, 3630C, 5030B, 5035.) 

Massachusetts Department of Environmental Protection Certificate/Lab ID: M-MA086. 

Drinking Water (Inorganic Parameters: (EPA 200.8 for: Sb,As,Ba,Be,Cd,Cr,Cu,Pb,Ni,Se,Tl) (EPA 200.7 for: 

Ba,Be,Ca,Cd,Cr,Cu,Na,Ni)  245.1, (300.0 for:  Nitrate-N, Fluoride, Sulfate); (EPA 353.2 for: Nitrate-N, Nitrite-N);
 
(SM4500NO3-F for: Nitrate-N and Nitrite-N); 4500F-C, 4500CN-CE, EPA 180.1, SM2130B, SM4500Cl-D, 2320B, 

SM2540C, SM4500H-B. Organic Parameters: (EPA 524.2 for: Trihalomethanes, Volatile Organics); (504.1 for:  1,2
Dibromoethane, 1,2-Dibromo-3-Chloropropane), EPA 332. Microbiology Parameters: SM9215B; ENZ. SUB. SM9223;
 
ColilertQT SM9223B; MF-SM9222D.) 


Non-Potable Water (Inorganic Parameters:, (EPA 200.8 for: Al,Sb,As,Be,Cd,Cr,Cu,Pb,Mn,Ni,Se,Ag,Tl,Zn); (EPA 200.7 
for: Al,Sb,As,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Mo,Ni,K,Se,Ag,Na,Sr,Ti,Tl, V,Zn); 245.1, SM4500H,B, EPA 120.1, 
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SM2510B, 2540C, 2340B, 2320B, 4500CL-E, 4500F-BC, 426C, SM4500NH3-BH, (EPA 350.1 for:  Ammonia-N), 

LACHAT 10-107-06-1-B for Ammonia-N, SM4500NO3-F, 353.2 for Nitrate-N, SM4500NH3-BC-NES, EPA 351.1, 

SM4500P-E, 4500P-B,E, 5220D, EPA 410.4, SM 5210B, 5310C, 4500CL-D, EPA 1664, SM14 510AC, EPA 420.1, 

SM4500-CN-CE, SM2540D. 

Organic Parameters: (EPA 624 for Volatile Halocarbons, Volatile Aromatics),(608 for:  Chlordane, Aldrin, Dieldrin, DDD, 

DDE, DDT, Heptachlor, Heptachlor Epoxide, PCBs-Water), (EPA 625 for SVOC Acid Extractables and SVOC 

Base/Neutral Extractables), 600/4-81-045-PCB-Oil.  Microbiology Parameters: (ColilertQT SM9223B;Enterolert-QT: 

SM9222D-MF.)  


New Hampshire Department of Environmental Services Certificate/Lab ID: 200307. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM 9222B, 9223B, 9215B, EPA 200.7, 200.8, 245.2, 300.0, SM4500CN-E, 

4500H+B, 4500NO3-F, 2320B, 2510B, 2540C, 4500F-C, 5310C, 2120B, EPA 332.0. Organic Parameters: 504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM9222D, 9221B, 9222B, 9221E-EC, EPA 3005A, 200.7, 200.8, 245.1, 
245.2, SW-846 6010B, 6020, 7196A, 7470A, SM3500-CR-D, EPA 120.1, 300.0, 350.1, 351.1, 353.2, 410.4, 420.1, 
1664A, SW-846 9010, 9030, 9040B, 9050A, SM426C, SM2120B, 2310B, 2320B, 2540B, 2540D, 4500H+B, 4500CL-E, 
4500CN-E, 4500NH3-H, 4500NO3-F, 4500NO2-B, 4500P-E, 4500-S2-D, 5210B, 5220D, 2510B, 2540C, 4500F-C, 
5310C, 5540C, LACHAT 10-204-00-1-A, LACHAT 10-107-06-2-D. Organic Parameters: SW-846 3510C, 5030B, 8260B, 
8270C, 8330, EPA 624, 625, 608, SW-846 8082, 8081A, 8151A.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846 6010B, 7196A, 7471A, 1010, 1030, 9010, 9012A, 9014, 
9030B, 9040B, 9045C, 9050C, 9065,1311, 1312, 3005A, 3050B. Organic Parameters: SW-846 3540C,  3546, 3580A, 
5030B, 5035, 8260B, 8270C, 8330, 8151A, 8015B, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA935. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9222B, 9221E, 9223B, 9215B, 4500CN-CE, 4500NO3-F, 4500F-C, EPA
 
300.0, 200.7, 200.8, 245.2, 2540C, SM2120B, 2320B, 2510B, 5310C, SM4500H-B. Organic Parameters: EPA 332,
 
504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM5210B, EPA 410.4, SM5220D, 4500Cl-E, EPA 300.0, SM2120B, 
SM4500F-BC, EPA 200.7, 351.1, LACHAT 10-107-06-2-D, EPA 353.2, SM4500NO3-F, 4500NO2-B, EPA 1664A, 
SM5310B, C or D, 4500-PE, EPA 420.1, SM510ABC, SM4500P-B5+E, 2540B, 2540C, 2540D, EPA 120.1, SM2510B, 
SM15 426C, 9222D, 9221B, 9221C, 9221E, 9222B, 9215B, 2310B, 2320B, 4500NH3-H, 4500-S D, EPA 350.1, 350.2, 
SW-846 1312, 6020, 6020A, 7470A, 5540C, 4500H-B, EPA 200.8, SM3500Cr-D, 4500CN-CE, EPA 245.1, 245.2, SW
846 9040B, 3005A, 3015, EPA 6010B, 6010C, 7196A, 3060A, SW-846 9010B, 9030B. Organic Parameters: SW-846 
8260B, 8270C, 8270D, 8270C-SIM, 8270D-SIM, 3510C, EPA 608, 624, 625, SW-846 3630C, 5030B, 8081A, 8081B, 
8082, 8082A, 8151A, 8330, NJ OQA-QAM-025 Rev.7, NJ EPH.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846, 6010B, 6010C, 7196A, 3060A, 9010B, 9030B, 1010, 1030, 
1311, 1312, 3005A, 3050B, 7471A, 7471B, 9014, 9012A, 9040B, 9045C, 9050A, 9065. Organic Parameters: SW-846 
8015B, 8015C, 8081A, 8081B, 8082, 8082A, 8151A, 8330, 8260B, 8270C, 8270D, 8270C-SIM, 8270D-SIM, 3540C, 
3545, 3546, 3550B, 3580A, 3630C, 5030B, 5035L, 5035H, NJ OQA-QAM-025 Rev.7, NJ EPH.) 

New York Department of Health Certificate/Lab ID: 11148. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9223B, 9222B, 9215B, EPA 200.8, 200.7, 245.2, SM5310C, EPA 332.0, 

SM2320B, EPA 300.0, SM2120B, 4500CN-E, 4500F-C, 4500H-B, 4500NO3-F, 2540C, SM 2510B. Organic Parameters: 

EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: SM9221E, 9222D, 9221B, 9222B, 9215B, 5210B, 5310C, EPA 410.4, 
SM5220D, 2310B-4a, 2320B, EPA 200.7, 300.0, SM4500CL-E, 4500F-C, SM15 426C, EPA 350.1, SM4500NH3-BH, 
EPA 351.1, LACHAT 10-107-06-2, EPA 353.2, LACHAT 10-107-04-1-C, SM4500-NO3-F, 4500-NO2-B, 4500P-E, 
2540C, 2540B, 2540D, EPA 200.8, EPA 6010B, 6020, EPA 7196A, SM3500Cr-D, EPA 245.1, 245.2, 7470A, SM2120B, 
LACHAT 10-204-00-1-A, EPA 9040B, SM4500-HB, EPA 1664A, EPA 420.1, SM14 510C, EPA 120.1, SM2510B, 
SM4500S-D, SM5540C, EPA 3005A, 9010B, 9030B.. Organic Parameters: EPA 624, 8260B, 8270C, 625, 608, 8081A, 
8151A, 8330, 8082, EPA 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: 1010, 1030, EPA 6010B, 7196A, 7471A, 9012A, 9014, 9040B, 9045C, 
9065, 9050, EPA 1311, 1312, 3005A, 3050B, 9010B, 9030B. Organic Parameters: EPA 8260B, 8270C, 8015B, 8081A, 
8151A, 8330, 8082, 3540C, 3545, 3546, 3580, 5030B, 5035.)  

North Carolina Department of the Environment and Natural Resources Certificate/Lab ID : 666. Organic 
Parameters: MA-EPH, MA-VPH. 

Drinking Water Program Certificate/Lab ID: 25700. (Inorganic Parameters: Chloride EPA 300.0. Organic Parameters: 
524.2) 
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Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-03671. NELAP Accredited. 
Drinking Water (Organic Parameters: EPA 524.2, 504.1) 

Non-Potable Water (Inorganic Parameters: EPA 1312, 200.7, 410.4, 1664A, SM2540D, 5210B, 5220D, 4500-P,BE.  
Organic Parameters: EPA 3510C, 5030B, 625, 624, 608, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 350.1, 1010, 1030, 1311, 1312, 3050B, 6010B, 7196A, 7471A, 
9010B, 9012A, 9014, 9040B, 9045C, 9050, 9065, SM 4500NH3-H.  Organic Parameters: 3540C, 3545, 3546, 3550B, 
3580A, 3630C, 5035, 8015B, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 

Rhode Island Department of Health Certificate/Lab ID: LAO00065. NELAP Accredited via NY-DOH.
 
Refer to MA-DEP Certificate for Potable and Non-Potable Water.  

Refer to NJ-DEP Certificate for Potable and Non-Potable Water.  


Texas Commisson on Environmental Quality Certificate/Lab ID: T104704476-09-1. NELAP Accredited. 
Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664, 200.7, 200.8, 245.1, 245.2, 300.0, 350.1, 351.1, 353.2, 
376.2, 410.4, 420.1, 6010, 6020, 7196, 7470, 9040, SM 2120B, 2310B, 2320B, 2510B, 2540B, 2540C, 2540D, 426C, 
4500CL-E, 4500CN-E, 4500F-C, 4500H+B, 4500NH3-H, 4500NO2B, 4500P-E, 4500 S2¯D, 510C, 5210B, 5220D, 
5310C, 5540C. Organic Parameters: EPA 608, 624, 625, 8081, 8082, 8151, 8260, 8270, 8330.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 9012, 9014, 9040, 9045, 9050, 9065.) 

Department of Defense Certificate/Lab ID: L2217. 

Drinking Water (Inorganic Parameters: SM 4500H-B. Organic Parameters: EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: EPA 200.7, 200.8, 6010B, 6020, 245.1, 245.2, 7470A, 9040B, 300.0, 332.0, 
6860, 353.2, 410.4, 9060, 1664A, SM 4500CN-E, 4500H-B, 4500NO3-F, 5220D, 5310C, 2320B, 2540C, 3005A, 3015, 
9010B, 9056. Organic Parameters: EPA 8260B, 8270C, 8330A, 625, 8082, 8081A, 3510C, 5030B, MassDEP EPH, 
MassDEP VPH.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 200.7, 6010B, 7471A, 9010, 9012A, 6860, 1311, 1312, 3050B, 
7196A, 9010B, 3500-CR-D, 4500CN-CE, 2540G, Organic Parameters: EPA 8260B, 8270C, 8330A/B-prep, 8082, 
8081A, 3540C, 3546, 3580A, 5035A, MassDEP EPH, MassDEP VPH.) 

The following analytes are not included in our current NELAP/TNI Scope of Accreditation: 

EPA 8260B:  Freon-113, 1,2,4,5-Tetramethylbenzene, 4-Ethyltoluene.  EPA 8330A:  PETN, Picric Acid, Nitroglycerine, 

2,6-DANT,  2,4-DANT.  EPA 8270C:  Methyl naphthalene, Dimethyl naphthalene, Total Methylnapthalenes, Total 

Dimethylnaphthalenes, 1,4-Diphenylhydrazine (Azobenzene). EPA 625:  4-Chloroaniline, 4-Methylphenol.  Total 

Phosphorus in a soil matrix, Chloride in a soil matrix, TKN in a soil matrix, NO2 in a soil matrix, NO3 in a soil matrix, SO4 

in a soil matrix. 
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______________________________________________________________   

Serial_No:08021116:33 

7A 

VOLATILE CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1111004 


Instrument ID: Jack.i Calibration Date: 26-JUL-2011 Time: 06:32 


Lab File ID: 0726A01 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260 CCAL Init. Calib. Times : 07:57 13:55 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|dichlorodifluoromethane_______|.51464|.34323| .1| 33 | 20|F 
|chloromethane_________________|.72395|.48007| .1| 34 | 20|F 
|vinyl chloride________________|.64051|.52156| .1| 19 | 20| 
|bromomethane__________________|.35522|.26133| .1| 26 | 20|F 
|chloroethane__________________|.36316|.32386| .1| 11 | 20| 
|trichlorofluoromethane________|.76783|.74132| .1| 3 | 20| 
|ethyl ether___________________| .2548|.22837| .05| 10 | 20| 
|1,1,-dichloroethene___________|.52577|.49086| .1| 7 | 20| 
|carbon disulfide______________|1.4189|1.3302| .1| 6 | 20| 
|freon-113_____________________|.50328|.50195| .1| 0 | 20| 
|iodomethane___________________|.76333|.38406| .05| 50 | 20|F 
|acrolien______________________|.00529|.03867| .05| -631 | 20|F 
|methylene chloride____________|.58411|.55381| .1| 5 | 20| 
|acetone_______________________| 100|65.206| .1| 35 | 20|F 
|trans-1,2-dichloroethene______|.58756| .5546| .1| 6 | 20| 
|methyl acetate________________|.24556| .2132| .1| 13 | 20| 
|methyl tert butyl ether_______|1.3085|1.0642| .1| 19 | 20| 
|tert butyl alcohol____________|.04112|.03586| .05| 13 | 20|F 
|Diisopropyl Ether_____________|1.7281|1.4646| .01| 15 | 20| 
|1,1-dichloroethane____________|1.0440|.94363| .2| 10 | 20| 
|Halothane_____________________|.45395|.40741| .05| 10 | 20| 
|Ethyl-Tert-Butyl-Ether________|1.5709|1.3240| .05| 16 | 20| 
|vinyl acetate_________________|.91019| .8061| .05| 11 | 20| 
|cis-1,2-dichloroethene________| .6364|.61016| .1| 4 | 20| 
|2,2-dichloropropane___________| .8103|.80152| .05| 1 | 20| 
|bromochloromethane____________|.29365|.27699| .05| 6 | 20| 
|chloroform____________________|.97072|.91615| .2| 6 | 20| 
|carbontetrachloride___________|.74515|.69848| .1| 6 | 20| 
|ethyl acetate_________________|.35091|.30317| .05| 14 | 20| 
|tetrahydrofuran_______________|.11977|.09616| .05| 20 | 20| 
|1,1,1-trichloroethane_________|.85602|.81445| .1| 5 | 20| 
|1,1-dichloropropene___________|.82562|.78456| .05| 5 | 20| 
|2-butanone____________________|.15979|.13966| .1| 13 | 20| 
|benzene_______________________|2.4862|2.3230| .5| 7 | 20| 
|Tertiary-Amyl Methyl Ether____|1.3512|1.2019| .05| 11 | 20| 
|1,2-dichloroethane____________|.60644|.53932| .1| 11 | 20| 
|trichloroethene_______________| .6214|.59576| .2| 4 | 20| 
|dibromomethane________________|.29164|.27273| .05| 6 | 20| 
|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260HLW-10 
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______________________________________________________________   

Serial_No:08021116:33 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1111004 


Instrument ID: Jack.i Calibration Date: 26-JUL-2011 Time: 06:32 


Lab File ID: 0726A01 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260 CCAL Init. Calib. Times : 07:57 13:55 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|1,2-dichloropropane___________|.61786|.53912| .1| 13 | 20| 
|bromodichloromethane__________|.83554|.71481| .2| 14 | 20| 
|1,4-dioxane___________________|.00293|.00325| .05| -11 | 20|F 
|2-chloroethylvinyl ether______| .2818| .2573| .05| 9 | 20| 
|cis-1,3-dichloropropene_______|.90971| .8048| .2| 12 | 20| 
|toluene_______________________|2.0650|1.8923| .4| 8 | 20| 
|tetrachloroethene_____________|.96842|.92188| .2| 5 | 20| 
|4-methyl-2-pentanone__________|.14621|.12779| .1| 13 | 20| 
|trans-1,3-dichloropropene_____|.98043|.85987| .1| 12 | 20| 
|1,1,2-trichloroethane_________|.48814|.42148| .1| 14 | 20| 
|chlorodibromomethane__________|.68897|.56226| .1| 18 | 20| 
|1,3-dichloropropane___________|.99242|.85987| .05| 13 | 20| 
|1,2-dibromoethane_____________| .5844|.50602| .1| 13 | 20| 
|2-hexanone____________________|.30316|.24026| .1| 21 | 20|F 
|chlorobenzene_________________|2.2881|2.0481| .5| 10 | 20| 
|ethyl benzene_________________|3.8858|3.5985| .1| 7 | 20| 
|1,1,1,2-tetrachloroethane_____|.77094|.67916| .05| 12 | 20| 
|p/m xylene____________________|1.5531|1.4579| .1| 6 | 20| 
|o xylene______________________|1.5037|1.3783| .3| 8 | 20| 
|bromoform_____________________|.73129|.59771| .1| 18 | 20| 
|styrene_______________________|2.4717|2.2562| .3| 9 | 20| 
|isopropylbenzene______________|3.8629|3.5473| .1| 8 | 20| 
|bromobenzene__________________|1.7372|1.6079| .05| 7 | 20| 
|n-propylbenzene_______________|7.3574|6.9425| .05| 6 | 20| 
|1,1,2,2,-tetrachloroethane____|1.1510| .9874| .3| 14 | 20| 
|4-ethyltoluene________________|6.6346|5.4553| .05| 18 | 20| 
|2-chlorotoluene_______________|5.0241|4.5173| .05| 10 | 20| 
|1,2,3-trichloropropane________|.84982|.76525| .05| 10 | 20| 
|1,3,5-trimethybenzene_________|5.0630|4.6630| .05| 8 | 20| 
|trans-1,4-dichloro-2-butene___|.28106|.22609| .05| 20 | 20| 
|4-chorotoluene________________|4.4986|4.1604| .05| 8 | 20| 
|1,2,4-trimethylbenzene________|5.1280|4.8569| .05| 5 | 20| 
|sec-butylbenzene______________|6.1442|5.5819| .01| 9 | 20| 
|tert-butylbenzene_____________|4.4234|4.0949| .05| 7 | 20| 
|p-isopropyltoluene____________|5.0070|4.7306| .05| 6 | 20| 
|1,3-dichlorobenzene___________|3.0830|2.8309| .6| 8 | 20| 
|1,4-dichlorobenzene___________|3.1175|2.8637| .5| 8 | 20| 
|p-diethylbenzene______________|3.0895|2.5026| .05| 19 | 20| 
|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260HLW-10 


Page 144 of 153 



     

       

            

                                    
                   

 
   

 
 
 

   
 
 
 

 
  
  
 

______________________________________________________________   

Serial_No:08021116:33 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1111004 


Instrument ID: Jack.i Calibration Date: 26-JUL-2011 Time: 06:32 


Lab File ID: 0726A01 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260 CCAL Init. Calib. Times : 07:57 13:55 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|n-butylbenzene________________|4.0357|3.6514| .05| 10 | 20| 

|1,2-dichlorobenzene___________|2.8281|2.5699| .4| 9 | 20| 

|1,2,4,5-tetramethylbenzene____|4.3658|3.5277| .05| 19 | 20| 

|1,2-dibromo-3-chloropropane___|.15112|.12696| .05| 16 | 20| 

|1,3,5-trichlorobenzene________|.77501|.65804| .05| 15 | 20| 

|1,2,4-trichlorobenzene________|1.3925|1.3321| .2| 4 | 20| 

|hexachlorobutadiene___________|.58852|.59368| .05| -1 | 20| 

|naphthalene___________________|2.7390|2.3971| .05| 12 | 20| 

|1,2,3-trichlorobenzene________|1.1195|1.0124| .05| 10 | 20| 

|==============================|======|======|=====| ==== |====| 

|dibromofluoromethane__________| .2378| .2397| .05| -1 | 20| 

|1,2-dichloroethane-d4_________|.22894|.21897| .05| 4 | 20| 

|toluene-d8____________________|1.2709|1.2501| .01| 2 | 20| 

|4-bromofluorobenzene__________|.78386|.79628| .05| -2 | 20| 

|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____| 
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______________________________________________________________   

Serial_No:08021116:33 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1111004 


Instrument ID: Jack.i Calibration Date: 27-JUL-2011 Time: 07:05 


Lab File ID: 0727A02 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260v ccal Init. Calib. Times : 08:13 14:11 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|dichlorodifluoromethane_______|.52492| .3765| .1| 28 | 20|F 
|chloromethane_________________|.70039|.56244| .1| 20 | 20| 
|vinyl chloride________________|.72014|.59375| .1| 18 | 20| 
|bromomethane__________________|.40322|.34401| .1| 15 | 20| 
|chloroethane__________________| 100|90.850| .1| 9 | 20| 
|trichlorofluoromethane________|.83655| .8203| .1| 2 | 20| 
|ethyl ether___________________|.23936|.25207| .05| -5 | 20| 
|1,1,-dichloroethene___________|.59342|.54053| .1| 9 | 20| 
|carbon disulfide______________|1.4576|1.4080| .05| 3 | 20| 
|freon-113_____________________|.54782|.53075| .1| 3 | 20| 
|methylene chloride____________|.60652|.62018| .05| -2 | 20| 
|acetone_______________________| 100| 102| .1| -2 | 20| 
|trans-1,2-dichloroethene______| .6048|.62598| .1| -4 | 20| 
|methyl tert butyl ether_______|1.1567|1.0765| .1| 7 | 20| 
|Ethyl-Tert-Butyl-Ether________|1.3170|1.2088| .05| 8 | 20| 
|Diisopropyl Ether_____________|1.4918|1.3595| .05| 9 | 20| 
|1,1-dichloroethane____________|1.0495|1.0740| .2| -2 | 20| 
|cis-1,2-dichloroethene________|.64358|.67903| .1| -6 | 20| 
|2,2-dichloropropane___________|.82415|.87001| .05| -6 | 20| 
|2-butanone____________________| .1438|.16097| .1| -12 | 20| 
|bromochloromethane____________| .2814| .3197| .05| -14 | 20| 
|chloroform____________________|1.0144|1.0129| .2| 0 | 20| 
|carbontetrachloride___________|.80663|.74872| .1| 7 | 20| 
|tetrahydrofuran_______________|.11027|.12003| .05| -9 | 20| 
|1,1,1-trichloroethane_________|.83621|.86905| .1| -4 | 20| 
|1,1-dichloropropene___________| .7978|.77152| .05| 3 | 20| 
|Tertiary-Amyl Methyl Ether____|1.1038|1.0957| .05| 1 | 20| 
|benzene_______________________|2.3459|2.2979| .5| 2 | 20| 
|1,2-dichloroethane____________|.59571|.58888| .1| 1 | 20| 
|trichloroethene_______________|.60089|.56154| .2| 7 | 20| 
|dibromomethane________________|.28717|.31605| .05| -10 | 20| 
|1,2-dichloropropane___________|.57637|.55343| .1| 4 | 20| 
|bromodichloromethane__________|.77062|.75088| .2| 3 | 20| 
|1,4-dioxane___________________| .0029|.00235| .05| 19 | 20|F 
|cis-1,3-dichloropropene_______|.83903|.75469| .2| 10 | 20| 
|toluene_______________________|1.9231|1.7552| .4| 9 | 20| 
|tetrachloroethene_____________| .9071|.87283| .2| 4 | 20| 
|4-methyl-2-pentanone__________| 100| 103| .1| -3 | 20| 
|______________________________|______|______|_____|______|____| 
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______________________________________________________________   

Serial_No:08021116:33 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1111004 


Instrument ID: Jack.i Calibration Date: 27-JUL-2011 Time: 07:05 


Lab File ID: 0727A02 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260v ccal Init. Calib. Times : 08:13 14:11 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|trans-1,3-dichloropropene_____|.85413|.77442| .1| 9 | 20| 

|1,1,2-trichloroethane_________|.44046|.40913| .1| 7 | 20| 

|chlorodibromomethane__________|.61242|.54119| .1| 12 | 20| 

|1,3-dichloropropane___________|.87693|.81957| .05| 7 | 20| 

|1,2-dibromoethane_____________|.51062|.48887| .1| 4 | 20| 

|2-hexanone____________________|.22887|.25093| .1| -10 | 20| 

|chlorobenzene_________________|2.1037|1.9473| .5| 7 | 20| 

|ethyl benzene_________________|3.6137|3.5058| .1| 3 | 20| 

|1,1,1,2-tetrachloroethane_____|.67014|.60227| .05| 10 | 20| 

|p/m xylene____________________|1.4606|1.4440| .1| 1 | 20| 

|o xylene______________________|1.4092|1.3506| .3| 4 | 20| 

|styrene_______________________|2.3254|2.2726| .3| 2 | 20| 

|bromoform_____________________|.60371|.54453| .1| 10 | 20| 

|isopropylbenzene______________|3.5894|3.5208| .1| 2 | 20| 

|bromobenzene__________________|1.5107| 1.453| .05| 4 | 20| 

|n-propylbenzene_______________| 6.683|6.3538| .05| 5 | 20| 

|1,1,2,2,-tetrachloroethane____|.94093|.93383| .3| 1 | 20| 

|2-chlorotoluene_______________|4.4983|4.1771| .05| 7 | 20| 

|1,2,3-trichloropropane________|.72666|.71735| .05| 1 | 20| 

|1,3,5-trimethybenzene_________|4.6345|4.1949| .05| 9 | 20| 

|4-chorotoluene________________|4.1977|3.6331| .05| 13 | 20| 

|tert-butylbenzene_____________|3.9944|3.7891| .05| 5 | 20| 

|1,2,4-trimethylbenzene________|4.6350|4.3695| .05| 6 | 20| 

|sec-butylbenzene______________|5.7010|5.3285| .05| 7 | 20| 

|p-isopropyltoluene____________|4.6636|4.5399| .05| 3 | 20| 

|1,3-dichlorobenzene___________|2.8506|2.6685| .6| 6 | 20| 

|1,4-dichlorobenzene___________|2.8556|2.7429| .5| 4 | 20| 

|n-butylbenzene________________|3.7474|3.6472| .05| 3 | 20| 

|1,2-dichlorobenzene___________|2.6854|2.4707| .4| 8 | 20| 

|1,2-dibromo-3-chloropropane___|.14877|.14605| .05| 2 | 20| 

|hexachlorobutadiene___________|.59701|.55345| .05| 7 | 20| 

|1,2,4-trichlorobenzene________|1.4506|1.4209| .2| 2 | 20| 

|naphthalene___________________|2.7849|2.8420| .05| -2 | 20| 

|1,2,3-trichlorobenzene________|1.1595|1.1197| .05| 3 | 20| 

|==============================|======|======|=====| ==== |====| 

|dibromofluoromethane__________|.26339|.27768| .05| -5 | 20| 

|1,2-dichloroethane-d4_________|.24671|.26165| .05| -6 | 20| 

|toluene-d8____________________|1.2527|1.2271| .05| 2 | 20| 

|______________________________|______|______|_____|______|____| 
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Serial_No:08021116:33 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1111004 


Instrument ID: Jack.i Calibration Date: 27-JUL-2011 Time: 07:05 


Lab File ID: 0727A02 Init. Calib. Date(s): 04-JUL-2 04-JUL-2 


Sample No: 8260v ccal Init. Calib. Times : 08:13 14:11 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|4-bromofluorobenzene__________|.77815|.75591| .05| 3 | 20| 

|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____| 
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______________________________________________________________   

Serial_No:08021116:33 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1111004 


Instrument ID: Voa100.i Calibration Date: 27-JUL-2011 Time: 06:48 


Lab File ID: 0727A01 Init. Calib. Date(s): 26-JUL-2 26-JUL-2 


Sample No: 8260 CCAL Init. Calib. Times : 08:49 11:27 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|dichlorodifluoromethane_______| .2291|.25683| .1| -12 | 20| 
|chloromethane_________________|.57618|.54522| .1| 5 | 20| 
|vinyl chloride________________| .3228|.33735| .1| -5 | 20| 
|bromomethane__________________|.16407|.15785| .1| 4 | 20| 
|chloroethane__________________|.15898| .16| .1| -1 | 20| 
|trichlorofluoromethane________|.49496|.51768| .1| -5 | 20| 
|ethyl ether___________________|.12874|.12063| .05| 6 | 20| 
|1,1,-dichloroethene___________|.21453|.20957| .1| 2 | 20| 
|carbon disulfide______________| .6942| .591| .1| 15 | 20| 
|Freon 113_____________________|.23445|.22467| .1| 4 | 20| 
|methylene chloride____________|.24977|.25358| .1| -2 | 20| 
|acetone_______________________| 100|88.342| .1| 12 | 20| 
|trans-1,2-dichloroethene______|.24519|.24254| .1| 1 | 20| 
|methyl tert butyl ether_______|.77275| .6747| .1| 13 | 20| 
|Diisopropyl Ether_____________|1.3971|1.2936| .05| 7 | 20| 
|1,1-dichloroethane____________|.58344|.56472| .2| 3 | 20| 
|Ethyl-Tert-Butyl-Ether________|1.1658|1.0505| .05| 10 | 20| 
|cis-1,2-dichloroethene________|.26565|.26784| .1| -1 | 20| 
|2,2-dichloropropane___________|.43749|.42871| .05| 2 | 20| 
|bromochloromethane____________|.14462|.15215| .05| -5 | 20| 
|chloroform____________________|.49149|.49143| .2| 0 | 20| 
|carbontetrachloride___________|.54027|.51748| .1| 4 | 20| 
|tetrahydrofuran_______________|.19998|.16443| .05| 18 | 20| 
|1,1,1-trichloroethane_________|.49656|.48562| .1| 2 | 20| 
|2-butanone____________________| .3018| .306| .1| -1 | 20| 
|1,1-dichloropropene___________|.32151|.32343| .05| -1 | 20| 
|benzene_______________________|.87248|.87067| .5| 0 | 20| 
|Tertiary-Amyl Methyl Ether____|.64481| .6063| .05| 6 | 20| 
|1,2-dichloroethane____________|.57555|.55814| .1| 3 | 20| 
|trichloroethene_______________|.25934|.26086| .2| -1 | 20| 
|dibromomethane________________|.17324|.17607| .05| -2 | 20| 
|1,2-dichloropropane___________|.29518|.30096| .1| -2 | 20| 
|bromodichloromethane__________|.39346| .3758| .2| 4 | 20| 
|1,4-dioxane___________________| 10000| 10072| .05| -1 | 20| 
|cis-1,3-dichloropropene_______|.38465|.37323| .2| 3 | 20| 
|toluene_______________________|.70855|.68508| .4| 3 | 20| 
|4-methyl-2-pentanone__________|.18638|.18731| .1| 0 | 20| 
|tetrachloroethene_____________|.36973|.37564| .2| -2 | 20| 
|______________________________|______|______|_____|______|____| 
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______________________________________________________________   

Serial_No:08021116:33 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1111004 


Instrument ID: Voa100.i Calibration Date: 27-JUL-2011 Time: 06:48 


Lab File ID: 0727A01 Init. Calib. Date(s): 26-JUL-2 26-JUL-2 


Sample No: 8260 CCAL Init. Calib. Times : 08:49 11:27 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|trans-1,3-dichloropropene_____|.48137|.48316| .1| 0 | 20| 

|1,1,2-trichloroethane_________|.19857|.20645| .1| -4 | 20| 

|chlorodibromomethane__________|.40497|.39436| .1| 3 | 20| 

|1,3-dichloropropane___________|.42285|.43987| .05| -4 | 20| 

|1,2-dibromoethane_____________|.30864|.30642| .1| 1 | 20| 

|2-hexanone____________________|.52415|.51012| .1| 3 | 20| 

|chlorobenzene_________________|.84215|.82842| .5| 2 | 20| 

|ethyl benzene_________________|1.3682|1.3892| .1| -2 | 20| 

|1,1,1,2-tetrachloroethane_____|.36637|.37197| .05| -2 | 20| 

|p/m xylene____________________| .5423|.56161| .1| -4 | 20| 

|o xylene______________________|.51712|.52698| .3| -2 | 20| 

|styrene_______________________|.84476|.86151| .3| -2 | 20| 

|bromoform_____________________|.49559|.48359| .1| 2 | 20| 

|isopropylbenzene______________|2.3090|2.3350| .1| -1 | 20| 

|bromobenzene__________________|.66407|.66811| .05| -1 | 20| 

|n-propylbenzene_______________|2.5012|2.5798| .05| -3 | 20| 

|1,1,2,2,-tetrachloroethane____|.56441|.56599| .3| 0 | 20| 

|2-chlorotoluene_______________|1.7111|1.7378| .05| -2 | 20| 

|1,3,5-trimethybenzene_________|2.0051|2.0417| .05| -2 | 20| 

|1,2,3-trichloropropane________|.53586|.54227| .05| -1 | 20| 

|4-chorotoluene________________|1.6334|1.6617| .05| -2 | 20| 

|tert-butylbenzene_____________|1.7122|1.7485| .05| -2 | 20| 

|1,2,4-trimethylbenzene________|2.0199|2.1420| .05| -6 | 20| 

|sec-butylbenzene______________|2.4466|2.4926| .05| -2 | 20| 

|p-isopropyltoluene____________|2.1389|2.2773| .05| -6 | 20| 

|1,3-dichlorobenzene___________|1.2553|1.2887| .6| -3 | 20| 

|1,4-dichlorobenzene___________|1.3057|1.3330| .5| -2 | 20| 

|n-butylbenzene________________|1.8686|1.9303| .05| -3 | 20| 

|1,2-dichlorobenzene___________|1.2203|1.2148| .4| 0 | 20| 

|1,2-dibromo-3-chloropropane___|.18594|.18747| .05| -1 | 20| 

|hexachlorobutadiene___________|.56687| .538| .05| 5 | 20| 

|1,2,4-trichlorobenzene________|.94903|.96388| .2| -2 | 20| 

|naphthalene___________________|2.4806|2.4455| .05| 1 | 20| 

|1,2,3-trichlorobenzene________|.90891| .9215| .05| -1 | 20| 

|==============================|======|======|=====| ==== |====| 

|dibromofluoromethane__________|.29877|.29332| .05| 2 | 30| 

|1,2-dichloroethane-d4_________|.45008|.44342| .05| 1 | 30| 

|toluene-d8____________________|1.1976|1.1974| .05| 0 | 30| 

|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260HLW-10 
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______________________________________________________________   

Serial_No:08021116:33 

7A 

CONTINUING CALIBRATION CHECK 


Lab Name: Alpha Analytical Labs 


SDG No.: L1111004 


Instrument ID: Voa100.i Calibration Date: 27-JUL-2011 Time: 06:48 


Lab File ID: 0727A01 Init. Calib. Date(s): 26-JUL-2 26-JUL-2 


Sample No: 8260 CCAL Init. Calib. Times : 08:49 11:27 


| | ___ | | MIN | | MAX| 

| Compound | RRF |RRF | RRF | %D | %D | 

|==============================|======|======|=====|======|====| 

|4-bromofluorobenzene__________|.79416| .7871| .05| 1 | 30| 

|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____|
 
|______________________________|______|______|_____|______|____| 


FORM VII MCP-8260HLW-10 


Page 151 of 153 



S
er

ia
l_

N
o:

08
02

11
16

:3
3 

P
ag

e 
15

2 
of

 1
53

 



S
er

ia
l_

N
o:

08
02

11
16

:3
3 

P
ag

e 
15

3 
of

 1
53

 



Serial_No:08021113:07 

ANALYTICAL REPORT
 

Lab Number: L1111067 

Client: Envirosystems, Inc. 

1 Lafayette Road 

PO Box 778 

Hampton, NH 03843 

ATTN: Megan Scott 

Phone: (603) 926-3345 

Project Name: 21206 

Project Number: Not Specified 

Report Date: 08/02/11 

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its 
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original. 

Certifications & Approvals: MA (M-MA086), NY NELAC (11148), CT (PH-0574), NH (2003), NJ (MA935), RI (LAO00065), ME (MA0086), 
PA (Registration #68-03671), USDA (Permit #S-72578), US Army Corps of Engineers, Naval FESC. 

Eight Walkup Drive, Westborough, MA 01581-1019 
508-898-9220 (Fax) 508-898-9193 800-624-9220 - www.alphalab.com 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067
 
Project Number: Not Specified Report Date: 08/02/11
 

Alpha 
Sample ID 

L1111067-01 

L1111067-02 

L1111067-03 

L1111067-04 

L1111067-05 

L1111067-06 

L1111067-07 

Client ID 

21206-060 

21206-062 

21206-064 

21206-066 

21206-068 

21206-070 

21206-072 

Sample 
Location 

Not Specified 

Not Specified 

Not Specified 

Not Specified 

Not Specified 

Not Specified 

Not Specified 

Collection 
Date/Time 

07/20/11 10:00 

07/20/11 10:15 

07/20/11 10:20 

07/20/11 11:30 

07/20/11 11:40 

07/20/11 11:45 

07/20/11 12:25 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067
 

Project Number: Not Specified Report Date: 08/02/11
 

MADEP MCP Response Action Analytical Report Certification 

This form provides certifications for all samples performed by MCP methods. Please refer to 
the Sample Results and Container Information sections of this report for specification of 
MCP methods used for each analysis. The following questions pertain only to MCP 
Analytical Methods.

 An affirmative response to questions A through F is required for "Presumptive Certainty" status

Were all samples received in a condition consistent with those described on the Chain-of-
Custody, properly preserved (including temperature) in the field or laboratory, and 
prepared/analyzed within method holding times? 

A YES 

Were the analytical method(s) and all associated QC requirements specified in the selected 
CAM protocol(s) followed? 

B YES 

Were all required corrective actions and analytical response actions specified in the selected 
CAM protocol(s) implemented for all identified performance standard non-conformances? 

C YES 

Does the laboratory report comply with all the reporting requirements specified in CAM VII A, 
"Quality Assurance and Quality Control Guidelines for the Acquisition and Reporting of Analytical 
Data?" 

D YES 

VPH, EPH, and APH Methods only: Was each method conducted without significant 
modification(s)? (Refer to the individual method(s) for a list of significant modifications). 

E a. YES 

APH and TO-15 Methods only: Was the complete analyte list reported for each method?E b. N/A 

Were all applicable CAM protocol QC and performance standard non-conformances identified 
and evaluated in a laboratory narrative (including all "No" responses to Questions A through E)? 

F YES 

A response to questions G, H and I is required for "Presumptive Certainty" status 

Were the reporting limits at or below all CAM reporting limits specified in the selected CAM 
protocol(s)? 

G NO 

Were all QC performance standards specified in the CAM protocol(s) achieved?H NO 

Were results reported for the complete analyte list specified in the selected CAM protocol(s)?I YES 

For any questions answered "No", please refer to the case narrative section on the following page(s). 

Please note that sample matrix information is located in the Sample Results section of this report. 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067
 
Project Number: Not Specified Report Date: 08/02/11
 

Case Narrative 

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report. 

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet all of the requirements of 

NELAC, for all NELAC accredited parameters. The data presented in this report is organized by parameter (i.e. VOC, SVOC, etc.). Sample 

specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list for each individual sample, 

followed by the Laboratory Batch Quality Control at the end of each parameter. If a sample was re-analyzed or re-extracted due to a 

required quality control corrective action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is 

designated with an "R" or "RE", respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the 

associated samples for each element are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % 

recovery or RPD value that is outside the listed Acceptance Criteria is bolded in the report. Definitions of all data qualifiers and acronyms 

used in this report are provided in the Glossary located at the back of the report. 

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody. 

For additional information, please contact Client Services at 800-624-9220. 

MCP Related Narratives
 

EPH
 

L1111067-02, -04 and -05 have elevated detection limits due to the dilutions required by matrix interferences 


encountered during the concentration of the samples.
 

In reference to question G:
 

L111067-02, -04 and -05: One or more of the target analytes did not achieve the requested CAM reporting 


limits.
 

In reference to question H:
 

The surrogate recoveries for the following samples are outside the acceptance criteria for o-Terphenyl 


however, the samples were not re-extracted due to coelution with obvious interferences. Copies of the 


chromatograms are included as attachments to this report. The results are not considered to be biased.
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 
Project Number: Not Specified Report Date: 08/02/11 

Case Narrative (continued)

L1111067-04: 206% 

L1111067-07: 144% 

I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
belief and based upon my personal inquiry of those responsible for providing the information contained
 in this analytical report, such information is accurate and complete. This certificate of analysis is not
 complete unless this page accompanies any and all pages of this report.

 Authorized Signature: 

Title: Technical Director/Representative Date: 08/02/11 
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Serial_No:08021113:07 

ORGANICS
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Serial_No:08021113:07 

PETROLEUM 

HYDROCARBONS
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FF Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111067-01 
21206-060 
Not Specified 
Soil 
98,EPH-04-1.1 
07/30/11 02:16 
MW 
85% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/20/11 10:00 
07/22/11 
Not Specified 
EPA 3546 
07/26/11 18:39 
EPH-04-1 
07/29/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 34.9 

C11-C22 Aromatics, Adjusted 24.2 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 0.775 

Anthracene ND 

Fluoranthene 1.50 

Pyrene 1.86 

Benzo(a)anthracene 0.886 

Chrysene 1.07 

Benzo(b)fluoranthene 0.912 

Benzo(k)fluoranthene 0.781 

Benzo(a)pyrene 1.00 

Indeno(1,2,3-cd)Pyrene 0.726 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 1.16 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.32 

7.32 

7.32 

7.32 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111067-01Lab ID: Date Collected: 07/20/11 10:00 
21206-060Client ID: Date Received: 07/22/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 47 40-140 

o-Terphenyl 61 40-140 

2-Fluorobiphenyl 80 40-140 

2-Bromonaphthalene 78 40-140 
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FF Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID: L1111067-02 D 
Client ID: 21206-062 
Sample Location: Not Specified 
Matrix: Soil 
Analytical Method: 98,EPH-04-1.1 
Analytical Date: 08/01/11 23:26 
Analyst: MW 
Percent Solids:  88% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/20/11 10:15 
07/22/11 
Not Specified 
EPA 3546 
07/26/11 18:39 
EPH-04-1 
07/29/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 252 

C11-C22 Aromatics, Adjusted 163 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 5.71 

Anthracene 0.959 

Fluoranthene 11.7 

Pyrene 19.6 

Benzo(a)anthracene 7.44 

Chrysene 8.75 

Benzo(b)fluoranthene 7.14 

Benzo(k)fluoranthene 6.79 

Benzo(a)pyrene 7.95 

Indeno(1,2,3-cd)Pyrene 5.22 

Dibenzo(a,h)anthracene 1.58 

Benzo(ghi)perylene 6.41 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

14.3 

14.3 

14.3 

14.3 

0.715 

0.715 

0.715 

0.715 

0.715 

0.715 

0.715 

0.715 

0.715 

0.715 

0.715 

0.715 

0.715 

0.715 

0.715 

0.715 

0.715 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111067-02Lab ID: D Date Collected: 07/20/11 10:15 
21206-062Client ID: Date Received: 07/22/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 51 40-140 

o-Terphenyl 119 40-140 

2-Fluorobiphenyl 79 40-140 

2-Bromonaphthalene 85 40-140 
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FF Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111067-03 
21206-064 
Not Specified 
Soil 
98,EPH-04-1.1 
07/30/11 03:19 
MW 
87% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/20/11 10:20 
07/22/11 
Not Specified 
EPA 3546 
07/26/11 18:39 
EPH-04-1 
07/29/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 7.43 

C11-C22 Aromatics, Adjusted 7.43 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene ND 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.22 

7.22 

7.22 

7.22 

0.361 

0.361 

0.361 

0.361 

0.361 

0.361 

0.361 

0.361 

0.361 

0.361 

0.361 

0.361 

0.361 

0.361 

0.361 

0.361 

0.361 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111067-03Lab ID: Date Collected: 07/20/11 10:20 
21206-064Client ID: Date Received: 07/22/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 59 40-140 

o-Terphenyl 74 40-140 

2-Fluorobiphenyl 79 40-140 

2-Bromonaphthalene 77 40-140 
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FF Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111067-04 
21206-066 
Not Specified 
Soil 
98,EPH-04-1.1 
08/02/11 07:14 
MW 
84% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/20/11 11:30 
07/22/11 
Not Specified 
EPA 3546 
07/31/11 09:58 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 321 

C11-C22 Aromatics, Adjusted 216 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 11.5 

Anthracene 2.09 

Fluoranthene 16.8 

Pyrene 18.2 

Benzo(a)anthracene 8.08 

Chrysene 9.02 

Benzo(b)fluoranthene 8.23 

Benzo(k)fluoranthene 7.92 

Benzo(a)pyrene 9.24 

Indeno(1,2,3-cd)Pyrene 6.40 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 6.95 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

38.0 

38.0 

38.0 

38.0 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111067-04Lab ID: Date Collected: 07/20/11 11:30 
21206-066Client ID: Date Received: 07/22/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 87 40-140 

o-Terphenyl 206 Q 40-140 

2-Fluorobiphenyl 86 40-140 

2-Bromonaphthalene 89 40-140 
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FF Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111067-05 
21206-068 
Not Specified 
Soil 
98,EPH-04-1.1 
08/02/11 07:59 
MW 
84% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/20/11 11:40 
07/22/11 
Not Specified 
EPA 3546 
07/31/11 09:58 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics 20.6 

C19-C36 Aliphatics 25.4 

C11-C22 Aromatics 310 

C11-C22 Aromatics, Adjusted 217 

Naphthalene 1.84 

2-Methylnaphthalene 0.997 

Acenaphthylene 1.16 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 5.20 

Anthracene 1.15 

Fluoranthene 9.21 

Pyrene 17.5 

Benzo(a)anthracene 7.03 

Chrysene 8.67 

Benzo(b)fluoranthene 7.15 

Benzo(k)fluoranthene 7.38 

Benzo(a)pyrene 10.2 

Indeno(1,2,3-cd)Pyrene 6.21 

Dibenzo(a,h)anthracene 1.95 

Benzo(ghi)perylene 7.96 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

15.0 

15.0 

15.0 

15.0 

0.751 

0.751 

0.751 

0.751 

0.751 

0.751 

0.751 

0.751 

0.751 

0.751 

0.751 

0.751 

0.751 

0.751 

0.751 

0.751 

0.751 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111067-05Lab ID: Date Collected: 07/20/11 11:40 
21206-068Client ID: Date Received: 07/22/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 69 40-140 

o-Terphenyl 130 40-140 

2-Fluorobiphenyl 92 40-140 

2-Bromonaphthalene 94 40-140 
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FF Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111067-06 
21206-070 
Not Specified 
Soil 
98,EPH-04-1.1 
07/30/11 01:45 
MW 
85% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/20/11 11:45 
07/22/11 
Not Specified 
EPA 3546 
07/26/11 18:39 
EPH-04-1 
07/29/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 48.7 

C11-C22 Aromatics, Adjusted 37.1 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 1.01 

Anthracene ND 

Fluoranthene 1.65 

Pyrene 1.71 

Benzo(a)anthracene 0.814 

Chrysene 1.03 

Benzo(b)fluoranthene 1.01 

Benzo(k)fluoranthene 0.657 

Benzo(a)pyrene 1.21 

Indeno(1,2,3-cd)Pyrene 1.01 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 1.45 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.32 

7.32 

7.32 

7.32 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

0.366 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111067-06Lab ID: Date Collected: 07/20/11 11:45 
21206-070Client ID: Date Received: 07/22/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 46 40-140 

o-Terphenyl 77 40-140 

2-Fluorobiphenyl 83 40-140 

2-Bromonaphthalene 81 40-140 
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FF Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111067-07 
21206-072 
Not Specified 
Soil 
98,EPH-04-1.1 
07/29/11 23:38 
MW 
82% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/20/11 12:25 
07/22/11 
Not Specified 
EPA 3546 
07/26/11 18:39 
EPH-04-1 
07/29/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics 12.6 

C19-C36 Aliphatics 18.0 

C11-C22 Aromatics 175 

C11-C22 Aromatics, Adjusted 147 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene 1.09 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 0.721 

Anthracene ND 

Fluoranthene 2.41 

Pyrene 2.74 

Benzo(a)anthracene 1.26 

Chrysene 2.21 

Benzo(b)fluoranthene 2.46 

Benzo(k)fluoranthene 1.81 

Benzo(a)pyrene 3.07 

Indeno(1,2,3-cd)Pyrene 3.92 

Dibenzo(a,h)anthracene 0.705 

Benzo(ghi)perylene 6.32 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.73 

7.73 

7.73 

7.73 

0.386 

0.386 

0.386 

0.386 

0.386 

0.386 

0.386 

0.386 

0.386 

0.386 

0.386 

0.386 

0.386 

0.386 

0.386 

0.386 

0.386 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

SAMPLE RESULTS
 

L1111067-07Lab ID: Date Collected: 07/20/11 12:25 
21206-072Client ID: Date Received: 07/22/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 44 40-140 

o-Terphenyl 144 Q 40-140 

2-Fluorobiphenyl 76 40-140 

2-Bromonaphthalene 74 40-140 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 98,EPH-04-1.1 Extraction Method: EPA 3546 
Analytical Date: 07/30/11 01:13 Extraction Date: 07/26/11 18:39 
Analyst: MW Cleanup Method1: EPH-04-1 

Cleanup Date1: 07/29/11 

Parameter Result Qualifier Units RL MDL 

Extractable Petroleum Hydrocarbons - Westborough Lab for sample(s):   01-03,06-07  Batch: 
WG481198-1 

C9-C18 Aliphatics ND mg/kg 6.64 -

C19-C36 Aliphatics ND mg/kg 6.64 -

C11-C22 Aromatics ND mg/kg 6.64 -

C11-C22 Aromatics, Adjusted ND mg/kg 6.64 -

Naphthalene ND mg/kg 0.332 -

2-Methylnaphthalene ND mg/kg 0.332 --

Acenaphthylene ND mg/kg 0.332 --

Acenaphthene ND mg/kg 0.332 --

Fluorene ND mg/kg 0.332 --

Phenanthrene ND mg/kg 0.332 --

Anthracene ND mg/kg 0.332 --

Fluoranthene ND mg/kg 0.332 --

Pyrene ND mg/kg 0.332 -

Benzo(a)anthracene ND mg/kg 0.332 --

Chrysene ND mg/kg 0.332 -

Benzo(b)fluoranthene ND mg/kg 0.332 -

Benzo(k)fluoranthene ND mg/kg 0.332 -

Benzo(a)pyrene ND mg/kg 0.332 --

Indeno(1,2,3-cd)Pyrene ND mg/kg 0.332 -

Dibenzo(a,h)anthracene ND mg/kg 0.332 -

Benzo(ghi)perylene ND mg/kg 0.332 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 70 40-140 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

70 

78 

74 

40-140 

40-140 

40-140 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 98,EPH-04-1.1 Extraction Method: EPA 3546 
Analytical Date: 08/02/11 06:30 Extraction Date: 07/31/11 09:58 
Analyst: MW Cleanup Method1: EPH-04-1 

Cleanup Date1: 08/01/11 

Parameter Result Qualifier Units RL MDL 

Extractable Petroleum Hydrocarbons - Westborough Lab for sample(s):   04-05  Batch: WG482018-1 

C9-C18 Aliphatics ND mg/kg 6.62 -

C19-C36 Aliphatics ND mg/kg 6.62 -

C11-C22 Aromatics ND mg/kg 6.62 -

C11-C22 Aromatics, Adjusted ND mg/kg 6.62 -

Naphthalene ND mg/kg 0.331 -

2-Methylnaphthalene ND mg/kg 0.331 --

Acenaphthylene ND mg/kg 0.331 --

Acenaphthene ND mg/kg 0.331 --

Fluorene ND mg/kg 0.331 --

Phenanthrene ND mg/kg 0.331 --

Anthracene ND mg/kg 0.331 --

Fluoranthene ND mg/kg 0.331 --

Pyrene ND mg/kg 0.331 -

Benzo(a)anthracene ND mg/kg 0.331 --

Chrysene ND mg/kg 0.331 -

Benzo(b)fluoranthene ND mg/kg 0.331 -

Benzo(k)fluoranthene ND mg/kg 0.331 -

Benzo(a)pyrene ND mg/kg 0.331 --

Indeno(1,2,3-cd)Pyrene ND mg/kg 0.331 -

Dibenzo(a,h)anthracene ND mg/kg 0.331 -

Benzo(ghi)perylene ND mg/kg 0.331 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 78 40-140 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

98 

90 

92 

40-140 

40-140 

40-140 
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Serial_No:08021113:07 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111067
 

Project Number: Not Specified Report Date: 08/02/11
 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01-03,06-07  Batch: WG481198-2 WG481198-3 

C9-C18 Aliphatics 60 69 40-140 14 25 

C19-C36 Aliphatics 75 83 40-140 10 25 

C11-C22 Aromatics 77 90 40-140 16 25 

Naphthalene 65 82 40-140 23 25 

2-Methylnaphthalene 72 87 40-140 19 25 

Acenaphthylene 72 83 40-140 14 25 

Acenaphthene 73 85 40-140 15 25 

Fluorene 74 86 40-140 15 25 

Phenanthrene 76 87 40-140 13 25 

Anthracene 76 87 40-140 13 25 

Fluoranthene 77 89 40-140 14 25 

Pyrene 78 91 40-140 15 25 

Benzo(a)anthracene 76 87 40-140 13 25 

Chrysene 76 88 40-140 15 25 

Benzo(b)fluoranthene 78 90 40-140 14 25 

Benzo(k)fluoranthene 78 90 40-140 14 25 

Benzo(a)pyrene 79 91 40-140 14 25 

Indeno(1,2,3-cd)Pyrene 79 90 40-140 13 25 

Dibenzo(a,h)anthracene 75 86 40-140 14 25 

Benzo(ghi)perylene 78 87 40-140 11 25 

Nonane (C9)  48 60 30-140 22 25 
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Serial_No:08021113:07 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01-03,06-07  Batch: WG481198-2 WG481198-3 

Decane (C10) 56 69 40-140 21 25
 

Dodecane (C12) 63 73 40-140 15 25
 

Tetradecane (C14) 69 76 40-140 10 25
 

Hexadecane (C16) 73 80 40-140 9 25
 

Octadecane (C18) 77 84 40-140 9 25
 

Nonadecane (C19) 78 86 40-140 10 25
 

Eicosane (C20) 77 85 40-140 10 25
 

Docosane (C22) 76 85 40-140 11 25
 

Tetracosane (C24) 77 85 40-140 10 25
 

Hexacosane (C26) 77 86 40-140 11 25
 

Octacosane (C28) 76 85 40-140 11 25
 

Triacontane (C30) 79 88 40-140 11 25
 

Hexatriacontane (C36)  83 93 40-140 11 25
 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

Chloro-Octadecane 67 68 40-140
 

% Naphthalene Breakthrough 0 0
 

% 2-Methylnaphthalene Breakthrough 0 0
 

o-Terphenyl 73 84 40-140
 

2-Fluorobiphenyl 81 84 40-140
 

2-Bromonaphthalene 80 82 40-140
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Serial_No:08021113:07 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 04-05  Batch: WG482018-2 WG482018-3 

C9-C18 Aliphatics 73 67 40-140 9 25 

C19-C36 Aliphatics 101 95 40-140 6 25 

C11-C22 Aromatics 97 102 40-140 5 25 

Naphthalene 90 93 40-140 3 25 

2-Methylnaphthalene 97 100 40-140 3 25 

Acenaphthylene 89 96 40-140 8 25 

Acenaphthene 94 99 40-140 5 25 

Fluorene 94 100 40-140 6 25 

Phenanthrene 100 107 40-140 7 25 

Anthracene 99 105 40-140 6 25 

Fluoranthene 98 106 40-140 8 25 

Pyrene 100 108 40-140 8 25 

Benzo(a)anthracene 92 100 40-140 8 25 

Chrysene 96 105 40-140 9 25 

Benzo(b)fluoranthene 97 109 40-140 12 25 

Benzo(k)fluoranthene 92 98 40-140 6 25 

Benzo(a)pyrene 86 94 40-140 9 25 

Indeno(1,2,3-cd)Pyrene 94 104 40-140 10 25 

Dibenzo(a,h)anthracene 88 96 40-140 9 25 

Benzo(ghi)perylene 93 100 40-140 7 25 

Nonane (C9)  72 66 30-140 9 25 
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Serial_No:08021113:07 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 04-05  Batch: WG482018-2 WG482018-3 

Decane (C10) 83 75 40-140 10 25 

Dodecane (C12) 88 81 40-140 8 25 

Tetradecane (C14) 91 83 40-140 9 25 

Hexadecane (C16) 95 87 40-140 9 25 

Octadecane (C18) 99 92 40-140 7 25 

Nonadecane (C19) 100 94 40-140 6 25 

Eicosane (C20) 100 94 40-140 6 25 

Docosane (C22) 101 95 40-140 6 25 

Tetracosane (C24) 102 96 40-140 6 25 

Hexacosane (C26) 102 96 40-140 6 25 

Octacosane (C28) 100 94 40-140 6 25 

Triacontane (C30) 103 96 40-140 7 25 

Hexatriacontane (C36)  104 98 40-140 6 25 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

Chloro-Octadecane 88 89 40-140 

o-Terphenyl 87 96 40-140 

2-Fluorobiphenyl 79 89 40-140 

2-Bromonaphthalene 82 93 40-140 

% Naphthalene Breakthrough 0 0 

% 2-Methylnaphthalene Breakthrough 0 0 
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Serial_No:08021113:07 

INORGANICS
 
&
 

MISCELLANEOUS
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FF Serial_No:08021113:07 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111067 

08/02/11 

21206-060Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111067-01Lab ID: 07/20/11 10:00Date Collected: 
07/22/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 85 % 10.10 NA 07/26/11 00:13 30,2540G RD-

Page 29 of 46 



FF Serial_No:08021113:07 

Project Name: 

Project Number: 

21206 

Not Specified 

Lab Number: 

Report Date: 
L1111067 

08/02/11 

SAMPLE RESULTS 

21206-062Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111067-02Lab ID: 07/20/11 10:15Date Collected: 
07/22/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 88 % 0.10 NA 1 07/25/11 07:20 30,2540G JC-
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FF Serial_No:08021113:07 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111067 

08/02/11 

21206-064Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111067-03Lab ID: 07/20/11 10:20Date Collected: 
07/22/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 87 % 10.10 NA 07/25/11 07:20 30,2540G JC-
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FF Serial_No:08021113:07 

Project Name: 

Project Number: 

21206 

Not Specified 

Lab Number: 

Report Date: 
L1111067 

08/02/11 

SAMPLE RESULTS 

21206-066Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111067-04Lab ID: 07/20/11 11:30Date Collected: 
07/22/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 84 % 0.10 NA 1 07/25/11 07:20 30,2540G JC-
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FF Serial_No:08021113:07 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111067 

08/02/11 

21206-068Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111067-05Lab ID: 07/20/11 11:40Date Collected: 
07/22/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 84 % 10.10 NA 07/25/11 07:20 30,2540G JC-
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FF Serial_No:08021113:07 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111067 

08/02/11 

21206-070Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111067-06Lab ID: 07/20/11 11:45Date Collected: 
07/22/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 85 % 10.10 NA 07/25/11 07:20 30,2540G JC-
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FF Serial_No:08021113:07 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111067 

08/02/11 

21206-072Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111067-07Lab ID: 07/20/11 12:25Date Collected: 
07/22/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 82 % 10.10 NA 07/25/11 07:20 30,2540G JC-
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Serial_No:08021113:07 

Lab Duplicate Analysis 
Lab Number:Project Name: 21206 Batch Quality Control L1111067 

Project Number: Not Specified Report Date: 08/02/11 

Parameter Native Sample Duplicate Sample Units RPD Qual RPD Limits 

General Chemistry - Westborough Lab  Associated sample(s): 02-07  QC Batch ID: WG480835-1  QC Sample: L1111067-04  Client ID: 21206-066 

Solids, Total 84 83 % 1 20 

General Chemistry - Westborough Lab  Associated sample(s): 01  QC Batch ID: WG481025-1  QC Sample: L1111136-01  Client ID: DUP Sample 

Solids, Total 85 86 % 1 20 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

Sample Receipt and Container Information 

Were project specific reporting limits specified? YES 

Reagent H2O Preserved Vials Frozen on: NA 

A Absent 
Cooler 
Cooler Information Custody Seal 

Container ID Container Type 

Container Information 

Cooler pH 
Temp 
deg C Pres Seal Analysis(*) 

L1111067-01A 

L1111067-02A 

L1111067-03A 

L1111067-04A 

L1111067-05A 

L1111067-06A 

L1111067-07A 

Amber 250ml unpreserved 

Amber 250ml unpreserved 

Amber 250ml unpreserved 

Amber 250ml unpreserved 

Amber 250ml unpreserved 

Amber 250ml unpreserved 

Amber 250ml unpreserved 

A 

A 

A 

A 

A 

A 

A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

3 

3 

3 

3 

3 

3 

3 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

GLOSSARY 
Acronyms 

EPA - Environmental Protection Agency. 

LCS - Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes. 

LCSD - Laboratory Control Sample Duplicate: Refer to LCS. 

LFB - Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes. 

MDL - Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated values, 
when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any adjustments from 
dilutions, concentrations or moisture content, where applicable. 

MS - Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for 
which an independent estimate of target analyte concentration is available. 

MSD - Matrix Spike Sample Duplicate: Refer to MS. 

NA - Not Applicable. 

NC - Not Calculated: Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit. 

NI - Not Ignitable. 

RL - Reporting Limit: The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

RPD - Relative Percent Difference: The results from matrix and/or matrix spike duplicates are primarily designed to assess the precision 
of analytical results in a given matrix and are expressed as relative percent difference (RPD). Values which are less than five 
times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the values; 
although the RPD value will be provided in the report. 

SRM - Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.

Footnotes 

1 - The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the original 
method.

Terms 

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum. 

Data Qualifiers 

A -Spectra identified as "Aldol Condensation Product". 

B -The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than five times (5x) the concentration found in the blank. For MCP-related 
projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. 

C -Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses. 

D -Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte. 

E -Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument. 

G -The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated. 

H -The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection. 

I -The RPD between the results for the two columns exceeds the method-specified criteria; however, the lower value has been reported 
due to obvious interference. 

M -Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte. 

P -The RPD between the results for the two columns exceeds the method-specified criteria. 

Q  -The quality control sample exceeds the associated acceptance criteria. Note: This flag is not applicable for matrix spike recoveries 
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less 

Report Format: Data Usability Report 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

Data Qualifiers 

than 5x the RL. (Metals only.)
 

R -Analytical results are from sample re-analysis.
 

RE  -Analytical results are from sample re-extraction.
 

J -Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).
 

ND  -Not detected at the reporting limit (RL) for the sample.
 

Report Format: Data Usability Report 
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Serial_No:08021113:07 

Project Name: 21206 Lab Number: L1111067 

Project Number: Not Specified Report Date: 08/02/11 

REFERENCES 

30 Standard Methods for the Examination of Water and Wastewater. APHA-AWWA
WPCF. 18th Edition. 1992. 

98 Method for the Determination of Extractable Petroleum Hydrocarbons (EPH), MassDEP, 
May 2004, Revision 1.1 with QC Requirements & Performance Standards for the 
Analysis of EPH under the Massachusetts Contingency Plan, WSC-CAM-IVB, July 
2010. 

LIMITATION OF LIABILITIES 

Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing 
laboratory industry. In the event of an error, the sole and exclusive responsibility of Alpha Analytical 
shall be to re-perform the work at it's own expense. In no event shall Alpha Analytical be held liable 
for any incidental, consequential or special damages, including but not limited to, damages in any way 
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical. 

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling, 
containers, sampling procedures, holding time and splitting of samples in the field. 
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Serial_No:08021113:07 

Certificate/Approval Program Summary
Last revised July 28, 2011  - Westboro Facility
 

The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 


Connecticut Department of Public Health Certificate/Lab ID: PH-0574. NELAP Accredited Solid Waste/Soil. 

Drinking Water (Inorganic Parameters: Color, pH, Turbidity, Conductivity, Alkalinity, Chloride, Free Residual Chlorine, 
Fluoride, Calcium Hardness, Sulfate, Nitrate, Nitrite, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, 
Silver, Sodium, Thallium, Vanadium, Zinc, Total Dissolved Solids, Total Organic Carbon, Total Cyanide, Perchlorate. 
Organic Parameters: Volatile Organics 524.2, Total Trihalomethanes 524.2, 1,2-Dibromo-3-chloropropane (DBCP), 
Ethylene Dibromide (EDB), 1,4-Dioxane (Mod 8270). Microbiology Parameters: Total Coliform-MF mEndo (SM9222B), 
Total Coliform – Colilert (SM9223 P/A), E. Coli. – Colilert (SM9223 P/A), HPC – Pour Plate (SM9215B), Fecal Coliform – 
MF m-FC (SM9222D))  

Wastewater/Non-Potable Water (Inorganic Parameters: Color, pH, Conductivity, Acidity, Alkalinity, Chloride, Total 
Residual Chlorine, Fluoride, Total Hardness, Silica, Sulfate, Sulfide, Ammonia, Kjeldahl Nitrogen, Nitrate, Nitrite, O-
Phosphate, Total Phosphorus, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, 
Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, 
Selenium, Silver, Sodium, Strontium, Thallium, Tin, Titanium, Vanadium, Zinc, Total Residue (Solids), Total Dissolved 
Solids, Total Suspended Solids (non-filterable), BOD, CBOD, COD, TOC, Total Cyanide, Phenolics, Foaming Agents 
(MBAS), Bromide, Oil and Grease. Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, 
Toxaphene, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Acid Extractables (Phenols), Benzidines, Phthalate Esters, Nitrosamines, 
Nitroaromatics & Isophorone, Polynuclear Aromatic Hydrocarbons, Haloethers, Chlorinated Hydrocarbons, Volatile 
Organics, TPH (HEM/SGT), Extractable Petroleum Hydrocarbons (ETPH), MA-EPH, MA-VPH. Microbiology Parameters: 
Total Coliform – MF mEndo (SM9222B), Total Coliform – MTF (SM9221B), HPC – Pour Plate (SM9215B), Fecal 
Coliform – MF m-FC (SM9222D), Fecal Coliform – A-1 Broth (SM9221E).)  

Solid Waste/Soil (Inorganic Parameters: pH, Sulfide, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Tin, Vanadium, Zinc, Total Cyanide, Ignitability, 
Phenolics, Corrosivity, TCLP Leach (1311), SPLP Leach (1312 metals only), Reactivity. Organic Parameters: PCBs, 
PCBs in Oil, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Extractable Petroleum Hydrocarbons 
(ETPH), MA-EPH, MA-VPH, Dicamba, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Volatile Organics, Acid Extractables (Phenols), 
3.3’-Dichlorobenzidine, Phthalates, Nitrosamines, Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated 
Hydrocarbons. ) 

Maine Department of Human Services Certificate/Lab ID: 2009024.  

Drinking Water (Inorganic Parameters: SM9215B, 9222D, 9223B, EPA 180.1, 353.2, SM2130B, 2320B, 2540C, 4500Cl
D, 4500CN-C, 4500CN-E, 4500F-C, 4500H+B, 4500NO3-F, EPA 200.7, EPA 200.8, 245.1, EPA 300.0. Organic 

Parameters: 504.1, 524.2.)  


Wastewater/Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664A, 350.1, 351.1, 353.2, 410.4, 420.1, 
SM2320B, 2510B, 2540C, 2540D, 426C, 4500Cl-D, 4500Cl-E, 4500CN-C, 4500CN-E, 4500F-B, 4500F-C, 4500H+B, 
4500Norg-B, 4500Norg-C, 4500NH3-B, 4500NH3-G, 4500NH3-H, 4500NO3-F, 4500P-B, 4500P-E, 5210B, 5220D, 
5310C, 9010B, 9040B, 9030B, 7470A, 7196A, 2340B, EPA 200.7, 6010, 200.8, 6020, 245.1, 1311, 1312, 3005A, 
Enterolert, 9223D, 9222D. Organic Parameters: 608, 8081, 8082, 8330, 8151A, 624, 8260, 3510C, 3630C, 5030B, ME
DRO, ME-GRO, MA-EPH, MA-VPH.) 

Solid Waste/Soil (Inorganic Parameters: 9010B, 9012A, 9014A, 9040B, 9045C, 6010B, 7471A, 7196A, 9050A, 1010, 
1030, 9065, 1311, 1312, 3005A, 3050B. Organic Parameters: ME-DRO, ME-GRO, MA-EPH, MA-VPH, 8260B, 8270C, 
8330, 8151A, 8081A, 8082, 3540C, 3546, 3580A, 3630C, 5030B, 5035.) 

Massachusetts Department of Environmental Protection Certificate/Lab ID: M-MA086. 

Drinking Water (Inorganic Parameters: (EPA 200.8 for: Sb,As,Ba,Be,Cd,Cr,Cu,Pb,Ni,Se,Tl) (EPA 200.7 for: 

Ba,Be,Ca,Cd,Cr,Cu,Na,Ni)  245.1, (300.0 for:  Nitrate-N, Fluoride, Sulfate); (EPA 353.2 for: Nitrate-N, Nitrite-N);
 
(SM4500NO3-F for: Nitrate-N and Nitrite-N); 4500F-C, 4500CN-CE, EPA 180.1, SM2130B, SM4500Cl-D, 2320B, 

SM2540C, SM4500H-B. Organic Parameters: (EPA 524.2 for: Trihalomethanes, Volatile Organics); (504.1 for:  1,2
Dibromoethane, 1,2-Dibromo-3-Chloropropane), EPA 332. Microbiology Parameters: SM9215B; ENZ. SUB. SM9223;
 
ColilertQT SM9223B; MF-SM9222D.) 


Non-Potable Water (Inorganic Parameters:, (EPA 200.8 for: Al,Sb,As,Be,Cd,Cr,Cu,Pb,Mn,Ni,Se,Ag,Tl,Zn); (EPA 200.7 
for: Al,Sb,As,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Mo,Ni,K,Se,Ag,Na,Sr,Ti,Tl, V,Zn); 245.1, SM4500H,B, EPA 120.1, 
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Serial_No:08021113:07 

SM2510B, 2540C, 2340B, 2320B, 4500CL-E, 4500F-BC, 426C, SM4500NH3-BH, (EPA 350.1 for:  Ammonia-N), 

LACHAT 10-107-06-1-B for Ammonia-N, SM4500NO3-F, 353.2 for Nitrate-N, SM4500NH3-BC-NES, EPA 351.1, 

SM4500P-E, 4500P-B,E, 5220D, EPA 410.4, SM 5210B, 5310C, 4500CL-D, EPA 1664, SM14 510AC, EPA 420.1, 

SM4500-CN-CE, SM2540D. 

Organic Parameters: (EPA 624 for Volatile Halocarbons, Volatile Aromatics),(608 for:  Chlordane, Aldrin, Dieldrin, DDD, 

DDE, DDT, Heptachlor, Heptachlor Epoxide, PCBs-Water), (EPA 625 for SVOC Acid Extractables and SVOC 

Base/Neutral Extractables), 600/4-81-045-PCB-Oil.  Microbiology Parameters: (ColilertQT SM9223B;Enterolert-QT: 

SM9222D-MF.)  


New Hampshire Department of Environmental Services Certificate/Lab ID: 200307. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM 9222B, 9223B, 9215B, EPA 200.7, 200.8, 245.2, 300.0, SM4500CN-E, 

4500H+B, 4500NO3-F, 2320B, 2510B, 2540C, 4500F-C, 5310C, 2120B, EPA 332.0. Organic Parameters: 504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM9222D, 9221B, 9222B, 9221E-EC, EPA 3005A, 200.7, 200.8, 245.1, 
245.2, SW-846 6010B, 6020, 7196A, 7470A, SM3500-CR-D, EPA 120.1, 300.0, 350.1, 351.1, 353.2, 410.4, 420.1, 
1664A, SW-846 9010, 9030, 9040B, 9050A, SM426C, SM2120B, 2310B, 2320B, 2540B, 2540D, 4500H+B, 4500CL-E, 
4500CN-E, 4500NH3-H, 4500NO3-F, 4500NO2-B, 4500P-E, 4500-S2-D, 5210B, 5220D, 2510B, 2540C, 4500F-C, 
5310C, 5540C, LACHAT 10-204-00-1-A, LACHAT 10-107-06-2-D. Organic Parameters: SW-846 3510C, 5030B, 8260B, 
8270C, 8330, EPA 624, 625, 608, SW-846 8082, 8081A, 8151A.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846 6010B, 7196A, 7471A, 1010, 1030, 9010, 9012A, 9014, 
9030B, 9040B, 9045C, 9050C, 9065,1311, 1312, 3005A, 3050B. Organic Parameters: SW-846 3540C,  3546, 3580A, 
5030B, 5035, 8260B, 8270C, 8330, 8151A, 8015B, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA935. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9222B, 9221E, 9223B, 9215B, 4500CN-CE, 4500NO3-F, 4500F-C, EPA
 
300.0, 200.7, 200.8, 245.2, 2540C, SM2120B, 2320B, 2510B, 5310C, SM4500H-B. Organic Parameters: EPA 332,
 
504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM5210B, EPA 410.4, SM5220D, 4500Cl-E, EPA 300.0, SM2120B, 
SM4500F-BC, EPA 200.7, 351.1, LACHAT 10-107-06-2-D, EPA 353.2, SM4500NO3-F, 4500NO2-B, EPA 1664A, 
SM5310B, C or D, 4500-PE, EPA 420.1, SM510ABC, SM4500P-B5+E, 2540B, 2540C, 2540D, EPA 120.1, SM2510B, 
SM15 426C, 9222D, 9221B, 9221C, 9221E, 9222B, 9215B, 2310B, 2320B, 4500NH3-H, 4500-S D, EPA 350.1, 350.2, 
SW-846 1312, 6020, 6020A, 7470A, 5540C, 4500H-B, EPA 200.8, SM3500Cr-D, 4500CN-CE, EPA 245.1, 245.2, SW
846 9040B, 3005A, 3015, EPA 6010B, 6010C, 7196A, 3060A, SW-846 9010B, 9030B. Organic Parameters: SW-846 
8260B, 8270C, 8270D, 8270C-SIM, 8270D-SIM, 3510C, EPA 608, 624, 625, SW-846 3630C, 5030B, 8081A, 8081B, 
8082, 8082A, 8151A, 8330, NJ OQA-QAM-025 Rev.7, NJ EPH.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846, 6010B, 6010C, 7196A, 3060A, 9010B, 9030B, 1010, 1030, 
1311, 1312, 3005A, 3050B, 7471A, 7471B, 9014, 9012A, 9040B, 9045C, 9050A, 9065. Organic Parameters: SW-846 
8015B, 8015C, 8081A, 8081B, 8082, 8082A, 8151A, 8330, 8260B, 8270C, 8270D, 8270C-SIM, 8270D-SIM, 3540C, 
3545, 3546, 3550B, 3580A, 3630C, 5030B, 5035L, 5035H, NJ OQA-QAM-025 Rev.7, NJ EPH.) 

New York Department of Health Certificate/Lab ID: 11148. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9223B, 9222B, 9215B, EPA 200.8, 200.7, 245.2, SM5310C, EPA 332.0, 

SM2320B, EPA 300.0, SM2120B, 4500CN-E, 4500F-C, 4500H-B, 4500NO3-F, 2540C, SM 2510B. Organic Parameters: 

EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: SM9221E, 9222D, 9221B, 9222B, 9215B, 5210B, 5310C, EPA 410.4, 
SM5220D, 2310B-4a, 2320B, EPA 200.7, 300.0, SM4500CL-E, 4500F-C, SM15 426C, EPA 350.1, SM4500NH3-BH, 
EPA 351.1, LACHAT 10-107-06-2, EPA 353.2, LACHAT 10-107-04-1-C, SM4500-NO3-F, 4500-NO2-B, 4500P-E, 
2540C, 2540B, 2540D, EPA 200.8, EPA 6010B, 6020, EPA 7196A, SM3500Cr-D, EPA 245.1, 245.2, 7470A, SM2120B, 
LACHAT 10-204-00-1-A, EPA 9040B, SM4500-HB, EPA 1664A, EPA 420.1, SM14 510C, EPA 120.1, SM2510B, 
SM4500S-D, SM5540C, EPA 3005A, 9010B, 9030B.. Organic Parameters: EPA 624, 8260B, 8270C, 625, 608, 8081A, 
8151A, 8330, 8082, EPA 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: 1010, 1030, EPA 6010B, 7196A, 7471A, 9012A, 9014, 9040B, 9045C, 
9065, 9050, EPA 1311, 1312, 3005A, 3050B, 9010B, 9030B. Organic Parameters: EPA 8260B, 8270C, 8015B, 8081A, 
8151A, 8330, 8082, 3540C, 3545, 3546, 3580, 5030B, 5035.)  

North Carolina Department of the Environment and Natural Resources Certificate/Lab ID : 666. Organic 
Parameters: MA-EPH, MA-VPH. 

Drinking Water Program Certificate/Lab ID: 25700. (Inorganic Parameters: Chloride EPA 300.0. Organic Parameters: 
524.2) 
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Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-03671. NELAP Accredited. 
Drinking Water (Organic Parameters: EPA 524.2, 504.1) 

Non-Potable Water (Inorganic Parameters: EPA 1312, 200.7, 410.4, 1664A, SM2540D, 5210B, 5220D, 4500-P,BE.  
Organic Parameters: EPA 3510C, 5030B, 625, 624, 608, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 350.1, 1010, 1030, 1311, 1312, 3050B, 6010B, 7196A, 7471A, 
9010B, 9012A, 9014, 9040B, 9045C, 9050, 9065, SM 4500NH3-H.  Organic Parameters: 3540C, 3545, 3546, 3550B, 
3580A, 3630C, 5035, 8015B, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 

Rhode Island Department of Health Certificate/Lab ID: LAO00065. NELAP Accredited via NY-DOH.
 
Refer to MA-DEP Certificate for Potable and Non-Potable Water.  

Refer to NJ-DEP Certificate for Potable and Non-Potable Water.  


Texas Commisson on Environmental Quality Certificate/Lab ID: T104704476-09-1. NELAP Accredited. 
Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664, 200.7, 200.8, 245.1, 245.2, 300.0, 350.1, 351.1, 353.2, 
376.2, 410.4, 420.1, 6010, 6020, 7196, 7470, 9040, SM 2120B, 2310B, 2320B, 2510B, 2540B, 2540C, 2540D, 426C, 
4500CL-E, 4500CN-E, 4500F-C, 4500H+B, 4500NH3-H, 4500NO2B, 4500P-E, 4500 S2¯D, 510C, 5210B, 5220D, 
5310C, 5540C. Organic Parameters: EPA 608, 624, 625, 8081, 8082, 8151, 8260, 8270, 8330.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 9012, 9014, 9040, 9045, 9050, 9065.) 

Department of Defense Certificate/Lab ID: L2217. 

Drinking Water (Inorganic Parameters: SM 4500H-B. Organic Parameters: EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: EPA 200.7, 200.8, 6010B, 6020, 245.1, 245.2, 7470A, 9040B, 300.0, 332.0, 
6860, 353.2, 410.4, 9060, 1664A, SM 4500CN-E, 4500H-B, 4500NO3-F, 5220D, 5310C, 2320B, 2540C, 3005A, 3015, 
9010B, 9056. Organic Parameters: EPA 8260B, 8270C, 8330A, 625, 8082, 8081A, 3510C, 5030B, MassDEP EPH, 
MassDEP VPH.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 200.7, 6010B, 7471A, 9010, 9012A, 6860, 1311, 1312, 3050B, 
7196A, 9010B, 3500-CR-D, 4500CN-CE, 2540G, Organic Parameters: EPA 8260B, 8270C, 8330A/B-prep, 8082, 
8081A, 3540C, 3546, 3580A, 5035A, MassDEP EPH, MassDEP VPH.) 

The following analytes are not included in our current NELAP/TNI Scope of Accreditation: 

EPA 8260B:  Freon-113, 1,2,4,5-Tetramethylbenzene, 4-Ethyltoluene.  EPA 8330A:  PETN, Picric Acid, Nitroglycerine, 

2,6-DANT,  2,4-DANT.  EPA 8270C:  Methyl naphthalene, Dimethyl naphthalene, Total Methylnapthalenes, Total 

Dimethylnaphthalenes, 1,4-Diphenylhydrazine (Azobenzene). EPA 625:  4-Chloroaniline, 4-Methylphenol.  Total 

Phosphorus in a soil matrix, Chloride in a soil matrix, TKN in a soil matrix, NO2 in a soil matrix, NO3 in a soil matrix, SO4 

in a soil matrix. 
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Serial_No:08041114:40 

ANALYTICAL REPORT
 

Lab Number: L1111327 

Client: Envirosystems, Inc. 

1 Lafayette Road 

PO Box 778 

Hampton, NH 03843 

ATTN: Megan Scott 

Phone: (603) 926-3345 

Project Name: 21206 

Project Number: Not Specified 

Report Date: 08/04/11 

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its 
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original. 

Certifications & Approvals: MA (M-MA086), NY NELAC (11148), CT (PH-0574), NH (2003), NJ (MA935), RI (LAO00065), ME (MA0086), 
PA (Registration #68-03671), USDA (Permit #S-72578), US Army Corps of Engineers, Naval FESC. 

Eight Walkup Drive, Westborough, MA 01581-1019 
508-898-9220 (Fax) 508-898-9193 800-624-9220 - www.alphalab.com 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327
 
Project Number: Not Specified Report Date: 08/04/11
 

Alpha 
Sample ID 

L1111327-01 

L1111327-02 

L1111327-03 

L1111327-04 

L1111327-05 

L1111327-06 

L1111327-07 

L1111327-08 

L1111327-09 

L1111327-10 

L1111327-11 

L1111327-12 

L1111327-13 

L1111327-14 

L1111327-15 

L1111327-16 

L1111327-17 

L1111327-18 

Client ID 

21206-094 

21206-096 

21206-098 

21206-100 

21206-102 

21206-104 

21206-106 

21206-108 

21206-110 

21206-112 

21206-114 

21206-116 

21206-123 

21206-124 

21206-125 

21206-126 

21206-127 

21206-128 

Sample Collection 
Location Date/Time 

Not Specified 07/22/11 08:00 

Not Specified 07/22/11 08:10 

Not Specified 07/22/11 08:20 

Not Specified 07/22/11 09:00 

Not Specified 07/22/11 09:10 

Not Specified 07/22/11 09:20 

Not Specified 07/22/11 09:30 

Not Specified 07/22/11 09:35 

Not Specified 07/22/11 09:40 

Not Specified 07/22/11 11:00 

Not Specified 07/22/11 11:10 

Not Specified 07/22/11 11:20 

Not Specified 07/25/11 09:50 

Not Specified 07/25/11 09:55 

Not Specified 07/25/11 10:00 

Not Specified 07/25/11 10:30 

Not Specified 07/25/11 10:35 

Not Specified 07/25/11 10:40 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327
 
Project Number: Not Specified Report Date: 08/04/11
 

Case Narrative 

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report. 

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet all of the requirements of 

NELAC, for all NELAC accredited parameters. The data presented in this report is organized by parameter (i.e. VOC, SVOC, etc.). Sample 

specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list for each individual sample, 

followed by the Laboratory Batch Quality Control at the end of each parameter. If a sample was re-analyzed or re-extracted due to a 

required quality control corrective action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is 

designated with an "R" or "RE", respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the 

associated samples for each element are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % 

recovery or RPD value that is outside the listed Acceptance Criteria is bolded in the report. Definitions of all data qualifiers and acronyms 

used in this report are provided in the Glossary located at the back of the report. 

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody. 

For additional information, please contact Client Services at 800-624-9220. 

Sample Receipt 

The samples were received at the laboratory above the required temperature range. The samples were 

transported to the laboratory in a cooler with blue ice and delivered directly from the sampling site. 

EPH 

L1111327-08 and -16 have elevated detection limits due to the dilutions required by the matrix interferences 

encountered during the concentration of the samples and the analytical dilutions required by the target 

compounds present in the samples. 

The surrogate recoveries for L1111327-08 and -16 are below the acceptance criteria for Chloro-Octadecane 

and o-Terphenyl (all at 0%) due to the dilutions required to quantitate the samples. Re-extraction was not 

required; therefore, the results of the original analyses are reported. 

L1111327-11 and -14 have elevated detection limits due to the dilutions required by the elevated 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 
Project Number: Not Specified Report Date: 08/04/11 

Case Narrative (continued)

concentrations of target compounds in the samples.
 

The WG481807-2/-3 LCS/LCSD RPD, associated with L1111327-01 through -18, is above the acceptance 


criteria for Acenaphthylene (26%); however, the individual LCS/LCSD recoveries are within method limits.
 

I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
belief and based upon my personal inquiry of those responsible for providing the information contained
 in this analytical report, such information is accurate and complete. This certificate of analysis is not
 complete unless this page accompanies any and all pages of this report.

 Authorized Signature: 

Title: Technical Director/Representative Date: 08/04/11 
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Serial_No:08041114:40 

ORGANICS
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Serial_No:08041114:40 

PETROLEUM 

HYDROCARBONS
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-01 
21206-094 
Not Specified 
Soil 
98,EPH-04-1.1 
08/04/11 03:16 
NH 
96% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/22/11 08:00 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 11:54 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 9.53 

C11-C22 Aromatics, Adjusted 7.64 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene 0.463 

Pyrene 0.589 

Benzo(a)anthracene ND 

Chrysene 0.337 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene 0.493 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

6.58 

6.58 

6.58 

6.58 

0.329 

0.329 

0.329 

0.329 

0.329 

0.329 

0.329 

0.329 

0.329 

0.329 

0.329 

0.329 

0.329 

0.329 

0.329 

0.329 

0.329 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-01Lab ID: Date Collected: 07/22/11 08:00 
21206-094Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 78 40-140 

o-Terphenyl 87 40-140 

2-Fluorobiphenyl 87 40-140 

2-Bromonaphthalene 91 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-02 
21206-096 
Not Specified 
Soil 
98,EPH-04-1.1 
08/04/11 04:00 
NH 
83% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/22/11 08:10 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 11:54 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics ND 

C11-C22 Aromatics, Adjusted ND 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene ND 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.29 

7.29 

7.29 

7.29 

0.365 

0.365 

0.365 

0.365 

0.365 

0.365 

0.365 

0.365 

0.365 

0.365 

0.365 

0.365 

0.365 

0.365 

0.365 

0.365 

0.365 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-02Lab ID: Date Collected: 07/22/11 08:10 
21206-096Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 79 40-140 

o-Terphenyl 81 40-140 

2-Fluorobiphenyl 92 40-140 

2-Bromonaphthalene 94 40-140 

Page 10 of 74 



FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-03 
21206-098 
Not Specified 
Soil 
98,EPH-04-1.1 
08/03/11 00:56 
NH 
34% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/22/11 08:20 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 11:54 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics 36.0 

C11-C22 Aromatics 46.1 

C11-C22 Aromatics, Adjusted 44.7 

Naphthalene 1.40 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene ND 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

18.3 

18.3 

18.3 

18.3 

0.916 

0.916 

0.916 

0.916 

0.916 

0.916 

0.916 

0.916 

0.916 

0.916 

0.916 

0.916 

0.916 

0.916 

0.916 

0.916 

0.916 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-03Lab ID: Date Collected: 07/22/11 08:20 
21206-098Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 84 40-140 

o-Terphenyl 81 40-140 

2-Fluorobiphenyl 92 40-140 

2-Bromonaphthalene 91 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-04 
21206-100 
Not Specified 
Soil 
98,EPH-04-1.1 
08/04/11 08:27 
NH 
90% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/22/11 09:00 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 11:54 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics 10.5 

C11-C22 Aromatics 15.3 

C11-C22 Aromatics, Adjusted 12.8 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene 0.633 

Pyrene 0.607 

Benzo(a)anthracene ND 

Chrysene 0.375 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene 0.884 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.09 

7.09 

7.09 

7.09 

0.354 

0.354 

0.354 

0.354 

0.354 

0.354 

0.354 

0.354 

0.354 

0.354 

0.354 

0.354 

0.354 

0.354 

0.354 

0.354 

0.354 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-04Lab ID: Date Collected: 07/22/11 09:00 
21206-100Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 72 40-140 

o-Terphenyl 86 40-140 

2-Fluorobiphenyl 88 40-140 

2-Bromonaphthalene 91 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-05 
21206-102 
Not Specified 
Soil 
98,EPH-04-1.1 
08/03/11 02:30 
NH 
80% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/22/11 09:10 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 11:54 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics ND 

C11-C22 Aromatics, Adjusted ND 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene ND 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.38 

7.38 

7.38 

7.38 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-05Lab ID: Date Collected: 07/22/11 09:10 
21206-102Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 71 40-140 

o-Terphenyl 80 40-140 

2-Fluorobiphenyl 96 40-140 

2-Bromonaphthalene 99 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-06 
21206-104 
Not Specified 
Soil 
98,EPH-04-1.1 
08/03/11 01:58 
NH 
82% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/22/11 09:20 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 11:54 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 9.10 

C11-C22 Aromatics, Adjusted 9.10 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene ND 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.37 

7.37 

7.37 

7.37 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

0.369 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-06Lab ID: Date Collected: 07/22/11 09:20 
21206-104Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 76 40-140 

o-Terphenyl 92 40-140 

2-Fluorobiphenyl 106 40-140 

2-Bromonaphthalene 109 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-07 
21206-106 
Not Specified 
Soil 
98,EPH-04-1.1 
08/04/11 09:56 
NH 
97% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/22/11 09:30 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 11:54 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics ND 

C11-C22 Aromatics, Adjusted ND 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene ND 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

6.32 

6.32 

6.32 

6.32 

0.316 

0.316 

0.316 

0.316 

0.316 

0.316 

0.316 

0.316 

0.316 

0.316 

0.316 

0.316 

0.316 

0.316 

0.316 

0.316 

0.316 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-07Lab ID: Date Collected: 07/22/11 09:30 
21206-106Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 70 40-140 

o-Terphenyl 80 40-140 

2-Fluorobiphenyl 91 40-140 

2-Bromonaphthalene 92 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID: L1111327-08 D 
Client ID: 21206-108 
Sample Location: Not Specified 
Matrix: Soil 
Analytical Method: 98,EPH-04-1.1 
Analytical Date: 08/03/11 16:05 
Analyst: NH 
Percent Solids:  79% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/22/11 09:35 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 11:54 
EPH-04-1 
08/03/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 19700 

C11-C22 Aromatics, Adjusted 12300 

Naphthalene 142 

2-Methylnaphthalene 98.5 

Acenaphthylene ND 

Acenaphthene 218 

Fluorene 212 

Phenanthrene 1620 

Anthracene 311 

Fluoranthene 1420 

Pyrene 1340 

Benzo(a)anthracene 484 

Chrysene 490 

Benzo(b)fluoranthene 257 

Benzo(k)fluoranthene 290 

Benzo(a)pyrene 318 

Indeno(1,2,3-cd)Pyrene 149 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 118 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

1230 

1230 

1230 

1230 

61.7 

61.7 

61.7 

61.7 

61.7 

61.7 

61.7 

61.7 

61.7 

61.7 

61.7 

61.7 

61.7 

61.7 

61.7 

61.7 

61.7 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-08Lab ID: D Date Collected: 07/22/11 09:35 
21206-108Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 0 Q 40-140 

o-Terphenyl 0 Q 40-140 

2-Fluorobiphenyl 83 40-140 

2-Bromonaphthalene 93 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-09 
21206-110 
Not Specified 
Soil 
98,EPH-04-1.1 
08/04/11 04:45 
NH 
97% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/22/11 09:40 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 11:54 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 94.0 

C11-C22 Aromatics, Adjusted 59.8 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene 0.574 

Fluorene 0.528 

Phenanthrene 5.02 

Anthracene 0.932 

Fluoranthene 5.74 

Pyrene 5.84 

Benzo(a)anthracene 2.48 

Chrysene 3.11 

Benzo(b)fluoranthene 2.07 

Benzo(k)fluoranthene 2.32 

Benzo(a)pyrene 2.47 

Indeno(1,2,3-cd)Pyrene 1.44 

Dibenzo(a,h)anthracene 0.407 

Benzo(ghi)perylene 1.23 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

6.26 

6.26 

6.26 

6.26 

0.313 

0.313 

0.313 

0.313 

0.313 

0.313 

0.313 

0.313 

0.313 

0.313 

0.313 

0.313 

0.313 

0.313 

0.313 

0.313 

0.313 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-09Lab ID: Date Collected: 07/22/11 09:40 
21206-110Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 83 40-140 

o-Terphenyl 140 40-140 

2-Fluorobiphenyl 97 40-140 

2-Bromonaphthalene 100 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-10 
21206-112 
Not Specified 
Soil 
98,EPH-04-1.1 
08/04/11 09:11 
NH 
98% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/22/11 11:00 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 11:54 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics ND 

C11-C22 Aromatics, Adjusted ND 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene ND 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

6.47 

6.47 

6.47 

6.47 

0.324 

0.324 

0.324 

0.324 

0.324 

0.324 

0.324 

0.324 

0.324 

0.324 

0.324 

0.324 

0.324 

0.324 

0.324 

0.324 

0.324 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-10Lab ID: Date Collected: 07/22/11 11:00 
21206-112Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 66 40-140 

o-Terphenyl 69 40-140 

2-Fluorobiphenyl 78 40-140 

2-Bromonaphthalene 77 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID: L1111327-11 D 
Client ID: 21206-114 
Sample Location: Not Specified 
Matrix: Soil 
Analytical Method: 98,EPH-04-1.1 
Analytical Date: 08/03/11 15:02 
Analyst: NH 
Percent Solids:  89% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/22/11 11:10 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 11:54 
EPH-04-1 
08/03/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 375 

C11-C22 Aromatics, Adjusted 210 

Naphthalene 1.89 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene 3.90 

Fluorene 4.26 

Phenanthrene 29.4 

Anthracene 7.32 

Fluoranthene 32.8 

Pyrene 25.9 

Benzo(a)anthracene 11.8 

Chrysene 11.8 

Benzo(b)fluoranthene 8.55 

Benzo(k)fluoranthene 7.91 

Benzo(a)pyrene 9.67 

Indeno(1,2,3-cd)Pyrene 5.53 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 4.46 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

33.5 

33.5 

33.5 

33.5 

1.68 

1.68 

1.68 

1.68 

1.68 

1.68 

1.68 

1.68 

1.68 

1.68 

1.68 

1.68 

1.68 

1.68 

1.68 

1.68 

1.68 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-11Lab ID: D Date Collected: 07/22/11 11:10 
21206-114Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 73 40-140 

o-Terphenyl 135 40-140 

2-Fluorobiphenyl 72 40-140 

2-Bromonaphthalene 85 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-12 
21206-116 
Not Specified 
Soil 
98,EPH-04-1.1 
08/04/11 06:14 
NH 
90% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/22/11 11:20 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 11:54 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 10.2 

C11-C22 Aromatics, Adjusted ND 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 0.545 

Anthracene ND 

Fluoranthene 0.865 

Pyrene 0.720 

Benzo(a)anthracene 0.375 

Chrysene 0.393 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene 0.364 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

6.94 

6.94 

6.94 

6.94 

0.347 

0.347 

0.347 

0.347 

0.347 

0.347 

0.347 

0.347 

0.347 

0.347 

0.347 

0.347 

0.347 

0.347 

0.347 

0.347 

0.347 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-12Lab ID: Date Collected: 07/22/11 11:20 
21206-116Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 73 40-140 

o-Terphenyl 73 40-140 

2-Fluorobiphenyl 75 40-140 

2-Bromonaphthalene 76 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-13 
21206-123 
Not Specified 
Soil 
98,EPH-04-1.1 
08/03/11 00:25 
NH 
97% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/25/11 09:50 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 13:20 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics ND 

C11-C22 Aromatics, Adjusted ND 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene ND 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

6.44 

6.44 

6.44 

6.44 

0.322 

0.322 

0.322 

0.322 

0.322 

0.322 

0.322 

0.322 

0.322 

0.322 

0.322 

0.322 

0.322 

0.322 

0.322 

0.322 

0.322 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-13Lab ID: Date Collected: 07/25/11 09:50 
21206-123Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 100 40-140 

o-Terphenyl 85 40-140 

2-Fluorobiphenyl 96 40-140 

2-Bromonaphthalene 95 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID: L1111327-14 D 
Client ID: 21206-124 
Sample Location: Not Specified 
Matrix: Soil 
Analytical Method: 98,EPH-04-1.1 
Analytical Date: 08/03/11 14:31 
Analyst: NH 
Percent Solids:  85% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/25/11 09:55 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 13:21 
EPH-04-1 
08/03/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 205 

C11-C22 Aromatics, Adjusted 107 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene 2.05 

Fluorene 2.39 

Phenanthrene 17.4 

Anthracene 4.19 

Fluoranthene 19.3 

Pyrene 14.8 

Benzo(a)anthracene 6.92 

Chrysene 7.29 

Benzo(b)fluoranthene 5.44 

Benzo(k)fluoranthene 4.80 

Benzo(a)pyrene 5.84 

Indeno(1,2,3-cd)Pyrene 3.73 

Dibenzo(a,h)anthracene 0.758 

Benzo(ghi)perylene 3.02 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

14.4 

14.4 

14.4 

14.4 

0.722 

0.722 

0.722 

0.722 

0.722 

0.722 

0.722 

0.722 

0.722 

0.722 

0.722 

0.722 

0.722 

0.722 

0.722 

0.722 

0.722 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-14Lab ID: D Date Collected: 07/25/11 09:55 
21206-124Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 74 40-140 

o-Terphenyl 116 40-140 

2-Fluorobiphenyl 85 40-140 

2-Bromonaphthalene 84 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-15 
21206-125 
Not Specified 
Soil 
98,EPH-04-1.1 
08/04/11 06:58 
NH 
71% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/25/11 10:00 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 13:22 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics 69.0 

C11-C22 Aromatics 40.9 

C11-C22 Aromatics, Adjusted 38.5 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene 0.682 

Pyrene 0.808 

Benzo(a)anthracene ND 

Chrysene 0.467 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene 0.469 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

9.18 

9.18 

9.18 

9.18 

0.459 

0.459 

0.459 

0.459 

0.459 

0.459 

0.459 

0.459 

0.459 

0.459 

0.459 

0.459 

0.459 

0.459 

0.459 

0.459 

0.459 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-15Lab ID: Date Collected: 07/25/11 10:00 
21206-125Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 66 40-140 

o-Terphenyl 80 40-140 

2-Fluorobiphenyl 91 40-140 

2-Bromonaphthalene 94 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID: L1111327-16 D 
Client ID: 21206-126 
Sample Location: Not Specified 
Matrix: Soil 
Analytical Method: 98,EPH-04-1.1 
Analytical Date: 08/03/11 15:34 
Analyst: NH 
Percent Solids:  89% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/25/11 10:30 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 13:23 
EPH-04-1 
08/03/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics 472 

C11-C22 Aromatics 1690 

C11-C22 Aromatics, Adjusted 913 

Naphthalene 18.6 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene 20.1 

Fluorene 20.5 

Phenanthrene 153 

Anthracene 35.7 

Fluoranthene 151 

Pyrene 118 

Benzo(a)anthracene 51.1 

Chrysene 50.6 

Benzo(b)fluoranthene 37.8 

Benzo(k)fluoranthene 35.6 

Benzo(a)pyrene 41.0 

Indeno(1,2,3-cd)Pyrene 27.3 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 21.7 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

286 

286 

286 

286 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-16Lab ID: D Date Collected: 07/25/11 10:30 
21206-126Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 0 Q 40-140 

o-Terphenyl 0 Q 40-140 

2-Fluorobiphenyl 81 40-140 

2-Bromonaphthalene 88 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-17 
21206-127 
Not Specified 
Soil 
98,EPH-04-1.1 
08/04/11 07:42 
NH 
71% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/25/11 10:35 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 13:23 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 12.6 

C11-C22 Aromatics, Adjusted 9.34 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 0.475 

Anthracene ND 

Fluoranthene 0.869 

Pyrene 0.837 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene 0.469 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 0.635 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

8.86 

8.86 

8.86 

8.86 

0.443 

0.443 

0.443 

0.443 

0.443 

0.443 

0.443 

0.443 

0.443 

0.443 

0.443 

0.443 

0.443 

0.443 

0.443 

0.443 

0.443 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-17Lab ID: Date Collected: 07/25/11 10:35 
21206-127Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 61 40-140 

o-Terphenyl 73 40-140 

2-Fluorobiphenyl 83 40-140 

2-Bromonaphthalene 88 40-140 
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FF Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1111327-18 
21206-128 
Not Specified 
Soil 
98,EPH-04-1.1 
08/03/11 01:27 
NH 
83% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

07/25/11 10:40 
07/27/11 
Not Specified 
EPA 3546 
07/29/11 13:24 
EPH-04-1 
08/01/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 7.22 

C11-C22 Aromatics, Adjusted 7.22 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene ND 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.13 

7.13 

7.13 

7.13 

0.357 

0.357 

0.357 

0.357 

0.357 

0.357 

0.357 

0.357 

0.357 

0.357 

0.357 

0.357 

0.357 

0.357 

0.357 

0.357 

0.357 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

SAMPLE RESULTS
 

L1111327-18Lab ID: Date Collected: 07/25/11 10:40 
21206-128Client ID: Date Received: 07/27/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 73 40-140 

o-Terphenyl 84 40-140 

2-Fluorobiphenyl 96 40-140 

2-Bromonaphthalene 99 40-140 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 98,EPH-04-1.1 Extraction Method: EPA 3546 
Analytical Date: 08/02/11 22:50 Extraction Date: 07/29/11 11:54 
Analyst: NH Cleanup Method1: EPH-04-1 

Cleanup Date1: 08/01/11 

Parameter Result Qualifier Units RL MDL 

Extractable Petroleum Hydrocarbons - Westborough Lab for sample(s):   01-18  Batch: WG481807-1 

C9-C18 Aliphatics ND mg/kg 6.39 -

C19-C36 Aliphatics ND mg/kg 6.39 -

C11-C22 Aromatics ND mg/kg 6.39 -

C11-C22 Aromatics, Adjusted ND mg/kg 6.39 -

Naphthalene ND mg/kg 0.319 -

2-Methylnaphthalene ND mg/kg 0.319 --

Acenaphthylene ND mg/kg 0.319 --

Acenaphthene ND mg/kg 0.319 --

Fluorene ND mg/kg 0.319 --

Phenanthrene ND mg/kg 0.319 --

Anthracene ND mg/kg 0.319 --

Fluoranthene ND mg/kg 0.319 --

Pyrene ND mg/kg 0.319 -

Benzo(a)anthracene ND mg/kg 0.319 --

Chrysene ND mg/kg 0.319 -

Benzo(b)fluoranthene ND mg/kg 0.319 -

Benzo(k)fluoranthene ND mg/kg 0.319 -

Benzo(a)pyrene ND mg/kg 0.319 --

Indeno(1,2,3-cd)Pyrene ND mg/kg 0.319 -

Dibenzo(a,h)anthracene ND mg/kg 0.319 -

Benzo(ghi)perylene ND mg/kg 0.319 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 78 40-140 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

96 

104 

105 

40-140 

40-140 

40-140 
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Serial_No:08041114:40 

Lab Control Sample Analysis 

Project Name: 21206 
Batch Quality Control 

Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01-18  Batch: WG481807-2 WG481807-3 

C9-C18 Aliphatics 70 58 40-140 19 25 

C19-C36 Aliphatics 89 75 40-140 17 25 

C11-C22 Aromatics 97 80 40-140 19 25 

Naphthalene 83 67 40-140 21 25 

2-Methylnaphthalene 90 73 40-140 21 25 

Acenaphthylene 87 67 40-140 26 Q 25 

Acenaphthene 93 74 40-140 23 25 

Fluorene 95 77 40-140 21 25 

Phenanthrene 100 82 40-140 20 25 

Anthracene 99 81 40-140 20 25 

Fluoranthene 101 86 40-140 16 25 

Pyrene 104 87 40-140 18 25 

Benzo(a)anthracene 97 82 40-140 17 25 

Chrysene 99 84 40-140 16 25 

Benzo(b)fluoranthene 99 85 40-140 15 25 

Benzo(k)fluoranthene 100 84 40-140 17 25 

Benzo(a)pyrene 97 79 40-140 20 25 

Indeno(1,2,3-cd)Pyrene 99 84 40-140 16 25 

Dibenzo(a,h)anthracene 92 78 40-140 16 25 

Benzo(ghi)perylene 94 80 40-140 16 25 

Nonane (C9)  57 46 30-140 21 25 
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Serial_No:08041114:40 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01-18  Batch: WG481807-2 WG481807-3 

Decane (C10) 67 55 40-140 20 25 

Dodecane (C12) 73 61 40-140 18 25 

Tetradecane (C14) 79 64 40-140 21 25 

Hexadecane (C16) 86 69 40-140 22 25 

Octadecane (C18) 91 75 40-140 19 25 

Nonadecane (C19) 92 77 40-140 18 25 

Eicosane (C20) 91 77 40-140 17 25 

Docosane (C22) 90 76 40-140 17 25 

Tetracosane (C24) 90 77 40-140 16 25 

Hexacosane (C26) 91 77 40-140 17 25 

Octacosane (C28) 91 77 40-140 17 25 

Triacontane (C30) 95 80 40-140 17 25 

Hexatriacontane (C36)  97 82 40-140 17 25 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

Chloro-Octadecane 93 83 40-140 

o-Terphenyl 99 83 40-140 

2-Fluorobiphenyl 92 93 40-140 

2-Bromonaphthalene 96 97 40-140 

% Naphthalene Breakthrough 0 0 

% 2-Methylnaphthalene Breakthrough 0 0 
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Serial_No:08041114:40 

INORGANICS
 
&
 

MISCELLANEOUS
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-094Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-01Lab ID: 07/22/11 08:00Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 96 % 10.10 NA 07/28/11 08:10 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-096Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-02Lab ID: 07/22/11 08:10Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 83 % 10.10 NA 07/28/11 08:10 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-098Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-03Lab ID: 07/22/11 08:20Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 34 % 10.10 NA 07/28/11 08:10 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-100Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-04Lab ID: 07/22/11 09:00Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 90 % 10.10 NA 07/28/11 08:10 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-102Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-05Lab ID: 07/22/11 09:10Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 80 % 10.10 NA 07/28/11 08:10 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

SAMPLE RESULTS 

21206-104Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-06Lab ID: 07/22/11 09:20Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 82 % 0.10 NA 1 07/28/11 08:10 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-106Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-07Lab ID: 07/22/11 09:30Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 97 % 10.10 NA 07/28/11 08:10 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

SAMPLE RESULTS 

21206-108Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-08Lab ID: 07/22/11 09:35Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 79 % 0.10 NA 1 07/28/11 09:00 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-110Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-09Lab ID: 07/22/11 09:40Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 97 % 10.10 NA 07/28/11 09:00 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

SAMPLE RESULTS 

21206-112Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-10Lab ID: 07/22/11 11:00Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 98 % 0.10 NA 1 07/28/11 09:00 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-114Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-11Lab ID: 07/22/11 11:10Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 89 % 10.10 NA 07/28/11 09:00 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-116Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-12Lab ID: 07/22/11 11:20Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 90 % 10.10 NA 07/28/11 09:00 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-123Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-13Lab ID: 07/25/11 09:50Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 97 % 10.10 NA 07/28/11 09:00 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-124Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-14Lab ID: 07/25/11 09:55Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 85 % 10.10 NA 07/28/11 09:00 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-125Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-15Lab ID: 07/25/11 10:00Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 71 % 10.10 NA 07/28/11 09:00 30,2540G JC-
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Project Name: 

Project Number: 

21206 

Not Specified 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

SAMPLE RESULTS 

21206-126Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-16Lab ID: 07/25/11 10:30Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 89 % 0.10 NA 1 07/28/11 09:00 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-127Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-17Lab ID: 07/25/11 10:35Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 71 % 10.10 NA 07/28/11 09:00 30,2540G JC-
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FF Serial_No:08041114:40 

Project Name: 

Project Number: 

21206 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1111327 

08/04/11 

21206-128Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1111327-18Lab ID: 07/25/11 10:40Date Collected: 
07/27/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 83 % 10.10 NA 07/28/11 09:00 30,2540G JC-
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Serial_No:08041114:40 

Lab Duplicate Analysis 
Lab Number:Project Name: 21206 Batch Quality Control L1111327 

Project Number: Not Specified Report Date: 08/04/11 

Parameter Native Sample Duplicate Sample Units RPD Qual RPD Limits 

General Chemistry - Westborough Lab  Associated sample(s): 01-07  QC Batch ID: WG481532-1  QC Sample: L1111317-01  Client ID: DUP Sample 

Solids, Total 90 89 % 1 20 

General Chemistry - Westborough Lab  Associated sample(s): 08-18  QC Batch ID: WG481555-1  QC Sample: L1111327-08  Client ID: 21206-108 

Solids, Total 79 85 % 7 20 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

Sample Receipt and Container Information 

Were project specific reporting limits specified? YES 

Reagent H2O Preserved Vials Frozen on: NA 

Cooler Information Custody Seal 
Cooler 
A Absent 

Container Information Temp 
Container ID Container Type Cooler pH deg C Pres Seal Analysis(*) 

L1111327-01A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-02A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-03A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-04A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-05A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-06A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-07A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-08A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-09A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-10A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-11A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-12A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-13A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-14A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-15A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-16A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-17A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

L1111327-18A Amber 120ml unpreserved A N/A 10 Y Absent TS(7),EPH-DELUX-10(14) 

*Values in parentheses indicate holding time in days 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

GLOSSARY 
Acronyms 

EPA - Environmental Protection Agency. 

LCS - Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes. 

LCSD - Laboratory Control Sample Duplicate: Refer to LCS. 

LFB - Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes. 

MDL - Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated values, 
when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any adjustments from 
dilutions, concentrations or moisture content, where applicable. 

MS - Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for 
which an independent estimate of target analyte concentration is available. 

MSD - Matrix Spike Sample Duplicate: Refer to MS. 

NA - Not Applicable. 

NC - Not Calculated: Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit. 

NI - Not Ignitable. 

RL - Reporting Limit: The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

RPD - Relative Percent Difference: The results from matrix and/or matrix spike duplicates are primarily designed to assess the precision 
of analytical results in a given matrix and are expressed as relative percent difference (RPD). Values which are less than five 
times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the values; 
although the RPD value will be provided in the report. 

SRM - Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.

Footnotes 

1 - The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the original 
method.

Terms 

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum. 

Data Qualifiers 

A -Spectra identified as "Aldol Condensation Product". 

B -The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than five times (5x) the concentration found in the blank. For MCP-related 
projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. 

C -Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses. 

D -Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte. 

E -Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument. 

G -The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated. 

H -The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection. 

I -The RPD between the results for the two columns exceeds the method-specified criteria; however, the lower value has been reported 
due to obvious interference. 

M -Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte. 

P -The RPD between the results for the two columns exceeds the method-specified criteria. 

Q  -The quality control sample exceeds the associated acceptance criteria. Note: This flag is not applicable for matrix spike recoveries 
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less 

Report Format: Data Usability Report 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

Data Qualifiers 

than 5x the RL. (Metals only.)
 

R -Analytical results are from sample re-analysis.
 

RE  -Analytical results are from sample re-extraction.
 

J -Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).
 

ND  -Not detected at the reporting limit (RL) for the sample.
 

Report Format: Data Usability Report 
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Serial_No:08041114:40 

Project Name: 21206 Lab Number: L1111327 

Project Number: Not Specified Report Date: 08/04/11 

REFERENCES 

30 Standard Methods for the Examination of Water and Wastewater. APHA-AWWA
WPCF. 18th Edition. 1992. 

98 Method for the Determination of Extractable Petroleum Hydrocarbons (EPH), MassDEP, 
May 2004, Revision 1.1 with QC Requirements & Performance Standards for the 
Analysis of EPH under the Massachusetts Contingency Plan, WSC-CAM-IVB, July 
2010. 

LIMITATION OF LIABILITIES 

Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing 
laboratory industry. In the event of an error, the sole and exclusive responsibility of Alpha Analytical 
shall be to re-perform the work at it's own expense. In no event shall Alpha Analytical be held liable 
for any incidental, consequential or special damages, including but not limited to, damages in any way 
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical. 

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling, 
containers, sampling procedures, holding time and splitting of samples in the field. 
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Serial_No:08041114:40 

Certificate/Approval Program Summary
Last revised July 28, 2011  - Westboro Facility
 

The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 


Connecticut Department of Public Health Certificate/Lab ID: PH-0574. NELAP Accredited Solid Waste/Soil. 

Drinking Water (Inorganic Parameters: Color, pH, Turbidity, Conductivity, Alkalinity, Chloride, Free Residual Chlorine, 
Fluoride, Calcium Hardness, Sulfate, Nitrate, Nitrite, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, 
Silver, Sodium, Thallium, Vanadium, Zinc, Total Dissolved Solids, Total Organic Carbon, Total Cyanide, Perchlorate. 
Organic Parameters: Volatile Organics 524.2, Total Trihalomethanes 524.2, 1,2-Dibromo-3-chloropropane (DBCP), 
Ethylene Dibromide (EDB), 1,4-Dioxane (Mod 8270). Microbiology Parameters: Total Coliform-MF mEndo (SM9222B), 
Total Coliform – Colilert (SM9223 P/A), E. Coli. – Colilert (SM9223 P/A), HPC – Pour Plate (SM9215B), Fecal Coliform – 
MF m-FC (SM9222D))  

Wastewater/Non-Potable Water (Inorganic Parameters: Color, pH, Conductivity, Acidity, Alkalinity, Chloride, Total 
Residual Chlorine, Fluoride, Total Hardness, Silica, Sulfate, Sulfide, Ammonia, Kjeldahl Nitrogen, Nitrate, Nitrite, O-
Phosphate, Total Phosphorus, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, 
Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, 
Selenium, Silver, Sodium, Strontium, Thallium, Tin, Titanium, Vanadium, Zinc, Total Residue (Solids), Total Dissolved 
Solids, Total Suspended Solids (non-filterable), BOD, CBOD, COD, TOC, Total Cyanide, Phenolics, Foaming Agents 
(MBAS), Bromide, Oil and Grease. Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, 
Toxaphene, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Acid Extractables (Phenols), Benzidines, Phthalate Esters, Nitrosamines, 
Nitroaromatics & Isophorone, Polynuclear Aromatic Hydrocarbons, Haloethers, Chlorinated Hydrocarbons, Volatile 
Organics, TPH (HEM/SGT), Extractable Petroleum Hydrocarbons (ETPH), MA-EPH, MA-VPH. Microbiology Parameters: 
Total Coliform – MF mEndo (SM9222B), Total Coliform – MTF (SM9221B), HPC – Pour Plate (SM9215B), Fecal 
Coliform – MF m-FC (SM9222D), Fecal Coliform – A-1 Broth (SM9221E).)  

Solid Waste/Soil (Inorganic Parameters: pH, Sulfide, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Tin, Vanadium, Zinc, Total Cyanide, Ignitability, 
Phenolics, Corrosivity, TCLP Leach (1311), SPLP Leach (1312 metals only), Reactivity. Organic Parameters: PCBs, 
PCBs in Oil, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Extractable Petroleum Hydrocarbons 
(ETPH), MA-EPH, MA-VPH, Dicamba, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Volatile Organics, Acid Extractables (Phenols), 
3.3’-Dichlorobenzidine, Phthalates, Nitrosamines, Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated 
Hydrocarbons. ) 

Maine Department of Human Services Certificate/Lab ID: 2009024.  

Drinking Water (Inorganic Parameters: SM9215B, 9222D, 9223B, EPA 180.1, 353.2, SM2130B, 2320B, 2540C, 4500Cl
D, 4500CN-C, 4500CN-E, 4500F-C, 4500H+B, 4500NO3-F, EPA 200.7, EPA 200.8, 245.1, EPA 300.0. Organic 

Parameters: 504.1, 524.2.)  


Wastewater/Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664A, 350.1, 351.1, 353.2, 410.4, 420.1, 
SM2320B, 2510B, 2540C, 2540D, 426C, 4500Cl-D, 4500Cl-E, 4500CN-C, 4500CN-E, 4500F-B, 4500F-C, 4500H+B, 
4500Norg-B, 4500Norg-C, 4500NH3-B, 4500NH3-G, 4500NH3-H, 4500NO3-F, 4500P-B, 4500P-E, 5210B, 5220D, 
5310C, 9010B, 9040B, 9030B, 7470A, 7196A, 2340B, EPA 200.7, 6010, 200.8, 6020, 245.1, 1311, 1312, 3005A, 
Enterolert, 9223D, 9222D. Organic Parameters: 608, 8081, 8082, 8330, 8151A, 624, 8260, 3510C, 3630C, 5030B, ME
DRO, ME-GRO, MA-EPH, MA-VPH.) 

Solid Waste/Soil (Inorganic Parameters: 9010B, 9012A, 9014A, 9040B, 9045C, 6010B, 7471A, 7196A, 9050A, 1010, 
1030, 9065, 1311, 1312, 3005A, 3050B. Organic Parameters: ME-DRO, ME-GRO, MA-EPH, MA-VPH, 8260B, 8270C, 
8330, 8151A, 8081A, 8082, 3540C, 3546, 3580A, 3630C, 5030B, 5035.) 

Massachusetts Department of Environmental Protection Certificate/Lab ID: M-MA086. 

Drinking Water (Inorganic Parameters: (EPA 200.8 for: Sb,As,Ba,Be,Cd,Cr,Cu,Pb,Ni,Se,Tl) (EPA 200.7 for: 

Ba,Be,Ca,Cd,Cr,Cu,Na,Ni)  245.1, (300.0 for:  Nitrate-N, Fluoride, Sulfate); (EPA 353.2 for: Nitrate-N, Nitrite-N);
 
(SM4500NO3-F for: Nitrate-N and Nitrite-N); 4500F-C, 4500CN-CE, EPA 180.1, SM2130B, SM4500Cl-D, 2320B, 

SM2540C, SM4500H-B. Organic Parameters: (EPA 524.2 for: Trihalomethanes, Volatile Organics); (504.1 for:  1,2
Dibromoethane, 1,2-Dibromo-3-Chloropropane), EPA 332. Microbiology Parameters: SM9215B; ENZ. SUB. SM9223;
 
ColilertQT SM9223B; MF-SM9222D.) 


Non-Potable Water (Inorganic Parameters:, (EPA 200.8 for: Al,Sb,As,Be,Cd,Cr,Cu,Pb,Mn,Ni,Se,Ag,Tl,Zn); (EPA 200.7 
for: Al,Sb,As,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Mo,Ni,K,Se,Ag,Na,Sr,Ti,Tl, V,Zn); 245.1, SM4500H,B, EPA 120.1, 
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Serial_No:08041114:40 

SM2510B, 2540C, 2340B, 2320B, 4500CL-E, 4500F-BC, 426C, SM4500NH3-BH, (EPA 350.1 for:  Ammonia-N), 

LACHAT 10-107-06-1-B for Ammonia-N, SM4500NO3-F, 353.2 for Nitrate-N, SM4500NH3-BC-NES, EPA 351.1, 

SM4500P-E, 4500P-B,E, 5220D, EPA 410.4, SM 5210B, 5310C, 4500CL-D, EPA 1664, SM14 510AC, EPA 420.1, 

SM4500-CN-CE, SM2540D. 

Organic Parameters: (EPA 624 for Volatile Halocarbons, Volatile Aromatics),(608 for:  Chlordane, Aldrin, Dieldrin, DDD, 

DDE, DDT, Heptachlor, Heptachlor Epoxide, PCBs-Water), (EPA 625 for SVOC Acid Extractables and SVOC 

Base/Neutral Extractables), 600/4-81-045-PCB-Oil.  Microbiology Parameters: (ColilertQT SM9223B;Enterolert-QT: 

SM9222D-MF.)  


New Hampshire Department of Environmental Services Certificate/Lab ID: 200307. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM 9222B, 9223B, 9215B, EPA 200.7, 200.8, 245.2, 300.0, SM4500CN-E, 

4500H+B, 4500NO3-F, 2320B, 2510B, 2540C, 4500F-C, 5310C, 2120B, EPA 332.0. Organic Parameters: 504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM9222D, 9221B, 9222B, 9221E-EC, EPA 3005A, 200.7, 200.8, 245.1, 
245.2, SW-846 6010B, 6020, 7196A, 7470A, SM3500-CR-D, EPA 120.1, 300.0, 350.1, 351.1, 353.2, 410.4, 420.1, 
1664A, SW-846 9010, 9030, 9040B, 9050A, SM426C, SM2120B, 2310B, 2320B, 2540B, 2540D, 4500H+B, 4500CL-E, 
4500CN-E, 4500NH3-H, 4500NO3-F, 4500NO2-B, 4500P-E, 4500-S2-D, 5210B, 5220D, 2510B, 2540C, 4500F-C, 
5310C, 5540C, LACHAT 10-204-00-1-A, LACHAT 10-107-06-2-D. Organic Parameters: SW-846 3510C, 5030B, 8260B, 
8270C, 8330, EPA 624, 625, 608, SW-846 8082, 8081A, 8151A.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846 6010B, 7196A, 7471A, 1010, 1030, 9010, 9012A, 9014, 
9030B, 9040B, 9045C, 9050C, 9065,1311, 1312, 3005A, 3050B. Organic Parameters: SW-846 3540C,  3546, 3580A, 
5030B, 5035, 8260B, 8270C, 8330, 8151A, 8015B, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA935. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9222B, 9221E, 9223B, 9215B, 4500CN-CE, 4500NO3-F, 4500F-C, EPA
 
300.0, 200.7, 200.8, 245.2, 2540C, SM2120B, 2320B, 2510B, 5310C, SM4500H-B. Organic Parameters: EPA 332,
 
504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM5210B, EPA 410.4, SM5220D, 4500Cl-E, EPA 300.0, SM2120B, 
SM4500F-BC, EPA 200.7, 351.1, LACHAT 10-107-06-2-D, EPA 353.2, SM4500NO3-F, 4500NO2-B, EPA 1664A, 
SM5310B, C or D, 4500-PE, EPA 420.1, SM510ABC, SM4500P-B5+E, 2540B, 2540C, 2540D, EPA 120.1, SM2510B, 
SM15 426C, 9222D, 9221B, 9221C, 9221E, 9222B, 9215B, 2310B, 2320B, 4500NH3-H, 4500-S D, EPA 350.1, 350.2, 
SW-846 1312, 6020, 6020A, 7470A, 5540C, 4500H-B, EPA 200.8, SM3500Cr-D, 4500CN-CE, EPA 245.1, 245.2, SW
846 9040B, 3005A, 3015, EPA 6010B, 6010C, 7196A, 3060A, SW-846 9010B, 9030B. Organic Parameters: SW-846 
8260B, 8270C, 8270D, 8270C-SIM, 8270D-SIM, 3510C, EPA 608, 624, 625, SW-846 3630C, 5030B, 8081A, 8081B, 
8082, 8082A, 8151A, 8330, NJ OQA-QAM-025 Rev.7, NJ EPH.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846, 6010B, 6010C, 7196A, 3060A, 9010B, 9030B, 1010, 1030, 
1311, 1312, 3005A, 3050B, 7471A, 7471B, 9014, 9012A, 9040B, 9045C, 9050A, 9065. Organic Parameters: SW-846 
8015B, 8015C, 8081A, 8081B, 8082, 8082A, 8151A, 8330, 8260B, 8270C, 8270D, 8270C-SIM, 8270D-SIM, 3540C, 
3545, 3546, 3550B, 3580A, 3630C, 5030B, 5035L, 5035H, NJ OQA-QAM-025 Rev.7, NJ EPH.) 

New York Department of Health Certificate/Lab ID: 11148. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9223B, 9222B, 9215B, EPA 200.8, 200.7, 245.2, SM5310C, EPA 332.0, 

SM2320B, EPA 300.0, SM2120B, 4500CN-E, 4500F-C, 4500H-B, 4500NO3-F, 2540C, SM 2510B. Organic Parameters: 

EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: SM9221E, 9222D, 9221B, 9222B, 9215B, 5210B, 5310C, EPA 410.4, 
SM5220D, 2310B-4a, 2320B, EPA 200.7, 300.0, SM4500CL-E, 4500F-C, SM15 426C, EPA 350.1, SM4500NH3-BH, 
EPA 351.1, LACHAT 10-107-06-2, EPA 353.2, LACHAT 10-107-04-1-C, SM4500-NO3-F, 4500-NO2-B, 4500P-E, 
2540C, 2540B, 2540D, EPA 200.8, EPA 6010B, 6020, EPA 7196A, SM3500Cr-D, EPA 245.1, 245.2, 7470A, SM2120B, 
LACHAT 10-204-00-1-A, EPA 9040B, SM4500-HB, EPA 1664A, EPA 420.1, SM14 510C, EPA 120.1, SM2510B, 
SM4500S-D, SM5540C, EPA 3005A, 9010B, 9030B.. Organic Parameters: EPA 624, 8260B, 8270C, 625, 608, 8081A, 
8151A, 8330, 8082, EPA 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: 1010, 1030, EPA 6010B, 7196A, 7471A, 9012A, 9014, 9040B, 9045C, 
9065, 9050, EPA 1311, 1312, 3005A, 3050B, 9010B, 9030B. Organic Parameters: EPA 8260B, 8270C, 8015B, 8081A, 
8151A, 8330, 8082, 3540C, 3545, 3546, 3580, 5030B, 5035.)  

North Carolina Department of the Environment and Natural Resources Certificate/Lab ID : 666. Organic 
Parameters: MA-EPH, MA-VPH. 

Drinking Water Program Certificate/Lab ID: 25700. (Inorganic Parameters: Chloride EPA 300.0. Organic Parameters: 
524.2) 
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Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-03671. NELAP Accredited. 
Drinking Water (Organic Parameters: EPA 524.2, 504.1) 

Non-Potable Water (Inorganic Parameters: EPA 1312, 200.7, 410.4, 1664A, SM2540D, 5210B, 5220D, 4500-P,BE.  
Organic Parameters: EPA 3510C, 5030B, 625, 624, 608, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 350.1, 1010, 1030, 1311, 1312, 3050B, 6010B, 7196A, 7471A, 
9010B, 9012A, 9014, 9040B, 9045C, 9050, 9065, SM 4500NH3-H.  Organic Parameters: 3540C, 3545, 3546, 3550B, 
3580A, 3630C, 5035, 8015B, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 

Rhode Island Department of Health Certificate/Lab ID: LAO00065. NELAP Accredited via NY-DOH.
 
Refer to MA-DEP Certificate for Potable and Non-Potable Water.  

Refer to NJ-DEP Certificate for Potable and Non-Potable Water.  


Texas Commisson on Environmental Quality Certificate/Lab ID: T104704476-09-1. NELAP Accredited. 
Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664, 200.7, 200.8, 245.1, 245.2, 300.0, 350.1, 351.1, 353.2, 
376.2, 410.4, 420.1, 6010, 6020, 7196, 7470, 9040, SM 2120B, 2310B, 2320B, 2510B, 2540B, 2540C, 2540D, 426C, 
4500CL-E, 4500CN-E, 4500F-C, 4500H+B, 4500NH3-H, 4500NO2B, 4500P-E, 4500 S2¯D, 510C, 5210B, 5220D, 
5310C, 5540C. Organic Parameters: EPA 608, 624, 625, 8081, 8082, 8151, 8260, 8270, 8330.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 9012, 9014, 9040, 9045, 9050, 9065.) 

Department of Defense Certificate/Lab ID: L2217. 

Drinking Water (Inorganic Parameters: SM 4500H-B. Organic Parameters: EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: EPA 200.7, 200.8, 6010B, 6020, 245.1, 245.2, 7470A, 9040B, 300.0, 332.0, 
6860, 353.2, 410.4, 9060, 1664A, SM 4500CN-E, 4500H-B, 4500NO3-F, 5220D, 5310C, 2320B, 2540C, 3005A, 3015, 
9010B, 9056. Organic Parameters: EPA 8260B, 8270C, 8330A, 625, 8082, 8081A, 3510C, 5030B, MassDEP EPH, 
MassDEP VPH.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 200.7, 6010B, 7471A, 9010, 9012A, 6860, 1311, 1312, 3050B, 
7196A, 9010B, 3500-CR-D, 4500CN-CE, 2540G, Organic Parameters: EPA 8260B, 8270C, 8330A/B-prep, 8082, 
8081A, 3540C, 3546, 3580A, 5035A, MassDEP EPH, MassDEP VPH.) 

The following analytes are not included in our current NELAP/TNI Scope of Accreditation: 

EPA 8260B:  Freon-113, 1,2,4,5-Tetramethylbenzene, 4-Ethyltoluene.  EPA 8330A:  PETN, Picric Acid, Nitroglycerine, 

2,6-DANT,  2,4-DANT.  EPA 8270C:  Methyl naphthalene, Dimethyl naphthalene, Total Methylnapthalenes, Total 

Dimethylnaphthalenes, 1,4-Diphenylhydrazine (Azobenzene). EPA 625:  4-Chloroaniline, 4-Methylphenol.  Total 

Phosphorus in a soil matrix, Chloride in a soil matrix, TKN in a soil matrix, NO2 in a soil matrix, NO3 in a soil matrix, SO4 

in a soil matrix. 
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ESI EnviroSystems, Inc. 
I Lafayette Road 
Ro. Box 778 
Hampton, N.H. 03843 

Client: EST. 
Report to: 

Invoice to: 

Voice: lJ 
Protocol: RCRA SDWA 
Lab Number Your Field 10: 
{assigned (must agree with 
by lab) container) 
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Chet Myers 
Apex Companies LLC 
184 High Street 
Suite 502 
Boston, MA 02110 

Project: South Terminal 

PO Number: 
Report Number: 
Date Received: 
Date Reported: 

None 
21306 
08/12/11 
08/19/11 

Attached please find results for analyses performed on samples received on 08/12/11 at 0800. 

Samples were received in acceptable condition and under chain of custody. 

Instruments used in analysis were calibrated with the appropriate frequency and to the 
specifications of the referenced methods. 

Analytes in blanks were below levels affecting sample results. 

Matrix effects as monitored by matrix spike recovery or unusual physical properties were not 
apparent. 

Accuracy and precision as monitored by laboratory control sample analyses were within 
acceptance limits. 

Please visit our website at www.envirosystems.com for a copy of our NH NELAP Accreditation 
and Massachusetts State Certification .. 

The results for MA EPH were provided by Alpha Analytical of Westborough, Massachusetts. 

EnviroSystems, Incorporated 

Authorized 
Signature 

Attachment 
Report 

Date-,-,-~_'+· -I-(L--,( 'H/~{+-(--
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(uglg) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 1.10 
Aroclor 1260 0.039 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 69 
decachlorobiphenyl 84 

U = Below quantitation limit 

21306-009 
TP4-2NW-A 
08/11/11 1400 
08/12/11 
08/16/11 
Solid 
10 
92 

Reporting 
Limit 
(ug/g) 

0.0054 
0.0054 
0.0054 
0.0054 
0.0054 
0.0054 

Advisory Limits 
(%) 
30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used 

quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroc1or 1254 0.02 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 79 
decachlorobiphenyl 95 

U = Below quantitation limit 

21306-010 
TP4-2NW-M 
08/11/111410 
08/12/11 
08/16/11 
Solid 
10 
26 

Reporting 
Limit 

(ug/g) 

0.019 
0.019 
0.019 
0.019 
0.019 
0.019 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fc 
quantitation were present. Arocior identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 89 
decachlorobiphenyl 88 

U = Below quantitation limit 

Page of 

21306-011 
TP4-2NW-B 
08/11/11 1420 
08/12/11 
08/16/11 
Solid 
10 
84 
1 

Reporting 
Limit 
(ug/g) 

0.006 
0.006 
0.006 
0.006 
0.006 
0.006 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

4/34 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.93 
Aroclor 1260 0.041 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 82 
decachlorobiphenyl 93 

U = Below quantitation limit 

21306-012 
TP4-1 N-A 
08/11/11 1430 
08/12/11 
08/16/11 
Solid 
10 
91 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0055 
0.0055 
0.0055 
0.0055 
0.0055 
0.0055 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fo 
quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 85 
decachlorobiphenyl 87 

U = Below quantitation limit 

Page of 

21306-013 
TP4-1 N-M 
08/11/11 1440 
08/12/11 
08/15/11 
Solid 
10 
41 
10 

Reporting 
Limit 
(ug/g) 

0.12 
0.12 
0.12 
0.12 
0.12 
0.12 

Advisory Limits 
(%) 
30 - 150 
30 - 150 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 97 
decachlorobiphenyl 107 

U = Below quantitation limit 

Page of 

21306-014 
TP4-1 N-B 
08/11/11 1450 
08/12/11 
08/16/11 
Solid 
10 
79 

Reporting 
Limit 
(ug/g) 

0.0063 
0.0063 
0.0063 
0.0063 
0.0063 
0.0063 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

ESI 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.01 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 91 

decachlorobiphenyl 90 

U = Below quantitation limit 

21306-015 
TP4-2N-A 
08/11/11 1500 
08/12/11 
08/16/11 
Solid 
10 
94 

Reporting 
Limit 
(ug/g) 

0.0053 

0.0053 
0.0053 
0.0053 
0.0053 

0.0053 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fo 

quantitation were present. Aroclor identification is tentative. 

Page of ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

8/34 



Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.01 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 80 
decachlorobiphenyl 123 

U = Below quantitation limit 

21306-016 
TP4-2N-M 
08/11/111510 
08/12/11 
08/17/11 
Solid 
10 
89 

Reporting 
Limit 

(ug/g) 

0.0056 
0.0056 
0.0056 
0.0056 
0.0056 
0.0056 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fo 
quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arocior 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Arocior 1248 U 
Arocior 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 74 
decachlorobiphenyl 87 

U = Below quantitation limit 
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21306-017 
TP4-2N-B 
08/11/111515 
08/12/11 
08/17/11 
Solid 
10 
30 
1 
1 

Reporting 
Limit 
(ug/g) 

0.017 
0.017 
0.017 
0.017 
0.017 
0.017 

Advisory Limits 
( %) 

30 - 150 
30 - 150 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.09 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 52 
decachlorobiphenyl 63 

U = Below quantitation limit 

21306-018 
TP4-1NE-A 
08/11/111530 
08/12/11 
08/17/11 
Solid 
10 
90 

Reporting 
Limit 

(ug/g) 

0.0056 
0.0056 
0.0056 
0.0056 
0.0056 
0.0056 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 84 
decachlorobiphenyl 95 

U = Below quantitation limit 
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21306-019 
TP4-1 NE-M 
08/11/11 1535 
08/12/11 
08/15/11 
Solid 
10 
26 
10 

Reporting 
Limit 

(ug/g) 

0.19 
0.19 
0.19 
0.19 
0.19 
0.19 

Advisory Limits 
( %) 

30 - 150 

30 - 150 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW846 8082 

Concentration 
(ug/g) 

Aroclor 1016\1242 
Aroclor 1221 
Aroclor 1232 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

SURROGATE STANDARD 

tetrachloro-m-xylene 
decachlorobiphenyl 

U = Below quantitation limit 

U 
U 
U 
U 
U 
U 

Recovery 
(%) 
79 
98 
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21306-020 
TP4-1 NE-B 
08/11/11 1540 
08/12/11 
08/15/11 
Solid 
10 
75 
10 

Reporting 
Limit 

(ug/g) 

0.066 
0.066 
0.066 
0.066 
0.066 
0.066 

Advisory Limits 
(%) 

30 - 150 
30 - 150 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 4.10 
Aroclor 1260 0.16 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 96 
decachlorobiphenyl 98 

U = Below quantitation limit 

21306-021 
TP4-3W-A 
08/11/11 1000 
08/12/11 
08/15/11 
Solid 
10 
90 
10 

Reporting 
Limit 

(ug/g) 

0.055 
0.055 
0.055 
0.055 
0.055 
0.055 

Advisory Limits 
(%) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fc 
quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.47 
Aroclor 1260 0.024 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 57 
decachlorobiphenyl 64 

U = Below quantitation limit 

21306-022 
TP4-3W-M 
08/11/11 1010 
08/12/11 
08/17/11 
Solid 
10 
88 

Reporting 
Limit 
(ug/g) 

0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used for 
quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.01 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 83 
decachlorobiphenyl 95 

U = Below quantitation limit 

21306-023 
TP4-3W-B 
08/11/11 1020 
08/12/11 
08/17/11 
Solid 
10 
89 

Reporting 
Limit 

(ug/g) 

0.0056 
0.0056 
0.0056 
0.0056 
0.0056 
0.0056 

Advisory Limits 
( %) 
30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fo 
quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Arocior 1221 U 
Arocior 1232 U 
Arocior 1248 U 
Arocior 1254 0.03 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 87 
decachlorobiphenyl 96 

U = Below quantitation limit 

21306-024 
TP4-4W-A 
08/11/111030 
08/12/11 
08/16/11 
Solid 
10 
86 
1 
1 

Reporting 
Limit 
(ug/g) 

0.0058 
0.0058 
0.0058 
0.0058 
0.0058 
0.0058 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fc 
quantitation were present. Arocior identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Arocior 1221 U 
Arocior 1232 U 
Arocior 1248 U 
Arocior 1254 U 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 88 
decachlorobiphenyl 97 

U = Below quantitation limit 
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21306-025 
TP4-4W-M 
08/11/11 1040 
08/12/11 
08/15/11 
Solid 
10 
85 
10 

Reporting 
Limit 

(ug/g) 

0.059 
0.059 
0.059 
0.059 
0.059 
0.059 

Advisory Limits 
(%) 

30 - 150 

30 - 150 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 88 
decachlorobiphenyl 85 

U = Below quantitation limit 
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21306-026 
TP4-4W-B 
08/11/11 1050 
08/12/11 
08/17/11 
Solid 
10 
46 

Reporting 
Limit 
(ug/g) 

0.011 
0.011 
0.011 
0.011 
0.011 
0.011 

Advisory Limits 
(%) 
30 - 150 
30 - 150 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

ArocJor 1016\1242 U 
ArocJor 1221 U 
ArocJor 1232 U 
ArocJor 1248 U 
ArocJor 1254 0.33 
ArocJor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrach loro-m-xylene 83 
decachlorobiphenyl 102 

U = Below quantitation limit 

21306-027 
TP4-5W-A 
08/11 Iii 1115 
08/12/11 
08/17/11 
Solid 
10 
89 

Reporting 
Limit 

(ug/g) 

0.0056 
0.0056 
0.0056 
0.0056 
0.0056 
0.0056 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used f( 
quantitation were present. ArocJor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(uglg) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.38 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 97 
decachlorobiphenyl 108 

U = Below quantitation limit 

21306-028 
TP4-5W-M 
08/11/11 1125 
08/12/11 
08/16/11 
Solid 
10 
71 
10 
1 

Reporting 
Limit 

(uglg) 

0.07 
0.07 
0.07 
0.07 
0.07 
0.07 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fc 
quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 83 
decachlorobiphenyl 82 

U = Below quantitation limit 
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21306-029 
TP4-5W-B 
08/11/111130 
08/12/11 
08/17/11 
Solid 
10 
49 
1 
1 

Reporting 
Limit 

(ug/g) 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

Advisory Limits 
(%) 

30 - 150 
30 - 150 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 110.00 
Aroc/or 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 83 
decachlorobiphenyl 186 

U = Below quantitation limit 

21306-030 
TP4-1NW-A 
08/11/11 1330 
08/12/11 
08/17/11 
Solid 
10 
86 

Reporting 
Limit 
(ug/g) 

0.0058 
0.0058 
0.0058 
0.0058 

37 
0.0058 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fc 

quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Arocior 1016\1242 U 
Aroclor 1221 U 
Arocior 1232 U 
Arocior 1248 U 
Arocior 1254 0.15 
Arocior 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 77 
decachlorobiphenyl 99 

U = Below quantitation limit 

21306-031 
TP4-1NW-M 
08/11/11 1340 
08/12/11 
08/16/11 
Solid 
10 
53 
10 

Reporting 
Limit 
(ug/g) 

0.095 
0.095 
0.095 
0.095 
0.095 
0.095 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Arocior and used fo 
quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 1.30 
Aroclor 1260 0.067 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 82 
decachlorobiphenyl 131 

U = Below quantitation limit 

21306-032 
TP4-1NW-B 
08/11/11 1350 
08/12/11 
08/17/11 
Solid 
10 
91 

Reporting 
Limit 
(ug/g) 

0.0055 
0.0055 
0.0055 
0.0055 
0.0055 
0.0055 

Advisory Limits 
(%) 
30 -150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fo 
quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.01 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 84 
decachlorobiphenyl 87 

U = Below quantitation limit 

21306-033 
TP2-1E-A 
08/11/11 1740 
08/12/11 
08/17/11 
Solid 
10 
97 

Reporting 
Limit 
(ug/g) 

0.0052 
0.0052 
0.0052 
0.0052 
0.0052 
0.0052 

Advisory Limits 
(%) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fc 
quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.01 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 89 
decachlorobiphenyl 132 

U = Below quantitation limit 

21306-034 
TP2-1 E-M 
08/111111745 
08/12/11 
08/17/11 
Solid 
10 
93 

Reporting 
Limit 
(ug/g) 

0.0054 

0.0054 
0.0054 
0.0054 
0.0054 

0.0054 

Advisory Limits 
( %) 

30 - 150 

30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fo 
quantitation were present. Aroclor identification is tentative. 
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Lab Number: 
Sample Designation: 
Date Sampled: 
Date Extracted: 
Date Analyzed: 
Matrix: 
Sample Amount (g): 
Sample Dry Weight (%) 
Final Volume (mL) 
Dilution Factor: 

POLYCHLORINATED BIPHENYLS 
Method Reference: SW8468082 

Concentration 
(ug/g) 

Aroclor 1016\1242 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1248 U 
Aroclor 1254 0.01 
Aroclor 1260 U 

SURROGATE STANDARD Recovery 
(%) 

tetrachloro-m-xylene 54 
decachlorobiphenyl 58 

U = Below quantitation limit 

21306-035 
TP2-1E-B 
08/11/111750 
08/12/11 
08/17/11 
Solid 
10 
90 

Reporting 
Limit 

(ug/g) 

0.0056 
0.0056 
0.0056 
0.0056 
0.0056 
0.0056 

Advisory Limits 
( %) 

30 - 150 
30 - 150 

This sample contained a complex mixture of PCB's. All five GC peaks characteristic of the reported Aroclor and used fo 

quantitation were present. Aroclor identification is tentative. 

Page of ESI 
EnviroSystems, Inc. One Lafayette Road P.O. Box 778 Hampton, NH 03842-0788 603-926-3345 fax 603-926-3521 www.envirosystems.com 

28/34 



ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION Page 1 of 2 

STUDY NO: 21306 
SDG No: 

Project: South Terminal 

Delivered via: ESI 
Date and Time Received: 08/12/11 0800 Date and Time Logged into Lab: 08/12/11 1321 

Recieved By: DW Logged into Lab by: EAL 

Air bill/Way bill: No Air bill included in folder if received? NA 
Cooler on ice/packs: Yes Custody Seals present? NA 
Cooler Blank Temp (C) at arrival: 2C Custody Seals intact? NA 
Number of COC Pages: 4 
COC Serial Number(s): NA 
COC Complete: Yes Does the info on the COC match the samples? Yes 

Sampled Date: Yes Were samples received within holding time? Yes 
Field ID complete: Yes Were all samples properly labeled? Yes 

Sampled Time: Yes Were proper sample containers used? Yes 
Analysis request: Yes Were samples received intact? (none broken or leaking) Yes 

COC Signed and dated: Yes Were sample volumes sufficient for requested analysis? Yes 
Were all samples received? Yes Were VOC vials free of headspace? NA 
Client notification/authorization: Not required 

Bottle Req'd Verified 

Field ID Lab ID Mx Analysis Requested Pres'n Pres'n 

TP6-1S 21306-001 S MAEPH 1x4oz G 4C Yes 
TP6-3W 21306-002 S MAEPH 1x4oz G 4C Yes 
TP6-8NW 21306-003 S MAEPH 1x4oz G 4C Yes 
TP6-4N 21306-004 S MAEPH 1x4oz G 4C Yes 
TP6-6NE 21306-005 S MAEPH 1x4oz G 4C Yes 
TP2-1E 21306-006 S MAEPH 1x4oz G 4C Yes 
TP2-2E 21306-007 S MAEPH 1x4oz G 4C Yes 
TP4-1NE 21306-008 S MAEPH 1x4oz G 4C Yes 
TP4-2NW-A 21306-009 S AR08082 1x90z G 4C Yes 
TP4-2NW-M 21306-010 S AR08082 1x90z G 4C Yes 
TP4-2NW-B 21306-011 S AR08082 1x90z G 4C Yes 
TP4-1N-A 21306-012 S AR08082 1x90z G 4C Yes 
TP4-1N-M 21306-013 S AR08082 1x90z G 4C Yes 
TP4-1N-B 21306-014 S AR08082 1x90z G 4C Yes 
TP4-2N-A 21306-015 S AR08082 1x90z G 4C Yes 
TP4-2N-M 21306-016 S AR08082 1x90z G 4C Yes 
TP4-2N-B 21306-017 S AR08082 1x90z G 4C Yes 
TP4-1NE-A 21306-018 S AR08082 1x90z G 4C Yes 
TP4-1NE-M 21306-019 S AR08082 1x90z G 4C Yes 
TP4-1NE-B 21306-020 S AR08082 1x90z G 4C Yes 
TP4-3W-A 21306-021 S AR08082 1x90z G 4C Yes 
TP4-3W-M 21306-022 S AR08082 1x90z G 4C Yes 
TP4-3W-B 21306-023 S AR08082 1x90z G 4C Yes 

Notes and qualifications: 
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ESI 
SAMPLE RECEIPT AND CONDITION DOCUMENTATION 

STUDY NO: 
SDG No: 

Project: 

Delivered via: 

21306 

South Terminal 

ESI 
Date and Time Received: 08/12/11 0800 

Recieved By: DW 

Air bill/Way bill: No 
Cooler on ice/packs: Yes 
Cooler Blank Temp (C) at arrival: 2C 
Number of COC Pages: 4 
COC Serial Number(s): NA 
COC Complete: Yes 

Sampled Date: Yes 
Field ID complete: Yes 

Sampled Time: Yes 
Analysis request: Yes 

COC Signed and dated: Yes 
Were all samples received? Yes 
Client notification/authorization: Not required 

Date and Time Logged into Lab: 

Logged into Lab by: 

Air bill included in folder if received? NA 
Custody Seals present? Yes 
Custody Seals intact? Yes 

Does the info on the COC match the samples? Yes 
Were samples received within holding time? Yes 
Were all samples properly labeled? Yes 
Were proper sample containers used? Yes 
Were samples received intact? (none broken or leaking) Yes 
Were sample volumes sufficient for requested analysis? Yes 
Were VOC vials free of headspace? NA 

Page 2 of 2 

Field ID Lab ID Mx Analysis Requested 

Bottle Req'd Verified 

Pres'n Pres'n 

TP4-4W-A 
TP4-4W-M 
TP4-4W-B 
TP4-5W-A 
TP4-5W-M 
TP4-5W-B 
TP4-1NW-A 
TP4-1NW-M 
TP4-1NW-B 
TP2-1E-A 
TP2-1E-M 
TP2-1 E-B 

Notes and qualifications: 

21306-024 S AR08082 
21306-025 S AR08082 
21306-026 S AR08082 
21306-027 S AR08082 
21306-028 S AR08082 
21306-029 S AR08082 
21306-030 S AR08082 
21306-031 S AR08082 
21306-032 S AR08082 
21306-033 S AR08082 
21306-034 S AR08082 
21306-035 S AR08082 

21306-024 S AR08082 

1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 
1x90z G 4C Yes 

------------------------------30/34---------------------------------- 
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Serial_No:08181111:44 

ANALYTICAL REPORT
 

Lab Number: L1112360 

Client: Envirosystems, Inc. 

1 Lafayette Road 

PO Box 778 

Hampton, NH 03843 

ATTN: Megan Scott 

Phone: (603) 926-3345 

Project Name: 21306 

Project Number: Not Specified 

Report Date: 08/18/11 

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its 
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original. 

Certifications & Approvals: MA (M-MA086), NY NELAC (11148), CT (PH-0574), NH (2003), NJ (MA935), RI (LAO00065), ME (MA0086), 
PA (Registration #68-03671), USDA (Permit #S-72578), US Army Corps of Engineers, Naval FESC. 

Eight Walkup Drive, Westborough, MA 01581-1019 
508-898-9220 (Fax) 508-898-9193 800-624-9220 - www.alphalab.com 
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Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360
 
Project Number: Not Specified Report Date: 08/18/11
 

Alpha 
Sample ID 

L1112360-01 

L1112360-02 

L1112360-03 

L1112360-04 

L1112360-05 

L1112360-06 

L1112360-07 

L1112360-08 

Client ID 

21306-001 

21306-002 

21306-003 

21306-004 

21306-005 

21306-006 

21306-007 

21306-008 

Sample 
Location 

Not Specified 

Not Specified 

Not Specified 

Not Specified 

Not Specified 

Not Specified 

Not Specified 

Not Specified 

Collection 
Date/Time 

08/11/11 16:00 

08/11/11 16:30 

08/11/11 16:50 

08/11/11 17:00 

08/11/11 17:30 

08/11/11 17:55 

08/11/11 18:10 

08/11/11 15:45 
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Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360
 
Project Number: Not Specified Report Date: 08/18/11
 

Case Narrative 

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report. 

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet all of the requirements of 

NELAC, for all NELAC accredited parameters. The data presented in this report is organized by parameter (i.e. VOC, SVOC, etc.). Sample 

specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list for each individual sample, 

followed by the Laboratory Batch Quality Control at the end of each parameter. If a sample was re-analyzed or re-extracted due to a 

required quality control corrective action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is 

designated with an "R" or "RE", respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the 

associated samples for each element are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % 

recovery or RPD value that is outside the listed Acceptance Criteria is bolded in the report. Definitions of all data qualifiers and acronyms 

used in this report are provided in the Glossary located at the back of the report. 

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody. 

For additional information, please contact Client Services at 800-624-9220. 

Sample Receipt 

The samples were received at the laboratory above the required temperature range. The samples were 

transported to the laboratory in a cooler with blue ice. Per prior client notification and authorization of the 

exceedance, all requested analyses were performed. 

EPH 

L1112360-01, -05, and -06 have elevated detection limits due to the dilutions required by the matrix 

interferences encountered during the concentration of the samples and the analytical dilutions required by the 

target compounds present in the samples. 

L1112360-02 and -07 have elevated detection limits due to the dilutions required by the elevated 

concentrations of target compounds in the samples. 

The surrogate recoveries for L1112360-01, -05, and -06 are below the acceptance criteria for Chloro-

Page 3 of 45 



                                                                        

    

    

Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360
 
Project Number: Not Specified Report Date: 08/18/11
 

Case Narrative (continued)

Octadecane and o-Terphenyl (all 0%) due to the dilutions required to quantitate the samples. Re-extraction 


was not required; therefore, the results of the original analyses are reported.
 

The surrogate recovery for the L1112360-02 and -07 is outside the acceptance criteria for o-Terphenyl (511%
 

and 199% respectively); however, the samples were not re-extracted due to coelution with obvious 


interferences. Copies of the chromatograms are included as attachments to this report. The results are not 


considered to be biased.
 

I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
belief and based upon my personal inquiry of those responsible for providing the information contained
 in this analytical report, such information is accurate and complete. This certificate of analysis is not
 complete unless this page accompanies any and all pages of this report.

 Authorized Signature: 

Title: Technical Director/Representative Date: 08/18/11 
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Serial_No:08181111:44 

ORGANICS
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Serial_No:08181111:44 

PETROLEUM 

HYDROCARBONS
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FF Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS 

Lab ID: L1112360-01 D 
Client ID: 21306-001 
Sample Location: Not Specified 
Matrix: Soil 
Analytical Method: 98,EPH-04-1.1 
Analytical Date: 08/18/11 02:49 
Analyst: NH 
Percent Solids:  92% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

08/11/11 16:00 
08/12/11 
Not Specified 
EPA 3546 
08/12/11 22:20 
EPH-04-1 
08/13/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 13300 

C11-C22 Aromatics, Adjusted 10800 

Naphthalene 555 

2-Methylnaphthalene 489 

Acenaphthylene 107 

Acenaphthene 230 

Fluorene 243 

Phenanthrene 504 

Anthracene 85.7 

Fluoranthene 62.9 

Pyrene 118 

Benzo(a)anthracene 36.8 

Chrysene 39.5 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene 26.7 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

283 

283 

283 

283 

14.2 

14.2 

14.2 

14.2 

14.2 

14.2 

14.2 

14.2 

14.2 

14.2 

14.2 

14.2 

14.2 

14.2 

14.2 

14.2 

14.2 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 
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Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS
 

L1112360-01Lab ID: D Date Collected: 08/11/11 16:00 
21306-001Client ID: Date Received: 08/12/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 0 Q 40-140 

o-Terphenyl 0 Q 40-140 

2-Fluorobiphenyl 85 40-140 

2-Bromonaphthalene 92 40-140 
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FF Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS 

Lab ID: L1112360-02 D 
Client ID: 21306-002 
Sample Location: Not Specified 
Matrix: Soil 
Analytical Method: 98,EPH-04-1.1 
Analytical Date: 08/18/11 03:21 
Analyst: NH 
Percent Solids:  50% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

08/11/11 16:30 
08/12/11 
Not Specified 
EPA 3546 
08/12/11 22:20 
EPH-04-1 
08/13/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 2930 

C11-C22 Aromatics, Adjusted 2240 

Naphthalene 212 

2-Methylnaphthalene 130 

Acenaphthylene 31.3 

Acenaphthene 58.4 

Fluorene 55.1 

Phenanthrene 127 

Anthracene 23.8 

Fluoranthene 13.7 

Pyrene 25.1 

Benzo(a)anthracene 7.96 

Chrysene 8.80 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

130 

130 

130 

130 

6.49 

6.49 

6.49 

6.49 

6.49 

6.49 

6.49 

6.49 

6.49 

6.49 

6.49 

6.49 

6.49 

6.49 

6.49 

6.49 

6.49 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 
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Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS
 

L1112360-02Lab ID: D Date Collected: 08/11/11 16:30 
21306-002Client ID: Date Received: 08/12/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 74 40-140 

o-Terphenyl 511 Q 40-140 

2-Fluorobiphenyl 87 40-140 

2-Bromonaphthalene 93 40-140 
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FF Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1112360-03 
21306-003 
Not Specified 
Soil 
98,EPH-04-1.1 
08/16/11 17:01 
NH 
82% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

08/11/11 16:50 
08/12/11 
Not Specified 
EPA 3546 
08/12/11 22:20 
EPH-04-1 
08/13/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics ND 

C11-C22 Aromatics, Adjusted ND 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene ND 

Anthracene ND 

Fluoranthene ND 

Pyrene ND 

Benzo(a)anthracene ND 

Chrysene ND 

Benzo(b)fluoranthene ND 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene ND 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

7.99 

7.99 

7.99 

7.99 

0.399 

0.399 

0.399 

0.399 

0.399 

0.399 

0.399 

0.399 

0.399 

0.399 

0.399 

0.399 

0.399 

0.399 

0.399 

0.399 

0.399 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS
 

L1112360-03Lab ID: Date Collected: 08/11/11 16:50 
21306-003Client ID: Date Received: 08/12/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 76 40-140 

o-Terphenyl 92 40-140 

2-Fluorobiphenyl 83 40-140 

2-Bromonaphthalene 81 40-140 
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FF Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1112360-04 
21306-004 
Not Specified 
Soil 
98,EPH-04-1.1 
08/16/11 18:35 
NH 
81% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

08/11/11 17:00 
08/12/11 
Not Specified 
EPA 3546 
08/12/11 22:20 
EPH-04-1 
08/13/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 152 

C11-C22 Aromatics, Adjusted 96.4 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene 0.799 

Fluorene 0.893 

Phenanthrene 7.25 

Anthracene 1.85 

Fluoranthene 11.6 

Pyrene 8.87 

Benzo(a)anthracene 4.70 

Chrysene 4.84 

Benzo(b)fluoranthene 3.38 

Benzo(k)fluoranthene 2.75 

Benzo(a)pyrene 3.99 

Indeno(1,2,3-cd)Pyrene 2.65 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 2.09 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

8.07 

8.07 

8.07 

8.07 

0.404 

0.404 

0.404 

0.404 

0.404 

0.404 

0.404 

0.404 

0.404 

0.404 

0.404 

0.404 

0.404 

0.404 

0.404 

0.404 

0.404 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS
 

L1112360-04Lab ID: Date Collected: 08/11/11 17:00 
21306-004Client ID: Date Received: 08/12/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 96 40-140 

o-Terphenyl 135 40-140 

2-Fluorobiphenyl 94 40-140 

2-Bromonaphthalene 91 40-140 
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FF Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS 

Lab ID: L1112360-05 D 
Client ID: 21306-005 
Sample Location: Not Specified 
Matrix: Soil 
Analytical Method: 98,EPH-04-1.1 
Analytical Date: 08/18/11 03:53 
Analyst: NH 
Percent Solids:  75% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

08/11/11 17:30 
08/12/11 
Not Specified 
EPA 3546 
08/12/11 22:20 
EPH-04-1 
08/13/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 5240 

C11-C22 Aromatics, Adjusted 2860 

Naphthalene 71.1 

2-Methylnaphthalene 19.8 

Acenaphthylene ND 

Acenaphthene 61.4 

Fluorene 78.8 

Phenanthrene 491 

Anthracene 126 

Fluoranthene 451 

Pyrene 333 

Benzo(a)anthracene 162 

Chrysene 159 

Benzo(b)fluoranthene 111 

Benzo(k)fluoranthene 94.0 

Benzo(a)pyrene 120 

Indeno(1,2,3-cd)Pyrene 62.2 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 48.9 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

347 

347 

347 

347 

17.3 

17.3 

17.3 

17.3 

17.3 

17.3 

17.3 

17.3 

17.3 

17.3 

17.3 

17.3 

17.3 

17.3 

17.3 

17.3 

17.3 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 
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Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS
 

L1112360-05Lab ID: D Date Collected: 08/11/11 17:30 
21306-005Client ID: Date Received: 08/12/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 0 Q 40-140 

o-Terphenyl 0 Q 40-140 

2-Fluorobiphenyl 83 40-140 

2-Bromonaphthalene 83 40-140 
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FF Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS 

Lab ID: L1112360-06 D 
Client ID: 21306-006 
Sample Location: Not Specified 
Matrix: Soil 
Analytical Method: 98,EPH-04-1.1 
Analytical Date: 08/18/11 04:25 
Analyst: NH 
Percent Solids:  91% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

08/11/11 17:55 
08/12/11 
Not Specified 
EPA 3546 
08/12/11 22:20 
EPH-04-1 
08/13/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics 153 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 3710 

C11-C22 Aromatics, Adjusted 2480 

Naphthalene 219 

2-Methylnaphthalene 61.6 

Acenaphthylene 8.15 

Acenaphthene 102 

Fluorene 64.8 

Phenanthrene 259 

Anthracene 56.4 

Fluoranthene 76.7 

Pyrene 149 

Benzo(a)anthracene 47.0 

Chrysene 45.4 

Benzo(b)fluoranthene 21.8 

Benzo(k)fluoranthene 24.6 

Benzo(a)pyrene 50.9 

Indeno(1,2,3-cd)Pyrene 18.6 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 24.4 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

142 

142 

142 

142 

7.10 

7.10 

7.10 

7.10 

7.10 

7.10 

7.10 

7.10 

7.10 

7.10 

7.10 

7.10 

7.10 

7.10 

7.10 

7.10 

7.10 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 
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Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS
 

L1112360-06Lab ID: D Date Collected: 08/11/11 17:55 
21306-006Client ID: Date Received: 08/12/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 0 Q 40-140 

o-Terphenyl 0 Q 40-140 

2-Fluorobiphenyl 83 40-140 

2-Bromonaphthalene 89 40-140 
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FF Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS 

Lab ID: L1112360-07 D 
Client ID: 21306-007 
Sample Location: Not Specified 
Matrix: Soil 
Analytical Method: 98,EPH-04-1.1 
Analytical Date: 08/18/11 04:58 
Analyst: NH 
Percent Solids:  76% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

08/11/11 18:10 
08/12/11 
Not Specified 
EPA 3546 
08/12/11 22:20 
EPH-04-1 
08/13/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics 26.1 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 252 

C11-C22 Aromatics, Adjusted 194 

Naphthalene ND 

2-Methylnaphthalene 2.43 

Acenaphthylene ND 

Acenaphthene 4.75 

Fluorene 4.52 

Phenanthrene 20.9 

Anthracene 4.60 

Fluoranthene 5.09 

Pyrene 8.72 

Benzo(a)anthracene 1.60 

Chrysene 1.78 

Benzo(b)fluoranthene 0.907 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene 1.51 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene 1.31 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

17.4 

17.4 

17.4 

17.4 

0.871 

0.871 

0.871 

0.871 

0.871 

0.871 

0.871 

0.871 

0.871 

0.871 

0.871 

0.871 

0.871 

0.871 

0.871 

0.871 

0.871 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS
 

L1112360-07Lab ID: D Date Collected: 08/11/11 18:10 
21306-007Client ID: Date Received: 08/12/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 73 40-140 

o-Terphenyl 199 Q 40-140 

2-Fluorobiphenyl 96 40-140 

2-Bromonaphthalene 94 40-140 

Page 20 of 45 



FF Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS 

Lab ID:
 
Client ID:
 
Sample Location:
 
Matrix:
 
Analytical Method:
 
Analytical Date:
 
Analyst:
 
Percent Solids:


L1112360-08 
21306-008 
Not Specified 
Soil 
98,EPH-04-1.1 
08/16/11 21:14 
NH 
81% 

Date Collected: 
Date Received: 
Field Prep: 
Extraction Method: 
Extraction Date: 
Cleanup Method1: 
Cleanup Date1: 

08/11/11 15:45 
08/12/11 
Not Specified 
EPA 3546 
08/12/11 22:20 
EPH-04-1 
08/13/11 

Quality Control Information 
Condition of sample received: Satisfactory 

Sample Temperature upon receipt: Received on Ice 

Sample Extraction method: Extracted Per the Method 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

C9-C18 Aliphatics ND 

C19-C36 Aliphatics ND 

C11-C22 Aromatics 32.4 

C11-C22 Aromatics, Adjusted 25.8 

Naphthalene ND 

2-Methylnaphthalene ND 

Acenaphthylene ND 

Acenaphthene ND 

Fluorene ND 

Phenanthrene 1.12 

Anthracene ND 

Fluoranthene 1.50 

Pyrene 1.57 

Benzo(a)anthracene 0.650 

Chrysene 0.709 

Benzo(b)fluoranthene 0.483 

Benzo(k)fluoranthene ND 

Benzo(a)pyrene 0.544 

Indeno(1,2,3-cd)Pyrene ND 

Dibenzo(a,h)anthracene ND 

Benzo(ghi)perylene ND 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

8.05 

8.05 

8.05 

8.05 

0.403 

0.403 

0.403 

0.403 

0.403 

0.403 

0.403 

0.403 

0.403 

0.403 

0.403 

0.403 

0.403 

0.403 

0.403 

0.403 

0.403 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

SAMPLE RESULTS
 

L1112360-08Lab ID: Date Collected: 08/11/11 15:45 
21306-008Client ID: Date Received: 08/12/11 
Not SpecifiedSample Location: Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL Dilution Factor 

Extractable Petroleum Hydrocarbons - Westborough Lab 

Surrogate % Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 81 40-140 

o-Terphenyl 118 40-140 

2-Fluorobiphenyl 89 40-140 

2-Bromonaphthalene 87 40-140 
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Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

Method Blank Analysis 
Batch Quality Control 

Analytical Method: 98,EPH-04-1.1 Extraction Method: EPA 3546 
Analytical Date: 08/17/11 01:26 Extraction Date: 08/12/11 22:20 
Analyst: NH Cleanup Method1: EPH-04-1 

Cleanup Date1: 08/13/11 

Parameter Result Qualifier Units RL MDL 

Extractable Petroleum Hydrocarbons - Westborough Lab for sample(s):   01-08  Batch: WG484407-1 

C9-C18 Aliphatics ND mg/kg 6.67 -

C19-C36 Aliphatics ND mg/kg 6.67 -

C11-C22 Aromatics ND mg/kg 6.67 -

C11-C22 Aromatics, Adjusted ND mg/kg 6.67 -

Naphthalene ND mg/kg 0.333 -

2-Methylnaphthalene ND mg/kg 0.333 --

Acenaphthylene ND mg/kg 0.333 --

Acenaphthene ND mg/kg 0.333 --

Fluorene ND mg/kg 0.333 --

Phenanthrene ND mg/kg 0.333 --

Anthracene ND mg/kg 0.333 --

Fluoranthene ND mg/kg 0.333 --

Pyrene ND mg/kg 0.333 -

Benzo(a)anthracene ND mg/kg 0.333 --

Chrysene ND mg/kg 0.333 -

Benzo(b)fluoranthene ND mg/kg 0.333 -

Benzo(k)fluoranthene ND mg/kg 0.333 -

Benzo(a)pyrene ND mg/kg 0.333 --

Indeno(1,2,3-cd)Pyrene ND mg/kg 0.333 -

Dibenzo(a,h)anthracene ND mg/kg 0.333 -

Benzo(ghi)perylene ND mg/kg 0.333 -

Surrogate %Recovery Qualifier 
Acceptance 

Criteria 

Chloro-Octadecane 76 40-140 

o-Terphenyl 

2-Fluorobiphenyl 

2-Bromonaphthalene 

94 

84 

80 

40-140 

40-140 

40-140 
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Serial_No:08181111:44 

Lab Control Sample Analysis 

Project Name: 21306 
Batch Quality Control 

Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01-08  Batch: WG484407-2 WG484407-3 

C9-C18 Aliphatics 71 77 40-140 8 25 

C19-C36 Aliphatics 89 95 40-140 7 25 

C11-C22 Aromatics 106 107 40-140 1 25 

Naphthalene 95 102 40-140 7 25 

2-Methylnaphthalene 101 108 40-140 7 25 

Acenaphthylene 98 105 40-140 7 25 

Acenaphthene 98 104 40-140 6 25 

Fluorene 99 104 40-140 5 25 

Phenanthrene 104 108 40-140 4 25 

Anthracene 104 109 40-140 5 25 

Fluoranthene 102 107 40-140 5 25 

Pyrene 104 109 40-140 5 25 

Benzo(a)anthracene 98 104 40-140 6 25 

Chrysene 100 105 40-140 5 25 

Benzo(b)fluoranthene 101 105 40-140 4 25 

Benzo(k)fluoranthene 100 106 40-140 6 25 

Benzo(a)pyrene 98 104 40-140 6 25 

Indeno(1,2,3-cd)Pyrene 102 107 40-140 5 25 

Dibenzo(a,h)anthracene 96 101 40-140 5 25 

Benzo(ghi)perylene 100 105 40-140 5 25 

Nonane (C9)  59 66 30-140 11 25 
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Serial_No:08181111:44 

Lab Control Sample Analysis 
Batch Quality Control

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

LCS LCSD %Recovery 
Parameter %Recovery Qual %Recovery Qual Limits RPD Qual RPD Limits 

Extractable Petroleum Hydrocarbons - Westborough Lab  Associated sample(s): 01-08  Batch: WG484407-2 WG484407-3 

Decane (C10) 68 75 40-140 10 25 

Dodecane (C12) 72 79 40-140 9 25 

Tetradecane (C14) 76 81 40-140 6 25 

Hexadecane (C16) 81 86 40-140 6 25 

Octadecane (C18) 86 92 40-140 7 25 

Nonadecane (C19) 86 93 40-140 8 25 

Eicosane (C20) 87 94 40-140 8 25 

Docosane (C22) 89 96 40-140 8 25 

Tetracosane (C24) 91 98 40-140 7 25 

Hexacosane (C26) 90 97 40-140 7 25 

Octacosane (C28) 89 96 40-140 8 25 

Triacontane (C30) 91 98 40-140 7 25 

Hexatriacontane (C36)  91 98 40-140 7 25 

LCS LCSD Acceptance 
Surrogate %Recovery Qual %Recovery Qual Criteria 

Chloro-Octadecane 74 90 40-140 

o-Terphenyl 103 100 40-140 

2-Fluorobiphenyl 91 91 40-140 

2-Bromonaphthalene 88 88 40-140 

% Naphthalene Breakthrough 0 0 

% 2-Methylnaphthalene Breakthrough 0 0 
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INORGANICS
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MISCELLANEOUS
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Project Name: 

Project Number: 

21306 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1112360 

08/18/11 

21306-001Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1112360-01Lab ID: 08/11/11 16:00Date Collected: 
08/12/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 92 % 10.10 NA 08/12/11 19:30 30,2540G RD-
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Project Name: 

Project Number: 

21306 

Not Specified 

Lab Number: 

Report Date: 
L1112360 

08/18/11 

SAMPLE RESULTS 

21306-002Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1112360-02Lab ID: 08/11/11 16:30Date Collected: 
08/12/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier Units RL MDL 
Dilution 
Factor 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 50 % 0.10 NA 1 08/12/11 19:30 30,2540G RD-
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Project Name: 

Project Number: 

21306 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1112360 

08/18/11 

21306-003Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1112360-03Lab ID: 08/11/11 16:50Date Collected: 
08/12/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 82 % 10.10 NA 08/12/11 19:30 30,2540G RD-
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Project Name: 

Project Number: 

21306 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1112360 

08/18/11 

21306-004Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1112360-04Lab ID: 08/11/11 17:00Date Collected: 
08/12/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 81 % 10.10 NA 08/12/11 19:30 30,2540G RD-

Page 30 of 45 



FF Serial_No:08181111:44 

Project Name: 

Project Number: 

21306 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1112360 

08/18/11 

21306-005Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1112360-05Lab ID: 08/11/11 17:30Date Collected: 
08/12/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 75 % 10.10 NA 08/12/11 19:30 30,2540G RD-
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Project Name: 

Project Number: 

21306 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1112360 

08/18/11 

21306-006Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1112360-06Lab ID: 08/11/11 17:55Date Collected: 
08/12/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 91 % 10.10 NA 08/15/11 11:46 30,2540G MD-
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Project Name: 

Project Number: 

21306 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1112360 

08/18/11 

21306-007Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1112360-07Lab ID: 08/11/11 18:10Date Collected: 
08/12/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 76 % 10.10 NA 08/12/11 19:30 30,2540G RD-
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Project Name: 

Project Number: 

21306 

Not Specified 

SAMPLE RESULTS 

Lab Number: 

Report Date: 
L1112360 

08/18/11 

21306-008Client ID: 

Matrix: Soil 

Not SpecifiedSample Location: 

L1112360-08Lab ID: 08/11/11 15:45Date Collected: 
08/12/11Date Received: 

Field Prep: Not Specified 

Parameter Result Qualifier 
Dilution 
FactorUnits RL MDL 

Date 
Analyzed 

Analytical 
Method Analyst 

Date 
Prepared 

General Chemistry - Westborough Lab 
Solids, Total 81 % 10.10 NA 08/15/11 11:46 30,2540G MD-
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Lab Duplicate Analysis 
Lab Number:Project Name: 21306 Batch Quality Control L1112360 

Project Number: Not Specified Report Date: 08/18/11 

Parameter Native Sample Duplicate Sample Units RPD Qual RPD Limits 

General Chemistry - Westborough Lab  Associated sample(s): 01-05,07  QC Batch ID: WG484389-1  QC Sample: L1112318-01  Client ID: DUP Sample 

Solids, Total 92 92 % 0 20 

General Chemistry - Westborough Lab  Associated sample(s): 06,08  QC Batch ID: WG484554-1  QC Sample: L1112374-01  Client ID: DUP Sample 

Solids, Total 91 91 % 0 20 
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Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

Sample Receipt and Container Information 

Were project specific reporting limits specified? YES 

Reagent H2O Preserved Vials Frozen on: NA 

A Absent 
Cooler 
Cooler Information Custody Seal 

Container ID Container Type 

Container Information 

Cooler pH 
Temp 
deg C Pres Seal Analysis(*) 

L1112360-01A 

L1112360-02A 

L1112360-03A 

L1112360-04A 

L1112360-05A 

L1112360-06A 

L1112360-07A 

L1112360-08A 

Amber 120ml unpreserved 

Amber 120ml unpreserved 

Amber 120ml unpreserved 

Amber 120ml unpreserved 

Amber 120ml unpreserved 

Amber 120ml unpreserved 

Amber 120ml unpreserved 

Amber 120ml unpreserved 

A 

A 

A 

A 

A 

A 

A 

A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

7 

7 

7 

7 

7 

7 

7 

7 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

Absent 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

TS(7),EPH-DELUX-10(14) 

L1112360-06A 

Container Comments 

L1112360-08A 

*Values in parentheses indicate holding time in days 
Page 36 of 45 



Serial_No:08181111:44 

Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

GLOSSARY 
Acronyms 

EPA - Environmental Protection Agency. 

LCS - Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes. 

LCSD - Laboratory Control Sample Duplicate: Refer to LCS. 

LFB - Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes. 

MDL - Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated values, 
when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any adjustments from 
dilutions, concentrations or moisture content, where applicable. 

MS - Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for 
which an independent estimate of target analyte concentration is available. 

MSD - Matrix Spike Sample Duplicate: Refer to MS. 

NA - Not Applicable. 

NC - Not Calculated: Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit. 

NI - Not Ignitable. 

RL - Reporting Limit: The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable. 

RPD - Relative Percent Difference: The results from matrix and/or matrix spike duplicates are primarily designed to assess the precision 
of analytical results in a given matrix and are expressed as relative percent difference (RPD). Values which are less than five 
times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the values; 
although the RPD value will be provided in the report. 

SRM - Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.

Footnotes 

1 - The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the original 
method.

Terms 

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum. 

Data Qualifiers 

A -Spectra identified as "Aldol Condensation Product". 

B -The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than five times (5x) the concentration found in the blank. For MCP-related 
projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. 

C -Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses. 

D -Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte. 

E -Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument. 

G -The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated. 

H -The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection. 

I -The RPD between the results for the two columns exceeds the method-specified criteria; however, the lower value has been reported 
due to obvious interference. 

M -Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte. 

P -The RPD between the results for the two columns exceeds the method-specified criteria. 

Q  -The quality control sample exceeds the associated acceptance criteria. Note: This flag is not applicable for matrix spike recoveries 
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less 

Report Format: Data Usability Report 
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Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

Data Qualifiers 

than 5x the RL. (Metals only.)
 

R -Analytical results are from sample re-analysis.
 

RE  -Analytical results are from sample re-extraction.
 

J -Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).
 

ND  -Not detected at the reporting limit (RL) for the sample.
 

Report Format: Data Usability Report 
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Project Name: 21306 Lab Number: L1112360 

Project Number: Not Specified Report Date: 08/18/11 

REFERENCES 

30 Standard Methods for the Examination of Water and Wastewater. APHA-AWWA
WPCF. 18th Edition. 1992. 

98 Method for the Determination of Extractable Petroleum Hydrocarbons (EPH), MassDEP, 
May 2004, Revision 1.1 with QC Requirements & Performance Standards for the 
Analysis of EPH under the Massachusetts Contingency Plan, WSC-CAM-IVB, July 
2010. 

LIMITATION OF LIABILITIES 

Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing 
laboratory industry. In the event of an error, the sole and exclusive responsibility of Alpha Analytical 
shall be to re-perform the work at it's own expense. In no event shall Alpha Analytical be held liable 
for any incidental, consequential or special damages, including but not limited to, damages in any way 
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical. 

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling, 
containers, sampling procedures, holding time and splitting of samples in the field. 
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Serial_No:08181111:44 

Certificate/Approval Program Summary
Last revised July 28, 2011  - Westboro Facility
 

The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 


Connecticut Department of Public Health Certificate/Lab ID: PH-0574. NELAP Accredited Solid Waste/Soil. 

Drinking Water (Inorganic Parameters: Color, pH, Turbidity, Conductivity, Alkalinity, Chloride, Free Residual Chlorine, 
Fluoride, Calcium Hardness, Sulfate, Nitrate, Nitrite, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, 
Silver, Sodium, Thallium, Vanadium, Zinc, Total Dissolved Solids, Total Organic Carbon, Total Cyanide, Perchlorate. 
Organic Parameters: Volatile Organics 524.2, Total Trihalomethanes 524.2, 1,2-Dibromo-3-chloropropane (DBCP), 
Ethylene Dibromide (EDB), 1,4-Dioxane (Mod 8270). Microbiology Parameters: Total Coliform-MF mEndo (SM9222B), 
Total Coliform – Colilert (SM9223 P/A), E. Coli. – Colilert (SM9223 P/A), HPC – Pour Plate (SM9215B), Fecal Coliform – 
MF m-FC (SM9222D))  

Wastewater/Non-Potable Water (Inorganic Parameters: Color, pH, Conductivity, Acidity, Alkalinity, Chloride, Total 
Residual Chlorine, Fluoride, Total Hardness, Silica, Sulfate, Sulfide, Ammonia, Kjeldahl Nitrogen, Nitrate, Nitrite, O-
Phosphate, Total Phosphorus, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, 
Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, 
Selenium, Silver, Sodium, Strontium, Thallium, Tin, Titanium, Vanadium, Zinc, Total Residue (Solids), Total Dissolved 
Solids, Total Suspended Solids (non-filterable), BOD, CBOD, COD, TOC, Total Cyanide, Phenolics, Foaming Agents 
(MBAS), Bromide, Oil and Grease. Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, 
Toxaphene, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Acid Extractables (Phenols), Benzidines, Phthalate Esters, Nitrosamines, 
Nitroaromatics & Isophorone, Polynuclear Aromatic Hydrocarbons, Haloethers, Chlorinated Hydrocarbons, Volatile 
Organics, TPH (HEM/SGT), Extractable Petroleum Hydrocarbons (ETPH), MA-EPH, MA-VPH. Microbiology Parameters: 
Total Coliform – MF mEndo (SM9222B), Total Coliform – MTF (SM9221B), HPC – Pour Plate (SM9215B), Fecal 
Coliform – MF m-FC (SM9222D), Fecal Coliform – A-1 Broth (SM9221E).)  

Solid Waste/Soil (Inorganic Parameters: pH, Sulfide, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Tin, Vanadium, Zinc, Total Cyanide, Ignitability, 
Phenolics, Corrosivity, TCLP Leach (1311), SPLP Leach (1312 metals only), Reactivity. Organic Parameters: PCBs, 
PCBs in Oil, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Extractable Petroleum Hydrocarbons 
(ETPH), MA-EPH, MA-VPH, Dicamba, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Volatile Organics, Acid Extractables (Phenols), 
3.3’-Dichlorobenzidine, Phthalates, Nitrosamines, Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated 
Hydrocarbons. ) 

Maine Department of Human Services Certificate/Lab ID: 2009024.  

Drinking Water (Inorganic Parameters: SM9215B, 9222D, 9223B, EPA 180.1, 353.2, SM2130B, 2320B, 2540C, 4500Cl
D, 4500CN-C, 4500CN-E, 4500F-C, 4500H+B, 4500NO3-F, EPA 200.7, EPA 200.8, 245.1, EPA 300.0. Organic 

Parameters: 504.1, 524.2.)  


Wastewater/Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664A, 350.1, 351.1, 353.2, 410.4, 420.1, 
SM2320B, 2510B, 2540C, 2540D, 426C, 4500Cl-D, 4500Cl-E, 4500CN-C, 4500CN-E, 4500F-B, 4500F-C, 4500H+B, 
4500Norg-B, 4500Norg-C, 4500NH3-B, 4500NH3-G, 4500NH3-H, 4500NO3-F, 4500P-B, 4500P-E, 5210B, 5220D, 
5310C, 9010B, 9040B, 9030B, 7470A, 7196A, 2340B, EPA 200.7, 6010, 200.8, 6020, 245.1, 1311, 1312, 3005A, 
Enterolert, 9223D, 9222D. Organic Parameters: 608, 8081, 8082, 8330, 8151A, 624, 8260, 3510C, 3630C, 5030B, ME
DRO, ME-GRO, MA-EPH, MA-VPH.) 

Solid Waste/Soil (Inorganic Parameters: 9010B, 9012A, 9014A, 9040B, 9045C, 6010B, 7471A, 7196A, 9050A, 1010, 
1030, 9065, 1311, 1312, 3005A, 3050B. Organic Parameters: ME-DRO, ME-GRO, MA-EPH, MA-VPH, 8260B, 8270C, 
8330, 8151A, 8081A, 8082, 3540C, 3546, 3580A, 3630C, 5030B, 5035.) 

Massachusetts Department of Environmental Protection Certificate/Lab ID: M-MA086. 

Drinking Water (Inorganic Parameters: (EPA 200.8 for: Sb,As,Ba,Be,Cd,Cr,Cu,Pb,Ni,Se,Tl) (EPA 200.7 for: 

Ba,Be,Ca,Cd,Cr,Cu,Na,Ni)  245.1, (300.0 for:  Nitrate-N, Fluoride, Sulfate); (EPA 353.2 for: Nitrate-N, Nitrite-N);
 
(SM4500NO3-F for: Nitrate-N and Nitrite-N); 4500F-C, 4500CN-CE, EPA 180.1, SM2130B, SM4500Cl-D, 2320B, 

SM2540C, SM4500H-B. Organic Parameters: (EPA 524.2 for: Trihalomethanes, Volatile Organics); (504.1 for:  1,2
Dibromoethane, 1,2-Dibromo-3-Chloropropane), EPA 332. Microbiology Parameters: SM9215B; ENZ. SUB. SM9223;
 
ColilertQT SM9223B; MF-SM9222D.) 


Non-Potable Water (Inorganic Parameters:, (EPA 200.8 for: Al,Sb,As,Be,Cd,Cr,Cu,Pb,Mn,Ni,Se,Ag,Tl,Zn); (EPA 200.7 
for: Al,Sb,As,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Mo,Ni,K,Se,Ag,Na,Sr,Ti,Tl, V,Zn); 245.1, SM4500H,B, EPA 120.1, 
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SM2510B, 2540C, 2340B, 2320B, 4500CL-E, 4500F-BC, 426C, SM4500NH3-BH, (EPA 350.1 for:  Ammonia-N), 

LACHAT 10-107-06-1-B for Ammonia-N, SM4500NO3-F, 353.2 for Nitrate-N, SM4500NH3-BC-NES, EPA 351.1, 

SM4500P-E, 4500P-B,E, 5220D, EPA 410.4, SM 5210B, 5310C, 4500CL-D, EPA 1664, SM14 510AC, EPA 420.1, 

SM4500-CN-CE, SM2540D. 

Organic Parameters: (EPA 624 for Volatile Halocarbons, Volatile Aromatics),(608 for:  Chlordane, Aldrin, Dieldrin, DDD, 

DDE, DDT, Heptachlor, Heptachlor Epoxide, PCBs-Water), (EPA 625 for SVOC Acid Extractables and SVOC 

Base/Neutral Extractables), 600/4-81-045-PCB-Oil.  Microbiology Parameters: (ColilertQT SM9223B;Enterolert-QT: 

SM9222D-MF.)  


New Hampshire Department of Environmental Services Certificate/Lab ID: 200307. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM 9222B, 9223B, 9215B, EPA 200.7, 200.8, 245.2, 300.0, SM4500CN-E, 

4500H+B, 4500NO3-F, 2320B, 2510B, 2540C, 4500F-C, 5310C, 2120B, EPA 332.0. Organic Parameters: 504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM9222D, 9221B, 9222B, 9221E-EC, EPA 3005A, 200.7, 200.8, 245.1, 
245.2, SW-846 6010B, 6020, 7196A, 7470A, SM3500-CR-D, EPA 120.1, 300.0, 350.1, 351.1, 353.2, 410.4, 420.1, 
1664A, SW-846 9010, 9030, 9040B, 9050A, SM426C, SM2120B, 2310B, 2320B, 2540B, 2540D, 4500H+B, 4500CL-E, 
4500CN-E, 4500NH3-H, 4500NO3-F, 4500NO2-B, 4500P-E, 4500-S2-D, 5210B, 5220D, 2510B, 2540C, 4500F-C, 
5310C, 5540C, LACHAT 10-204-00-1-A, LACHAT 10-107-06-2-D. Organic Parameters: SW-846 3510C, 5030B, 8260B, 
8270C, 8330, EPA 624, 625, 608, SW-846 8082, 8081A, 8151A.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846 6010B, 7196A, 7471A, 1010, 1030, 9010, 9012A, 9014, 
9030B, 9040B, 9045C, 9050C, 9065,1311, 1312, 3005A, 3050B. Organic Parameters: SW-846 3540C,  3546, 3580A, 
5030B, 5035, 8260B, 8270C, 8330, 8151A, 8015B, 8082, 8081A.) 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA935. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9222B, 9221E, 9223B, 9215B, 4500CN-CE, 4500NO3-F, 4500F-C, EPA
 
300.0, 200.7, 200.8, 245.2, 2540C, SM2120B, 2320B, 2510B, 5310C, SM4500H-B. Organic Parameters: EPA 332,
 
504.1, 524.2.)  


Non-Potable Water (Inorganic Parameters: SM5210B, EPA 410.4, SM5220D, 4500Cl-E, EPA 300.0, SM2120B, 
SM4500F-BC, EPA 200.7, 351.1, LACHAT 10-107-06-2-D, EPA 353.2, SM4500NO3-F, 4500NO2-B, EPA 1664A, 
SM5310B, C or D, 4500-PE, EPA 420.1, SM510ABC, SM4500P-B5+E, 2540B, 2540C, 2540D, EPA 120.1, SM2510B, 
SM15 426C, 9222D, 9221B, 9221C, 9221E, 9222B, 9215B, 2310B, 2320B, 4500NH3-H, 4500-S D, EPA 350.1, 350.2, 
SW-846 1312, 6020, 6020A, 7470A, 5540C, 4500H-B, EPA 200.8, SM3500Cr-D, 4500CN-CE, EPA 245.1, 245.2, SW
846 9040B, 3005A, 3015, EPA 6010B, 6010C, 7196A, 3060A, SW-846 9010B, 9030B. Organic Parameters: SW-846 
8260B, 8270C, 8270D, 8270C-SIM, 8270D-SIM, 3510C, EPA 608, 624, 625, SW-846 3630C, 5030B, 8081A, 8081B, 
8082, 8082A, 8151A, 8330, NJ OQA-QAM-025 Rev.7, NJ EPH.)  

Solid & Chemical Materials (Inorganic Parameters: SW-846, 6010B, 6010C, 7196A, 3060A, 9010B, 9030B, 1010, 1030, 
1311, 1312, 3005A, 3050B, 7471A, 7471B, 9014, 9012A, 9040B, 9045C, 9050A, 9065. Organic Parameters: SW-846 
8015B, 8015C, 8081A, 8081B, 8082, 8082A, 8151A, 8330, 8260B, 8270C, 8270D, 8270C-SIM, 8270D-SIM, 3540C, 
3545, 3546, 3550B, 3580A, 3630C, 5030B, 5035L, 5035H, NJ OQA-QAM-025 Rev.7, NJ EPH.) 

New York Department of Health Certificate/Lab ID: 11148. NELAP Accredited.
 
Drinking Water (Inorganic Parameters: SM9223B, 9222B, 9215B, EPA 200.8, 200.7, 245.2, SM5310C, EPA 332.0, 

SM2320B, EPA 300.0, SM2120B, 4500CN-E, 4500F-C, 4500H-B, 4500NO3-F, 2540C, SM 2510B. Organic Parameters: 

EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: SM9221E, 9222D, 9221B, 9222B, 9215B, 5210B, 5310C, EPA 410.4, 
SM5220D, 2310B-4a, 2320B, EPA 200.7, 300.0, SM4500CL-E, 4500F-C, SM15 426C, EPA 350.1, SM4500NH3-BH, 
EPA 351.1, LACHAT 10-107-06-2, EPA 353.2, LACHAT 10-107-04-1-C, SM4500-NO3-F, 4500-NO2-B, 4500P-E, 
2540C, 2540B, 2540D, EPA 200.8, EPA 6010B, 6020, EPA 7196A, SM3500Cr-D, EPA 245.1, 245.2, 7470A, SM2120B, 
LACHAT 10-204-00-1-A, EPA 9040B, SM4500-HB, EPA 1664A, EPA 420.1, SM14 510C, EPA 120.1, SM2510B, 
SM4500S-D, SM5540C, EPA 3005A, 9010B, 9030B.. Organic Parameters: EPA 624, 8260B, 8270C, 625, 608, 8081A, 
8151A, 8330, 8082, EPA 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: 1010, 1030, EPA 6010B, 7196A, 7471A, 9012A, 9014, 9040B, 9045C, 
9065, 9050, EPA 1311, 1312, 3005A, 3050B, 9010B, 9030B. Organic Parameters: EPA 8260B, 8270C, 8015B, 8081A, 
8151A, 8330, 8082, 3540C, 3545, 3546, 3580, 5030B, 5035.)  

North Carolina Department of the Environment and Natural Resources Certificate/Lab ID : 666. Organic 
Parameters: MA-EPH, MA-VPH. 

Drinking Water Program Certificate/Lab ID: 25700. (Inorganic Parameters: Chloride EPA 300.0. Organic Parameters: 
524.2) 
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Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-03671. NELAP Accredited. 
Drinking Water (Organic Parameters: EPA 524.2, 504.1) 

Non-Potable Water (Inorganic Parameters: EPA 1312, 200.7, 410.4, 1664A, SM2540D, 5210B, 5220D, 4500-P,BE.  
Organic Parameters: EPA 3510C, 5030B, 625, 624, 608, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 350.1, 1010, 1030, 1311, 1312, 3050B, 6010B, 7196A, 7471A, 
9010B, 9012A, 9014, 9040B, 9045C, 9050, 9065, SM 4500NH3-H.  Organic Parameters: 3540C, 3545, 3546, 3550B, 
3580A, 3630C, 5035, 8015B, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 

Rhode Island Department of Health Certificate/Lab ID: LAO00065. NELAP Accredited via NY-DOH.
 
Refer to MA-DEP Certificate for Potable and Non-Potable Water.  

Refer to NJ-DEP Certificate for Potable and Non-Potable Water.  


Texas Commisson on Environmental Quality Certificate/Lab ID: T104704476-09-1. NELAP Accredited. 
Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664, 200.7, 200.8, 245.1, 245.2, 300.0, 350.1, 351.1, 353.2, 
376.2, 410.4, 420.1, 6010, 6020, 7196, 7470, 9040, SM 2120B, 2310B, 2320B, 2510B, 2540B, 2540C, 2540D, 426C, 
4500CL-E, 4500CN-E, 4500F-C, 4500H+B, 4500NH3-H, 4500NO2B, 4500P-E, 4500 S2¯D, 510C, 5210B, 5220D, 
5310C, 5540C. Organic Parameters: EPA 608, 624, 625, 8081, 8082, 8151, 8260, 8270, 8330.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 9012, 9014, 9040, 9045, 9050, 9065.) 

Department of Defense Certificate/Lab ID: L2217. 

Drinking Water (Inorganic Parameters: SM 4500H-B. Organic Parameters: EPA 524.2, 504.1.) 


Non-Potable Water (Inorganic Parameters: EPA 200.7, 200.8, 6010B, 6020, 245.1, 245.2, 7470A, 9040B, 300.0, 332.0, 
6860, 353.2, 410.4, 9060, 1664A, SM 4500CN-E, 4500H-B, 4500NO3-F, 5220D, 5310C, 2320B, 2540C, 3005A, 3015, 
9010B, 9056. Organic Parameters: EPA 8260B, 8270C, 8330A, 625, 8082, 8081A, 3510C, 5030B, MassDEP EPH, 
MassDEP VPH.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 200.7, 6010B, 7471A, 9010, 9012A, 6860, 1311, 1312, 3050B, 
7196A, 9010B, 3500-CR-D, 4500CN-CE, 2540G, Organic Parameters: EPA 8260B, 8270C, 8330A/B-prep, 8082, 
8081A, 3540C, 3546, 3580A, 5035A, MassDEP EPH, MassDEP VPH.) 

The following analytes are not included in our current NELAP/TNI Scope of Accreditation: 

EPA 8260B:  Freon-113, 1,2,4,5-Tetramethylbenzene, 4-Ethyltoluene.  EPA 8330A:  PETN, Picric Acid, Nitroglycerine, 

2,6-DANT,  2,4-DANT.  EPA 8270C:  Methyl naphthalene, Dimethyl naphthalene, Total Methylnapthalenes, Total 

Dimethylnaphthalenes, 1,4-Diphenylhydrazine (Azobenzene). EPA 625:  4-Chloroaniline, 4-Methylphenol.  Total 

Phosphorus in a soil matrix, Chloride in a soil matrix, TKN in a soil matrix, NO2 in a soil matrix, NO3 in a soil matrix, SO4 

in a soil matrix. 
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ESI EnviroSystems, Inc. 
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March 31, 2011 

Chet Myers, PE, LSP 
Apex Companies, LLC 
184 High Street, Suite 502 
Boston, MA 02110 

CASHINS& 
Associates, Inc. 

.......... Industrial Hygiene &- Em'ironmental Testing 

Subject: PCB Background Air Monitoring 

DearChe!: 

Cashins & Associates, Inc. was retained to collect background air samples for PCB analysis at 
the Cape Winds, New Bedford, MA South Terminal Marine Infrastructure Park Support Area. 
Samples were collected once per week for three weeks. The survey dates were February 23, 
2011, March 1,2011, and March 8, 2011. Each sample was collected over a 24-hour time period 
at a flow rate of five liters per minute (11m). The air now through the sampling train was 
calibrated prior to the survey using a BGI, Inc. TriCal Primary Flow Calibrator. The sample 
media was an ORB01500 with PUFIXAD-2/PUF layers and a 32-mm quartz microfiber filter. 
The sampling pump was battery powered with a mass flow controller. 

The samples were sent to TestAmerica Laboratories, Inc. in Knoxville, TN under standard chain 
of custody and security seals. The samples were analyzed using EPA Method I 668A, PCB's 
Homologues totals. 

The test results are summarized below. The laboratory data is attaehed. 

Sample Date (Results Re orted in nglm') ........ -
Homologues 2/23/11 2/23/11 (duplicate) 3/1/11 3/8/11 

Monochlorobiphenyl (total) 0.0080 0.U045 0.0015 0.021 
Dichlorobiphenyl (total) 

,._ .. -
"'0.036 0.13 0.071 0.51 ._._---- ---::-

Trichlorobiphenyl (total) 0.23 0.11 0.047 0.95 -- -
TetrachlorobiEhen:y! (total) 0.13 0.057 0.041 0.45 
Pentachlorobiphenyl (total) 0.030 0.014 0.024 0.060 
Hexachlorobiphenyl (total) 0.0063 0.0036 0.0064 0.0087 

NOTE: Hepta, Octa, Nona and Decachlorobiphenyl were analyzed for but not detected . 

• Wake/jeld, MA 01880 • Phone; 781-245-1400 • Fax: 781-245-3100 



The air samples were collected at the northeast portion of the properties that are enclosed by a 
fence, encompassing Map Number 25A - Lot Number 49, and Map Number 25A - Lot Number 
53. The property is referred to as the DMF Property. A site map with the sample location 
marked is attached. 

This report concludes our work associated with background PCB air monitoring. If you have 
any questions, please call. 

Sincerely, 

Ca7.2L 
Robert F. Cashins, elH 
Vice President 

tmA 
AlIIIiJIer.ft;T ry CASHINS & ASSOCIATES, Inc. 

599 North A>wnI.leOs'IJ.i.tP 8 • Wakefield, MA 01880 • Pholle: 781-245 ·1400 • 
APElm$BACKCllOlIND' Pl."'B~ ;:';1 OL}r..~ 

Fax: 781-245-3100 
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Original Chain of Custody 

Documentation 




KIIoxviUe 
5&15 Middlebrook Pike tfR ;-;(~-I! 

if ea d&'r\JJ?,.. HlfJ£5D'I33 Chain of Custody Record 
TestAmerica 

-1710,(1/ 0 11)'0 niE LEADER l/ll fN'I!R:ONM€NfAt IT.$T1NG 

Kn(!xville.1N 37921 

phone 865.291.3000 fax &65.584.43 IS TestAmerica Laboratori -.", ~ .. -. 
Client Contact Project Managt-r: &b C:asbills ISit.Con .. ", D_L .<It. .I. D •• ., ;l./~4 /11 coe No: 

Cashins & Associates, Inc Tel!Fa~781-24> 1406 Lab Contact:Joh.o R~y.olds Camer: I I j cf~COC, 

599 North Avenue Analysis Turnaround Time 

~ ~ 
Job No. 

Wakefield. MA 01880 Calendar ( C ) or Work Days (W) , 
~335 ';;: ~ (781 )245-1400 Phone TATifdiffi:ren! from,Belcw ~j£.s 

% (781 )245-3100 FAA D 2 weeks SDG No, 

Project Name: Cape Winds D I week ~ 

Site: New Bedford. MA D 2 days ~ 
PO# D I day ~ 

::'l 
Sample S:llmple Sample • of '0 

I V 
Sample Identification Date Time Type Matrix Coat, "- Sample Specific Notes: 

0l1~ 11- 'H15- 0 I ml,,.lj 13:Sa', i1IJ1.. i X l~'fll "'; .QS',Olf,.t1 /1.2. 11 

1111.~ 11·- '1335 - 0 I J),JP};t:..JI..f_ 
I J I 13'5S' Inn. / )( lu ~o ...; Q.s. 0 lflf In if! 

()::;>':l~tI-t{335 - 13112"'/.1:.. ,J; Bh.t1/< 1111/.- I :x .tILlA.k I 

I 

I 

I 

I t\..mll!f r~.ceN.Qd 51 
8°e. (\J...c''!' ~,. ~s I 

i~~ ~ ~A ... 

'-,qtJ.4.C!H, t+'1 I 

<3Pk-&I-z,s} II 
, 

Presen'ation Used:(l= [c~2= Hel; 3= H2SO4; 4=H:,,{03; 5=NaOHi 6= Other 

Possible HaZtlt'd ldenllJtc;..ation Sample Disposal ( A fee may be assessed If .samples are retained longer than 1 month] 

o Non-Hazard 0 Flammable D Skin Irritant Poison B o Unknown D o Return To Client 0 Disposal By Lab 0 Archive For Months 

Sp«ial [ostructionslQC Requirements & Comments: A total or 3 samples + 1 d.p-licate +1 blank will be analyzed. The sampks will be C(lliected over a 3 week time period. Tile lab will aCCUlnulate the samples and run tbem as a single 
bakh 00«.' all tbe mten are t'e«iyed at the lab. Any qllestifJDS cootaetJohn ReYBolds. Tbis COC covers the fint week of :mmpliog and includes 1 sample. 1 d.plicate and. blank 

-
Relm

Q
"iS0 ~< ({ ~. l5J~pany Jk ~ o;;;;4/~ R~_bY~ 4, 0 11.),; <1\ ·~;rny: Dateffime: 

L ~< !Z:<~ e,~jf'(. "'- ·1. 11'l~ 
Relinquished by: C()flIpany: Date!fime: R~lvedby; ~ Company: Ihte!rime: 

Relinquished by; Company: Date!fime: Received by: Company: Date!Time: 

_._- -- -- ----_., -- - - - -
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\1\~J,.)OI~~ 
Chain of Custody Record 

Test~merica 
THE i..EADER ;N i:':NVtkQNM£Nl"At. TSS rING 

Knoxville, 1N 37921 

V_IVUt: !>UJ_~""I • .Jl'VV «I .... ov.t;.JO ..... --'.-' "- ,,""'~""'''~'''~ ''''' LodUUI4tl!UTIC'S. IUC. 
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599 North Avenae Anajysis Turnaround TIme 

.~ 'f 1 

Job No. . 

Wakefield, MA 01880 Calendar ( C } or Work Days (W) l.f335 
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Site: New Bedford. MA 0 2 days ~ 
PO# 0 1 day ~ 

"1 

Sample Sample Sample "" 
'0 
'-' 

Sample Identification Date Time Type Matrix Coal "- Sa~~I'le Spedfic Notes: 
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~ i ~ f 
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Possibk Ha;.ard IdeJI--,tJi~!fi!n Sample Disposal ( A fee may be assessed if samples are retained longer than 1 month) 

D Non-Hazard D Flammable DSkin Irritant POISon B o Unknown 0 D Return To Client o Disposal By Lab CJ Archive For Months 

SpeciallnstructiGnsJQC Requirements & Comments! A total of3 samples + 1 duplicate +1 blaok will beanslyzed. Thesamples wiD be oollected over a 3 week time period. The lab wiD attumnlate the samples and run t&em as a single i 

batch once aU the filters are received a1 the lab. Any questions contact John ReynoJds. This COC covers the fint w-eekofsampling Ilnd includes I sample, 1 duplitste and 1 blank 
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TestAmerica 
TH~ LEADER IN ENVIRONMENTAL TESTING 

ANALYTICAL REPORT 

PROJECT NO. 'l'BD 

Buzzards Bay Backgrotmd Study 

Lot #: HLB250433 

Bob Cashins 

Cashins & Associates 
599 North Avenue 

Suite B 
Wakefield, MA 01880 

TESTAMERlCA LABORATORIES, INC. 

John Reynolds 
Project Manager 

March 25, 2011 

TestAmerica Laboratories, Inc. 

5815 Middlebrook Pike Knoxville, TN 37921 teI865.291.3000 fax 865.584.4315 www.testarnaricalnc.com 
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ANALYTICAL MEmODS SUMMARY 

HIB2S0433 

ANALYTICAL 
~P~ARAM~~E~TE~'~R~___________________________________ ~M~E;TH~O~D~_________ 

PCBs, HRGC/HRMS 	 llPA-22 l668A 

References: 

IlPA-22 	 "METHOD 1668, REVISION A: CHLORINATED BIPHENYL CONGENERS IN 
WA'l'ER, SOIL, SEDIMENT, AND TISSUE BY HRGC/HRMS" 
EPA-821-R-OO-002 12/99 



SAMPLE SUMMARY 

HlB250433 

WO # SAMPLE# CLIENT SAMPLE ID 

MEVQM 001 022311-4335- 01 
MEVRC 002 022311-4335-01DUPLICATE 
MElVRD 003 022311-4335-BLANK 
MEVRE 004 A6372 MEDIA CHECK 
MFG1X 005 030111-4335-01 
MFGll 006 030811-4335 - 01 

• The amllytical resulls of the samples !ist~Q above are presented on Ihe following pages, 
c All calculations !Ire perrormed before rounding to avoid I'ound~off.error$ in calculated results. 

• Results nOled as "ND' were no! detected at or above Ihe !lI4led limit. 

• This reporl must 110[ be rcprlXluced, except III full, without the writ/en approval of the laboratory. 

• Results for lhe following parameters al'e never reponed on iii dry weight basis: color, oorrosivily, density, flampoint, ignitability, layel1l, odor. 

j>nlnl fillet tC$I, pH, pol'Osity pftlSSure, rc~clivity, redox potential, specific gravity. spot tests, solids, oornblllty, mnlperarure, visCClSity, anl1 wcl.£ht. 

3 

SAMI'LED SAMP 
DATE TIME 

02/23/11 13:58 
02/23/11 13:58 
02/23/11 
02/23/11 
03/01/11 12,22 
03/08/11 12:55 
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PROJECT NARRATIVE 
H1B250433 

The results reported herein are applicable to the samples submitted for analysis only. If 
you have any questions about this report, please call (865) 291-3000 to speak with the 
TestAmerica project manager listed on the cover page. 

This report shall not be reproduced except in full, without the written approval oftbe 

laboratory. 


The original chain of custody documentation is included with this report. 


Sample Receipt 


There were no problems with the condition of the samples received. 


Quality Control and Data Interpretation 


Unless olherwise noted, all holding times and QC criteria were met and the tcst results 

shown in this report meet all applicable NELAC requirements. 


Cleanup standards were not added to the samples and QC samples. All internal standard 

recoveries were within acceptance limits. 


The method referenced for the analysis was EPA 1668 Revision A. 


Nomenc1atllTe 

The standardization strategy described in tlns report uses the naming convention of SW
846 M~thud 8290. This convention differs from Method 1668A in the following manner: 


TestAl11erica Knoxville maintains the following: certifications) approvals and accreditations: Arkansas DEQ Lab #88~ 
0688, California DHS ELAP Cerl. #2423, Colorado DPHE, Connecticut DPH Lab #PH-0223, Florida DOH Lab 
#E87177, Georgi. DNR Lab #906, Hawaii DOH, illinois EPA L.b #200012, Indiana Dafl Lab #C·TN·OZ, lowaDNR 
Lab #375, Kansas DHE Cert. #E·I0349, Kentucky DEP Lab #90101. Louisiana DEQ Cort. #03079, Louisiana DOHH, 
Maryland DOE Cort. #277, Michigan DEQ Lab #9933, Nevada DEP, New lersey DEP Lab #TNOO I, New York DOH 
Lab #10781, North CarolinaDPH Lab #21705, North Carolinn DEHNR Cert. #64, Ohio EPA V AP Lab flCL0059, 
Oklal1oma DEQ Lab #9415, Pennsylvania DEP Lab #68-00576, South Carolina DHEC Cert #84001001, Tennessee 
DOH Lab #02014, Toxas CEQ, Utah DOH Lab # QUAN3, Virginia DGS Lab #0016~, Washington DOE Lab #CI314, 
West Virginia DEP Cert. #345, West Virginia DHHR Cor! #9955C, Wisconsin DNR Lab #998044300, Naval Facilities 
Engineering Service Center and USDA Soil Permit #846424. This list of approvals is subject to 'change and does not 
imply that lahoratory certificBtion is available for aU parameters reported in this environmental sample data report. 



PROJECT NARRATIVE 
HIB250433 

Standard Addition Method 
Occurs Prior To: 1668 A 

Sampling None 

Extraction Labeled 
ToxicslLOC/Window 

Defining 
Cleanups Labeled Cleanup Standard 

Injection Labeled Injection Internal 
Standard 

SW-846 Conventions 
Used in This Report 

Sampling SUTI'ogate 

Internal Standard 

Cleanup Standard* 

Recovery Standard 

* Cleanup Standard is al~o referred to as Smrogate Standard on report. 

The shorthand notation used for congeners in this report is summarized in Table 2. 

Qualifiers: 

The following flags are used to qualifY results for HRMS PCB results: 

J - The reported result is an estimate. The amount reported is below the Estimated 
Minimum Level (EML). EML is defined by the method as the lowest concentration at 
which an analyte can be measmed reliably with common laboratory interferences present. 
This value has been determined for each congener by MDL and laboratory method blank 
studies. The value is adjusted to reflect sample specific initial and final volumes. 

E - The reported result is an estimate. The amount reported is above the veL described 
beloW. 

The E qualifier is applied 011 the basis of the Upper Calibration Level (UCL). The . 
quantitative definition of the VeL is listed below: 

tipper Calibration Level: The concentration or mass ofanalyte in the sample that 
corresponds to the highest calibration level in the initial calibration. It is equivalent to the 
concentration of the highest calibration standard, assuming that all method-specified 
sample weights, volumes, and cleanup procedures have been cmployed. 

B - The analyte is present in the associated method blank at a reportable level. For this 
analysis, there is no method specified reporting level, other than the qualitative criterion 
that peaks must exhibit a signal-to-noise ratio of 2.5-to-l. Therefore, the presence of any 
amount of the analyte present ill the blank will result a B qualifier on all associated 
samples. 

5 
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Note: Some laboratories do not report contamination in the blank unless it is above their 
lower calibration limit, or an established percentage of the level in the samples, or an 
established percentage of the regulatory limit. Likewise, some laboratories set a reporting 
limit at one half the lower calibration limit. 

Q - Estimated maximum possible concentration. This qualifier is used when the result is 
generated from chromatographic data that does not meet all the qualitative criteria for a 
positive identification given in the method. The criteria include the following areas: 

.1011 abundance ratios must be within specified limits (+/-15% of theoretical ion 
abundance ratio.) 
• Retention time criteria (relative to the method-specified isotope labeled retention time 
standard) . 
• Co-maximization criterion. The two quantitation ion peaks must reach their maxima 
within 2 seconds of each other. 

S - Ion suppression evident. The trace indicating the signal from the lock mass of the 
calibration compound shows a deflection at the retention time of the analyte. This may 
indicate a temporary suppression of the instrument sensitivity, due to a matrix-borne 
interference . 

. C - Coeluting Isomer. The isomer is known to coelute with another member of its 
homologue group, or the peak shape is shouldered, indicating the likelihood of a 
coeluting isomer. When the C flag is followed by a number, the number indicates the 
lowest numbered congener anlong the coelution set. For example, if 100 pg/L is detected 
at the retention time of PCB 156, and PCB 157 is lmown to co elute with PCB 156, the 
results will be flagged as follows: 
PCB 156 100 pg/L C 
PCB 157 100 pglL C156 

In certain electronic deliverables the result field for PCB 157 will be null, with "CI56" 
appearing in the qualifier field in accordance with the CARP BDD specification. 

x - Other. See explanation in narrative. 

Results 
The results for the analyses are summarized in the following pages. Please see comments 
regarding qualifiers, above. Additional il1fonnatiollregarding qualifiers is explained in 
the legends at the end of each result summary. A sutnn1ary of the shorthand conventions 
used in this report is provided in Table 2. 

6 
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For all analyte results a sample specific detection limit is calculated for that analyte. This 
is done by first determining the GCIMS peak height of the noise or interferent in the 
expected region of the analyte signal. This value is multiplied by the number 2.5, which 
serves as a safety factor. The 2.5 safety factor is disregarded if the noise present in the 
analyte region is a result of chemical interferences. The resulting signal response value is 
then used to estimate the minimum detectable analyte amount. The result is the estimated 
sample detection limit. 

When an analyte is not detected, an ND appears in place ofthe result. The value in the 
detection limit column is the estimated detection limit for the analyte in that particular 
sample. 

EXAMPLE CALCULATIONS 
The following formulas were used for sample calculations. Examples are given for 
calculating the percent recovery for internal standard 1lCl2-PCB 1, the concentration of 
native PCB 1 and the EDL for PCB 1. All values used in the calculations below are 
typical (i.e. not extracted from a particular sample). Actual values are found on the 
rsoCalc Preliminary Sanlple Report (IPSR) at the position indicated (in parentheses, 
below): 

INTERNAL STANDARD RECOVERY ('3ClZ-PCB 1) 

Percent Recovery ~ LArs. WRS • 100% 

LARS • Wrs • RRF 

LArs = Sum of areas for the Internal Standard quantitation ions. (IPSR - Column 

"Area", Row "13Cl2-PCB 1") 

WRS = Mass in ng of the Recovery Standard. (IPSR- Column "Std Amt", Row 

"De12-PCB 9") 

LARS = Sum of areas for the Reeovery Standard quantitation ions. (IPSR

Column "Area", Row "13C12-PCB 9") 

WIS ~ Mass in ng of the Inte1'11al Standard. (IPSR - Column "Std Amt", Row 

"13CI2-PCB I") 

RRF = Internal Standard mean relative response factor from the initial multipoint 
calibration. (IPSR - Column "RF", Row "l3CI2-PCB 1 ".) 

7 
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1106275 • 2.000 Cng) .100% 
Substituting typical values, = 65% Recovery 

1205581 • 2.000 (ng) • 1.412 

NATIVE ANALYTE QUANTITATION (pCD 1) 

Conc~ :EAx • WIS 

l: AIS • V • 0.001 (mUL) • RRF 

LA X = Sum of areas for analyte quantitation ions. (IPSR - Area Colunm "Area", 

Row "PCB 1") 

WIS = Mass in ng ofIntemai Standard. (IPSR - Column "Std Amt", Row 

"13CI2-PCB 1''). 

:EAIS = Sum areas for the Internal Standard. (IPSR - Colunm "Area", Row 

13CI2-PCB 1) 

V = Volume of sample extracted in mL. (IPSR - Header Colunm 2, Row "Initial 
WtNol") 

RRF = Native analyte mean relative response factor from the initial calibration, or 
daily response factor as appropriate. (IPSR - Column "RF", Row "PCB 1") 

8951 • 2.000 eng) 
Substituting typical values, = 0.00647 ng/L = 6.47 
pg/L 

11.06275 • 2200 (mL) • 0.001 (mUL) • 1.136 

CALCULATION OF SAMPLE SPECIFIC ESTIMATED DETECTION LIMIT 

This calculation uses the noise values fOlUld on the IsoCalc Preliminary Peak Report 
(IPPR), which follows the IPSR. All the other values used in the equation are found on 
the IPSR.) 

8 
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LIX • WIS • TSN 

LIIS • V • 0.001 (mL/L) • RRF 

Z:IX = Sum of the intensities of the noise levels of the characteristic ions in the 

region of analyte elution. (IPPR Columns "Heightl" and "Height2", Row 
{mass} 188, Sub-Row "Noise"). 

WIS = Mass in ng of the Internal Standard. (IPSR - Column "Std Amt", Row 

"13C12-PCB I"). 

TSN = Minimum Signal-lo-Noise threshold. = 2.5. A constant, specified by the 
method. 

Z:IIS = Intensity of the corresponding I3C ions. (IPSR - Column "Height", Row 

"I3C 12-PCB 9") 

V = Volume of sample extracted in mL. (IPSR - Header Column 2, Row "Initial 
WtlVol") 

RRF = Native analyte mean relative response factor from the initial calibration or 
daily standard as appropriate. (IPSR - Column "RF", Row "PCB 1") 

79 • 2000 (pg) • 2.5 
SUbstituting typical values ~ ______________ = 0.466 pglL 

334600 • 2200 (mL). 0.001 (rnUL) • 1.136 

In sample data, peaks must have an intensity of2.5 times the height of the background 
noise in order to be considered. Careful examination of the two equations above, and a bit 
of algebra reveals that for the concentration of the smallest peak detectable (per the EDL 
equation) to exactly equal the smallest peaks that are calculated, requires that the average 
height to area ratio obtained during the calibration must equal the area to height ratio for 
every peale obtained near 2.5 times the noise. When the area to height ratio on a peak in a 
sample is less than tlle average obtained during calibration, the calculated result will 
correspond to a peak that would have been less than 2.5 X the noise 011 the calibration. 
This is the result of nonnal variability. Because the source method for the EDL (EPA 
1668 Revision A) does not provide for censoring of results by any other magnitude 
standard than being 2.5 times the noise, the laboratory does not censor at the calculated 
EDL. Hence, detections may be reported below the estimated detection limits. 

9 
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Table 1 
Concentratio~. orpeBs in Calibration Solutions 

eso.s eSl CS2 
BZllUPAC' nl!lmL nlllmL m!lmL 

I 0.5 1.0 5,0 
3 0,5 1.0 5,0 
4 0,5 1.0 5,0 

-.~. 

15 0,5 LO 5,0 
19 0,5 1.0 5,0 ........... - 3, 3,4,4'-TrCB 0.5 1.0 ;,0 

2,21,6>6'~TeCR 54 0,5 1.0 5,0 
3,3',4,4'-TeCB 77 0,5 '--i,o 5,0 
3,4 4' 5-TeCB 81 0,5 1.0 5,0 
2,2' 4,6.6'~PeCB 104 D,S 1.0 5,0 
2,J,3',4,4'-/1eCB -- 105 D,S 1.0 Io 
~S,-PeCB 114 ,- , 

0,5 1.0'- 5,0 
2.]' 4,4',S·PoCB 118 0,5 1.0 ;,0 
2',3,4,4',5-PeCB 121 0,5 1.0 5,0 
3,3',4,4',S·PeCB ..... - 126 D,S LO -- - 5,0 
2,2',4,4 '.6.6'~HxCB 155 D,S 1.0 5,0 

, 2,3,3',4,4',HlxCB 156 0,5 1.0 5,0 
2.3,3',4A'.5'~HxCB 157 0::5" LO 5,0 
23' 4,4'.5,5'-HxCH 167 0,5 1.0 5,0 
3.3\4,4',5,SQ·IxCB 169 0,5 1.0 ;,0 
2,2',3,4',5,6,6'-H"C[l 188 O.S 1.0 5,0 
2,3,3"4,4',5.5'~HpCB 189 0:5 LO 5,0 
2,2' ,J ,3',5,5' ,D,6'·OcCB 202 0.5 LO ;,0 

~,4.4.',?,5',6"9~~B 205 D,S 1.0 SO 
22',3 3' 4 4',5,5'.6~NoCB 206 0.5 1.0 5,0 
?, 2' 3 3' 4' 5,5',6.6'~NoCB 208 0.5 1.0 5,0 
DeCB 209 D,S 1.0 5,0 
All oth~r CI3 oon~CllCl.s 0,5 1.0 5,0 
'Labeled COIle:eoet'S 

Clzo2·MoCB IL 100 100 100 
I~Cll"4~MoCB 3L 100 100 100 
J)CI;'~2 2'wD1CB 4L 100 100 100 

"' 

. JJC I2"4 4'·DiCB ISL 100 100 100 
"CIl-2 2' 6-TrCB 19L 100 100 100 

C11-3 4 4'~TrCB 37L 100 100 100 
'C I2-2 2' 6 6'~TeCB 54L 100 100 100 

. "Cw3,3',4,4'-TeCB 77L 100 100 100 

~~.1:,;::1}Q.1i_ 81L 100 100 100 
CIl-2 2' 4 G G'-PeeS 104L 100 100 100 

I be 11-2,3,3 ',4,4'-PcCB 105L 100 100 100 
!"CI1-23 4 4' 5-PeCS 114L 100 100 100 
TfC'12~2]' 4,4' 5-PeCB IISL 100 100 100 
1~91.~~~',3 . .4A'~-PeCB 12lL 100 100 100 
"C,,-l 3' 4 4' 5-PeCB 126L 100 100 100 
1JCll.2 2' 4 4'.6 6'~HxCB ""- 155L 100 100 100 
"C,,-2~~',4 4' 5-I-lxCB 156L 100 100 100 

C,,-2 3 3' 4 4' 5'-HxCB --i57L 100 100 100 
"C,,-2 3' 4,4',5 $'-HxCB 167L 100 100 100 
"C,,-3 3' 4,4',5,l'-HxCB 169L 100 100 ·Too 

IE 
1 100 I 100 

CIZM I 100 I 100 
CI~- -HpCB 100 100 

ljC-I-;-~ • > II! ! a6'-0~.~!? .... 202L 100 100 100 
,13CIZ"2.33'.4,4',5S,6-0cCB 205L 100 100 100 
DCI2-2,2',3,3',4,4' S 5' 6·NoCB 206L 100 100 100 

C 12" 2.2',3,3'.4,,5.5', 6,6' ~NoCB 208L 100 100 100 
'CIl"DoCB 209L 100 100 100 

10 
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CS3' CS4 CSS 
nalmL oa/OIL IlIJ/mL 

,",--

SO 400 2000 
SO 400 2000 

}Q 400 2000 
50 400 2000 
50 400 2000 
50 400 2000 
50 

1= 50 
50 
SO 400 2000 
SO 400 2000 
50 400 2000 
50 400 2000 
50 400 2000 
50 400 2000 
50 400 2000 ---
50 400 2000 
50 400 2000 
50 400 2000 
50 400 2000 
50 400 2000 .. '.'-
50 400 2000 
50 400 2000 
SO 400 2000 
50 400 2000 
SO 400 2000 
50 --i---' 400 2000 
50 400 2000 

100 100 ,"!2~ 
100 100 100 
100 100 100 
100 100 100 
100 100 100 
100 100 100 
100 100 100 
100 100 100 -, 
100 ioo 100 
100 100 100 
100 100 100 
100 100 100 
100 101) 100 
100 100 100 
100 100 100 
100 100 100 
100 100 100 
100 100 100 
100 100 100 
100 100 100 
100 100 100 -100 100 100 
100 100 100 
100 100 100 
100 100 100 
100 100 100 
100 100 100 
100 100 100 
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,,-_. Table I 
Concentration of PCBs in Calibration Solutions 

CSO,5 CSI CS2 CS3l CS4 
4J!1!lX!£ Type BZlIlJPAC1 n1!/mL .21mL •• lmL •• lmL n!!lmL 
COllgeners 
CleflII Itp Stan(hll:d~-"- .-

~ 
0.5 1.0 5.0 SO 400 

J L 0.5 1.0 5.0 50 400 
I 0.5 1.0 5.0 50 400 

9L 100 100 100 100 100 
w ,- ::8 llL 100 100 100 100 100 

!TrC,,':2;r6-TriCB l2L 100 100 100 100 100 
C12-2,2',5,5'-TeCB 

, ... - 52L 100 100 100 100 100 
1'~C!2~2,21 4'.5,5'·PeCB lOlL 100 100 100 100 100 .... -

ell·))',4,l,l'-PeCB iZ7L 100 100 100 100 100 
'JCI1_2.2',3'A.4' 51"HxCB .,-- 138L 100 100 100 100 -"ioo 
I C12.2 2' 34 4',5.5'-HtlCB 180L 100 100 100 100 100 
... .f.l.r:~~1 3 3',4,4',5 5'·QcCD 194L 100 lOa 100 100 100 
Labeled SRI!!-.£l.n~~K.'~~II'I'Qgates 

C1l"2.4'-DiCB ML 0.5 1.0 5.0 50 400 
ell') J' 4 5'·TeeB 79L 0.5 1.0 5.0 50 400 .-

"CI2-2,2' ,3,5' ,6·PeCB 95L 0.5 1.0 5.0 50 400 ........ __ .. -C 12"2,2', 4 ,4',5,5'nHx:CB 153L 0.5 1.0 5.0 50 400 
Notes. 
I. Suffix "L" indicates labeled compound 
2. Seotion 15.3. calibration verification solution 

'fable 2: 

pcn Shorthand Nomendatu .. ~4 Used in this RCMrt 

BZlIUPAC PCB Chemical Structure Name1 CAS Registry' BZlIUPAC PCB Chemical Structure Nanle~ 
Nliinber1, Number Number l , 

I 2 -monoch lomb j phenyl 2051-60-7 106 2,33' 4 S-pentachlotobiplwnyl 
2 3~monochlorobjphel1yl 2051-61·8 1071109 2,3 3' 4' 5-pentacillorobipilcnyl 
J 4-mollochlorobi hcnyl 2051-62·9 108/107 2,3 j' 4 51-pel1tachlorobiphenyl 
4 2;2' ·dlchloroblphenyl 13029-08·8 109/108 233' 4 6.pentachlorobilJhcnyl 
5 2,3-dichlorobi hen}'1 1660S·91·7 110 233' 4t 6-pentachlorobiphenyl 
(, 23 '.dlchloroblphCllyl 25569·80·6 III :2 3_ 3' 5 5' -pentachlombiphenyl 
7 24·dichloroblphenyl 33284-S0·3 112 2.3,3',5 6'pentacblorobiphenyl 
8 2,4 '·dich[OfObiphollvl 34883-43-7 1I3 23 3' 5' 6-oentachlorobipheJlvl 
9 2.S·dichlorobiDhcnvl 34883-39-1 114 2344' S-Dontachlorobiobenvl 
10 2,6·dichlorobiphenvl 33146-45-1 115 2,3 4 4' 6-oentachlorobiohenvi 
II 3 3'.dichlorohi )liellv\ 2050-67·1 116 

-12 3 4-dichlorobj )llenvl 2974·92-7 117 
13 34'·dichlofobiphenvl 2974-90·5 118 
14 3 S-dichlorobi lhenvl 34883-41-5 Il9 
IS 4,4' -dichlorobiphenYI 2050-68·2 120 2 3' 4 5 5' -pentachlorobipheny! 
16 2.2' .3-trichlorobiphenyl 38444-78-9 121 23' 4 5' 6-pentachlorobiphcnyl 
17 2,2' ,4.trichlorobiphenyl 37680·66-3 122 2' ,3,3 j ,4,5-pelltachlorobiphenyl 

(233' 4' 5' :ocntachlorobiohellvl) 
18 2,2' .5-trichlorobiphenyl 37680-65-2 123 2',3.4,4 • ,5~pentachlorobiphenyl 

(23',4 4' 5"pentacblorobiphenyl) 
19 2.2' .6-ttichlorobiphenyl 38444-73·4 124 2',3,4.5,5' -pentacbloro biphenyl 

(23',4',;' ;,polltachlorobiphenvll 
20 2,3,3' -trichlorobiphellyl 38444-84·1 125 2',3,4,5,6' -p<>ntachloroblphellyl 

(2,,3' 4' 5' 6-pentachlorobiphenyll 
21 2,3,4-trich!orobiphenvl 55702-46·0 126 33'44';- tachlorobinhenvl 
n J,3,4' .trichl£!'obipheny! 38444-8;·8 127 33' 4 S 5'-neotachlorobinhenvl 
23 2,3,5-trichlol"ObiDhen I 55720·44·0 128 2' 3 3' 44'·hexachlorobiohenvl 

11 

csii-
ng/mL 

--
--
--

100 
100 
100 
100 
100 
100 
100 
100 
100 

.. 
--.. 
--

CAS Registry' 
Number 

70424-69-0 
70424·68-9 
70362·41·3 
74472-3S-8 

• 6 
74472·37-0 
74472-38-1 
18259·05·7 
68194·11-6 

·6 
56558·17·9 
68194·12·7 
56558-18·0 
76842·07-4 

65510·44-3 

70424-70-3 

74472·39·2 

57465-28-8 
39635·33-1 
38380·07·3 
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Table 2 

~::: Q,w7::: '''I::: v":::O>A,= r'=PC:::8:::C:::he:m:iC:"I:SI:ru:ct:::ure:::N:::.:::m~' P,CCQ!1Ilil!M2!,ii!!! M ".,,~"_y 3~~ Rz'"n~lll~PA:~~"dl[j!ij ini:ii!I!:;.p~; RB~·cnn~hre:tm:iC:;'I-';-Stru;;;;;:;ct;;;ure;;N::;;a:m;;e2--;;;~M:i"~'" y;l 
-N:'~;b~ri', Numb", hi" ;,1, ' • 

24 I 1-4 
25 
26 
27 
is 
29 
30 
3 
32 
33 

34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
'14 
45 
46 
'I' 
4: 
4' 
51 
51 
52 
53 
54 

'5 
16 

. 64 

65 
66 
6' 
68 

73 
74 

.. 2,4,4'·" 

,5-1 ' 

2, 
2. 

I 

t4! i 

2, ' 
2,2', 

2. , 
2. 

.3,3' 

, "" 
U 

2.4,4 

I r 

I ' 

II 

I 
I 
I 
I 

18444-76· 
7012-37-1 

31 17-8 

1-5 
,-I 

2-5 

1-5 
7( '62·45-, 

54 1-22-7 
-7 

2598-1 

1 
136 

137 
138 

139 

140 
141 
142 
143 
14 
14 

1: 
1: 

57 
58 

159 
160 
161 
167 
163 
164 
165 
166 
167 
168 

175 
176 
177 

178 
179 

'5 ' 

... , 
• 38411-Z2-2 

527 )4-6 
.1, .. 

68 14-15-0 

;-8 
1-8 
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B;:':~:'~C 
75 
76 

77 
78 
79 
80 
8. 
82 
83 

84 
8 
8 
8 
8 
8 
90 
91", 
92 
93 
94 
95 
96 
97 

98 

99 

100 
101 
102 
103 
104 

105 

I 
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TableZ 

PCB: 'U"d In .hl, n.M •• 
PCB Chemical Structuro Name2 

CA~U~b~;" ", _, :.i' PCB Chemical Structure Name2 
, '~~~ ;~rtry' 

I 180 ',5.5' 

(2 ",4 ' 
181 2,:/',""" 

i 
32 1,3 182 

183 
41· 1·6 1&4 

185 52"12·05, 
I 70 '·5, ·4 186 

18 
I 18, ,87-8 

I 1 ;35·3 
1510·45·4 11·6 

2,2' 

~ 2,2',3,4,5' 
2,2' I ;21 )·3 

i ·57·2 
2,2' , 

1·07·0 619· 195 
. i I ·5,8 196 6'· I 

i 1·3 97 111 .17.7 

98 
1/20 

2'. 1 )/20 
2( 52 3·75·9 

2'" i02 ',J,J ,J, 
(2;?:,3,~',5" 

I 'I) 

2,2',3' .o:?:,3,~',6" 203 _," ,J,_ ',5,5', 

I I 
2', 
2', 39 .4'SS', 

i 

.. ,U, ,> ';':': ,u, 
~ 

2.3,3' I 32598·14·4 

~~~,!~,,:~:~~;~a~:,;r~omtll' BZ n~mber ;:: S;~,~\t~~n~O{~";'~:" rg: AC .~~n;:':i.'ar7~te~I, ~;~;~)~t from the BZ, follows the 

2. The ·chemical stft1(:t~lre names file from ,Bal!schmiter .and ZelJ (1980). lUPAC nomenclature structure names are listed in 
plil'onthesis when differenl from the BZ name (source CAS Registry), 

3, ChemiCAl ADstracl Service Regislry number (source CAS Registry and 1668A Table 1), 

4. A complete disctlSsiol1 of PCB Nomenclature may be found in Mills 1lI, S,A, et al., A summary oftlle 209 PCB congener 
Ilomenclatmc, Chemosphere (2007). doi: 1 0, 1 0 16/j.chemosphere.2007 ,03,052. 
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Lot - Sam pl. # •••• : 
D.te S.mpl.d .... : 

FrepD.t ..... ' 
Prep Batch # .... , 
Initial WglfVol : 

HIB250433 • 001 
02123/11 
03/14111 
1073139 
7.2 m3 

Analyst w .... : Jon M. Nordquist 

PARAMETER RESULT 

MonDehlorublphenyl (total) 0.0080 
DichJorobiphenyl (total) 0.13 

Trichlorobiphenyl (total) 0.23 

Tetrachlorobipheny·1 (total) 0.13 
Pent.ehlorobiphenyl (total) 0.030 
Hcxachlorobiphenyl·(total) 0.0063 

Heptaehlorobiphenyl (total) ND 
OctachJorobiphenyl (total) ND 
NonachJorobiphenyJ (total) ND 
DecachlorobiphenyI ND 

Cashin. & Associates 

Sample ID: 022311-4335-01 

Trace Level Organic Compounds 

Work Order # .... : MEVQMlAA 

Date Rec.lv.d .... : 02125/11 
Analysis Date .... : 03122/11 

Instrument ID .... : MID 

MINIMUM 
LEVEL 

JQ 0.014 
QB 0.028 
QB 0.028 

QB 0.028 
JQB 0.014 
QJ 0.014 

0.014 
0.014 
0.014 
0.014 

\\q kllXSqll \q dsappslSOG _ Stnd\SOG_ S tnd~Rcv4. rpt 

14 

Matrix .... : AIR 

Dilution Factor: 

Methud: EPA-221668A 

ESTIMATED 
DETECTION LIMIT UNITS -----0.00083 Ilg/m3 
0.014 IIg/m3 

0.011 nglm3 

0.019 ng/m3 
0,016 ng/m3 

0.017 ng/m3 
0.0088 nglm3 
0.0040 nglm3 
0.0027 nlifm3 
0.00055 nglm3 

3/2312011 



Lot - Sample # .. _: 

Date S.mpled .... : 
Prep D.te .... : 
Prep Batch 1+ •••• : 

Inltl.I WgWol : 
Analyst ID .... : 

HIB250433 - 001 

02123111 
03114/11 
1073139 
7.2 m3 
Jon M. Nordquist 

INTERNAL STANDARDS 
13CIZ·PCB I 
13e12-PCB 3 
13C12-PCB 4 
13CI2-PCB 15 
13CI2-PCB 19 
1.3CI2-PCB 37 
l3C12·PCB 54 
13C12-PCB 77 
l3C12-PCB 81 
13CI2-PCB 104 
13CI2-PCB 105 
13CI2-PCB 114 
13CI2-PCB 118 
13CI2-1'CB 123 
13CI2-PCB 126 
13CI2·PCB ISS 
13CI2·PCB 156 
13CI2·PCB 157 
13CI2-PCB 167 
13CI2-PCB 169 
13CI2·PCB 170 
13CI2-PCB 188 
13CI2·PCB 189 
13C12.,pCB 202 
13CI2-PCB 20S 
13CIl·PCB 206 
13CI2,PCB 208 
l3eI2·PCB 209 

SURROGATE 

l3CI2.PCB 8 
13CI2·PCB 79 
l3CI2·PCB 95 
13CI2-PCB 153 

Cashins & Associates 

Sample ID: 022311-4335-01 

Trace Level Organic Compounds 

Work Order # .... : MEVQMlAA 

D.te Rec.ived .... : 02/25111 
Analysis Dat ..... : 03/22/11 

Instrument ID .... : MID 

PERCENT 
RECOVERY 

88 
78 
85 
79 
89 
88 
III 
87 
84 
86 
92 
92 
90 
86 
91 
122 
77 C 
77 C 
101 
84 
87 
99 
111 
110 
104 
95 
95 
81 

PERCENT 
RECOVERY 

89 
109 
106 
131 

Ilqkn"'qll IqdsappslSOG ~ StndISOG".Stnd",Rev4.rpt 

Matrix .... ; AIR 

Dilution Factor: 

Method: EPA-221668A 

RECOVERY 
LIMITS 
30· 140 
30 - 140 
30· 140 
30 - 140 
30 - 140 
30·140 
30 - 140 
30·140 
30 - 140 
30· 140 
30 - 140 
30 - 140 
30 - 140 
30 -140 
30 - 140 
30· 140 
30· 140 
30· 140 
30· 140 
30· 140 
30 - 140 
30· 140 
30 - 140 
30 - 140 
30 - 140 
30 - 140 
30-140 
30 - 140 

RECOVERY 
LIMITS 
50 - 150 
50· 150 
50· 150 
50 - 150 
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Cashins & Associates 


Sample ill: 022311-4335-01 


Trace Level Organic Compounds 

Lot .. S~mple # .... ~ HIB250433 - 001 Worl( Order # .... ; MEVQMlAA M.trIX....: AIR 
Date Sampled .... : 02123/11 Date Received.... : 02/25111 Dilution Factor: 
Prep Date .... : 03/1411 1 An.lysis D.t..... : 03/22111 
Prep Batch # .... : 1073139 
Initial WgWo) : 7.2m3 Instrument ID .... : MID Method: EPA-22 1668A 
Analyst ill.... : Jon M. Nordquist 

QUALIFIERS 

B 	 Method blank: oont8.mill!l.tion. The associa.t<;:d method blank contains the tnrget ana!ytc at a reportable level. 

Co~eluting isomer. 
J 	 Estimated Result. 
Q 	 Estimateu maximum possible concentration (EMPC). 

3/2312011 
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Cashins & Associates 

Sample ID: 02231l·4335-0lDUPLICATE 

Trace Level Organic CompOl.wds 

Lot· Sample # .... : HIB2S0433 .002 Work Order # •••• : MEVRClAA M.trix .... : AIR 

Oat. S.mpled ••.• : 02123111 D.te R.c.ived .... : 02/25111 Dilution Factor: 

Prep Date .... : 03114111 Analysis Date .•.. : 03122111 
Prep Batch # .... : 1073139 
Initial WgtIVol : 7.2m3 Instrument ID .... : MID Method: EPA·22 1668A 
Analyst ill .... : Jon M. Nordquist 

MINIMUM F"sTIMATED 
PARAMETER RESULT LEVEL DETECTION LIMIT UNITS ----
Monochlorobiphenyl (total) 0.0045 JQ 0.014 0.00064 ng/m3 
Dichlorobiphenyl (total) 0.071 JQB 0.028 0.012 ng/m3 

Trlchlorobiph,nyl (total) 0.11 B 0.028 0.0080 ng/m3 

Tetrochloroblphenyl (total) 0.057 QB 0.028 0.012 ng/m3 

Pentachlorobiphenyl (total) 0.014 JQB 0.014 0.010 ng/ml 

HexRchlorobiphenyl (total) 0.0036 QJ 0.014 O.oI2 ng/m3 
Heptachlorobiphenyl (total) ND 0.014 0,0079 nglm3 

Octachlorobiphenyl (total) ND 0.014 0,0031 ngiml 

Nonachlorobiphenyl (total) ND 0,014 0.0018 ng/m3 

Decachlorobiphcnyl ND 0,014 0,00039 ngim3 

3123/2011 



Lot· Sample # .... : 

Date Sampl.d .... : 

Prep D.te .... : 
Prep Batch # .... : 

Initial WgWol : 
Analyst rD •••. : 

HlB2S0433 ·002 

02/23/1I 
03/14/11 
1073139 
7.2m3 
Jon M. Nordquist 

INTERNAL STANDARDS 

13CI2·PCB I 
13CI2·PCB 3 
13CI2·PCB 4 
13CI2·PCB 15 
13CI2·PCB 19 
13CI2·PCB 37 
13CI2·PCB 54 
13CI2-PCB 77 
l3CI2·PCB 81 
13CI2·PCB 104 
13CI2·PCB 105 
13CI2·PCB 114 
13CI2·PCB 118 
13CI2·PCB 123 
13CI2·PCB 126 
13CI2·PCB ISS 
13CI2·PCB 156 
13CI2·PCB 157 
13CI2·PCB 167 
l3CI2·PCB 169 
13CI2·PCB 170 
13CI2·PCB 188 
13CI2·PCB 189 
13CI2·PCB 202 
13e12·PCB 205 
BeI2·PCB 206 
13CI2·PCB 208 
13 C 12.PCB 209 

SURROGATE 
13CI2-PCB 8 
13e12·PCB 79 
13e12·PCB 95 
13CI2-PCB 153 

Cashins & Associates 

Sample lD; 022311·433S·01DlJPLICATE 

Trace Level Organic Compounds 

Work Ord.r# .... : MEVRC1AA 

Date Receiv.d .... : 02125111 
Analysis D.te .... : 03/22/11 

InstrumentID .... : M1D 

PERCENT 
RECOVERY 
84 
81 
87 
81 
84 
89 
105 
93 
92 

86 
93 
94 
94 
91 
90 
115 
84 C 
84 C 
107 
90 
92 
101 
110 
104 
105 

95 
93 
83 

PERCENT 
RECOVERY 
98 
106 
102 
125 

Matrix .... : AIR 

Dilution Factor: 

Method; EPA·22 1668A 

RECOVERY 
LIMITS 

30" 140 
30·140 
30.140 
30·140 
30 - 140 
30 - 140 
30 - 140 
30·140 
30·140 
30·140 
30·140 
30· J40 
30 - 140 
30· 140 
30· 140 
30· 140 
30· 140 
30· 140 
30·140 
30· 140 
30· 140 
30· 140 
30·140 
30·140 
30 - 140 
30· 140 
30· 140 
30· 140 

RECOVERY 
LIMITS 

50· 150 
50·150 
50·150 
50· 15U 

\\qknxsq II \qds appslSOG ~ SUldlSOG ~ Stnd~Rev4. rp! 
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Casbin' & Associates 


Sample ill, 0223H-4335-0lDUPLICATE 


Trace Level Organic Compounds 

Lot  Sample #....: H 1B250433 - 002 Work Order #..•.: MEVRC1AA Matrix.... ; AIR 

Dat. S.mpled .... ' 02/23111 Date Received....: 02125/11 Dilution Fftctor: 

Prep Date .... : 03/14111 Analysi, Date ....: 03122111 
Prep Batch # .... , 1073139 
Initial WgtIVol , 72m3 Instrument ID...., MID Metbod, EPA-22 1668A 
An.lystID.... ' .Ton M. Nordquist 

QUALIFIERS 

B Method blank contamination. The associated method blank contains the target analyte at areportable level. 

Co-eluting isomer, 
J Estimated Result. 
Q Estimated maximum possible concentration (EMPC). 

312312011IIqknxsqlllqdsappslSOG StndISOG...Stnd...Rev4.rpt 



Lot- Sample # .... : 

Date S.mpled .... : 
Prep D.t ..... : 
Prep Batch # .... ~ 

Initial WgtIVol : 

HIB250433 ·003 
02/23/11 
03/14111 
1073139 
1m3 

Analy,t ID .... : Jon M. Nordquist 

PARAMETER RESULT 

Monochiorobiphcnyi (total) ND 
Dicblorobipbenyl (total) 0.020 
Trichlorobiphenyl (total) 0.0032 
Tetrachiorobiphcnyi (total) ND 
Pentachlorobiphenyl (total) ND 
Hexachlorobiphenyl (totol) ND 
Heptachlorobiphenyl (total) ND 
Octachlorobiphenyl (total) ND 
Nonachlorobiphenyl (total) ND 
Decachlorobiphenyl ND 

Cashins & Associates 

Sample ID: Ol2311-4335-BLANK 

Trace LeveJ Organic Compollnd" 

Work Order # .... : 

Date Received .... : 
Analysis D.t ..... : 

MEVRDlAA 

02125/11 
03/22/11 

Instrument m .... : MlD 

MINIMUM 
LEVEL 

0.10 
QBJ 0.20 

QBJ 0.20 
0.20 
0.10 
0.10 

0.10 
0.10 

0.10 

0.10 

IIqknxsqlllqdsappslSOO _ StndISOG ... Stnd _ Rev4.rpt 
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Matrix .... : AlR 

Dilution Factor: 

Metbod: EPA·22 1668A 

ESTIMATED 
DETECTION LIMIT UNITS 

0.0059 ngim3 

0.13 ngim3 

0.062 Jlg/m3 

0.10 ngim3 
0,084 nglm3 
O.ll ngim3 

0.066 ngim3 

oms ngim3 
0.020 nglm3 

0.0043 nglm3 

312312011 



Lot· Sample # .... : 

Date Sampl.d .... : 
Prep Date .... : 
Prep natch # .... : 

Initial WgtIVol : 
Analyst ID .... : 

Hl8250433 • 003 

02123111 
03/14/11 
1073139 
1 m3 
Jon M. Nordquist 

lNTERNALSTANDARDS 

13CI2·PCB I 
13CI2·PCB 3 
13CI2·PCB 4 
I3CI2·PCB 15 
13CI2·PCB 19 
13CI2·PCB 37 
13CI2·PCB 54 
l3CI2·PCB 77 
13CI2·PCB 81 
13CI2·PCB 104 
I3CI2·PCB 10; 
13C12·PCB 114 
13CI2·PCB 118 
13CIHCB 123 
13C)2·PCB 126 

IJCI2·PCB 155 
13CI2·PCB 156 
13CI2·PCB 157 
13CI2·PCB 167 
13CI2·PCB 169 
13CI2·PCB 170 
13C12·PCB 188 
13C12·PCB 189 
13CI2·PCB 202 
13CI2·PCB 205 
13CI2·PCB 206 
13CI2·PCB 208 
13CI2·PCB 209 

SURROGATE 

l3eI2·PCB 8 
!3C12·PCB 79 
13C12·PCB 95 
13CI2·PCB 153 

Cashin' &; .Associates 

Sample ID: 022311-4335·BLANK 

Trace Leval Organic Compounds 

Work Order # .... : MEVRDlAA 

Date R.c.iv.d .... : 02125/11 
Analysis Date .... : 03/22111 

Instrument ID .... : M1D 

PERCENT 
RECOVERY 
91 
79 
90 
75 
93 
90 
113 
91 
88 
86 
93 
91 
88 
84 
97 
120 
99 C 
99 C 
105 
98 
92 
96 
103 
112 
105 
93 
89 
82 

PERCENT 
RECOVERY 
104 

106 
104 
113 

Matrix .... ; AIR 

Dilution Factor: 1 

Method; EPA-22 1668A 

RECOVERY 
LIMITS 

30 - 140 
30 - 140 
30·140 
30·140 
30·140 
30 - 140 
30 - 140 
30 - 140 
30 - 140 
30· 140 
30·140 
30· 140 
30· 140 
30 - 140 
30· 140 
30 - 140 
30·140 
30· 140 
30· 140 
30· 140 
30 140 
30 - 140 
30· 140 
30 - 140 
30 - 140 
30 - 140 
30· 140 
30 140 

RECOVERY 
LIMITS 

50· 150 
50·150 
50· 150 
50· 150 

21 
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Cashin. & Assocla tes 


Sample ID: 02231l-433S-BLANK 


Trace Level Organic Compounds 


Lot - Sample N•••• : HIB250433 - 003 Work Order # .... : MEVRDIAA M.trix....: AIR 
nate S.mpled....: 02123/11 Date Rec.ived....: 02125111 Dilution Factor: 
Prep n.te.... : 03/14/11 Analysis Dat ..... : 03122/11 
Prep Batch N .... : 1073139 
Initial WgtNol : 1 m3 Instrument ID .... : MID Method: EPA-221668A 
Analyst ID.... : Jon M. Nordquist 

QUALIFIERS 

B Method blank contamination. The associated method blank contains the target atialyte at areportable level. 
Co-eluting isomer. 

Estimated Result. 
Q Estimated maximum possible concentration (EMPC). 

3/23/2011 



Lot· Sample # .... , 

Date Sampl.d .... ' 
Prep D.t ..... ' 
Prep Batch # .... : 

H1B250433·004 
02/23/11 
03114111 
1073139 
1 m3 Initial Wgt/V 01 , 

Analyst ID .... ' Linda K. McWhirter 

PARAMETER RESULT 

Monochlorobiphenyl (total) ND 
Dichlorobiphenyl (total) 0.019 

Trichlombiphenyl (total) 0.0099 
Tetra.hlorobiphenyl (total) 0.0053 
Pentachlorobiphenyl (total) ND 
Hexachlol'obiphenyl(total) ND 
Heplachlorobiphenyi (total) ND 
Octa.hlorobiphenyl (total) ND 
Nonachlorobiphenyl (total) ND 
Decachlorobiphcnyl ND 

Ca.hins & Associates 

Sample ID, A6372 MEDIA CHECK 

Trace Level Organic Compounds 

Work Order # •..• : MEVRE1AA 

Date Received .... : 
Analysis Date .... : 

02/25111 
03/21111 

Instrument ID .... : MID 

MINIMUM 
LEVEL 

0.10 
Q.BJ 0.20 
QBJ· 0.20 
QBJ 0.20 

0.10 
0.10 
0.10 

0.10 
0.10 
0.10 

23 

Matrix .... : AIR 
Dilution Factor: 

Method: EPA·22 1668A 

ESTIMATED 
DETECTION LIMIT .::U~N~IT:..:S ___ _ 

0.0040 ng/m3 

0.093 nglm3 

0.049 nglm3 

0.073 ng/m3 
0.072 nglm3 
0.088 ng/mJ 
0.053 ng/nn3 

0.027 nglrn3 

0.013 ng/m3 
0.0043 ng/mJ 

3/2312Q11 



Lot· Sam pl. # .... : 

Dat. S.mpled •••• : 
Prep D.t ..... : 
I'r.p Batch # .... : 
Initial WgtNol : 
Analyst ID .... : 

H1B2S0433 - 004 
02123/11 
03114111 
1073139 
1 m3 
Linda K. McWhirter 

INTERNAL STANDARDS 
13CI2·PCB I 
13C12-PCB 3 
13CI2·PCB 4 
13CI2·PCB 15 
13C12·PCB 19 
13CI2·PCB 37 
13CI2·PCB 54 
l3CIZ·PCB 77 
13CI2·PCB 81 
13CI2·PCB 104 
13CI2·PCB 105 
13C12.PCB 114 
13CI2·PCB 118 
13CI2·PCB 123 
!3CI2·PCB 126 

13CI2·PCB 155 
13CI2·PCB 156 
13C12·PCB 157 
13CI2·PCB 167 
13CI2·PCB 169 
13CI2'PCB 170 
13CI2·PCB 188 
13CI2·PCB 189 
13CI2·PCB 202 
13CI2·PCB 205 
13CI2·PCB 206 
13C12·PCB 208 
!3C]2·PCB 209 

SURROGATE 

13C12·PCB 8 
13CI2·PCB 79 
13CI2·PCB 95 
13CI2-PCB 153 

C.shin. & Associates 

Sample!D: A6372 MEDIA CHECK 

Trace Level Organic Compounds 

Work Order.#. ... 1 

Date Received .... : 
Analysis Dat ••••• : 

Instrument ID .... : 

PERCENT 

MEVRElAA 
02125111 
03121111 

MID 

RECOVERY 
72 
63 
83 
77 
81 
82 
89 
86 
87 
77 
89 
88 
85 
84 
87 
110 
86 C 
86 C 
100 
89 
87 
101 
94 
121 
100 
96 
95 
92 

PERCENT 
RECOVERY 

101 

107 
105 
126 

\\qknxsq II \qdsa pps\SOG _ StndlSOG _ Stnd _ Rev4. rpl 

M.Il·ix •••• : AIR 

Dilution Factor: 

Method: EPA·22166M 

RECOVERY 
UMITS 
30· 140 
30·140 
30. 140 
30·140 
30·140 
30· 140 
30·140 
30·140 
30· 140 
30·140 
30· 140 
30· 140 
30-140 
30· 140 
30·140 
30·140 
30- 140 
30· 140 
30· 140 
30·140 
30·140 
30· 140 
30· 140 
30- 140 
30- 140 
30· 140 
30· 140 
30· 140 

RECOVERY 
UMlTS 

50·150 
50·150 
50- 150 
50 • 150 

24 
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Cashins & Associates 


Sample ID: A6372 MEDIA CHECK 


Trace Level Organic Compounds 


Lot - Sample # .... : HIB250433 - 004 Work Order H....: MEVRE lAA M.trlx.•.•: AIR 

Date Sampled..•• ' 02/23/11 Date Received .... : 02/25/11 Dilutiotl Fllctor: 
Prep Date .... : 03114111 An.lysis D.t•.... : 03121/11 
Prep Batch # •••• : 1073139 
Initial WgWol : 1 m3 Instrument ID.... : MID Method: EPA-221668A 
Analy,t m....: Linda K. MeWhmer 

QUALIFIERS 

B 	 Method blank contamination, The ~ssociated mc;;thod blank contaim the tltrgt.:t amtlytc at a reportable level. 

Co~elutil1g isomer, 

J 	 Estimated Result. 
Q 	 Estimated maximum possible concentration (EMPC). 

3/2312011 



Lot - Sample N •••• : 

Dat. S.mpled .••• : 

Prep Date .... : 

HI B250433 - 005 
03/01111 
03/14/11 

Prep Batch # .... : 1073139 
Initial WgtNol : 7.2m3 
Analyst lD .... : Jon M, Nordquist 

PARAMETER RESULT 

Mono.hlorobiphenyl (total) 0.0015 
Dlchlorobiphenyl (total) 0.036 
Trlchlorobiphenyl (total) 0.047 
Tetracbloroblphenyl (total) 0.D41 
Pentachlorobiphenyl (total) 0,024 
Hexachloroblpbenyl (total) 0.0064 

Heplachlorohiphenyl (tot.1) ND 

Octachlorobiphenyl (total) ND 

Nonachlorobiphenyl (total) ND 
Decacbloroblphenyl ND 

Cashin. & Associates 

Sample ID;0301U-4335-01 

Trn~e Level Organic Compounds 

WorkOrd.rH .•.. : MFGIXlAA 

Date Received .... : 03/1 0111 

Analysis D.t ..... : 03122/11 

Instrument ID..... MID 

MINIMUM 
LEVEL 

QJ 0.014 
QJB 0.028 
JQB 0.028 

QB 0.028 
JQB 0.014 
JQ 0.014 

0,014 

0,014 
0.014 
0,014 

\ \qknxsq 11 \qdsapps\SOG .. Stnd\SOG ~ Stnd ~Rev4 ,mt 
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M.trix .... : AIR 

Dilution Factor: 

Method: EPA-221668A 

ESTIMATED 
DETECTION LIMIT UNITS ----
0.00077 ng/m3 

0.015 nglm3 

0.0098 ng/m3 

0.017 nglm3 

0.016 ng/m3 

0.015 ng/m3 
0,010 ngim3 

0.0047 ngim3 

0.0026 ngjm3 
0.00076 nglm3 

3123/2011 



Lot - Sample N .... : 

Date Sampled .... ' 
Prep D.t ..... , 
Prep Batch # ..... 

Initial WStIVol: 
An.lyst ID ..... 

HlFl250433 - 005 

03/01lll 
03/14111 
1073139 
72m3 
Jon M. Nordquist 

INTERNAL STANDARDS 

13CI2-PCB 1 
13CIZ-PCB 3 
13e12-PCB 4 
13CI2-PCB 15 
13CI2-PCB 19 
13CI2-PCB 37 
13CI2-PCB 54 
13CI2-PCB 77 
13Cll-PCB 81 
13CI2-PCB 104 
13CI2 .. PCB 105 
13CI2-PCB 114 
13CI2-PCB 118 
13CI2-PCB 123 
13CI2-PCB 126 
13C12-PCB 155 
13CI2-PCB 156 
13CI2-PCB 157 

13C12'PCB 167 
13Cl2-PCB 169 
13C12-PCB 170 
13C12-PCB 188 
13C12-PCB 189 
13CI2-PCB 202 
13C12-PCB205 
13CI2-PCB 206 
13CI2-PCB 208 
13CI2-PCB 209 

SURROGATE 

13CI2-PCB 8 
13C12-PCB 79 
13CI2-PCB 95 
13CI2-PCD 153 

Casblns & Associates 

Sample W: 030111-4335-01 

Trace Level Organic Compounds 

Work Order# .... : MFGIXlAA 

Dat. Receiv.d .... ' 0311 0/11 
Analy.i. n.t ..... : 03122111 

In.trument ID .... : MID 

PERCENT 
RECOVERY 

91 
80 
90 
74 
86 
88 
110 
90 
90 
90 
92 
90 

94 
91 
91 
123 
85 C 
85 C 
100 
93 
93 
102 
119 
102 
110 

98 
99 
85 

PERCENT 
RECOVERY 

102 
104 
100 
127 

\\qknxsqi 1 Iqdsapp,ISOG....8tndlSOG_Stnd_Rev4 . rpt 

Matrix .... : AIR 

Dilution Factor: 

Method: EPA-22 1668A 

RECOVERY 
LIMITS 

30 - 140 
30· 140 
30 - 140 
30 - 140 
30 - 140 
30 - 140 
30 - 140 
30· 140 
30· 140 
30· 140 
30 - 140 
30 - 140 
30· 140 
30 ·140 
30 - 140 
30 - 140 
30 - 140 
30 - 140 
30 - 140 
30 - 140 
30· 140 
30 - 140 
30 - 140 
30 - 140 
30· 140 
30 - 140 
30 - 140 
30 - 140 

RECOVERY 
LIMITS 

50·150 
50·150 
50·150 
50 - 150 

27 

3/2312011 



28 

Cashin. & Associates 


Sample ID: 030111-4335-01 


Trace Level Orgal1ic Compound!i 

Lot - Sample #....: HlB250433 - 005 Work Order # .... , MFGIXlAA M.trix .... : AIR 

Date S.mpled .... : 03/0111 I D.t.R.celved....: 03/10/11 Dilution FActor! 
Prep D.t..... : 03114/1 I Analy,i' Date ....: 03/22111 
Prep Batcb # .... : 1073139 
Initial WgtIVol : 7.2 ni3 Instrument ID.... : MID Method: BPA-221668A 
Analyst ID .... : Jon M. Nordquist 

QUALIFIERS 

B Method blank oolltamination. The associa.ted method blank contains the target analyte at a reportable level, 


C COMeluting isomer. 


J Estimated Result. 

Q Estjmllt~ maximum possible t;.Ol1oentralion (EMPC). 


IIqknxsqll \qdsapps\SOG_Stnd\SOG~Stnd~Rev4.cpt ,12)12011 



Lot· Sample # .... : 

Date S.mpled .... : 
Prep Date ..•• : 
Prep Satch # •••• : 

H 1B25 043 3 - 006 
03/0S/I1 
03/14111 
1073139 

Initial WgtIVol : 7.2 m3 
Analyst m.".: Jon M, Nordquist 

PARAMETER RESULT 

Monochloroblphenyl (total) O.Oll 
Dlchlorobiphenyl (total) 0,51 

Trlchloroblpbenyl (total) 0.95 
Tettachloroblpbenyl (total) 0.45 
Pentachlotoblphenyl (total) 0.060 
Hexachloroblphenyl (total) 0.0087 
Heptacbloroblphenyl (total) ND 
Octachlorobiphenyl (total) ND 
Nonachlorobiphenyl (total) ND 
Decachlorobipheny1 ND 

29 

Cashins & Associates 

Sample!D: 030811-4335-01 

Trace Level Organic Compounds 

Work Order # .... : MFGll1AA Matrix .... ; AIR 

Date Rec.lved .... : 03/10/11 Dilution Factor: 
Analysis Date .... : 03/22111 

Instrument ID .... : MID Method; EPA·221668A 

MINIMUM ESTIMATED 
LEVEL DETECTION LIMIT UNITS ----Q 0.014 0,00089 ng/mJ 

QB 0.028 0.019 ng/m3 

QB 0.028 0,016 ng/m3 

QB 0.028 0,025 ng/m3 

QB 0,014 0.017 ug/m3 
QJ 0.014 0.017 ng/m3 

0.014 0.010 ng1m3 
0.014 0.0046 ng/rn3 

0.014 0.0025 nglm3 
0.014 0.00050 nglm3 

312312011 



Lot. Sample # .... : 

Date S.mpled .... : 

Prep Dat ..... : 
Prep Batch # .... : 
Initial WgtNol : 
Analyst lD .... : 

HlB250433 ·006 
03/08/11 
03/14/11 
1073139 
7.2 rn3 
Jon M. Nordquist 

~TERNALSTANDARDS 

13CI2·PCB I 
13e12·PCB 3 
13CIl·PCB 4 
13CI2·PCB 15 
13CI2·PCB 19 
13CI2·PCB 37 
13CIZ·PCB 54 
13CI2·PCB 77 
13CI2·PCB 81 
13CI2·PCB 104 
13CIZ·PCB 105 
13C12·PClll14 
13C12·PCB 118 
13C12·PCB 123 
13e12·PCB 126 
13CIZ·PCB 155 
13C12·PCB 156 
13CI2·PCB 157 
13CI2·PCB 167 
13CI2·PCB 169 
l3CI2·PCB 170 
13CI2·PCB 188 
13CI2·PCB 189 
13CI2·PCB 202 
13CI2·PCB 205 
l3CI2·PCB 206 
13CI2·PCB 208 
13CI2·PCB 209 

SURROGATE 

13CI2·PCB 8 
13CI2·PCB 79 
13CI2,PCB 95 
13CIZ·PCB 153 

Cashin. & Associates 

Sample ID: 030811-4335-01 

Trace Level Organic Compounds 

Work Order # •••. : MFG111AA 

Date R.ceived .... : 03110/11 

Analysis n.t ..... : 03/22/11 

Instrument ro .... : MID 

PERCENT 
RECOVERY 

89 
79 
87 

74 
88 
87 
107 
88 
87 
89 
94 
95 
92 
90 
87 
121 
105 C 
105 C 
104 
99 
89 
102 
110 
98 
105 
97 
92 
89 

PERCENT 
RECOVERY 

97 
102 
97 
113 

Matrix .... : AIR 

Dilution Factor: 

Method: EPA·22 1668A 

RECOVERY 
LIMITS 

30·140 
30 - 140 
30·140 
30·140 
30" 140 
30· 140 
30 - 140 
30" 140 
30" 140 
30 - 140 
30· 140 
30 - 140 
30. 140 
30·140 
30·140 
30" 140 
30 . 140 
30· 140 
30 - 140 
30· 140 
30· 140 
30 - 140 
30· 140 
30· 140 
)0 ·140 
30· 140 
30· 140 
30· 140 

RECOVERY 
LIMITS 

50·150 
50· 150 
50 - 150 
50 - 150 

30 

3123/2011 



31 

Cashlns & Associates 

Sample ID: 030811·4335-01 

Trace Level Organic Compounds 

Lot. Sample #....: H1B250433 • 006 Work Order # .... : MFGlllAA Matrix .... : AIR 

Date Sampled ....: 03108/11 Date Received .... : 03/10/11 Dilution Fnctor: 

Prep n.te....: 03/14/11 Analysis Date .... : 03/22111 
Prep Batch # .... : 1073139 
Initial WgWol: 7.2m3 Instrument ID .... ; MID Method: EPA-22l668A 
Analyst ID.... : Jon M. Nordquist 

QUALIFIERS 

B Method blank contamination, The associated method blank contains the target analyte at a rcportablv level. 

C Co-eluting isomer. 
Estimated Result, 

Q Estimated maximum possible concentration (EMPC). 

3/2312011 



Lot- Sample # .... : H1C140000 -139B 

Dilution Factor: 

Prep Date .... : 

Prep Batch # .... : 

1 
03/14111 

1073139 
1 m3 Initial WgWol , 

Analy.t ID .... : Linda K. McWhirter 

PARAMETER RESULT 

Monochlorobiphenyl (total) ND 
Dlchlorohiphenyl (total) 0.092 

Trichloroblphenyl (total) 0.022 
Tetrachlorobiphenyl (total) O.oJ5 
Pentaehlorobiphenyi (total) 0.0026 
Hexachlorobiphenyi (total) ND 
Heptachlorobiphenyl (total) ND 
Octachlorobiphenyl (total) ND 
Nonachlorobiphenyl (total) ND 
Decachtorobiphenyl ND 

Method Blank Report 

Trace Level Organic Compounds 

WorkOrder# .... : MFLG01AA 

Analysis D.t ..... : 03121/11 

Instrument ID .... : MID 

MINIMUM 
LEVEL' 

0.10 
QJ 0.20 
JQ 0.20 
QJ 0.20 
QJ 0.10 

0.10 

0.10 
0.10 
0.10 
0.10 

32 

Matrix ..... : AIR 

Method: EPA·22 l668A 

ESTIMATED 
DETECfION LIMIT UNITS 

0.0051 ngim3 
0.092 ng/m3 
0.054 ng/m3 

0.084 ng/ro3 
0.Q78 ng/m3 

D.ll ng/m3 
0.065 ng/m3 
0.027 ngim3 
0.016 ngim3 
0.0061 nglrn3 



Lot.Sampl.# .... : H1C140000.139B 

Dilution Factor: 
Prep Date .... : 

Prep Batch # .... : 
Initial Wgt/Vol : 
AnalystID .... : 

I 
03/14111 

1073139 
1m3 
Linda K. McWhirter 

INTERNAL STANDARDS 

l3CI2-PCB 1 
13CI2·PCB 3 
13CI2·PCB 4 
13CI2·PCB 15 
13CI2·PCB 19 
BCI2·PCB 37 
13C12·PCB 54 
13C12·PCB 77 
13CI2·PCB 81 
13CI2·PCB 104 
13CI2·PCB 105 
13CI2·PCR 114 

13CI2·PCB 118 
13CI2·PCB 123 
13CI2·PCB 126 
13CI2·PCB 155 
l3CI2·PCB 156 
13CI2·PCB 157 
13CI2·PCB 167 
13CI2·PCB 169 
13CI2·PCB 170 
13CI2.PCB 188 
13CI2·PCB 189 
13CI2·PCB 202 
13CI2·PCB 205 
13CI2·PCB 206 
13C12·PCB 208 
13CI2·PCB 209 

QUALIFIERS 

C Co-eluting isomer. 
J Estimated Result 

Mothod Blank Report 

Trace Level Organic Compounds 

Work Order # .... : MFLGOIAA 

Analysis Dat ..... : 03/21111 

Instrument ID .... : MID 

PERCENT 
RECOVERY 
83 
72 
88 
85 
80 
90 
96 
83 
85 
93 
90 
88 
86 
85 
90 
117 
98 C 
98 C 
106 
96 
88 
94 
97 
117 
103 

101 
92 
95 

Q Estimated maximum possible cOllcentration (EMPC). 

M.trix .... ' AIR 

M.thod: EPA·22166M 

RECOVERY 
LIMITS 

30· 140 
30· 140 
30· 140 
30· 140 
30· 140 
30· 140 
30·140 
30· 140 
30·140 
30· 140 
3D· 140 
30· 140 
30· 140 
30· 140 
30· 140 
30· 140 
30· 140 
30· 140 
30· 140 
30· 140 
30· 140 
30.140 
30· 140 
30·140 
30· 140 
3D· 140 
30·140 
30· 140 

33 
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LABORATORY CONTROL SAMPLE DATA REPORT 

Trace Level Organic Compounds 

Client Lot # ... : HlB250433 Work Order # ... : MFLG01AC-LCS Matrix ......... : AIR 
LCS Lot-Sample# : H1CI40000 - 139 MFLGOJAD-LCSD 
Prep Dot ....... : 03/14/11 Analysis Date .. : 03/21111 
Prep Batch # ... , 1073139 
Dilution Factor! I 
Analyst ID ..... : Linda K. Me Whirter Instrument ID .. : MID Method ..... : EPA-22166M 
Initial WgtNol, 1 1113 

SPIKE MEASURED PERCENT RECOVERY 
PARAMETER AMOUNT AMOUNT UNITS RECOVERY LIMITS RflL RP12LIM]TS 
PCB 1 (BZ) 5.00 4.05 ng/m3 81 (50 -150) 

5.00 4.09 ng/m3 82 (50 - 150) 1.0 (0 - 50) 
PCB 3 (BZ) 5.00 4.61 ng/m3 92 (SO -150) 

5.00 4.61 ng/m3 92 (50 - 150) 0.050 (0·50) 
PCB 4 (BZ) 5.00 4.09 Ilg/m3 82 (50·150) 

5.00 4.12 ng/m3 82 (50·150) 0.61 (0 - 50) 
Decacblorobiphenyl 5.00 5.39 ng/m3 108 (50·150) 

5.00 5.40 lIg/1ll3 108 (50 -150) 0.23 (0 - 50) 
PCB 15 (BZ) 5.00 4.37 ng/m3. 87 (50 -150) 

5.00 4.52 nglm3 90 (50 - 150) 3.5 (0 - 50) 
PCB 19 (BZ) 5.00 4.47 nglm3 89 (50 -150) 

5.00 4.57 nglm3 91 (50.150) 2.3 (0.50) 
PCB 37 (BZ) 5.00 4.90 nglm3 98 (50 - 150) 

5.00 4.81 nglm3 96 (50 - 150) 1.8 (0 - 50) 
PCB 54(BZ) 5.00 4.73 nglm3 95 (50 - 150) 

5.00 4.57 nglm3 91 (50·150) 3.5 (0·50) 
PCB 77 (BZ) 5.00 5.02 ng/m3 100 (50 -150) 

5.00 5.01 nglm3 100 (50 -150) 0.16 (0 - 50) 
PCB 81 (BZ) 5.00 4.78 nglm3 96 (50 - 150) 

5.00 4.86 nglm3 97 (50·150) 1.6 (0 - 50) 
PCB 104 (BZ) 5.00 4.68 nglm3 94 (50 - 150) 

5.00 4.70 nglm3 94 (SO - 150) 0.32 (0 - 50) 
PCB 105 (HZ) 5.00 5.06 nglm3 101 (50 - 150) 

5.00 5.10 nglm3 102 (50 - 150) 0.78 (0·50) 
PCB 114 (BZ) 5.00 5.26 nglm3 105 (50. 150) 

5.00 5.31 nglm3 106 (50-150) 1.0 (0 - SO) 
PCB 118 (nZ) 5.00 5.13 nglm3 103 B (50 - 150) 

5,00 5.06 ng/m3 101 B (50 - 150) 1.4 (0 -50) 
PCB 123 (BZ) 5.00 5.73 nglm3 115 (50 - 150) 

5.00 5.80 ng/m3 116 (50 -150) 1.1 (0 - SO) 
PCB 126 (BZ) 5.00 4.98 ng/m3 100 (50 - 150) 

5.00 5.04 nglm3 101 (50 - 150) 1.2 (0 - 50) 
PCB 155 (BZ) 5.00 4.79 1Ig1m3 96 (50·150) 

5.00 4.67 nglm3 93 (50 -150) 2.7 (0 - 50) 
PCB 156 (BZ) 10.0 10.9 ng/m3 109 C (50· 150) 

10.0 10.9 ng/m3 109 C (50 - 150) 0.42 (0 - 50) 
PCB 157 (BZ) 10.0 10.9 ng/m3 109 C Cl56 (50 - 150) 

10.0 10.9 ng/m3 109 CC156 (50 - 150) 0.42 (0 - 50) 
pcn 167 (nZ) 5.00 5.51 nglm3 110 (50 - ISO) 

5.00 5.55 nglm3 111 (50 - 150) 0.79 (0. SO) 
PCB 169 (BZ) 5.00 5.04 ng/m3 101 (50 - 150) 

5.00 5.02 ng/m3 100 (50 - 150) 0.55 (0 - 50) 

SOG_StndJcslcdJevl,rpt 312312011 
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LABORATORY CONTROL SAMPLE DATA REPORT 

Trace Level Organic Compounds 

Client Lot # ••• : HIB250433 Work Order # , .. : MFLGOIAC·LCS Matrix ......... : AIR 
LCS Lot.Sample# : HlC140000·139 MFLG01AD·LCSD 

SPIKE MEASURED PERCENT RECOVERY 
PARAMETER AMOUNT AMOUNT UNITS RECOVERY LIMITS 

~ RPDLIMII~ 
PCB 188 (BZ) 5.00 4.81 nglm3 96 (50 ·150) 

5.00 4.82 ng/m3 96 (50 ·150) 0.19 (0.50) 
PCB 189 (BZ) 5.00 5.21 ng/m3 104 (50 -150) 

5.00 5.23 ng/m3 105 (50 -150) 0.38 (0·50) 
PCB 202 (BZ) 5.00 4.52 ng/m3 90 (SO· ISO) 

5.00 4.70 nglm3 94 (50·150) 3.9 (0.50) 
PCB 205 (BZ) 5.00 5.10 nglm3 102 (50 -150) 

5.00 5.15 ng/m3 103 (50·150) 0.87 (0.50) 
PCB 206 (BZ) 5.00 4.78 ng/m3 96 (50·150) 

5.00 4.65 nglm3 93 (50·150) 2.7 (0·50) 
PCB 208 (BZ) 5.00 5.00 ng/m3 100 (50 ·150) 

5.00 4.94 ng/m3 99 (50·150) 1.3 (0·50) 

PERCENT RECOVERY 
IN'IERNAL STANDARD RECOVERY LIMITS 

13C12·PCB 1 78 (30· 140) 
66 (30· 140) 

13CI2·PCB 3 66 (30 - 140) 
61 (30·140) 

13C12·PCB 4 88 (30· 140) 
80 (30 ·140) 

13CI2·PCB IS 83 (30· 140) 
74 (30· 140) 

13CI2·PCB 19 90 (30· 140) 
83 (30 - 140) 

13CI2-PCB 37 93 (30·140) 
83 (30·140) 

J3CI2·PCB 54 102 (30.140) 
93 (30· 140) 

BC 12·PCB 77 93 (30· 140) 
89 (30 - 140) 

13C12·PCB 81 92 (30· 140) 
91 (30· 140) 

13CI2·PCB 104 88 (30 140) 
81 (30·140) 

13CI2·PCB 105 96 (30 - 140) 
91 (30·140) 

13CI2·PCB 114 95 (30· 140) 
90 (30·140) 

13CI2-PCB 118 93 (30· 140) 
87 (30· 140) 

13CI2·PCB 123 92 (30·140) 
87 (30· 140) 

13CI2·PCB 126 93 (30 - 140) 
91 (30·140) 

13CI2·PCB 155 124 (30· 140) 
120 (30·140) 



Client Lot # ... , 

LCS Lol-Sample# , 
H1B250433 
HIC140000 - 139 

INTERNAL STANDARD 

13CI2-PCB 156 

l3CI2-PCB 157 

13CI2-PCB 167 

13C12-PCB 169 

13CI2-PCB 170 

BCI2-PCB 188 

13CI2-PCB 189 

13CI2-PCB 202 

13CI2-PCB 205 

l3CI2·PCB 206 

13C12-PCB 208 

BCI2-PCB 209 

Note.: 

LABORATORY CONTROL SAMPLE DATA REPORT 

Trace Level Organic Compounds 

Work Order # ... : MFLGOIAC-LCS 
MFLGO1 AD-LCSD 

PERCENT 
RECOVERY 

83 C 
97 C 
83 C 
97 C 
102 
104 
93 
96 
93 
95 
102 
105 
103 
108 
130 
118 
105 
110 
96 
118 
102 
111 
106 
108 

Calculations are performed before rounding to avoid round-off' errors in, calculated results. 
Bold prInt denates control parametct!; 

B Method blank contamination. The associated method blank contains the t~rget ;malyte at a reportable level. 
C COaeluting isomer, 

Matrix ......... : AIR 

RECOVERY 
LIMITS 

(30 - 140) 
(30· 140) 
(30-140) 
(30·140) 
(30 - 140) 
(30 140) 
(30 - 140) 
(30 - 140) 
(30-140) 
(30 - 140) 
(30-140) 
(30 - 140) 
(30 - 140) 
(30 - 140) 
(30· 140) 
(30 - 140) 
(30 - 140) 
(30·140) 
(30·140) 
(30 - 140) 
(30 - 140) 
(30·140) 
(30 - 140) 
(30 - 140) 
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Knoxville 
5&15 MiddlebrookPlke Iffi ,t-~-/J 

J/~'::""_il? ....... HI/fP250tfJ;J -Tli/},,(i/O ,;;0 Chain of Custody Record 
Knoxvllie. TN 37921 

phone 865.2913000 fax865.584.43L5 

Client Contact IProject Manager: Bob Cashins Is-lie Qmtact It,,£. ",Art'.: J---: 
Cashins & Associates, Inc- elIFa.x:181-24,5..1400 Lab Contact-John ReynfJlds 

599 North Avenue Allalysis TUntarollDd Time 

WakefiekL MA 01880 I Calendar (C ) or Work D~ {W) 

(781)245-1400 Phone TATirdifTea:ntfta~w JI.. Wu.iC..,j 

(781)245-3100 FAX o 
ProjOct Name: Cape Winds o 
Site: New Bedford, MA 0 
PO# 0 

~mple Sample 
Slllllple IdellCrnution Dat. run. 

<JU311- '1335- D I "?I,,.,J;J.I3":i~ . 
101.::1.3 II - '1335-0 I u/)';"/;c,,Jig I I J 113:5S 

O~'l:W -'133.'5 - 810.'" /L. -.J; 18ht1k 

Preserntioo Used~= k~2'" HO; J:= H2SO4; ~HN03; 5:aNaOH; (POther 

2~ks 

I week 
1 days 

I d", 

Sample 
Ty}>< I M:ltri 

'of 
c..c 

,fl'l- I i 

11111- I I 

11-/1/..1 I 

l? 
~~ 
~ 
" '" ... 
~ ... 
~ 

:;> 

~ ... 
IX 
lx, 
1)( 

TestAmerica 
mE l."EAOER 1N E!>I'IffiONME:I\Il"A:' "F"cS1"ENG 

Da'e: :JJ~I 
TestAmeriea Laboratories, In~ 
COC No: 

Carrier: I I -L of ---L... C06 
Job No. 

~33S 
SooNo. 

Sample Specific Notes; --- --

I {'·'to "';. fU;, 0 Wi].,,?." 
1liJ.'tL"';" Q.S, (J L fI'I/l-J.!{5 

,g/~k 

1 Cmler RceN.tIQ(~ 
9"e.. &E;\fi::i ... ~lS 
\ Q\oe~ ~ "'11(, 

L ~ 9 g.y. (jij qtq,.3tfl 
~14-$111 

Pnssib(e Hazard IdeliiijiJ!athm 

o Non-Hazard D Flammable DSkin irritant Poison B c:::J Unknown 0 
Sample Disposal (A feiiinaybeassessiiiiif samples are retained longer than 1 moniiij 

D Retl1m To CHent ° DiSPOSBI ByLab ° Archive For Months 
Special butructiollsfQCRequirements & Comments: A total of 3 samples + 1 duplicate +] blatlk wi11 be aaal.yzed. The samples ~ be: collected over a 3 week fime period:. The lab will atcumldate the S2Ulples and ruB them :IS a siDgle 
batch once aU the: ftlters are «celved at the lab. Any questions CQDtadJohn Reynolds. This- COC covers the fint week of umpliD2 artd iodndes 1 sample, 1 dupliesm and 1 blank 

-
Date/T"tme:: 

_L I~ 
ReIH.jU5?; ~ ((y. iJrmpany

, j) I ~Dateff;nw.lt. I~ by, 
:.J,~~$ <J~~ j~.2.fo, 'f hi ~ ~m~ ,LJiJ,/ ~'J\J 
Company, loateff;.k~~.dbi.-If Relinquls~ i1y: 

Company: 

ITA 
Company, lfutemme, 

Relinquished oy: Company: DatelT"rme; Receive(!. by: Company: IDate!Time: 

~ -"L .... 



TESTAMERICA KNOXVILLE SAl'fl>LE RECEIPT/CONDmON UPON RECEIPT ANOMALY CHECKLIST 
Lot Number: )/182.70'133 

Review Items y~ N. NA If No, what was the problem? Comments/Actions Taken 
L Do sample container labels ll1atch COC? o 1a Do not match COC 

(IDs, Dates, Times) D 1b Incomplete Information -'-
V- D Ie Marking smeared 

DId Label tom 
o leNo label 
o lfCOC not received 
o 190ther: 

£. Is the cooler temperature withln limits? (> freezing o 2a Temp Blank 
temp. of water 10 6"C, YOST: IO'C) V- o 2b Cooler Temp-

o 2c Cooling initiated for recently 
collected samples, ice present 

3. Were samples received with correct chemical Iv C 3a Sample preservative -
preservative (excluding EOC1lre)? 

~. Were custody seals presenifmlact on coolerand/or o 4a Not present 
ccmtainers? ,/ o 4b Not intact 

o 4cOther: 
Were all of the smnples listed on the COC received? V o Sa Samples received-not 00 COC 

o Sb Samples not received-on COC 
6. Were all of the sample containers received intact? V 06aLeaking 

06bBroken 
7. Were VOA samples received without headspace? V 07aH~Wp~e~OAoruy) 

S. Were samples received in appropriate containers? v o Sa Improper container 
9. Did you check for residual chlorine, if necessary? V- o 9a Collid not be determined due 

10 malrix int~ce 
10. Were samples received within hokfmg time? I'" o lOa Holding time~ed 
1!. For rad samples, was sample activity info. provided? v o In~ete infonnation 
12. For 1613B water samples is pH<9? V !fno, was pH adjusted to pH 7 - 9 

with sulfuric acid? 

13. Arethe shipping containers intact? V- o 13aLeaking 
o 13b Other: 

14. Was COC relinquished? (Signed!DatedfTimed) V D 14aNotrel~quished 
15. Are tests/parameters listed for each sample? V- o lSa Incomplete Infonnation 
16. Is the matrix of the saIDples noted? v o lSa Incomplete infumtatioll 
11. Is the date/time of sample collection noted? V o lSa Incomplete Information 
18. Is the client and project namel# identified? V o 15a Incomplete loformation 
19. Was the samoler identified on the COe? vi 
Quoleil: tJ.~J.'1 PM Instructions: 

. 

I .. .,,(~ Sarnp e ReceJvmg AsSOCIate: .~. 11 J. Ji.I..r."..o. Date: :1lJ.Sl /11 QA026R22.doc, 012811 

w 
co 



~oxville 1 
5815 MiddIebrookPike 

\i'~J001~~ 
Chain of Custody Record 

Test~merica 
Knoxville:, TN 37921 

l'HEtE:ADER iN £N"'It'«:>NMEI'UAt,. TE.$TmG 

phone 865.291.3000 fax 863584.4315 TestAmerick LabDratorie.s, Ine.. 
¢tient Contact Project Managitr; Bob Cashlns ISit. Co.tact, K.f. ,.T ( ;"t., Daleo :-.1 j/// ~CNo, I 

Cashins & Associates, Inc 1 TeVFax:781-245-14<lo- Lab Contac.C.John ReyliOlds Canier; j I or!---,---- COC, 
599 North Avenue Analysis Turnaround Time. 

j ~ 
obNo. 1 

.1 
Wakefield, MA 01880 : Cah;ndar (C) or WOlk Days (Vi) I 

(781)245-1400 phone TATifdiffCl;'Cl1tftorqpektw ~JC...s ~ l[ 33-5 
1(781 }245-31 00 CJ .~ ~ 

FAX 2_ks SDGNo. ' 
PrOject Name: Gape Winds' D 1 werle Ii ISite-: New Bedford, M.A. D 2 days 

!PO# y D I-day ~ 
~ 

Sample Sample Sample .or '0 
U 

Sample IdentiIlCa'tiOD Dar. Time Typ. Matti ""'" "- Sample.Specific Notes; 

r; ~ 01 It._ W,,~'" - n I tJ3j.1j;( IJ.'~" I/JIL I X ItfItO,.,:. (,) E./J )"""JJ.a~ , ~. ,- -... --- Dr. - ,- I 

030'311-1(335- 01 o3/otA 1J,'S5r'", !Ifil.- I X 11f1foP;", {J 5iJ1_ - 7,~ 

I -[3:J7... n.c-tl: of -to( Cl t.I4'" . 

IfJ ,,--J...'. S-<'ll<U" I'",~ 
, . GJ pC>( .,,} lk> 13111 1 ZJ 

(l.B,+ 311D/11 

I 

Preservation U.sed~ I;J 2- HC1; 3= H2SO4; 4=HN03; 5=NaOH; 6= Other 

Possible. Hazalll lrk~an Sample Disposal (A fee may be assessed if samples are retained longer than 1 month) 

o NGt1~H(lZ(1,.d D Ffammal;l~ DSkin Irritant PoisonB CJ Unknown 0 o RetUm TD CFrent 0 Disposal By Lab CJ AlclJive For Months 

Special Io.sCru.i:tionsfQC Requirements & Comments: A total (lf3 samples + 1 duplicate +1 blaak will be 811dyzed. The samples wilt be -collected avera 3 '\ol-eek tinu: period. The lab will accumulate the-sampIes and ruB. them liS a single 
bakh oOnte an the filters:u-e recefved atthe: lab~ Any questlollS o:mtal"tJ'&hn Reynolds. This COC covers the first w«k of sampling and i.dudes 1 sample. l duplicate and I blank 

-RCuisna.J. C (' J _ f ;:r~) J,1;1!1',letC ,;)::J';'h!" ;c::z-
, 

l""/A, 
Company: 

Ir;;:~~t LV 77f '130 
Relinquished by:: Company: I"".m ... , , 

eceived by: 0 Company: Daterrnne: 

Relinquished by: Company, DatelTime: Received by: Company: Date/Iime: 

", 
to 



TESTAl\1ERICA KNOXVILLE SAMPLE RECEIPTICONDITION u'PON RECEIPT ANOMALY CHECKLIST 
Lot Number: \lr\ \).;:)SlJl1s 1.., 

= 

Review Items ya i No NA If No, what was the problem? CcmmentSlActions Taken 
L Do sample container labels match COC? 

, o 1. Do not match COC 
(IDs, Dates, Times) o Ib Incomplete information 

o Ie Marking smeared 

V- Old Label torn 
o leNo label 
o 1 f COC not received 
01gOther: 

Is the cooler temperature within limits? t> freezing 

IV 
02a Temp Blank-

temp. of water to 6 'c, VOST: Ifj'C) o 2b Cooler Temp -
o 2c Cooling initiated for recently 
collected "!lllples, ice present 

13. Were samples received \\oith correct chemical V o 3a Sample preservative -
preservative (excludinJ!: Encore)? 

14· Were custody seals presentrmtact on cooler and/or Iv 04. :-lot present 
containers? o 4b Not intact 

04c Other: 
5. Were all ofllle samples listed on the cac received? V o Sa Samples received-not on CDC 

o 5b Samples not received-on COC 
Were all of the sample containers received intact? V 06aLeaking 

06bBroken 
Were VOA samples received without headspace? V- 07. Headspaee (yOA only) 

~. Were samples received in appropriate containers? v o 8a Improper container 
9. Did you check for residual chlorine, if necessary? V o 9a Could not be detennined due 

to matrix interference 
10. Were samples received within holding fun.? IV [j lOa Hal.@>&. time ~ed 
11. For rad samples, was sample activity info. provided? V o In"""'l'.iete information 
12. For 1613B water samples is pH<9? V Ifno, was pH adjusted to pH 7 - 9 , willl sulfuric acid? 

13. Are lhe shipping containers intact? V o 13. Leaking 
o 13bOther: 

14. Was cae relinquished? (Signed!Dated!I"nned) V 014. Notrelinquis_hed 
15. Are tests/parameters listed for each sample? V! o 15. Incomplete information 
16. Is lhe matrix: of the samples noted? V o IS. Incomplete infurmation 
17. Is Ille date/time of sample collectionn"ted? v' o 15. Incomplete infonnation 
8. Is the client and project nameill identified? V 015. InCClIll>lete infonnation 

19. Was lhe sampler identified on the CDC? V 

Quote#: ~ Instructions~ 
A 

Sample Receiving AssociatO A ,. ,f 1 j ...y1_lIl", ~ Date-J,Pc( 11311'0/11 QA026R22.doc, 012111 1 

.I>
o 



Particulate Monitoring 
Sampling Event 10/12/11 

Data Summary Statistics: 
Instrument Name DustTrak II 
Model Number 8530 
Serial Number 8530104208 
Firmware Version 2.8 
Calibration Date 9/22/2011 
Test Name TEST 2_001 
Test Start Time 8:42:39 AM 
Test Start Date 10/12/2011 
Test Length [D:H:M] 0:08:00 
Test Interval [M:S] 1:00 
Mass Average [mg/m3] 0.01 
Mass Minimum [mg/m3] 0.008 
Mass Maximum [mg/m3] 0.012 
Mass TWA [mg/m3] 0.01 
Photometric User Cal 1 
Flow User Cal 1 
Errors 
Number of Samples 480 

Sampling Data Table: 
Elapsed Time [s] Mass [mg/m3] Alarms Errors 

60 0.008 
120 0.008 
180 0.008 
240 0.008 
300 0.008 
360 0.008 
420 0.008 
480 0.008 
540 0.008 
600 0.008 
660 0.008 
720 0.008 
780 0.008 
840 0.008 
900 0.008 
960 0.008 

1020 0.008 
1080 0.008 
1140 0.008 
1200 0.008 
1260 0.008 
1320 0.008 
1380 0.008 
1440 0.009 
1500 0.009 
1560 0.009 
1620 0.008 
1680 0.009 
1740 0.009 
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Particulate Monitoring 

Sampling Event 10/12/11
 

1800 0.009 
1860 0.009 
1920 0.009 
1980 0.009 
2040 0.01 
2100 0.01 
2160 0.009 
2220 0.009 
2280 0.009 
2340 0.009 
2400 0.01 
2460 0.01 
2520 0.01 
2580 0.01 
2640 0.01 
2700 0.01 
2760 0.01 
2820 0.01 
2880 0.01 
2940 0.01 
3000 0.01 
3060 0.01 
3120 0.01 
3180 0.01 
3240 0.01 
3300 0.01 
3360 0.01 
3420 0.01 
3480 0.01 
3540 0.01 
3600 0.01 
3660 0.01 
3720 0.01 
3780 0.01 
3840 0.01 
3900 0.01 
3960 0.01 
4020 0.01 
4080 0.01 
4140 0.01 
4200 0.01 
4260 0.01 
4320 0.01 
4380 0.01 
4440 0.01 
4500 0.01 
4560 0.01 
4620 0.01 
4680 0.01 
4740 0.01 
4800 0.01 
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Particulate Monitoring 

Sampling Event 10/12/11
 

4860 0.01 
4920 0.01 
4980 0.01 
5040 0.01 
5100 0.01 
5160 0.01 
5220 0.01 
5280 0.01 
5340 0.01 
5400 0.01 
5460 0.01 
5520 0.01 
5580 0.01 
5640 0.01 
5700 0.01 
5760 0.01 
5820 0.01 
5880 0.01 
5940 0.01 
6000 0.01 
6060 0.01 
6120 0.01 
6180 0.01 
6240 0.01 
6300 0.01 
6360 0.01 
6420 0.01 
6480 0.011 
6540 0.01 
6600 0.01 
6660 0.01 
6720 0.01 
6780 0.01 
6840 0.01 
6900 0.01 
6960 0.01 
7020 0.01 
7080 0.01 
7140 0.01 
7200 0.01 
7260 0.01 
7320 0.01 
7380 0.01 
7440 0.01 
7500 0.01 
7560 0.01 
7620 0.01 
7680 0.01 
7740 0.01 
7800 0.01 
7860 0.01 
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Particulate Monitoring 

Sampling Event 10/12/11
 

7920 0.01 
7980 0.01 
8040 0.01 
8100 0.01 
8160 0.01 
8220 0.01 
8280 0.01 
8340 0.01 
8400 0.01 
8460 0.01 
8520 0.01 
8580 0.01 
8640 0.01 
8700 0.01 
8760 0.01 
8820 0.01 
8880 0.009 
8940 0.01 
9000 0.01 
9060 0.01 
9120 0.01 
9180 0.01 
9240 0.01 
9300 0.01 
9360 0.01 
9420 0.01 
9480 0.01 
9540 0.011 
9600 0.01 
9660 0.01 
9720 0.01 
9780 0.01 
9840 0.01 
9900 0.01 
9960 0.01 

10020 0.01 
10080 0.01 
10140 0.01 
10200 0.01 
10260 0.01 
10320 0.01 
10380 0.01 
10440 0.01 
10500 0.01 
10560 0.01 
10620 0.01 
10680 0.01 
10740 0.01 
10800 0.01 
10860 0.01 
10920 0.01 
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Particulate Monitoring 

Sampling Event 10/12/11
 

10980 0.01 
11040 0.01 
11100 0.01 
11160 0.01 
11220 0.01 
11280 0.01 
11340 0.01 
11400 0.01 
11460 0.01 
11520 0.01 
11580 0.01 
11640 0.01 
11700 0.01 
11760 0.01 
11820 0.01 
11880 0.01 
11940 0.01 
12000 0.01 
12060 0.011 
12120 0.01 
12180 0.01 
12240 0.01 
12300 0.01 
12360 0.01 
12420 0.01 
12480 0.01 
12540 0.01 
12600 0.01 
12660 0.01 
12720 0.01 
12780 0.01 
12840 0.01 
12900 0.01 
12960 0.01 
13020 0.01 
13080 0.011 
13140 0.01 
13200 0.01 
13260 0.01 
13320 0.01 
13380 0.01 
13440 0.01 
13500 0.01 
13560 0.01 
13620 0.01 
13680 0.01 
13740 0.011 
13800 0.011 
13860 0.01 
13920 0.01 
13980 0.01 
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Particulate Monitoring 

Sampling Event 10/12/11
 

14040 0.01 
14100 0.01 
14160 0.011 
14220 0.011 
14280 0.01 
14340 0.01 
14400 0.01 
14460 0.01 
14520 0.011 
14580 0.01 
14640 0.01 
14700 0.01 
14760 0.01 
14820 0.01 
14880 0.01 
14940 0.01 
15000 0.01 
15060 0.01 
15120 0.01 
15180 0.01 
15240 0.011 
15300 0.011 
15360 0.01 
15420 0.01 
15480 0.01 
15540 0.01 
15600 0.011 
15660 0.01 
15720 0.01 
15780 0.01 
15840 0.01 
15900 0.01 
15960 0.01 
16020 0.01 
16080 0.01 
16140 0.01 
16200 0.01 
16260 0.01 
16320 0.01 
16380 0.01 
16440 0.01 
16500 0.01 
16560 0.01 
16620 0.01 
16680 0.01 
16740 0.01 
16800 0.01 
16860 0.01 
16920 0.01 
16980 0.01 
17040 0.01 
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Sampling Event 10/12/11
 

17100 0.01 
17160 0.01 
17220 0.01 
17280 0.01 
17340 0.01 
17400 0.01 
17460 0.01 
17520 0.01 
17580 0.011 
17640 0.01 
17700 0.01 
17760 0.01 
17820 0.01 
17880 0.01 
17940 0.01 
18000 0.01 
18060 0.01 
18120 0.01 
18180 0.01 
18240 0.01 
18300 0.01 
18360 0.01 
18420 0.01 
18480 0.01 
18540 0.01 
18600 0.01 
18660 0.01 
18720 0.01 
18780 0.01 
18840 0.01 
18900 0.01 
18960 0.009 
19020 0.009 
19080 0.01 
19140 0.01 
19200 0.009 
19260 0.009 
19320 0.009 
19380 0.01 
19440 0.01 
19500 0.01 
19560 0.009 
19620 0.009 
19680 0.009 
19740 0.009 
19800 0.01 
19860 0.01 
19920 0.01 
19980 0.01 
20040 0.01 
20100 0.01 
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Particulate Monitoring 

Sampling Event 10/12/11
 

20160 0.01 
20220 0.009 
20280 0.01 
20340 0.009 
20400 0.01 
20460 0.01 
20520 0.01 
20580 0.01 
20640 0.01 
20700 0.011 
20760 0.011 
20820 0.01 
20880 0.01 
20940 0.011 
21000 0.011 
21060 0.01 
21120 0.01 
21180 0.01 
21240 0.01 
21300 0.01 
21360 0.01 
21420 0.01 
21480 0.01 
21540 0.01 
21600 0.01 
21660 0.01 
21720 0.01 
21780 0.01 
21840 0.01 
21900 0.01 
21960 0.01 
22020 0.01 
22080 0.01 
22140 0.01 
22200 0.01 
22260 0.01 
22320 0.01 
22380 0.01 
22440 0.009 
22500 0.01 
22560 0.01 
22620 0.01 
22680 0.01 
22740 0.01 
22800 0.01 
22860 0.01 
22920 0.01 
22980 0.01 
23040 0.01 
23100 0.01 
23160 0.01 
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Particulate Monitoring 

Sampling Event 10/12/11
 

23220 0.01 
23280 0.01 
23340 0.01 
23400 0.009 
23460 0.01 
23520 0.01 
23580 0.009 
23640 0.01 
23700 0.01 
23760 0.01 
23820 0.01 
23880 0.01 
23940 0.01 
24000 0.01 
24060 0.01 
24120 0.01 
24180 0.01 
24240 0.01 
24300 0.01 
24360 0.01 
24420 0.01 
24480 0.01 
24540 0.01 
24600 0.01 
24660 0.01 
24720 0.01 
24780 0.01 
24840 0.01 
24900 0.01 
24960 0.01 
25020 0.011 
25080 0.011 
25140 0.011 
25200 0.01 
25260 0.01 
25320 0.01 
25380 0.01 
25440 0.01 
25500 0.01 
25560 0.01 
25620 0.01 
25680 0.01 
25740 0.01 
25800 0.01 
25860 0.011 
25920 0.011 
25980 0.011 
26040 0.011 
26100 0.011 
26160 0.011 
26220 0.011 
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Sampling Event 10/12/11
 

26280 0.011 
26340 0.011 
26400 0.011 
26460 0.012 
26520 0.011 
26580 0.011 
26640 0.011 
26700 0.011 
26760 0.011 
26820 0.011 
26880 0.011 
26940 0.011 
27000 0.011 
27060 0.012 
27120 0.011 
27180 0.011 
27240 0.011 
27300 0.011 
27360 0.011 
27420 0.011 
27480 0.011 
27540 0.011 
27600 0.011 
27660 0.011 
27720 0.011 
27780 0.011 
27840 0.011 
27900 0.011 
27960 0.011 
28020 0.011 
28080 0.011 
28140 0.011 
28200 0.012 
28260 0.012 
28320 0.012 
28380 0.012 
28440 0.012 
28500 0.011 
28560 0.012 
28620 0.012 
28680 0.012 
28740 0.011 
28800 0.012 
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Particulate Monitoring 
Sampling Event 10/19/11 

Data Summary Statistics: 
Instrument Name DustTrak II 
Model Number 8530 
Serial Number 8530104208 
Firmware Version 2.8 
Calibration Date 9/22/2011 
Test Name TEST 3_001 
Test Start Time 1:21:10 PM 
Test Start Date 10/19/2011 
Test Length [D:H:M] 0:08:00 
Test Interval [M:S] 1:00 
Mass Average [mg/m3] 0.006 
Mass Minimum [mg/m3] 0 
Mass Maximum [mg/m3] 0.028 
Mass TWA [mg/m3] 0.006 
Photometric User Cal 1 
Flow User Cal 1 
Errors 
Number of Samples 480 

Sampling Data Table: 
Elapsed Time [s] Mass [mg/m3] Alarms Errors 

60 0.028 
120 0.015 
180 0.014 
240 0.013 
300 0.013 
360 0.013 
420 0.012 
480 0.011 
540 0.01 
600 0.01 
660 0.01 
720 0.009 
780 0.009 
840 0.009 
900 0.009 
960 0.009 

1020 0.009 
1080 0.01 
1140 0.01 
1200 0.01 
1260 0.009 
1320 0.01 
1380 0.01 
1440 0.01 
1500 0.01 
1560 0.011 
1620 0.01 
1680 0.011 
1740 0.011 
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Particulate Monitoring
 
Sampling Event 10/19/11
 

1800 0.012 
1860 0.013 
1920 0.014 
1980 0.014 
2040 0.014 
2100 0.012 
2160 0.011 
2220 0.011 
2280 0.011 
2340 0.01 
2400 0.01 
2460 0.011 
2520 0.01 
2580 0.012 
2640 0.011 
2700 0.011 
2760 0.009 
2820 0.01 
2880 0.009 
2940 0.009 
3000 0.01 
3060 0.009 
3120 0.009 
3180 0.009 
3240 0.009 
3300 0.01 
3360 0.009 
3420 0.009 
3480 0.009 
3540 0.01 
3600 0.01 
3660 0.01 
3720 0.01 
3780 0.011 
3840 0.01 
3900 0.01 
3960 0.009 
4020 0.008 
4080 0.009 
4140 0.009 
4200 0.009 
4260 0.01 
4320 0.011 
4380 0.01 
4440 0.013 
4500 0.009 
4560 0.011 
4620 0.011 
4680 0.011 
4740 0.01 
4800 0.01 
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Particulate Monitoring
 
Sampling Event 10/19/11
 

4860 0.009 
4920 0.009 
4980 0.009 
5040 0.009 
5100 0.009 
5160 0.009 
5220 0.009 
5280 0.01 
5340 0.009 
5400 0.008 
5460 0.008 
5520 0.008 
5580 0.008 
5640 0.009 
5700 0.009 
5760 0.008 
5820 0.008 
5880 0.01 
5940 0.009 
6000 0.008 
6060 0.008 
6120 0.008 
6180 0.007 
6240 0.008 
6300 0.008 
6360 0.008 
6420 0.007 
6480 0.008 
6540 0.009 
6600 0.008 
6660 0.007 
6720 0.007 
6780 0.007 
6840 0.008 
6900 0.009 
6960 0.009 
7020 0.009 
7080 0.011 
7140 0.01 
7200 0.01 
7260 0.01 
7320 0.009 
7380 0.008 
7440 0.008 
7500 0.009 
7560 0.01 
7620 0.011 
7680 0.012 
7740 0.01 
7800 0.007 
7860 0.007 
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Particulate Monitoring
 
Sampling Event 10/19/11
 

7920 0.006 
7980 0.007 
8040 0.009 
8100 0.009 
8160 0.006 
8220 0.006 
8280 0.007 
8340 0.014 
8400 0.021 
8460 0.02 
8520 0.015 
8580 0.013 
8640 0.014 
8700 0.01 
8760 0.011 
8820 0.009 
8880 0.01 
8940 0.008 
9000 0.009 
9060 0.008 
9120 0.008 
9180 0.007 
9240 0.008 
9300 0.006 
9360 0.006 
9420 0.007 
9480 0.007 
9540 0.009 
9600 0.007 
9660 0.006 
9720 0.006 
9780 0.005 
9840 0.004 
9900 0.004 
9960 0.004 

10020 0.005 
10080 0.005 
10140 0.005 
10200 0.004 
10260 0.003 
10320 0.004 
10380 0.004 
10440 0.005 
10500 0.004 
10560 0.003 
10620 0.005 
10680 0.005 
10740 0.004 
10800 0.004 
10860 0.003 
10920 0.004 
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Particulate Monitoring
 
Sampling Event 10/19/11
 

10980 0.004 
11040 0.004 
11100 0.009 
11160 0.009 
11220 0.009 
11280 0.009 
11340 0.008 
11400 0.006 
11460 0.006 
11520 0.006 
11580 0.007 
11640 0.007 
11700 0.007 
11760 0.004 
11820 0.006 
11880 0.005 
11940 0.005 
12000 0.007 
12060 0.004 
12120 0.006 
12180 0.004 
12240 0.003 
12300 0.004 
12360 0.004 
12420 0.003 
12480 0.003 
12540 0.003 
12600 0.003 
12660 0.002 
12720 0.003 
12780 0.003 
12840 0.003 
12900 0.005 
12960 0.004 
13020 0.005 
13080 0.003 
13140 0.003 
13200 0.002 
13260 0.002 
13320 0.002 
13380 0.001 
13440 0.001 
13500 0.002 
13560 0.002 
13620 0.002 
13680 0.002 
13740 0.001 
13800 0.001 
13860 0.001 
13920 0.001 
13980 0.001 
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Particulate Monitoring
 
Sampling Event 10/19/11
 

14040 0.001 
14100 0.001 
14160 0.001 
14220 0.001 
14280 0.001 
14340 0 
14400 0 
14460 0.001 
14520 0.001 
14580 0.001 
14640 0 
14700 0.001 
14760 0.001 
14820 0.004 
14880 0.003 
14940 0.003 
15000 0.002 
15060 0.001 
15120 0 
15180 0 
15240 0 
15300 0 
15360 0.001 
15420 0.001 
15480 0.001 
15540 0.002 
15600 0.003 
15660 0.002 
15720 0.001 
15780 0.001 
15840 0.001 
15900 0.001 
15960 0.001 
16020 0 
16080 0.001 
16140 0 
16200 0 
16260 0.001 
16320 0 
16380 0 
16440 0 
16500 0 
16560 0.001 
16620 0 
16680 0 
16740 0 
16800 0 
16860 0 
16920 0.001 
16980 0.001 
17040 0.001 
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Particulate Monitoring
 
Sampling Event 10/19/11
 

17100 0 
17160 0 
17220 0 
17280 0 
17340 0 
17400 0 
17460 0 
17520 0 
17580 0 
17640 0 
17700 0 
17760 0 
17820 0 
17880 0 
17940 0.001 
18000 0.001 
18060 0.001 
18120 0.001 
18180 0.001 
18240 0 
18300 0 
18360 0 
18420 0.013 
18480 0.009 
18540 0.005 
18600 0.003 
18660 0.003 
18720 0.003 
18780 0.001 
18840 0.001 
18900 0.001 
18960 0 
19020 0.001 
19080 0 
19140 0.001 
19200 0.002 
19260 0.002 
19320 0.002 
19380 0.002 
19440 0.003 
19500 0.002 
19560 0.001 
19620 0.001 
19680 0.002 
19740 0.003 
19800 0.002 
19860 0.001 
19920 0.001 
19980 0.001 
20040 0.001 
20100 0 
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Particulate Monitoring
 
Sampling Event 10/19/11
 

20160 0 
20220 0.001 
20280 0.001 
20340 0 
20400 0 
20460 0 
20520 0 
20580 0 
20640 0.001 
20700 0.001 
20760 0.001 
20820 0.003 
20880 0.002 
20940 0.002 
21000 0.002 
21060 0.001 
21120 0.002 
21180 0.002 
21240 0.002 
21300 0.002 
21360 0.003 
21420 0.003 
21480 0.003 
21540 0.001 
21600 0.001 
21660 0.001 
21720 0.001 
21780 0.001 
21840 0.002 
21900 0.003 
21960 0.003 
22020 0.003 
22080 0.003 
22140 0.005 
22200 0.005 
22260 0.005 
22320 0.003 
22380 0.004 
22440 0.004 
22500 0.003 
22560 0.003 
22620 0.003 
22680 0.004 
22740 0.004 
22800 0.004 
22860 0.005 
22920 0.006 
22980 0.006 
23040 0.005 
23100 0.005 
23160 0.004 
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Particulate Monitoring
 
Sampling Event 10/19/11
 

23220 0.005 
23280 0.005 
23340 0.006 
23400 0.005 
23460 0.005 
23520 0.003 
23580 0.003 
23640 0.003 
23700 0.003 
23760 0.003 
23820 0.004 
23880 0.005 
23940 0.008 
24000 0.011 
24060 0.013 
24120 0.014 
24180 0.014 
24240 0.013 
24300 0.011 
24360 0.009 
24420 0.008 
24480 0.008 
24540 0.008 
24600 0.008 
24660 0.008 
24720 0.008 
24780 0.006 
24840 0.006 
24900 0.007 
24960 0.007 
25020 0.007 
25080 0.008 
25140 0.009 
25200 0.009 
25260 0.008 
25320 0.008 
25380 0.008 
25440 0.009 
25500 0.009 
25560 0.009 
25620 0.008 
25680 0.007 
25740 0.006 
25800 0.005 
25860 0.005 
25920 0.005 
25980 0.005 
26040 0.005 
26100 0.005 
26160 0.005 
26220 0.005 
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Particulate Monitoring
 
Sampling Event 10/19/11
 

26280 0.005 
26340 0.005 
26400 0.005 
26460 0.005 
26520 0.004 
26580 0.004 
26640 0.004 
26700 0.005 
26760 0.005 
26820 0.005 
26880 0.005 
26940 0.005 
27000 0.006 
27060 0.007 
27120 0.006 
27180 0.006 
27240 0.005 
27300 0.005 
27360 0.005 
27420 0.004 
27480 0.004 
27540 0.005 
27600 0.005 
27660 0.005 
27720 0.005 
27780 0.005 
27840 0.005 
27900 0.004 
27960 0.004 
28020 0.004 
28080 0.004 
28140 0.005 
28200 0.003 
28260 0.003 
28320 0.003 
28380 0.003 
28440 0.003 
28500 0.003 
28560 0.003 
28620 0.003 
28680 0.003 
28740 0.003 
28800 0.003 
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Particulate Monitoring 
Sampling Event 10/25/11 

Data Summary Statistics: 
Instrument Name DustTrak II 
Model Number 8530 
Serial Number 8530104208 
Firmware Version 2.8 
Calibration Date 9/22/2011 
Test Name TEST 4_001 
Test Start Time 8:25:49 AM 
Test Start Date 10/25/2011 
Test Length [D:H:M] 0:08:00 
Test Interval [M:S] 1:00 
Mass Average [mg/m3] 0.009 
Mass Minimum [mg/m3] 0.005 
Mass Maximum [mg/m3] 0.023 
Mass TWA [mg/m3] 0.009 
Photometric User Cal 1 
Flow User Cal 1 
Errors 
Number of Samples 480 

Sampling Data Table: 
Elapsed Time [s] Mass [mg/m3] Alarms Errors 

60 0.023 
120 0.019 
180 0.022 
240 0.02 
300 0.019 
360 0.019 
420 0.02 
480 0.019 
540 0.02 
600 0.021 
660 0.02 
720 0.019 
780 0.02 
840 0.02 
900 0.019 
960 0.019 

1020 0.019 
1080 0.018 
1140 0.018 
1200 0.018 
1260 0.018 
1320 0.018 
1380 0.016 
1440 0.016 
1500 0.015 
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Particulate Monitoring
 
Sampling Event 10/25/11
 

1560 0.016 
1620 0.016 
1680 0.016 
1740 0.016 
1800 0.016 
1860 0.015 
1920 0.015 
1980 0.015 
2040 0.015 
2100 0.016 
2160 0.015 
2220 0.015 
2280 0.015 
2340 0.015 
2400 0.015 
2460 0.016 
2520 0.014 
2580 0.013 
2640 0.013 
2700 0.012 
2760 0.012 
2820 0.012 
2880 0.012 
2940 0.013 
3000 0.012 
3060 0.012 
3120 0.012 
3180 0.012 
3240 0.012 
3300 0.012 
3360 0.012 
3420 0.012 
3480 0.013 
3540 0.012 
3600 0.012 
3660 0.012 
3720 0.012 
3780 0.012 
3840 0.012 
3900 0.012 
3960 0.012 
4020 0.012 
4080 0.012 
4140 0.012 
4200 0.012 
4260 0.012 
4320 0.012 
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Particulate Monitoring
 
Sampling Event 10/25/11
 

4380 0.012 
4440 0.012 
4500 0.012 
4560 0.011 
4620 0.011 
4680 0.012 
4740 0.012 
4800 0.012 
4860 0.012 
4920 0.011 
4980 0.011 
5040 0.012 
5100 0.013 
5160 0.011 
5220 0.012 
5280 0.011 
5340 0.013 
5400 0.012 
5460 0.012 
5520 0.012 
5580 0.012 
5640 0.012 
5700 0.012 
5760 0.012 
5820 0.012 
5880 0.012 
5940 0.012 
6000 0.012 
6060 0.012 
6120 0.013 
6180 0.011 
6240 0.011 
6300 0.011 
6360 0.012 
6420 0.012 
6480 0.011 
6540 0.011 
6600 0.012 
6660 0.012 
6720 0.012 
6780 0.011 
6840 0.011 
6900 0.011 
6960 0.011 
7020 0.011 
7080 0.011 
7140 0.012 
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Particulate Monitoring
 
Sampling Event 10/25/11
 

7200 0.012 
7260 0.011 
7320 0.011 
7380 0.011 
7440 0.011 
7500 0.011 
7560 0.011 
7620 0.011 
7680 0.012 
7740 0.011 
7800 0.011 
7860 0.011 
7920 0.011 
7980 0.011 
8040 0.011 
8100 0.011 
8160 0.01 
8220 0.01 
8280 0.01 
8340 0.01 
8400 0.01 
8460 0.01 
8520 0.01 
8580 0.01 
8640 0.01 
8700 0.01 
8760 0.01 
8820 0.01 
8880 0.01 
8940 0.01 
9000 0.011 
9060 0.01 
9120 0.01 
9180 0.01 
9240 0.01 
9300 0.01 
9360 0.01 
9420 0.01 
9480 0.01 
9540 0.01 
9600 0.01 
9660 0.01 
9720 0.01 
9780 0.01 
9840 0.01 
9900 0.011 
9960 0.01 
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Particulate Monitoring
 
Sampling Event 10/25/11
 

10020 0.01 
10080 0.01 
10140 0.01 
10200 0.01 
10260 0.01 
10320 0.01 
10380 0.011 
10440 0.01 
10500 0.01 
10560 0.01 
10620 0.01 
10680 0.01 
10740 0.011 
10800 0.01 
10860 0.01 
10920 0.01 
10980 0.011 
11040 0.011 
11100 0.01 
11160 0.01 
11220 0.01 
11280 0.01 
11340 0.01 
11400 0.01 
11460 0.01 
11520 0.01 
11580 0.01 
11640 0.009 
11700 0.009 
11760 0.01 
11820 0.009 
11880 0.01 
11940 0.009 
12000 0.009 
12060 0.01 
12120 0.01 
12180 0.009 
12240 0.01 
12300 0.01 
12360 0.01 
12420 0.01 
12480 0.01 
12540 0.01 
12600 0.01 
12660 0.009 
12720 0.009 
12780 0.009 
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Particulate Monitoring
 
Sampling Event 10/25/11
 

12840 0.009 
12900 0.009 
12960 0.009 
13020 0.009 
13080 0.009 
13140 0.009 
13200 0.009 
13260 0.009 
13320 0.01 
13380 0.009 
13440 0.009 
13500 0.009 
13560 0.009 
13620 0.01 
13680 0.009 
13740 0.009 
13800 0.009 
13860 0.009 
13920 0.009 
13980 0.009 
14040 0.009 
14100 0.009 
14160 0.009 
14220 0.009 
14280 0.01 
14340 0.009 
14400 0.009 
14460 0.009 
14520 0.01 
14580 0.01 
14640 0.01 
14700 0.009 
14760 0.009 
14820 0.009 
14880 0.01 
14940 0.009 
15000 0.01 
15060 0.009 
15120 0.009 
15180 0.009 
15240 0.009 
15300 0.009 
15360 0.009 
15420 0.008 
15480 0.008 
15540 0.008 
15600 0.008 
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Particulate Monitoring
 
Sampling Event 10/25/11
 

15660 0.008 
15720 0.008 
15780 0.008 
15840 0.008 
15900 0.008 
15960 0.008 
16020 0.008 
16080 0.008 
16140 0.008 
16200 0.008 
16260 0.008 
16320 0.008 
16380 0.008 
16440 0.008 
16500 0.008 
16560 0.008 
16620 0.008 
16680 0.008 
16740 0.008 
16800 0.008 
16860 0.008 
16920 0.008 
16980 0.007 
17040 0.007 
17100 0.007 
17160 0.007 
17220 0.007 
17280 0.007 
17340 0.007 
17400 0.007 
17460 0.007 
17520 0.008 
17580 0.007 
17640 0.007 
17700 0.007 
17760 0.007 
17820 0.007 
17880 0.007 
17940 0.007 
18000 0.007 
18060 0.007 
18120 0.006 
18180 0.006 
18240 0.006 
18300 0.006 
18360 0.007 
18420 0.007 
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Particulate Monitoring
 
Sampling Event 10/25/11
 

18480 0.007 
18540 0.007 
18600 0.007 
18660 0.007 
18720 0.006 
18780 0.006 
18840 0.008 
18900 0.007 
18960 0.007 
19020 0.007 
19080 0.007 
19140 0.007 
19200 0.006 
19260 0.007 
19320 0.007 
19380 0.007 
19440 0.006 
19500 0.007 
19560 0.006 
19620 0.006 
19680 0.007 
19740 0.006 
19800 0.006 
19860 0.007 
19920 0.008 
19980 0.007 
20040 0.007 
20100 0.008 
20160 0.008 
20220 0.007 
20280 0.007 
20340 0.007 
20400 0.008 
20460 0.007 
20520 0.007 
20580 0.006 
20640 0.006 
20700 0.007 
20760 0.008 
20820 0.007 
20880 0.007 
20940 0.007 
21000 0.006 
21060 0.006 
21120 0.006 
21180 0.006 
21240 0.006 
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Particulate Monitoring
 
Sampling Event 10/25/11
 

21300 0.007 
21360 0.006 
21420 0.006 
21480 0.006 
21540 0.006 
21600 0.006 
21660 0.006 
21720 0.006 
21780 0.006 
21840 0.006 
21900 0.006 
21960 0.006 
22020 0.005 
22080 0.006 
22140 0.006 
22200 0.006 
22260 0.006 
22320 0.005 
22380 0.006 
22440 0.006 
22500 0.005 
22560 0.006 
22620 0.006 
22680 0.005 
22740 0.006 
22800 0.006 
22860 0.006 
22920 0.005 
22980 0.006 
23040 0.006 
23100 0.006 
23160 0.006 
23220 0.005 
23280 0.005 
23340 0.005 
23400 0.006 
23460 0.006 
23520 0.006 
23580 0.006 
23640 0.005 
23700 0.006 
23760 0.006 
23820 0.005 
23880 0.005 
23940 0.006 
24000 0.006 
24060 0.005 
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Particulate Monitoring
 
Sampling Event 10/25/11
 

24120 0.006 
24180 0.006 
24240 0.005 
24300 0.006 
24360 0.006 
24420 0.006 
24480 0.005 
24540 0.006 
24600 0.005 
24660 0.005 
24720 0.006 
24780 0.005 
24840 0.005 
24900 0.005 
24960 0.005 
25020 0.005 
25080 0.006 
25140 0.006 
25200 0.006 
25260 0.006 
25320 0.005 
25380 0.005 
25440 0.006 
25500 0.006 
25560 0.006 
25620 0.006 
25680 0.006 
25740 0.006 
25800 0.006 
25860 0.005 
25920 0.006 
25980 0.006 
26040 0.006 
26100 0.006 
26160 0.006 
26220 0.006 
26280 0.006 
26340 0.006 
26400 0.006 
26460 0.006 
26520 0.006 
26580 0.006 
26640 0.006 
26700 0.005 
26760 0.006 
26820 0.006 
26880 0.006 
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Particulate Monitoring
 
Sampling Event 10/25/11
 

26940 0.006 
27000 0.006 
27060 0.006 
27120 0.006 
27180 0.006 
27240 0.006 
27300 0.006 
27360 0.006 
27420 0.006 
27480 0.006 
27540 0.005 
27600 0.006 
27660 0.006 
27720 0.005 
27780 0.006 
27840 0.006 
27900 0.005 
27960 0.005 
28020 0.006 
28080 0.006 
28140 0.005 
28200 0.006 
28260 0.006 
28320 0.006 
28380 0.005 
28440 0.005 
28500 0.006 
28560 0.005 
28620 0.006 
28680 0.005 
28740 0.005 
28800 0.006 
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Client: Apex Companies, LLC 

Ge;Testi*Hg 
Project Name: South Terminal Extension 
Project Location: New Bedford, MA 
GTX#: 10697 

EXPRESS Start Date: 04/15/11 Tested By: ema 
End Date: 04/18/11 Checked By: njh 

Boring #: ---

Sample #: #1 

Depth: ---
Visual Description: Dry, grayish brown sand with gravel and shells 

Permeability of Granular Soils (Constant Head) by ASTM D 2434 

Sample Type: 

Sample Information: 

Sample Preparation / Test 
Setup: 

Reading Volume of 
Date # Flow cc 
4/15 1 1.4 
4/15 2 1.4 
4/15 3 1.4 
4/15 4 1.8 
4/15 5 1.8 
4/15 6 1.8 
4/15 7 2.3 
4/15 8 2.2 
4/15 9 2.2 

Remolded 

Maximum Dry Density: 
Optimum Moisture Content: 
Compaction Test Method: 
Classification (ASTM D 2487): 
Assumed Specific Gravity: 

pcf 
--- % 

2.65 

Target Compaction: Moderate effort at air-dried moisture content; >3/8 inch material screened 
out of sample prior to testing (22% of sample). 5.27 Ib surcharge 

Parameter Initial Final 

Height, in 4.03 4.03 
Diameter, in 3.98 3.98 
Area, in2 12.4 12.4 
Volume, in3 50.1 50.1 
Mass, g 1538 1764 
Bulk Density, pcf 117 134 
Moisture Content, % 1.2 16 
Dry Density, pcf 115 115 
Degree of Saturation, % --- 99.8 
Void Ratio, e --- 0.44 

Flow 
Time of Rate, Permeability, Temp., Correction Permeability @ 

Flow sec cc/sec Gradient cm/sec DC Factor 20 DC cm/sec 
15 0.09 0.04 2.9E-02 12.0 1.239 3.7E-02 
15 0.09 0.04 2.9E-02 12.0 1.239 3.7E-02 
15 0.10 0.04 3.0E-02 12.0 1.239 3.7E-02 
15 0.12 0.08 1.9E-02 12.0 1.239 2.3E-02 
15 0.12 0.08 1.8E-02 12.0 1.239 2.3E-02 
15 0.12 0.08 1.9E-02 12.0 1.239 2.3E-02 
15 0.15 0.12 1.6E-02 12.0 1.239 1.9E-02 
15 0.15 0.12 1.5E-02 12.0 1.239 1.9E-02 
15 0.15 0.12 1.5E-02 12.0 1.239 1.9E-02 

Velocity vs. Hydraulic Gradient 

u 
5: 
E 
u 

~ 
'u 
o 
0; 
> 

S.OE-03 -,----,.....-----,.-----r---r---,----r------, 

O.OE+OO +---I-----+---+---+----+----I--~ 
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 

Hydraulic Gradient. I 

PERMEABILITY @ 20°C = 

2.6 X 10-2 em/sec 



Client: Apex Companies, LLC 

Ge;Testi;.g 
Project Name: South Terminal Extension 
Project Location: New Bedford, MA 
GTX #: 10697 

E X PRE S S Start Date: 04/18/11 Tested By: ema 
End Date: 04/19/11 Checked By: njh 
Boring #: ---

Sample #: #2 
Depth: ---

Visual Description: Dry, grayish brown sand with gravel and shells 

Permeability of Granular Soils (Constant Head) by ASTM D 2434 

Sample Type: 

Sample Information: 

Sample Preparation / Test 
Setup: 

Reading Volume of 
Date # Flow cc 
4/18 1 1.1 
4/18 2 1.1 
4/18 3 1.1 
4/18 4 1.4 
4/18 5 1.4 
4/18 6 1.4 
4/18 7 1.7 
4/18 8 1.7 
4/18 9 1.7 

Remolded 

Maximum Dry Density: --- pcf 
Optimum Moisture Content: --- % 

Compaction Test Method: 
Classification (ASTM D 2487): 
Assumed Specific Gravity: 2.65 

Target Compaction: Moderate effort at air-dried moisture content; >3/8 inch material screened 
out of sample prior to testing (2.1% of sample). 5.27 Ib surcharge 

Parameter Initial Final 
Height, in 4.03 4.03 
Diameter, in 3.98 3.98 
Area, in 2 12.4 12.4 
Volume, in3 50.1 50.1 
Mass, g 1333 1627 
Bulk Density, pcf 101 124 
Moisture Content, % 1.4 26 
Dry Density, pcf 100 98.3 
Degree of Saturation, % --- 100.0 
Void Ratio e --- 0.68 

Flow 
Time of Rate, Permeability, Temp., Correction Permeability @ 

Flow, sec cc/sec Gradient cm/sec DC Factor 20 DC cm/sec 
15 0.07 0.10 9.3E-03 13.0 1.203 1.1E-02 
15 0.07 0.10 9.3E-03 13.0 1.203 1.1E-02 
15 0.07 0.10 9.3E-03 13.0 1.203 1.1E-02 
15 0.09 0.13 B.8E-03 13.0 1.203 1.1E-02 
15 0.09 0.13 8.9E-03 13.0 1.203 1.1E-02 
15 0.09 0.13 8.8E-03 13.0 1.203 1.1E-02 
15 0.12 0.20 7.4E-03 13.0 1.203 8.9E-03 
15 0.12 0.20 7.4E-03 13.0 1.203 8.9E-03 
15 0.12 0.20 7.4E-03 13.0 1.203 8.9E-03 

Velocity vs. Hydraulic Gradient 
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'" ~ 
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PERMEABILITY @ 20°C = 
1.0 X 10-2 em/sec .. 

O.OE+OO -I-----+-----+-----+-----+----~ 
0.00 0.05 0.10 0.15 0.20 0.25 

Hydraulic Gradient, I 



Client: Apex Companies, LLC 
Project Name: South Terminal Extension 
Project Location: New Bedford, MA 
GTX #: 10697 Ge;Testi~ 

EXPRESS Start Date: 04/14/11 Tested By: ema 
End Date: 04/15/11 Checked By: njh 
Boring #: ---
Sample #: #3 

Depth: ---
Visual Description: Dry, gray sand with gravel and shells 

Permeability of Granular Soils (Constant Head) by ASTM D 2434 

Sample Type: Remolded 

Sample Information: Maximum Dry Density: --- pd 
Optimum Moisture Content: --- % 
Compaction Test Method: 
Classification (ASTM D 2487): 
Assumed Specific Gravity: 2.65 

Sample Preparation / Test 
Setup: 

Target Compaction: Moderate effort at air-dried moisture content; >3/8 inch material screened 
out of sample prior to testing (13% of sample). 5.27 Ib surcharge 

Date 
4/14 
4/14 
4/14 
4/14 
4/14 
4/14 
4/14 
4/14 
4/14 

u 
OJ 

~ 
E 
u 

j; 
'0 
o 
Cij 
> 

Parameter Initial 

Height, in 4.03 
Diameter, in 3.98 
Area, in2 12.4 
Volume, in3 50.1 
Mass, g 1516 
Bulk Density, pcf 115 
Moisture Content, % 1.4 
Dry Density, pcf 114 
Degree of Saturation, % ---
Void Ratio e ---

Flow 
Reading Volume of Time of Rate, Permeability, 

# Flow cc Flow sec cc/sec Gradient cm/sec 
1 1.0 30 0.03 0.05 8.5E-03 
2 1.0 30 0.03 0.05 8.5E-03 
3 1.1 30 0.04 0.05 8.6E-03 
4 2.1 30 0.07 0.10 8.7E-03 
5 2.1 30 0.07 0.10 8.7E-03 
6 2.1 30 0.07 0.10 8.7E-03 
7 3.5 30 0.12 0.15 9.6E-03 
8 3.5 30 0.12 0.15 9.4E-03 
9 3.5 30 0.12 0.15 9.5E-03 

Velocity vs. Hydraulic Gradient 
5.0E-03 ,------,.-------,------,--------, 

-~ 

O.OE+OO -I------+------I------+--------l 
0.00 0.05 0.10 0.15 0.20 

Hydraulic Gradient, i 

Final 

3.93 
3.98 
12.4 
48.9 
1721 
134 
15 

116 
96.3 
0.42 

Temp., Correction Permeability @ 

°c Factor 20°C cm/sec 
15.0 1.138 9.7E-03 
15.0 1.138 9.7E-03 
15.0 1.138 9.8E-03 
15.0 1.138 9.9E-03 
15.0 1.138 9.9E-03 
15.0 1.138 9.9E-03 
15.0 1.138 1.1E-02 
15.0 1.138 1.1E-02 
15.0 1.138 1.1E-02 

PERMEABILITY @ 20°C = 
1.0 X 10-2 em/sec 



Client: Apex Companies, LLC 

Ge;,Testiilg 
Project Name: South Terminal Extension 
Project Location: New Bedford, MA 
GTX #: 10697 

E X PRE S S Start Date: 04/15/11 Tested By: ema 
End Date: 04/18/11 Checked By: njh 

Boring #: ---
Sample #: #4 

Depth: ---
Visual Description: Dry, gray sand with gravel and shells 

Permeability of Granular Soils (Constant Head) by ASTM D 2434 

Sample Type: Remolded 

Sample Information: Maximum Dry Density: --- pcf 
Optimum Moisture Content: --- % 

Compaction Test Method: 
Classification (ASTM D 2487): 
Assumed Specific Gravity: 2.65 

Sample Preparation / Test 
Setup: 

Target Compaction: Moderate effort at air-dried moisture content; >3/8 inch material screened 
out of sample prior to testing (18.5% of sample). 5.27 Ib surcharge 

Parameter Initial Final 

Height, in 4.03 4.03 
Diameter, in 3.98 3.98 
Area, in2 12.4 12.4 
Volume, in3 50.1 50.1 
Mass, g 1325 1564 
Bulk Density, pcf 101 119 
Moisture Content, % 2.9 22 
Dry Density, pcf 97.8 97.3 
Degree of Saturation, % --- 83.7 
Void Ratio e --- 0.70 

Flow 
Reading Volume of Time of Rate, Permeability, Temp., Correction Permeability @ 

Date # Flow cc Flow sec cc/sec Gradient cm/sec DC Factor 20 DC cm/sec 
4/15 1 1.4 30 0.05 0.18 3.3E-03 12.0 1.239 4.0E-03 
4/15 2 1.4 30 0.05 0.18 3.3E-03 12.0 1.239 4.0E-03 
4/15 3 1.4 30 0.05 0.18 3.3E-03 12.0 1.239 4.0E-03 
4/15 4 1.7 30 0.06 0.23 3.2E-03 12.0 1.239 4.0E-03 
4/15 5 1.8 30 0.06 0.23 3.2E-03 12.0 1.239 4.0E-03 
4/15 6 1.8 30 0.06 0.23 3.3E-03 12.0 1.239 4.0E-03 
4/15 7 2.0 30 0.07 0.28 3.1E-03 12.0 1.239 3.8E-03 
4/15 8 2.0 30 0.07 0.28 3.1E-03 12.0 1.239 3.8E-03 
4/15 9 2.0 30 0.07 0.28 3.1E-03 12.0 1.239 3.8E-03 

Velocity vs. Hydraulic Gradient 
5.0E-03 ,-----,----,---r----,-----,-----, 

PERMEABILITY @ 20°C = 
3.9 X 10-3 em/sec 

.... 
O.OE+OO -I-----+----+---+-----+----+--~ 

~oo ~~ ~w ~~ ~w 0.25 0.30 

Hydraulic Gradient, i 



Client: Apex Companies, LLC 
Project Name: South Terminal Extension 
Project Location: New Bedford, MA 
GTX #: 10697 

Ge;,Testi~ 
E X PRE S S Start Date: 4/15/2011 Tested By: 

End Date: 4/19/2011 Checked By: 
Boring #: --- Test #: 
Sample #: #5 
Depth: ---
Visual Description: Wet black silt 

Hydraulic Conductivity of Saturated Porous Materials 
Using a Flexible Wall Permeameter by ASTM D 5084 

Constant Volume 

Sample Type: 
Orientation: 

Remolded 

Vertical 
Permeant Fluid: 
Cell #: 

de-aired tap water 

16/5/12 

Sample Preparation: Compacted at moderate effort. Trimmings moisture content = 145% 

Parameter Initial Final 
Height, in 2.60 2.42 
Diameter, in 2.87 2.59 
Area, in 2 6.47 5.27 
Volume, in3 16.8 12.7 
Mass, g 379 295 
Bulk Density, pd 85.7 88.0 
Moisture Content, % 146.2 91.8 
Dry Density, pcf 34.8 45.9 
Degree of Saturation, % --- 93 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi: 95.42 Pressure Increment, psi: 4.946 
Sample Pressure, psi: 90.05 B Coefficient: 0.99 

FLOW DATA 

Elapsed Permeability 
Trial Pressure, psi Manometer Readings Time, K, Temp, 

Date # Cell Sample Zl Z2 Zl-Z2 sec Gradient cm/sec DC 

4/18 1 90 85 8.0 7.8 0.2 36 16.4 3.2E-07 20 
4/18 2 90 85 8.0 7.8 0.2 38 16.4 3.0E-07 20 
4/18 3 90 85 8.0 7.8 0.2 44 16.4 2.6E-07 20 
4/18 4 90 85 8.0 7.8 0.2 48 16.4 2.4E-07 20 

Rt 

1.000 
1.000 
1.000 
1.000 

ema 
njh 
k 

Permeability 
K @ 20 DC, 

em/sec 

3.2E-07 
3.0E-07 
2.6E-07 
2.4E-07 

PERMEABILITY AT 20° C: 2.8 X 10-7 cm/sec (@ 5 psi effective stress) 



Client: Apex Companies, LLC 

Project Name: South Terminal Extension 
Project Location: New Bedford, MA 

GTX #: 10697 
Ge;Testiiig 

E X PRE S S Start Date: 4/15/2011 Tested By: 

End Date: 4/19/2011 Checked By: 
Boring #: --- Test #: 
Sample #: #6 
Depth: ---
Visual Description: Wet black silt 

Hydraulic Conductivity of Saturated Porous Materials 
Using a Flexible Wall Permeameter by ASTM D 5084 

Constant Volume 

Sample Type: 

Orientation: 
Remolded 
Vertical 

Permeant Fluid: 

Cell #: 

de-aired tap water 

8/3 

Sample Preparation: Compacted at moderate effort. Trimmings moisture content = 65.3% 

Parameter Initial Final 
Height, in 2.39 2.13 
Diameter, in 2.87 2.69 
Area, in2 6.47 5.68 
Volume, in3 15.5 12.1 

Mass, g 376 329 
Bulk Density, pcf 92.4 103 

Moisture Content, % 77.0 55.0 
Dry Density, pcf 52.2 66.7 
Degree of Saturation, % --- 97 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi: 95.27 Pressure Increment, psi: 5.004 
Sample Pressure, psi: 90.37 B Coefficient: 0.98 

FLOW DATA 

Elapsed Permeability 
Trial Pressure, psi Manometer Readings Time, K, Temp, 

Date # Cell Sample Zl Z2 ZCZ2 sec Gradient cm/sec °c 

4/18 2 90 85 8.0 7.9 0.1 60 18.6 7.7E-08 20 
4/18 3 90 85 8.0 7.9 0.1 63 18.6 7.3E-08 20 
4/18 4 90 85 8.0 7.9 0.1 66 18.6 7.0E-08 20 
4/18 5 90 85 8.0 7.9 0.1 66 18.6 7.0E-08 20 

Rt 

1.000 
1.000 
1.000 
1.000 

ema 
njh 
k 

Permeability 
K @ 20°C, 

cm/sec 

7.7E-08 
7.3E-08 
7.0E-08 
7.0E-08 

PERMEABILITY AT 20° C: 7.3 X 10-8 cm/sec (@ 5 psi effective stress) 



Client: Apex Companies, LLC 

Project Name: South Terminal Extension 

Project Location: New Bedford, MA 

GTX #: 10697 
Ge;,Testiiig 

E X PRE S S Start Date: 4/29/2011 Tested By: ema 

End Date: 5/4/2011 Checked By: jdt 

Sample Type: 

Orientation: 

Boring #: ---
Sample #: #5A (with 7% cement) 
Depth: ---
Visual Descri ption: Wet black silt 

Hydraulic Conductivity of Saturated Porous Materials 
Using a Flexible Wall Permeameter by ASTM D 5084 

Constant Volume 

Remolded 

Vertical 

Permeant Fluid: 

Cell #: 

de-aired tap water 

5/3/15 

Sample Preparation: 7% cement added to as-received wet sample by volume and allowed to cure for 14 days prior to test. Test 
specimen compacted with moderate effort. Trimmings moisture content = 139% 

Parameter Initial Final 

Height, in 3.29 3.29 

Diameter, in 1.98 1.98 
Area, in2 3.08 3.08 
Volume, in3 

10.1 10.1 

Mass, g 216 217 

Bulk Density, pcf 81.1 81.6 

Moisture Content, % 143.9 145.3 

Dry Density, pcf 33.2 33.2 

Degree of Saturation, % --- 98 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi: 95.0 Pressu re Increment, psi: 4.99 
Sample Pressure, psi: 89.5 B Coefficient: 0.93 

FLOW DATA 

Elapsed Permeability Permeability 
Trial Pressure, psi Manometer Readings Time, K, Temp, K @ 20°C, 

Date # Cell Sample Zl Z2 Zl-Z2 sec Gradient cm/sec °c Rt cm/sec 

5/2 1 90 85 9.0 8.5 0.5 46 13.6 1.3E-06 20 1.000 1.3E-06 
5/2 2 90 85 9.0 8.5 0.5 54 13.6 1.1E-06 20 1.000 1.1E-06 
5/2 3 90 85 9.0 8.5 0.5 55 13.6 1.1E-06 20 1.000 1.1E-06 
5/2 4 90 85 9.0 8.5 0.5 55 13.6 1.1E-06 20 1.000 1.1E-06 

PERMEABILITY AT 20° C: 1.2 X 10-6 cm/sec (@ 5 psi effective stress) 



Client: Apex Companies, LLC 

Project Name: South Terminal Extension 

Project Location: New Bedford, MA 

GTX #: 10697 

~ ----GeoTesting 
E X PRE S S Start Date: 5/2/2011 Tested By: ema 

End Date: 5/5/2011 Checked By: jdt 

Sample Type: 

Orientation: 

Boring #: ---
Sample #: #5A (with 7% cement) 
Depth: ---
Visual Description: Wet black silt 

Hydraulic Conductivity of Saturated Porous Materials 
Using a Flexible Wall Permeameter by ASTM 0 5084 

Constant Volume 

Remolded 

Vertical 

Permeant Fluid: 

Cell #: 

de-aired tap water 

6/8/2 

Sample Preparation: 7% cement added to as-received wet sample by volume and allowed to cure for 14 days prior to test. Test 
specimen compacted with moderate effort. Trimmings moisture content = 150% 

Parameter Initial Final 

Height, in 3.38 3.38 

Diameter, in 1.98 1.98 
Area, in' 3.08 3.08 
Volume, in~ 10.4 lOA 

Mass, g 222 222 

Bulk Density, pcf 81.0 81.2 

Moisture Content, % 148.6 149.2 

Dry Density, pcf 32.6 32.6 

Degree of Saturation, % --- 98 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi: 95.0 Pressure Increment, psi: 4.97 

Sample Pressure, psi: 89.8 B Coefficient: 0.96 

FLOW DATA 

Elapsed Permeability Permeability 
Trial Pressure, psi Manometer Readings Time, K, Temp, K @ 20°C, 

Date # Cell Sample Zl Z2 Zl-Z2 sec Gradient cm/sec °c Rt cm/sec 

5/4 1 90 85 9.0 8.5 0.5 70 13.2 8.8E-07 20 1.000 8.8E-07 
5/4 2 90 85 9.0 8.5 0.5 69 13.2 8.9E-07 20 1.000 8.9E-07 
5/4 3 90 85 9.0 8.5 0.5 71 13.2 8.7E-07 20 1.000 8.7E-07 
5/4 4 90 85 9.0 8.5 0.5 71 13.2 8.7E-07 20 1.000 8.7E-07 

PERMEABILITY AT 20° C: 8.8 X 10-7 em/sec (@ 5 psi effective stress) 



Client: Apex Companies, LLC 

Project Name: South Terminal Extension 

Project Location: New Bedford, MA 

GTX #: 10697 

~ .--.......... 
GeoTestlng 
E X PRE S S Start Date: 4/29/2011 Tested By: ema 

End Date: 5/4/2011 Checked By: jdt 

Sample Type: 

Orientation: 

Boring #: ---
Sample #: #6A (with 7% cement) 
Depth: ---
Visual Description: Wet black silt 

Hydraulic Conductivity of Saturated Porous Materials 
Using a Flexible Wall Permeameter by ASTM D 5084 

Constant Volume 

Remolded 

Vertical 

Permeant Fluid: 

Cell #: 

de-aired tap water 

15/1/7 

Sample Preparation: 7% cement added to as-received wet sample by volume and allowed to cure for 14 days prior to test. Test 
specimen compacted with moderate effort. Trimmings moisture content = 113% 

Parameter Initial Final 

Height, in 3.14 3.14 

Diameter, in 1.98 1.98 
Area, in2 3.08 3.08 
Volume, in::! 9.7 9.7 

Mass, g 216 215 

Bulk Density, pcf 85.1 84.7 

Moisture Content, % 115.1 114.0 

Dry Density, pcf 39.6 39.6 

Degree of Saturation, % --- 95 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi: 95.0 Pressu re Increment, psi: 5.11 

Sample Pressure, psi: 89.9 B Coefficient: 0.97 

FLOW DATA 

Elapsed Permeability Permeability 
Trial Pressure, psi Manometer Readings Time, K, Temp, K @ 20°C, 

Date # Cell Sample Zl Z2 ZCZ2 sec Gradient cm/sec °c Rt cm/sec 

5/2 1 90 85 9.0 8.5 0.5 30 14.2 1.9E-06 20 1.000 1.9E-06 
5/2 2 90 85 9.0 8.5 0.5 30 14.2 1.9E-06 20 1.000 1.9E-06 
5/2 3 90 85 9.0 8.5 0.5 30 14.2 1.9E-06 20 1.000 1.9E-06 
5/2 4 90 85 9.0 8.5 0.5 30 14.2 1.9E-06 20 1.000 1.9E-06 

PERMEABILITY AT 20° C: 1.9 X 10-6 em/sec (@ 5 psi effective stress) 



Client: Apex Companies, LLC 

Project Name: South Terminal Extension 

Project Location: New Bedford, MA 

GTX #: 10697 

~ .----GeoTestlng 
E X PRE S S Start Date: 5/2/2011 Tested By: ema 

End Date: 5/5/2011 Checked By: jdt 

Sample Type: 

Orientation: 

Boring #: ---
Sample #: #6A (with 7% cement) 
Depth: ---
Visual Description: Wet black silt 

Hydraulic Conductivity of Saturated Porous Materials 
Using a Flexible Wall Permeameter by ASTM D 5084 

Constant Volume 

Remolded 

Vertical 

Permeant Fluid: 

Cell #: 

de-aired tap water 

16/5/12 

Sample Preparation: 7% cement added to as-received wet sample by volume and allowed to cure for 14 days prior to test. Test 
specimen compacted with moderate effort. Trimmings moisture content = 103% 

Parameter Initial Final 

Height, in 2.99 2.99 

Diameter, in 1.98 1.98 
Area, in2 3.08 3.08 
Volume, in

j 

9.2 9.2 

Mass, g 209 210 

Bulk Density, pcf 86.5 86.6 

Moisture Content, % 110.0 110.4 

Dry Density, pcf 41.2 41.2 

Degree of Saturation, % --- 97 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi: 95.1 Pressu re Increment, psi: 5.00 

Sample Pressure, psi: 89.7 B Coefficient: 0.96 

FLOW DATA 

Elapsed Permeability Permeability 
Trial Pressure, psi Manometer Readings Time, K, Temp, K @ 20°C, 

Date # Cell Sample Zl Zz Zl-Z2 sec Gradient cm/sec °c Rt cm/sec 

5/4 1 90 85 9.0 8.5 0.5 36 14.9 1.5E-06 20 1.000 1.5E-06 
5/4 2 90 85 9.0 8.5 0.5 35 14.9 1.6E-06 20 1.000 1.6E-06 
5/4 3 90 85 9.0 8.5 0.5 38 14.9 1.4E-06 20 1.000 1.4E-06 
5/4 4 90 85 9.0 8.5 0.5 38 14.9 1.4E-06 20 1.000 1.4E-06 

PERMEABILITY AT 20° C: 1.5 X 10-6 em/sec (@ 5 psi effective stress) 
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MW-1 Spreadsht.xls 

Date: 7/1/2011 

Time: 12:01 PM 

Project: Project No: 6690.008 
Location: 

8.2' 
Boring Depth: -17.4 MLLW No: 

2" Drill Rig: ATV 
Drill Co: Method: Drill and Wash 
Driller: Log By: G. DiCesare 

WELL ID: SOUTH TERMINAL Reduced Data 
Local ID: MW-1 Time, Water 

INPUT Date: 7/1/2011 Entry Hr:Min:Sec Level (FT) 
Construction: Time: 12:01 1 12:01:29.0 4.66 

Casing dia. (dc) 2 Inch 2 12:01:40.0 4.67 
Annulus dia. (dw) 4 Inch 3 12:01:49.0 4.68 

Screen Length (L) 15 Feet 4 12:01:58.0 4.69 
5 12:02:04.0 4.70 

Depths to: 6 12:02:24.0 4.72 
water level (DTW) 4.59 Feet 7 12:02:45.0 4.77 

top of screen (TOS) 3.22 Feet 8 12:03:00.0 4.82 
Base of Aquifer (DTB) 25 Feet 

Annular Fill: 
across screen -- Coarse Sand 
above screen -- Bentonite 

Aquifer Material --

COMPUTED 
Lwetted 13.63 Feet 

D = 20.41 Feet 
H = 13.63 Feet 

L/rw = 81.78 
y0-DISPLACEMENT = 0.16 Feet 

y0-SLUG = 1.69 Feet 
From look-up table using L/rw 

Partial penetrate A = 4.028 
B = 0.667 

ln(Re/rw) = 3.037 
Re = 3.48 Feet 

Slope = 0.007232 log10/sec 
t90% recovery = 138 sec 

K = Error Feet/Day 

REMARKS: Bouwer and Rice analysis of slug test, WRR 1976 

A-2011-LB-B3/MW-1 

Sheet: 1 of 1 

Casing Type: PVC 
Casing Diameter: 

NH Boring 
Todd Pentecost 

Slug discrepancy of 165% is greater than maximum 
of 20% 

K= 1.1 is less than likely minimum of 3 for Fine Sand 

Fine Sand 

Hydraulic Conductivity MW-1 
Phase IV Dredging X: 815993 
South Terminal Expansion Y: 2687693 

Elevation at grade: Datum: MLLW 

Adjust slope of line to estimate K 

0.01 

0.10 

1.00 

00:00 00:17 00:35 00:52 01:09 01:26 01:44 
TIME, Minute:Second 

y/
y 0

 

dc 

Base of Aquifer 

dw 

HL D 

DTW 

DTB 

TOS 

Slug test was conducted in surficial aquifer, southern Massachusetts, which is mostly medium and fine sand. 
Hydraulic conductivity (K) calculated above are consistent with those values represented in Table 3.1 - Representative Values of 
Hydraulic Conductivity, page 71, Groundwater Hydrology, David Keith Todd, 1980. 

MW-1 Spreadsht.xls 
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MW-2 Spreadsht.xls 

Date: 7/1/2011 

Time: 12:52 PM 

Project: Project No: 6690.008 
Location: 

9.35 
Boring Depth: -18.8' MLLW Boring 

2" Drill Rig: ATV 
Drill Co: Method: Drill and Wash 
Driller: Log By: G. DiCesare 

WELL ID: MW-2 Reduced Data 
Local ID: MW-2 Time, Water 

INPUT Date: 7/1/2011 Entry Hr:Min:Sec Level (FT) 
Construction: Time: 12:52 1 12:52:05.0 5.71 

Casing dia. (dc) 2 Inch 2 12:57:10.0 5.72 
Annulus dia. (dw) 4 Inch 3 12:57:15.0 5.73 

Screen Length (L) 10 Feet 4 12:57:20.0 5.74 

Depths to: 
water level (DTW) 5.71 Feet 

top of screen (TOS) 2.5 Feet 
Base of Aquifer (DTB) 25 Feet 

Annular Fill: 
across screen -- Coarse Sand 
above screen -- Bentonite 

Aquifer Material --

COMPUTED 
Lwetted 6.79 Feet 

D = 19.29 Feet 
H = 6.79 Feet 

L/rw = 40.74 
y0-DISPLACEMENT = 0.01 Feet 

y0-SLUG = 1.92 Feet 
From look-up table using L/rw 

Partial penetrate A = 2.860 
B = 0.462 

ln(Re/rw) = 2.404 
Re = 1.84 Feet 

Slope = 0.007131 log10/sec 
t90% recovery = 140 sec 

K = Error Feet/Day 

REMARKS: Bouwer and Rice analysis of slug test, WRR 1976 

Todd Pentecost 

A-2011-LB-B4/MW-2 

Sheet: 1 of 1 

Casing Type: PVC 
Casing Diameter: 

NH Boring 

Slug discrepancy of 198% is greater than maximum 
of 20% 

K= 1.7 is less than likely minimum of 20 for Medium Sand 

Medium Sand 

Hydraulic Conductivity MW-2 
Phase IV Dredging X: 815985 
South Terminal Expansion Y: 2687860 

Elevation at grade: Datum: MLLW 

Adjust slope of line to estimate K 

0.01 

0.10 

1.00 

00:00 00:43 01:26 02:10 02:53 03:36 04:19 05:02 05:46 
TIME, Minute:Second 

y/
y 0

 

dc 

Base of Aquifer 

dw 

HL D 

DTW 

DTB 

TOS 

Slug test was conducted in surficial aquifer, southern Massachusetts, which is mostly medium and fine sand. 
Hydraulic conductivity (K) calculated above are consistent with those values represented in Table 3.1 - Representative Values of 
Hydraulic Conductivity, page 71, Groundwater Hydrology, David Keith Todd, 1980. 

MW-2 Spreadsht.xls 
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MW-3 Spreadsht.xls 

Date: 7/1/2011 

Time: 6:28 PM 

Project: Project No: 6690.008 
Location: 

8.96 
Boring Depth: -16.54 MLLW No: 

2" Drill Rig: ATV 
Drill Co: Method: Drill and Wash 
Driller: Log By: G. DiCesare 

WELL ID: MW-3 Reduced Data 
Local ID: MW-3 Time, Water 

INPUT Date: 7/1/2011 Entry Hr:Min:Sec Level (PSI) 
Construction: Time: 18:28 1 18:28:00.0 0.85 

Casing dia. (dc) 2 Inch 2 18:28:10.0 0.90 
Annulus dia. (dw) 4 Inch 3 18:28:20.0 0.92 

Screen Length (L) 10 Feet 4 18:35:00.0 0.93 

Depths to: 
water level (DTW) 4 Feet 

top of screen (TOS) 14 Feet 
Base of Aquifer (DTB) 25 Feet 

Annular Fill: 
across screen -- Coarse Sand 
above screen -- Bentonite 

Aquifer Material --

COMPUTED 
Lwetted 10 Feet 

D = 21 Feet 
H = 20 Feet 

L/rw = 60.00 
y0-DISPLACEMENT = 0.12 Feet 

y0-SLUG = 6.25 Feet 
From look-up table using L/rw 

Partial penetrate A = 3.414 
B = 0.552 

ln(Re/rw) = 3.299 
Re = 4.51 Feet 

Slope = 0.00474 log10/sec 
t90% recovery = 211 sec 

K = Error Feet/Day 

REMARKS: Bouwer and Rice analysis of slug test, WRR 1976 

Todd Pentecost 

A-2011-LB-B5/MW-3 

Sheet: 1 of 1 

Casing Type: PVC 
Casing Diameter: 

NH Boring 

Slug discrepancy of 193% is greater than maximum 
of 20% 

K= 1.1 is less than likely minimum of 3 for Fine Sand 

Fine Sand 

Hydraulic Conductivity MW-3 
Phase IV Dredging X: 815576 
South Terminal Expansion Y: 2688060 

Elevation at grade: Datum: MLLW 

Adjust slope of line to estimate K 

0.01 

0.10 

1.00 

00:00 01:26 02:53 04:19 05:46 07:12 08:38 
TIME, Minute:Second 

y/
y 0

 

dc 

Base of Aquifer 

dw 

HL D 

DTW 

DTB 

TOS 

Slug test was conducted in surficial aquifer, southern Massachusetts, which is mostly medium and fine sand. 
Hydraulic conductivity (K) calculated above are consistent with those values represented in Table 3.1 - Representative Values of 
Hydraulic Conductivity, page 71, Groundwater Hydrology, David Keith Todd, 1980. 

MW-3 Spreadsht.xls 



                  

g

 

MW-4 Spreadsht.xls 

Date: 7/1/2011
 

Time: 2:48 PM
 

Reduced Data 
Time, Water 

Entry Hr:Min:Sec Level (PSI) 
1 14:48:20.0 1.99 
2 14:48:30.0 1.99 
3 14:48:40.0 2.02 

4 14:48:50.0 2.04 
5 14:49:00.0 2.05 
6 14:49:10.0 2.06 
7 14:49:20.0 2.06 

8 14:49:30.0 2.07 
9 14:49:40.0 2.07 
10 14:49:50.0 2.07 
11 14:50:00.0 2.07 
12 14:50:10.0 2.07 
13 14:50:20.0 2.07 
14 14:50:30.0 2.07 
15 14:50:40.0 2.07 
16 14:50:50.0 2.08 
17 14:51:00.0 2.08 
18 14:52:52.0 2.08 
19 14:53:00.0 2.08 

Project: Project No: 6690.008 
Location: 

7.45 
Boring Depth: -18.4 MLLW Boring No: 

2" Drill Rig: ATV 
Drill Co: Method: Drill and Wash Sheet: 1 of 1 
Driller: Log By: G. DiCesare 

WELL ID: MW-4 
Local ID: MW-4 

INPUT Date: 7/1/2011 
Construction: Time: 14:48 

Casing dia. (dc) 2 Inch 
Annulus dia. (dw) 4 Inch 

Screen Length (L) 10 Feet 

Depths to: 
water level (DTW) 4.8 Feet 

top of screen (TOS) 2 Feet 
Base of Aquifer (DTB) 25 Feet 

Annular Fill: 
across screen -- Coarse Sand 
above screen -- Bentonite 

Aquifer Material --

COMPUTED 
Lwetted 7.2 Feet 

D = 20.2 Feet 
H = 7.2 Feet 

L/rw = 43.20 
y0-DISPLACEMENT = 0.21 Feet 

y0-SLUG = 1.92 Feet 
From look-up table using L/rw 

Partial penetrate A = 2.927 
B = 0.472 

ln(Re/rw) = 2.454 
Re = 1.94 Feet 

Slope = 0.012345 log10/sec 
t90% recovery = 81 sec 

K = Error Feet/Day 

REMARKS: Bouwer and Rice analysis of slug test, WRR 1976 

Todd Pentecost 

Hydraulic Conductivity MW-4 

A-2011-LB-B6/MW-4Casing Type: PVC 
Casing Diameter: 

NH Boring 

Slug discrepancy of 161% is greater than maximum 
of 20% 

K= 2.9 is less than likely minimum of 3 for Fine Sand 

Fine Sand 

Phase IV Dredging X: 815657 
South Terminal Expansion Y: 2688318 

Elevation at grade: Datum: MLLW 

Adjust slope of line to estimate K 

0.01 

0.10 

1.00 

00:00 00:43 01:26 02:10 02:53 03:36 04:19 05:02 
TIME, Minute:Second 

y/
y 0

 

dc 

Base of Aquifer 

dw 

HL D 

DTW 

DTB 

TOS 

Slug test was conducted in surficial aquifer, southern Massachusetts, which is mostly medium and fine sand. 
Hydraulic conductivity (K) calculated above are consistent with those values represented in Table 3.1 - Representative Values of 
Hydraulic Conductivity, page 71, Groundwater Hydrology, David Keith Todd, 1980. 

MW-4 Spreadsht.xls 
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MW-5 Spreadsht.xls 

Date: 7/1/2011
 

Time: 3:11 PM
 

Project: Project No: 6690.008 
Location: 

8.28 
Boring Depth: -4.12 No: 

2" Drill Rig: ATV 
Drill Co: Method: Drill and Wash 
Driller: Log By: G. DiCesare 

WELL ID: MW-5 
Local ID: MW-5 

INPUT Date: 7/1/2011 
Construction: Time: 15:11 

Casing dia. (dc) 2 Inch 
Annulus dia. (dw) 4 Inch 

Screen Length (L) 5 Feet 

Depths to: 
water level (DTW) 5.06 Feet 

top of screen (TOS) 2 Feet 
Base of Aquifer (DTB) 25 Feet 

Annular Fill: 
across screen -- Coarse Sand 
above screen -- Bentonite 

Aquifer Material --

COMPUTED 
Lwetted 1.94 Feet 

D = 19.94 Feet 
H = 1.94 Feet 

L/rw = 11.64 
y0-DISPLACEMENT = 0.30 Feet 

y0-SLUG = 1.92 Feet 
From look-up table using L/rw 

Partial penetrate A = 1.949 
B = 0.284 

ln(Re/rw) = 1.370 
Re = 0.66 Feet 

Slope = 0.000729 log10/sec 
t90% recovery = 1372 sec 

K = Error Feet/Day 

REMARKS: Bouwer and Rice analysis of slug test, WRR 1976 

Elevation at grade: Datum: MLLW 

Hydraulic Conductivity MW-5 
Phase IV Dredging X: 815764 
South Terminal Expansion Y: 2688257 

Todd Pentecost 

Slug discrepancy of 146% is greater than maximum 
of 20% 

K= 0.36 is greater than likely maximum of 0.1 for Silt, Loess 

Silt, Loess 

A-2011-LB-B8/ 

Sheet: 1 of 1 

Casing Type: PVC 
Casing Diameter: 

NH Boring 

Adjust slope of line to estimate K 

0.01 

0.10 

1.00 

00:00 07:12 14:24 21:36 28:48 36:00 43:12 
TIME, Minute:Second 

y/
y 0

 

dc 

Base of Aquifer 

dw 

HL D 

DTW 

DTB 

TOS 

Slug test was conducted in surficial aquifer, southern Massachusetts, which is mostly medium and fine sand. 
Hydraulic conductivity (K) calculated above are consistent with those values represented in Table 3.1 - Representative Values 
of Hydraulic Conductivity, page 71, Groundwater Hydrology, David Keith Todd, 1980. 

Reduced Data 
Time, Water 

Entry Hr:Min:Sec Level (PSI) 
1 15:11:20.0 -0.16 
2 15:11:30.0 -0.15 
3 15:11:40.0 -0.13 

4 15:11:50.0 -0.12 
5 15:12:00.0 -0.12 
6 15:12:10.0 -0.11 
7 15:12:20.0 -0.10 

8 15:12:30.0 -0.10 
9 15:12:40.0 -0.09 
10 15:12:50.0 -0.08 
11 15:13:00.0 -0.08 
12 15:13:10.0 -0.07 
13 15:13:20.0 -0.07 
14 15:13:30.0 -0.07 
15 15:13:40.0 -0.07 
16 15:13:50.0 -0.06 
17 15:14:00.0 -0.06 
18 15:14:10.0 -0.06 
19 15:14:20.0 -0.06 
20 15:14:30.0 -0.05 
21 15:14:40.0 -0.04 
22 15:14:50.0 -0.04 
23 15:15:00.0 -0.04 
24 15:16:00.0 -0.02 
25 15:17:00.0 0.00 
26 15:18:00.0 0.01 
27 15:19:00.0 0.02 
28 15:20:00.0 0.04 
29 15:21:00.0 0.05 
30 15:22:00.0 0.05 
31 15:23:00.0 0.06 
32 15:24:00.0 0.07 
33 15:25:00.0 0.08 
34 15:26:00.0 0.08 
35 15:27:00.0 0.09 
36 15:28:00.0 0.09 
37 15:29:00.0 0.09 
38 15:30:00.0 0.10 
39 15:31:00.0 0.10 
40 15:32:00.0 0.11 
41 15:33:00.0 0.11 
42 15:34:00.0 0.11 
43 15:35:00.0 0.11 
44 15:36:00.0 0.12 
45 15:37:00.0 0.12 
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MW-7 Spreadsht.xls 

Date: 7/1/2011 

Time: 1:18 PM 

Project: Project No: 6690.008 
Location: 

7.35' 
Boring Depth: -8.65' MLLW Boring 

2" Drill Rig: ATV 
Drill Co: Method: Drill and Wash 
Driller: Log By: G. DiCesare 

WELL ID: MW-7 Reduced Data 
Local ID: MW-7 Time, Water 

INPUT Date: 7/1/2011 Entry Hr:Min:Sec Level (PSI) 
Construction: Time: 13:18 1 13:18:58.0 1.21 

Casing dia. (dc) 2 Inch 2 13:19:02.0 1.24 
Annulus dia. (dw) 4 Inch 3 13:19:09.0 1.26 

Screen Length (L) 14 Feet 4 13:19:19.0 1.28 
5 13:19:30.0 1.29 

Depths to: 6 13:19:45.0 1.30 
water level (DTW) 3.77 Feet 7 13:19:50.0 1.31 

top of screen (TOS) 2 Feet 8 13:20:00.0 1.32 
Base of Aquifer (DTB) 25 Feet 9 13:20:10.0 1.33 

10 13:20:20.0 1.33 
Annular Fill: 11 13:20:30.0 1.34 

across screen -- Coarse Sand 12 13:20:40.0 1.34 
above screen -- Bentonite 13 13:20:50.0 1.35 

14 13:21:00.0 1.35 
Aquifer Material -- 15 13:21:10.0 1.36 

16 13:21:20.0 1.36 
COMPUTED 17 13:21:30.0 1.36 

Lwetted 12.23 Feet 18 13:21:40.0 1.37 
D = 21.23 Feet 19 13:21:50.0 1.37 
H = 12.23 Feet 20 13:22:00.0 1.37 

L/rw = 73.38 21 13:22:10.0 1.37 
y0-DISPLACEMENT = 1.48 Feet 22 13:22:20.0 1.38 

y0-SLUG = 1.92 Feet 23 13:22:30.0 1.38 
From look-up table using L/rw 24 13:22:40.0 1.38 

Partial penetrate A = 3.794 25 13:22:50.0 1.38 
B = 0.622 26 13:23:00.0 1.38 

27 13:23:10.0 1.39 
ln(Re/rw) = 2.928 28 13:23:20.0 1.39 

Re = 3.11 Feet 29 13:23:30.0 1.39 
30 13:23:40.0 1.39 

Slope = 0.000447 log10/sec 31 13:23:50.0 1.39 
t90% recovery = 2239 sec 32 13:24:00.0 1.39 

33 13:24:10.0 1.39 
34 13:24:20.0 1.39 

K = 0.074 Feet/Day 35 13:24:30.0 1.39 
36 13:24:40.0 1.39 
37 13:24:50.0 1.39 
38 13:25:00.0 1.39 
39 13:25:10.0 1.40 

REMARKS: Bouwer and Rice analysis of slug test, WRR 1976 40 13:25:20.0 1.40 
41 13:25:30.0 1.40 
42 13:25:40.0 1.40 
43 13:25:50.0 1.40 
44 13:26:00.0 1.40 
45 13:26:10.0 1.40 

Norm Stuttard 

A-2011-LB-B11/MW-7 

Sheet: 1 of 1 

Casing Type: PVC 
Casing Diameter: 

NH Boring 

Input is consistent. 

Silt, Loess 

Hydraulic Conductivity MW-7 
Phase IV Dredging X: 815985 
South Terminal Expansion Y: 2688109 

Elevation at grade: Datum: MLLW 

Adjust slope of line to estimate K 

0.01 

0.10 

1.00 

00:00 01:26 02:53 04:19 05:46 07:12 08:38 10:05 11:31 
TIME, Minute:Second 

y/
y 0

 

dc 

Base of Aquifer 

dw 

HL D 

DTW 

DTB 

TOS 

Slug test was conducted in surficial aquifer, southern Massachusetts, which is mostly medium and fine sand. 
Hydraulic conductivity (K) calculated above are consistent with those values represented in Table 3.1 - Representative Values of 
Hydraulic Conductivity, page 71, Groundwater Hydrology, David Keith Todd, 1980. 
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MW-8 Spreadsht.xls 

Date: 7/1/2011
 

Time: 1:53 PM
 

Reduced Data 
Time, Water 

Entry Hr:Min:Sec Level (PSI) 
1 13:53:10.0 1.76 
2 13:53:20.0 2.24 
3 13:53:30.0 2.24 

4 13:53:40.0 2.24 
5 13:53:50.0 2.24 
6 13:54:00.0 2.24 
7 13:58:00.0 2.25 

8 13:58:00.0 2.26 

Project: Project No: 6690.008 
Location: 

8.03' 
Boring Depth: -7.97' MLLW No: 

2" Drill Rig: ATV 
Drill Co: Method: Drill and Wash 
Driller: Log By: GAD 

WELL ID: MW-8 
Local ID: MW-8 

INPUT Date: 7/1/2011 
Construction: Time: 13:53 

Casing dia. (dc) 2 Inch 
Annulus dia. (dw) 4 Inch 

Screen Length (L) 9 Feet 

Depths to: 
water level (DTW) 4.41 Feet 

top of screen (TOS) 2 Feet 
Base of Aquifer (DTB) 25 Feet 

Annular Fill: 
across screen -- Coarse Sand 
above screen -- Bentonite 

Aquifer Material --

COMPUTED 
Lwetted 6.59 Feet 

D = 20.59 Feet 
H = 6.59 Feet 

L/rw = 39.54 
y0-DISPLACEMENT = 1.25 Feet 

y0-SLUG = 1.69 Feet 
From look-up table using L/rw 

Partial penetrate A = 2.827 
B = 0.458 

ln(Re/rw) = 2.370 
Re = 1.78 Feet 

Slope = 0.00049 log10/sec 
t90% recovery = 2041 sec 

K = 0.12 Feet/Day 

REMARKS: Bouwer and Rice analysis of slug test, WRR 1976 

Norm Stuttard 

A-2011-LB-B12/MW-8 

Sheet: 1 of 1 

Casing Type: PVC 
Casing Diameter: 

NH Boring 

Input is consistent. 

K= 0.12 is greater than likely maximum of 0.1 for Silt, Loess 

Silt, Loess 

Hydraulic Conductivity MW-8 
Phase IV Dredging X: 815987 
South Terminal Expansion Y: 2688237 

Elevation at grade: Datum: MLLW 

Adjust slope of line to estimate K 

0.01 

0.10 

1.00 

00:00 00:43 01:26 02:10 02:53 03:36 04:19 05:02 05:46 
TIME, Minute:Second 

y/
y 0

 

dc 

Base of Aquifer 

dw 

HL D 

DTW 

DTB 

TOS 

Slug test was conducted in surficial aquifer, southern Massachusetts, which is mostly medium and fine sand. 
Hydraulic conductivity (K) calculated above are consistent with those values represented in Table 3.1 - Representative Values of 
Hydraulic Conductivity, page 71, Groundwater Hydrology, David Keith Todd, 1980. 
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MANAGEMENT SUMMARY 

MANAGEMENT SUMMARY 

John Milner Associates, Inc. (JMA) conducted cultural resources background research and prepared an 
archeological sensitivity assessment of the proposed approximately 12-acre upland portion of the South 
Terminal Marine Infrastructure Park property (the Project Area) fronting along the Acushnet River 
estuary in the City of New Bedford, Bristol County, Massachusetts.  The investigation was conducted on 
behalf of Apex Companies, LLC, engineering consultant to the New Bedford Harbor Development 
Commission.  The purpose of this research is to identify any previously recorded archeological or historic 
sites that are in the Project Area, and assess if any previously unrecorded and potentially significant 
archeological or historic sites, which could be affected by Project construction and/or operation, are likely 
to exist within the upland portions of the Project area. The results of this study are intended to support the 
environmental impact analyses which may be required as part of Federal, State, or municipal permitting 
and approval processes. 

One previously recorded historic archeological site (MHC No. NBE-HA-08) is located within the Project 
Area, while three additional historic sites are located within one kilometer of the Project Area; no 
prehistoric archeological sites have been recorded within one kilometer of the Project Area.  Historic 
cartography indicates that a textile mill (the Potomska Mills) dating from the late nineteenth into the mid-
twentieth centuries existed within the Project Area.  No above ground remnants of the mill structures are 
extant. There are no previously identified State/National Register of Historic Places (S/NRHP)-
listed/eligible properties located within or immediately adjacent to the Project Area.   

In the opinion of JMA, no additional cultural resources background research or archeological sub-surface 
investigation is necessary in the upland portions of the Project Area.  Although archeological remnants of 
the Potomska Mills may exist in the Project Area (the MHPC site form was prepared on the basis of 
documentary research only) the demolition of  the mill buildings removed any critical data associated 
with the former textile mill that may have qualified the site for eligibility for listing on the National 
Register of Historic Places (NRHP). Any archeological remains would provide little in the way of 
important information relating to the history of the Potomska Mills, or cotton textile manufacturing that 
cannot be better obtained from non-archeological sources.  The extensive layout and building activities 
related to the original construction of the Potomska Mills probably disturbed if not entirely 
disturbed/removed any archeological deposits and features related to previous land use, including any 
Native American occupation. Even if present, any archeological remains are presently beneath a layer of 
demolition rubble and fill of undetermined depth. Project-related construction activities include the 
placement of crushed stone and additional fill and will not disturb any intact structural foundation 
footprints and deposits associated with the former mill site or earlier archeological sites. 
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Figure 1.	 Detail of the New Bedford North, M.A. and New Bedford South, M.A. (USGS) 7.5-minute 
topographic quadrangles showing the location of the Project Area. 

Figure 2.	 Aerial photography view (2009) depicting the location of the Project Area within the 
current built landscape. 

Figure 3.	 Detail from an illustrated aerial view of New Bedford, Massachusetts, 1876, depicting the 
location of the Potomska Mills within the Project Area.  From View of the City of New  

  Bedford, Mass. Drawn and published by D. H. Bailey and Company.  North arrow  
(approximate) and annotation added by JMA 2010. 

Figure 4. 	 Detail of Potomska Mills within the Project Area, from Atlas of New Bedford City, 
  Massachusetts,1881.  North arrow (approximate) and annotation added by JMA 2010. 

Figure 5. 	 Detail of Potomska Mills within the Project Area, from New Topographical Atlas of 
Surveys, Bristol County, Massachusetts, 1895.  North arrow (approximate) and annotation 
added by JMA 2010. 

Figure 6. 	 Detail of Potomska Mills within the Project Area, from Atlas of the City of New Bedford 
Massachusetts, 1911.  North arrow (approximate) and annotation added by JMA 2010. 

Figure 7.	 Views of Potomska Mills from a photograph (top) and postcard (bottom), both produced 
circa 1911. 

Figure 8. 	 Detail of Potomska Mills within the Project Area, from Insurance Maps of New Bedford 
and Fairhaven, Massachusetts. Sanborn Map Company, 1924.  North arrow (approximate) 
and annotation added by JMA 2010. 

Figure 9. 	 Detail of Potomska Mills site within the Project Area, from Insurance Maps of New 
Bedford and Fairhaven, Massachusetts. Sanborn Map Company, 1950.  North arrow 
(approximate) and annotation added by JMA 2010. 

Figure 10.	 Aerial photograph of the Project Area in 1995.  North arrow (approximate) and 
annotation added by JMA 2010. 

Figure 11.	 South Terminal Marine Infrastructure Park Existing and Proposed Surface Grade. Apex 
Companies, LLC. 
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1.0 INTRODUCTION 

1.0 INTRODUCTION
 

1.1 PURPOSE AND GOALS OF THE INVESTIGATION 

John Milner Associates, Inc. (JMA) conducted cultural resources background research relevant to the 
proposed approximately 12-acre upland portions of the South Terminal Marine Infrastructure Park 
property (the Project Area) fronting along the Acushnet River estuary in the City of New Bedford, Bristol 
County, Massachusetts.  The investigation was conducted on behalf of Apex Industries, LLC, engineering 
consultant to the New Bedford Harbor Development Commission.  The purpose of this research is to 
identify any previously recorded archeological or historic sites that are in the Project Area, and assess if 
any previously unrecorded and potentially significant archeological or historic sites, which could be 
affected by Project construction and/or operation, are likely to exist within the upland portions of the 
Project area. The results of this study are intended to support the environmental impact analyses which 
may be required as part of Federal, State, or municipal permitting and approval processes. 

1.2 PROJECT AREA LOCATION 

The Project Area encompasses an approximately 12-acre property fronting along the Acushnet River 
estuary in the City of New Bedford, Bristol County, Massachusetts (Figures 1-2).  The Project Area is 
bound to the east by the Acushnet River estuary and nearby Palmer Island; to the north, west, and south 
by commercial warehouses and large paved areas, with Blackmer Street to the south, South Front Street to 
the west, and Potomska and Wright Streets to the north.  Currently there is one standing multi-storied 
structure near the northern margin of the Project Area, listed as a property of the Shuster Corporation; no 
additional substantial standing structures are located within the Project Area.  This structure has not been 
evaluated in terms of its potential eligibility for listing on the S/NRHP.  

1.3 PROJECT DESCRIPTION 

The Project includes construction of a Confined Disposal Facility (CDF) in support of the disposal of 
contaminated sediments associated with environmental remediation activities, and navigational dredging 
activities. The completed Project will include the extension of the existing South Terminal bulkhead to 
the south for approximately 800 linear feet, which would create a 19.95 acre Marine Industrial Park 
facility with 1,000 linear feet of bulkhead space that could support vessels drafting up to 30 feet. Once 
built-out, the total estimated area of the combined properties (present upland parcels plus the new land 
created via the bulkhead extension) would total approximately 19.95 acres. 

The following steps will be required in order to complete the extension as envisioned: 

 A bulkhead extension will need to be installed along the existing bulkhead line of South Terminal 
for approximately 800 linear feet.   

 The bulkhead will turn 90 degrees and head to shore along the extension of the property line.  
 The area in front of the bulkhead would be dredged to -30 MLLW.  A channel from the new 

bulkhead area would be installed, extending to the existing federal channel.  
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1.0 INTRODUCTION 

	 Material generated from dredging from creation of a Confined Aquatic Disposal (CAD) Cell 
(depending on timing and suitability) would be placed behind the bulkhead to fill the area to 
grade. 

	 The material behind the bulkhead would be allowed to drain and settle in order to create a surface 
with sufficient support. 

	 Tiebacks and whales, if necessary, would be installed to support the new bulkhead wall.  
	 Currently forested area on the remainder of the facility would be cleared and graded to meet the 

top of the bulkhead grade to create a relatively flat facility. 
	 The surface of the new facility of crushed stone would be installed.  
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2.0 BACKGROUND RESEARCH 

2.0 BACKGROUND RESEARCH
 

2.1 GEOLOGY, SOILS, AND EXISTING CONDITIONS 

The Project Area is located in the southern portion of Bristol County, along an estuary of the Acushnet 
River, which empties into Buzzards Bay (Figure 1).  The Project Area lies within the Seaboard Lowland 
Section of the New England Province, which is within the greater Appalachian Highlands physiographic 
division.  The Project Area contains graded previously developed land that borders on the Acushnet River 
estuary to the east.  Two soil map units denote the soil types within the Project Area, which are composed 
of filled or heavily graded deposits, with standing structures or not, related to intensive previous land use 
(Appendix I).  Table 1 provides a summary of soil units within the Project Area (USDA 1981).   

Table 1. Commonly occurring soils within the Project Area. 

Name Soil Horizon Depth 
in(cm) 

Color Texture, 
inclusions 

Slope % Drainage Landform 

Udorthents, smoothed 
(Ud) 

Variable; site specific; 
typically excavated or 
filled land 

Variable; site 
specific 

Variable; site 
specific < 15 

Typically well-
drained 

Adjacent to 
developed 
areas 

Urban land (Ur) Variable; site specific; Variable; site Variable; site < 15 Typically well- Developed 
typically paved or specific specific drained areas 
covered with structures 

The upland portion of the Project Area is located on approximately 12 acres of a largely undeveloped 
brownfield site.  The Project Area is bound to the east by the Acushnet River estuary and nearby Palmer 
Island; to the north, west, and south by commercial warehouses and large paved areas, with Blackmer 
Street to the south, South Front Street to the west, and Potomska and Wright Streets to the north. 
Currently there is one standing multi-storied structure near the northern margin of the Project Area, listed 
as a property of the Shuster Corporation and a radio tower assembly is sited along the western margin of 
the Project Area. A recent field study of soils within the Project Area notes: 

The entire site had been impacted by filling with construction waste and other material 
over a long period of time, and sufficiently long ago to permit growth of extensive 
opportunistic vegetation.  In general, progressing from the west to the east, the property 
was more finished (i.e., level and maintained) around the radio station transitioning to the 
roughest part nearest to the beach, and groundwater fluctuations appeared to become 
closer to the surface. At two thirds of the distance to the beach, waste piles were more 
evident, the land surface became more hummocky, and the vegetation turned to an 
unkempt, scrub forest of low lying trees and shrubs . . . The area qualifies as urban fill, 
reflecting its historic use as a construction debris landfill area and previous filling of what 
was long ago coastal wetlands (Pickering 2010). 
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2.0 BACKGROUND RESEARCH 

2.2 PREVIOUSLY RECORDED CULTURAL RESOURCES 

JMA reviewed the archeological site files of the Massachusetts Historical Commission to identify 
previously recorded archeological sites located within one kilometer of the Project Area.  JMA identified 
four previously recorded historic period archeological sites within one kilometer of the Project Area and 
no prehistoric sites within one kilometer of the Project Area (Table 2).  One of the four historic sites lies 
within the Project Area boundaries (Potomska Mills/Howland Factory; see Section 2.3 for further 
discussion of this property).  

Table 2. Archeological sites located within one kilometer of the Project Area. 

MHC Site 
Identifier Site Name Time Period Description Distance from 

Project Area 

NBE-HA-08 Potomska Mills/Howland Factory 19th-20th centuries Cotton textile factory Within Project Area 
NBE-HA-09 Acushnet Mills/worker housing 1882-1931 Mill complex and 22 houses .5km S of Project Area 
NBE-HA-07 Palmer Island lighthouse 1849-1941 Lighthouse and keeper’s house .5km E of Project Area 
NBE-HA-12 Nathan and Polly Johnson House 1826-present Domestic structures 1km NW of Project Area 

There are no previously identified properties in, or determined eligible for/eligible for listing in, the 
National Register of Historic Places within or immediately adjacent to the Project Area. 

2.3 HISTORY OF THE PROJECT AREA1 

Prehistoric and Contact Period Overview 

Eastern North American prehistory is usually discussed in terms of three major cultural/temporal periods. 
These periods are referred to as the Paleoindian, Archaic, and Woodland. Within each of these periods, 
differing cultural configurations can be described in terms of adaptations to the natural and social 
environments. This tripartite construct constitutes the taxonomic mainstay of Northeastern archeology, and 
is the basic framework in which any treatment of New England prehistory must be discussed. It is 
recognized, however, that the concepts upon which the divisions are based may be inadequate for 
understanding the dynamics of cultural change that occurred through time in different regions of the 
Northeast (Hoffman 1985; Nicholas 1987; Snow 1980; Starna 1979). This section outlines the major 
cultural/temporal periods as they apply to greater southeastern New England. 

The penetration and settlement of Eastern North America was initiated during the Paleoindian Period (circa 
12,500-10,000 radiocarbon years before present [yrs BP]). Colonization of the region followed final 
deglaciation and the establishment of vegetation capable of supporting grazing and browsing animals. Initial 
settlement is believed to have proceeded from the south and Paleoindian groups may have moved into 
southern New England as a consequence of expanding hunting territories (Kelly and Todd 1988). The 
demographic pattern that characterizes the initial use of new territories emphasizes small groups, high 

1 This section is adapted from a background research and sensitivity analysis prepared by JMA (2000) for the New 
Bedford Superfund Site. The study area for that investigation included the present Project Area. 
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2.0 BACKGROUND RESEARCH 

mobility, and considerable population in- and out-flow (Lerner 1984:64). These trends, and an overall low 
population density during the Paleoindian Period, likely account for the paucity of sites and even stray 
artifact finds for this period in comparison to later periods. 

The demise of the Pleistocene megafauna and the major environmental changes that occurred in the early 
Holocene (circa 10,000 yrs BP) forced readjustments on the part of Paleoindian groups in New England. In 
New England, new tools and new projectile point forms make their appearance. The inferred changes in 
subsistence and settlement systems, along with these new tool forms, are the hallmarks of a new tradition. 
The adaptive changes are not well understood, although essential cultural continuity has been suggested 
(Snow 1980:171). 

The concept of the Archaic Period, developed for Eastern North America by Ritchie (1932), is used to 
describe this new adaptation. The Archaic Period is customarily divided into three segments, Early, Middle, 
and Late, that together date to between circa 10,000 and 2,700 yrs BP. The construct was developed by 
Ritchie to describe the occupations of the Lamoka Lake site in New York State, and over time has 
undergone many changes (Starna 1979). 

As introduced, the term denoted an early cultural level in which subsistence was oriented around a broad 
spectrum economy based on hunting, fishing, and gathering. Although the shift to this economy had its roots 
in the previous period, these trends became more evident and fully developed through time. Evidence of the 
changes in technology and subsistence was manifest in the appearance of specialized tool types not 
previously recorded. Manos, mortars, and pitted stones indicate a more intensive exploitation of plant foods 
in the Archaic than during the preceding period. Netsinkers, fishhooks, and harpoons are evidence for 
greater reliance on fishing. Expansion of the Archaic subsistence base is also represented in food remains 
which demonstrate the hunting of deer, elk, raccoon, and many smaller mammals. Birds, turtles, fish, and 
shellfish were also procured. In addition to subsistence changes, the introduction of axes, adzes, and celts 
suggest the beginning of heavy woodworking and the construction of substantial structures. 

Throughout the period there is an increase in the diversity of site types and the number of 
microenvironments exploited by Archaic peoples. Over time, the principal camps from this period became 
larger, more numerous, more complex, and contained increased quantities of occupational debris. Larger, 
denser populations and the tendency toward more permanent residential settlements increase through time. 
The size of the territory regularly exploited by each social group probably decreased as well, given an 
observed tendency to rely upon local raw materials to meet everyday needs. In the northeast, these band 
level hunter-gatherers exploited their territories with a pattern of seasonal movements. Because food 
resources vary spatially and temporally, efficient exploitation was accomplished through different 
technologies and social organizations. These varying adaptations to local environmental conditions are 
reflected in the diversity in material assemblages from area to area. 

The final Archaic sub-period is the Terminal Archaic, also referred to as the Transitional Period and the 
Susquehanna Tradition. As first described by Witthoft (1953), this complex is recognized by distinct 
changes in material culture. Primary among the technological changes identified by Witthoft and later, by 
others (e.g., Kinsey 1972), was the rapid adoption of a tool complex based on large, broad-bladed stemmed 
points. Containers in the form of steatite bowls also begin to appear. The changes recognized in the 
archeological record are usually presented as evidence for the intrusion into the region of a new cultural 

CULTURAL RESOURCES BACKGROUND STUDY AND ARCHEOLOGICAL SENSITIVITY ASSESSMENT 
SOUTH TERMINAL MARINE INFRASTRUCTURE PARK (UPLAND PORTION) 
CITY OF NEW BEDFORD, BRISTOL COUNTY, MASSACHUSETTS 

5 



  
    
 

   
   

      

 
 

 

  
 

 
 

 
 

 

 
 

   

    

 
  

  
 

   
 

 
 
 

 
  

 
 

 
 

2.0 BACKGROUND RESEARCH 

tradition (Snow 1980:244-249). The new projectile point forms are believed to be cognates of types found to 
the southwest, "where there was a major center of development from a Savannah River-like predecessor" 
(Dincauze 1975:27). The intrusive groups are believed to have been small and are not thought to have been 
assimilated into resident populations (Dincauze 1975:27). At least one researcher believes that there is little 
evidence that permits a differentiation between Late and Terminal Archaic cultures, and that subsistence 
strategies, choice of lithic materials, technology, and population distribution seem to have been continual 
throughout the two periods (Hoffman 1985:66). It has further been suggested that Terminal Archaic 
materials in northern New England indicate a population in-movement, while such materials in southern 
New England represent diffusion and culture contact between groups (Snow 1980:247-248). 

Despite the occurrence of pottery at certain sites, this complex remains assigned to the Archaic Period as 
suggested by Snow (1980). Terminal Archaic sites are fairly numerous in New England and projectile points 
representative of the complex have been recovered at many sites. Within two miles of the project area, the 
Blue Feather site in Acushnet produced a large, broad-bladed Susquehanna Tradition projectile point 
(Simon et al. 1980:32). 

The Woodland Period (circa 2,700–400 yrs BP [AD 1600]) in the Northeast represents the culmination of 
the economic and social trends of the preceding periods. The period is defined in terms of its material 
culture by the consistent use of pottery. Ceramic technology becomes increasingly sophisticated and artifact 
styles show interaction with peoples from within and between territories, allowing for a more precise 
definition of social groupings. Archaic hunting and gathering bands evolved into semi-sedentary village 
dwellers who intensively exploited the resources around them, while maintaining strong economic and 
social ties with groups well outside their own territory. By the end of the Woodland Period, sedentary 
lifestyles based on corn agriculture were the rule throughout the region. Kin-based, “tribal” level socio-
political organizations were the basic fabric of society. 

Although the Woodland Period is typically subdivided into Early, Middle, and Late sub-periods on the 
basis of ceramics in the Eastern United States, a tight ceramic classification and chronology is lacking for 
the southeastern New England area. Consequently, artifact comparisons and interpretations still rely 
heavily upon earlier data and analyses from New York (Smith 1950), Connecticut (Rouse 1947), Rhode 
Island (Fowler 1956), and Ritchie's work on Martha's Vineyard (1969b). 

Snow (1980), who combines the Early and Middle Woodland sub-periods into an Early Horticultural Period 
(circa 2,700–1,000 yrs BP), suggests that a rather diffuse subsistence adaptation predominated during this 
time. An important addition to the diet of Woodland peoples was shellfish, which became increasingly 
available circa 2,500 yrs BP with the stabilization of post-glacial sea-level rise and the establishment of 
coastal mud flat and salt marsh environments. Indeed, an increasing orientation toward coastal environs and 
resources is documented throughout the long Woodland Period (Dincauze 1974; Thorbahn et al. 1980; 
Mulholland 1988; Edens and Kingsley 1994). One outcome of this process is the occurrence of numerous 
shell midden sites all along the New England coastal zone (e.g., Shaw 1989; Cross and Shaw 1991; Edens 
and Kingsley 1994). 

More profound changes occurred during the Late Woodland sub-period (circa 1,000–400 yrs BP). Corn 
was grown by at least 1,160 yrs BP (based on an uncalibrated radiocarbon date) on Martha's Vineyard 
(Ritchie 1969b:32) and full acceptance of an agricultural lifeway quickly developed in the region with 
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2.0 BACKGROUND RESEARCH 

beans, squash, and other cultigens playing an integral part. A settlement pattern of villages on main 
streams at the heads of estuaries, associated with a variety of subsidiary sites, is suggested by Snow 
(1980:332). During the summer, the population was probably dispersed with small farmsteads serving as 
the basic settlement unit. As noted, shellfishing in coastal environments increased through the Middle to 
Late Woodland Period, with increasing numbers of shell midden sites occurring (e.g., Edens and Kingsley 
1994). 

Woodland Period sites are known in the vicinity of the project area. The Swift site (Thorbahn 1983) lies 
just north of the project area boundary, and produced Middle and Late Woodland components. According 
to the MHC site forms, the Burt School site is located just east of the boundary; here, amateur 
archeologists recovered numerous untyped pottery sherds. Talmage (1982:27) notes several Woodland 
Period sites north of the project area. On the south coast of Cape Cod, the Willowbend site (Shaw 1989) 
is a shell and earth midden site dating to the Early through Late Woodland; the nearby Baxter Neck site 
(Cross and Shaw 1991) was not a shell midden, but demonstrated exploitation of coastal resources from 
the Late Archaic through Late Woodland Periods. Further afield, at least 10 Woodland Period sites are 
known on Conanicut Island in Narragansett Bay (Kingsley and Roulette 1990). Numerous Woodland sites 
are also known on the Rhode Island mainland (e.g., Morenon et al. 1986). 

During the early part of the Contact Period, circa AD1600, Native Americans known as the Wampanoag 
(also referred to as the Pokanoket) were documented as inhabiting southeastern Massachusetts, including 
Cape Cod, Martha’s Vineyard, and Nantucket, as well as eastern Rhode Island (i.e. east side of Narragansett 
Bay). The Wampanoag were longstanding allies of the Massachusetts to the north, and traditional enemies 
of the Narragansett to the west (Gookin 1972 in Salwen 1978:171). The exact date of first contact with 
Europeans is uncertain, though one source puts it as early as Verrazano’s AD 1524 visit to Narragansett Bay 
(Wroth 1970 in Salwen 1978:171). Later contacts included Gosnold (AD 1602), Pring (AD 1603), 
Champlain (AD 1605-1606), and Hudson (AD 1609) (Salwen 1978:171). Bragdon (1996:xi) characterizes 
southern New England as “Ninnimissinouk,” an indigenous term used to refer to the people of the region. 
Included among the Ninnimissinouk were groups known as the Pawtucket, Massachusett, Narragansett, 
Peqout, and the Wampanoag. The term “Wampanoag” designates the descendants of the Pokanokets, or the 
people associated with the sachem Massasoit and the village of Pakanokick noted by John Smith in 1614 
(Bragdon 1996:20-25; Grumet 1990:134). 

There is little primary documentation pertaining to Wampanoag lifeways; however, Bragdon (1996) 
recently reviewed all available accounts for a reconstruction of Ninnimissinouk culture at the time of 
European contact (circa AD 1500-1650). Along the coastal zone, a form of “conditional” sedentism with 
restricted seasonal shifts in subsistence and settlement prevailed (Bragdon 1996:57-59). A more extensive 
settlement pattern with seasonal movements between the coastal zone and the interior is envisioned by other 
authors (e.g., DePaoli and Farkas 1982:33-34). Coastal areas were occupied to exploit fertile agricultural 
soils and estuarine and marine resources such as seals, fish, and shellfish (Speck 1948). Fish were often 
taken through the use of weirs. Cultivated plants may have included maize, kidney bean, squash, Jerusalem 
artichoke, and tobacco (Salwen 1978:160-162). The archeological evidence for corn agriculture in southern 
New England is rather tenuous leading Ceci (1990) to conclude that maize horticulture intensified in 
response to European contact and the development of the wampum trade (Bragdon 1996:37-38). In the 
coastal region, populations resided in series of small dispersed villages or hamlets. 
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2.0 BACKGROUND RESEARCH 

Certainly the single most devastating event resulting from European/Native American contact was the 
introduction of foreign diseases to the latter. The epidemic of AD 1616-1619 decimated the 
Ninnimissinouk populations by as much as 90 percent, especially in interior locations; groups residing on 
the offshore islands fared better (Salwen 1978:171). Subsequent to the epidemics, the weakened 
Wampanoag suffered persistent attacks by the Narragansett to the west. With the arrival of the colonists at 
Plymouth, the Wampanoag sachem Massasoit and his brother Quadenquina offered a formal friendship 
treaty, into which the colonists and Native Americans entered. Massasoit had hoped to form an alliance 
with the colonists, principally to help fend off the Narragansetts (Salwen 1978:171-172). 

In any event, King Philip’s War in AD 1675-1676 effectively wiped out large portions of the Wampanoag 
population. Groups living on Cape Cod and the offshore islands did not join Philip in his efforts and thus 
were able to maintain their villages there (Salwen 1978:172). Nevertheless, the Wampanoag and all other 
New England Native American societies never recovered from the decimation and disenfranchisement 
resulting from their loss of the war, and the post-war era witnessed the continual decline and marginalization 
of the Native American groups in New England. The Wampanoag Tribe of Gay Head (Martha’s Vineyard, 
Massachusetts) is recognized by the Federal Government, as are the Mashantucket Peqout and Mohegan 
Tribes in Connecticut, and the Narragansett Tribe in Rhode Island. 

Historic Period Overview 

The land that comprises the city of New Bedford, as well as Acushnet, Fairhaven, Dartmouth, and Westport, 
was purchased from Massasoit, Grand Sachem of the Wampanoag and his son, Wamsutta in 1652 by 36 
European settlers. The tract was named Dartmouth and was incorporated in 1654. The town’s early 
settlement was sparse and consisted of scattered farmsteads and garrisons. During King Philip’s War (1675-
1676), the Indians overran the settlement and burnt most of the homes (Ricketson 1858:34). After the war, 
the settlers returned and rebuilt. Following a pattern common throughout Southeastern New England after 
the war, the settlers chose to establish a village at the head of the Acushnet River rather than disperse into 
scattered farmsteads. Throughout the first half of the eighteenth century, the Village of Acushnet remained 
the region’s center; however, members of the Russell family began purchasing land along the Acushnet 
River and the overlooking heights within the present city of New Bedford. In 1765, Nantucket whaling 
merchant Joseph Rotch purchased ten acres of land from Joseph Russell II and moved his business to New 
Bedford (Leary 1999). Rotch brought experience, capital and technological innovation, and he and his sons 
began to develop the future New Bedford as a whaling port (Leary 1999). The Town of New Bedford 
developed rapidly and by 1771 321 dwellings, 119 shops and warehouses stood in New Bedford and 
Fairhaven (Vanasse Hangen Brustlin, Inc. 1996:16). 

On September 5th, 1778, British troops occupied New Bedford. During their brief stay, they burnt eleven 
dwellings, twenty shops, a ropewalk, and 34 vessels anchored in the harbor (Ricketson 1858:75; 289). After 
the end of the Revolutionary War, a number of Nantucket merchants relocated to New Bedford and 
promptly developed a complex network of finance, shipbuilding, ship supply, and marketing (Georgianna 
and Aaronson 1993:12). In recognition of the growth of the village established by the Russell family, 
Bedford Village was designated as the town of New Bedford in 1787 (Leary 1999). 

During the decades prior to the Civil War, New Bedford became the leading whaling port in the world 
(Georgianna and Aaronson 1993:12). By 1857, the city was home to 329 whaling outfits and ships, 10,000 
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2.0 BACKGROUND RESEARCH 

men were engaged in whaling, and $12,000,000 in local capital was invested in these enterprises (Burgy 
1932:34). 

Because of the prominence of whaling, New Bedford had few other industries in the early nineteenth 
century. In 1815, a rope walk was located along the Acushnet riverfront in the south part of the city, and a 
furnace was located on the riverfront near the foot of Madison Street. The northern waterfront was lightly 
developed with several piers extending into the river. J. Congdon’s 1834 map of New Bedford shows a grist 
mill in the north and west-central portions of the city, while two salt works were in operation in the south 
peninsula area. Several small cotton factories had been established in the city, the earliest dating from 1811 
(Burgy 1932:34). 

By the second half of the nineteenth century, the American whaling industry faced severe trouble. During 
the Civil War, a number of New Bedford whaling vessels were sold to form a major portion of the “Stone 
fleet,” sunk off the harbors of Charleston and Savannah to enforce a naval blockade (Hicks 1907:41). In 
1871, the entire Arctic whaling fleet, including 32 ships from New Bedford, was lost when ice floes 
returned earlier than normal. The total monetary loss to New Bedford was over $1 million (Georgianna 
and Aaronson 1993: 13; Hicks 1907:41). In 1876, the ice took 12 additional ships from New Bedford’s 
fleet (Georgianna and Aaronson 1993:13). Similar losses occurred in 1888 and 1897. 

Improving technology greatly reduced the demand for whale oil. Kerosene largely replaced whale oil for 
lighting. With the discovery of petroleum in Pennsylvania in 1859, an economical substitute for whale oil 
lubricant became available (Clayton and Whitley 1975:24). The whaling industry continued in New Bedford 
until the early twentieth century but became a progressively less important part of the city’s economy. The 
last whaling voyage from the city was made in 1925 by the schooner John R. Manta (Leary 1999). 

Even during the heyday of whaling, farsighted New Bedford businessmen saw the advantages of enlarging 
the economic base of the city. Cotton mills had proved profitable in other parts of New England. By 1833, 
thirteen cotton mills were in operation in nearby Fall River (ODHS 1975:204). U.S. cotton production 
doubled between 1840 and 1860. By the start of the Civil War, 600 cotton mills were in operation 
throughout New England (Georgianna and Aaronson 1993:19). 

One New Bedford businessman, Samuel Rodman, Jr., a major investor in the Pocasset Mill in Fall River, 
sought to bring the cotton manufacturing industry to New Bedford by organizing the New Bedford Steam 
Company in 1846. This attempt was unsuccessful (ODHS 1975:204). 

Despite this failure, some New Bedford capitalists saw potential for the cotton milling industry in the city. 
The city’s damp climate minimized static electricity and maximized the fragile cotton fiber’s elasticity and 
break strength (Dunwell 1978:112). The Acushnet River allowed relatively inexpensive shipping of coal and 
cotton. Sufficient manpower was available, as was investment capital.  

The first New Bedford successful cotton mill owners studied the milling business before setting up their 
own factories. Their initial problem was to decide what goods to produce. Calculations were made to 
determine which type of goods would produce the maximum profit. The conclusion was that fine sheeting 
could be made a cost of 12 cents per yard and sold for 14 cents. They decided to concentrate on this product 
and to produce it by the mule spinning method (Ware 1931:107-108). 
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2.0 BACKGROUND RESEARCH 

Howland and Hussey candle factory/Potomska Mills 

From the early nineteenth century until the 1930s, a succession of proprietors undertook two significant 
manufacturing enterprises within what is now the vicinity of the Project Area.  James H. Howland and 
George Hussey began operating a factory for making candles from whale oil sometime prior to 1836 in the 
vicinity of the Project Area (Office of Public Archaeology 1988: 26).  In 1871, a joint-stock company 
established the Potomska Mills, a textile manufacturing enterprise that they expanded to include two mills 
by 1877 on the same site (Sayer 1889: 154;  Ellis 1892) (Figures 3-4).  The footprint of the former Potomska 
Mills largely falls within the boundaries of the current Project Area (Figures 5-6).  A municipal history of 
New Bedford outlined the Potomska Mills in the late 1880s: 

The Potomska mills are two in number, located on South Water street, and manufacture 
fine lawns, sateens, print cloths, cretonnes, jeans, etc.  Potomska mill No. 1 was erected 
in 1871 and went into operation with a capital of $600,000.  This mill is four hundred 
twenty-seven by ninety-two feet in area and four stories high, with a weaving shed one 
hundred eight by ninety-seven feet, one story high.  It is provided with forty-eight 
thousand spindles and one thousand six looms. 

Potomska mill No. 2 was built in 1877, when the capital stock was increased to 
$1,200,000.  The main building is three hundred forty-eight by ninety-two feet in area, 
four stories high, with an ell one hundred eighty-four by ninety-two feet, two stories high, 
a weaving shed one hundred eighty-four by ninety-two feet, one story high, and a picker 
house seventy-one by forty-seven feet, two stories high, all of brick.  This mill has fifty-
eight thousand three hundred twenty-eight spindles and one thousand four hundred 
twenty-eight looms.  The total number of spindles in both mills is therefore one hundred 
six thousand three hundred twenty-eight and the total number of looms two thousand four 
hundred twenty-four.  Both mills are driven by Corliss double twenty-eight inch cylinder, 
five-foot stroke engines, of eight hundred horse power each.  The two mills employ about 
eleven hundred operatives.  The company owns twenty-six four-tenement houses, which 
are rented to help (Sayer et al. 1889: 154). 

A c.1911 photograph of the mill shows its appearance at that time (Figure 7). 

Ownership operated the Potomska Mills into the twentieth century, expanding the site with the addition of 
a third mill in 1924 (Figure 8)(Sanborn 1924) but closed the entire site during the 1930s due to the 
ongoing economic depression.  The Works Progress Administration razed the mill buildings and other site 
elements in 1935 and 1936 (Taber 1937).  Following demolition of the Potomska Mills in the 1930s, no 
private or public entities intensively redeveloped the overall site in ways that compared with previous 
uses, leaving much of the property to be reclaimed by open field vegetation. The 1950 Sanborn map 
(Figure 9) indicates that no structures remained standing within the Project Area at that time. A 1995 
aerial photograph shows the condition of the Project Area at that time (Figure 10). 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

3.0 ARCHEOLOGICAL SENSITIVITY ASSESSMENT
 

3.1 PREHISTORIC-PERIOD ARCHEOLOGICAL SENSITIVITY 

There are no previously recorded prehistoric archeological sites or resources located within the Project 
Area or within one kilometer of the Project Area. Previous studies have identified several prehistoric 
sites within the Acushnet and Paskamanset River drainages, which suggest that any intact soils within the 
Project Area could contain unidentified prehistoric archeological resources (Office of Public Archaeology 
1988; JMA 2000).  In addition, contact and historic period accounts identify a potential prehistoric site 
known as “Smoking Rocks” near the northern margin of the Project Area that served as a meeting site for 
local native groups (Office of Public Archaeology 1988:26).  However, the location of this site is highly 
conjectural given the imprecise nature of the accounts.  At the same time, given the documented degree of 
disturbance of soils within the Project Area, there is a low probability that previously unrecorded and 
undisturbed prehistoric sites exist within the boundaries of the Project Area.   

3.2 HISTORIC-PERIOD ARCHEOLOGICAL SENSITIVITY 

As discussed above, various property owners have utilized land within the Project Area for industrial 
purposes since the mid-nineteenth century.  Although structures related to these industries have been 
demolished, the overall footprints of any substantial masonry or even frame structures may remain buried 
within the Project Area.  However, given the general nature of the documented industries (candle-making, 
textile manufacture) and their overall above-ground vertical orientation (especially with regards to the 
Potomska Mills site, which included multi-storied buildings), the most useful site elements for 
documentation and interpretation were removed during demolition episodes.  As a result, sub-surface 
excavation of remaining structural footprints has a low potential for yielding data irretrievable through 
background research study.  Review of current aerial photography demonstrates that no substantial above 
ground structures related to previous industrial activities remain within the Project Area (Figure 2).  

Architectural surveys of New Bedford have identified historic mill sites and neighborhoods in the vicinity 
of the Project Area (MHC 1981; Office of Public Archaeology 1988; Heath 2005; New Bedford 
Economic Development Council 2008).  More specifically, these studies identified standing historic mill 
structures throughout the city of New Bedford and neighborhoods that contain distinct three-decker style 
detached dwellings that are commonly associated with historic textile mill communities in Massachusetts. 
Several examples of worker housing associated with the Potomska Mills are depicted on maps southwest 
of the Project Area (see Figures 3, 5, 7-9).  Again, these studies did not identify extant historic structures 
within the Project Area, but noted the presence of standing mill and domestic structures in the vicinity of 
the Project Area. 

3.3 PRIOR GROUND DISTURBANCE 

As discussed above, most areas within the Project Area have been subjected to some degree of 
disturbance through nineteenth and twentieth century activities that included grading and the construction 
of large industrial buildings. In addition to disturbance from these activities, much of the area bordering 
the shore has been filled to create land at grade to the current shoreline.  As a result, the Project Area does 
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not contain intact soil stratigraphy.  
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

One previously recorded historic archeological site (MHC No. NBE-HA-08) is located within the Project 
Area, while three additional historic sites are located within one kilometer of the Project Area; no 
prehistoric archeological sites have been recorded within one kilometer of the Project Area.  Period maps 
depict a textile mill site (the Potomska Mills) dating from the late nineteenth into the mid-twentieth 
centuries within or immediately adjacent to the Project Area.  There are no previously identified National 
Register of Historic Places (NRHP)-listed/properties located within or immediately adjacent to the Project 
Area. 

In the opinion of JMA, no additional cultural resources background research or archeological sub-surface 
investigation is necessary in the upland portions of the Project Area.  Although archeological remnants of 
the Potomska Mills may exist in the Project Area (the MHPC site form was prepared on the basis of 
documentary research only) the demolition of  the mill buildings removed any critical data associated 
with the former textile mill that may have qualified the site for eligibility for listing on the National 
Register of Historic Places (NRHP). Any archeological remains would provide little in the way of 
important information relating to the history of the Potomska Mills, or cotton textile manufacturing that 
cannot be better obtained from non-archeological sources.  The extensive layout and building activities 
related to the original construction of the Potomska Mills probably disturbed if not entirely 
disturbed/removed any archeological deposits and features related to previous land use, including any 
Native American occupation. Even if present, any archeological remains are presently beneath a layer of 
demolition rubble and fill of undetermined depth.  Project-related construction activities include and the 
placement of crushed stone and additional fill and will not disturb any intact structural foundation 
footprints and deposits associated with the former mill site or earlier archeological sites (Figure 11). 
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Figure I. Detail of the New Bedford North, M.A. and New Bedford South. M.A. (USGS) 7.S-minute topographic 
quadrangles depicting the location of the Project Area. 
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Figure 2. Aeria l photognlphy view (2009) depicting the location or the Project Area within the current built landscape. 
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Figure 4.  Detail of Potomska Mills within the Project Area, from Atlas of New Bedford City, Massachusetts, 1881. North arrow (approximate) 
and annotation added by JMA2010. 
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Figure 5.  Details of Potomska Mills within the Project Area, from New Topographical Atlas of Survey, Bristol County,          

Massachusetts, 1895. North Arrow (approximate) and annotation added by JMA 2010.
 



 
 

   
 

 

Figure 6.  Details of Potomska Mills within the Project Area, from Atlas of the City of New Bedford Massachusetts, 1911. North 
arrow (approximate) and annotation added by JMA 2010. 
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Views of Potomska Mills from a photograph (top) and postcard (bottom), both produ~d Circa 
1911 



 

 
 
 
 
 
 
 
 
 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               
                                 
 
 
 
 

 Figure 8. Details of Potomska Mills within the Project Area, from Insurance Maps of New Bedford and Fairhaven, Massachusetts. 
   Sanborn Map Company, 1924. North arrow (approximate) and annotation added by JMA 2010. 



 
       

 
 

Figure 9. Detail of Potomska Mills site within the Project Area, from Insurance Maps of New Bedford and Fairhaven, 
Massachusetts. Sanborn Map Company, 1950.  North arrow (approximate) and annotation added by JMA 2010. 



Figure 10. Aerial photograph 0 flhe Proj eet Area in 1995. North arrow(approximate) and annotation added by JMA 201 O. 
(Scale 1 inch - 45 0 feet) 
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APPENDIX I:
 

NRCS Soil Report for the Project Area
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MANAGEMENT SUMMARY 

MANAGEMENT SUMMARY
 

Apex Companies, LLC, on behalf of the New Bedford Redevelopment Authority, contracted John Milner 
Associates, Inc. (JMA) to conduct an intensive (locational) archaeological assessment comprising remote 
hand augering survey of the intertidal portions of the proposed South Terminal Marine Infrastructure Park 
(the Project) in New Bedford, Bristol County, Massachusetts. The Project includes construction of a 
Confined Disposal Facility (CDF) in support of the disposal of contaminated sediments associated with 
environmental remediation activities, and navigational dredging activities. The completed Project will 
include the extension of the existing South Terminal bulkhead to the south for approximately 800 linear 
feet, which would create a 19.95 acre Marine Industrial Park facility with 1,000 linear feet of bulkhead 
space that could support vessels drafting up to 30 feet. Once built-out, the total estimated area of the 
combined properties (present upland parcels plus the new land created via the bulkhead extension) would 
total approximately 19.95 acres. 

It is JMA’s conclusion, after analyzing 116 gouge augers and five geotechnical boring logs from within 
the Project Area, that the intertidal area with potential to be directly affected by construction of the 
proposed South Terminal Marine Infrastructure Park has low prehistoric archeological potential. The 
high-energy environment, historic disturbance on adjacent upland areas, lack of solid evidence for buried 
upland landscapes, and common auger refusal on lag deposits and eroded coarse outwash and till indicate 
that the area has been reworked by marine processes resulting in erosion of former upland landscapes and 
concomitant potential archeological site contexts.  

JMA recommends no further prehistoric archeological evaluation of the intertidal portion of the proposed 
South Terminal Marine Infrastructure Park Project Area. 
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1.0 INTRODUCTION 

1.0  INTRODUCTION
 

Apex Companies, LLC, on behalf of the New Bedford Redevelopment Authority, contracted John Milner 
Associates, Inc. (JMA) to conduct an intensive (locational) archaeological assessment comprising gouge 
augering survey of the intertidal portions of the proposed South Terminal Marine Infrastructure Park (the 
Project) in New Bedford, Bristol County, Massachusetts (Figure 1, A,B). The Project includes 
construction of a Confined Disposal Facility (CDF) in support of the disposal of contaminated sediments 
associated with environmental remediation activities and navigational dredging activities. The completed 
Project will include the extension of the existing South Terminal bulkhead to the south for approximately 
800 linear feet, which would create a 19.95 acre Marine Industrial Park facility with 1,000 linear feet of 
bulkhead space that could support vessels drafting up to 30 feet (Figure 2). Once built-out, the total 
estimated area of the combined properties (present upland parcels plus the new land created via the 
bulkhead extension) would total approximately 19.95 acres.  

The following steps will be required in order to complete the proposed bulkhead extension Project as 
envisioned: 

•	 A bulkhead extension will need to be installed along the existing bulkhead line of South Terminal 
for approximately 800 linear feet.  

•	 The bulkhead will turn 90 degrees and head to shore along the extension of the property line. 
•	 The area in front of the bulkhead would be dredged to -30 MLLW. A channel from the new 

bulkhead area would be installed, extending to the existing federal channel.  
•	 Material generated from dredging from creation of a Confined Aquatic Disposal (CAD) Cell 

(depending on timing and suitability) would be placed behind the bulkhead to fill the area to 
grade. 

•	 The material behind the bulkhead would be allowed to drain and settle in order to create a surface 
with sufficient support. 

•	 Tiebacks and whales, if necessary, would be installed to support the new bulkhead wall.  
•	 Currently forested area on the remainder of the facility would be cleared and graded to meet the 

top of the bulkhead grade to create a relatively flat facility. 
•	 The surface of the new facility of crushed stone would be installed.  

A previous archeological sensitivity assessment of the associated upland portions of the Project Area was 
conducted in June 2010 and found that the upland area immediately adjacent to the intertidal zone had 
been extensively disturbed by nineteenth-twentieth century industrial development (Kotlensky and Klein 
2010). The MHC concurred with this conclusion and recommended additional investigation of the non-
upland portions of the Project site to evaluate “the likelihood of preserved ancient or historical period 
Native American sites to be present in the area of potential effect” (MHC 2010).  

The Acushnet River estuary would have been attractive to prehistoric Native American populations as it 
was a developing coastal ecosystem with marshes and other favorable resources for hunting and gathering 
activities. Research on local geomorphic evolution suggests that the intertidal portions of the Project Area 
would have been an upland setting until approximately 1000 yrs BP, when marine transgression had 
reached the upper portions of the Acushnet River estuary. After 1000 yrs BP the Project Area would have 
been subjected to marine processes, which are characterized by low-energy, depositional processes in this 
portion of New Bedford Harbor. The low-energy, depositional environment could have increased the 
preservation potential of possible prehistoric archeological sites through sea-level rise. 
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1.0 INTRODUCTION 

The proposed South Terminal Marine Infrastructure Park in New Bedford Harbor has the potential to 
impact intertidal prehistoric cultural resources, thus a comprehensive Phase I Archaeological 
Investigation was designed to assess the potential presence or absence of potential intertidal pre-contact 
cultural resources within proposed construction areas (Figure 2). The intertidal archaeological 
investigation aimed to assess the potential for intertidal pre-contact archaeological resources through the 
following research avenues: 

1) Intensive background research regarding the local geomorphic evolution, including sea-level rise, 
marine transgression, sedimentation, and historic dredging and other disturbance; 

2) Extraction of hand auger samples to evaluate the potential for buried, preserved upland landscapes and 
prehistoric archeological sites in the intertidal zone within the Project Area; 

3) Analysis of hand auger data, interpretation of stratigraphy, and identification of possible cultural 
materials or buried upland landscapes. 

The purpose of the intensive (locational) survey proposed here is to identify whether potentially 
significant archeological resources that may be adversely affected by Project construction and operation 
are present in the intertidal portions of the Project area. A separate investigation of subtidal portions of the 
Project area was conducted as well and will be reported under separate cover. This work was conducted 
under a special use permit (10-006; see Appendix III) from the Massachusetts Board of Underwater 
Archaeological Resources (MBUAR) and a permit (Permit no. 3214; see Appendix III)) issued by the 
State Archeologist and is intended to meet or exceed the standards outlined in the MBUAR’s Regulations 
(312 CMR 2.00), the State Archeologist’s Permit regulations (950 CMR 70.14 (2)), and the research 
design and methodology included in the RDM supplied by JMA during the permit application process. 
This work is being conducted in compliance with the Secretary of Interior’s Standards and Guidelines for 
Archeology and Historic Preservation (48 Fed. Reg. 190 (1983)), and Massachusetts General Laws 
Chapter 9, Sections 26-27C (950 CMR 70). 
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2.0  PROJECT CONTEXT
 

2.1 ENVIRONMENTAL CONTEXT 

The area proposed for the dredge bulkhead expansion is situated to the east of New Bedford, 
Massachusetts in the southern portion of Bristol County. The locale of interest, an approximately 32 acre 
area encompassing potentially affected subtidal environments, is sited on New Bedford Harbor within the 
Acushnet River estuary which empties into Buzzards Bay. New Bedford Harbor is partially separated 
from greater Buzzards Bay by a large hurricane Barrier constructed by the US Army Corps of Engineers 
in 1964. The Project Area lies within the Seaboard Lowland Section of the New England Province, which 
is within the greater Appalachian Highlands physiographic division. The adjacent upland area comprises 
approximately 12 acres of a largely undeveloped brownfield site containing graded, previously developed 
land. Two soil map units denote the soil types within the Project Area, which are composed of filled or 
heavily graded deposits, with standing structures or not, related to intensive previous land use. Table 1 
provides a summary of soil units within the Project Area (USDA 1981). 

Table 1. Soils adjacent to the project area.  

Map 
Unit 

Soil Slope % Drainage Description Parent Material 

602 Urban 
Land 

0 - 15 Variable; 
Site 
Specific 

Urban Land Excavated and Filled Land 

651 Urdorthents 
Smoothed 

0 - 15 Variable, 
Site 
Specific 

Urban Land Made Land over Gravelly Glaciofluvial 
Deposits and Basal Till 

The Project Area is bound to the east by the Acushnet River estuary and nearby Palmer Island; to the 
north, west, and south by commercial warehouses and large paved areas, with Blackmer Street to the 
south, South Front Street to the west, and Potomska and Wright Streets to the north. Currently there is one 
standing multi-storied structure near the northern margin of the Project Area, listed as a property of the 
Shuster Corporation and a radio tower assembly is sited along the western margin of the Project Area. A 
recent field study of soils adjacent to the Project Area notes:  

The entire site had been impacted by filling with construction waste and other 
material over a long period of time, and sufficiently long ago to permit growth of 
extensive opportunistic vegetation. In general, progressing from the west to the 
east, the property was more finished (i.e., level and maintained) around the radio 
station transitioning to the roughest part nearest to the beach, and groundwater 
fluctuations appeared to become closer to the surface. At two thirds of the distance 
to the beach, waste piles were more evident, the land surface became more 
hummocky, and the vegetation turned to an unkempt, scrub forest of low lying 
trees and shrubs . . . The area qualifies as urban fill, reflecting its historic use as a 
construction debris landfill area and previous filling of what was long ago coastal 
wetlands (Pickering 2010). 

The Project Area was covered by the Laurentide Ice Sheet circa 15000 yrs BP (Borns, 1973; Mayewksi et 
al., 1981). During the last glacial maximum (LGM) the Laurentide Ice Sheet extended seaward of New 
Bedford Harbor to the approximate present day location of Long Island, Martha’s Vineyard, and 
Nantucket Island (Borns, 1973; Mayewksi et al., 1981). The Buzzards Bay Lobe of the Laurentide Ice 
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2.0 PROJECT CONTEXT 

Sheet had the greatest effect on the present configuration of New Bedford Harbor (Howes and Goeringer, 
1996). Rapid warming of the climate after circa 15,000 yrs B.P., causing the retreat, thinning, and melting 
of the ice sheet, resulted in the deposition of moraines and outwash deposits within the region. As the 
Laurentide Ice Sheet melted and retreated, regional sea level began to rise at a rate of approximately 
0.011 m /yr in the region (Howes and Goeringer 1996). This rate of sea level rise slows in the region 
approximately 4000 years B.P. to an average rate of approximately 0.001 m/yr (Howes and Goeringer 
1996). With the rise in sea level, the ocean transgressed the exposed glaciated landscape of the 
Pleistocene Epoch. Considering the rates of sea level rise in the region, inundation of Buzzards Bay by 
the rising sea level began circa 8,500yrs BP. The Acushnet River did not become inundated until circa 
4,500yrs BP. The Upper Harbor was not influenced by tidal processes until circa 3,600 yrs BP, while the 
intertidal zone of the Upper Harbor did not become subjected to tidal processes until after circa 1000 yrs 
BP. 

The Acushnet River estuary formed as a response to late Pleistocene and Holocene relative sea-level rise 
and the submergence of the Acushnet River valley. As sea-level has risen the transgression of coastal 
processes into the Acushnet River estuary has resulted in either the erosion or preservation of prehistoric 
archeological sites in relation to the rate of local sea-level rise, the level of energy related to coastal 
processes, and their geographic location (Hoyt et al., 1990; Kraft et al. 1983; Stright, 1990). The Acushnet 
River estuary is affected by the characteristic low-energy coastal processes associated with small coastal 
plain, tide-dominated estuaries. The energy regime is further diminished in the upper reaches of the 
estuary north of the hurricane barrier. New Bedford Harbor is fetch-limited due to its narrow width, 
resulting in fairly negligible wave-energy except during storm events. Tidal energy, related to diurnal 
tidal cycles, and currents are the major coastal processes affecting local marine energy regimes. Upper 
estuarine settings are dominated by resuspension of sediments from outer portions of the estuary and 
sediment deposition in the low-energy, inner portions. In contrast, more open-ocean settings such as 
Nantucket Bay have a much higher energy regime, resulting in widespread reworking of sediments (Lidz, 
1965). 

Modern bathymetric data reveal an extensive, submerged sediment bank behind the hurricane barrier that 
connects the Project Area to Palmer Island. A nautical survey from 1844 (Bache, 1946) depicts a similar 
bank of sediment, implying that the area contained a significant amount sediment before construction of 
the hurricane barrier (Figure 3). Historic industrial use of the Project Area vicinity has clearly modified 
the adjacent upland landscape, resulting in widespread disturbance, though within the Project Area there 
is no indication of extensive disturbance. Historic topographic (USGS, 1890) and coastal survey (Bache, 
1844) maps reveal no ostensible disturbances within the project area; they do however depict extensive 
marshes and natural coastal environments. It is likely that historic use of the vicinity, including addition 
of fill and other sediment to terrestrial environments through industrial activities, and marine and 
intertidal sediment deposition related to the construction of the hurricane barrier, have served to bury 
earlier landforms and reduce the impact of coastal erosion processes and modern maritime activities on 
the Project Area. Consequently, preservation potential of buried, landforms is high in this location due to 
its sheltered nature, sediment accumulation in the estuarine setting, historic evidence of coastal marsh 
presence, indirect sheltering by palmer island, and increased sedimentation due to hurricane barrier 
construction. 
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2.0 PROJECT CONTEXT 

2.2 PRE-CONTACT AND CONTACT PERIOD CONTEXTS 

The following section presents a general summary of the archeological research on Native American 
societies that inhabited southern New England following the end of the last Ice Age, with special 
reference to the New Bedford, Massachusetts vicinity. The prehistory (pre-Contact period) of eastern 
North America is divided into three major chronological stages of cultural development: Paleoindian 
(12,000-9,000 Before Present or BP), Archaic (9,000-3,000 BP), and Woodland (3,000-450 BP). The 
Archaic and Woodland periods are further divided into Early, Middle, and Late sub periods. Subsequent 
research and radiocarbon dating have helped to refine the chronology, cultural trends and artifact 
traditions as discovered on sites from these periods.  

The purpose of this introductory section is to sketch the main trends of Massachusetts prehistory and to 
identify evidence pertinent to the project area, in order to provide the pre-Contact background necessary 
for assessing the potential for archeological resources within the project area.  

For most of the pre-Contact period in the region, river drainages define physiographic units within which 
human communities operate. This pattern follows from the longitudinal diversity of habitats that occurs 
along drainages, forming ecologically unique wetland habitats, together with the transportation routes 
afforded by their water courses. In the clearest examples, rivers provide access to maritime and upland 
resources at each end of the drainage, and to the diverse habitats in between. The exploitation of those 
habitats can be integrated into a seasonal round that differs at various historical moments.  

The following review is arranged chronologically by major periods recognized for New England. Each 
chronological section will present the major trends and patterns.  

Paleoindian (12,000-9,000 BP) and Early Archaic (9,000-8,000 BP). The late Pleistocene geological 
period witnessed major environmental changes which, in time, impacted the peopling of the Americas, 
and thus the earliest Native American occupations in the New England area. Southern New England was 
covered by a sheet of ice 1.5 km. thick, which extended over what are now Long Island, Martha's 
Vineyard and Nantucket. At this time, the sea level was about 100 m lower than it is at present, because 
of the enormous amount of water tied up in the glacial ice sheets. Only when the ice sheet began to melt, 
beginning ca. 15,000 BP, was southern New England habitable; by ca. 13,000 BP the ice sheet had 
retreated to expose Connecticut, Rhode Island, and southeastern Massachusetts and by ca. 12,000 BP all 
of New England was uncovered (Stone and Borns 1986).  

During this time, sea levels rose sharply as deglaciation liberated enormous amounts of water, while 
isostatic rebound of land depressed by the weight of the former ice sheet quickly elevated large regions, 
especially in Maine. The physical landscape of New England in the terminal Pleistocene period was very 
different from that of today. The coastline was well seaward of its present position, and the modern 
coastal configuration was not reached until about 3000 BP, when sea levels were still several meters 
below those of the present. Deglaciation created large lakes in the Hudson-Champlain drainages and in 
the Connecticut Valley and many other smaller bodies of water in Massachusetts (Curran and Dincauze 
1977, Dincauze 1974, Koteff 1982, Larsen and Hartshorn 1982, Stone and Peper 1982). The major lake 
systems were drained by 12,500 BP, while the smaller bodies of water gradually filled with sediment, 
leaving marshes, bogs, ponds and small lakes. With progressive deglaciation and rising regional 
temperatures, vegetation changed relatively quickly, from tundra to spruce parkland (by ca. 9000 BP) to 
an oak-hemlock association (by 7000 BP); at the same time, general climatic conditions shifted from cool 
and dry (ca. 11,000 BP) to warmer and moister (ca. 9000 BP) and then warmer and drier again (ca. 8000
5000 BP). The human communities that initially colonized southern New England thus were faced with a 
rapidly changing landscape, one in which resources were of low density and relative unpredictability. 
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2.0 PROJECT CONTEXT 

This condition resulted in a very generalist adaptation, with emphasis on flexibility, mobility, large and 
probably loosely defined foraging territories, and maintenance of wide kinship ties (Dincauze 1980; Snow 
1980). While subsistence strategies for Paleoindians have not been determined, Snow (1980) has argued 
that Paleoindian subsistence was focused on migratory big game animals such as caribou, mammoth or 
mastodon, while exploiting other food resources as the people chanced upon them. An alternate view by 
Dincauze (1981) is that the Paleoindians were generalist foragers. One proposed model for this period 
postulates that glacial lake basins were the focus of occupations; these areas included a mosaic of habitats 
that provided richer subsistence possibilities than elsewhere in New England (Nicholas 1988). In New 
England, Paleoindian sites often reflect occupations of the recently drained proglacial lake bottoms and 
wetlands (Thorbahn 1982, Thorbahn and Cox 1983). Another model proposes the possibility that 
Paleoindians may have used pioneering or staging areas from which large, more-or-less permanent groups 
sent out smaller groups to colonize or pioneer the newly deglaciated terrain (Dincauze 1993, 1996). As 
the physical environment began to stabilize (i.e. changed less quickly and became more predictable), 
human groups grew less generalized in adaptation and settled into more restricted foraging territories. 

Diagnostic artifacts from the Paleoindian period include finely flaked fluted lanceolate points (Clovis and 
Folsom), with three phases identified on the basis of point styles (Spiess et al.1998). Other Paleoindian 
tools include scrapers, (presumably for working animal hides), gravers and bifacial blades. Lithic 
materials used consisted primarily of fine quality microcrystalline rock, often from sources more than a 
hundred miles away from the site of recovery.  

The nearest site with a documented Paleoindian component is the Wapanucket No. 8 site in Middleboro, 
Massachusetts (Snow 1980:138), lying some 40 miles north of the New Bedford area. 

The Early Archaic period is still being evaluated as to whether the changes in artifacts used to define this 
period represent continuity of Paleoindian populations. Dincauze (1990) used the common term pioneers 
for Paleoindian and Early Archaic populations (Pioneers and Late Pioneers, respectively). Snow 
(1980:171) considered that there was continuity from the Paleoindian Period into the Early Archaic 
Period, with “restricted wandering” of groups within territories during the Early Archaic. As the physical 
environment began to stabilize (i.e., changed less quickly and became more predictable) into a closed 
boreal environment dominated by spruce, fir and birch, human groups grew less generalized in adaptation 
and settled into more restricted foraging territories (Dincauze 1980, Meltzer 1988).  

A major change in artifacts from the Early Archaic period was that fluted points were no longer used. 
Late Paleoindian diagnostic artifacts include Dalton-like points and unfluted Eden lanceolate points; the 
latter are rare in Eastern Massachusetts, while the former may date into Early Archaic times (E. Johnson 
and Mahlstedt 1984). Early Archaic diagnostic points include Bifurcate Base, Kirk Stemmed, and Kirk 
Corner Notched points. Overlapping dates for the late Paleoindian and Early Archaic as well as the small 
number of Early Archaic sites in the Northeast still challenge this research issue. The latter may reflect 
low population numbers during the Early Archaic (Salwen 1978), the combined outcome of site 
destruction and meager or inadequate surveys, or our inability to recognize the entire range of artifact 
types for the period (Dincauze and Mulholland 1977). Some Early Archaic sites may have been buried or 
destroyed by rising sea levels or river alluvium (Dincauze and Meyer 1977). Subsequent collection 
research has found a wider range of sites with Bifurcate Base points than had previously been recognized 
(E. Johnson 1984). This may reflect a wider range of food resources being exploited.  

Most Early Archaic sites have been discovered in southern New England and in coastal areas. These 
small groups, it appears, did not camp together in larger numbers as did the earlier Paleoindians, with the 
result that there may be fewer recognized sites with sparse evidence of human presence. Sites from the 
Early Archaic period are perhaps best known in southeastern Massachusetts, especially in the Taunton 
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2.0 PROJECT CONTEXT 

River drainage (for example, the Titicut and Seaver Farm sites, Dincauze and Mulholland 1977; Double-P 
site, Thorbahn 1982; the upper Taunton concentration, Taylor 1976). The Titicut site is the largest site 
identified from the Early Archaic period. It has been interpreted as a base camp for several families. 
Several Early Archaic sites identified in Massachusetts contained evidence that suggests that small 
hunting groups returned to camps with seasonal regularity. Deep pit features that may have been used for 
storage were discovered in the Taunton and Shawsheen River drainages (Simon 1982; Harrison and 
McCormack 1990, Glover and Doucette 1992). These sites contained material suitable for radiocarbon 
age determinations, stone tools diagnostic of the Early Archaic Period, or both. 

During the Paleoindian and Early Archaic periods, most diagnostic tools were made of non-local or exotic 
stone, a pattern that generally is predominant throughout southern New England. However, it has recently 
been argued that until more Paleoindian and Early Archaic components are excavated and archeologists 
achieve better microscopic identifications of stone types and their origins, this pattern may be an artificial 
one reflecting biases in sample size and archeological recovery history (Moeller 1999:72-73). 

Sites containing a predominately non-bifacial quartz tool tradition referred to as the Gulf of Maine 
tradition are commonly found in Maine and northern New England (Robinson 1992) from this time 
period. Similar sites containing this tool tradition have been found at Lake Winnipesaukee (Bolian 1980) 
and within the Merrimack River drainage (Robinson 1992; Dudek 2005). At least two significant 
habitation sites utilizing a similar quartz tool technology have been found in southern New England on 
south-facing hillsides – the Sandy Hill site in Connecticut and the Whortleberry Hill site in Dracut, 
Massachusetts; these sites had deep pit features, interpreted as pit houses, with an abundance of charred 
hazelnut shells at Sandy Hill (Forrest 2000; Jones and Forrest 2003) and charred hazelnut and acorn shells 
at Whortleberry Hill (Dudek 2005).  

The Middle Archaic (8000-6000 BP). Throughout southern New England, human occupation becomes 
more evident and apparently more complex during the Middle Archaic. In southern New England, a 
mixed pine-oak forest was established and expanding north by 8500 BP, followed by an oak-hemlock 
forest in southern New England by about 6000 BP (Dincauze 1976:119). The greater number of sites 
from this time relates to a presumed increase in population density, while the greater disparity in size and 
differentiation of individual sites suggests a more complexly ordered social landscape than previously 
found. Stemmed bifacial points, atlatls (spear-thrower weights), pecked, ground and polished 
woodworking tools such as axes, adzes and celts, and plant-processing tools, such as mortars, pestles, 
grinding stones and nutting stones, are new forms in use during this time. The cultural traditions of the 
Middle Archaic complexes, as seen at the Neville site, reveal a close relationship to the Atlantic seaboard 
(Mid-Atlantic) and piedmont (Southeast) regions during the Middle Archaic period (Dincauze 1976:124).  

Dincauze and Mulholland (1977) have suggested that effective integration of seasonally available 
resources into a single adaptive schedule appeared during this period, while maintenance of territorial 
boundaries between groups intensified in consequence of this emergent adaptation; this response may 
have been a consequence of more stable regional environments. The predominant settlement pattern 
would be one of small sites oriented toward seasonally abundant resources, including spring fish runs. 
The earliest documented or inferred harvesting of anadromous fish during spring runs up the Connecticut 
(Thomas 1980) and the Merrimack (e.g., Dincauze 1976, Barber 1980) rivers, marks both a fundamental 
adaptation to foraging possibilities and a seasonal determinant of site location, meaning spring 
occupations at rapids, falls and constrictions on larger river courses. Exploitation of anadromous fish 
would continue throughout the rest of regional prehistory as a principal component of aboriginal 
economies. On the Mashantucket Pequot Reservation in southeastern Connecticut, the Great Cedar 
Swamp was important in seasonal subsistence rounds during the Neville phase from 8000 to 7000 BP. 
Several settlement models for New England “suggest that subsistence activities became more intensively 
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2.0 PROJECT CONTEXT 

focused on the valley floors of the major river drainages with the onset of the Hypsithermal after about 
7500 radiocarbon years ago” (Jones 1999:120). 

During the Middle Archaic period, there is a wide variety of environmental settings for sites, including 
the margins of bogs, swamps, rivers, lakes and ponds, with differentiation of sites based on size and 
apparent function. This may reflect the incipient seasonal rounds or scheduled subsistence activities, 
possibly related to a growing territoriality within drainage areas (Dincauze and Mulholland 1977). Site 
types include semi-permanent base camps along rivers, streams or wetlands, special-purpose camps in 
uplands or near wetlands, rockshelters, stone quarries, and workshop areas.  

Evidence of site differentiation and a more complexly ordered social landscape can be extrapolated from 
a number of large Middle Archaic sites containing a variety of features. At the Annasnappet Pond site in 
the Taunton River drainage, 119 cultural features were identified, while three of nine loci formed a nearly 
continuous distribution of Middle Archaic and Late Archaic material over nearly 14,000 sq. m. A 
mortuary feature containing calcined human cranial fragments, winged atlatl weights and Neville points at 
the Annasnappet Pond site was radiocarbon-dated to 7570 + 150 BP (Cross 1999); it is the only known 
human burial associated with Neville points in the Northeast. Middle Archaic radiocarbon dates were 
obtained from nine features, while the overall Middle and Late Archaic assemblage from the site included 
70,000 pieces of debitage, 166 Neville points, 31 Neville Variants, 38 Stark points, four Merrimack 
points, cylindrical and winged atlatl weights, ground hematite, bifaces, drills, cores and unifaces (Cross 
1999:60-63).  
Extensive archeological excavations along the Merrimack River relating to this time period have been 
conducted at the Shattuck Farm site in Andover and at the Neville and Smyth sites in the 
Manchester/Amoskeag falls area of southern New Hampshire. Dincauze identified three distinct temporal 
complexes of tools spanning the Middle Archaic period (7,740 + 280 to 5,910 + 180 BP); these were the 
Neville, Stark, and Merrimack complexes, stratigraphically separated at the site (Dincauze 1976). 
Circumstantial evidence revealed a focus on fishing at the Neville site during most of the Middle Archaic, 
with a reduced emphasis on fishing in the Merrimack complex.  

Cross (1999), examining the distinction between the Neville and Stark point types, has demonstrated 
differences in production technology and functional qualities of Neville and Stark points at the 
Annasnappet Pond site that imply differences in use (Neville points being used on atlatl darts while Stark 
points may have used on thrusting spears). Cross posits that, to judge from the functional and 
technological differences, the two kinds of bifaces may therefore be contemporary (Cross 1999:72). 
While Dincauze (1976) has argued for temporal overlap with Starks’ becoming more common over time, 
a closer examination of different temporal contexts in southern New England throughout the entire span 
of the Middle Archaic may resolve this issue.  

While population levels were certainly lower during Early and Middle Archaic times than during the Late 
Archaic (see below), there may be reasons other than population size to account for the apparent paucity of 
sites dating to the earlier sub-periods. Poor preservation and inappropriate survey techniques have been 
identified as two problems contributing to the low number of recorded Early Archaic sites. According to 
Nicholas (1987:103), Early Archaic sites were subject to kinds and degrees of post-depositional factors 
different than those represented at younger sites, and typical survey methods are not designed to locate 
deeply buried archeological deposits. Using a field methodology oriented toward the discovery of early sites 
(both Paleoindian and Early Archaic), Nicholas has recorded approximately 40 such sites at Robbins 
Swamp in the Housatonic drainage of northwestern Connecticut (Nicholas 1987). Closer to the project area 
are the Titicut and Seaver Farm sites on the Taunton River (Dincauze and Mulholland 1977). Within the 
Acushnet River drainage, and within New Bedford specifically, the Lawson site has produced Middle 
Archaic Neville, Stark, and Merrimack points (Fitts et. al. 2000). 
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Late Archaic Period (6000-3000 BP). Many attributes of this period are well rooted in the Middle 
Archaic, but become much more evident in the Late Archaic. In some regions outside New England, the 
period is characterized by a shift to reliance on protocultigens or intensive gathering, perhaps precipitated 
by environmental changes. In southern New England, however, no one has yet identified cultivated or 
domesticated plants in a context earlier than the Woodland period. In the Southeast, in the Savannah 
River area of Georgia and South Carolina and in northeast Florida, the emergence of pottery has been 
dated as far back as 4500 BP (Sassaman 1999). In the Northeast, pottery did not come into use until 
around 3200 BP, while soapstone vessels were in use during the latter part of the Late Archaic into the 
Early Woodland, from about 3700 to 2400 BP (Sassaman 1999).  

Another marker of the period is the proliferation of archeological tool traditions and phases: Laurentian 
(Brewerton), Narrow Point (Small Stemmed), and Broadpoint or Susquehanna (Cook 1976, Custer 1984). 
A fourth tradition, the Maritime Archaic, is found primarily in coastal areas of northern New England, 
Nova Scotia, New Brunswick, Newfoundland, and Labrador. These Late Archaic traditions have been 
long-standing topics of discussion on their relationship to each other and their social and adaptational 
placement in Southern New England prehistory (W. Ritchie 1971; Dincauze 1975). Each of these artifact 
assemblages has identifiable antecedents, originating mostly in the Middle Archaic (Cross 1996:48). 
Dincauze associates the Laurentian Tradition with the west, in the Great Lakes and Ohio River drainages, 
rather than the Atlantic drainage (Dincauze 1976:125). Pfeiffer (1990:85-104) has argued that the Late 
Archaic Laurentian tradition, or Lake Forest adaptation, of southern New England was the progenitor of 
both the Susquehanna tradition, or River Plain adaptation, and the Narrow Point tradition, or Mast Forest 
adaptation. These adaptations were coexistent, and may have vied for territory (Pfeiffer 1990: 85). The 
Narrow Point appears to have been a local development not derived from outside the region (Dincauze 
1976). 

Debate about the Late Archaic Period centers on what the observed relationships of the tools mean in 
terms of the people behind them. Some of the tools co-occur at sites sequentially, others 
contemporaneously. The orthodox view is that correctly tying an artifact assemblage to one of these 
traditions allows an archeologist to infer an adaptation category, including subsistence adaptation and 
possibly a belief system (Dincauze 1972, 1975; Pagoulatos 1988; Pfeiffer 1984; Turnbaugh 1975). Some 
archeologists also tie these artifacts to genetic populations, and believe that they imply the movement, 
contemporaneity, or physical descent of the actual people who used the tools. Susquehanna Broad-like 
projectile points (E. Johnson and Mahlstedt 1984) and Wayland Notched (Hoffman 1991:20) have, in 
some cases, also been associated with mortuary sites (Dincauze 1968; Hoffman 1991:20). Stone-tool 
production may have been undertaken by a small group of experienced, older artisans whose skills and 
knowledge were respected and called upon. The lithic assemblages of such artisans would look very much 
the same and exhibit fewer signs of accidental breakage. There may also have been specific spaces set 
aside for use by such artisans in some settlements (Cross 1990 has an in-depth discussion of these 
possibilities in New England). 

The Late Archaic is the most visible period of Massachusetts prehistory, in terms both of numbers of sites 
and of typological attribution of materials. Even allowing for the chronological ambiguity of Small 
Stemmed points (cf. Mahlstedt 1987) and their use into the Middle Woodland in the Connecticut River 
Valley (Hasenstab et al. 1990), and Late Woodland/Contact Period use on Martha’s Vineyard (Herbster 
and Cherau 2003), Late Archaic patterns in Massachusetts indicate unprecedented population density, 
with communities well settled into narrow foraging territories defined by drainages and highly specialized 
to the habitats within these drainages. Confined to these territories, extractive activities were seasonally 
adjusted to meet the opportunities of the annual cycle. Sites were located in a wide variety of topographic 
situations -- river banks; margins of lakes, ponds, bogs and springs; around meadow lands; in rockshelters 
and at quarries; and along the coastline. The differentiation of site sizes suggests use of a radiating, 
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2.0 PROJECT CONTEXT 

seasonally-dynamic settlement pattern (Dincauze 1974, 1975, 1980; Thorbahn and Cox 1983). Although 
some technological innovations (e.g., the stone bowl) are apparent in this period, and some long-distance 
exchange of materials occurred, emphasis seems to have been placed increasingly on locally available 
raw materials for chipped stone tools, often distributed within river drainages.  

The settlement pattern of human communities during this period is best viewed as a response to 
establishment of the temperate forest in which resources are heterogeneous but relatively stable and 
predictable. This period was marked by a progressive drying and warming trend, beginning perhaps ca. 
6000 BP and peaking at ca. 4000-3000 BP. In southeastern Massachusetts, the water table was 
significantly lower and surface-water flow was reduced, leading to a disappearance of all but the largest 
bodies of water (Thorbahn 1982). The latter changes may not have been the result of climatic drought, but 
rather of local geomorphic changes causing lowered stream flow (Simon 1991:69). These climatic trends, 
if regional in scale, would intensify the association between human communities and water, particularly 
in summer. As sea levels approached those of the present, shorelines stabilized and extensive shellfish 
beds developed, while anadromous fish populations may have benefited from the expanded continental 
shelf (Luedtke 1985:289). The Boylston Street Fish Weir site in Boston reveals intensive estuarine 
exploitation of fish populations by Late Archaic peoples (F. Johnson 1942, 1949). The Boylston Street 
Fish Weir is an extensive structure of wooden stakes set in the tidal mud flats of the Back Bay some 4,000 
years ago, and was presumably designed to capture fish and other marine resources at low tide.  

Around 4600 BP (Webb 1982:570) there was a dramatic decline in hemlock pollen, which is attributed by 
Davis (1981) to an as-yet-unidentified insect predator and/or disease rather than climate. Hemlock is 
today a very competitive species in the region, the loss of which caused what appears to have been a long-
term increase in species diversity. At approximately this time oak, white pine, and hickory increased 
dramatically throughout the region, while chestnut first appeared. This combination of events (added to 
warm temperatures) would have created a very suitable environment for aboriginal populations 
(Mulholland 1984:335). Oak and to some extent white pine provide food for game animals like deer and 
turkeys, while hickory and chestnut provide food for both game animals and people. At Kampoosa Bog in 
Stockbridge, Massachusetts, this environmental change coincided with evidence that people began 
visiting the bog more often and in greater numbers. There was also evidence to suggest that the people 
used fire to improve and maintain the natural abundance of important plants and animals in the area (E. 
Johnson 1996:22; E. Johnson et al. 1994).  

The pattern of a riverine-uplands subsistence settlement system apparently emerged during the Middle 
Holocene, between 6000 and 5000 BP, when the climax oak-hickory forest had matured and population 
levels increased, leading to regional Late Archaic strategies of extensive and intensive resource 
exploitation (Dincauze 1974, 1990). In the Sudbury-Assabet region, the number and diversity of Late 
Archaic sites and their distribution in riverine and inter-riverine, upland settings suggest a "broad-base 
[collecting, see Binford 1980] approach to resource use and considerable attention to small scale 
environmental features," including "bogs and kettle-hole swamps" (D. Ritchie 1983:89). Duncan Ritchie's 
work in the Sudbury-Assabet area (1980:87-88,1983), indicates that patterns of upland use became more 
intensive about 4,500 years ago; more activities were now taking place there and some localities began to 
be reused time and again. Evidently, these shifts were shaped by ongoing environmental histories; as the 
region's deciduous forest ecosystems became more varied and productive, longer settlement occupations 
became possible (D. Ritchie 1983:89-91).  

Research by Curtiss Hoffman (1985) suggests that the process of diversifying and intensifying land and 
resource use increases measurably in many southern New England regions between 5000+ and 2700 BP. 
In these regions, some landscapes became a locus for year-round settlement and resource exploitation in 
the Middle Holocene, a pattern seen in some coastal settings and along major rivers (Bernstein 1990 and 
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2.0 PROJECT CONTEXT 

1993, Handsman 1995, Kenyon and McDowell 1983). Studies of collections and excavations indicate that 
some parts of the Sudbury-Assabet uplands contained extensive and diverse complexes of Late Archaic 
sites where Native people hunted deer, collected and processed hickory nuts and aquatic plants, and 
fished. Sites are so numerous and sometimes so often reused that Hoffman is certain that the 
archeological record between 4500 and 4000 BP (and for some time after) represents a "climax" of 
extensive, year-round occupation by sedentary groups of hunter-gatherers (Hoffman 1990:110-149). 

The Late Archaic archeological record in the uplands of the Assabet and Sudbury rivers reveals that a 
greater range of activities took place on a seasonal, multiseasonal, or even year-round basis. Along the 
upper reaches of the Assabet in Marlborough, a complex of sites (19-MD-489 to -493) discovered near I
495 suggests a pattern of upland adaptation. Features such as hearths and concentrations of chipping 
debris (stone-tool manufacture, repair, and resharpening) from the Robin Hill, Cook, and Howe sites are 
evidence of the periodic use of particular localities by successive generations during the Late Archaic (D. 
Ritchie et al. 1984). Similarly, multiple surface hearths, tool-making workshops, and activity areas at the 
Old Stony Brook site near Crane Swamp in Marlborough are cited as evidence of recurrent use of a short-
term campsite (Dudek, et al. 2001). The archeological record at the Flagg Swamp Rockshelter, excavated 
in 1980 as part of a larger study of Route 85 in Hudson and Marlborough, suggested a "winter camp 
repeatedly inhabited by small, complete social and economic groups," who went there to hunt deer and 
turtle, to fish, and then to return to their base settlements, possibly located along the Concord or lower 
Merrimack rivers, or along the nearby coast (Huntington 1982). Further east, a town historian in the 
1890s described a site next to a small wetland in Sudbury where hundreds of points, some woodworking 
tools, and burned rock features were found (D. Ritchie 1980:87).  

Late Archaic cemetery sites also suggest that native communities were well established within river 
drainages and upland areas. At the Millbury III cremation cemetery, located near the Blackstone River in 
Millbury, Massachusetts, sixteen cremation burials spanned from 3500 BP to 2500 BP and contained a 
mixture of human and animal remains within the same burial. On average, non-humans represented 79% 
of all skeletal elements identified, while human remains represented only 21% (Bellantoni 1998:4). This 
may indicate that animals were integral aspects of the ceremonial complex associated with burials from 
the Late Archaic to Early Woodland. The site Wapanucket 8 is located in the Taunton River drainage and 
contained a ceremonial complex, around 4,300 years old, with 11 cremation burials clustered within a 
larger pit (Robbins 1968). The Mansion Inn and Vincent sites, both located in the uplands above the 
Sudbury River, are cremation cemeteries about 3,500 years old. Habitation areas do not seem to be 
directly associated with either site. At each, assemblages of burned artifacts, cremated human remains, 
and burned wood and reddened earth (both from the nearby crematories) were deposited into shallow pits; 
some pits were used only once while others were the locus of multiple reburials. Typically, the artifacts in 
the pits included a full range of household and subsistence technologies such as wood- and hide-working 
tools, projectile points and knives, pestles, and hammer stones. Less abundant were single specimens or 
sets of finely flaked bifaces, known as Mansion Inn blades (Dincauze 1968:16-17, 48, 64-66). At 
Mansion Inn, the archeological data indicate "the cemetery was used repeatedly through a fairly long span 
of time" (Dincauze 1968:66), leading one to infer that the surrounding region was home to generations of 
Native people. 

Archeological sites in the Acushnet drainage with confirmed Late Archaic components include the 
Lawson Site (19-BR-378) and the Swift III Site (Klein and Chadwick 2003). At the Blue Feather site (19
BR-211) Simon et al. (1980:31-34) reported recovering a single Susquehanna Tradition projectile point. 
Two pieces of debitage were also recovered from a garden plot at this location and the investigators 
speculated that this might be a good-sized site, perhaps a Terminal Archaic hunting camp. 
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2.0 PROJECT CONTEXT 

The Woodland Periods (3000-450 BP). The Woodland is traditionally divided into Early (3000-1700 
BP), Middle (1700-1000 BP) and Late (1000-500 BP) periods, defined by changing artifact types. This 
period is marked by basic technological and economic changes, notably the production and use of pottery 
and a gradual shift to food production (maize, beans, squash, sunflower and other vegetables). 
Horticulture is documented for the Late Woodland on Martha's Vineyard (W. Ritchie 1969) but perhaps 
began by ca. 2000 BP (Thorbahn 1982). Within Massachusetts generally, the Woodland periods are best 
known in the coastal regions and in the Connecticut River Valley. In both cases, this higher visibility may 
be ascribed to local opportunities for increasing sedentism and larger communities – in the former area 
due to a combination of horticulture with rich marine resources and in the latter area to large expanses of 
soils well suited to horticulture in combination with rich fishing, harvesting and other terrestrial resources. 

The shift from the Late Archaic period to the Early Woodland period includes several changes on which 
archeologists generally agree. These changes consist of the introduction of ceramics, the formation of 
stable estuaries with tidal flats (Cross 1996:5-6), an apparent increase in the amount of exotic raw 
materials used such as non-local chert, red ochre, and copper (especially in mortuary contexts), and an 
inferred increase in formalized trade and communication. Some influences from the Adena culture to the 
west have been noted in artifact types of the period.  

While some archeologists have suggested that there was a regional demographic collapse and a shift 
during the Terminal Archaic to coastal settings, thus largely depopulating interior upland regions 
(Dincauze 1974:49-50), survey information from southeastern Massachusetts shows no decline in 
numbers of sites during the Early Woodland (Thorbahn 1982), and comparable patterns are evident in 
other parts of Massachusetts. Loring (1985) found continuity of subsistence patterns from the Late 
Archaic, with little more change than the grafting of long-distance trade onto existing developments, such 
as increasing sedentism, evident in the Late Archaic period.  

Archeologists have since improved their ability to recognize habitation assemblages of the Early 
Woodland period, as Shaw (1996a:67-79) points out. In addition to classic Meadowood and Rossville 
projectile points and cache blades and Vinette I ceramics, thicker side-notched bifaces, lobate-stemmed 
Adena, rare Fulton Turkey Tail, Small Stemmed points, and modified Vinette I ceramics are consistently 
reported from Early Woodland contexts. It is clear that pre-Contact peoples used some tools for much 
longer than just one period. Small Stemmed points are associated with the Late Archaic and Early 
Woodland periods and may have been in use as late as the Middle Woodland. Rossville points also occur 
in Middle Woodland contexts, and perhaps Late Woodland. 

This period is marked by an increase in the number of exotic lithic materials, indicating long-distance 
trade, and by changes in mortuary practice (increase in secondary interments, less use of ocher, fewer 
grave goods, and more variation in preparation of the dead). While the roots of ceramic and lithic 
variability are found in the preceding periods, more rapid variation in sequence through time and more 
regional variation characterize this period. Ceramics vary more in decoration and form. Lithic projectile 
points are less important in the tool kit, and bone and antler tools are preserved at some sites where matrix 
conditions are appropriate (Shaw 1996b:84-87). By the end of the period there is evidence of maize 
horticulture (Thorbahn 1982).  

There is overlap in the dates of ceramic types formerly considered diagnostic of the Early and Middle 
Woodland. Some Vinette I ceramics date to the first few centuries of the new period. The new Middle 
Woodland ceramics are cord-impressed, fabric-impressed, or smoothed in Southern New England. Most 
are decorated with dentate or cord-wrapped-stick impressions. Dentate-stamped, scallop-shell-impressed 
and cord-wrapped-stick-impressed decorations characterize the middle Middle Woodland, with 
decoration at times confined to the rim or shoulder. Scallop-shell-impressed or pseudo-scallop-shell-
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2.0 PROJECT CONTEXT 

impressed ceramics are recovered more commonly in Northern New England (Shaw 1996b:90). 
Decoration may be only around the rim or shoulder. These designs are often applied in a rocker fashion, 
or in vertical or horizontal zones. Undecorated fabric-paddled pieces with smoothed interiors also occur.  

Fox Creek and Steubenville bifaces characterize this part of the period (Moore 1997). There is some 
overlap in time between the Fox Creek and Jack's Reef points during this part of the Middle Woodland. 
Jack's Reef points, often made of non-local chert (Shaw 1996b:92-93), continue to be used into the Late 
Woodland. Exotic lithic materials increase in the Middle Woodland, except in the Champlain drainage. 
Some lithic tool types, such as Rossville (Shaw 1996b:90) and Small Stemmed (Hasenstab et al. 1990) 
continue into the Middle Woodland. 

Late Middle Woodland ceramics include types that continue in the Late Woodland, such as the cord-
wrapped-stick-impressed ceramics. Projectile points now include concave-base triangular points often 
made of local materials. These points also continue into the Late Woodland period (Shaw 1996b:93). 
Settlement and subsistence are similar to the Early Woodland period, but sedentism increases. Stays at 
large sites along waterways are believed to have increased in duration, while upland areas were used 
short-term for procurement. Long-distance communication and exchange appear to shut down by the end 
of the period. Middle Woodland sites in coastal areas and New York have produced house remains. 
Middle Woodland sites tend to have more pit features, which vary greatly in shape and size, and are 
frequently dug out and reused for trash (Shaw 1996b:94-100). 

Research issues for the period are similar to those of the Early Woodland period, from which it is divided 
only by arbitrary artifact style boundaries. These issues include explanation of the quick adoption of 
ceramic styles, the role of exchange networks, and the description of the behavior behind increasing 
regional style variation in artifacts (Shaw 1996b:100). 

The Late Woodland represents the regional demographic peak prior to European contact, a florescence 
that may be related to increasing food production, sedentism, and population agglomeration. The period is 
characterized by changes in burial ceremony. Burials can be single or mass, as in ossuaries, and can be 
primary, secondary, or cremation. Group interments tend to be at special mortuary sites, while single 
burials are usually at habitations.  

Ceramics are often shell-tempered or made with fine grit temper and thinner bodied; there is a shift to 
globular forms, and the addition of collars, sometimes decorated with human faces. Elaborate collars 
similar to those of Iroquois ceramics are found in the Merrimack and Champlain drainages. Triangular 
projectile points consisting of smaller Madison points or larger Levanna points are diagnostic for this 
period. This period is marked by an increasing importance of food production (maize, beans, squash, 
sunflower and other vegetables) in coastal or riverine zones, which begins by ca. 840 BP on Martha's 
Vineyard (W. Ritchie 1969).  

These changes in assemblage, and by implication, adaptation, are attributed to increasing population and 
concentration of people at larger sites. Research issues include the extent of permanency in Late 
Woodland settlements, the nature of such settlements (i.e., whether such settlements were villages; 
Hasenstab 1999; Kerber 1988; Luedtke 1988; Thorbahn 1988) and the identification of horticulture with 
non-native plants and definition of the effects on humans. In addition, researchers might ask about the use 
of different ecozones, the reality of population growth, and whether or not climate change (e.g., the Little 
Ice Age), affected settlement and subsistence. There is some evidence of the development of long-
distance exchange again, and some workers have suggested that a native beaver trade was developed 
before Contact. Regional differences are visible; in Vermont, there are fewer late Late Woodland sites 
than early Late Woodland. This may be a response to Iroquois settlement changes. In southern New 
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2.0 PROJECT CONTEXT 

England, horticulture did not replace existing gathering and hunting strategies and large settlements did 
not replace small seasonal sites. Differential dependence on horticulture is likely to have affected society 
and politics. Cultural differentiation of the Iroquois from the Algonquin also presents research 
opportunities (Shaw 1996c). 

Archeological investigations at the Swift I and II Site (19-BR-212) and the Swift III Site on the east bank 
of the Acushnet yielded diagnostic Late Woodland Levanna projectile points and ceramics, along with 
lithic debitage, animal bone, shell, and a small pit feature (Thorbahn 1988).  

The Contact Period (AD 1500-1620) and post-Contact Native American Settlement (AD 1620-1700). 
This period marks the initial presence in the region of European explorers and fishermen, followed in the 
early seventeenth century by English colonization. From the Native viewpoint, the period was one of 
intense social, economic and demographic disruption and depopulation for native inhabitants due to 
disease, warfare and displacement related to European contact and colonization. The Acushnet drainage 
was part of a Contact Period core area that extended along Buzzard’s Bay from Rhode Island to Wareham 
(MHC 1982:Map2).  

Circa AD1600, Native Americans known as the Wampanoag (also referred to as the Pokanoket) were 
documented as inhabiting southeastern Massachusetts, including Cape Cod, Martha’s Vineyard, and 
Nantucket, as well as eastern Rhode Island (i.e. east side of Narragansett Bay). The Wampanoag were 
longstanding allies of the Massachusetts to the north, and traditional enemies of the Narragansett to the west 
(Gookin 1972, in Salwen 1978:171). The exact date of first contact with Europeans is uncertain, though one 
source puts it as early as Verrazano’s AD 1524 visit to Narragansett Bay (Salwen 1978:171). Later contacts 
included Gosnold (AD 1602), Pring (AD 1603), Champlain (AD 1605-1606), and Hudson (AD 1609) 
(Salwen 1978:171). Bragdon (1996:xi) characterizes southern New England as “Ninnimissinouk,” an 
indigenous term used to refer to the people of the region. Included among the Ninnimissinouk were groups 
known as the Pawtucket, Massachusett, Narragansett, Peqout, and the Wampanoag. The term 
“Wampanoag” designates the descendants of the Pokanokets, or the people associated with the sachem 
Massasoit and the village of Pakanokick noted by John Smith in 1614 (Bragdon 1996:20-25; Grumet 
1990:134). 

Certainly the single most devastating event resulting from European/Native American contact was the 
introduction of foreign diseases to the latter. The epidemic of AD 1616-1619 decimated the Ninnimissinouk 
populations by as much as 90 percent, especially in interior locations; groups residing on the offshore 
islands fared better (Salwen 1978:171). Subsequent to the epidemics, the weakened Wampanoag suffered 
persistent attacks by the Narragansett to the west. With the arrival of the colonists at Plymouth, the 
Wampanoag sachem Massasoit and his brother Quadenquina offered a formal friendship treaty, into which 
the colonists and Native Americans entered. Massasoit had hoped to form an alliance with the colonists, 
principally to help fend off the Narragansetts (Salwen 1978:171-172).  

In any event, King Philip’s War in AD 1675-1676 effectively wiped out large portions of the Wampanoag 
population. Groups living on Cape Cod and the offshore islands did not join Philip in his efforts and thus 
were able to maintain their villages there (Salwen 1978:172). Nevertheless, the Wampanoag and all other 
New England Native American societies never recovered from the decimation and disenfranchisement 
resulting from their loss of the war, and the post-war era witnessed the continual decline and marginalization 
of the Native American groups in New England. The Wampanoag Tribe of Gay Head (Martha’s Vineyard, 
Massachusetts) is recognized by the Federal Government, as are the Mashantucket Peqout and Mohegan 
Tribes in Connecticut, and the Narragansett Tribe in Rhode Island. 
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2.0 PROJECT CONTEXT 

2.3 	KNOWN PRE-CONTACT SITES AND PRIOR ARCHEOLOGICAL WORK IN THE
 PROJECT VICINITY 

A total of 33 Cultural Resource Management (CRM) reports are on file for the City of New Bedford and 
13 for the Town of Fairhaven in the MHC’s Bibliography of Archaeological Survey & Mitigation 
Reports. Three reports cover areas in both municipalities. Of these reports, only a few Fragola (1999), 
Kellogg and Klein (2001), Chadwick and Klein (2003) deal with surveys and archeological site 
discoveries within the intertidal zone of New Bedford Harbor (See below). 

A review of the site files at the MHC indicates that no pre-Contact archeological sites have been recorded 
within 2 km of the Project area. However, numerous pre-Contact period sites are known to exist in the 
vicinity of the Acushnet River and New Bedford Harbor in New Bedford and Fairhaven. The nearest site 
is the River Avenue Site (19-BR-260), located about 2.1 km northeast of the Project area along the east 
side of the Acushnet River in Fairhaven. The Lawson Site (19-BR-378), located approximately 5 km 
north of the Project area is significant because it is one of the largest multi-component (Middle and Late 
Archaic, and Late Woodland periods) sites located on New Bedford Harbor (in Fairhaven) and because it 
is located in the intertidal zone (Fitts et al. 2000, Chadwick and Klein 2003). 

2.4 	POTENTIAL FOR PRE-CONTACT SITES IN THE PROJECT VICINITY 

Pre-Contact archeological sites have been identified in a variety of settings, but are found most often in 
particular environmental contexts (Funk 1972; Root 1978; Thorbahn et al. 1980; McManamon 1984; 
Mulholland 1984; Thorbahn 1984; Nicholas 1990). In southern New England archeology, pre-Contact 
site location is typically linked to three variables: terrain, soils, and water -- in the formula "flat to low 
slope, well-drained sandy soil, near water." These variables, in turn, combine with other factors, which 
include the collection of special resources (e.g., lithic material for tools; clay; seasonal nuts, fruits, seeds, 
small fishes, and game,), the pursuit of special tasks, often seasonally determined (e.g., exploitation of 
fish runs), and the use of transportation routes (provided by bays and rivers). The combination of all these 
factors provides a framework within which the pre-Contact settlement of the project area, and indeed of 
most of southern New England generally, can be analyzed, and by which archeological site location can 
be predicted through archeological models (Casjens 1979, Dincauze 1974, Hoffman 1985, Kenyon and 
McDowell 1983, D. Ritchie 1983). A study of site locations and catchments conducted for the Concord 
River watershed (Casjens 1979) found that sites were located on floodplains, flat uplands, knolls, ridges 
and an island; gentle terrain with arable soil and variety in the form of wetlands in the surrounding 
catchments also seem to factor in site locations.  

As a result of changes in sea level over time, prehistoric sites associated with the Paleoindian and Archaic 
periods could be present within the subtidal portions of the Project site. As demonstrated by the Lawson site, 
tidal or otherwise very-near-shore loci would be expected to have low potential for Woodland and Contact 
Period sites, owing to inundation from sea-level rise. Thus, Paleoindian and Archaic Period sites could 
theoretically occur anywhere, including inundated areas, while Woodland and Contact Period sites would be 
restricted to locations that are currently dry. (A limited number of Late Woodland diagnostic artifacts were 
recovered from the Lawson Site. These were most likely not in situ, but transported into the intertidal 
portion of the site by natural process such as erosion and sediment transport). 

Because of its location along the Acushnet River, and absenting a geomorphological and hydrological 
regime history indicating prior sediment disturbance, and/or a history of other man-made disturbances 
(e.g. dredging activity), the subtidal portion of the Project site should be considered to have the potential 
to contain pre-Contact archeological sites. 
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2.0 PROJECT CONTEXT 

2.5 	INTERTIDAL AND SUBMERGED PREHISTORIC ARCHEOLOGICAL SITES IN
 NEW ENGLAND 

It is now well established that on the world’s continental shelves can be found formerly terrestrial 
archeological sites that have been submerged through the various processes associated with sea-level rise 
(Masters and Flemming, 1982). These sites, while difficult and often expensive to locate, have immense 
potential for providing previously unknown data regarding past human behavior. Indeed, such sites could 
contain exceptionally well-preserved organic materials, in most cases would not have been mixed by 
centuries of historic plowing, and most importantly could potentially offer an older record of human 
coastal adaptation than is currently available from the existing database of mid to late Holocene coastal 
sites. 

The following literature review is focused on known intertidal and subtidal prehistoric archaeological 
sites in New England, and is designed to emphasize the environmental and geologic settings in which 
they were identified and the circumstances that lead to their discovery. Additionally, the following review 
will include selected submerged and intertidal surveys for prehistoric sites where cultural materials were 
not recovered but sedimentological preservation, in the form of submerged and buried paleosols, was 
found to be quite high. The reader is directed to Bell (2009) for a thorough bibliography, as well as an 
excellent treatment of legal and ethical issues pertaining to submerged cultural resources. Additionally, 
Merwin et al. (2003) provide a systematic, detailed review of submerged Native American sites in 
southern New England. 

2.5.1 	 Submerged and Intertidal Prehistoric Sites in Maine 

Despite its lengthy coastline, the state of Maine boasts few submerged and intertidal prehistoric sites. The 
majority of submerged sites were initially discovered by fishermen when artifacts were found in drag 
nets. Crock et al. (1993) report on large rhyolite bifaces recovered by scallop draggers in Blue Hill Bay 
from approximately 40 to 50 meters below present sea level. Artifacts recovered by scallop draggers in 
Bass Harbor (Price and Spiess, 2007) indicate the possibility of another submerged site, and subsequent 
paleogeographic reconstruction (Kelley et al., 2010) of the location revealed a  submerged paleolake 
setting. The Lazy Gut Island Site (Belknap, 1995) was also discovered by fishermen, when in 1982 
prehistoric artifacts were dredged from approximately 10 meters of water east of Deer Isle. Subsequent 
SCUBA reconnaissance recovered debitage but did not uncover evidence of primary archeological 
contexts. Belknap (1997) conducted a geophysics and coring survey aimed at paleogeographic 
reconstruction of the location, and the conclusion reached was that the site has been completely reworked 
by marine transgression and that minimal, if any, primary context remains for cultural materials. 

In the Damariscotta River, Leach (Leach and Belknap, 2004; Leach 2007) conducted a geophysical and 
coring investigation of relict mid-Holocene oyster beds for submerged prehistoric potential, and 
subsequently identified a buried, submerged paleosol at -12.67 m and 6300 yBP. While no cultural 
materials were recovered, the paleosol is an excellent example of sedimentologic preservation potential in 
sheltered estuarine settings. 

2.5.2 	 Submerged and Intertidal Prehistoric Sites in New Hampshire 

The Seabrook Marsh site (Robinson, 1985) is an exceptionally well-preserved prehistoric site that is 
buried under salt marsh peat and fully submerged during high tide. Site discovery occurred subsequent to 
the excavation of a mosquito ditch across the salt marsh, in which prehistoric artifacts were identified. 
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2.0 PROJECT CONTEXT 

The site contains a wealth of perishable and non-perishable cultural materials, as well as human 
interments. 

2.5.3 Submerged and Intertidal Prehistoric Sites in Massachusetts 

A handful of intertidal and submerged prehistoric sites have been identified in Massachusetts. Johnson 
and Raup (1947) reported on the Grassy Island Site, a subtidal and intertidal prehistoric site in the 
Taunton River, Massachusetts. Cultural Resource Management surveys along the eastern shore of the 
upper Acushnet River (Fitts et al., 200; Chadwick and Klein, 2003) recovered prehistoric artifacts within 
the intertidal zone. Chadwick and Klein (2003) conducted an exhaustive intertidal coring survey in the 
upper Acushnet River Estuary, North of New Bedford, and identified prehistoric sites below marsh and 
marine sediments. The Boylston Street Fish Weir (Johnson, 1942), a large, well-preserved late Archaic 
fishing site, was discovered below historic fill during subway tunnel construction in Boston. 

At the Atlantic Ledges site (Dincauze, 1972), prehistoric artifacts were found buried below peats and 
gravels near Hull, Massachusetts. Volmar (2003, Cited in Merwin, 2003) identified a submerged early 
Woodland site at Turner’s Falls comprising an eroding stratigraphic section that revealed charcoal lenses 
and fire-cracked rock. In a similar vein, mammoth teeth were dredged up offshore of eastern 
Massachusetts (Oldale et al., 1987), hinting at the possibility of intact primary contexts.  

A phase II Cultural Resource Management project for the Salem Port Expansion in Salem, Massachusetts 
identified a submerged, buried paleosol in a vibracore and upon further analysis discovered two chert 
micro-flakes, charcoal, and botanical remains (Lynch et al., 2010; Lynch, 2010). This project is an 
excellent example of phase II methods for evaluating submerged prehistoric contexts. 

Numerous Cultural Resource Management projects in Massachusetts have recovered provocative 
evidence for enhanced sedimentologic preservation in submarine settings, though no cultural materials 
were recovered. In Nantucket Sound, Robinson et al. (2004) conducted a reconnaissance survey 
comprising geophysics and coring within the area of potential effect of the Cape Wind facility and 
associated transmission cable corridor. An intact paleosol, wetlands, and pond environments were 
identified in the vibracores, all adjacent to a bathymetric low point. The Nantucket Sound survey was 
undertaken after an assessment of marine archaeological sensitivity (Robinson, et al., 2003). A similar 
survey in Great Harbor by Robinson (2008) comprised a geophysical survey to prospect for potential 
buried and submerged paleosols, though none were identified. 

2.5.4 Submerged and Intertidal Prehistoric Sites in Rhode Island 

Lynch (2001; Cited in Merwin, 2003) has documented prehistoric artifacts recovered by fishermen in 
Narragansett Bay. Operating though an organization called the Submerged Cultural Inventory of Rhode 
Island (Merwin, 2003), information is being amassed on potential intertidal and submerged prehistoric 
sites through beachcomber and fisherman informants. 

2.5.5 Submerged and Intertidal Prehistoric Sites in Connecticut 

Of all the New England states, Connecticut boasts the largest number of reported intertidal and subtidal 
archaeological sites. The dredging of boat basins seems to be the most common mechanism for discovery 
of such sites. Powell (1965) reported on the discovery of submerged portions of a large shell midden 
during dredging of boat basin at Spruce Swamp. A similar situation occurred at Pilots Point (Glynn, 1953; 
McWeeney, 1986), where prehistoric artifacts were discovered during the dredging of a yacht basin. 
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2.0 PROJECT CONTEXT 

Numerous intertidal sites, and those buried under salt marsh peat, have been identified. The Archaic 
Midden Site (McWeeney, 1986), discovered by the Public Survey Team, is an intertidal prehistoric site in 
the Connecticut River. At Grannis Island, Sargent (1953; McWeeney, 1986) discovered a prehistoric site, 
the majority of which was covered by salt marsh and mostly submerged at high tide. At Seaside Indian 
Village (Coffin, 1963; McWeeney, 1986) late prehistoric artifacts were discovered below highest high 
marsh peat after hurricane erosion. 

Bourn (1972) gives a detailed personal account of visiting numerous locations where prehistoric artifacts 
were found in submerged and intertidal contexts. He also describes the artifact assemblages recovered 
from each location. The “Submerged Site at the North Cove” (Bourn, 1972: 5-8) is a prehistoric site with 
terrestrial and underwater components discovered during dredging operations for yacht basin. The 
“Submerged Site at the Ferry Road” (Bourn, 1972: 8-9) was discovered when prehistoric artifacts were 
found during canal excavation across a salt marsh. These artifacts were found in a peat and gravel mix at 
the base of the trench, below about 3 to 4 feet of peat. Bourn also reports on three sites he referred to as 
“Tidal Beach Sites at Giant’s Neck” (Bourn, 1972: 9-11). The sites are located at Bather’s Beach, at the 
mouth of the Pataguansett River, and at the north end of Huntley Island. In all three locations artifacts 
ranged in elevation from low to high tide and while the majority of artifacts were water worn, some 
appeared to have been recently eroded from intact deposits. Bourn speculated that the artifacts had eroded 
out from below a recently exposed peat deposit. 

At the Hammonassett Beach Site (Glynn, 1953; 1969; 1977; Harper et al., 2008) prehistoric cultural 
materials were dredged from east of Pilot’s Point in Westbrook, Connecticut. Eleven feet of peat were 
dredged and a further eight feet of sand and gravel were removed. Human remains and quartz artifacts 
were recovered from the dredge, and many artifacts were found on the beach after dredge spoils were 
dumped in the marsh and on the beach. Additionally, a submerged shell midden may have been dredged 
up in about 16 feet of water from approximately 900 feet off shore. 

2.6 HISTORIC CONTEXT1 

The land that comprises the city of New Bedford, as well as Acushnet, Fairhaven, Dartmouth, and Westport, 
was purchased from Massasoit, Grand Sachem of the Wampanoag and his son, Wamsutta in 1652 by 36 
European settlers. The tract was named Dartmouth and was incorporated in 1654. The town’s early 
settlement was sparse and consisted of scattered farmsteads and garrisons. During King Philip’s War (1675
1676), the Indians overran the settlement and burnt most of the homes (Ricketson 1858:34). After the war, 
the settlers returned and rebuilt. Following a pattern common throughout Southeastern New England after 
the war, the settlers chose to establish a village at the head of the Acushnet River rather than disperse into 
scattered farmsteads. Throughout the first half of the eighteenth century, the Village of Acushnet remained 
the region’s center; however, members of the Russell family began purchasing land along the Acushnet 
River and the overlooking heights within the present city of New Bedford. In 1765, Nantucket whaling 
merchant Joseph Rotch purchased ten acres of land from Joseph Russell II and moved his business to New 
Bedford (Leary 1999). Rotch brought experience, capital and technological innovation, and he and his sons 
began to develop the future New Bedford as a whaling port (Leary 1999). The Town of New Bedford 
developed rapidly and by 1771 321 dwellings, 119 shops and warehouses stood in New Bedford and 
Fairhaven (Vanasse Hangen Brustlin, Inc. 1996:16). 

1 Historic context information is taken from Cultural Resources Background Reconnaissance Study and 
Archeological Sensitivity Assessment, South Terminal Marine Infrastructure  Park (Upland Portions), City of New 
Bedford, Bristol County, Massachusetts (Kotlensky and Klein 2010). 
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2.0 PROJECT CONTEXT 

On September 5th, 1778, British troops occupied New Bedford. During their brief stay, they burnt eleven 
dwellings, twenty shops, a ropewalk, and 34 vessels anchored in the harbor (Ricketson 1858:75; 289). After 
the end of the Revolutionary War, a number of Nantucket merchants relocated to New Bedford and 
promptly developed a complex network of finance, shipbuilding, ship supply, and marketing (Georgianna 
and Aaronson 1993:12). In recognition of the growth of the village established by the Russell family, 
Bedford Village was designated as the town of New Bedford in 1787 (Leary 1999). 

During the decades prior to the Civil War, New Bedford became the leading whaling port in the world 
(Georgianna and Aaronson 1993:12). By 1857, the city was home to 329 whaling outfits and ships, 10,000 
men were engaged in whaling, and $12,000,000 in local capital was invested in these enterprises (Burgy 
1932:34). 

Because of the prominence of whaling, New Bedford had few other industries in the early nineteenth 
century. In 1815, a rope walk was located along the Acushnet riverfront in the south part of the city, and a 
furnace was located on the riverfront near the foot of Madison Street. The northern waterfront was lightly 
developed with several piers extending into the river. J. Congdon’s 1834 map of New Bedford shows a grist 
mill in the north and west-central portions of the city, while two salt works were in operation in the south 
peninsula area. Several small cotton factories had been established in the city, the earliest dating from 1811 
(Burgy 1932:34). 

By the second half of the nineteenth century, the American whaling industry faced severe trouble. During 
the Civil War, a number of New Bedford whaling vessels were sold to form a major portion of the “Stone 
fleet,” sunk off the harbors of Charleston and Savannah to enforce a naval blockade (Hicks 1907:41). In 
1871, the entire Arctic whaling fleet, including 32 ships from New Bedford, was lost when ice floes 
returned earlier than normal. The total monetary loss to New Bedford was over $1 million (Georgianna and 
Aaronson 1993: 13; Hicks 1907:41). In 1876, the ice took 12 additional ships from New Bedford’s fleet 
(Georgianna and Aaronson 1993:13). Similar losses occurred in 1888 and 1897. 

Improving technology greatly reduced the demand for whale oil. Kerosene largely replaced whale oil for 
lighting. With the discovery of petroleum in Pennsylvania in 1859, an economical substitute for whale oil 
lubricant became available (Clayton and Whitley 1975:24). The whaling industry continued in New Bedford 
until the early twentieth century but became a progressively less important part of the city’s economy. The 
last whaling voyage from the city was made in 1925 by the schooner John R. Manta (Leary 1999). 

Even during the heyday of whaling, farsighted New Bedford businessmen saw the advantages of enlarging 
the economic base of the city. Cotton mills had proved profitable in other parts of New England. By 1833, 
thirteen cotton mills were in operation in nearby Fall River (ODHS 1975:204). U.S. cotton production 
doubled between 1840 and 1860. By the start of the Civil War, 600 cotton mills were in operation 
throughout New England (Georgianna and Aaronson 1993:19). 

One New Bedford businessman, Samuel Rodman, Jr., a major investor in the Pocasset Mill in Fall River, 
sought to bring the cotton manufacturing industry to New Bedford by organizing the New Bedford Steam 
Company in 1846. This attempt was unsuccessful (ODHS 1975:204). 

Despite this failure, some New Bedford capitalists saw potential for the cotton milling industry in the city. 
The city’s damp climate minimized static electricity and maximized the fragile cotton fiber’s elasticity and 
break strength (Dunwell 1978:112). The Acushnet River allowed relatively inexpensive shipping of coal and 
cotton. Sufficient manpower was available, as was investment capital.  
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2.0 PROJECT CONTEXT 

The first New Bedford successful cotton mill owners studied the milling business before setting up their 
own factories. Their initial problem was to decide what goods to produce. Calculations were made to 
determine which type of goods would produce the maximum profit. The conclusion was that fine sheeting 
could be made a cost of 12 cents per yard and sold for 14 cents. They decided to concentrate on this product 
and to produce it by the mule spinning method (Ware 1931:107-108). 

From the early nineteenth century until the 1930s, a succession of proprietors undertook two significant 
manufacturing enterprises within what is now the vicinity of the Project Area. James H. Howland and 
George Hussey began operating a factory for making candles from whale oil sometime prior to 1836 in the 
vicinity of the Project Area (Office of Public Archaeology 1988: 26). In 1871, a joint-stock company 
established the Potomska Mills, a textile manufacturing enterprise that they expanded to include two mills 
by 1877 on the same site (Sayer 1889: 154; Ellis 1892). The footprint of the former Potomska Mills most of 
the upland portions of the Project Area (Kotlensky and Klein 2010).  

A review of 19th and 20th century historic cartography covering the Project Area was conducted as part of 
the archeological sensitivity assessment for the upland portions of the Project Area (Kotlensky and Klein 
2010). No wharves, piers, or other features were identifying as extending into the intertidal portions of the 
Project Area. 

2.7 	KNOWN HISTORIC ARCHEOLOGICAL SITES IN THE PROJECT VICINITY 

A review of the site files at the MHC identified four historic archeological sites that have been recorded 
within 2 km of the Project Area. The Potamska Mills Site (NBE-HA-8) is located in the upland portion of 
the Project Area. It was originally identified on the basis of documentary research only. Subsequent 
analysis indicated that any potentially significant archeological remains associated with site have been 
destroyed (Klein and Kotlensky 2010). The Acushnet Mill and Worker Housing Site (NBE-HA-09), the 
Palmer Island Lighthouse Site (NBE-HA-07), and the Nathan and Polly Johnson House Site (NBE-HA
12) are also located within 2 km. of the Project Area. None of these three sites is in close proximity to the 
intertidal portions of the Project Area. 

2.8 	POTENTIAL FOR HISTORIC ARCHEOLOGICAL SITES IN INTERTIDAL
 PORTIONS OF THE PROJECT AREA 

Documentary research, including a review of historic cartography, has not indicated the presence of any 
historic period structures within the intertidal or sub-tidal portions of the project area. However, this does 
not mean that features such as small piers, wharves and bulkheads never exited within the area. In 
addition, depending upon the hydrologic regime, there is always the potential for the existence of buried 
vessels and small boats. At least one potential shipwreck site was identified during other investigations 
undertaken for the project in the sub-tidal portion of the project area (Dolan Research, 2010). The purpose 
of the current investigation, however, is focused exclusively on the potential for submerged Native 
American sites and will not address in detail any potential for shipwreck or other historic sites or field 
procedures for evaluating their presence. 

A total of 33 Cultural Resource Management (CRM) reports are on file for the City of New Bedford and 
13 for the Town of Fairhaven in the MHC’s Bibliography of Archaeological Survey & Mitigation 
Reports. Three reports cover areas in both municipalities. Of these reports only a few, Fragola (1999), 
Kellogg and Klein (2001), Chadwick and Klein (2003) deal with surveys and archeological site 
discoveries within the intertidal zone of New Bedford Harbor. 
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3.0 METHODS
 

3.1 	INTERTIDAL FIELD METHODS 

Archeological testing within the Project Area involved systematic geoarcheological survey of the 
approximately 1.8-acre area encompassing the intertidal zone between mean lowest low water and mean 
highest high water, as delineated in the field with a sub-meter GPS during high and low tide cycles 
(Figure 2). JMA conducted initial walkover survey of the project area to identify surficial evidence for 
potential prehistoric cultural materials. Archeological survey of intertidal environments utilized 
Eijkelkamp gouge augers (see Plate 1, auger in foreground) which are manually driven into, and extracted 
from, the subsurface. The gouge auger extracts a 100-cm-long, 6-cm-wide, 7-cm-deep cylinder of 
sediment (approximate volume of 3300 cm3, or 3.3 liters) with negligible compaction. The extracted 
sample retains excellent stratigraphic integrity, and subsequent sample extraction uses the same entry 
point as the prior with a high degree of vertical control on sample provenience. In comparison, a 50x50 
cm shovel test unit, 50 cm deep, contains a volume of sediment equal to 125,000 cm3 or 125 liters.  

Prior to the start of the Project, gouge auger sample locations were laid out in ArcGIS along an 8 meter 
grid. This grid was uploaded to a Trimble GeoXT handheld GPS with real-time sub-meter accuracy. The 
GeoXT was used to navigate to gouge auger sample locations, and a numbered pin flag was placed in the 
ground to mark each sampling site. Gouge auger samples were laid out between the high tide line and as 
close to the low tide line as possible (Plate 2). Tides were a constant frustration during the survey, with 
the majority of low tides at 0.5ft, though the low tide level during the last two days of the survey was at 
0.2 ft. 

Core samples penetrated through Holocene sediments into Pleistocene sediments or down to refusal at an 
impenetrable obstacle. Analysis and interpretation of augers was conducted almost exclusively in the field 
and comprised recordation of stratigraphy, texture, macro-organics, Munsell color, and potential historic 
and prehistoric cultural materials. Sediment from auger samples was screened through ¼” hardware mesh 
subsequent to stratigraphic and sedimentologic analysis. Individual strata were screened separately to 
provide greatest possible context for potential cultural materials. Numerous gouge auger samples were 
photographed in color with a digital camera before analysis and screening, with many photographs taken 
of common, unique, and diagnostic strata. Relatively few samples were collected for laboratory 
processing (see Section 3.3). 

3.2 	JUSTIFICATION OF THE USE OF HAND AUGERING METHODS FOR LOCATING 
ARCHEOLOGICAL SITES 

Analysis of geomorphology, sedimentation rates, erosion associated with natural and human activities, 
and other soil/sediment disturbing activities (e.g. dredging history) may establish that disturbance of the 
intertidal zone has eliminated the potential for the potentially significant archeological remains to be 
present. If significant prior disturbance of the intertidal portions of the Project Area cannot be established 
it is considered to have a high archeological sensitivity.  

Predictive models for prehistoric archeological site location in southern New England are generally based 
on three variables -- terrain slope, soil quality, and proximity to water. The ideal combination of these 
components includes little to no slope, well-drained sandy soil and close proximity to water. The 
locations of the greater majority of the known prehistoric archeological sites recorded in the New Bedford 
vicinity conform to this model. However, archaeological survey of intertidal areas must be approached 
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Plate 1. Gouge Augering in the Southern Portion of the Intertidal Project Area.
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3.0 METHODS 

differently from upland areas. In upland areas factors such as drainage, topography, distance to fresh 
water, and proximity to known archeological sites determine the archeological sensitivity of a given 
location. In the intertidal zone, the major factor is the geomorphological history of the location. 

Previous studies (Kellogg and Klein 2001) submitted to MHC concluded that standard archeological 
shovel testing of the lower portion of the intertidal zone, especially intertidal flats, is not feasible. 
Subsequent studies carried out in association with the New Bedford Harbor Superfund Project have 
demonstrated that the methodologies proposed here can successfully locate archeological sites in the 
intertidal areas along the Acushnet River in New Bedford (Chadwick and Klein 2003).  

Curves developed by Krakker et al. (1983) Provide the relationship between site diameter (assuming a 
circular site) and test unit interval, irrespective of unit size. Those curves indicate that when an 8m 
interval is employed over a square grid the probability of intercepting a site that is 10m in diameter is 
approximately 95%. The probability of intercepting a site that is 11m in diameter or greater approaches 
100%. (The smallest sites in the immediate vicinity of the survey area are the Swift I and Swift II sites 
with diameters of 19 m and 22 m, respectively). Krakker et al. also note that a Poisson distribution may 
be used to estimate the probability of finding at least one item in a test unit for a specific average site 
density. The probability of recovering at least one item in a test unit is estimated by: 

p = 1 – e-ad 

where a is the area of the test unit and d is the artifact density.  

Simple geometry demonstrates that, of test units spaced on a square grid at 8m intervals, between 4 and 9 
test units will fall within the limits of circular sites with diameters between 11m and 17m, and between 9 
and 16 test units will fall within the limits of circular sites between 17m and 22m in diameter. Assuming 
an average site density of 20 artifacts per square meter and a test unit size of 60mm in diameter (the 
diameter of the augers to be used at New Bedford) then the minimum probability of at least one auger test 
recovering an artifact from a site with a diameter between 11m and 17m ranges from approximately 20% 
to 40%. The minimum probability of at least one auger test recovering an artifact from a site with a 
diameter between 17m and 23m ranges from approximately 40% to 60%. In reality the likelihood of 
discovering a site is greater than indicated by these numbers. This is because: a) artifacts are more likely 
to be clustered or randomly distributed rather than uniformly distributed within a site, b) features such as 
hearths and pits are larger than individual artifacts and therefore an individual feature is more likely to be 
intercepted by a test unit than is a single artifact, and c) other site indicators such as the presence of shell 
and charcoal deposits are likely to cover large areas.  

3.3 GOUGE AUGER LABORATORY METHODS 

Aside from cleaning, analyzing, and cataloging cultural materials recovered, Phase I gouge auger surveys 
generally require minimal laboratory work as nearly all of the sediment extracted is field-processed. 
Gouge auger samples are described and screened in the field (See Section 3.2), and only rarely are 
sediment samples returned for further analysis. In some circumstances, however, buried, preserved upland 
landscapes are encountered and sediment samples are collected for flotation analysis intended for 
identification of microdebitage and other cultural materials in controlled laboratory settings. 

For most gouge auger samples that were identified as containing a relatively intact paleosol, comprising a 
nearly intact stratigraphic sequence (i.e. O/A/B/ horizons) of soil horizons or marsh peat overlying a 
former upland surface, samples were collected from stratigraphic units in sections of variable thickness 
depending on the thickness of strata. When possible, numerous subsamples were collected from strata for 
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3.0 METHODS 

better vertical resolution for potential cultural material context. These samples were then weighed, 
recorded, and subjected to a standard flotation method involving a chesse-cloth bag for retention of a 
floating light fraction, and a 1mm mesh screen for capturing the remaining heavy fraction of the sediment. 
The samples were then dried, light and heavy fractions bagged separately, and labeled with detailed 
provenience information. Finally, each sample was closely examined under magnification for 
microflakes, other cultural materials, microbotanical contents, and charcoal. 

Processing of samples for radiocarbon dating involved a detailed analysis of stratigraphic context, and 
involved careful selection of material to be submitted for dating. Care was taken that the sample did not 
come into contact with skin, clothing, or other potential contaminant. Samples were bagged in a thick, 
archival-quality sealable bag and labeled with detailed provenience information. The samples were then 
carefully packed and prepared for shipment, then sent via FedEx to Beta Analytic for radiocarbon 
analysis. 

Sediment samples from analyzed gouge auger samples, including flotation-derived organic materials, are 
currently housed at JMA’s West Chester, Pennsylvania Office in archival quality sealed bags with 
detailed provenience information, and are kept in an archival quality storage box with relevant project 
documents. 
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4.0 RESULTS 

4.0 RESULTS
 

4.1 GOUGE AUGER DATABASE (SEE APPENDIX I FOR GOUGE AUGER LOGS) 

A total of 116 gouge auger samples were extracted between September 6 and September 14, 2010 by 
JMA with generous assistance from Apex Companies, LLC personnel. Numerous sediment types and 
depositional environments were revealed during the survey, leading to a greater understanding of the local 
geomorphic evolution and ultimately facilitating a detailed assessment of intertidal prehistoric 
archeological site potential in the Project Area. Gouge augers typically penetrated Holocene sediment and 
met with refusal on Pleistocene sediments, Holocene lag deposits, or other unknown subsurface 
obstructions. Photographs and interpretations of representative auger stratigraphy are shown on Figure 5. 
The numbering system for stratigraphic units is consistent across Figure 5 and the stratigraphic profiles 
discussed in later sections.  

4.1.1 Southern Portion of the Intertidal Survey Area 

The Southern portion of the Project Area, extending from the southernmost gouge augers to two rows of 
augers past the outflow pipe, contains the largest amount of intertidal area within the overall Project Area 
(Figure 4). This area exhibits approximately 1.5 meters of relief between the high and low tide levels, 
with roughly 45 meters of beach exposure at low tide. The surficial sediment at the low tide line is quite 
coarse, with prevalent large pebbles and gravel, while the sediment at the top of the slope is comprised of 
fine to medium sand. A fringing salt marsh and small lagoon (Plate I) are experiencing marine 
transgression as the beach berm moves landward, serving to bury marsh and lagoonal deposits. The 
fringing marsh is eroding, and in places it does not reach the high tide line  where there is a concentration 
of modern trash, large pebbles, and even boulders (likely historic building materials) (Plate 3). 

Three stratigraphic profiles were compiled from gouge auger data to further investigate the 
geomorphology of the southern portion of the Project Area, and to assess prehistoric site potential (profile 
locations depicted on Figure 4). Profile 1 (Figure 6) reveals a thick sequence of sand (Stratum Va/b), 
likely late historic to modern in origin that thickens landward. This deposit could also be reworked fill 
from historic shoreline modification. The augers near the modern shoreline contained a well-preserved, 
relatively thick peat sequence (Stratum III) overlying well-preserved former upland soils likely developed 
into outwash (Stratum II). The peat is fairly localized, and as the profile indicates it likely grades into 
subtidally deposited, black, organic-rich silt (Stratum IV). It is unknown whether the upland soils 
(Stratum II) extend for any great distance toward the shoreline, though it is clear that they are not present 
in gouge auger 248, which refused on coarse clasts or rocks. Stratum Ia/b is likely a capped with a coarse, 
impenetrable lag surface incised into outwash.  

Profile 2 (Figure 7), 24 meters north of Profile 1, reveals a completely different stratigraphic setting. The 
upper stratum of sandy silt to coarse sand (Stratum Va/b) is a continuation of Stratum Va/b from Profile 
1. The organic-rich silt layer (Stratum IV), interpreted as a subtidally deposited sediment, is present in 
this profile, and overlies a likely marine unconformity incised into till or coarse outwash (Stratum Ia/b). 
The gouge augers extracted in this area did not reveal the presence of buried peat or upland soils.  

Profile 3 (Figure 8), 32 meters north of Profile 1, reveals a stratigraphic profile quite similar to that 
depicted in Profile 2. A thick sequence of intertidal/beach sand, or possibly reworked historic fill (Stratum 
Va/b) overlies the same black, organic-rich silt (Stratum IV), which in turn caps a likely veneer of coarse 
sediment representing an erosional surface cut into till or coarse outwash (Stratum Ia/b). The surface 
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Figure 7. South Terminal Marine Infrastructure Park Intertidal Stratigraphic Profile 2.
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Plate 3.  View of Extreme Southern Intertidal Project Area, Facing South. Note Fringing 
Salt Marsh. 

Plate 4. South-Central Intertidal Project Area Facing North. Note Beach Profile in 
Foreground. 



  
   

 

              
 

   

 

 

  

 

 

 

 

 

  
 

 
 

 
 
 
 

 

 

 

 

 
  

4.0 RESULTS 

elevation of this profile is lower, as are the stratigraphic contacts, suggesting a sloping of strata to the 
north. The gouge augers extracted in this area did not reveal the presence of buried peat or upland soils. 

The southern portion of the intertidal survey area contains an isolated area of high sedimentologic 
preservation, as evidenced by relatively thick sequences of buried marsh peat overlying former upland 
soils. This area has moderate archeological potential given its state of preservation. The area of moderate 
archeological potential does not fall within the current Project Area (roughly 50 feet southwest of the 
proposed turning basin), and will likely not be affected by construction of the proposed South Terminal 
Marine Infrastructure Park. 

4.1.2 Central Portion of the Intertidal Survey Area 

The central portion of the intertidal survey area (Plate 4), extending from gouge auger 149 to ADD_05, 
contains the least intertidal area within the overall Project Area (Figure 4). An erosional scarp demarcates 
the high tide line, and the beach slopes down through the intertidal zone and begins to level out at the low 
tide line. A thin peat layer was observed in the approximate center of the scarp. This area exhibits 
approximately 1.0 meter of relief between the high and low tide levels, with roughly 10.5 meters of beach 
exposure at low tide. The surficial sediment at the low tide line is quite coarse, with prevalent large 
pebbles and gravel, while the sediment at the top of the slope is comprised of fine to medium sand.  

A stratigraphic profile was compiled from gouge auger data to further investigate the geomorphology of 
the central portion of the Project Area, and to assess prehistoric site potential (profile locations depicted 
on Figure 4). The small intertidal area precluded the construction of a shore-perpendicular profile, due to 
the lack of augers in this area, thus a shore-parallel profile was produced. Profile 4 (Figure 9) shows that a 
thick sequence of intertidal/beach sand, or possibly reworked historic fill (Stratum Va/b) overlies the 
same black, organic-rich silt (Stratum IV) seen in other profiles, which in turn caps a likely veneer of 
coarse sediment representing an erosional surface cut into till or coarse outwash (Stratum Ia/b). Stratum 
IV thins to the north, where it overlies a relatively shallowly buried Stratum Ia/b. The gouge augers 
extracted in this area did not reveal the presence of buried peat or upland soils. 

4.1.3 Northern Portion of the Intertidal Survey Area 

The northern portion of the intertidal survey area (Plate 5), extending from gouge auger ADD_06 to the 
northernmost row of augers, contains the second largest amount of intertidal area within the overall 
Project Area (Figure 4). The middle of this area corresponds to a pier or other historic constructed 
landform on the Bache coastal survey map (1846; Figure 3), while the northern limits of the area 
terminate in a rock-armored slope rising up to a large parking lot. The western edge of the intertidal zone 
in this area is comprised of an erosional scarp at the high tide line (Plate 5), cut into what appears to be a 
rather flat area of historic fill. This area exhibits approximately 1.5 meters of relief between the high and 
low tide levels, with roughly 45 meters of beach exposure at low tide. The surficial sediment at the low 
tide line is quite coarse, with prevalent large pebbles and gravel, and grades into sand at the top of the 
slope. 

A stratigraphic profile was compiled from gouge auger and geotechnical boring data to further investigate 
the geomorphology of the northern portion of the Project Area, and to assess prehistoric site potential 
(profile locations depicted on Figure 4). Profile 5 (Figure 10) shows that a thick sequence of 
intertidal/beach sand, or possibly reworked historic fill (Stratum Va/b) overlies the same black, organic-
rich silt (Stratum IV) seen in other profiles, which in turn caps a likely veneer of coarse sediment 
representing an erosional surface cut into till or coarse outwash (Stratum Ia/b). The stratigraphic units dip 
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4.0 RESULTS 

steeply to the east. The gouge augers extracted in this area did not reveal the presence of buried peat or 
upland soils. 

4.1.4 Results of Flotation of Selected Samples 

Stratigraphic samples were collected from two gouge auger samples comprising fibrous marsh peat 
overlying former upland soils. The two samples, one from gouge auger ADD_16 and one from gouge 
auger ADD_20, were removed from the gouge auger prior to screening and were wrapped in rigid plastic 
and sealed in a zipper-lock bag labeled with detailed provenience information for each sample. 

The sample from gouge auger ADD_16 comprised 8 cm of fibrous marsh peat overlying 15 cm of former 
upland soils (Plate 6). Table 2 presents detailed information regarding flotation of this sample. The heavy 
fraction from each subsample was visually inspected under magnification for the presence of cultural 
materials. No prehistoric cultural materials were identified, though small fragments of likely smithing 
slag were found in the sample from 161-169 cm. Slag was not recovered from the remaining heavy 
fraction samples. The sample from gouge auger ADD_20 comprised 11 cm of fibrous marsh peat 
overlaying 13 cm of former upland soils. Table 2 presents detailed information regarding flotation of this 
sample. The heavy fraction from each subsample was visually inspected under magnification for the 
presence of cultural materials. No prehistoric cultural materials were identified, though small fragments 
of likely smithing slag were found in the sample from 100 - 107 cm. Slag was not recovered from the 
remaining heavy fraction samples. 

4.1.5 Radiocarbon Results and Discussion 

A radiocarbon sample was collected from gouge auger ADD_16 between 167 and 168 cm below the top 
of the core (ground surface). The sample was collected at the interface between what appeared to be the 
stratigraphic contact between the marsh peat and the O/A horizon of the former upland soils. A bulk 
organic sample was collected and sent to Beta Analytic for analysis. A representative from Beta Analytic 
contacted JMA during the sample pretreatment process and indicated that a quantity of plant material was 
present that was sufficient for dating, and would be a better material to radiocarbon date if it was in situ. 

40 
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4.0 RESULTS 

As there was no ostensible disturbance to the stratigraphy, the plant material was submitted for 
radiocarbon dating in lieu of the bulk organic date. The plant material returned a radiocarbon date of 1760 
+/- 40 BP (Beta-285530See Appendix III for detailed results).  

Analysis of the former upland soil under a microscope, after flotation sampling, revealed small fragments 
of slag in the heavy fraction, implying that the surface dates to the historic period. The date of 1760 +/- 40 
BP from organic material directly above this surface implies that organic material must have been eroded 
and transported to the location from an older deposit. It is JMA’s opinion that the plant material submitted 
for the radiocarbon data was not in situ, and the resulting radiocarbon date does not accurately reflect the 
actual age of the peat/O/A layer. 

4.2 	DRAFT GEOTECHNICAL BORING LOG DATABASE (SEE APPENDIX II FOR 
DETAILED BORING LOGS) 

Apex Companies, LLC provided to JMA five draft boring logs from geotechnical borings extracted 
within the South Terminal Marine Infrastructure Park Project Area. The locations of the geotechnical 
borings are depicted on Figure 4. As the geotechnical boring logs were presented to JMA as draft 
documents, they do not constitute a legally-binding, absolute assessment of the subsurface sediment and 
rock properties in the Project Area. Furthermore, the interpretation of the draft geotechnical boring logs 
by JMA does not constitute a legally-binding, absolute assessment of subsurface sediment and rock 
properties. JMA personnel are not trained in geotechnical engineering and cannot be held responsible for 
misinterpretation of geotechnical field results. The interpretation of the field results are merely utilized as 
an additional dataset for JMA’s review to aid in the assessment of submerged prehistoric archeological 
site potential in locations not directly surveyed by JMA. 

4.2.1 	 Draft Geotechnical Boring Log for Boring A-2010-B1 

Boring A-2010-B1 revealed a rather shallow Holocene stratigraphic sequence comprising approximately 
4 feet of Holocene marine sediment over till. The close proximity of this boring to the modern intertidal 
zone suggests that either a thin soil profile was initially developed on top of the shallowly buried till, and 
has since been eroded away, or that a significant amount of shoreface incision has occurred in this area, 
sufficient to remove accumulated Holocene weathered soils. The latter scenario is the most logical 
interpretation given the shallow burial of the till and the lack of oxidation. However, the bathymetric data 
supplied by Apex Companies, LLC and the water depth given for the boring location do not match. The 
boring log indicates that the core was extracted at a depth of -23.15 feet below the mudline, while the 
stated location of the core would place it in roughly one foot of water. The data for Geotechnical Boring 
A-2010-B1 are considered inaccurate for the purposes of the current assessment of intertidal prehistoric 
site potential. 

4.2.2 	 Draft Geotechnical Boring Log for Boring A-2010-B2 

Boring A-2010-B2 revealed a thick sequence (16 feet) of marine sands near the existing bulkhead. The 
depth of the deposits, coupled with their relatively fine texture, could indicate fine to coarse grained 
filling of paleotopography such as a paleochannel. The sediment does not significantly change until a 
depth between 16 and 18 feet below surface, at which it becomes mottled. This boring suggests low 
archeological potential for this portion of the Project Area. 
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4.0 RESULTS 

4.2.3 	 Draft Geotechnical Boring Log for Boring A-2010-B3 

Boring A-2010-B3 revealed approximately 5 to 10 feet of Holocene marine and intertidal sediments over 
till. The sediment contained gravel of sufficient size to become lodged in the coring bit. The sediment 
between 5 to 10 feet could be weathered till, but is most likely an intertidal sand sheet unconformably 
overlying the coarser material. 

4.2.4 	 Draft Geotechnical Boring Log for Boring A-2010-B4 

Boring A-2010-B4 revealed up to 15 feet of marine sediment. This area appears to have deep 
sedimentation (22 feet) though the majority is marine in origin. Mottling and brown-colored sediment 
occur at 16 feet below surface. This boring likely represents another area of paleochannel filling. The 
boring may have been extracted from a channel sequence, which would explain the deep sediments, 
stratification, and presence of some larger clasts. These sediments do not seem fine enough for a quiet 
floodplain setting, and are probably more indicative of a position close a channel. This boring suggests 
low archeological potential for this portion of the Project Area. 

4.2.5 	 Draft Geotechnical Boring Log for Boring A-2010-B6 

Boring A-2010-B6 revealed 10 feet of sandy marine sediments. Location of boring places it close to 
observed potential paleochannel in seismic data. The deep sedimentation would imply a filled depression 
of some kind. The boring log is incomplete after a recorded depth of 10 feet. 

4.3 	ASSESSMENT OF GEOMORPHIC HISTORY OF INTERTIDAL PORTIONS OF THE 
PROJECT AREA 

The geomorphic history of the intertidal survey area is a complex interplay between marine processes and 
local historic disturbance. Portions of the survey area contain a large amount of sediment relative to other 
portions, which is likely a direct result of the construction of the hurricane barrier in 1964, the presence of 
a storm outflow pipe that extends more than 170 feet from the shore (Figure 4, Plate 7), and the presence 
of a significant amount of historic fill in the adjacent upland areas. These factors combine to provide a 
large sediment budget and a numerous, relatively efficient, sediment traps. The upper stratigraphic units 
(Va/b), are likely derived from a combination of historic and modern sedimentologic processes, 
combining sources of sediment with low energy areas of deposition. The stratigraphy was expected to 
comprise beach and intertidal sediment overlying truncated and reworked glacial sediments, however, the 
presence of a black, clearly subtidally deposited, organic-rich silt stratigraphically positioned between the 
intertidal/beach sediments (Stratum Va/b) and glacial sediments (Stratum Ia/b) was not anticipated. The 
stratigraphic relationships imply that at some point the beach sediment prograded out onto subtidal 
environments and effectively capped a sequence of subtidal sediments. It is likely that historic activity in 
the area, including creation of made land and various episodes of filling, built out the beach environment 
and changed the geomorphology of the area. Later historic reworking of these beach, intertidal, and fill 
sediments has created the stratigraphy we see today. Prior to historic activities the area was likely a high 
energy, exposed system characterized more by erosion than deposition. The presence of shallowly buried 
glacial deposits attests to the lack of stable deposition in the area. 

The southern portion of the intertidal survey area comprises a wide beach area, and is a lower energy 
setting due to indirect protection by the storm outflow pipe and hurricane barrier. The extreme southern 
portion of this area exhibits the best stratigraphic preservation potential within the intertidal survey area, 
culminating in the preservation of buried and preserved peat deposits overlying former upland strata. The 
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Plate 7.  View of Storm Sewage Overflow Pipe and Associated Erosion and Deposition.
 



  
   

 

              
 

   

 
  

 
 

  
 
 

  

 
 

 

 

  

 

 

 

 

4.0 RESULTS 

stratigraphy in the extreme southern area is in striking contrast to that of the central and northern project 
areas. A comparison of stratigraphy between the three areas reveals how eroded and reworked the 
northern and central intertidal portions area, relative to the excellent stratigraphic preservation in the 
extreme southern portion (Figure 4). 

4.4 	ASSESSMENT OF PREHISTORIC ARCHEOLOGICAL POTENTIAL IN THE
 INTERTIDAL PORTIONS OF THE PROJECT AREA 

A comparison of gouge auger and geotechnical boring stratigraphy, stratigraphic relationships shown on 
compiled profiles, and the geomorphic development of the intertidal survey area allow an informed 
assessment of intertidal prehistoric archeological site potential. The stratigraphy of the majority of the 
intertidal survey area is characterized by Pleistocene glacial sediment (till or outwash), truncated and 
reworked by a marine erosional unconformity, overlain by black, subtidally deposited organic silts, which 
are in turn capped by a thick sequence of intertidal and beach sediments. No concrete evidence for 
preserved, buried upland landscapes was identified within the proposed Project-affected intertidal areas, 
nor were any prehistoric cultural materials recovered. The stratigraphic relationships observed in the field, 
combined with field analysis of gouge auger samples, indicates that the areas that will be directly affected 
by the proposed development have low potential for presence and preservation of intertidal prehistoric 
archeological sites. 

The southern portion of the intertidal survey area contains an isolated area of high sedimentologic 
preservation, as evidenced by relatively thick sequences of buried marsh peat overlying former upland 
soils. This area has moderate archeological potential given its state of preservation. The area of moderate 
archeological potential does not fall within the current Project Area (roughly 50 feet southwest of the 
proposed turning basin), and will likely not be affected by construction of the proposed South Terminal 
Marine Infrastructure Park. 

It is JMA’s conclusion, after analyzing 116 gouge auger samples and five geotechnical boring logs from 
within the Project Area, that the intertidal area with potential to be directly affected by construction of the 
proposed South Terminal Marine Infrastructure Park has low prehistoric archeological potential. The 
high-energy environment, historic disturbance on adjacent upland areas, lack of solid evidence for buried 
upland landscapes, and common auger refusal on lag deposits and eroded coarse outwash and till indicate 
that the area has been eroded and reworked by marine processes resulting in destruction of former upland 
landscapes and concomitant potential archeological site contexts.  
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.0 CONCLUSIONS AND RECOMMENDATIONS
 

JMA conducted an intensive (locational) archeological investigation, comprising gouge auger sampling, 
to assess the potential for intertidal prehistoric archeological sites potentially affected by the proposed 
South Terminal Marine Infrastructure Park Project in New Bedford, Massachusetts. A total of 116 
individual gouge auger samples were extracted between September 6 and September 14, 2010 by JMA 
with assistance from Apex Companies, LLC personnel. 

Analysis and interpretation of sediments recovered from gouge auger sampling resulted in the 
identification of an area of high sedimentologic preservation that contained marsh peat deposits of 
varying thickness overlying relatively well-preserved former upland soils. This area was identified west-
southwest of the proposed turning basin and is approximately 50 feet outside the proposed Project Area. 
Resultant sieving of the preserved upland soils below the peat deposits resulted in the recovery of small 
fragments of industrial material, the majority of which comprised industrial slag. Plant remains from the 
peat deposit overlying the upland soils were radiocarbon dated to 1730 +/- 40 BP, a date much too old to 
be stratigraphically in situ above a landsurface containing slag. The plant remains that produced the 
radiocarbon date likely washed into the marsh after eroding out of an older deposit. The area of peat and 
upland soils is considered by JMA to have moderate archeological potential (Figure 4), though based on 
the proposed limits of construction the area is in no danger of disturbance by construction activities. 

It is JMA’s conclusion, after analyzing 116 gouge augers and five geotechnical boring logs from within 
the Project Area, that the intertidal area with potential to be directly affected by construction of the 
proposed South Terminal Marine Infrastructure Park has low prehistoric archeological potential. The 
high-energy environment, historic disturbance on adjacent upland areas, lack of solid evidence for buried 
upland landscapes, and common auger refusal on lag deposits and eroded coarse outwash and till indicate 
that the area has been eroded and reworked by marine processes resulting in destruction of former upland 
landscapes and concomitant potential archeological site contexts. 

JMA recommends no further prehistoric archeological evaluation of the intertidal portion of the proposed 
South Terminal Marine Infrastructure Park Project Area. 
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mo/4(.u;( w/;""~ ~/~. 1=11-1.- 2-

£-r'lo O-LA ~~ I/U( ~'A,~I"".~ 
r <./ FILL 3 

l'Stilo .p.t.lJt t'4~ v~ c ~,.~',~ ~ .J 
v ' 

-Flf.,.i-, 'r ? L,/ "'Itl ~-LA r v~ 
' ' 

L. ",1'111 fl-t.6 c1#J ,Y ~ rILL '5' ? 

~ 



GOUGE AUGER LOG J'MA architeots I, < ~ 
, I " '-, .~ planners 

John Ml1nor A88OoI816S, Inc. 

\, 

CLIENT AP~x PROJECT S"' <!> ~ ft Ie 1 ~J ~ I 

Unit No. AD.D- II Unit TyPe: ,~c.~("" Location: ' 
Vegetation: Sc-H-~r.<;lt ~r~~~~ v Draina2e: Wt-.(] Je <,..:.te- (IIt/;!Jf ~./-h".tc;'{~t j' 
.tttam .. ---:a ~ r1E "'-Na -

~ 

~onsistenee Depth (em) Co.or Texture Roots Shells Artifacts Comments ' . 

D-7 
1,5Y -P: 

'/QO~ 
S~II L£,:/ pe,L.Lt-t.'S 

3/.?-- -- -S--s: -r-c...!l-tr 

'7-3~ , 
25, [,' .. Go- '(<l~/~ l"?osJU /<;DJ- ~-~' .vS/, ).,,~ II 3<~vclr 

~\ -'-{I, 3~l\} .(ei'<> ) cl .. """ 

J~- ~ t.{ 
Gl~\!' -{'- [ -~U/, 

(G~,~ "'0 <:: S''7, re:4: -~ .' ZU l:> .. 'v e-' ( - --'1 ~(lQ'1 -k~rle.. st.< l{ 
, ' 

<rl~/ ' f~L~ ( 

L{4, - Sg" CtO~~c+ 
---7 

Y1 0 C) c- I-v' V, L, J/l() Y <:;.r C-I - --- ... 
S'£:JZ.. ... :', -Pr....e.. I +-- Colo("", S ... .1.-C~ ..... +-~M~+er bc""J: 0 '" (;..1~'1 I 3/-v 'wi (;-~yl~.! 

gt- J,~ cq~,...tJs -S~CI COk.\ pe.; C - - rt.a ~~~ .I 

b1-i3 (]..!'t~)~..v -f[ v-~ I "'~ J SJl+., t\ 0 (!::/e-v-t r 
b_ \cI/ 

S;CI roy.,.,;;>"c+ .,---- 1,'~I~. ckt..vlcfc:. 
.2..5'( ,S'/, C4> .. ( Clcv\o1' 

~ ~: ~ _CO"~e,. h,1 ~G./.1 ~~/l--~J. ~Lb.'.es , 85-~7 Gl~y) 1'£/..,. 
:s.;~ ~ --- - -

~"7-Cj 3 tffA~~ ~~, cO\(.·I~ct - 4;./, s"-.ll !1Z~1/tlS 

3:Cl - ----l, 5/, . . , 

.. 
" . 

Additional Notes: f( pC,,:r..l ," roc/::; . ~ , 1- ~ 'C -t f)J P? 3 ,. ( :t 5' ('C'"'16?J VO'"l ct. k ho 'K~a ~ r 
~ p~'p'ro$ 1-.. Jr-.I_ ~I- ~ ..... ~, 



---;-.- ... ....;....:--~ ........ 

GOUGE AUGER LOG J·MA archIleola .' I U .... .' W:s v.... ._ ~ 
Jdln Milner A8BOOI8les. ~ 

\. 

CLmNT APP/ PROJECT Nt ,1\,/3< da f 3 DescribeJi By ~te, £:f./f 
. ::To 

Unit No. 'Al/D_ (~ I Unit TyPe: qlUVt.l IJUIJi~N Location: 'cJ'a..e.r pf4.Ar~ 
, v (1 

" Drainage: ~nnL Vegetation: M~(., '3-'l~ .. 

~JI--"'-=-""'" "iiiiM'lfNG . 
Depth (em) Co.or Texture .tOBifs(ence Roots Shells Artifacts Comments ' . 

2.'7,( 4/1 '11M€. F SD 
~~ f2-ooT 5 1../ '/. ~J#/4 p,~~~ 

6~ 15 f)~ W:J ~i\...1 ... 
r/Il~'h ,,'el'l\ lNt.A- y"ori( ~ UN. . J~~ h 'h' ~I rN..4I L1. I"'~ Sr.A.I ~ ,~ 

2.';"1 r;" ~~E Co '1:> \A,,~ ('DO ~ (tf1-
£'/'1. 2.PID~~~r~h""4 . 

Ar;-~f5 ~ F - M S!) , ·w..tA- ~n- H~.r NcN\ J.5C/o~~ • 
<i U1.. .-U..A'"\...A .A lANIJ .~ ..sM .LA ~L A-\ 

(xLty' TtCAl~ t:~P M;~ I '/0 '-I,"",~ 5""/0 p.e.A 8~ ~ '< ~ 
?(" f5 /-ftUh c~ 

I 

3e., 5fJ r-f./\ ~" WtA-- (I"ot Wf') } 'I, ~ft.-1 ~i2..~.~~ , $1 t:A...J ~ A'\ tJ . .&I v I')f(: !r"'\ ~ -£AAA~.A'\. ' . , v (,) 

5·1LffYl/!J Q; 1tJL IJI ~ ~.JI?+- t: ~tJ f h ~ 961/1 ~ k~:, £kiY-ac/1'c;v( (U-h~j,L 

~ 
, ) 

I. til 
' , , 

ko~J .{)JA- ov/Wit A Wti1 ~G.i/~ J *-k~ @-lw~ 9tJ ~~", . 
II II p 

; 

'. 

Additional Notes: 
t, 

! -



GOUGE AUGER LOG )'MA' archIteols .' I H ~, .. '. aroheoIogI8ts 
. . r; .. . ,_. plannenl 

. Joon Milnor AeOOosstss, Inc. 

CLIENT AI'i-~ 
J'O v T If. T IifI.../I1 ~I'V 1- '-

PROJECT /V/;t.V ;J£ae()~'7 Described By 1iir~/tJJbL Date'1II11/~ . , 

Unit No.A110 _ /;, Unit TYPe: c.ooJ ~ E- JIve;. (A..... Location: . S'/qt....r ~ /}/Z-f II 
Ve2etation: M.· .. .J 

Draina2e: A/fLlSHw~r- iL,6/t?t<-.. ---........ :-:.II--... ~~ ( ... rJ/~Na - -
Depth (cm) CoJor Tcitiire .tonsistence Roots Shells Artifacts Comments· . 

CtuP1j ",-c.. V'~7 '-~~& 
y~} ,..116-

l/f~t65. /11 -/W' 
14 {If (j"'11'- f./ ~ (. .. o - ;0 c.""" 'J..f/ SI9~() f'/ft /1-1 v tv I? ., """r.-- f It((...( .• ·J 4"',,"-,0 

d'-''tC.~ '. 

30 -4.1-
C;ru.'f/ r' S,.,.iJ!:' Mo/:)~+rt:- tJ~ <Its Nit-

J't>Itt~ (J1l-W~~V SIf£t..I- ~1I-11 Cr.S .' 

~~: Ollie. cr 

4}- ;-t CF~"'1 I covlt.3 G- 't/fl.1 ~.sk 
fJ'i Y~J jllr 

~ ~ \J r...J /,) '1-l'Jr .:: f' r-~L..J e- I' ~11-, ~A,..".,.""'t,,-
'J I i-J 5" P, ""!:J (D'-"'J~ 
V~I.( OIL~ <r 

54 --:;-' 
~'-t.1 , F-Il? VJ1"~ - p~ ~t1Ar 'Ie s #.4 ~&::1"'~~~ s-tfl&U- ¥ p64 Cj/Ll'1-vt-L. 
3110 ..., ..r",...,~ 
o/(i.. #1K Crout. t'rf 
Crt..61 I c! /t-'f' 1;0// 

i/(,j 
&,1.#'(/ 

7-1- "1 t,f/,..,J flloJ~ .s~"'j? (J t[,tJ.J (:- 1011 NA Ot\-tJ!I> GF (,,7'~ ..., U;-Jt-L}C,f"-.J I.} '''' Cr"-'f1 -r ltV 

G~ ~A"""'J?.J 
IJ ""'~ ~ ~CI'"'1 /JJ~ t,~ "'1 £.fl-

.. 

f.\ 1- lift f'fJj· ~, f~.-1) ~o ()-1J(J.;S6 N't N~ p/,4 ~ ~.:J/'" n..~ vN I? t;-I-? ~ bf4 ..s ~t'o.J" ) 
n~"-

J'1\IVt'-'- ·1J.,.,,~:~~rr (t-/.,r f~VI"!J 

.. 
.. 

Additional Notes: 
~ 

'! -



GOUGE AUGER LOG ]'MA architeola .:.1 f/ ..... ~ 
I .- Pa 

. ;n Joon Milnor AeecioIates. I~ 

\. 

CLIENT ~~;( PROJECT Nv..v·B.y1CDF 3 Described By EM, ~ It-
. -:::ro 

Date:t"1 ;7/ (~ 

Unit No. ,4DD I ~ Unit TyPe: ~iAlJKhtM.L - T L! ad.ia CJ!Jf..I- h;. J;chI- .PIa.,.-rL 
VI ... ~ /1,41lA- U v v J D .. !. ~ .-

:a:.II---"'.~~. ~ r./flIi 
np,pth (em) Color TCA .. UI ~ f1.1 .! -- Roots Shells Artifacts rl L .. 

2.;y (P1'2-
~~C st> l,JJt>~ fJ 

L-1'1t} L-r/,. ~ ~~".(..{ 

!J Itt. LT J!,N6r1-' 
D~ rMsJ.... NcM 

rA.n.. ..tA ~k4- \'M'~ ..... ~ 
2.~) {,/, (tJ(;I if- LSD/ .. Col.,. f<. e-yc L.. § ~/c ;J'...e.a ~ y t:' v.bf..+- .. 

FM f,[) {I 
/~ ~5'5 ~ 'wtA- IIaSh 

( I".(J t- t:c..,+-\ Oy~fr;, .f d~ ~ c . ,<:'rA .1"" I d 
'r· I 

a~~~ K- ~~ ,.fJ.'/ ~. ~5( -,x.t ~ - ~ Xoc--k-
0 p 

.. 

; 

.. 

A ..II.lI.!!.Lf II Notes~ 5/J.j11Ah. ~/-1 ...lAi 311C4.,h~ ~ A R/~AA ~ AiC--v7. /.&IJ.AO~ ~~ /11 . 
{/ 

, 
tJ " 

. 

!. 

~ . 



, ' 

\, 
GOUGE AUGER LOG J'MA archlleots I· ... .' ~ 

, i'· ~, .:.. pJa~ 
, JOOTI Milnor AescioIsI6S, 11lI~, 

PROJECf t/lw 1J£/Jtd)LI:J Described By 44~/Lc.M Date 912.4'1/0 .~_ 

Unit No. Jj nn _ / ~ Unit TyPe: , A-ru Location: ' ( \ ~t-r M~/L4"74-' , 
Vegetation: " y't.~ .J' n-'-f-~,g.;L $ Iff Draina2e: /-}c.vjlfU~ /L)L/.t?~ 
~.--...... ' slI '1~tJ) -
Depth (em) Co.or Texture .tonslstenee Roots Shells Artifacts Comments, . 

I-If' 
1.(-( 4(( IF -1'1.s1ll-'f) (,00'>& -

'it! '/(J tJo 
IJ.,()Or) ( /J tFJ..;;./£) f~tIf;f cr~f/ ' 

rtl4;{,~ JV£{ lo~ . ~ J-i; /{,f~ ;~~ ~I ~ ylf~ IlfI..k (ritA '1 '/,. f~~n 

I/r-~( 
;..,['1 f"/z.. F - ""~41~ t-~rf, ,. 

'('5 
~~O(t1 ~ L"'~ 1- ~L,'-' 

,,u1"1! Nu /J() 
~~1 /ttlf.h I A, {'~#J~ 'f,...,I~ ~I "c .. sllf.u$ 

II ~ q~' 'l..,rt 'C,(I r-t4t.J4~ /--",111; -
fJo , 

z.. ~/U!i;f t'J;(11, I"'};~~ l'o.'t.,J<.&r ' 
~c.e tlVl,rr t-J~ Q~ C~~ "-1"'/", /(..../1 ~v&-<-

'ct~r /'.., J"II/~ C./AJlJ~/l.,. 

12,.2'{ ~{I p ... ", ca4~1M 
f,..00)'= - YL> 

P - t'V\ oS ~~v.J ~Jst': . f./'J/ s ... .-,e ':H+~~J, ?3- 104- )(s~ rv,- O"-4"'}rJli:, 
IAJkf' tJr? tJ~ 0)(( o 11:'t; 12, 

~.t(;IN 9L k~~~ 
I , 

, &L!:.'1 l!. OiL(('l""If. ~U1- flL~(...K 0tc4~1 L- ~~,,-.s(- r\..11T-17&A.J~ <- ~, 
/04'- 'oW 1,.. (/t-J ' 6L.t< ~M+r64,ill'- /Ja ~ V~} /NOV.s f'A.J",-- s{,flf(, • 

D"HtJ1 I " 

POS$I ,1 L f:i: cott,\- A1 "r~J;C-I4"- '~'''''//? 

Jo<r,-(I4- l..)"f }/' ,.,~t:t-r t)t.r-J .s e: - YtS> ~ 
\ OOiJ/o rLOo~~ .. 

I DAtu<. O(.,IJI:" b~1.J t)IIllN\~ , ~ ~d" h,,;:?k 

Llf"l~] 
5Y 2.,,/ I (1(1&-, t 9~N$IU: - i~f ~ 

\-(:)0°(., ~oo1'":'~ , 
gL.1tu..<.. Sll.,r c..Lf9~ ~tt"\I\I\./ 

~) 5 ~-"....,.,4. 

l'~-l~ 
.?'11.~ (l~~~4 'Ot'N~t- 'tit> -'1 

\~ ~If) ~\)r4:ff,j. 
::;~;..~,c ' ~,,-T-1-1 ~ 

~~""", t:..""~ ~va\M"" 

\~L~ t~'{j 
~,,5'1 j{z.. 1'e.A-( ~ O~t-Isa: -

'flU ~ 
~~o~r I cor-.. 

~,~, II SIC."'W1 ~ 
MJU\ utLb1 ' "1lJ,,~ ~~MI , yL" ~ r. l-if5 " -, 
;l,S..!; G)J.. sq-ple- 14-1.- /yr c -- IS 

I (p~- 17~ 
f'~ ~ 0e~, 

Je.5 
pa c'(-f,/ed .£0;'-

L~I.J,.G" ""~ ~4"J. 11/~-r '70, r--
\ \ .r .-

Additional Notes: 'In 4-114) -( II a ~ /-L-~1l 11-1' ..., IJq} II ~ ~ .-1 &ler J II 4 q - 1.r~l7lr~ -I ~ 
'" ~"- --r 7.\. M ;{ I'} ~ -' 1'_ O~;r~J.,J J 

/. 

~~_A~..l' , ,.~~I'-IJ- ,a~r~CJ r 1'1 /:-

)ur "'" A I).~ \ 

~ . 
11-1 ' 

'. 
~ -



GOUGE AUGER LOG ]'MA archileols I .. ." arohao!ogi9t8 
.:' . ~. .:. J;ianneJ$ 
;e Joon Milner AvOOoIates, Jnc. 

\. 

PROJECT lJe.w !3ecJ-5!Jrl Described By GIU>gc/I< Date '[/JOILtJ 
• » 

Unit No. !r)))) '/(P UnitTjpe: A-T~ Location: S-t. I~ PI'~rJ~ 
Vegetation: 

.Wl!LO 
Drainage: a C-4-S~~' -; ~ 

~ .. -- ... r. ~. . 
Depth (em) Co.or Texture- ~Consistence Roots Shells Artifacts Comments .. 

) 6 'ey +/1-7 ft1col. .>~,..,~/C--

17)-11;'1 LI/~t6h ~ 111-;7 no - -- Cb_6,~~;f IL)',;- 6,_ '.ru.. s"-~~J. o/~-I-- 1(;/ - /~y c ..... ,,~.i 

--,-- - . / 

.:.' 

, , 

" 

.. 
. , 

Additional Notes: 
~ 

.,1, 



.......... ..,.. 
" ~',( 

~ .s~· 

GOUGE AUGER LOG ]MA archileots 

.". f.. ~-'.~ ~ 
;0 Jetm Mhr A88OoIstes. lOG. 

1\, 

CLIENT ,Ai.):I' PROJECT NW BeAc.DF-3 Deseri,bed By;;[f. \0 Date4 'J 201 10 

Unit No . .A1)f) 17 Unit TYPe: t1CVVV}( ()"'J.IJ.IL Location: fL:;,.( ,'oruA1- h" j~ MMv~ 
Vegetation: I~ J (j d ..>' 

Draina~e: Poo~ 
~Jl--~~ ~ a/~ r. r. . 
Depth (em) Co.or Texture . toiiSIStence Roots Shells Artifacts Comments· . 

~) Ad to UJl ;~ -IMA 'h .. v(J t tf- ~Sa. vnto&' ~ YtAf-iu, " 

~~ 
tI . 

~5~ ( 
, ' 

cfu{ C. I . 5t"u:J~A ~ ~ C4-? {};Y-t, ktM'«A- MA' ~~~ 
. I ", 

" 

'1M ~_U1r ~M--/I 

, ' 

.. 

. 
Additional Notes: 

:'11 ~. 

! . 



.. -.-.,-~ 

'. '\:I~' 

\, 
GOUGE AUGER LOG ]-MA archUeole 

," i -~ 1 .. .'::~ 
. John Milner AesOOates. Inc. 

CLIENT b£)f 
~~~/~----------~----

PROJECT NW.T?ePCf)F3 Descri~ed By :fi€ .-:Jo Date 9/20110 

Unit No. ADD , 5 Unit TYPe: ~h..u tin Location: -~'/ ItJcYa» 'AA/iJ,.,M. 

Ve2etation: ~ 
v 
~ 

- Drainage: l::a OtZ-.' ' , 

~'W 'YN~ //.//. . 
Depth (em) Color Texture ,~OiiiiStenee Roots Shells Artifacts Comments ' . 

~.4)~ 1.."/1 Loot;(. 
/' L .::;-,_ t;"/. 'P/U\ ,?I~ ~v~ 

0- W l..t~ .. r,M4n we-( ¢ J-\/IS\-\- 'tJ(J,\ 2,t;'f4~~ -. S&A....LLvI D ~ 'rJ£,. 
(Xu;,"Y I C- [,0 0 S~ L';' /. 10'/11 A~oa.reo ~£A" 
Z,5/- tJ\~~ ~c~ 28-92- su:.. w~ ~ ~\\ .s~,.A 

'2.-Sy ~" F'SOS'- , /'110C' (I 
\-\MI\O~':" 

qR.., IOU ,. .lit:;, f 8LJ(. IN L.f- rI NOv\, 
Sl..Ah.l\,. 

~,r;y vii 
I-oo.>!. 

LS"I, 1-5-/0 p..u.. ~ (~ ~\J'~ 
}OO- (II .a-'j M-~'5J> 'iVU-) f f.M':>tf Nc.M 8~.ALljfJ 'fAAt:f. s; 

2 t;y 2,5/' j)A.fl..(J WIU>o- I~~ P '}.~y &{I 6f11' M ... fd5.D nt.KE s; 
111- ,;8 ~~ PSD~" U>MP.A1(I f/ ~ Nc.N\ I R.:1&-K.. 

S~ 

:~/~ ~ I2e..LtA ~d(J", I" ~6U11 ~A-. 'I~CJ, ~t:fc;f-
If /I I , 

1 

" .. 

Additional Notes: 

! -



GOUGE AUGER LOG J'MA architeols .' I J.,.' erohedogists '. . f.. .~. ~rrnn 
. Joon Milnor AssCaale8. Inc. 

\. 

CLIENT ArEY' PROJECT S'O ., 1i leI" "" : ~Deserlbed By J~;tI G-t. Date '11 ).,61 fig 

, 
Unit No. ADD- ,q Unit TYPe: ;4-VU).e,.;r Location: ·t,Jester~ Q~e., ",41- ,-Cqli-M~-s£ 
Vegetation: Sc-.(t·wtA~ ~.("I.-~es -~ DrMbage: ~ ... ~ r- .. 
~ ... --.. - ~ • rHO rlr ~- . 
Depth (em) Co.or Texture . toDsistence Roots Shells Artifacts Comments .. 

)(:')< 

.!.o 

.. 

\ 

.. 
. , 

Additional Notes: l~ 1M .:r~J: &.,. e., ~ 0, C (l,v. ~ J +est:~ ··t!1Co-tc;~ " . f (oU - c-oc,l( c """,~s.5eI'tV iSclM 1::6. 
S'it{,,1 ( ~ }\{pj / ' 6D~ lk,-$-' ~( P.5-lw+- 1l\.1 I ~r+e.c~ -, r.a "" ""j. ~~ r or,J.,-:-~ , 

..•. 



1\. 
GOUGE AUGER LOG J'MA architeols I . aroheaIogists 

.' H ... 
. . ~ .- planners 

. ~ Milner A~~G8. Jill:. 

c~mNT~J\~~~· ____________ __ 
~~~~ 

PROJE~T~).~ 

Unit No.At\h. fl.a I Unit TyPe: .l~ ~ I,Location: t\&\~.;\ \~~ ~ ~ ~~~ 
Ve2etation: N'd\~ -~ ~ - Drn).nage: fu ~~~~ l~~ .. 
~. _.-. -'~ND)( 71 130et""~~o+9 a rc-pL -"~ ') ... I- . 
Depth (em) Co.or Texture .tonsistence Roots Shells Arlffacis Comments· . 

c-~~ot.y-
~'(' f--~ ~lL~ 

~~ 
~~~~ YlJN~L- L~% 

1t,\i!~ ~b. ~~E Mi.. ~ ~~I~\!<..J\~tN(~~\t~-~~l 
'l...;C;'(~ L ~'C('( ~~"L-

r-\~~ 
Mf~ 

~E 
~MM-t--. l..M.L..e. ~$ll 

~-~ ll.:;r .t\R .Nt M.&~~ . . _~E.. ~~···u .. ,\..,,u..,l for UM( {~\.J..u S>/ M..t..~~L 
~,~~\ ~~ &~- ~~ 

I ~.~~I':: \ I 
I 

~~~~ ~K.~. G~ L-~~ ~~ ~~ j~f.. .i~/~\~~~L 
'1...,~'{ ~ \ ~~ ~tMJ.- .~-7 

. I 

~~-\~~ ~.~. I~ ~~~ "''"''''~ ~ ~~t.. M-~t:.L.{ ~~ I ~{A~'~ .. ,-=-rPo1~~ 
~U:7' f. ~::t-q 

, \ I . 

'~L-\~ ~~ CJ~'( ~~~ Mt:I'\t. ~E. r\~t:-
\ 'No ~~ ~~~l::t.rl.~ j~ t ... =.<!. (1. ,c;,,('~.\ -F.s 

1]' ~"'U-\ 
v '--

\~b-\\'3c- '1..\~ .~'f tu\ ~~~ ~~g M~~ ~~ ~hA'~~~ (~ . L. 

\-~,(\t-.~'l.. f-~ 

~~ ~~~ 
~~~~~~-+~ 

\\1-'~o~ Sfi('( cr.A,.'-t b l'\~c ff-~ \~~ 

- ~~ '\ ~sJt\... ~ ~ (-~f~~~ ~ \~~\, .. 
- j\,,-- \ t \1,1._·,\,;\1,,- ,:f- ,'- q .~ L 1,-\\, '" 1 ., '7\"' 

\ 

, . 

Additional Notes: ?~iO:)S 1-B-~1 ~.~~ 'f~ ~').:\\S~.L~,~ C;;u:,,:t-4.~(..... ~u;( \A'f~ 
~ 

\CJO- ()O :? 0 ~ jel \,\ 

( P~ot~ 'lr; 9.:r-ll£' eM bs ~ bL~() 21' r:u cJ ~~I{ ?t'~-f r", J S7 css1i (!, t..f')t:KJ ~ 
l k,~o }~; ly.J c()r-e,,- lOi-/I~() C"" bs) I I -.J 

/ 

f 



.~:'·>~~.P ..... ::.' . 
\, ...... . 

\;;;.:~~~;"~ '..:~'. d 

It 

, ' 

\, 
GOUGE AUGER LOG J'MA wdlIteols : aroheol0gi8t8 .". f-. ..'.:.. Pannere 

Jetm Milnor AesCotaIGS, Inc. 

CLIENT 'hoLY PROJECT N~ W t!OF 3 Deseri~ed By iff?,:r 0 Date 9/~1 /0 

Unit No. AJ)p £ I UnitTjpe: q~ O . .I41L Location: ~a~ It> ~(A.lj-U~ 

Vegetation: 
v v v .., 

Draina~e: /AK...l.f Wrv- ~ , , 

..-- -. --IAIID ~ i~a) r. I> . 
Depth (em) Co.or Texture . tonsistence Roots Shells Artifacts Comments· . 

1..~y 4/2.- F"-M- ~, ¢ 
(0 'I. MoPI""'Ud.~ 1<·/.,~tJr~tI~ 

0" ,91 J:nl. ""1 t!IN C SD 
U",~, IIASP C¥f~ 

MM,.,' ~ ~.~ J'f.p/ ,:--"";: Mil r : ((lrJ1 laP#-) , , ~(l ~ IL41t# J 
~LEi I I-(JO~(.. Ll'lq 5 ·fo tN1.4CH'k..4l-~ 

CJ 7- 1/2 
1..1;1 ' C-M Sf) ~ ~ HeM 

(M1A1~ '.fA ~WP"I- ":'AA. JaI.K. w.u- S'_.4~"~IJ 
4-LEy, CotA'Pl'CfA L.S·/. Lr/·'~~~ r 

'Lt;/t;6tY f50$i pi ~ }J~ 
/II)..'" /11 f:lN8J..1l- fntu.. cA ~ .. _M:lI LlJIV'~L'J ~ "l. am~_ ,~L"AII_IA 

6t.EY. I t..qoK LS·/r:I 10 y, y;"JI,. ,tJ r~ y ., 
117"" 1~4-

2..1;1' t,MSD f 1-btMt N('M ~'~r'UJI 'Shd/ "l. '1 A.I~' .c:./.A1'~ .... , ~ .~ I~Lu 
6rLlf'f I ?J I ;;J ~~ ~~ y 

, 
II! 

vol<6rf..Ii FSDS; , "'Wa· f?74 ' 1.4'1 6rlC.-I1 2S .., II A"m.p~~ 
~, ;;'~7At ~d 131.-l.. <;"'d D~ #a u ~ 'tI')I'ldi '2..a.I7c:4'l.- . 

v 

~, ~-' f<-u f~ () fA '* AAAA '", -""yyv 'VI' , 

(J II 

----- -;----, :-
.- \ 

Additional Notes: ./, II' d /f~.l4~ H ~ ~ tu»nub~ tJnL.et ~ 0 tAP1A. ~ Y'L-"'~~ ~ Sp;'d.A.. ~ 
\ltA,.(;J J D tJrl f 1IV1~JI1Sol ,.~4th~ ~ Kl!LI-I- ~ ~~L ,~ LI. J-.e 0~ ~ dlJ AA# I ~ t::8Y'ot' 

v . v-

'. 
~ -



GOUGE AUGER LOG ]'MA architeots .1,1 U ...... ~ 
'I.. ._ pia 

Jetm MIlner A8BOOI81GS, h:. 

\. 

Unit No.AoIJ _ Z'l Unit TyPe: . 4""'l) Location: '" )'4"-'" /VJ~~ ;;. 
Vegetation: CA ~ ~ 

I 

Drainage: rico fJbv~1 / /L~~6-'1t--
:-;.::.mfJtAfB~ (".. .INa -

-r-· -

Depth (em) Color TextUre ',tonsistenee Roots Shells Artifacts Comments· . 
1 (rL(,1 ~-M slLr l-o"&~ - 0- I Oel:'" VJ~S £..,,0 Sr."I t-.J (3 o-z...,' r....) v-

tJ - \4 '1... S' /5&'-( .Jitr-J1fJ "v wg- ~1) tJO 1\)0 
!) ul-Ur...)(,- IJ., X. r Jt., I'd- ~ r j () f\J 1'.....r...i"L'u-S'~ {on ~f:\. <::' S /twO '. 

\t-4~ 
\ c;.,~v( 5 1L.T''1 [...00-:;< -

tJo 
IN O\Jsr-, L. 5"to f' 6- Vf,.,·//rvff''- J 5£...h.(r-~ -'. 

"tIS"' ~...( .sIJroJl} 1 No """ A~,.....r., I". CrIUJ I.,YU 
~'1 JD, (;ItA ~c... . vvf:Al' 

Co 1\''-'' ~ItAQ _Lf'oi" 1t..Jt? {,,,,,/v1\(( L:I °7(? I"I:/JIJ LfJ, e~ut LLoM... 
~-tv\ 1\1\'(...'0 - Ll~ 

". .., I 

4]- 41- \ (A-~'"1 
~11.-""''(SMb tJo ~o l)o p~0~~ 

~/~ '1' WtC-r 

\O'-/fL PtUr'i-iV/(... v I 'D Jf.:U{li ~o~ 4: f2.-o~S '1',-- tJt. *'!J/<P ~'N6 -Stt..r ,~r- l((.s ~o ~c1 
D '....,\. rtJltN ¥rA--r- ""-.Jlf 
2.. 5" ~ 3/' v. ~"-lt.. V. o"'-~{,. ~d)o r.> 4 rtb 0 r- '-t " 

Sf, - I. V~ 
Sll. ' '-( ~S. "I ~ tU-L G-Il "'1 l.I--J(;~ iJD t-.Jo .. 

I" >' 1. , 'fr 2,s71 v. /"'- ("-IlL V ' tH .. .v~'- ~O()i~ -i: '1L\:)o~s. 
IO~-ltLf 

{JI-"rc..K 
51l-r 

w~,.- Ye~ t-jo tvO 
~)y~ V. '~''''-I' \/" o~~(... ~ O'~/t?r'L8~~ )14 -- t'L,' I 'L·r/' f~r;1- ~,r y" tvo 'N b 
IrH .. ~~ ,j :,A. 

r')-1tJ.. &r, r-fIJV V,Df,+/S(:, /2'(1 I}(. .. £. It/{o p, Cr~~~c-. 
12;1- I} 1- ~·~Ltc. 61~7"r '(.IJt;,r Nb N.D Kif&? 

-~ I\J~ 

" 

.. 
, . 

Pu Q"1-~ ~ A~~;1 ,1.1 J_OL./Ift'\ - o,!:c..,va.,. 
. 

Additional Notes: .~wr, () 
" .. .- - . 

f Ilor p L /J,&1~#-n ~II-IYJ CI J OM -- I J r /" "c-'f , . 



GOUGE AUGER LOG J"MA archIleota 
, .' ' '- ~ .. .', a~opts 
I . , .- pia 

. Joon Milnor Aserios818S, Inc. 

\, 

cLmNT~Ae~~~t __________ ~ __ _ Descri,bed By ~., .:10 Dateq 120//0 

Unit No. ,App 2.~ Unit TYPe: ~,A.H'/nl Location: _~ a CUf.,J h;SaLI-~ 
Ve2etation: 

v U ...J 
Drainage: wu...e - ' , 

~.II -- - rAIlED . ~ i/NDJ . 
Depth (cm) Co.or Texture ,tonsistence Roots Shells Artifacts Comments ' . 

2,151"/3 MSD LOD.s ~ 
($ 

1°'). O)tIt>I~eo LeNS f2 1....,.~At-E IO,/f1-')/v o~weN 

~. ~q L.7'(we.N HA-S~ "'Netv\ 
1.8';).1~ . ' 

D{J..., LI'J, P~Jr 4'AAva.~ SU'EeNeD 
2.t;y 3/ J 

f-MS/) J-ooSE. Lt;' I· I Nt'>" ST...,k\..-~ eY- t. ~ - '3 O~ :l 'iy 2.,;/1, 13 L.J'-, 

1,1·,.@5> \JDI<c:ir'¥ ¢' 
H~1't MCr-\ '-s 'f, Pr It tirJelt'VEJ-S 

WE!r·· Sur<eEN Sf::> 

2,5-/ l /2 1-00 $ ~ '-r 'I. 5 'J. P E.A c;: (-z.. E:D'::c;,. ~ E:. {...:> 

~S .. 10 \I~I(tirlSN f-M5D rt ~As~ NCM 
DAMP S t:.IL f!.J!..1J I?O 

2.Sy 2.?/1 StJ\"'6r L 1'/. PeA S"~ec~er... 

~3 .. q7 81-"- F'5>D5: c..oM.p~ ¢. ¢ 
MO\SC (Nt)f'~) SG(l.6f;~ 

'0'1 (Z.,2-/z.. oR6r~\"'S CcM.pfr;C1 ({0011£1:> P€M' rp NcM -17 - I'l-ep "t>K.6N .,....~S'i -
L- f' /. F'GA srZEn ~EL$ cSc.if!.'~PNE£> 

0.;/ IRt,/AL M-'JaJ ~~ ~ 
0 1/ 

~ 

., 
. , 

'. 

, 
Additional Notes: 

:', 
~. 

I 



GOUGE AUGER LOG JMA:~ ., I u ... . . v... .~ pJa~ 

John Ml1ner A88Cicla188, Inc. 

,\ 

c~mNT_~~~~ ____________ __ 

Unit NO.J'{~- t).....o\- J Unit TyPe: c.~~ A~ Location: t;:~, f'\, €- U'C\ MA.f..S \\ ~u.\.1 ~~~ 
Vegetation: r-{~ ~ Draina2e: ~A( ~~"r-\f( . b~ 
~.-a ___ . 

-~ ,lNo, ....... ~ 

Depth (em) Co.or Texture l~onSls1eiiCe Roots Shells Artifacts Comments· . 

~- .t;t; v.-
~,~'fst,., f-C-

~ C'\~~ 
WM..l-~ \~\r;~t. h....A ~\f~ . 

l~.~~. g~ ~ C'\~~ ~UM..\&.\a:\~.{~~ ~~1~'{S\~ '. 

t;S-:t-t;~ 
btk"( \ f-'- ~EJ,\'1--

M~f;-
~~+ 

M~t. 
~-',~ ~~L~ . 

~~~ &k'~ ~&\:. . ~ ~~\ g ~(M.~~~~'-f ~'«:~ 
~'(\ r. ~m'( 

GM.~~ 
~7 f~~ hA ~\{~ .\ 

-:tS-~~ N~t\~~~ .. k <:..UY ~e. ~~ ~~ ~~ 
1:,~:'(~1 \ f. ~-:a;(y ~m--

N~t: ~ f"\~~ 
~ C:U.'t~ 

&..~ ~'( s'k-\b l-~~~ ~~'~~L-( ~U~ 
~y., ~)..C(' 

~~~ 
~ ~~-~c-. +~\::)-<t~~~~ ~'(.\ -c;(\~'( 

~-\~ ~\l~ '-U"\ r\~~ ~~Ll... I'{~~ M.~s~l ~'L~~ ( &S-A~ . . ... 

\~\4-'l..~ 
- ~'d:R. ~SAL ~ l4~ Q.. \ 4-'L..-) r{~ 
~~'i.M:- cF- 'C~ ~ ftsiV\ ~~\~l...c:.-.. 

\ 

.. 

. 
Additional Notes: 

;1' 
: 



1\. 
GOUGE AUGER LOG J'MA archIleols " I '" '. arohedogists 

, ,~, .~. pa~ 
. ;,: John Mhr A88ricta1es. Inc. 

CLIENT AP'f:.'6 . ' Described BY~!i ~ . Date] /1s:,IIS4 

! -



',:"::;'~'L:;j~f'~P'~;;"" . 
0"-

\. 
GOUGE AUGER LOG 

CLIENT QI2.t.x: 
/ 

PROJECT Hey.! Red Ci>f 3 

J"MA erchiteota I - J.... arohaaIagisls 
. :'. , . .:.. planners 

, ill Jam Milnor AeecioIate8, Ilb~ 

Described By EM .-;fJl!. Date91toll0 
. ;J(} 

Unit No.·AbD 713 Unit TyPe: qtJ~ () J~IJ / U Location: . 

Ve2etation: rt/);tL V I -1 Drainage: W'd.I -
~ 'W 'IN_a) rr r. . 
Depth (em) CoJor Texture . tonSiS'tence Roots Shells Artifacts Comments .. 

2.,y II 1'2- 1.' U()SE - D~f· J.. (-/fJ W/~e:lt,II~t{..fJv Sfr~/H~~ ~p~ 

0" ~fp(P L.~&N6r 
p. rJ\~J> 

C4iA~Air t>~r [IJ H-~~ 
,..mu,#-rA..r~ ~~f- . vlltfA.A.MI"f;uHjMu ~I 

~/fI fI.{A.qV"'~vd ,'. SrA"~~ • ..I 
v I 

I "t/PfJ. ..IU ~ 7~ 7~u ~..t, ~ __ 1~/.I.J f~c "J11 ~AJ ~"" &u-1t.JO~ ( r",~ f t; "~l'I v~ rIll r 

k~ 
7 II r , .!.- - U 

/Ol!AfA IA MMIIJI. L 10' L A ./ --..:.. ~IA ~'''~ 

I 

I 

I' 

I 
.. 

" 

Additional Notes: 
f, 

-- ....... ~ .... ;I" . ...-;- •• 



1\. 

C 

..... 

I 
/ 

GOUGE AUGER LOG .1· I~. I ... ·.~. ~ J'MA architeds 

CLmNT~j\~p~~~ ________ ~ __ __ 
&~~~~M

PROJECT r::\tW~Nt> 

Jdtn Milnor AeaOoIates, Itb:. 

Unit No. 'A!)\) ~ Unit TyPe: \. ~-e. A(.jl~ Location: . 

Ve2etation: _t1crl.~ -- , Drainage: IJ\~ ~~_~~ ~\lFJt .. 

~. --- ~ • /.NO, w 

Fir ~ . 
Depth (cm) Co.or Texture . tonS'isteu:Ce Roots Shells Artifacts Comments· . 

~-Al0w.. 
1... ,t:,'( ~ '1- f--c.... 

~~ 
~L.L-+ 

l'\~t:.. 
S:-\~T .... ~w...-4.~.~'t~~ 

~.~~. c~AAf\ Md'\t. ~ C-LAA,\~~~ '. 

~-~\~ 
~~,(t;' , f--M ~~-

N..~t:. ~ 
~MM,.L.( Mr~, ~"~L -~T~ .' 

~. ~M~ .~~<;~ ·Ntl'\E. ~~rr~1 tJ\~~~L\ ~{&~ 

':t,-~~ 
'1..~t:i~2- f--M. .(~"l. -

r'\~ 
MY~/ ~'{~~ M.~~l ~~ iu\u.J' 

~.~t, ~() ~~ ~~(.LS! ~~ L r;;r~ ( ~~4-~~ ~~~. 
'L,~\~l \ s.~~'( ~~-

N.~t 
. ..s~ L-~ ~~-+~ ~'(~L.~ 

~-\\\~ ~. fl~ ~~ ~ r\~~ ~u~l ~'-(~(\$J ~\ . 

~:~ ~ 
&~":!-

.\, . 

\\\~ \4t~ r\~~ Mf~ C'\~ 
~r;;j ... ,:(~4~'-lN\ ~~ 

~ ~~ tv\\Js.~c=L1 ~~ &~~ .. 

~'f\ r~ ~t..L. N~~\(~C. . ~\ ~~r---NM.~~~~L.. 
. . 

~~ \-4=J--\~1 ltllli' ~'( M.~t=- ~ ~~ p;t;-\~CooIo.\"a:~ ~~~ ~~~. 'M~~'l~c.,'f .&..~ ~ 

---" 0'>\S~ ~) ~ Cu.~~ ~.~~iX 1) 

- ~~ ~~\.- ~ \.~1~\.o.~.~, ) ~~ 
(~WEll-,,( . . . . . 

, 

.. 

Additional Notes: ~ ~~~ l-r~~~' S~ f>~~ ~ ~Ut:\ 1\Mk.&~. ~\( n~ ..J~..s:-(,~f~ .. 
f, 

l~-_~-;V1..~ \ ~z ~ \.l~~f~L. t",u-... A-lJEl (_'"1 k\C_ ~~-t~. 
I , , 

, 

. 



;"::>~"j~;;.~~\."~~""". -J 

.',. 

GOUGE AUGER LOG ]'MA 81chileals .:.1,- .. .'. ~ 
. ' .. pia 

:e John Milnor Aeariolates. Inc. 

CLIENT_Af~' E--,-Y_' ___ -- PROJECT $ .. --,+' ~ J~,'/t~'r ' ..,-,A 
u £,t Descri~ed By ~ I ~ r ' Date '1115'/ I () , 

Unit No. 4- Unit TyPe: .b~\.-v-- 4,~ Location: 
-. 

Vegetation: ~ ~ 
, Drainage: 0. .--..1 

ftIaIt1fIfr"'-' -e ,lJtIaJ 0 . 
Depth (em) Color Texture ,tonsistence Roots Shells Artifacts Comments 

1..,t; r f,'--{Q I·Q'O.r·~ 
..5_,.,Il~ l () -151C1, ,rAo't;'" Ii - I ... of 'Y" ) .... 0 1 

() .. Lf3> 
~ I"'I'~ -4/1- S'~ .... l(,I/<~r t!./ c. ..... ,. G...,.J Jt.1 f'Lt.I\ " 

, 
-: .. 

\ 

, . 

, , 

, , 

Additional Notes: <Re.(vs&. 1 €J 'IS u~ .. Bf C 0- I A ' ~ v , ki','~ L-L ufo ........ ~3c~6~ , 
~ 

,I. 

t -



.'. _ • .f~~. 

GOUGE AUGER LOG ]'MA' archileols 

.1· '.~, ... '.:.. =-
. ;a John Milnor AeerioIst&s, IOI~ 

\. 

Unit No. 5 Unit TyPe: (~~ A.~ Location: . 
Ve2etation: K~f: ~ 

Drainage: J\t-~~IT 6rll 
~ ... - .. -. ... 'fWd r-. ~ .. . 
Depth (em) Co.or Texture ,tonsistence Roots Shells Artifacts Comments .. 
o - <a'1 zst2. 5/ L M· """"P U)O:5C MOHr rt~a~rt ""'~,...(.' 

G:.6 

~'1_-ft>;' . 7.$ z- 512- ~-~O L 00 $ IS" • n d>Iu ,.., .. Lf)1....) ,. C ~ I OJ1('f)or..J ~fl6~tr 

(b<> 
10'3 • \1 '2 ? .~~ 2..5/' ~,'-"" ~o Ot:1'-~c. " t'-4Ol"fi! ' ' '!: 

at.4C.K.. 

.. 

; 

. , 

Additional Notes: 
~ 



1\. 
GOUGE AUGER LOG 

CLIENT fdpJ. )! . PROJECT Ne.wF2e,)CDF 3 Deseri~ed By :ro ,::Jtl.. Date Of I "J5! /0 

UI!i!No. 7 Unit TYPe: d"Aulh fltJ.Al;.u T L~ 

VI .... ~ 

.fttIJ'LL. 
., 
~ Q D& .!. Vtr-Gtl ' . 

~---- --. a/rNa . 
Depth (em) Co.o.~ TCALUIf; ~n'kf:}WDlnce Roots Shells Artifacts Comments 

1'1 J A.J" U, . ~ nJ..~~ .... "'A~Af1-., .......... , ,./IJ I~ 5(,A~ oVl.LA4- urv(;" YI' -.", 

v- , 

WM ~1IIA?&, I-r'J ~rAl Lt:; 

'~.' 

, . 

. 
Additional Notes: 



GOUGE AUGER LOG ]MA
' architeots 

. i .. '.~. J .•••• :. ~ 
. Joon Milnor AesciolalGs, !nt~ 

\. 

CLmNT~AP~~~. ______________ _ Descrt.bed By J"'"g I :ro Date 11 ii5/ /0 

Unit No. 8 UnitTjpe: .~./J.1I41~.d. Location: . 

Ve2etation: 111)ni-
, u Drainage: ~ ----~ 

.. 

~·--~fAIID· ~ ... 'FNa' r.. ~ . 
Depth (em) Co.or Texture {j • .Lnee Roots Shells Artifacts Comments .. 

~5/2.. rnsti 10 ()J {Z; M CS"'/o 
0-40 U11 ~rJ Of1Av 

; 

HAjH 
,. 

10 ~/CJ /J-lA ~d.~ .('."A.I·JJ.......,,~ ,J 
() 

, 
0 .. 

c2AI.1I;~~ ~ 'a.d.. f. ~. /5'0<- A.1L./ 
~ .... ,. ... t" 

() ·iI .: .. 

aMI ~iCM.tJ£ 4tJ i ~u kaM~ folu 1rLt~ - nr-ok f- /d~t<,. , 

., 
.. 

. . 

Additional Notes: 



~.~'·:::··~;;iii~~~;'""~·~-" . 
.. ,. 

J'MA archlleols .. " '. f-. . .... : .. :9\8 
. Joon Mflnor AssrioIslGs. 'OI~ 

,\ 
GOUGE AUGER LOG 

CLIENT...LA-.l.~~)(~ _____ _ Descri:a>ed By (~K~ Date'1l \~I ,~ 

Unit No. 9 Unit TYPe: l~~~ Location: . 

Veretation: ~~ -- Drainage: AWi"-KO ~-:t-\lUt . 
~.- -- ... ~ . .-.---- ""7Wa 

, 
. 

Depth (em) Co.or Texture . ~onSiStence Roots Shells Artifacts Comments· . 

~-~t.-
1...S~1 (.;-IA.. , 

~t.. ~~ t;~ 
-~ ~'t~\-

\-.\).~. &~~ r--\~t... '. 

~\~~~ 
, 'L.~'( ~~ 'to (t\.,~b 

r\d\t-
-~ ~~L---+ ~fo\M-L M\f;.~ 

~~.~.t)ll, .~~ ~ "'cl\~ 
IL~'(~' \ f,t&~~ ". 

\~ .... \~ ~ ~~ ~~ '{.~~.~. M.~f-

\~~~~ 
1...~~" ~A.M., 

~ENS.c. C'\~t: 'J'.\\¥..~. r\~~ f'\ \ll'\t:. 
I 

I .. 

! ! 

.f 
/ 

/ 

I 
. ; 

.. 

Additional Notes: 
~ 



J;::':Si~:~;'.: . 
·,1.···· , 

GOUGE AUGER LOG JMA 
archltects 

,I· " (I'. ~ . .', aroIladogis18 
'. .- pfanners 

;a John Milnor Assriola19S, Inc. 

PROJECT/y£WBGDCDP3 'Descri~edBy f~ DatJ.eI'f'to 

Location: . 

Depth (em) Co.or Texture ,Consistence Roots Shells Artifacts Comments 

?tll~ ~~ ~~r?~ 
, . 

~ Ad4- 4£ Ll(lt ,J,,) '~tW- I~ ~ ~- ~".L/ .. 
J 

--. , - . 

", .' 

, , 

, , 

\ . , 

.. . , 

Additional Notes: 
l, 



\. 
GOUGE AUGER LOG ]"MA archIteots : 6J'OhaQogists .' f- .... 

'. '. . "~. pfall/'lefS 
. ;r. John MiblGr Aesc:iaatGs. I~, 

./ 
PROJECT N,w BeelL-DE Descri~ed By £irl :To . (Date 9/ i7/ /0 

Unit No. 1'3 Unit TYPe: q/LI.LJIII'1#611M Location: . 
Vegetation: non.e.. 

v F (J , Draina2e: ./J7f)~~ .. 

~~~ 5'NO -
Depth (em) Co.or Texture .tonsistenee Roots Shells Artifacts Comments· . 

2.15,,/;/'1. ~.~{~ ?"j" C.eua.l~l t:J'tS/t:.,., ,.$1)1)1.1 C;iAJ'tt... s~ ~ 

0- 34- ~ eN F" '""Sf> wET ¢ 1-1 AS r' rl'\M~ ~4--) 
.Q ~/.~~ 

I ,A-ppll. c;',~ ~oelt.. ~ httJcc& ~+i'a+. _(7, A ~ .... 141' 

'?y It / '1- ltzA~e c.«;p ,-ooSe LI"/" c.IJi4l rr""!i L.I' I,l ..f1..u.. (JylJt ""~ 
,4'48 <'J... Gr~ F·M"?t> we.,.. ~ J,/ASH ~(n.CI f- /Gc.v,. ") s~ 

GrLE'I I Si~$~ L I'lp ~oH-lui UI'~ fT-LEy I ~/~a,y VVk{;,tv6r'f VF5C> 

"IN MoO-' NeM 48 .. (p if v rn<Or( \Nt.r 
¢ #AS H ~/·/o fUA.~rtIl"Ll 

~~1-' 

a 14LI/ J~~jAJ IJ-&( ~I!...AU~ ~...t. , ;ll 11 dh,:;u.. '.Jh~ "- At~ ~ALJJJ., 
I tI 

. () , , 

~ LI"t:L. i~ L) ~~ kJ.e'. ivA). ~. .. 

{I - I ,v 

\ 

" 
- . 

" 

Additional Notes: 
~. 
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GOUGE AUGER LOG JMA 
an;Jjleots 

. l. I f/ . J •• .'. ~tsts 
. .- pa 

. John Milnor Assooales, Inc. 

C~IENT __ ~~~~ ______________ _ PROJECT NIi1J.J B£f)c:..Qp.;, Descri.bed By J'4l= Dlttelo I ..., Ii 0 

Location: . 

Depth (cm) Co.or Texture .Consistence Roots Shells Artifacts Comments 

Ptt. (UJ ~ tRw Ll~.~ ~;NIIU J.- ~~ ~lLlfo) J. d-a ~ (p,~.u.r vJSrt '. 
l 

• V· y , 
'-

\~ . 

. . 

. . 

. ' 

" , . 
. . 

. . 

Additional Notes: " 
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~ . 

..•. 

,. 
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GOUGE AUGER LOG ]"MA' archileols .1· ~ ..... ~ 
. . .~. pia 

;,: John Mllnor A88OCISI6S, Inc. 

\. 

Unit No. lb Unit~e: .AL<-~er Location: . 
Vegetation: j([ . '-" Drainage: W\!)J~r .• 3& 
~~ "~'~/~N~O------------~~~~~----.----~ 

De~th (em) CoJor Texture ,tonsistence Roots SheDs Artifacts Comments·, 



GOUGE AUGER LOG J'MA aIdlIteals 
. :'.' fl. . ....... =~sls 

. Joon Mllnor Asericlst8S, 11lI~ 

PROJECT_5_c1 __ .."_ .. L __ ~_e._f~n,, f Desert.bed By Of... , J~ . Date 11 , 'I ' g 

TInitNa. 11-- Unit TYPe: Location: 
Veeetation: Draina2e: 

~~~ 'INa . 
Depth (em) Color Texture . ~onsistenee Roots Shells Artifacts Comments 

I 
I 

I 

I 

') 

2/~'" FJ·· oM t 
S...,~ll ' /b ~{g·1.o .... :-. ... ( , - { .. "'1~ 1· ... ~5 

0-2s i(7fJr'~ - J 

3/ 1 S'~ - /Alr"1t 
t/~ ",)$/-61, 1~l.cry, S-l.~ /11''' .....,vs~. 

f'\ -r M.tt..,. (~ "".Jt-h. u" Sf'-1" II ( 5'ff;~ .r~iit~~:",~ fdJ't\~s 
23· 4/.2 ~), -

"/2 5 .. ~fiI~f.,r Jo.. - ]:)NA:(JII 
c:/~, c-).'/J¢. ~t ... ~/"'f 

S~ s:,..·Me ~.,~.<...... $"-... t., ieS! or/...- '10 .::~ ,.. /':, 't~ j"e-t-<.JJ 

42-8-=1 $'~ -- l¥~~-k 6 --tIl t: II·"; ',e ~ b.Hffc:.t ..... 1 Q,oo .. . ' 1j ..... L ,' .... , t .,. 

I 
. , 

~ 

1 

.. -, 

Additional Notes: .e.g ... l bJ'L ~ -.,/.f t ;'t "., , ~J ~A<,., I f~~ S'"tr~ J bM~,' -r ,.Jt., ('111--4,., ,"" 4..,J ;;':'flc,J!;' ) 

ij 

--,,,t' j.- k:/<!..-e .'~"'.,), ~ '-~ e.-o+. , 

.'. 



~, GOUGE AUGER LOG ]'MA archIleoIe .' I .. .' wohaoIogisls '. '. II, ,~. p!a~ 
Joon MihlOr AesOOr8te8, I~ 

\. 

CLIENT ApU' PROJE~T N6.tv BEPCDE3 Descri~ed By .::}I< ,.::)0 Date '7/15/ 10 

Unit No. /q Unit TYPe: Gw~ A. /} .. u h~.4L Location: . 

Vegetation: ~ 
p CJ Drainage: WUf - .. 

~ ... iKN~ . 
Depth (em) Co.or Texture .Consistence Roots Shells Artifacts Comments . , 

2·t;1 7 /2. C,M '51) ve,M-f ~j 

{)-'t t1~ 
/011;-<"" ra -I , 

bu.dA S~ D~ ~~IA " 

2.,54/2- M'SD /()()~ 
£~'16 cA~tfo~~ 

q- 35 1/ ~ lIr'1 f3 ,.., ~ 1'IA'5.H- ~ ~v c.~ , Lt:jO'/tJ ~ 41alf~ S'~ 
2,Sy 1-t/'2- ~'3i11o I t'lJa.i ~ 

.. (I .'. 

c-M ~D IDa ~ ", s.~ 

35-53 !:n< f.Irt? 8"; ,d' 
"~'"' /1.til-~ 6xr'df~tAtt! k(~ 1 .,~ ('S'/~~~~J J./()Y/f-'17lPb '" ~ 

2.Sy3/1 N-
/60~ ItJ '/6 v , . 

C5D 
5"J- (PO ~DK~ IRt.J- 15 f./,f'J 1+ 6 fJ..lA .~. ~ qm ~ \' ~'6 ........ 0-1 

2.t;y 3" ,a1-F5f) hO$£- L$ .. ;;, aJJ-1cr v S~ 

&0-- ,78 Vf.>K 4'tt- Vrd- tI, /~ r fJ'fAu h'~ /q ~ ~C.J" r 1fY.( J )~'-,;,( I' cQ...(~ 
.t·5y 2.~/' ~u- ~/'/o 1"'-1 ?~6f' ·vu...", hH..l-/~,,~~.s~ ~/ 

70-/4i e,l.~ 
rlP--,~ 

. {If ).//rSH ~ ,CotJ,.;'k:... IAA!W,!~'(1 '~"-17~J,~ .rZ.tf,,-~11 P,l~ . 
. ~ ! ',.A # 1 . .I1J' 

" 

.. 
, , 

" Additional Notes: 



\. ]'MA armUeots ,. I 'J .. .' arohsologists 
. i '. ~, . .:. planners 

, ,Jetm MUller A&9riotales. ItlI:, 
GOUGE AUGER LOG 

. CLIENT_A,;.-fF_X_·_· ___ -- Descri~ed By vA' ,'jR 

Unit No. '7-0 Unit TyPe: (;~V¥ A v t,t. J' Location: 
Vegetation: tvtJ~ " /--;:::::::;>~ ........ Draina2e: ~J ~J lo-'.t;J L 

~~~ ('W, 'ING 
v 

-
Depth (em) Color Texture .Consistence Roots Shells Artifacts Comments . , 

2.51' F,'_ (" 
5,."" (/~ 5....,.,.) If - A-/ 4~"""" J''U 5.Jr,~'f < ?1. 

e> - 2-t\ . )aorl., - ~Ji,"-' 
~ C ~ll M I el7> ~ J I . r( :1 ( 1 5/1- 54 b'JI-.t" '. 

2.51' (;-Ml I '0 J t. 
r~I!. 'r% ~ • ):1.-t. jf'''~! 

2q -5/ IM~ -~JI s""- - 1t.1~ (, &1.$!,...f" , tf~_ . Sr., f( tp 

~ .$',' (" ( c .. )c.t ': 6 1,7 ' "2. .'~5 r 1S'6'r vv/.sweJyr,€M·~§~1' Df 6~, I 

51 .. ':flf 
' . 

L"r'\r~ (-1 --- ---:' trv<> Ie s 
V1p n" .... vr b 

&[;;'1,. I ~J/;"'" ,..A) j ('~tr-{/I! 

+4- - '1"8 S~t , Ler-ofc.rJ.. --- SIl-l. -'l.,!J r / IV St&< oj.,.. (.oJ 
ju-4 b4., l "'L.5 r 1/1/ '-I I:>tIYI J (It 6lt.., , '+-1 foJ 

118 -/Z ot. see 1M \{5 ~:( , ( O-rc,,rJ - $.....,... ~, - o ru \;C() f )" ( , ... "'" -~ . , 

) (/ 

I 
I 

I 

; 

.. 
. . 

Additional Notes: . ,1'; e ( ,/I J l t) t,...L W't,4- !o~ .... kJ fa Iq~ (..,g., I 12..e; .... l'l'S cl""""'B y ;- ., ,.-e.) .. ",'e \,A 

JJ.~ ~~""')V~~ cl~ ~ '(',$''''1\ ~ " le.... 
J 

:j 
,', 



'. "'-( .. ; 
<'./" 

GOUGE AUGER LOG 

Unit No. 2..-( Unit TYPe: ./1-"/0' 
Vegetation: ~A ~ 

~ -W "-No) 
Depth (em) Co.or Texture . tons1Srenee 

2..f'1 2,r/ I !Ih-C'" L-OQf~ -
0-31 

f}L.I4~ 
~llttJo 

t;v~'-

31'- f( .~,rt )/' F -tv' J' LOOS~ 
S''iIJ() 

III. OIL,( ltA.1 '$'Il.-r . L\J('r' 

1..,)-'1 ')/1 ~. 111\ S'~ ... ~ O£.tv£'-
;1-~tf v.J I ~'ILr 

v. Dn-I'$.~ 1 v.JfUI 

0'f' 
2. f l ill F, ~Ia"",,, o ~&L.J ~(. 

1-0 
f)' .. utvY w(:,.,-

1'0- ,z,( 1..,f'1 3L~ F". S IftJ(J o tt,.J s(... 
V·i'·Cr 
2:";;1. 1-/' f.$~ tS"'LT w~ 
!jL-Pr(...K 

'\ 

~ , 

.... 

, 

.. 

'. 

Additional Notes: 

]MA ardlI1eols 

... if- I .. .'·.~ 
.. -~ 

Oft J~ Milnor AaeOctate8, Ina:. 

PROJECT ~ Jh......, Id-tlf"o4:1 Described BY~{L.. Date9W I I.e> 

Location: . L OtJ.J JiO( (../"-.)(;, 

Drainage: A l:-US Iff- J....)<..t/ (L.Jvj:.."~·. 
. 

Roots Shells Artifacts Comments .. 

f./A y£.S r-Jf>r\ 
~ ~o/'~ s·~£.u...- "::1L#J~) 

~o/,..::> ..0. ~r~t-...J~ 

;04 "If;~ 
G"" ~., SI-re:.L-L F~(rS 

~~ 
'/0 t4, ~rON f:; 

'-I~s 
L.... I. 0/0 60\~~ Ftf-Aq-J 

f\.jft r--J~ LI'i'b ('. 5 rot-> c.... 
t-JA 

L\~. s: '4(..L.'- ~A..AcqS 

Yl£~ NA L \~4 'fJ. . -5 t o,..Jf:. 

NA-
() f'4 rfj r->\ ~ D'(()~ 

pJ~ ~Pt ~,,.,~ . f · '!s\~4!.-

" 

, 
'" 

: 

.. 



J'MA archIleols .1 ~ ~" .. , ~ 
, " Joon Milner ~es,~JlIlIn 

1\, 
GOUGE AUGER LOG 

CLIENT &~~'F-
Unit No. ~ UnitTtpe: (~~ ~ .. rJ:.~ Location: ' l .. ' 

Vegetation: r-\~t- - Drainage: ..J\("~~I\f-{ ~~ , , 

~~.~ '/CNa') . 
De~th (em) Co.or Texture ,tonsistence Roots Shells Artifacts Comments ' , 

t ~'\'=J'l... "'-~~~{) ~l r\~~ ~\~ ~e. 
~~ ~,..~'( .~~~ ~~ ~ 

~-~v"... L-.~~,~V-, ~\w.~ t-~ "tt.~ --- ~.,.t.l..~ , " 

~~4'~c.-
'1- :t; '( ~ 1"2- f.,f..-'=- &~ 

.lA~~ ~",e:. ~~~ ~~~ ~,~, \\:)\~,(;.L, 
-:.-

.. 

, , 

I 
. , 

Additional Notes: 
~ 



;i::~~.i~;.···· . 
• \iA~'" . 

GOUGE AUGER LOG ]MA 
erchiteola 

.1· I f.'. ..... wd=iS18 
j • •• pia 
John Milnor A98riccate8. Inc. . . 

\. 

.. 

CLmNT Afuc,. Descri.bed BY __ DatElcl"l V / Ie 

Location: . 

Depth (em) Color Texture ,Consistence Roots Shells Artifacts Comments 

ht-IkIh P)J~ 1)" ~ - A ~~ .1lJ.-r~A' iJtJJ oJ+,- W~ vl~'t-· '. 
w 

(J 
, , 

.:." 

.. 

i 
.. 

. . 
. . 

Additional Notes: 
~ 

_~ t. 



;:;:::~"~:;~,;:~;.~:",.~.:-,, , 

". , - p 

\, ~I>\ 

GOUGE AUGER LOG 
~., 

CLIENT Apt:)( 

Unit No.' ;).5 Unit TYPe: ,A~~ Location: ' 
Ve2etation: ~ 

U Drains2e: bl\c~4a. ~ I~\.w· +..' lL, 
::- ~ -~~ / Wit~iJINIJ . 
Depth (em) Color T~~ .tonsistenee Roots Shells Artifacts Comments .. 

0-?r' 6-1~r I ~;~~--:-U\1l 
. \0 Of-e--

~....,,~ 'VI 1. .3wt - ~: "4~ v·e-l 
~Is/t(lr ~. J - ;;:I":'.A -. _tr:;--'~ ..... " " 

. \;,4~y « ~,''''-(,.'-~. .rO()~e.." 
... " 111/, s - M.Jl...l ~ r,v!. t 

~~'10 - ~4J" l1li\; ". 
VA/, -

~O-K~ 
G-/ey , ~~ .. ~.3;a 

C~I.·'·lP + ~MJi N(7/ ~v.-t-~ ~"' Jcev~J 
l(~/,oy - ~~C~ :tt.,~ 

~1AI~~l) . ~, CJ~ sc .. r ~ 

it.{:;:~Ub G1~'f l ~~S-¥~"'~" ~ so;:'e. ",,1 ), .. ~-:Ja~\· 
1· .. SII()"( SA1.~J. COMp:<>t~r 

,--- S'k-~ -------!l\.t..l/ 

GU7 I- I {} i ....,. ~ .,·,in. S -107. ~ -",.:J ;; l,...4- '.':;", ~ M~-Co -110 .. J'~,y ~o""f1~(+-- - f'~" (( 'VI 
'2-, )/ tJ $'P{ I " .. lJ5 .tt .... ' , 

J:tLJ - /5~ 6~'7 ' o r-/ .rtJ~ - /"10 (J-6 - .t"~ ,~~ - ~ .. (' 
2.. r:; /101( Jt1I... {,"C)/1-"f'? C'f-- 1v #>(.'1. -

/§&-';)o~ ')..5 I §,' r"5~S; 
t r:;~f"{ I-

~p~e' ,---- (~tI S'1f~.·tS ~ t .:.v~ I - $.'~ ,1I., ( sL~I( 

()..I~l \ ~(u.. .. " 
~~_1Ib 5~C' c"~rcJ: - - - Yl 0 ,-'1'r ... "vir . l..s/sG-Y 

llb-2.J5 Gfc.r ' +~o.<.(... .-S'~~.1: ~\-"\:~ Y1~S<v~~ $3~ CO\..Ap~y+- - 5\<.4. ~{ ,C \0.., .. 
~.Sj AI 

_?3( G-t~1' , ~{vV I ' +0/ bfD~ h-() ~ i" ~.Je..'-s ~~ SfC Co.M.r~c+-, -~.s/IOY --~~I 

Additional Notes: 
1 I . ... 

" 
: 

~-
I, • 



GOUGE AUGER LOG J'MA architects .1· I.~. . .... ~. :opts 
. John Ml1nor Assriolates. It'b:. 

\. 

CLIENT A to fA Co I PROJECT N f£(A..J rJ;t:':-O/4)rt-!:J Described By G AB l:r fJ..... Date cr fZlt / 0 
. ) 

Unit No. Uo Unit TYPe: .A'rU Location: . TIn£. L-I r-J£:, 

Ve2etation: ~ Draina2e: Ac..v.s'vINf-r t2-./v~ 1t.... 
~~.~ .INa) . 

.lJ'- ~ Depth (em) Co.or Texture . olISlltenee Roots Shells Artifacts Comments· . 
2.rr t.,y, 111- c. .. JIttJ!) t..-~ stf;. .... 

tJp.. lJ(>" NA 
6"0°/,- p~ $'~0tW£ t. F "......I~ -CT,t.,J1V£::;i.-

tJ - 1/ 
~l,..A £'1<.- v./i-J '. 

:"r'1 5/ I F - fY\ ,Ip,tJ4 1-005 (:-- ~c.~ c 01.9" t-t:;. 
If' !I(, 'i'J/ >1'-' wt.r t-JA -teS f\Jl'-) 

,~" 5~u ,0" {j;?-1'1 v' E.l..-
lrlLA '-f SH(.W-

~~ -qQ. l.'J \( 2/' F' IV £ SI't,J Il P£.tJ$~- N"T '1tS ~~ 
'- \ .,/~ S\+f£...'tJ.--

~,'V J.s-h $IL-f'" ~Lr L' o(~ p, ~1"'o~6'" 

flO'-' ( bG, 
'l,rY t·;/I F-tA S'",~o t>Lt-JS~-

f'J\Pr uV\" 
T f2-;1 c.4.- .r. Grf2-tJ- vEf-L- , 

,1t..It~ r~~~~lJo v...Jt.::r l0~ 

10" - 14& 
1-,~V 'j"q, SIL-r D£.N -'\It. -

f'.1A f0~ 
t-.,)o f .. C"rVL~v~ • 

* wrt:::r N~ Nt) f~~~ 2 ·fi 4/1 S\o1\t..W- .. 

14'0- 15(0 
2,... ,l ')...':11 F· 5Pt~ O~r-)5l:;.-

t-IA ¥'l.-5 tVVJt 
5oo/~ .slt~ 1-rL4 CV-~ 

VoJ/ th.1" ~r I\J() . PI 4-1'-!d ~<., t-O~,,~ 
-

\ 

Additional Notes: &Q ~v s~ - (7) ___ \ ~(p uM 
~ 

~j 
.'. 

! -



P~/6~ 
\, 

GOUGE AUGER LOG J,·M~A .. ,: ~ 
, . , .:.. planners 

Jetm Milner Agecic1atss, Inc. 

CLmNT~AP~E~K~ ________ ~ __ __ PROJECT NlWM?RGpF ~ Described By <.TAP. EJJ, 
, ':Jo 

Date 'flit/lo 

Unit No. 27 I Unit TYPe: qA1J~ At ,.- Location: 'Sl1ov~ JAA 

Vegetation: NoN.E ~ Draina2e: ?oo~ , , 

::-- -- ~. rMIEII~ -. ,rNA) -
Depth (em) Color Texture .tonsistence Roots Shells Artifacts Comments, . 

~,t;y"/2. 
F-~C; t> 

l-oos.£ 

f' L. , ~- fJ 
~ , ;Jr •. ,#. Cr~ 1/&1-, 

()- /8 /..rI!JN~ "I'~C:E cost) w~'i 
~, ~(Q So H"£'-'- "~RE£Ne9 

2.5'1 9 /, L(#)S~ 

L.1f. f 
L. I ~., ~ ljl't.A ¥~'-

18'" ;5' ~y 
F-M~~ {I ~J "/,o 1k.A Cf C ,,1> . WE] ;\1I6c..c.- S"1":.(}p:~~~ 

2.-'71 ('1, f!r( \JFSD MoOerb\'rE ~ I tll,p II. liil." 1/ ,.1-
77' it 7 

qL.' ~/N -.Jc;:sis6 {)f ~f~ ¢ 
L. I "'/. ~'''!I-'-1>tc:.(;rI \Ne.-r SC.fl.t; F=- t.JFO 

~.4iy "1, 6y Mop~ 
-

Vf'St> L. J/'~ tf 
I" ..., ~ .-' '-' - -i'LoJ ,3/N 

Ma' >v.er (/ ~ ,0(0 ....,; Gr~~et-
47- CP'? \1-81<6-4 "",p;ia CAM L j ,)/4 $'r+.~ 5t...2r-::A.JEb 

~l. , 
f·Mc;.t> L~PS6 

~. ~l,~o f ~ I~", "IJIJ"6' 

~3-~'1 "I,., fir! wE-, L I r~ . .$""'~ . c:;:,' "..:'_ ... ~' 

f1{l-1 \JFSI $» M()~ ¥£; {IJ 
~ ... ,~o nooJ.r~~II~~' 

f#9-85 1i "+/10,,/ ' .r! (JAIl. r:SJ/£~, ,oJ""~ 

~1<6-N6d \I'IS"i .c::rL- ... · .,..-
2..~,/ ~f, t,..uDS~ £5"/· . O)CiAi2-e"i LGNS 1.·5y"h J...TYW&N 

JbO"JIf~ ~'/ 
F--tv1 ~ .. sp 

W6r ¢ I\A'S~ -,..I·eM.. L ~ 'I . .p£:A ~eLS 
c:::: -~=--

2.'5y t; I, 
si J-DDse £i/:~/" L 5 'I. PEA 61ZA-Vet-S 

/Lt(P- 170 6rl F·cst;) vJs'f' I" fI~~ ~. 
.~~~.aJ~ 

'l~?y' "Ii" F"" -: Loo ~E ' SIA,,- '-5'1. l':Ieft 51U20 GtlMlc.L-5 

174- 11~ ~~'f!Y" ,i ,,~SS> 
wEr .. f/ ¢ 

iNn I£EPr) .. 
,C',.AL &"I:#u/: n 

1.17., .. " tir( F~1> Moc>£AArt 
I 

'tj./. 2~~ /:tb~DjUt~~ 
~t..'i I 1/rJ PIrJ.1 ~ tJ~ 

J 1'i'~04- \/ttt(4\!_ \J FSi.,D (Nor "evr) S~-'-·""~'" 

Additional Notes: 'tt~~"'4 H'~_ /NU1J' 1M.. d QkMhtd- 8> -/® /A.Ja/J ht;.f..1fI fMA.Il.. ~_~/_ ~'/hJk:ulfD 
J.x.a ~~.,J}CA- 4~ ~d /Art luI- hu..J- los/-" -3~t.dYt4I /).J1Jj'~~ _~ ~ j~J.J ~ ... ~~L~~ ~ (hvt.h IV' I-t... 
~ J',"~dA' tA- e;fv7,U- . 

I /I 



'. '\',~. 

GOUGE AUGER LOG JMA 
8fcljleols 

.~.I f. J •. .'. ~~ 
.~. pa 

. Jdm MiJner A8sDoIates, 101:. 

CLIENT ~f . PROJECT ry~ ad OJp 3 Deseri.bed By eM .:fo Date q /2..( II r::> 

Unit No. 21 Unit TYPe: erAu6t£ Avtf~ Location: .~".t.1A;u 
Veretation: No ti.t- :~I Draina2e: Foo t2- .. 

.-. -- -.-- _'W irNoJ r. ,_ . 
Depth (em) Co.or Texture .Coliiistence Roots SheDs Artifacts Comments· . 

eLI 
(-tvi<;iSP M~De~ 

I (); /- L 5 -/ .. PE."A- ~et,.5 

204' 145 '3/N '-~se' ~ HASH NC~ t- I 'I· Cju~ TE~ GrRIN~S vr;K.6rl ....,.J~:r '<t;:~ 1<~f?Nt=D 

~~'I tv\o~c Lrl, '-'5'/. PEA 6r1<AVa.5 
~. 2tP1 3/101 f -MC;iSD L.DOSe (/ J/A'j/l ,....c.tvt 

vDK:cS,.y \N~ .<::;;r]nCt::..Ic:ltr-. 

4"'-1 ~/IDy V~ FSt'SD 
~'De1Vrre 

L,/. /. LS';' P£A-~eL.s 

Ut:;, ~o'1- drL I 3/1'/ F~MC;; s~ we:r [P" p.t5/'f .,...c~ 
["7'JGtt ~c:a n"1-

. I 
I 

I 

I 

I 
.. 

, 
'. 

Additional Notes: 



GOUGE AUGER LOG ]'MA archIteole ,I, I f- .. ,:, aro::!~ 
. .•• pta 

, John WIner AeeOocstes. Inc. 

\, 

Deseribed By v~ , .)~ , Date ~'(' I 2 1/ l () 
, N6c.. 

Unit No. Zg Unit1)ipe: ,(" Q V(\ ~ .,.A '- tL,L .r Location: 
Vegetation: ~~ 

./ U 
Drainage: Voo (' : c{O,Nr 1-0 ,1.0- -+:J .. I ~~ 

~ 
, r---

~t. ... "rNa) . 
Depth (em) Co.or Texture . toiistltenee Roots Shells Artifacts Comments ' . 

1- ,S' r i=:'-(e. 5,...,.,1' • :/ 5''Yp r~"I( .. /#tf"~ j.t .. ~,.s 

D-3~ '?/l l~Oj't... - lc,*¥ -.>" P;rolol .. ~ vrn I ,.1 c,.. ...... J'~., 1I"f' , 01'7.) k". '. 

2,Sr ~;- M..e s...," ff- 75 "/ .. oT_ I ' -l .. ~,f jr., '-'l s 
3~ -, '14 l~~ f-., .f?t -5/ \ 5", - g,..,tt-" clc. ('-l "k ",".rt , "~"'ll(c>"" 

2..5Y ~;-~,' 
': .. , 

5=1- <:. c:>- fPo l + - "'1:7 ~I' ..... ..f.l,. 
",~, 

3(1 Lt - -
'2..,' r F,-M.( I trO$'~ '>5tf, .f......,)' . "'-l'J.'v- '(f"'~ 

51 - b=/ -. - -. 51 t S#f 

bt£" t J'VI.,t ~ {o 
loo.Tt 

Ct- >S""~ J.-.., I f - ( .. .Jr' J; ... \,oP~r 
b1-- :j.g -. ." ..... .,//. 

SIlO'" 5~ 6'° /::(..., - c/ ... -r , . , 

bu, ( ~"'" l;,., "\.0 ( '6'~ct \ l.? /1 or· F, s~c, 
1'6 - &1 ~ /1 O'l'" 

r,,-sCA.. (d ""'f&f C f .-- - -Ie..v ~r~~( ....--. 
~- .s·'2~ 

'" bu, r 

81- ~o s, C I (~~I'''c of -- ",.,~ 1b ,.......( . 

'2, SIN - -
~Lt. 7 ( 

~,·-51A. 
3 C\ooJ:, "-/ 6~ , I ' '2: • ; I' o,f-' F.1"~ c. I 

10 r I[{, t,OV\/-. t ~ -' ---- -f ( 10'( Z, fe.· ~- i/7.' c,r~~t 

(,:,l{ J ( 
~:( , B~J:-? -/ ~c.,? I ~ I lor 5·'0 

il b- 15 tf 2·'llo~ to ...... ,11.1 J - - -. 
,. 

1?'1- {~o 
f.,~ 1 I 

(o,r"'ra(o! - - .~ j(""~f 
1-,t; t N SiC I -

Additional Notes: AI.-~ ~+ ~ C> '-~ fi=' 22'S (""""1 Bs 22S" -11-0 ~-B.r v.., 11"( {(','F ~ ... l / e~ 
" 

! 



'--;r,-----------
! 

GOUGE AUGER LOG J"MA archIteole .:.1 ~ .. .' ~ 
. "~PIa 

. Joon Milner A8BOcI8t88, I~ 
" 

CLIENT Af[X' Descri.bed By 'i)~ I J~, t\i6 ~ Date 9 ILll ( 0 

Unit No. Z~ UnitTjpe: 00 OJ~" A"pt..f. r Location: 
Ve2etation: .~v , Drainage: I~.r- .- ~ (C)--- f,'L e. '--< 

~.--- -~rAftEI;~ ..., .INa ) -
.{J.......... -Depth (em) Co.or Texture . onslsTence Roots Shells Artifacts Comments .. 

1. . ~ 'r r,.- (0 
J-. . ., ,(- 10 _I.> c-!,. s"-' .. / { -I- ?--' J""'.,J \ 

lJ-21 ?.,r;/ l"f)o S'(i - "'"'--tJ:v- -, 1 

>6>- c,l .. ""'- r c_1 ("I' 

~, f:",'- C,> /~Je 
s ....... 'I- s· 10% sf"!., /1 - to, f'~ .J'7>t ..,-f S 

"2- 7. -.q f. - I, rJ ~ \ -if I § Gr - rc. .. ff./ ' cl,., .... ..., "t-~", ",?;'e f oJ ... 

b£L, J:>5~ C, \ t".~-f(t 
". ,n,~ J . 11- s) 

, c- () ~fe, ( J- ~ -S't't i" - -- ~ 

3/6 &r : 

~5"-B1 
& It., ( S,' r-r-l'1e VV\. 4-. W., . S"",..,(I- '7.> VII) ~. :F'~l.~ -'/ ... r5L t;t"c.w) 

'+ /1 or 5c. - "'4.,j.,-... "" -
C t;1...."jJ~ c.-f J"Lt" , . 

6 (, '1 , 
F','Sq q l pe..ri ... j,.~ So.-.......L 6 ..... J'j 6 "'? I ij/5"&';" j.,·SC\ 

g? - ) 10 1-.5/1()'r c () --'f~ t. -I - rt.tll - , ,e.. .~ -S;,( v..;~ 
, . 

(,((>'7 I ~,' f:,5".. '-( bOl.. .. Jr 01 {.~Vt 3/ 10r S';' j:,:S" e.... 
1/0- 11..0 5 I ~ 6'y' CO'""'-f~( + - - - \ pc, ~.~> ,':t t! ., ~-...1 

I 'La ~ R''1 
bU..., ( 

(,' J,'{l - -( Ie",", ~ "...,J.".. . 11-1 6'-'7 I 5"1> 6 ~ !/r.-S., 
CCJ~fe,C.-4 ,-

'2-. ) I rJ -
Q.r·tIt~~ Jo'Io 

t/.l'11 S'".v>e, ". .l'O""--f...'" t-e--'~':e.- """'--t.J: .... -. J. i-,--4 
I b y ... 1"11 ~.; I tV 

~,'5", ~, 
Cc..'-flt(-I - ~J ......... -

So~ c..1 P-t f , • ....,: ... 1(-<-< . (' I Co ;... 

0lt 1 t 
s;&:,'5", 

,s~·'I'-· '~"cL, ...., ot-{ sL...c,' ' ~ 

,:r 1P ""I ~).' ... -I -::r I . 3/56'1 l cJ-f."'~J - - ~"'J~7 S'l'.,f'1,·,f""", So,,"-<- ( f .. .., 

" 3M" l.t- . -k"':'" j r...:J;s flit "I ' . 5,' r.S,. ~'J""t.( 
I?~ - I ~ " r .,-" f iI (,-t - -tJ.'-··"l -Lf' I loY -/ $0) "'i, • .., rk', r,. ... fJ .p 1.1 ... - , ,..,.,~~ 

Additional Notes: 
1, 

.. 
~ 

..•. 



\. 
GOUGE AUGER LOG 

Unit No. 3( Un it 1)ipe: .A~-'il2...r Location: . 
Vegetation: K ~ , 

~~-~ 5'l'NoJ 
Depth (em) Co.or Texture . tolisiStence Roots Shells Artifacts 

~_ \0 ~- Sy zy, N!-l-
1.0 ose", s;~ 

>oJ , ~~ --.... < 

,S"" 

to-bO .. Q;Sy I-~ .,J-~ 

~pSf-' 
S'WI-lb--

C<Cl--cse 
'-V-,-- -S;.,wJ- - si.L1I ..---

£()-70 G-l.ey J (', (1 '/ 

~~~J ~ ,S(LOY C~pc.c.+ - Y\o l Skl --
70: flO ~.~Xl S;C{ 

I 
V\o 

ft.:", r, .. 5f-;, 

c,~~ct- - ~~tf 
(8"I-~?~'l.s.., 

, 

.. 
.. 

Additional Notes: Rir.r_.k e l~h c~ is- \ '-t1-t.cllL +0 y-e,.+r-:e v~ 
....J 

'. 
~ . 

•• 1, 

]MA archIleola 

. ._ I U <. wohaoI0gi9t8 
. 'I #<. • pamers 

_ Jmn Milner A88OoIate&, Inc. 

Drainage: _~<1bJ, . -......, 
. 

Comments .. 
.=s'M. -'-~ . ~~lO:v~l 
Ckht ,q U ... ~c, ()_Y..~f-tl,r 
~Q.v<S~ Sk1\ {\o ....... .1 l-iO- £~ ~ ....... Ls.s"",...,J ~f4vds 
cl ... ,,\\ D'/'-1-e-'Q ... .., k:ii, ~~sse.l ,sc;.11 0 p 
L..lc-~( bc-k.l5vtt.~·erJ!::Jko~+ -~~4+ ~ C-I~yl f.4t'klY-S,·/I-> . .c;~ 
f'\<) <>t nw'd 
'f'4--)i, !t,~ ~ , ~f ~ bCo14,J.,. cF-- t;[ct,' ~tI(/ l- .p .'~. S; &..-tel. 
('-S' :.s. ~/<\L~ ~o ~1-:3 coMLo.s .... J. ~~., 
r-- -L!c.",,··{, __ Js t-k(41......,.1",,+ ,+r-.c+-

\,/. 

- -

.. 

110- t.?b r.",,1s, 
I 

( .. - ~ 



\, 
GOUGE AUGER LOG 

CLIENT 4ta¥ PROJECT NW.efDCO£ 3 Described BY~M .:Til!.. 
, -:fo 

Date?1 izllo 

Unit No. ~1- Unit TYPe: . q/l U O.lI2L.H:NAL Location: ./4J.U ./-" ~ ~PlL 
Ve2etation: ~ (/ ~ (/ Drainage: 4O()orz- .. ....... --•. - ~ C.IING) r. ~_ . 
Depth (em) Co.or Texture ~ ~ce Roots Shells Artifacts Comments· . 

6-l..ey , 
f<"M~; SD '-9" ~ (/ 

15·/0 (~f"'~' /o .. ;~ yay , 

6- 1.-3 3/5&"1 5·/. . S~2--d'l t;f14V~ 
v OK bN Cxf.f MJ~ f/ItSJt I~f R£p/) ~~I'A.I IA/Ud 

{;fLEi \ 
F-M'?P LtJlI S-L ($' 

~ 'j'/4 L I "/l> p..LA- 'fI-~ 
~'7/ ~~'I NC"1 2 ~ .... .32- G-N 6L.J<.. 'wd- HIt$J1 

(1'1 sh-r ~11tA1~ SrA11.IUJ 
6rLr:y I F-t/tSD l-oo.>G ~~';' L~'/. ';U1tdrav~ 

-'~- 44- ~t/() 'r WEf r(/. loIM~ NC.tJ\ 
Iv I( GrNISI'/ s·,..~ J'.#I I AI 

v FSDCL.,/ c.o"'f"A~ 5e>/~ 6 t..E '/ I '+ I ~ Cry 1)(CrN ~ . C/.Il..wf SIt.£L(.Jt: ~.. . 
'44- n$ 

MD,Tt.e!> p;,'c; t;> C,(')"'-'P~ w£( ff H~1f ~ctv1 tirLE'/ I 11.1 iDy'6rN6'(. s-j" P~jY'~~' . 
F~:S.P (oJA (JAor I&l.ty , ~;c; II " ,,' 6-N 8U< . (',../'II' ...... I~ , 

tJAA.t& JL _ 1!2t 1. (" .I A..4A 0 I ~/ ~ fAil /~A- ~r.~ rl· LlMJ1~ -G('I!{~ .4u./ 
1 Vlt trM~ 

. V I 

cy- ~(( J'rJuJ- Y ~AfU;U r-t/L t1~ ~1'Wl/~ ~LI'" c;/.. /eJ bY~(M , , , 
I· 

~I'. "AA OJJA . '" ,." 
() 

\ 

,. 

Additional Notes: 
~ 

~ ,'. 
! . 



,',-- ,---_._-_.-- '---

GOUGE AUGER LOG )-MA arch!teola ,:' ',~- ~ .. .'.~ =~ 
, John Milnor AseOoIates, Inc. 

\, 

CLffiNT A-PFX' PROJECT Se,t-> t-k Te • ..,. ~vtAl Descri,bed By .Pi(. 0~ '. Date 91 tZ/\ 0 

Unit No. S~~ Unit TYPe: -A--l.-tae-r Location: ' 

VeJ,letation: {?(' ~ ~<--.J Drainage: 9-0 oJ 
~. --r ...... ('W .IJ1tIa r.. I._ . 
Depth (em) Co.or Tckture kE'onsistence Roots Shells Artifacts Comments ' , 

0-17 
Gill'; I f;"t. v C-xtgL loos.e". 

3~-h't'l CS? :S."" - ... '-C,J ~\~~1s, 

S'"" - ~l...ol( --~/5('1I c.\ OtIM , !) -f l-er- '. 

17- "J.y- clsr ~~~-
J.!X)~ 

~e.. ~en. J~ ~:(~~-d.ell ..f'(~~ . ;to-.2'i C"t.s 
ccP~~ - c<.O~~ --

5/1- ""SY.: ~:r~".e ~ I "y k If. L ~. , 
s ...... _ ~ .. r. I!)' ~ Ssc-", .... F"C ''-' 

GT~lo/Joy .t;~ , . , ( 'I 

VI 00' ~v-els ': ?I{-~1 b,_. c) \,// C~~ - -Sl -
C-1ev( ~/ft')y 

39" ~l. c.~y IJ4'~ ~C( c~t ~ - - V\.o~~e~ 

~/,; I ,~: 
I I !W!-d <:"67, -S'-t-0 .jr -'v.lZ I 

~J- ~~ 3 lOY S.'~ COvtAf&iv'I- - ~)..gll 
~ .. , 

" 

., 
, . 

Additional Notes: RacK r,·,~C!..,...-- @. .<;·9c.~~s (~~WQ~ ~C'o~ l.o£'t +- S "-trrOIAJ,f;1: M.- lV\.t. ~Q. J< . .,d ",,,- [kJ 
I I 

.5'-..... e, 
\.J r'~~ If") V I 

~ -



1\ 
GOUGE AUGER LOG 

CLmNT~~~~ __________ __ 
~~\~~UAL 

PROJECT N~ ~~ 

]:"'M~ A-- =:. . . ._,. 
Jdln Mlfnor Assricrates, Inc. 

"Descri~ed BY3I\\<...\ ~~ DatA" ,\\V /\SJ 

UnitNa. ~ Unit TYpe: (~~ A.~~ Location: " . 
Ve2etation: I'\~\:. - Draina2e:A~"" . .r( R:t..'<~ " " 

~. --. ~ irt Na '\ rr: ,. . 
Depth (em) Co.or Texture .tOn ' ~ ..L Roots Shells Artifacts Comments" . 

'L~yl)\ \ f.~~~ 
"'~~ ~"\~ 

~, 
f'\~~ \::)1.&", ~,~,~, ~ ", 

~-\;~~ \\ 
F.~ 

~.~ ~~ t'\~t:.. r-\d'\~ 

~~-~ .. 
f-:. ~M.~ 

M~ ~t:.. 
- f"V.\;' ~~ ~~~~ '~\""L'-\ ,\ \\ ~~l:-

~-~,~ \\ F- &-tt:\ 
\ \ r-\~~ r\~~ r\u'\t:. 

-f-:1>\~ ,s.~h ~l~j. U)\~ 

~\- \1-\~ 
f.~1 

M~ r\~~ ~t. ~~ 
- f""lA~ ~~~ l.M~~~ ~\~' 

\\ 

-~~ 4-l-\J~I\L.1 ~\{~L ~~~~ ~ 
l1-~~~~.t.· ' " 

\j 

, 
.. 

Additional Notes: 
~ 



\, 
GOUGE AUGER LOG \, 

CLIENT APCX' . Descri,hed By ;>1( , ?:R, Date'! "/16 /' " 

Unit No. c.;0 Unit TYPe: ,6 0·,......- A '-rycJ Location: 
Ve2etation: '/~""""" Draina2e: Jb~" oJ; ck. Q.~ -

I"'? ~ t. .. -t, "... "j J " 
..... --. C'W '.INa r" (! ~k", ..... tUt/-Jff: J,.·A ....... J. AI!J 1., ,.. .J.f r. ~ .. 
Depth (em) Co.or Texture ~tonsistenee Roots Shells Artifacts Comments O",L~i 

'1-,.)'( {:"-AL 
~Jt t~" 7\_ $'"" .. /1- i3~ ... of (DISrSGI ra., d. ;;""<1_ 11'''' 51.. 4.~ .. 8~ _ 7..-> ..... 

0- bi- ",- 0 .y&4.o/ ----- /., fIJI - J ~/\ 
311 5,,- brakl04 $,."., It· --u J/" ... r:v"'~) s ~;Z s( .. f'r ~'~""', D~.!J.f< ,/ .... i. 

jl!l 
, 

r:-,'-lo ~ A1",4r.,~ J ...... i/. .!!. .... - . g;"1J L4';" , u,~.,.t+U ; ... r~')r? S-ft1t4 1/,! E. ~~ 

1/1 - 1-1 'l,r, IN .c,;;·,...,t 4i (,'. - I ... t"';1! - (.. Jr . .uJ I 
hn.l~ - i '/l,}l.. 

'2.Sr .s,' ~'-/~' ~~(~JiSI)' "i~.rf. c/~,Sc"''''f ". "'£!r 

1'i.f . SC\. - b(" t-'k -- qJ~:I +11 '-Q ...... ,,, .. ,/ 5 '11 % JP"1U~·/r.I?l- ... 

. . 

.. 

Additional Notes: of.- IDt- ft-,,_ JI,..,~ .,f /, . ., f"- ' . 

/l1 Co~ '" '-vD ",,-,'J,z-;"'G to~. 

~ tt,.rn l J ' w. J- f'oeJ S Ie) , 'ILl ,-i!.r. , 100 - 1"11./ c' - (l;; -~ .! f""C , .. ..c.. ~,.,.,tl..4 h ~c.'t,.JJ~. 

• J 
~., 



\. 
GOUGE AUGER LOG 

~IENT at' ';I< PROJECT N£W afPCQ~ 3 Described By €M , :r~ 
. -:To 

Date c:z"J i 7/10 

Unit No. 5"0 Unit TYPe: .qo 11 bu 1')11411 H Location: . S'hoJl"~~ 
Vegetation: ltV/\.,( 

(I Q 
Drainage: m o-td,,~ & J" 

~lt1fItV 
.. 

~w . 
Depth (cm) Co.or Texture . l!oDslsTence Roots Shells Artifacts Comments· . 

5'y If/I ~ '5"1, f3 It:. J<. FftA-4r L5·/,~~ U,M " dut f7 f, '.uL S It.u.1. 
D~t5ri F'-~s~ 1,.005'£ fj HA-Sif 

CD*I.F~~L 

~S}..A I._"'..L_. 0- 37 Cb r'lK'-t!. ~;-8~ . 
W€'f" I/NDr l(E:pr) 

£:rUDY I FSD L-oos~ t:./-/, ~ ~~LIAt--ltl5tirY Dl<Cifll~\ 

31,.45 rxt.ey I > NtA- ~ I N~ 
s,'r"" ~ ~ ~~ ... J... 3/" \/DK6'( v~s,'s1/ /tIb P etIA'rE 

~LE.'" , I"AAaCSc;. 
I-CJosE-

5"/17 ~ S'2~!'~ 
4-,"" ~·Mt;P {i5 ~ NeW! '-15- 53 f)1<6ty WE.T ~'.A ~A _ ~.J. 
GiLt:y, FC;O L-OCJje 

53,Q 7 
4/S6rI f:J~'t¥Ii,! >NEr Iff Hc.tv1 ~~ 4&.e'f I 

\J F~i~D /J ~/N \/DKld-V 
&..4 .. __ .... "r't'"F: cSu~I~L 

GUS." litH ~y f-{-CSO L5·1"--put~~ ~ ' .. 
&17-

GrtX'f I TIN 
F-J4SJ) M 0 ?trl.ft'(f, f/J. ?' Nc.M 

. 11 I Ol't.t:rY ~ ;l'"'. . (C,AI. ~ -- . 

~LE~'''INir1 r'5t;> 'a.o' -I. 

t I( - I '),,{ 
~lJr:'f1 3/N 

"F5i~P 
MOO~e ~"TJ;'~ (/ NtJA ~~:. 

. S'A";u.A \t DJ<6r1( wlif' 
~&.6t I ttl1o ,! r54t:!.# C6MpACf , L/·lp I'~ MJ~~ . DIC6tNDfy 

':;itf:,.~1 f' N~f1 
12..("13~ C1LeY' 31 N 

MO/~r "C:;r..lll~--IJJ VDK6''f 

61£Y I ' 
~MP~ 

L5'/D i>tJ$Sihu ct1~p-v.L ~ . 

131.- 13'1 
f,.t;/H ~-c~p 

t7 II~ 1'l0'\' . L 5 'I. ~ Ar;¥ 1f"V"d. 
I·VrA ~ I ..II;,-~'j . 6lAt:" IhIA':~~I1i".,·,-" /AAh .... AH~ - If' V 0 

a ~~A Ill. J~~4 4 0 ~ /'; 1'1 ;rAAA ~. . Vi. ~ ~~-
I v - .. I 

Additional Notes: 
~ 

I-

'. 

, 



\, 
GOUGE AUGER LOG J'MA archIteola J : aroheoIogists .' I H ... 

, , ~ .. 'planners 

Jetln MihlOr AeerioIales. J~ 

CLIENT f2,;"P' PROJECT Nu.vBe4CDE3 Date 91 i7/ /0 

Unit No. ~ Unit TYPe: 9aJA.J11-' /)~A h'~ Location: ' 

Vegetation: l1LM.L 
-J 
~ tJ , Draina~e: ~ ~IYI(;"./Il.l&.k. ' , 

~ ~ 'INa) Fro; .• . 
Depth (em) Co.or Texture ,to~nce Roots Shells Artifacts Comments ' . 

2.~Y~/2- "G,~ Y L:CfP€ If) 1 (1 
arL- S J-el.tf)I·J~ ~ f;~t4 ' 

q5" 6r!6N ""-(;.~t> (/ H~ ~N~ t(c. P7) 
'-5·/. ~ GI2..~ ~ 

O- WlA' f.M1~ j, .L .L'U.~ -6A~'~.t..-?.L.t-. s~ 
2~?'1~11 LDoSe, J" '/11 'f'h M.nL. LI·/~~~~ , " 

41 
F-MSO 

fI HA'SH ~~. S~~ 
45 - 5'1 'f"AAlS c S 1>, wU' rN"r KEPT) , .<:;~ 

G;-~'1 FJIISO LDO~ £/'/11 ~U; Y t S/loy ~N«y J./,0/.!?.A..8c- -'14(~ 

?~-77 
Mo " "S:~; S t> If' /.IkS~ NLM ~LEY I 3 /to y VO/C.6tN6r-y f'AV"~ . 

FSO WLl' tGt.£ v I 5/6-y &N """ ' S'~ 
F50 L.£Jo~ 

.lot '/" prLC'"y' &j/c"y 4NIir,t; '-./'/0 ~01~v~ 

77- 138 Mo~ 
v FSjSD ¢ H~ NC~ ~L£"'i ' 3/Jo y "'DK.~N,6rr .s~ , 
M~;7t:> wv ~I£Y I 2.,5/N BLk 00<<'; 1,,(1 ,. I.~.# () q,.~ ..-w ,""- '~I~ 

t2--l4lLJL R.u1~A g,(J ~t<. ~~ ~ /-3~ '~ . ?,(/JJ /bu. ;Ti I /.Af/--/j-A4~ .. 

I tI II 

\ 

, , " 

. 
Additional Notes: 



'. 't(.;;. 

GOUGE AUGER LOG J-MA' =-.:. ,~ -... Pafnn 
. John Mllnor Aesciastes. Inc. 

CLIENT rApLl( PROJECT tJelAl./3E;PCt>E 3 ·Described By £'~ ,:rrs 
. -:I"'c 

Dnte~'/ ;7/10 

Unit No. IP2 Unit TYPe: OAnAU /JnlJud Location: 
Vegetation: YLI!fYU-

u ~ -, , I Draina2e: /hl/d~~d.l.k - ...... -- , . 

~ 
'-

~ 'IrHd 
, 

. 
Depth (em) Co.or Texture . tonstStenee Roots Shells Artifacts Comments' . 

2'';1~/1- \J ~'I 1-COS(' 2-'iil/o P"S',1o-U "h".v.~~ ~ ~~ 'x~ 

'" eN 
M-CSO ¢. #~If }iet1 ~~~INI ~. 1~·SI'J.UI 

0-18 't>AtAP . 1..5 '/, ~ - rt' '.,",,,-, ' ~ I • .M. • 

2·?'f ('12- l-D oS &. 107" ~~. 3'" -3'~' o)<;d'~ p.e.K.~t C'(. SI1€." 
f·M St> Sf''' • I~~,~r~~ J./'/. f3.1J1 ~ 

18-5'7 L.T SN 6rY 
SAinJ~MED 

(1$ flA$rl' ~N'T K'PT) IA..H.,' ' ••. J.....L.~ ~ -.,. • .~ c ~ II~ .. .-... J 
l:1LEyr ~ F ~I/. rv1 0 p - -1-00 S t. ~5'/D S/~ ,It s,,.,, Sm.L a.)l,·d,Z~~" q . 

'51- Irq 
'11 t;11tt,,/ 1)IC&toI6 I' f/I6H ; .. ': 'i \-- -) 74"""',,~ -;1-, (IHI JGc.FH) , 
r,7::'}"K~ " ~<"; 171> WeI IMti~HI,uI SNU /..#bm-OlfbJ+- S,.-A •• ..-t1t.J 
6r~E"'f I F '7: 7D(..I- }J\o V' CIJ WI pI! fA-

Lo, ()I 'I .. 'I '/11 ~ rtf Ve,W" .U 

II~'" 13f 2·5 I'" 'N.t.A- ~ HASYt f'J LN\ fLNr • .J I' •. .L L· uI ~ 1./ hlb..d J.. Sf" ~ .. ~.-.J? AI..:K. , 

.tLJJA-J K_ J?~ .I .A ~ If1ALI ~ , I~ &:; C4' f.vIiA.J... C. M~ .. 

0 I-

\ . . , 

Additional Notes: 
~ 

. 
! -



: · .. ~.j.l!"": ... 
'. "',,':; 

' .. ,It • 

.. ~.,-.. 

\. 
GOUGE AUGER LOG ]'MA architeate .1· 1,- .. .". ~ 

. . .- pia 
;a Joon MIlnor Assriolales, ~ 

CLIENT a,o?i PROJECT Newl1E:f>Ci)f 3 Described ByE!:l\1 , J(S 
. ~o 

Date '111b/IO 

Unit No. (~8 Unit TYpe: hMAf I2~N'~ Location: . 
Ve2etation: I1JhtL ~ I I Drainaee: u.ru.I .. 
~. -. -.----.. ~ U-Na r. I •• 

. 
Depth (cm) Color Tc~ .tonsistence Roots Shells Artifacts Comments .. 

. I 
I 

I 

I 

'4, 

1..~y IIlz F. tJ\ Sf) '-.00 s:-e. ~ 
'-7'/ u Nc..M (J - ('5 It,u-f ~ 

0" 2-3 L:tBNtir'Y 
hA ¥wVJ 

f{}t) #-1 ~51~ 'P~ 'J?~i..M 'a'Q"'~ .. ~ ,.~JJ .-. I"'" 
2.71 {,/I J,..oD's'- t. {' It> c.;.t;y ~I ~ I-TyW13N F· M Sf) 1.#/ s"'~ ~""'~11-

23- 81 ~y f=~M oe;,r.:> 
D~~ 

(I' JlArA Nc..N\ o¥,-'" lZ~ He-- r>t)(~Ic~ 

L ;If " /(;1 fiU.. lit &IrQ ,,£.t4.- ~YS~I-c.J~ ("I".A' ID i'1~,J 

~Lfy I 
5"'='MiD 

t..D cIo5 t, '5"/ () l. '"/u p.u.. iiz.~J~v.''(~ 

81' /()I? ttl'" (fy w* , HASH Nl.M 
C1~ (JI./<;/-r.v.skLJ...J 4../f!I(..h rlUAi~ .\'I'~ ",-,..,1 

I 

GrLfy , 
M-CSt> I-O()$IL L '>'/. '2-7U~ ~./~~~ .. J 

lOb- ,,,, 11/.- Gr'/ 1A.J,r f6 .~ Nc.M '-~/u /UAA fl~ .P'..I ~, -,.Il.. ~u- dv~h:rJ~ 
'2.t;'1 t; /1 fir..., toA- C SO 

F1AM 
LJ'(o 

LJ",. p~~'~O'C(~ 
I ~( .. 185 

(Xt..f:Y , ~ ~ N c.N\ 
'3/"~" ~,'S",c1 WlA- • <..~ ; ..; ~ '.I .- .. .J 

r::t! 
T 

\J6IL,/ J.,tJ,()/'/" fUPt'~~~ 

181)- Zo't Sta . GoMPkU" ~ 
Lo.o'·/ll ",eM. 

'O/,..I( : ~. ',Y I ' ./ . ,Al.e.A- Mt.l~ / ()vskYJ·Ai..,u ,A".JI h .. ....-... ... _~.J.. r~J/'ld 
L' 

v Q 

1t?,..1 jJ,.u /2u.-~4L2 j ~ t.J P.. 'fJ4U? ~ 
I· 7/. 

I 

.. 

\ 

Additional Notes: d·v sJ. t2..u./Nf. ALL,~.~· IMMJ 0( t,Lifl ",.,~ ~j 19~v ~ ,,6.11- ~/tit ~~~ 
~I/~"'J~~~ .' ..1,1 j _-(J{fq) /".J..'~ . ·~o ~ (J;~ r~ ~q/~ 

(J 1/ (/ 



1\. 
GOUGE AUGER LOG ]'MA architeole . (, I ~ ... .'. woa:!orpts 

• • ,w ~ 
, John Milnor A8ec:iol81G8, /1"11:. 

CLmNT~~~~~'~ ______ ~ __ _ 

UnitNo. ~4- Unit TYPe: C~\lb\'- h\( .... ~r<. T .~! 
I" 

VI ..• 8 ~d\.~ D, !. At .,l'Ut.1d .~.~ , . ~·V\."'~ 

~ 'W, 'leNo) 
ft.4 ~ Roots Shells Ar" .~ ~4 L np,pth (em) Co.or T l;AI.UI C -"I.uU;~ 

, . 

~-~ 
'L·~4'2.. ~ W~ I'-\~f:... ~ I'\~ ~~¥-f}\ 

1~.Yt.~. ,C.'-U:LJ. ~EJ..s~lL: ~~ \~t..-. " 

'l.:5'<4\ \ f<i\.-c..&M~ 
~ , 

r\~~t- -~ ft~lf\~" t\~ ~~~~ ,~~&f. i'\ct\t:. f'C~ 
~-\\\J~ h\~,~. \l~' I 

- _ ~~ ~~~ .... ~.:.t..\ ~\\~c.- ~~.~. 1-'-' -." 

, ' 

; 

" 

" 

" A ..lII..lII!.L! 
.. ,III. ,W Notes: . 

. 

,', 



, \... 
GOUGE AUGER LOG 

CLIENT At P~y . 
,Unit No. cO Unit TYPe: . }t~~ -t.-r 
VeEetation: ~ 

/ :;.-~-•. -- ""I.Na) 
Depth (em) Color Texture .~onsrstenee 

O-}3 

13-/5 

.5e"",,' -

I(J~ 

Additional Notes: 
f 

,.'. 

Location: . 

Roots Shells Artifacts 
Sftt.- .-.eJ. 

---~Pz.t_ 
~H 

VltJ s~J{ 

-

JMA~ 
iD John Mllr10r AeocioIat8s, Jilt.. 

Drainage: ~D'=' 1 

Comments· . 



",' " _',.' 
.\~.:-.! '. 

GOUGE AUGER LOG ]MA 
archileots 

,_ I u _ ~,.' aroheoIogisIs , r; ... 'planners 

. John Milnor Asewstes, Jrll:. 

\. 

PROJECT ~J t)r2~~ Dllte 9/fSl10 

Unit No.' R ( n I Unit TYPe: . J Location: . 
Vegetation: ,,-- , I Drainage: 

-
Depth (em) Co.or Texture ,Consistence Roots Shells Artifacts Comments . , 

0-/2-
2., ~ ~ 7/IL ,:: -/11:-~ L..D:Jre 

~A tJfl }JA- L 5~6 ' f.J~.llJ-CrILI&-I./ 6L . 

/lfo/Sr 

/2" - .'!; Y ~. $'7' (,/t. F-/I1S LOo.\~ I CJ c. '-4-,., I Co i4", L. 5°t'-c I' "ri- t:r/Llff i/( <-
f.J+ FMcrS r-~. 1'100sr 1.r~,ti1sr 

3Y - gcP 11~'1 5/. ~-C'5 L,.~~ t:r tV". . 
5 tJ 'f5f1ii. eU/f- 5' 0/ .. ;aI?JI/>~ve'-- . 
.!' l/~tL 

W~r",~ _~~{J-S 

<lb-lO, 1.,)'" s/' 
S 1L.:rr J"oG ~(- : 5 0 l(s( (Jl~ ,vA H A-r-Jb F-.v~ 0'" P f..:14<..,-fl.,r/- v (;-v 

S "'101':] Ivf r tJ'" ~Itfa.~ 
-~(,. 

Iq 
~J • 

r"o\-l. L.0c>~': S' <LA ..... 10 f t~ (rt1.~ v( L" 
'01)- 11A 'l..5 , ~(.} 

.zG 
SKN'J I"",, {r refZA04.S 1-J,4 . , 

\~\- '4'T L.5'1 &/1., 
f=' -1M. I"tOJ£ .)£~15- .t::- ~D{. }of;;~GJ:'I2,~6-L 

sla..rr '",Jf" tJ~ .f!<)rft:M... 1JPr' v.I(,'} ~~ z... rlt--J& !A-Jt. ~J<. <--

.' 

; . . , 

.. 
. . 

. . 

Additional Notes: 
~ 

..•. 

t, 

t -
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1o.l'· 

GOUGE AUGER LOG 

CLIENT Ar¥" 
Unit No.", Unit TyPe: A"V....c.--r 
Vegetation: Z· U 
;:- -- -_~ ~i/-Na 
Depth (em) Co.or Texture .~onsistence 

G-I.(..yl 
~.5/I()Y 

$f/f! .p:-~ \MO ld-.:<:Wr 
.9e..,.l ~ O6ItAf ~c, r 

r 

Roots 

-
-
-~ 

i. ----
~ 

Location: . 

Shells Artifacts 

~~" --
~ 
,~U -
gM.~~ 

sLlt -
s~ 

.9k,l1 --.. 

]'MA~ .' I u ... . . ~.. . panners 
• iD Joon MiblOf Aeeciocst6S. 11lI:' 

Drainage: ~o~l (rf.-{,*ir lOIA/ 
v 

Comments· . 

SM-~ JJ~v'~1 (LE~) 
c tc:.v\t ~ 0 V£:t-er 

, --=' 

,.I----.J---~--_+-~-=---,.-+_-~-..:..--+_--.l.-___I_--.:..------..,...~-------_I 

f I --J 



GOUGE AUGER LOG ]'MA arthIleols .' I ... .' aroheologists 
. t '. f... .:.. planmre 

. ill John Milner Aeariolstes. Il\\h 

\. 

cLmNT __ ~Ap,~~~if~' ______ ~ __ __ PROJECT NM 8f.pCPf 3 Descri~ed By-T.R ,JO Date 9/i5/lo 

Unit No. q~ Unit TYPe: ~ /)'IA'A Location: . 
Vegetation: f1inLL. ~ rt DrainaKe: tvU.L 
~.-'-~rAI.IBI' ~ 'INo} r. ~ ~ 

Depth (cml Color Texture .tdtts4tt<nce Roots Shells Artifacts Comments .. 
2.~" 5/3 C SO v.tAA.f lo({) S<.. L '0/. tM.4UY~ ~"V'U4-

0-21 L.T Dl..eN g -:'1"1 E.t..l-
91 (i'i ..fLu AA D ...J J:)rf..!J,,- F~ 

z..S'I iJ/2- M~ f'l?Ddd~ AQ~~J4N~ 
£.1; UJ 01'-(4)" eN FSc> rYAIJJ~ ~ f1J ¢ 

$~ 
2.?y It /1- t='-C moc{'" /00;'<- L '''/D OXid4'7U ~c.:K~ . '. ~4. 

28-3( 
Dt<.~Y6~ wI ¢ (f!J h';t ,';t PI v '" ~ "''''''' u.. V' I ()~,. ot.,. tJt..h. ~ lit ~"~.J 
J:l~~ ~ 1R.~p,J O~ 6'CA...u ",,, 
2.r;y 3/1 \",\-

~oSL ,~/() oy,-P(1f ~'t:«. ",~~ (10 J;(.4/(, '>t<-yw i:?JN). 
'VC.Sl> 

5J'" 4t: 
v~)(4"y' 

~ ? J.M1~ p' 107", S;'.£U·.~~~ 
J'~ 

2.1:)'1 qf2- M-I= ~t> ~ 
~J ,/,. 0ySfe..v .,. & 14+f'1 5 J\.L,IA ~ ~ 

42.. .. ~3 D1<Gt'l eN ~~ PI' J.lAd~ '" ~()., '1. P~8"tII Vd. .' 
s~ 

_-' r". ,. I j .. -. ~ ~ At; 1#1 } __ " if. ~ A • • • 

2.~y lrJ 2.. /el () >t...- 1711/~ , .V J. - ........ - I 

5" 5'1 b)(,6tv~N ~-+SD .{8 j-IIt$tI ¢' tVU~kPlO!~ 
w~ I ,tuM. J..C;...:. f)1~-#..4IfA.PZA<. s~1 

2.'Sy 412- /oos<- '71'/" .. no ~r~ v.dr I JI/9 slu.L/ . 
5<1- 7~ DK6r( e,N M~ FSJ> ¢ !-IM~ l' v 

w~ , S~IJ 
l.·~Y~/L /.....co)<... lofT/o oysh.-y 5 h.LL( ft.eLJ r-~ . . . 

7'- 14- bK~PJN 
C-MSt> 

wU 
, 

I-I,kSH ,Iff' . 
£ I '/6 p..u. fJ ri/ v~ I t" ~ )J fA. CA v I-W. J 17A4A J!1cS~ .. L>I 

~_,..l rK. Jed- f..lA1L..I . I! q,4t; ~ .... -~~ ..- '. 
'. d /I 

Additional Notes: 
~ 

~j 
t. 



1\, 
GOUGE AUGER LOG 

CLmNT~A~~~~~ __________ _ 
~-r~~ 

PROJECT Nk~ ~f~ 

]MA~ 
ill John Milnor A88l:iclale8. Inc. 

Unit No. \~ Unit TYPe: (~_ l~,,_~t- Location: ' 
Vegetation: M~~ 

............, 
'Drainage: t\-~~K~ , t.-.-\.~~ ~ .. ...... -. 'KNa) rr: I. . 

Depth (em) Co.or Texture .tonsTsreiiee Roots Shells Artifacts Comments .. 

~--=t~t.~ 
'1...t;'\~~ 'L M-"-. ~~ 

~E. K.",\t. 
\)~~\ 

r\~~ b~·~·~, ~ " 

4-\~~~c.-
' 't..~'(4-{ \ ~.s.M\) 

~5,~ ~~~ 
~\(..~. . ,c\~m t\~~ r-\~t. 

~~-\~~ 
'l. .t;'(~" SA.~. 

~tt\~\:., . r\~~ r\d'\f 
-~ "1(:::)'---.':: C~~~.s. ~~~\.$.S 

,(.~¥...~ . f'\~~ .. -, 
-&\~ ~~ -C~ ~~'( \~ ~lOrL~ ". I 

" \ L,~~ ~\t-\..E. • r • 

, . 

. 
Additional Notes: 
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GOUGE AUGER LOG 

CLIENT A P£)l' PROJECT Nf:WfeOCO~ 3 

Unit No. 98 Unit TyPe: GdMAf~' A.~.,. Location: . 

Vegetation: (7f.J}IfL ~I Draina2e: ~ .. 

~-W SrNDJ . 
. {J--O-Depth (em) CoJor Tcxture . onslstenee Roots Shells Artifacts Comments· . 

t.? 'I '5/2- M~CSD /-()oSc, 
LI'% P-lA ~}L r' et V41A- (L 5 '/~ ) 

6" 13' 4Y&N ~ HAS'" t? LO.,*" /1A'tA<." - S/~ r41'~ 
OA-MP $, ... -, ~ • .J 

loy~5ltJ 
C~Sf) 1-005£ 

2. 1-Or o)<idlz..ui ~ . 

13~ /1 YWf}rJ ~. fi1' 
o,!sret2- r( /)1 ~r t, S/lQ.LI "- UtILu1 ff"el 'V Li 

DAMP FTe4tr.s S_A.J#I.- .. -/ 

2.'7'1'5/2. LoOse ~5"111 Ck\lIt1\~'f "5 "'/" p.£...lk !Jr~ ~~,e,~ ~I- '1', 0 Y';'ollzp 1.;1>"" 

c,-~ sf:> C4IM. (! 1'1-6 . OlnVl",I c..JlI~" /<'1; c~ 
17-70 4'1'BN DItMP {7 ,JJ;jtf ~'?;SK'Af I D /~ ~'C-I(,~l - 51 z,u,(Ie:yrA v.t.-4-· . OS,....~ • __ l.d 

t,s y '3/1 '-DOS/; 2..0"/0 ".~ cf"'A v~ 5,.I11C~~ SM.LI ~ 

70" 77 v 1>K.t.r~ lv\. f Sb P HAS~ rtf DAt.A P .sl' .... ~~...-Id 
2..5,/ !lj 2- T LooSE L~"/~ 86 . 84C-nLb.s j>jdch C6~.L SIZoI A..PGk.... . 

77-8':t "J)( "'" &N M- F S D 
DA-M~ 

¢' I-IAStf ,d ~()~ ~/2 .~y ~ H 0 ,-e~ tJYIV1 Z,'iy2,!> II fSLI(. Tt2A-~£ -:,1. 
1"10 O-Ulf fi:,7..,uJ( l:I n~ VL..I { .s~ . 

r 

2.5,/ 3Jt.. /-0 oS€. ~?#/. p~O~~ 
·77 

8l1- qs \J f>t<lr{ eN £:-I'I'\5D 'pr H~/of ,II 
\A.J /;-r ~, .. ~,-- • .d 

5ylf j, too.s£ L5 '/b . L o. I -'0 ~ -'.~ fJ r_ vc.f.1-

9'-/02- t>K6r'l F>l> {/ {If 
"N~r 

I-I~I+ 
SI'ALJ .... 'ud 

?'y 'J..t; 'I 
f'St> t;1 

,MOD •. hc~-"~. 

/02·/IlJ 
BLK f" If ? '. 

wl;.-J S' .... IA· ........ 1 

" 

.. 
'-

.. 

Additional Notes: 
~ 



\. ]-MA e.rchIleols " I H ~ ... " arohedogIsts 
, . r; •. .~. panners 

. Jdln M11ner A8BrioIsl&8. In1:. 
GOUGE AUGER LOG 

CLIENT #GK PROJECT /JI»J (jdCt>F 1 Descri~ed By 1?5 « E:M Date ~I itol/o 
-::Jo 

0" 4tJ 
l.ODS~ L5'/o 

N cf/\ 40- Ii ~ !-I~.!>II 

F -c Sf> ,-oos.<., 
~. JI NcM wi.A-

19 ... Qt' f-c.~h LOIJ>t:--~ 
~ ¢ ,.Je.-M. 

Lr/~~fJ~Y~ 

1'),,- /2-tJ 
~t£yl 

Sf c1 tf. 
LD.tJ'·/~ P~tJY'QV'~ 

4/- (I }Jc.M 

Mof:) Lo" 1>/&/ .. P."uA..9v.a v~ 
fietM 'J(, 

{ 

I ~ -



GOUGE AUGER LOG J'MA archtleots 
.1· '.~. . .... :. =~ 

. Jet'" Milner AeeOocates, In.:. 

\. 

PROJECT A#.CIV 0 Ilf; rO,l# Descri~ed By q f.J. tJ Date '111£ 10 

Unit No. I ott- Unit TYPe: Location: . 
Ve2etation: Drainage: .. 
~-. ___ ----. 'W .INo r~ ••• . 
Depth (em) Co.or Tenure .tonsistence Roots Shells Artifacts Comments· , 

0--' fr l,r~ S-/, F·M ~ LoQfe/ N~ 
,.,.c,L.~ M N(t- " ~.r1}~ 1O·1t1'tCt""c.1 vG.~ I vv~, 

lA.ILf 
f~/rvS 

'. 

'1-l~ 1..f'1 fo(z. r=- ~ s L-o' '>lL-( If:~ VJ(}()f) 4- L. t; 0f.~ f'U4(/lt.14 Uf..:.<-. /. j,o...,Il~r 
Nt!+- '0 . VoJt.:f tJfLJi'::;1 HI (,It (~~~r oysfltA....1 ..J,,fef-LF~c,.~ ~ vs. 

\ 

rt.J[ -1 'i(1 /.-ooc;;,Ll W/Cr'~ ,tJ 1-1 V',~ ,~o' ~#£t4tPtit~~<- J o'-(S,/:rn- 'fI. ICI.-Itv-'t7 

~~ - i?G p-,.,..~ /V~ £.-I L-~ C;;:%.5 L <=' ftc..- FtL#(.rS 
1- p;. I f-.J& Cr ILVh..lG--<.- l"L~ . . 

1/,'- ~, ~rfP p-rc:" 7t,; 

?p -- ~ i 1-. 5'i ,/I r- -~)' /,ooS(:, I 1'Jr, ro~' t:... 5-°u, f2 C/lq./J../1 v ,~ (VA-"It- r 
L.v~i7' oi~,r'.l. IJIt 

... """tv -, 
ICrU1 h'\ IS!? I \J "'1( .f,.,/~r 

fo~ - t:t4 
.f /.l-:;r 1, AJt1 

3 (Jy;rt:: '"" Nfl-
<=.. 5°~ 1'{19-~~~L-- / 

It -I r, -(.: . ': uJLr rlf-.'1,fI $ 
-., .' f c,. f,f? -( f,.I1cJ rn~OI VWl/ :r~':!~ ~c..~/If~ L ~--~ Ptf,,'i~ ~tl-L I . tA/l/ ((4"- 'lor if-I wf:;7 

IC.I,JVll -;, 
I ~~~ 

lol{-I' 1- I " a.,,{(; 1 £1I .. r1. /Vl (:~, .""""1 CL.~ ~ ~~~CT~.t/£~$ I ~~ 
,r~~ ~rr' Sj' U w, iJiJr j-I v~r 1!J:9~14 I" -vA- ,t", .~ Sf? AJt) 

; 

Additional Notes: 

.1. 
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GOUGE AUGER LOG JMA 
erchileole 

.:.1 f- <'. ~ 
.. ~.~ 

. Jetm Milner AssOcIates, I~ 

CLmNT_' __ ~A~e~CK~ ________ __ PROJECT ~l2wPJf;!Xd'zF 3 Descri~ed By 1(5. ;[0 Dnte '11/(' 110 

~M 

Unit No. /dq Unit TYPe: 6'7uulL, !)./ ~ A / ~; Location: . 
Ve2etation: I'ldJ<£ ~ 

() " Drainage: ,~ 
~. -~~~. l3 ~/-Na ~ 

Depth (em) CoJor Texture .~onsistence Roots Shells Artifacts Comments .. 

:L.5'y5/1 ~oos~ 77, ~ t;;'·/~ ~oy~ "'3"'-'-:---:'~~ 

0-3'),. ~'( 
M-C..;t) P 1-I,4jf/ Nc.M . (;) Y sk--«-. 
f)AM.1'- (J~ ",sna."l.'V1D.ll L,.,/.~·h.A.M ~- Sr ... ~ • . .A 

2.sy'5/2- F"~ si> ~r/v "oSID fUA [r1~ ""~ (J. 
Lo()$£ 

~f' 5'2 6y f!JN l>~~ P I-I/r1H NtM. ~ ., "'f 5,1.e.,r ~./.. _I~~. D_~ 4".A"~' 
~/'1E"y I ~- 'Fs:.·SD M 0 .f? t,,()o.s ~ Z.(). ,'1. I pita $ ~/·I(} p~ }IW~ Y'a~ u ,2-IP, 5/1 (I 1-IA11~ cF£l 

4~.~~ ... ,I r;1J-th !;)fi1....fp flAll!- WI) d ~ ,L",A ~UAIIA M u_ 
Grt.eY ( 51' FS.t> '- ~(I/v (~ . S'/D ,#~~~ ~14 V<..4-

&l~ ... l{)lP !fll Y\ot> - L-ooSE 
(j j.lASH 

}V f 'a-pl 

DKtr1JCtY wY "V5J..u-~ dMM' .s c/L.U /tIJ~ 
(iJ,E"! I q,.c(. 

MoD u,~t' Ad 
LD.I '/- WD"r:>,:.f(,4.~ Lrl .. pc- O'D~ 

~jJ "1)t(~"Y I-IMM c:oA'1-.~ 

) olo-13 fo G,'l£7rJ:~ {fi~~;S~ F,(2.}/"< f (NI1'fI('~'" ~APdJ +UAA!;~/. st.d.l )-AAI&A_ ·S;,.~ ~ .• ~ • ..,/ 
fKl£ 'I I Ir/..- \J=F'''~ ,,'.sill. ,-".}I~/(/ «uuroJt?"t.A1 4~·~~D,.r:/. ~.~~.v .. S / . 
I)I( Gry '>·Ec.e"F ~ 

l?lI-I(P2- Or~y I '31- 71' cJ.., PI~ .¢ H/J$~ WDeJ\) q f5'7~ ItI.2.CN'rI$,s . 
OCA..L.t.KtIJ \lb~~ "".,.. Jt:.<.r r- ,~ DIA1U r.)R..r-nNooD CI-LNKq fb,tS'; .. 

ert.ey I F-Mc;'iSC> ~ (J. I ·'0- '-, .. /. ~~.\I~ 

) (p 2..- I (09 
'3/- ~OC>~M-P~ (tJ )I/IS~ NVAt ~'~MfiUlt;;;lo.tJJ. ~~~ 
" DKGd S.'(,A II'-IJ 

; 

.. . . 

Additional Notes: /.I ~ 1 "'., ,U..; D~ d~ lAJ"tU1 L-i,,' jA ~ II-~ ~ ~~. ~ J.-e,v; II) ~ ~ /Cx.u I U 
v I 

1 .. .-1 

~ 

. 
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GOUGE AUGER LOG 

CLIENT A r~)(. 0 C, o. PROJECT 1J/i.,cN 8,e..t> FOt'L) Descri~ed By Cirl~ Dnte111f11f!'.? 

Unit No. I (q Unit TyPe: Location: 0 

Ve2etation: Draina~e: o , 

~. - -~rAIID1~ ""1E .1-/tID . 
Depth (em) Co.or Texture . tonsistenee Roots SheDs Artifacts Comments ' 0 

0-14 1 .'f"< ,,; J, r-=-Wl 5 t-.I7,o.s~ N/'r ~Ffi..1;tr ·rJ fir ~!~~. ' . " li:.iIj-.:crM"-"~ J 'ftILr I I".J()Ji-

5-FIr/~«--Gj?_ul!JA __ 1f?:~·~jJl{.G(5 ~ (/ '-(; ~K.. s '''~j M-

,q'L""} lr5 r ;/1- f...- y\\ > t-c? o Sf:'" N~ 5' F-H'tc,.. N~ 
L- ~ /", ""-4 Cr~""'G-<-,'-Wl/:."r/ L~~~a-

o'-{ s~A... ~ 1*ff.~L-~ . 

2. r - 5(, 2.'i'f/J, F-~°.s t.- ,,0.$ '==' N~ 2. FfL,It{r 
ItO""'- ~t;'~~ ~ !-1t·!CrJ4-Y1 ~ I tAJ~'l '-~.>, 
'-, f'JYJ{,45 

~b~ (,~ l ,Ir "II}, F"''''~~ "..'PIVfV1 N~' 1 tY1~ Z-c:..~l.;... L....so/_ 1? f." c.,ILr1-~<-- / v-~G L'>iOo...sL 
, PIf..AV-~ 

'~-11 2.,,'1 r/ t (Vt ~ c.. t; V"I/ 
L. O~ $ t;- ).J~ 

~ eyjr;- IJttr 
.? tj·vOl' f'4J a'r'f'\./~'-, / ~cr 

·~fl!'-h"" SI'-, '~/,l-I 'it."(r , 
00 

~;- \04-' 
I !r"f}1', r' - ,JC-H rltl~ , u t4I\ !"II\. t? IYS'· r-.Jtfr L- ;-0t8 to~rtCr~~~'- / v-~,r 

I 1+-1 GA/toJI) S,+~J 

, 

Additional Notes: 

ij 
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GOUGE AUGER LOG 

. ~~:., ,': . 
"'" ;,. 

CLIENT_A~p~cy~ __________ ~ __ _ PROJECT NEW gtzCPf3 

... _._ ..... _--

J'MA 81chUeols ..I ~~; ~ . ,f/. .~. panners 
. John Mltner Asaciaates. Inc. 

Deseri~ed By jQ , .:TIS, Date" i5/Jo 

Unit No. 12-5 Unit TyPe: tffdM-A/ A •• A~._ Location: 
Vegetation: J'l/)"7tL ~p Drainage: WLU ' , 

~~~ --'£NG/} . 
Depth (em) Co.or Texture . toBsis'fence Roots Shells Artifacts Comments .. 

:2.5 Y It 11- c.:;.p LooS£. U};."J- ."'\50$0". ~ jY-Q~(..( ~ 

0-18 l)KGr'lI3N j!f H~$H ,If 
Mol Sf .Q"~' II __ ~ -' 

M DT1"&..fit £) -r~"'$IL.T 
1-005£ 

~/·I, 511.J11.~ O>C'la I z.uI I~J <!./rt....." -I-4-.iGl<.... ' 

18'22-
12.~'f 3/2 ~~~,.., rvt-FSb p- J.lA~H ()' 
2.5y 't12 t1"A'I~ 'PAMP l~~~· --. ,,/ 
2,1:;y 3/ ~ 

J-D(){" 
5·/11 ~ I 'I" ·P<.A 0"'''' vLl~ 

22."30 \I C>)(.~ 'f eN c-M SD ~ HASH {l1 
"" ~ i 'v1 ". .A 1.~· .A'f I ,J 

2.r;y4/2 7'~A'-e '$iLr MOD· /-D05 g '-5"'/0 J-/"/tJ F~j,rAvuJr 

30" 1.t2. '0 I< 6r'f f!)tJ \-f- f SJ:> 
MOI$r 

{d ~ R5 ,<;lVV~--.-' 

;z.'S.1~ IM'dA. 11 ,AoA ,,-I.J In I"'l(" J /J.n A. ~;' ..Irh-' ~. . 1/'(. .t:.,;k W:M &? ~ ·C("L ~ 
.. 

-v ~~ 

J r I , 

).I 

. , 

' . . . 

Additional Notes: 
~ 



GOUGE AUGER LOG ]MA archIteola 
.' I .,,' arohoo!ogi9ts 

, j. '-, .: . planners 
ill John MiblOr AeeOOstes, J~ 

\, 

CLIENT ,A S(rx' PROJECT S .... +lTe..-- "" : .... l Described By 0 k>.,l .DR. Date '1/11, II 0 

Unit No. l~5 Unit TYPe: AIA~~£ Location: ' 
Vegetation: ~ V Drainage: (fOlO d. "" ""- ' . 

~ .. --- -. .-.~ 1~ • JNo '-..-l 
Fr- . 
Depth (em) Co.or Tc~ .tonsistenee Roots Shells Artifacts Comments .. 

l.sy .l<fA ~:l<..t- - ~ ... "e ~ .... -I"lbt. "'-'s,% 
I. . 

0-53 S-l (oose.. - ~y --- SM - ~ .. -5'( c-.ve...'») ,r 0 c., k.$ 

c.1 ..... c,,~~ " 

s3-3~ c.,% ' ..p:~ S-e.(o/.: - ~tv ;...,. . £:1/ ~- S ,,< .. v.(. .I..s - -1 lOY $.'(/) .{ OtlSe" CJ~~~s.t.QI 
~ .. ~ 

:rb~~3 
1,.5i -t~~-c.:><~ ~ .... ~-~~ S",-:~, L(Y SW\ - s::-- a f~,<-k 
s/, .~ - ~#ve" -1C1"'\'\1 "'''wi 

~".sy ~-c;'~ 8f?k,..,'-+ s~jt LSY; s""". ,- S- J {' .. v'~J.s 
E'5~br - l-, . -r: ~Sll So j" Uo~S.e" ct.. ....... ~~\ .~ -, 

(;ft/J lI~y ~~:"'- SiC' 
~ 

t/~ b.1 CeJl.(,r c ~-{-
no -- t141 ~(G,,~b &,,,, w/ -- S~l( 

'1.:Sys/l- b?f:.c. ~j.' , ' 

b C;. -'79, 
~.5Y ~Ir - :;>~:~ 5-5: ~o V\ 0<J(~".e, I~ bc:..-J .. J ...,1' Qo M.f<'c4- ~ S~\( --G-I-<. y I "/~y- ;>.f~ l.c.. S; c.t 

'/J , .. Crl<.y( ~(-~r"'(, S~CI 

Co,~p~c1-
l'\-Q ~ry, r,{" -s: !" <.J '"' r."4..,1 ,- 'It>:f ", .... JcJwl --- Skl( 

~ 

l:1.s'( s/, - ~~:-<.- s..S,' r 

I 

; 

.. 
-, 

Additional Notes: R.tf"s,. , ~ 1'2 oc,..,~! b') (,,,'t.-ks- . ,lVo ~ J r '--c.., .t ~Colr£tr<J W,,'- ( () -=t r ..... ras. 
ft. ~(I '11. ~/7 

'" 
I:~)~ c.:>v--{ 

'01 



\.. 

- , 
~ 

GOUGE AUGER LOG 

CLIENT~A~e.E,K ________________ _ PROJECT NaN eepcDf 3 Described ByW . :ro Date C;I is-I/o 
. "J""" .e.. '-

Unit No. 13/j Unit TiP.e: ~AUtft.~ 411G...~ Location: . at 
Vegetation: ~. .----... , Drainage: Itvt;;l-I.- - . 

~~- t'K ~/NG -- . 
Depth (em) Co.or Tcxtul-e .tonsistence Roots Shells Artifacts Comments .. 

2/5y 7/Z-
te;&'sC 

£5-/. 1$,"' pi'" ~. r,py.J"'~';.u tvl /'i~~~ 
M-e, sl> ..d NASlI 

~. c..t:U. 
Of ........ ~ysk-S~ 

0- If 1,.1'6,.., 
DAM? ·'j"G.Jl,,, ..... ~ 

2..5'1 " II /0-;# SN.U, I> yS>f<.;, c.-Ia.-" sNJJ -.. .::L~_ 

6,-1 
f·M ~l> /.D(.)$/£ ¢ J-fAc;# ~ -'D~~ P ,If --

If- 33 DAMP ~ 
1.'5"1 '1/1 

c;,' F ~D 
1'10 r.;,Et(ATEt..)' ~'7 '/0 ~~ .,. SIIAJ I '::;1~ ~/,cUlt ~Q_I-d- r.u/ ct ~ .. /; 

D~diry D~Z~A~ ? J--IMIt /If (~IV~ ~V-t-I . 
.?3"~'f' . .<;'7,...J),,, ... ,Di 

2·"71"// F-M s]> 
~();E Lt;'/. £S"·10 liP jn:f V'CI , ~a..m~ J ~, ~jl4' 

(P4- 60 trt oA).1 F' ~ I-IIf$I{ f6' ~ . -
(.'£--",, ___ ", 

2.'5v 5/ I "1';'IfGt $if'J- MilO COUIJ4e:r ~?'/v ~S'lo f'..l.Jk:J.yaVU Cla.H4 ,c,ys~ ,1u..U ~~ 
et!J- 10 r 6fy f·/A 5!> 

DAJ1P' 
, #Mt./ fd 

Si--.A ~~_-PU-t-
2.'fy5/Z. 

"1-F.;oD ~t:WSE' ,- ~/-/o p-U1< ,r~ 'I'"u 

10/- {11 6'/8N 
,p HA-$/'I pf 

\r.AH .-..1d wEf 
/..St ?J/, f~9 /..:OoSG 

LO,I·/fi. 

1/1' It? "I>K Gry F '5"1> ,8' /-IJtS# ,6 ~, -hDn1C17~ 
~.AP(J .If.IJ.oI fAJEr 

~4II't1'~O 
fo4oP. UD.u ~ LO.' 'I. 1!?.,1f /1 01- tir1 

Sf r: 5 D ~, j,(;m()j"uf~ -12-1} - I~O S '.,"'1,. oK DIotr( , ~H ~ 
;4~ lov« 1.(, ~U! Wt.f 

l.Sy SIR r/'N 
~.-M ~I) 

_ uo '5E;, IO·~/o 
~::;t 1 

/30 - I!J 8 •. f'll.rrf, ~"K 
'f"tft,£ <7; ,tP H45f+ " fJ.LA. :f1 et"v. .' . .A ,.A ill • .-1;d . wGr 

1'( 1.,'7/f- e;.- cl ~,tf."" 
/YaeL-

.~ r '';'oMt) J~ , I S&~I ~j 61-/(.., (Jrtf-i' '.w , ,6 
V\OL5f . ~'(·/o Pu. 4.rAvLi • ()./~/. RkYJ t! bA~ C'(~ JiJ'"o. ~I"/ 

Additional Notes: .Awr,'A 1()~'aK ~'5 M... et IN'.AAI. ~A /~t.~/~~~ /?A ~: 5: h./ dtLL,r -I h., H ~ S /"'" ;,~-~ 
£lJYI Y\A ~ 

([("' 

jIP1"'173 1c>y(l.'Z./1 
6'-'" 

If ...- , 
(/ 'v 

f 



GOUGE AUGER LOG J"
MA archUeoIs 

.:.1 ~ ..... ~ 
. .~ ~ 

. Joon MIlnor ASBrioIates, Inc. 

\. 

CLIENT A-fF"( . 5 L ~ ,-' 
PROJECT f7"'~ I~i"'-'''~' Descri~ed By p~, y~ 

Unit No. /ttl.. Unit1Jfpe: Location: 
Vegetation: - Drainage: ~-c)J ./ ~ .. 

~.- -- -~ •. -- (~"-Na ('17- J'1'7c...1riJ .,+cJ<>ct..~ .. kj~\,.// c{osp~c;.o n4?- o!Jc.{!:....J'· L~L'~ la~/~}....1.1 r. 
Depth (em) Color Texture ~Consistence Roots Shells Artifacts Comments 

...... v # . , 

'1-,' 'f It:r1l J '( 

vIr" I<~ Wt'.., (,~~lAl f-L" -j .1"-. ~ I 
f!:)'- 5 t-. l.ls ''1..tJu 

M t.." {,!# ~ ~ 
o~ t 0 bt1. s~ 

I;-~'''' . <: 5% ..s-~I\ 

't., S .,.. t-,. r G" l&n? r € 

w",? It..., wrj " '~-t <..... ~.:J'c..~ 
, ~h, ..... ,J;- OJ oS).q-

/0 -,0 ~ ~ , 

"/'- 5A. ,~Nlu ... ~5~ J"!t, , 

Z ,''r fo1, - C'b J74>~ ,. (..f. . e>~JW". ~"~:-A r-q II J. ~7 I,:.L-t t.. 
~ ~ J,c.-o --, 

Cfo - /0, bl1 SDt ~lt ;U'- - j ;~ l.<,.o'f • < I Z 

b~."' F/ - I"I( L~ ~I'-, nc; .J"~ s,-.., If t-'- - j"'''' -1 '- '% 
IO~ - I Z( '3}-/0'f' 5 .... VlP {;.-

fJn../rl... 

&L......, , F" .50\ C o-/'L.f ."..lr, 4- ,..r~- r r ...... .," ;4~- j.'''~ ~I% ~ 

12/- 130 1/ fO'f' ~/a", ..,~ . , 

&It., I Co ~Go 
/ lTf:j~e. 

t1 ~.I:t" I,.r~ 1:(.c..J ~ ,,~ k-<-. ItA. I, " 
I 5 {J - I ~3 5/ 10't' 1"'\0 J'hLJ 1 

h(> 
~-,,~It, ~J"'''~ <.1% So- ..I , 

&l.,.., , 1=';'.(; ~r'l k-
~,.-t. .!..."." 'I . (1-'-"- J""~. </~ 

1'3'" - 13S' 2-.~/~ ("~!I4t.+- ~ II Is""''' " '-1. Q q,..kc., 
{,/-,'7 I' 

F,")p\ I u"",;",r + /I(} 
'~J-J37- ; / I" 'f' 

h,o hO, 

t, ~, I ,~ . .J'- If . j.I\/~L. u, tlf,;),,'( 1, JIl.,k 3',." ~ 'I 
-. .':.;~ 

i=,'J; f-.(.JJ 
" 

, 31 - I 'if to ...... , .. l ~ t"/IJ ih~ 
. 

1.,S-!'" J{("c~r""",1 . .. 

Additional Notes: t)., ~~u""" i J (", t.k-- @. If,l.fe,..,8S 
, 

o v-+- ,,, 

I! 

~ -



GOUGE AUGER LOG ]'MA archUeQls ,I,' ~ .. .', ard~ 
, ' .~. pia 

, ;r. Joon Milner A8BricIates. Inc. 

CLmNT~Ae~£~ ______________ __ PROJECT Nf:Nt?b)Cof3 Descri,hed By &M . Jo Date '7'1" I/o 

Unit No. ) 41 Unit TYPe: ff-AMAL /Ju 1.1,-,-,-- Location: ' 

Vegetation: ,J't1~ 
, I Drainage: Wt...l.R -

~. --tMa' .. ,JCNjj/-
r. ~ . 
Depth (em) Co.or Texture . tonsistence Roots Shells Artifacts Comments· . 

f.t:; 'I ~/1. L..I;-/o .?"'A~~ " ~~ If f5 ...... L..~ 's~ 

!lir 
F-)I\"5b J,..oO'S," 9f ~,.. PiCU~ ~~ -(JUl. s,~ r~ 

()- l..1' '&N 6ty MotS. J'tG f ~.~ (1W"0Ut, P4.A~I'>.'L~ <,..~.nI\'lI.4;.~ .. 
20 -:z.s v 5~.eUt(, ",co.,.p;.,~~ "1~tJ~ ~_ 

- tvltk-V ~n~ I"'~ WI ol..Lf:I. (AJJ olD -0 e-14S r 
&7('Zc ~ "1...1" ~ ( n'ltT1.( A ~ ,; ~'~~ '\ 

1J.?y 7/3 
f" 'M.,1;> Loo.se- Lt>-;' ICD~~ -lei Yo' b.l"~u..L s/f::jnf.~ .,../tI.-<..6t S'~91'Wf1"'U.~ 

pI, 't r>I , ",,.,0/ t?L1A.$ hf~l" c..IlZ..Nt J - , . 

7~' 1~7 vi r.-r '-IA-$H S',,~ ~~.- ~ J 

2..47y ",I,; ~I>~ ~E L?'/o aAS" ~~;~/~, I"~ Ja.-I~.5~r~~ 

[07 - 11)'1 ~lYw SrJ M~ ~ Sf::> wE. 1" fIJ' J.l~/-f I ~wa.y~-t <;"f~ pa-b1J1.c... ' 
Oyl/-t..-- +e.J~!a~ r:r'lf.IfS ~/·/~ P""A 11'IIYA! c!J"A"~ .If..,'/ 

1.~yu/1 '-5 '1. S'2H.re;;trl·otl%-.u;( HM-'r ~/;v,k 'e.-uu ~ SALt/ 

Gri F'''''~P HirSH ; (ILH1'f /10 ~r~ tl"L/ S ,/ 
/11 155 "T'rtAd i'; , S;A6b~. , 

.. 

'-

Additional Notes: t1. lL~1 AvAW hUA_ • ...,J. ~ I-- hJ' 1A r~Al.J~A I (J.A..I.1* 1 htT.D n.iA AA \/ f..A.,lI/ 4- "'-l Il-J ~ 1JA " S"hA 111 ... 

l1kkJ.i~ ~NI/ nlliAfp#" LlI l"i ' h> ~ I #-tu JL, MD AA ttl. ~ ~ a.A1.JJ/1/ hDlid Ir-S:;~ Stt.~ IAn~ 
~/~ aJV}\I1AJ 111 ___ " ~ 'LW_ QJl..1Jt -l- V' ~h~ V\ ~ JI),. J14 , II{.<J iJJu 

r 
~~ , 

~ 
I , J 

,I, 



1\. 
!. GOUGE AUGER LOG J'MA archIleois 

.... I.~ ...... :..~ 
Joon M1tner AeerioIat&s, I~ 

C~IENT--IA~\J??s~ _______ _ 

UnitNo. (~~ UnitTjpe: l~~ I\\.{~ Location: . 
Vegetation: l'\\:t\~ r.:::::--..... Drainage: K~~~g btl .. 

~'W 5/Wd\ . 
Depth (em) Co.or Texture . tonsistence Roots Shells Artifacts Comments· . 

I 
I 

I 

···1 WJ,(.L. 

~-~~ 
'1-. t,'f1;( 'l.. f--"" ~~ 

~~E.. ~\ \-:s-{) ~ (-tt1l.I~ r{~c- l'\.~'C- '. 

1.-\-~~ \\ .\\ 1\ 
~~ ~'f.'"'!.M~ \J..\\-:\J\ \-\~~ ~~ ~NL\ ~ <.~~\ 

\\ &\\UL \' 

~-~~~~ 
1..,\)'(~~ M-(. ~~ 

~\,)\J\R. ~~\ 
t'\~. ~ ~\,,)~~ '!.' ~~t..L- k-( ~\tu..\X-;iJ.lb :r(~~ 

~,~~, " 
\\ 

~~-1-b~ 
I t 

.\\ \\ 1\ \ , \\ t\ 

k~-'\~\~ 
'1.~ "", f"M~~ 

~~t.... (l 
~.~. " 

,( 

l.::!-~~ ~~\,- <.~~ . . 

.. 
,~. 

Additional Notes: 



\. 
GOUGE AUGER LOG 

CLIENT ,w r'f 
--~----------------------

Descri~ed By H G c./~ . Dated"il is /'Loto 

Unit No. L<O> Unit TyPe: 6c.>vc.c AJfo~~ Location: 
Vegetation: t-'ot-A c Draina2e: #\,;1$ (+Mf)~ (4" l5"fl-.. .. 
~ .. -.-.....~~ ~ • I.No\ r. ~ . 
Depth (em) Color Texture . l!oBSistmrCe Roots Shells Artifacts Comments .. 

CD - '"' '5 c:..v- z.. S '1 "'('2. f· II ~A-I'4"( L.()O.5r£ r :' co r-401rf-C (J~l?'4 r'-o,v.c / 

L.r3~ 
~r'lA.~~~ 

''is- <01 z. e;'f ":> I , f S~O Hte~uM rf~C (.l!LO~~ ~~c ~~IO~C"" .. 
Q, 

c., t - Io'-{ "l.S'I ".:J), S'L-rl ~o f""Icro,~ ~....J ~O~er r4OI'fC , ". 

",,0\'0 

(o'i. ~~ ?~" '5'~ F·n~ot::> r-"t~1 ..,r--\ tlortC" ~~w. .... ,-Io...tcs- , 

~a. AM~ 
Au~ ~~/T.L ~ . ~1~ ~f\'c . 

.. 

, 

Additional Notes: 
.-



1\, 
, I, 

!~ 
I~ 
I~-v.\ 
I 

~ -

( 
) 

,~ 

GOUGE AUGER LOG 

CLIENT ~ .' 
TInitNo. ,~~ Unit TYPe: (~~J\\)~ 
Vegetation: -M.~"e:.. - , 

~~~ .. • '1Na 
Depth (em) CoJor Texture rconsistenee Roots 

~-3\c..--
1-\~"(S\'L f-~~ 

L~~ I'\~~ ~,~. 

~ ,-~~""- \\ ,\ \\ \, 

~,,~~ (\ " ' 
,\ ,\ 

\~\~c.- \\ \\ \\ ,\ 

.. 

Additional Notes: 

J'MA ercijleola " I .. ' '. ardlaalogists 
'. ,~. ,.~. p!a~ 

. John Milnor AeecXxaIGS, IrIl~ 

Described B~ Date:=J/\C,/'~ 

Location: . 
Drainage: "'<."\)&~r\U ~" 

. 
Shells Artifacts Comments ' . 

~~ ~t:l'\E. 
-~\~ ,~~~~ 

, , \\ - ~~~ ,~~- ~~\ ~ ~ M~\~ f~LL \\t'\ ~~ 
..J...f\ft....,\-\tl~ ~~ . 

':: 

" " 

,\ 
" 

1 

., 



\. 
GOUGE AUGER LOG 

PROJECT Nw8gdC.t.>F ~ Desc~bed By 1RJ eM 
'--0 ...J 

Unit No. f I J Unit TYPe: ~.f (Jilllf 4 Location: . ~'a (A.AJ- 1-0 J 4,lj- n1 GL~ ... 
Vegetation: ~(,IJ4t:,LI--A", dI '~r~ Ai- I I J 

Drainage: Mod. ~ 

~-~. ~ ilNo rr -
Depth (em) Co.or Texture ,tonsistenee Roots Shells Artifacts Comments· , 

2.;'( 5/2-
M5f> 

LooSE. L.O.OI'/6 L,'j. P-:LA .I i~O.y~V~ 
f4 rf-A~k.... NcM O- Il(; 4if>N 

"Df!.." Jlr.A~ ..NI ~ .sf 
~<;!' Otrl ""''Sr.> LII" S E LI'/o L 5, u poUr S 12£.#1 j ~ \I <.M- .. , lt/t 

1& ' 28 f;)J'. t<J4Y r-loI\$p ,P J./1fS#- NLvt 
DAMI> I... r Gl"U .~vu d!I 

~"e.'1 J ""~ P.AG1'" 
~ ~T'l."\,S a. ~Q.ol'·;' f>~ SI2U;t f>1A. ~~ 

CI (I (;r~ Gr'l f\-")J\~O (5 ,- 4B~s 

Z8 - &2.- DA~P PJv5 ~ r ..f-ro~ t>' ""belt'", bo.,lf Ie q~..s' S'~J 
/ brl.~'i ( '\J£?Il. Y fi,t?/o V~I ltUAf ~u-: 

o.J' 

{;Z;8~' l//IGN&f 
F'. M S '? ~MI')r(.;r ~ HASf+ {>AMP ,)'I"~~~~01 

a.ill~AIl.. .J7lhuq Oc-l /i ~, 'd~ 
v" A _ .. 
. "'- . 

tJ p '-" 

-. 

AdditlonalNotes: -A/f)'" aU.~uV 41f.~ ~C;Oa#Vh~ '" II..JtVJ /WI·v~. "35~ ~ V"'.-"~.A~~ ~''''Qtl-
Mw.k' . / ~+ 5f;.-aA- 45 v~.., /_~ --d- <J-f/l c.4 ~ ~ ~ lcv;. I kLli lA/tvJ ~f1A../1 r b tVl ' ~ 
r . r V / 
(}VY t" N\.U1 A ll.AL1; AI-.. 

J 
, 



/ 

GOUGE AUGER LOG J"MA archileols .:.If- ...... ~ 
. ".. planners 

John Milnor AesOoIstes, Inc. 

\. 

~\\~~\~\-
CLIENT~~~~~ ____________ ~ ____ _ PROJECT Nr.;---' 6f"OFo<ZO Date~'1 ; '1 I "LeJ, 0 

Unit No. ( '? "L Unit TYPe: c oJ c." )N (',,<:(2. Location: 
Vegetation: ...--........ Drainage: ~ C I,) jH r'l!"'r .([.J\I~~' ~ . . 

~~ "No ) ~ 

Depth (c~l Color Texture .tonslstence Roots Shells Artifacts Comments .. 
() r fP7 . 2.'5Y 5/ '3 r1"C~P/ }-'\\G.H IJ'.Jd9ktr Ot'lopt",J fVO~ (/SLo('I-'Jl r-I tC Pl..A ~11 t: 

LOt;, ~-.) G"lNGL-
. .: ,.,,-

'. 

87 .. \q$ ~.-;,.., 'S/' r-. ~NO 1+1~~ 'I!' 5 NON~ MO ..... ~· ~~ t...op~r;;- F'lA-s"T1~ @.. q",c...M c.~ 

C; 

lOS-ll'1 'L.SY b!Z M·~o 
,....,c,.~ ,..,.OHt: G(l.O\(('fof '''!o~~ .'. 

L~6 

11-..\ - , tte> '2..s~6'11-- ~.r1 ~1 14 r~~1 Yrrs . ~~'4;M """OMf!= .t<,,£"·FuSAc.. ~ ~roM r( / G(t.Av e: L/5At-J.P 

,Q',,;. ~ <:.CLWE.L 

. . 

" 

Additional Notes: ~ ~ \r.t. \[j;( fu tJt:\~ ~ '-'~ MX~ \-\~~ -(~-C~ ~. -+- ,CAL\. MM-9..~ '~~,i'\ 
-C~-r~ ~.(~L~.\ 

'- ./ 



GOUGE AUGER LOG ]-MA arch!leots J '. erohaoIogi&l8 ," f., 0.' o~. ~ntlCn 
. Jdtn MIlner AesrioIatGs, Inc. 

CLIENT~A_(_?~~~ __________________ _ 

Unit No. 1'1 :> Unit TyPe: ~Q,E AJCo£f' Location: 
Ve2etation: ~i-{C f'-IO~' - Draina2e: tHo 05\o\"'€'T 0N.E"t' 

~ 'W 'INa) . 
Depth (em) Co.or Texture . tonSrstence Roots Shells Artifacts Comments 
o~ ZI 2.:?"'75/~ ~- rl ~I'U/ 1.\10\.1 tJONI[ (fI(l.()~8,,", t-J0t--4C 

Gt; 
" 

2.' - 41,., 2_5. '1 51'!> fr 11 SIH,-K:) / \-+1(, ... ' ~o~1( ryto~,.t HOMe 
LO~ ~/o.#'ir:'-

~I 1"-1 C,....,tr ", 
'1b - 'I " 

II II " ,I 

~~ - ~'7 2.SY 3ft S,SA / r.A OMU , MO'(.E~ 1'. ~ f!" ~,,'r-l-Q, '110 r= ;= J (L e c;> c.o<U[" 

" (it;, IJJ/PC~ ~~,,~ 

, , 

.' 

., 

, 0 

, 
Additional Notes: 

,', 



GOUGE AUGER LOG J'MA archIteols ..1 H 1 ... ~ . . 'I ~. . planners 

Joon MRner AseOOIatss, ~ 

\. 

CLIENT-+Aw~G¥~ ______________ _ PROJECT NC:tN·~E 3 Deseri.bed By EM I -:r~ Date Ofl ~, I '0 

UnitNo. 174 Unit TYPe: G;OflS£rE thJ~ Location: ·0htJyVIJ"U-. 
Ve2etation: none .--.... Draina2e: 4Jo 0 ~ .. 

~·-----rMD ... . ~ . .... ~ . 
Depth (em) Co.or Texture . tonsistence Roots Shells Artifacts Comments· . 

2·t;y"/Z 
F";.MS[) I-OcSE. '5'/. 

'NtM L. './. PeA- '~(d.,S 
0- 33 '-l'SN f:r"oI ~ HA1H S(J./U~~ WIGS£> WE;-r 

6~ I f ... MSt> LooSE:. ~5·/· Lt;-/. P£A SIz.et> ~e-s 3 3 -~2.. . 5J'D.., >f NtM 
f:n..4 Gr'l 'Wlcst> WE., I-lAsU ~rA.~.I.A" tl 

(XLIi"t I 
F .. fIA~i St7 

l-()(J51£. - L.S"/. ~/2.It.¥- L..S'/. p~ S/~tay~ 
42-'+~ Ir IN r#..Gr( M(1)~ {7. f/A-$H ~ 8~ wE"" i I'No"" Kffr) 

(i-LEY ( F-M'SJ> J-«)$€ LI'/. LI' /' P.EA '!fYIA'VE:J-S J~ 
'-15 - 70 I-tIN Dtt.(:(,/ tRf~'$b . 

wG( ~ I-lH.>'" Nl-M 
~AUf~E ·~/~1YJ~a.JN~r::.urw.'.::"1. " 6rlVtVf.LS 

6fLG"f ' \J'F ... t: tJ\oC'~ fiI. 
~. 

7o-7~ ?J /10"/ $"'1 $1) 'N&'f" f2I NL.\V\ I to " .... Ah~.IIt·~-. 1 _ . <:,;·..u.A~ ~L \J OK6rN (;rl 
~'11 Sf, 

. 
\/FSt> v 

r:nJ try / . 
N\Dt>~ 

{if ~ Nl..111 78 - I {( GrL'f I :; (;J c;t>.,i 
\N~1: ho~Mlwu....- '. . . SCK.IJIAlL.d '-I DI<.6'i.J 

2.7y ,/, C-tJ\ '51::' MOD- LDost 

? 
~?/- . 

NCM 
~~/;.?EA: ~eL.$ 

\ 

Ill- (1)..4 Gr'f WE:r H/l$J/ L<:/'AJ~AI~~ 
2..~y 1.;/, 

Si 
l'I\Ol;)-toM~ '-S·/ .. LS·j. PG.II- c:tUV~> 

I ')).I. {'3 if e~1C- W&r' ? ~# N'fI\' . 
(.~I'A1..LtA.' d 

2.~y 9,.t;/J 
p ... N\ ~OO- f5 . NtM. 't-J.[)U$~ LA"'laL ~k ~ 

1,4" 13' P.>~(... to~ ~~ {I CoM.. tt~~ . cA~o~ 
S~ . . 

(~~ ~ l 
Additional NoteJ: 1/ " 

~j 
.'. 



1\, 
GOUGE AUGER LOG 

Descri~ed BY1A¥-1 t\~ DateS/\~ I\~ 

Unit No.' \~ Unit TYPe: (~~ ~\~ Location: ' 
Vegetation: "l.>-\ g~ ~~ I ~&\\ Drainage: Ac-~t\Nr< ,R";t.\(~ , , 

-~.-- ~ IAIIEII' ~ .I-No r.- ~ . 
Depth (cm) Co.or Texture . tonsistence Roots Shells Artifacts Comments, . 

~1-~'-
1..:\'( .-\\ 1- M-t..~~ 

~~~ I'\~E l'\~~ ~,~,~, N~t:- '. 

"'LS(A{ \ N\~'f L~ J ~M~l..f.b ~\ 'l..,~ ~1- ~-'~.i~_ .%~. -\- 'l.'.~'t.ti\ ~\.... 
')6;-\ts~~ ~~ M.f~ N.~E ~ r\~~ ~.~. -f-W \>~ ~~l- . 

\~-\~ 
"L ,\;'( 4-\ L M. ~~ M\.'J'\t-

- ~~~ \U\{~:~ 'L.q \' ~'-. &~ . 
~-~~'t.. &~~ .~ f'\~~ f-f.~ 

\~-\~ 
1-,S'(1...t;( , ~b~L( ~~~ C"~E.. t-\~f. N.~~ 

-~~.~~''1X 
~L. 

- \>~~ &~q~ f~ '~~ \e(\~~~.s. 
\~t:>""~\--=+~' "'" 

\ 

.. 
. . 

I 

Additional Notes: 

! -



-------

GOUGE AUGER LOG J·MA architeote .1 .. '.~. . ..... :.. :~sts 
. John Milnor Assciclat8s. Inc. 

CLIENT A~ 

Unit No. l8" { Unit TYpe: Location: . 
Drainage: 

(~~.'1 No 
Depth (em) Co.or Tcxtu'te-rtonsistenee Roots Shells Artifacts Comments·· 

,_ ;.1 r~ ~ 

y Vlo 
, ". 

\, 'y. b(~ k - ;V8-'f, ..(:'ew re~-~ ;ze. ",{.,,,e.G 0"u.;~+-

Additional Notes: f' osc;: ~l ~ 

./ ! v -

~ -



~!~:·:~~~i~<~:·. . .. ·'("91 . 
't~t . 

• ~.i' •. 

GOUGE AUGER LOG 

CLIENT /tpr;i<' 
» 

Described By ~ Dnte ({I 71tIIV 

Unit No. 181- UnitJ'Ype: WAOqE.A-tl68l- Location: 
Vegetation: N~NE - Drainage: (700 r:;;, .... JI---~t,,--- 'W 'l(HaL I"': , •• . 
Depth (em) CoJor Texture .tonSlSfence Roots Shells Artifacts Comments 

SUII_ t II c.J "D N( 'T l'E RE.f' MNeD ~Ei - SBI€1(; K- ~e~ 

v~y oAi<S6. 'f;£'_A c.-H ~ Jt} 
'~: 

, . 

\ , . 
"" 

., 
, . 

" 

Additional Notes: '" 

'. 
~ 
I 

.... 



~;' .: 
~ .i'· 

\. 
GOUGE AUGER LOG )M-A--0 . erchIteole -- ; . l1Idledogtsts 

./ .' ,., . onere 
, . j .. ~. .,. pta 
, ~ John MUner AasOa81GS, JflI~ 

CLIENT~~~p~~~~ ________________ _ DatEPct /, 5 12~ Q 

Unit No. 18''3 Unit TYPe: (""'\'d.)t-.E. A.. \I-P-t> Location: . ;OJAe-C,..t\'l ..,-0 'T"(;L~5(oP'N' o'tt/HN 
/ 

Vegetation: .~ Draina2e: A(~l:T (t.tw~ 

ftJtmfIt. ---- (~ 'INa " . 
-:--;;. 

~onsistence Depth (em) Co.or Texture Roots Shells Artifacts Comments 
0-51. z..S't ~/l M·e. ~ L~·r100, tJ.-tu'-i£ (J~~,.., C') )0 I 0 \ '2 rc I'?u (I' oc:..t:!-e"~ 

~,~ 
c»d~~ 

,.,~ tO~ . 0019 
'5" .. (Db '2.,~'1 'iI' F -t-1 ~I? f"\oO tJ)r-v>~~ ~f)I"\.c 0P~1'4 

a:>G 
Il"~"" u 

~~~ '2.$4 ~/' S""rH S,vr ,,,""" o~,..,~czrto,. ""'t>"'& ~o\'Q'" " ". 

DC:. 1'~'f"6 II 

~ ('l;; 2..~'f SIt 1'- L9~ f-Oo;,~ ~o,.·ilr .(].~I HO--rTt..t'1:::» ~/2-7 Y '1/, t)(; L0o,JlS~'I1 N~ ~) 

~. 
., 1'1.t4-L 
t.f4-'IL~ " Ho1'b', " 

o· 

.. 
: . 

Additional Notes: 



--_. 

. . 

GOUGE AUGER LOG ]'MA architects .' I 'I .... aroheologists '. 'I.. . ~ . . - .- pia 
. ;n John Milnor AeeOoIstes. Inc. 

\. 

C~IENT AIM'" Co PROJE~T u,w a~PtrJ,L.Q Descri~ed By (;4P'~ Date 11 'to110 

Unit No. I%Cf UnitTYPe~ A1i) T .L~ · . t/v..Jr r} ~ sr/l.. '~/J ,-,,'1 lOt!- J> /-} '-r /Z1Jf/4' 1,1-

V ' . AliJ,J~ ~ DrainJlo~. A&I~(',fI\..,J~ t<-.., v£A • 
~~.~ SlrNaJ . 
npnfh (em) CoJor TCJl.l.uIC f1.1 ~ Roots SheDs Ar!~ Comments . ..... un;...., 

0- LfO 
12../;1 ,/~ f - f"'\ 

L-oc>S L 
10fT YfcJ 1% St+!Lt-) L I'~Q 'f., A crl..A c/ ~ <-'. f\jvC\ 

I(}ltll'f IUI/IJ -,ftfVD 0;1-""1,0 '. 

40-7-5'" 2-.r1 ('/1- F-M u::>oS (. -
Lft.~ 

k I cr(P 51flu-( L- /r'Yb (J ,t.f;r (r;t,14 v'.4.tf.-

:~rIJAAAN'-J t 
..s-f)- r-JI!> 

't)~N1 ,0 
I ~A- NA 

~,...,.,. 1 . .. 1'-

1'- 3~ 12..r~ "h p.- "1. t-~5~-
r-.JA· '1~S P"t1-

~ I "'/u S'I+ ~~., ~J~b fJ €~"-14 ~ 6- '-

~~jr1 Jl1fJ; ~"? CA./£1 IT 'fUJ 13p- >aN ncr-,t} It.) 

. ' 

; 

.. . ' .. 

A..I ..... II ....... . Il 1.. t- "'-Jnr L. At- LJ t(' c/IV'. '" 
PfOlCS; . 



- - -. __ • __ orr'"" •• -,...~.~ 

GOUGE AUGER LOG l-MA aiChtteols ," I ~ ~".:. ~C9sts 
, ' ,pa 

, John MIlner Aaeriolstes. Ina:. 

\, 

ArEX' CLIENT __________________ --- Descrl~ed By PrJ.., j fl.. Date ~ /', I 10 

Unit No. lq 0 UnitTjpe: ,tr-'".Y- ,1 ... y.-s Location: 
Ve2etatioD: ~ Drainage: ' , 

~--' \~ iAYNo . 
Depth (em) Co.or TcxtuR ,~onsistenee Roots Shells Artifacts Comments ' , 

lo'r~ ? 1'> f .... ~t I /£, 1\/0 . ,~~r 
o - " I krL' '-- i3 .. ,~ 

$"",- t4..,..... ..:-
" 

2.. ;- ,.. T:;',A,q t rrv-<. 
I~ -( 5'/" r,.,.., ... If r''''-(..J, . ......., J' .. ..,.J"S 

I 1 ' 2,q 
'1/1 )"'- - ~ 

S'~ ,...... ~ f.oe l, r~ r~ ,rlr ~4 I, 4 ,t%. .,;" ... /,- ~J;"" z...S t"- Co " J \' l"11c, 
J""c.( (- ~ .... , 

1~· 3~ - - jr.~] 'flf cO""""f*' (i- "'-'l ),~ ...... q ~,.,L ,,') ,C-/IJIo..N., "~J f.t.", ~c-. ({t' ; b t't~ ~'-l.. It. 
~.S' ,.. r,'·~~ """Off{r J' 

(... , I Y. r-,-. .. If-,.,!cl ........... c-o-p"'''' .'\-(J;,,- .1'. u 
~; - ~~ ,r; I I s-..... -

b~~~"" ~.(t t"-~o, t!' · 7'.;],-rI, .," .. wAs .' til"',. \ 

"l. , S ~ r,'./I'1e .1"...,,,f{- rL..r& s~ tL.fb~lf. ; I'-/" J"'-. 1, - -, ~ J.-Of _ 

)~ -y) Co-,! ~ , ., - I~(Y' -
, }: ... ~J t.r/, 5M ~1I.JA, of 1'-'-1,.".,' (I",,,,,,, -L ,. ..... .:l J.t t'" 

bU., , (/'S45',' ..... "I,~ { 

J.r~~s ~1 - 5"0 (0""" r .. r ~ - -' /VtI 
1-,~/N -
bfL., ' 1=,' 5" s-" t. 0-(' t ~ 

~f"",e , I ·/." ~ ~t~.-\ So r ijl~ ~," IlV'f - ~N;'III' ,-. 

'o,.,~t"" , P1v,,~.q (/,.,- G .... TH. ( s~ ... I(;"p 
~' 

~ . , 
.,;.i#' 

.$.,y , 

,~' 

; 

.. 
, . 

. 
Additional Notes: 
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\ 
\ 
~ .. ' 

GOUGE AUGER LOG 

CLIENT APEX 
Unit No. lett Unit TYPe: A~ ~ 
Vegetation: "",c;r~ ar-i-~~ v 
~JI -, -~r--' J l:JjflINtJ 
Depth (em) Co.or Tcxtilr"e .tonsistence 

~sr ~.,c~~ t· ' 0-11- 'V3 ~~ ~~ 
C-I~y I ~.LcO'\~ 

{ po5e/ ,1. -) 3 4((0'( sJ 
c:%' I+.;:r s~~·:-

3~-s6 3 S C-'( IOQSf!/ 

3~~47 '. a.11s I 
{,.'\\A.w ~ 5~~~1~ 
S~ Vi S <ry 

~I ~ l \l.k .... ~~J Co"",?,.,c t-~?-S~ l~5(;'Y ~ 
&l(~ 8 () 

Q.~l' if~~-~ 5e..wt'\ 1-

<-Vb 'f .s~.J> Jo~-U 

~D-I~~ 
2"gy .t' :,~~Co ... ~ SQ.\AI\ ~ -

%'4 SLir"~ \..o.()5e., 

!~~- 13'7 
mt-yl +'~~ C.o~'}c-( 1 

9-,5( AI S.'v\ 

(57- I~g/ C-l(,y I t~~ . 
C ()1tf~e~j ~.F, Isrr'/ ~: 

'00 GI~rl . I~:~ I 

1451'., rt5 s:[) CC)"T~+ . ~, liN 

,.L 
I 

\ A~ditional Notes: 
. . 

I 

J'MA archIlects . ,'. ,'. ~.. . ..... :.. =sts 
John MiblOr Assriolates. Inc, 

Date 1'/(17 Il6 

Location: . 
Draina!e: OtQ-oA . , 

'-' . 
Roots Shells Artifacts COQlments . , 

~:s..t is/; -<$ht';''b~ c~ ,. 
Y brCl~ ---- clO'W\ .. Sec. 11 "lJJ \ ~,~- - -

( -te.'4 r!t5!:":''!-~ C" . 
y <J"'-~ cl~, ~Qq If elf> dc.~.ss...e I 

{ ., "\7 di .. ~ t IIJ 
t~: .-~> ; .. --- ...--

nO skd'/fp· 

- '~ ... ~ r'~;c' rIo ~ (c;.I4. \ , .' 

cl..'M ... scqllor . 
+--e,\IV ~~"·~.0Icv.eY; 

----- s\...l..l( C"'f't!---""" Clc.tII( \ S Gtll~ .. 

~' 5- \~7. ~-S ~,rc.v ... l 
'--- hI4d-$1IIl c..t",,~, s~Uoo ~ . , 

~.l!r.~ I(J - lS/, . P "- J\'z L,. - ~J .~~ <.ve.1S --- ~-~ ... Jl~ $<="-1 \Sc.~ [fa PO. ".':;-

.-.1 

.: <.57;' F~~ -5 ~z~~ 0("~ ve-~~ 
'.~' -.... ~~ -., . ~ cl.I&( .... ,SCc. tlo.-p '\ tv-0' ~ ( 

'.0' ,,~ 

~ 
. .. 

VI <> ~l ,-:-v-e., l ' -
'tl4A~ 

. 'yt II', ir~.Iet I -- )S~/' I ----tKJ c,-¥' 
~ -- ~ 



/\. 
. I GOUGE AUGER LOG J'MA archIleols .1· .~ ...... ~.~ 

Joon Milnor Aesriolates, Inc. 

Descri.bed By3A¥-\ I'l~~ Datf)" A~ I\t;> 
~ 

Location: . ~J\\:\ f\t\~('u 
Vegetation: -,-\~~. _ ---
~. - -~I - ,-.',.'1 No 
Depth (em) Color Tcxtuh- f-tonsistenee Roots Shells Artifacts Comments - . 

'I 
I 

- &MM-L- ~U::. ~\~, 
-l~~ ~ ~~Wtl--t- ~~ ~.s. 

I 

I 

I -fHoP> loG; - ,\, 

\V\, s~ .... o 

" 

Additional Notes: 



·1 \. 
GOUGE AUGER LOG j 'MA' l. afchIleolS' , woheoIogisls ., H ... 

", V-,. ,: pfa~ 

. Jettn MlblOr A88CioIates, IIlI:. 

PROJECT' & .JOM i 4',1 ~t· Descri~ed By __ Date 9" I'lf-I (1)10 

rt 
Tc re Roots Shells Artifacts Comments·· 

L·S ", 
Ned-

LOOSc, ~o ~(.s 
(oq,ICt o - 1 \ 
Met!. Loo£ot tJo "f~ 

Loo~ Alo· ~(.~ 

No 
52, -,(g \ MO. 

1- S'l k\o 
-'IS L-oote 7lo 

~ ~ 
~. 

~. 
Additional Notes: 

~j 
.t. 
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\. 
GOUGE AUGER LOG ]MA archIteols 

: arohaoI0gi8t8 

. " '. fl, ...._ planners 

. John Mnnor Aseriolstes. I~ 

CLIENT APEX' 

Unit No. JC;~ Unit TyPe: .A~~ Location: . 
Vegetation: ;ef . ~ "\ Draina2e: ~~J .... _-----IMD· 'W "Na -7 '-' rr !> . 
Depth (em) Co.or Texture ,toD~ce Roots Shells Artifacts Comments· , 

a-'S( ~ ,S\" ~:M-.....ul lo.oS-e. s~- ~:tV .... - cc.;: ~J"~' f.<.l.~~ (LS./~) 
. ----

S7Q-vJ - ~ -U;.Ltr ""~T clo.. M ,.rCc 110.0. . '. 

S?_yg 'l-St {~~~ Io<J$Q.. Sh\- \ I c.ca.\ f- I~- CO q :se. r-t..I0!'~ (~s~,) -- ~~ 
~. ~~ S~\A-J \Net- c/o.~ 

~I/~ 
G-/e. '( l \'heel -CA::

4Se Loos.-: ~ r<"l - V r,~a..l . . / 

~ ---~l.=tf() '( we..t -. 
G-rey ( ~P:~~ ~b~~~ !-

t re.~- 5 ~z~.J· ~c-ve-\, 

)J ~- ( 17 Co- -- ~ J,'S/S G-Y s; '{ \.IJe"i' 

II Y-·I,lt <r-l~y I ~:1i1 c<>~c.-r - - { fe~..;.S :-Z~J ...3r~".e.. \ ----Lf(IOY ~: 'q "'~ .. 

\2.[- IJ (} C {-!I'l' . 6.'CI ~~cr --- 3 L1-" ~t2\-V flt4 -$ [zed dC1 ve,...}.5 

]/,OY ~+ --sL ~. {t - cle\'vf 

.. 

. . 

Additional Notes: l?U>O' k' I~~5~Jl/ /llb ~b5 : V!~~L(e..... 1-0 _@+r .. r,t' J3e ... ILf bCf.It., bs ~ , -J 

! . 



;J 
~'I 
,', 

'. 

GOUGE AUGER LOG 

CLIENT __ A_P_~_i ________________ __ 

Unit No. t '9 l/ Unit TYPe: Goou,"C ~(L 

Vegetation: ~o,-.jr 
~ 

~~ ./CN!fIj 
Depth (em) Co.or Texture . tonsistenee 
0- Ci''1 ,.$ " laf, r--,.c. ~~ [..OO~6 

'-!lb 

q.~. 1~1 2-'5'" 5/' F ~.o lie!) 0 (;(\1rlT 

<?> 

t07- ,,~ 't ~.., "'I' S\VN ~ptf'1:o :t'-CoO I;' ;0 ~ N. ~(:" 

'-lOG:. 

Additional Notes: 

J-MA archileols 
.~.I~ ... .'_~_ ~ 

. Joon MJ1nor Aesciclalea. Inc. 

Location: 
, Drainage: A <=-v~ Nf,- (2.1'1 n'L 

. 
Roots Shells Artifacts Comments 
~""if (]P:l'?lft''/. ~o,...c 

~\EoH CoM. 

.... O'rJ C' (J~~~/ f'\ O""'tr 
MOC.f!~ 

,...Or-J(( r-'b~~ MO~C' ,~ .. 

.. 
/ 

.. , .. 
~ , 

1 

'. 

~ 



~, GOUGE AUGER LOG ]'MA an:hIleots ,I, 'f.. 1, .. :, erdledoglsts 
" ' "p!anners 

, lit J,*," Milnor AeOOostlts8, Ilb~ 

\, 

CLIENT Arezc ' PROJECT f\'8VB@?4PE3 Descrt,bed By EM ,:r 0 Date 1/2.11/0 

Unit No. 14~ Unit TYPe: GoCJ~ .4e.'-~" Location: ' ,'L. itf4d L.t ~ 

Ve2etation: JIIImi .., -- Drainage: Po~",;. , , ........---- ... ,rNlJ) rr I •• 
. 

Depth (em) Color Texture ,tonsistence Roots Shells Artifacts Comments, , 
J..7y ('/2. F Ptl\ c; t> 

t-ot>S~ L5#/. ~Mf' ... 10 '/. PIfA t5(7b1rVe'-S WI"'~W (iri..~ 

15- 37 ~"'SNiifY Wf~';:'~ .. s 
w·e.'r ¢ ~u- '~Ib--~-~ . 'Cr, I.. ("'DrraJ') 

ik/,;."II \Jf!SiGI "" 00 EtlA"fE - Lrl· WODD ~ -t';~s wool> ('S""",,~) PillS A;<t.W'.SmAJ~ P;(~ 

31 .. 4& 
1/loy F'~M ¢ HltStf ~ 

ATV/$AlIIJj./Nfi:.W/ D1..t>VIIOt>t>P'j.("'If$~Ft.u,.. 1lT"r;, PiPe-

V" ~ .1 'Nef' (Nor-I'm) LI'/' PEA SI~~$ ._C:;c.r<E.~ 
6t.y' f'·Mc;p L06SE. L-$'/' t.. '5 '1~ PEA 51'2.£::t;J:: ~,et-t;; 

4ft,- fd( 
",I'DY W/c..~t> 

~Er t7 #It:SH Nc.M 
~N~" <I!'" - ,---v 

fxLy I \I.,: .. W:t;;st> MObEItME LI'/, C.QAL. t..1'/. PEA SIzer:;;, ~eL.S 

(,/-73 ?l/.IO." r Ii"I we:r f1 HAS.# Nor J<Ji:f'() ~,..,--~.--h .. ,r,tl /.N, 

GL'I • "/, \If='5t) l-ADb~ 1.0.01", ~/'I. PEA' S'%EP~~~5 
Gr",ery 

~, NC.M 13" It)o GrL'i' 3(Z: ,=,oSi we-r' ~IJ 
" DKGthi ~9a2~ENc~ , 
~1.fH1 F-tA ""~te':6tA1"E- t. /' /. , 

~eNl 
It-J pv>nttA1.. UrY1t:7f-

/06'" 105 
z,·s/,., . CokL,. f1 ~ wE:1-"' (I HASH- ~/'/. P~A~~S 
~ , _~r 4. e; p"J r:;.n 

(XLE,v I Vtoo~ l.. ,./. 
~O(.y-ENe:oUS> ' Iot/ttli \IF'~iS9 ~ ~~ 

105- 11,1 DK<iNeri \N~ ~"" I~v sn:::u. ~wc:::. J IB '1'11 ---.... ~ N; -r Sr.D ,.. -. .,.~ .... 
t;Lf:YI ~o~. L.I' /, 

, 
.~ 

I'LI-- ,52- ~ 
\J' f . M'7iSt) 

~er ~ J'~ N(,~', 5'/. PEA-~f:v; ,~ut..F~tb 1\1 ~ 
<J 

ifrrA£~ AM ~ IZ.L ~AD1M 
\ 

.. 

.(J f)' 
. 

Additional Notes: 

'" ~ 

.1, 

'. ! -
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:::":::~;;i;~~rx,"~~:::"" . 
•. ';_ ."~ .. _'._" .t " . . . t, _ it 
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GOUGE AUGER LOG J'MA architeals , 'n 1 .. .', asohedogisls , . 'I... j:Mnners 

John MIlnor AseOOfales, ~ 

\, 

PROJECTINW &e< CDF3 Described By JR', EJV\ 
. -:fo 

UnitNa. ;'00 Unit TYPe: .a.h.l..lAU t2~~/ll.IL Location: 'S~,na.#'" ,doL, :, 

Vegetation: SaM-M ~ 1t~ (I (I 
Draina2e: ~ ..----..... ' , 

~ ... ~ 'rN~ rr . 
Depth (em) Co.or Texture ,tonsistence Roots Shells Artifacts Comments, . 

10yr<. ,"jlr . M-GSD ~I1H +- LS"/tl pIli soH" I e"A( l(Jyte co~o",. 'S~ OY:"dIZ~ H70H~7 
Dty~ 8N 

/..:.O°5~ t"ODHefS .p,,-~ ;v\ 
0- 11- sz..?yl#I,~ '::·M SI;> riM'" 1f)"I(J p~(~'v~ M1/~',s4U 

&.:1' tJN 1)d-iiVJ (nll+ 1'4'+) '~C;/'A;P.lU 0'7(. 

2.r:;y~/' ,f(ACe G. SP LI"/" GNf.J ~s. ~~/ .. p~ 5;~ ~ .... a"~ 

/1).," t, 3 "''I F-MSO L-oo~ # "A~ 
, " I 

'D~ (~fJr Jii,1-) °Y5kvf c.i44M sJ....tu. Srfi'l~ 
~t.L'f , MOdVA.~ 

If· 
L '"(" ~~ Lo, ",·/~ 11,'C/UJ 5/~.lk,yCf~ . 

2.3- 3r Itl- F-Mt7P J,...OQ9'-- ~/'/" f'-l.It1 S/~~ 
1>" 4'1 'Nt.-t- /-hA~ 1{}1~I-/~f) lA.A1 i ~ h~' skU/ itt ~ S~~ 

'h~'f ~/~ 
F .. M~C> 

tvWdU'"t<~ . '- 5 1 )# Lf"I. ra""" s ;~4"~ 

37-63 t. r: f5iI'J Gry /-DoK- ff f~H Nc.rJ\ t-t; '/0 p.-c....tJ'- ~·rt:4 v 

WlU"" J?jA .;. .... ,.A ... .:.·J/.~" A~ A.A SrA'~~ 
2-'5"1 ~/iL "AAC~ c.So ~d~ 1-5 '/u CDtM~ L~7" ~ ?t~v~ - -. 

u,~ '--!''L3 bieN 'F-M SO (6~~ rI· 1-4.+$11 (1111 f )W:Jr ~ lAM i~h-f,·uI $hd.l ~.C; J'~, 

2,1,y '5" 1'"~E C$(7 J..o. u I-I, ~('I" £0.0' "/", jUA,ft:,c.. <),~ ~i( yJ,/ 

fZ1, -/31- Gri F·tJ\ '-7.1) SarufGtkd 
r~~~ f{ ~6\t N('N\ '-5·' .. ~.vt Si2..d ~~'v 

_, ~gi'1i?~ ~ ah.u.i. I.JI_I..,J. 

I, . v -~ 

U1 '1t/~ I j I~Q &1,A __ £ A, ~AA.IJ.L{ .~ 

I u 
~ -. 

Additional Notes: '. 



\. 
GOUGE AUGER LOG 

CLIENT At' .e/ PROJECT NOO.BE£t?cbE 3 Descri.bed By ;n~ ,£ M Date " ill/to 
-:l'" 0 ,AI', G D, NC 

Unit No. ~P ( Unit TYPe: kllM-Al .Au 4h~ Location: . cSAU-m lVt44_ 
Vegetation: fYI~ ~.AAA,.-~ ...t4'\~~JlA~_~ I1"tMUt~ Draina!e: POlTV r R'Y1.1').,J".A~ .:. 
~:v iW, ".II No .. rr ~~. . 
Depth (cm) Co.or Tcxfttrtr" .tonsistence Roots Shells Artifacts Comments· . 

')"sy 3/, 
S,' Mt$~ CI; V'A. pa cA- RouH .,. 

0, /1 'Yf)K6ry I/Vlk-
ro'Jfld'1r f ,Jcf'{ Mlk-r$k MKJ' '. /('/,...4" ~.A'I' ""'_ 

6rLEy I 

~k 
""od. l--OO~ rI ~~ .. 

11";20 1;/- c.m..(J~. NuJ\ 
"DI(.~"· r()(1~ )1(J~Ai... MtU! <"'- • --- .. ../ 
firLf,/ I M,.A.C4~tA- L5'/1I 2""UCel·s,'2~ ,o.Lhh~ 

to,85 4/,. .f?{'{ 
F-)J\~ 

w~ 
,..o,·~ Hp.~1v }lCM, 4>"/. P-LAJ1~d- .t::,.~ •• _. ~ OK. ~', ()u. 

GrLE,,/f C(; 'Mpo...Ck" LI"I~ IVI () f.+/..tJldJ / C:ri..£.t( I 5"/1 Cf1.J t:rY v; S ~ 

B5" q 4 s/ir'l MS", Wtk f f/AIA- 'kla.4 
~Grl't-/' '. . 

.f:..'/~~~.J1t.J ~'(';,.~/I' . 
~L.ey ( 

F .. Mt,#L J.1trPL tJr 
~ 

LtJ,/'ID IP~!r'~ 
14 .. IP'L ttl - VKGry ~ #A1"': tVLM S;'L •• __ ...J 

"'Uti 2.t;/"1?U< ~"d 
.~ 

LI'/~ tt"''1~ ,,/11/0 p.uc.jrav~ 

102-115' ~t£.( , '5/. 6ty VY~ CtJwfALY HtuV- ~~l ()Lf51iv', Mvii ( . ~.I ~.I.1"'A_1 
oJ 

()" .( ;J I f{,.r {ljL,IA4 ~ I~ //~ ~~ V 
d· 1/. 

. . 
.. 

Additional Notes: ItA. Sf- p~k' ~~~h~ - ~~ (/./IJ!.) ~J(Mt f1.L.9;( I-c k, Jf/Z"dt'~ b&M. 
~ 1t?YcJ'h.' hi.p~~ 

1/ 
, 



'. ~t). 

GOUGE AUGER LOG J'MA archileots 
. .. 1 f/ 1 .. .': ~ 

John Milner Aaeriaate8, Ina:. 

\. 

CLIENT ':kt. '1'-- J ClIL\_ PROJECTso~_ '""Itrrt;t'NlrL Dateo'V i./LCl\O 

Unit No. "2-0 '- Unit TYPe: .A:reL Location: '~,t-L.-'r t1~(Z.* 

Vegetation: ~'+L~ rf 1(1. Stl coa~ Drainage: kU5~IT (2./ 'II:.-Il... 

~ ~/NG II': r. '.'K' . 
Depth (em) Co.or Texture . l!onsistence Roots Shells Artifacts Comments 

o - 7-7 ? .~'1 <45/' F-M ~t>' '-oo~ ,J(JM( MOO, ~D~IL / , .. , ... , 
I 't' -. -, ,', 

G 
u) G(lJ..t(cc-

pl'k>"1"O:,) ,00 -' ooq'f - oo~~ 

t. 7 - S"9 GLC'II r- . 5,1\-,..0 "'''00. ,- L-o""'> 
,\ 

"2.s;1t4 
/ 

(].LACI(' (?tMoTO~ .. 
~ - <d ~ GL~'" I Vl(l.V F/HtC MCO. .' t.:c)I.J 

" 
r0C;5\Q,~ t 1'\-4> 0 o~.' yo I M r "! 11\1""101"4 

!<pI, 0'1 ~.t:>' 

bb f»o-rth .. ,. 

S'3 . riC)e. '(;.LCI' ~,H(" S,,-,,,, (,,00, ,. 
L6OJ/ I ". 

':)/~ $",,",0 ~~(2 
,I 

\.1 j) Go '- fYSt P.HoTO~ 
.. 

"/ rod • OO~7 ooLl~ 
I'Z_~ • ,u.., '-IV r-. 'YNO M. Ocr-J?t:" M1C. H / Z·S Y , ., 

OC~S~ " 
O~ Pl~,-os . ICO. - CO'i, - 0'09 q . -

f"" I . I b"L 
C Lf'l I r;, ~/I..'- OC~,.; . ~ol',r ,I 

~oSo~ c:!lr' \ 'S/IO Y I F- ~t:) 

2.?/·M. 
PihYro'7 .1, t 

I b~· 17,'1 (.j['f , . ., "!>I~-r ()t._~~f StM..~ r-'OM~ . 1 (L!'Fv~ L ~~\=- ~NJ\\rL ~~~E. ~-~'I~'J~ '{.r;/M 
(3,LA-("~ c?r.fu«>5 -.~c:~ 

\ 

- . 
,-

Additional Notes: 
~ 



]MA archUeola 

.:.1 ~ J ••... ~ 
. . ._ r:Wl 

Joon Mllnor A88OoI8t&S. In.:. 

1\. 
GOUGE AUGER LOG 

CLIE~~~l..J::,'j~ ____ _ 

Unit No. b3 Unit TYPe~ \~~'\bt ~ \~ Location:,-~A-'C\ M~~~' 
Vegetation: ,,\~ l-f.Jn( <:. .--..... 

"'-oJ 

Draina2e: A ~\\-\r\'61' ~~ .. -
::- - -_~ l'W ''1Na . 
Depth (em) Color Textu'te- ~onsistenee Roots Shells Artifacts Comments· . 

~-~~ 
1..S'(~\1... f.~M~\U\ 

rl\~~)J..ti\ Ah~ C'\~~ ~~c. 
- ~~<i 'L\\ ~ ~~~~'-l\tf~ 

~.~kl,lq~, ~~ - ~~~ \~~~ t ~...:. \~\J~ \,~." ... 
~1\ f--M ) . \J 

14.::t4~ ~~l. ~Mh ~t.~ r--\.~~ Mt.l'\.E-.. r-\~t. 

~'(\ ~~.~l ~\{\ 
". 

~t:-
" 

~~~\\~ 1...~( t;~J 1fCJtl.a.k{ r\d'\SC:- &\~ r-\~'4::.. -~~~ \~1-\~'t ~ \~(=f=\~ •• ~'::'\ . .s. ~ It~. L 

~1' f-.&~~ 
r 'J 

\\1--\\-t~ 1-~ \~)' ~~E r-\~~ \\ f'\~~ ~.a-. 
Cd.£.'{\ <;'"I-\:\'( M~ 

\\:t -\ ~\c-- '")..:'1 \~~'1 ~ I'{q..\~ M~~ ~\::.. ~.~l. 
. . 

<dv~'( \ r-·M.~ ,,~'( ~~ \1\-\~\~ ... 'L.'~( ~ll ~~ ~i\:. r-\.~\=:- I~~. ~ "'~~ .~.A\ . 

\~,- r:f\~, 
~\..t.,'( \ ~1=(~1 

b~~t:. - A\)~ \C:E,.MM,. <::.- \-=\-~ '-- ~£-"\ ~ ~~~~'( 
1~ '-~'i" r\~~ K\7l'\~ K~~ . t:f-. ~~-~ . . 

'. . . 
'. 

Additional Notes: 'LM,.., w. f-~\ E-. f-~~ ~ {\ Act ~s. \\ . 



;:'::"~7>:~;~"?""',';.C:-~' ... 1 

, .. ; ~.: ..... ' 
~; it 

.... 

GOUGE AUGER LOG J"MA erchIteols .. 1 .... ~ '. . f... .:.. i*nners 
'. John Milnor A88CofaIGe, Inc. 

CLIENT--...&3~&-~ ____ --.-__ Described By \f~ I j' l-
. I 

Date 0,/ ~IIO 

Unit No. 2-0'-1- Unit TYPe: 6*Jlf?r£ A-v4E:1l- Location: . 
Veg.etation: NotJe Draina2e: lioo1/ .. 

~~.~ 'INa . 
Depth (cm) Co.or Texture . tonsistence Roots Shells Artifacts Comments .. 

tlSy 51t- ~"'.M'$.b \Jf:1L,/ l~'/fl ~GN~ "T?tt"'{ ~"o$E 
lAJo s·~ Rf 6-"Z, G:i 13 N ¢ ItMU flkJlt-f> TO KEEp "N ftv&.et.,;;· 

2· '5'1 ~/?; ~--c s)) LS I

/, s~~eNet> 
s~., 

f2.,- ~·Lr ",P)II ~ .~o1~ ? 14M,., r;P ~ 

8L. aN 
~AAl- 101 ,-

1- 4 -ij,,1 
~.tj'l4/t 

~.,D rJlL 15-/0 ~~C:·'~ -;, "7~\\.I\ 9fLO~ 5v~m~· 
of( 4'1 6N !.S .. ;.~ ~~ P ~ ? S~~p.JE:'O S"', 

.. 

" 

" .. 

Additional Notes: 
'. 



1\. 

.. 
~ 

&(m.\ 

U'm.'L 

S{\fi\.3 

GOUGE AUGER LOG 

CLIENT f:n>~)( .' 
UnitNo.·~~ Unit TYPe: ~-.f:.. ~ \~~ 
Vegetation: f""\~~ -
~-... 'W 'THo) 
Depth (em) Color Texture . tonsmence Roots 

~-~\~ 
1-;t;'{~1-. M,~~ 

~~~ N~f.. ~.~~. ~~~ 

6\:-,~ \ ~'" 
'1-,~'("~I\ ~~,~, ~~k:V 
",~,~, i)~~ " 

'2.. s'( "\\ , C-~~ 
~\-\q-<A.. ~,~, Itf--A~~l- ~~ " 

. . 

Additional Notes: 

--_._-----

Location: . . " 
Drainage: AGl ~~v-.\g:r ~'(~ .. 

~ .-
-

----- . 
Shells Artifacts Comments· . 

~~\ Kd"\.f- " 

f"\~f:... \1 
~\~bfb~~~g 

E .:.0 

~ \ \ 

c$i ~~ .tf- .~~"M,.;. ~\lt:-~~ M\(~c:tl(~ 
,~ ~ ~~ -C~~ .sAC~tb 

) 

. , 

. ' 
" 

.. 

. 



GOUGE AUGER LOG J+MA ardliteol8 '} : arohedogi&ts 
." . ~. . ... :.. planners 

;0 John Milnor Aeeriosste8. I~ 

\. 

CLIENT_....;....;It_K_f_·X ___ -- PROJECT ,)t>v\-'..... Date} 7t 'tt I I 0 

Unit No. "2-1 f Unit TYPe: b~ "'V- A """1£.r Location: . 
Vegetation: s ~ \+ .At .. .tfL, J~ 

v 7 

Draina2e: w,·.!."-;"" ~.,(r fA...~.r .Jk 

~ -'INa r: ~ .. . 
Depth (em) Co.or 

"-~tonsistence Roots Shells Artifacts Comments Texture . , 

2.. .5.,. r:S4 5; .b·~t q,..... .. I) Vfl' ... 5 i'.,. tt:. , .;.....,;." flU"'') D'-1- ~N' -,/2- y-fHls l, .. o~eVl ( /" ..... I ,..... ")r! , . '. 

L,5 r f,' ,tAl 1~:rL 
J~ttf sr"'_1J I Ire, 51.< r...-..., h - --t J: "'"", 

' ''' t-f) "1.-' z., 
~II 

n:o't> S' to v-.bt~ P 1As.+!' c, ..r~e..1 'tf, S'l c/t,_ e1'7.r U I" 

b'-"7 I f,"{ c, .H", 1\ l r( , ", J rLtl.,,. , Z-L - ~8 ~~ - .slloj S· 10 "'/0 J ""'e./I -" ~ I· .... '" 

? . .; IN .fr- Co'" , Sf».. t,1'b t-{", ~ /(;00"""', n' ... J /"f 
cJ.,7 " }iC" 5~ J""" ... II- 5'-(0% t!- .) ,'2.<., j t-_..,.A J 

5<;:1 - 5Lf 2 .. ~ I ~~'( 1 frt1 ore - V'I-(.),- t, -

t.. .. ..,kt. - t /~ I 0.." lo!l , .~.I!: .. I'·.,. 

S~-.f:II 
{).~~ ( $,' f,Vo I e. ore 5% <- ,f.:t-t,.. I\..l j;" .... J r .. ·t.vf . 
2. ltV - -SA. .. 

" .. 

,... 

Additional Notes: ~ t' ~"l" 1 f? ~5 dL--' hJ . rpc.k. ~ LI '- ~s ctv1B; v"'F,!A" f...p ~ (~f..-..{.J' , 
~ 



----\ 
" 

GOUGE AUGER LOG ]'MA archileols .:.1 ~ ~ . .'. ~ 
. . .- ~ 

Joon Milner AssOcIates, Inc. 

\. 

CLIENT ;4 ? EX· . PROJECT 5" L. .r L 1e (~,." #/ \ . Deseri.bed By vI!., 1" i< Date j'j /-:;/ /0 

UnitNQ. '2.- \ t- Unit TYPe: &,o\,o/ ;''-¥i Location: 
V ll2etation: s;, \ 1_-. <l ~ srt( 

v 
Draina~e: ?"4' J ",,;J JC", ¢I sa.' I ., ...... ~"jL . ;.., 

~ .:INa . 
Depth (cm) Co.or TextUre .Consistence Roots Shells Artifacts Comments .. 

2.,5 Y F-le. sl'1o{( .J So-L ft#J lI.f '~'7sJ.e.r . 
0-5L ./ f) D $ l s_ .. I1- - J:'-' vJ s '1/ I SCI\. /"'j ~ S -e.J.·v-. <:. S /" r-,1'- ~ _I.'U 

"'D~'100\ 
'. 

l>U1 I Jp~ 

'$ Z.,· h§ r.·· Co lo~S'{' 
J- .. lr_ - ~~~ - < S'lo i , .. wot ... ..,f'./~s ~/N Sea.. ~, - 1; lA..... (I ...... .-.. -r r. .... I 

~{'(' I (lC . t.1oI " 61.#.., , 4/0: I I (J,. 6 co-J~ J -I llt~ 
f9 5- 8i 5 .. J=:S~ eO-fit c-+ - f'tc-(I,,'f .-

()r~~ts (0 "" .... e,is 8,.,,1r-&t ~ 

'J'V- ~~H- I ft· t. I ft.r b l{ '1 ( .' '1 (~br .... , '~A.oJ .1- Mt-(oJ~ ~f.J.., .1. 31 ~b'r F;S:(I - ~J,' .. _ B1 ~ OJ 4 (o),..........c., I j ( o-, .. (Jr " IJ,,~ .,J,., s ~/ .. \,.( .. Ar ~ 51. fLU"'). 'tt' ) cJa.,..., ~ ",",vJ'J</\. 

qq r.ae 5iF,'S"" - ~s"",,,,rt - (0 io f ; h 1~'7 r '-lIto\' B-J, J -I 3 "or .,. It?o 1 0-, ~( .. !J,,, "k. 
t::....5'""~ ,~r S-Il( ~ r~..,J, r O-~I) t1'r( f 5 z.. .. 

;z.. .t?y :J:CI " () r,....i 
.no jt .. v~\ ; I {)(/ -106 r(J-""(~ - -'-f I 5 €J'y 

L.' ... F,'-/'1t ~ .. ck.f\ ~/.., .r,,",~ r I ~ 
~ st.... J"tp,', ll ... __ . I {~""(2. r"O'l \r 1 JT , 

It} 6 - l 11.. ~/5 ~r - ""-{.) ,'v,.." :s,' $(A c --rt#- brl7Fl ... ,< 5~/t; ~,-.~Vll~ , , 

111. .. (2tr '2.;-t' """,! "'tJ :jr",~.1. 5,-( , - -' 't I ~ l>r ( 0"7"'" 
" 

'. 

Additional Notes: ~c>c..t' r )v.Dt:,~~e.. (;). I J-L( cJ5 , 



1\ .. , 

" " 

GOUGE AUGER LOG l'MA' =~ , :' ~, ., .:. ~nners 
, Joon Milner ASSDotalGS, JOG. 

cLmNTAm 
~~ts~~ 

PROJE~T ~~t>fdtt) e' ,~escri~ed BY3tYt-(~K Date91 ftl\~ 

Unit No.'L\3 UnitTjpe:( .... , ... ( . .t=...~\<.~ 
Vegetation: ~KC( (~<:. -... 
~. - "fAIID~ <-~.'1 No 
Depth (em) Color Tcxture-rconsistenee Roots SheDs Artifacts Comments, e 

\ 

\-~)~ ~~~~~~~) 
S a"'t:-' ·s NtCl.;'- rl'-l9-~.5.·· , 

" . 



GOUGE AUGER LOG ]'MA archileots .:. I ~' 1 ... ·. erd:aoglsls 
. .' pia 

. ;a John Milnor A88C018t8a, In&:' 

I \... 

Unit No. 1-\.::\ I Unit TYPe: ~~ I\..'-*l-.R Location: . 

Vegetation: _ .. Draina2e:k~~~""f:f. . ~,,~ . . 

~-- ~ • /\NO\ rr -
Depth (em) Co.or Texture .tonSlstmfee Roots Shells Artifacts Comments .. 

~-1-~ 
'l-.~'(q~ "",-c..~~ 

-\\~ <'\~E. ~~ r\~~ 
-r-~~.~ <:~'-

L.~.~. ~~~ '. 

1-1--~ t \ 
~~~1:$b ~~~ ~\':1.-4 

\\ ,\ " " " -~~~t:. t-u~~ 
':: 

~Wc. ~~M- <0~~~.<;. 
~ 

.. 

L \ tv' • ~ .'1f_ _~~ U,UQU '-l~t..Hq~ 
I 

Additional Notes: 



GOUGE AUGER LOG ]·MA archIleats .:. i fl· ~ ..... 8~~ 
I . ... jla 

. ill Joon Milner A88Oo1et&S, Inc. 

CLIENT II- P[>(· PROJECT S' p \, J- L, 

Unit No. ~/r UnitTjpe: Location: 
Vegetation: /\/ci~ ~ 

, Draina2e: ~erOd .. 

:-:---~olAllD~ (W 'INa . 
Depth (em) CoJor Texture ~Consistence Roots Shells Artifacts Comments .. 

0- 14 
lor( :J.I'L }:,. -!VIe 

I "oed e. 1/1;0 
'1~~' 

VW 
L-v/ p~-~~~ . dJ7· 

".,/ I(>~ 6!3 S"~ 1tJrr)~ , 

14 - )0 
/01(1<. =tl'l. Me -Co I~05e 

'1..t.J • 
,..,...0 -I ~ Jr~~ , ~h't." -.,o~ ,"""c.:"'" 

IN" I lorA 5/1- s~ vz....o hNkA.- , 
...... L.,d\1 

.:: 

-
- . 

-. 

Additional Notes: ~rvs--"\ , S"~ l 
'. 

e4I"'I ("O~ ~ j't . 

~j 
-'0 



GOUGE AUGER LOG J'MA wclliteols . I II J,.... 8J'QhaQogists 
. . ~ ... ptanners 

. Jdln Milnor AeerioIa1es. Inc. 

\, 

CLIENT /T P EX Descri~ed By vR ,1""1<.' Datej'//Jllt' 

Unit No. 2/ b Unit TYPe: .4we.pf Location: 
Vegetation: ;t..o~ v....--.~ Draina2e: ~J , , ........ .~ 'UtlaJ r... __ -
Depth (em) CoJor Texture .~onsistenee Roots Shells Artifacts Comments ' . 

o -- 'i8 1.. ,5"~, r'1..O -Co ll?O ra- ~ 
s~".,~, ~S7, r.~-s""~~ u"~, 

~ 1'- .r", c"'::'-<I: -
$c .. ,t4P " 

"'-IOf 
~/'SY ~tJ;- c~~ 

1uose.. 
v, ''! t~JI1 VtN-f {~\;v' r4 ... -S{~ <5".,v.e-I, 

S'kJ - ~lV\., --41; s\.l'\i 

~!~_~I ~~ f",,,,,,, I', 

i~,t--r!!b 
~ /51" CO""f~a.'-f ---- "'~ 

VD.-y r.e~S~"2t:J a", .... "t,t\s 
c..I/j ~t;-.j., s let \1 -

I~· I '-f 0 
G-/e, ' ~,'Cr-

C()k,~et- --- ' I<bS~ll 1\0 (),~k. 
9. s /'OY s"'t' ~t\ -

I..~s.sel 

\ 
, ' 

" 

.. 

Additional Notes: ((..t..J-~#f , /:J Jl"o~_()s' J~ toc../r 
~ 

f-v 

~. 
: 



J'MA:~ .' I ~ .. ' 
. '. Jet'" Mib~r A~i88,~J1Ilero 

1\. 
GOUGE AUGER LOG 

c~mNT~At~~~ ____________ _ Described B~('c' Date"1'I7iI \ '" 

~--. ~'FNG 
Depth (em) Co.or Texture .tonsistenee Roots Shells Artifacts Comments·· 

Additional Notes: 

". 



GOUGE AUGER LOG J"MA archileols ".1 ~ ~ .. .', ~ 
, ' "-~ 

John Mhr Aeeciolates. me. 

. \, 

CLmNT Apu ' 
, i 

Unit No. ~z,,'2-- Unit TyPe: (Jovtrt:r- I/vtr t..-/t.. Location: ' ,M"""- /I/ld-/t..J1!- . 
Ve2etation: S/9~ff,L/f'.s s Drainage: A£'.JJlf;J~r JL,v61L 

~ ~ "No -
Depth (em) CoJor Texture ,tonsistence Roots Shells Artifacts Comments . , 

(J .. f'l &tA 
t!iLe1 / F_1t' /J1(J tJ - .tJ6vfU 

AYftw 
Sine tJA ~ 

Sb~ ~~vv~ kr" 

)/;.1 II nflM<. 
.j'f}wtJ 

I J'lltet-t? r°l' " 

rtf - ('.0 "111 
~,,",1 I F .$i9~p 

1VY1 
","o!oJ ~ P- PrCrI'-t'f. v'ILL--

I~ tJA tJlr 
IlLk...6M) . , 

p rr1~O " 
~ p ., ro vfl1 ?'/~ 'J; ~Pr. ~~ N~ 

01\. k • ti-fut "1 A () /"'J( v:l. }g..!'-f'c.I >vr <- t£ 7-0, e;,-"., 

, ' 

- - -" ---_. 

; 

.. 
. . 

Additional Notes: /J1C)V£/'), /J-(/t;-i/.d 'W Irlf /"-' I ~(jJ!:;Jr 7'/lA.L.L. :rO 
'. 

f7c.> At:'--
p,ylt~(//ffj , ,d..11' (./ }A-L. ,. If1. r !1.. l~"f;f L IiJ -::::lA I~M £"t/t~1 r l,.vt I' , 

I . 



" '" ... " 

GOUGE AUGER LOG J'MA architeola , i H J.,.', aroheoIagists 
" . r,t .-. ,planners 

John MIlnor AeeOoIales.l~ 

\. 

CLmNT ___ A_f_E_X ______ ~-- PROJECT 5 () .. L l /(;1 ""'~,, ( Descri~ed By 1i,l(.' , 'JJe 

Unit No. 2'2.3 Unit1)ipe: Location: 
Ve2etation: .~ Drainage: ~J 
~~~ ~'VNa . 
Depth (em) Co.or Texture -,tonsistence Roots Shells Artifacts Comments ' , 

JlJ'f~ b/~ - At - C.O lrJo J't. 
~Jo~ oJ '!l.'V~ r;.le.;'~ e' '21> (";J...8J' , J'u~ (l.-«-c - J ". ~ I4.ll r 

0-10 '(XI' (,/ \ SC\ /V'o 
.-L.rJ4 

~6.~) 
Ir(....,'\c.{(t(1(~) " 

.~: 

, . 

" 

.. 
, , 

Additional Notes: fI.ej .., 5'''' l @ -=1-0 C""t fJ) ~ ""..,~t.t. h. rt (o'-'{, r /c.J"'.L 3oc_ 
~ 

-'")u....; (,.r-r.;,. ) .;'" ... 
... ~··r +eJ (O~,-. ~ $" , 

., 
j 



0, "-,,;0_.: 
0- • ..I' °

0 

GOUGE AUGER LOG J'MA archIlm .(.1 ~ ' .... 8~ 
. .,. ,. 

John Milner AsOOoIstes. I~ 

CLIENT~A~~~~~~ ________________ __ Dateoct°"4 17.~1 0 

Unit No. 'Z'Z.'" Unit TYPe: (., bllC.C /I U 'f"~ Location: 
Vegetation: HI)~C f"'cO::rCr.:? 

~ Draina2e: .Ac..",S~H~ ~ ... G(L 

~~o~ ilNa') . 
Depth (em) Co.or Texture . l!olistlteilce Roots Shells Artifacts Comments 

O,'l.':!> 2.·r:;1/~(l.,.. F-M ~o 141 G. {~ r-IOHC'"' !J (l.4J1t4fJ r401'-t~ 

C!1C '0 

1..'3·37 'l...$ Y ~/"3 ~ . t'1 .$Af1 0 i'-"I.£Own ~v..w- ~~ '{-fj0,.y t-tDM6 

UJf3 
s.;j/~ ... u,\,c:~· 

'31 - (.'1 P.,M ~o f31(~\I.tr~ M~H.J,C ". ,. I' " 
" " 

Ct>~ , ~o. M-<'- ~ol Hf~o L4 l\ Q.t.&~tJ.. 1'""40r4.tl"" tX't-'~~ ~~~rr~D 1~~FUS04-'-

" ..... /Pr~ (d.7We L 

r .. 

/ 

I) ° 

/ 

00 

o. 

. 
Additional Notes: 



" 
" , 

GOUGE AUGER LOG 

CLIENT A.r¥. 
Unit No. 'l~ '? 

r. 1"-

Depth (em) Co.or 

40- 49 

41-{,! 

t{-~7 

o/-l~o 

/S7- III 

A,S Y 
).., Sit 

Additional Notes: 

Unit TYPe: A-k,,-e.- (' 
v 
~ "" 

-ye'ITNtV 
Texture .toi1sfsfenee 

.t r~ ~ Ik(J. s ~- ~ -l<1l)&!.. 

sa...-; w(,(J 

I 

Location: ' 
Drainage: 0 0 (0 J.. 

-eJ 

" --------.. ~..: 

]'MA ardl!leots 
.: .. I.~ ...... : .. ~ 

, ill John Mitnor AesOoI8tGS. J~ 

Roots Shells Artifacts Comments,· 

C(qlfl/ 
__ Jc.e.lM,. 

U"L.~~ 

~~, 

- "4-11 
..f'.~tt. 

'~-1..o - S ..... '51.&.11 
.(!.,-~ 
,v, 

- Vt,,,,Yh..· 
slLl/ 

~t. ....... ~: -- s~li 

---
--

--
---

VtL"'( ~\V 5t11\1. 1-' peJlIes -/ Vf. J ..pt~J c.c-rt:e ~ S'.r/_ 
• ~ ... (".rk.(.. ~J;~~ " 

06 •• ,. 



):.;~~~'~> ,: : 
";,,.;., .. 

it 

1\, J"MA archUeole .' I 'J.... woIutaIoglsts , '. f-. ._ r;W1nner8 
, Jdln Milner AeerioIstes. Inc. 

GOUGE AUGER LOG 

Location: 1-\\~ 

Roots Shells Artifacts 
/V.Nt( 

~-~ ~~ ~~ f'\~E. 
1-,~t:J..1l- f"-f/\ ~~- f~\ 

r\~~ ~~-~t...- ~. ~ '~f- ' K~\:.. ~ 
~~\ ~-c-. 

~~ 4..1-~ ~ ~ &k\~ ~AZ\ r-\t:f'\P-- K.~e.. 

~-e:\~ 
S~ 

~~~ r\~t:- ~F_ ~'( K~ 

r'~ 
c~~AZ\ f'\~~ 

\. ~\(t:-L 
~\~~ ~~ M.~t-- N.~~ ~ , b*~s.-j:{" 

s.~ \ :', . ·,t'I,L. 
~"q K~~ 

\ ' 

'C~~ <:...lJ\~ ~ "'~~ 

~~~ 
f-M. 

C~~AZ.( ~~ ~~ f'\~~ 
~1\~~,~ 

.&M~ 

\"\:)[-&.-
s..)..~ . 

~~~ ~ r\~~ /'l\::l'\t-. 1'\ c::Iii, 
~~ 

~~R:.C ~~ f'.~~ r--\d'\~ ,..(~~ .~ 

~~ 
~~~ "'~~ r--t~e. r\~t:.. \~-r~~ <:.J....A'( 

Additional Notes: 

"~to 



\. 
GOUGE AUGER LOG 

PROJECT Nfw.PuJ?PF,3 Descri~ed By ':T~ , ~ () Date q/2t> 110 

linitNo. 2~( Unit TYPe: qAA~A lJua~~ Location: '.A.A--1 ~ a..tI- JAi'~ ~ 

Ve2etation: B,,·~ MAvtA. 4.-t~ d , Draina2e: MId 
-..-.. ---~ --- "'K' aYNa) rr l. . 
Depth (em) Color Texture .{:,~ ~.:» Roots Shells Artifacts Comments . 0 ce .. 

Z. ..t;y4 J2. tv1$D L..t1t>~ 
f/ 

~,r/. (t?(A/~ i. S '/0 f7u--·r.v~ 
O-/~ ~~EJ'fBtJ 

,,,, ~.A-
~tt r (IJJ -I- J'.,.,?I-J .9W~""'D~ 

)y·2.~ /' i-Pi' .>\.. I (/.ollf Sf' ~;:ftG. 

/5- 54 1.3LK. 
C~JoI\~1> #Mff NcM 5'/ .. pu ~A v.tL,-.ju,- r(l,.A.I._I~ 

'it 2.~I' ~u- ~ 5'1. ~5ql" ,P..lA!Jyo."i:4-
?L/- ,7$ Bl~ 

vf51>t?i ~. !-lJr!.rf N~ 
7~£.c.1 1?AA1UItI (I .... A 1'.11,,/ 

'>y 2.15/1 
IP(J9t; L~·h. t."/~ f'.iA t'A v~ 

75 -83 ~~ s' ~ '7f) , pA!>H wCAl\ 
/;,~ I~ .11."/ "~bI IAJ~~ 

L ~L Lt..l.M. /U.Lu'l!L IOJ ~c.,rd 
.. 

VtA.N! ~L. .. 

tJ V 
, 

; 

Additional Notes: 
f. 



--------

J·MA erchileole ., I U· '..... ardledogisls 
'. 'I... ._ ~~ 

John Milnor A8BOOI81e8, h:. 

1\. 
GOUGE AUGER LOG 

Unit No. 1-~'L UnitTjpe: C~,~ A .... ,( . ..t:~ Location: . 
Vegetation: Md'A~~ ~ Drainage: A~~~. ~'(~ .. 

~ I-~ 'W SI(No) r~£ 
. 

Depth (em) Co.or Texture . tonslStenee Roots Shells Artifacts Comments .. 

~-!-:s,~ ~~'f~\1- F-M 
~3.~ ~~ t~ ~. ~. ~~~ r-\~\S.. 

't..t't ~'3 f-~M. 
'\)-~l;:j~ \-\~~. ~~. ~~\ r{~~ ~~ ~ 

i! .. 

~-~~~ \\ t' . '\ I, l \ 1\ 

.. 

, 

Additional Notes: (:!;~, ~,&- ~,,~ ~~. ~ 



. . 

GOUGE AUGER LOG JOMA BrchUeols I ~ ... ' arohadogi&\8 
0:' . f-. . O~. planon 

John MfblOr Asoriolates, InG. 

\. 

/ 
~. 

CLmNT_~~~t ________ ~ __ __ PROJECT 1'16 W 13et:?ef 2 Descri~ed Byo;; I~JL Date 11 }J.rl } 0 

Unit No. 133 Unit TYPe: tJ.A1J~l! Att~t- Location: . 

Ve2etation: ..-----.... Draina2e: .. 

'W ,rNa) -
Depth (em) Co.or Texture .tonsistence Roots Shells Artifacts Comments .. 

t'7y ~/f, C·foI\Sc> .J~t. £.t;-/D 

1, (JoSE ¢ ~ 

0-13 ~y BtJ r .C:: "A ~ .1 . ..+\ • "J 0 
t.'5y4-/2 1-6 D$t. L/; '/0 

I j~ 2,3 ()J.,8N 
t--1- c. Sf;> 

9' ~H P s~ \..it;:; 
20 S'I ~/2.. C5!>. ~Oj{.. 

~JD'/D £,.,-/ .. WfobL£" S~Ett. SP£'~'£S . U~ tLt-J OWN 

23- 33 ~8\J 
, ..wit 

If yJt;"-r ',,-,f ~ <,,, A ,. .- ~ A!iI' 

a.l4 IJb_ J)~~ 1..JA_d. ~t3~wt~~ IA .... Vl,...1 ~ 1'./fA..{ l-1~b. (J~t£ 1-0. hi Aflhc.j;ur;/ L..vI ~dJV,l.. 
(f t,/ I , 

~.¥ ~~ ~1~ 
, 

tJIA4J y~ VVfLtl. ~L It¥" a/,) h~ (~~ .A./K 
.. 

tJ v I 

, 
" . 0 

Additional Notes: 
~ 



\, 
GOUGE AUGER LOG 

PROJECT NE'iN 13er+:o f 3 Descri.bed By Ettl ,To Date '1/ !III~ 

Unit No. 2~ Unit TYpe: 6rou~ MJ6eJZ. Location: 'l~fl..~'-'N-e: 
Vegetation: NONc, .-...... Draina2e: PtLOI'- ' , 

;:.---- .. ~~ ~ 5/N1JJ . 
Depth (em) Co.or Texture . tonsistence Roots Shells Artifacts Comments, . 

~L.1 "C f-CSP '- oot;.~ Lr/· ox. Df~ /..G'NS 2.~y c# J~ l,.",ywaN 

6-~'L 6~~~Y ,PrND WE-, ¢ J-I~H NLM 2-'5,1/. PEA ~n.e:> ~; ,'/. QUh'tiec- Sl~~ 
~~L.S ~e:1,..C; . . s,.~ e., . .e..I 

~L.'I I F-MSO LooSe /0'/. 'aU~NEP 15"/· P£A,. SI221:> ~E:f-lNooC> ,tort] ( '6 ~r:J.stJr.l 1'"~c~n, weT' {J' ~ 
·l'NOT )(C!!pT') AN \MAt. f:3ONE S~t:::wS,~ 

~L'I f F-MSt.> t...oose; S'/" N"-"'\ 
\o·/.,~~·a-

'51' 70 511 f1i 
WE'(' ~ ~tfr 

&N~ -rRACeG~D S~ 
(f;L"f I'" 

vrSbS; tv\oo~ t..t;' /, '- I ' I, P e-.4 tsr1G4"Ve.,L-

70-73 LtIS&N (I J-f.,tS"" NlM 
Di<.6,fN6f\f wer- .sc.,t.e~ 

GrLY I J M- M~beAA1'e Sl.A6r , ... ous~ L.kVetL 

73-77 2,5/N 61-t'- fCoM- ~, ¢ c..io;~) eel A1-- ~MH-w~-r' ..... 't .. A.:---- .,,--
6rt-y I 

\I FSiC.1 M~r 'f (I fVUV\ 17'"' (00 ~/N 'il:1K4'1 HtHAb6ta.i~v> S('R..tL.. ,,..~ 

f1..l~t ~ ,f6 h.1A.f6dJ I~ J~~ 
I IV 

" 
, . 

" 

. 
Additional Notes: 
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1\. 
GOUGE AUGER LOG ]"MA archUeola . 

.I .. '~. J ••.•• :. ~ 
~I John Mnnor AeeCor818s, Jlll:. 

PROJECT (> .T.etII1ti} ~ 

Unit No. t~9 Unit TYPe: GUUI\e Au~er Location: N~ 
Vegetation: ~ ,Mi. 

.., 
Drainaee: 6r:bd 'Dm;rllJap ~ - .. 

1Graftt DlIIDr. .. S/Na) J 

rr . 
Depth (em) Co.or Texture . t.onsistenee Roots Shells Artifacts Comments· . 

t=;t}£, -
1\(0 \(.e~ Mo I=~\S~(( pd:AdlR~.3 pi.fuS of (Oct.l., , 

o-tz, (.Sy",?, M~ too·s(. C4 ~Ic.er - ShOll fhtAmeNtr . '. 

Zz. ~ 42-
MeeL-

vJ ·loo~ . tJ~ 'fes Mb Omu\ -1\.\ a PtbJkcs _EkAI_~~t.1!'\- ,tilct 
2.6,/ lI>t. (0ClrS~~ lJ-t (Oa.ll fttlGl C()Q1Se Wdl ru"J:tl ,,-, Q.A 

.~ .. 

. . 

\ 

.. 

. 
Additional Notes: 

! -
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! . 

~ .. '~ 

GOUGE AUGER LOG 

C~IENT ~K " 

Unit No. 239 Unit TyPe: cr;;;;:;A /J..J ~ ,~u JL 

Vegetation: /1UJiI-
v ~() 

~ ... ----~- -.'-"-NtV r.- ~. ~ 

Depth (em) Co.or Texture .l!onSfs'tence Roots 
9..'5"1 5/'3 FrM ~l> ,,~ LI?&lJ(... f8 o'l#1 /-'flJl-eN -r~ec:.SJ) 

nAIM 

1.. ~"t ~II HOD f,ooS< 
¢ &7- '10 0/( ~'} . t1-C~t> 

PaAM..::1 
~11 flII''I' 

cl4i MOl'::;>' 

18 -/17 ~l1l,ot <;;d 
1>~ 

Y! 
I/DK,,"N~ 

2.~y I; II MoO - L-u,,~' rf 07- /tl DK6(t }A-C $1> 
f)~ 

GtJ;y I "iA'11 
I'L/- 1.4/ 

t.'S l- eI fSi~D IA/~IiJV I Blrl<. 

()hAA II At t.U", U. I Ill. tJyJ ~ ~,vd~1'j lui· V). 
-0 V I' 

Ij rlh . MdV rv AM ~DIf'l,.. 

. . -

Additional Notes: ~.,sl- ~Ub~H AL.I~ _~AI' J~J~.L 

V () 
, 

JOMA' . archileots 
I . ~ 

.' H 00 •• . , 'I... O~ pIa~ 

. Jdln Mhr AeeOOral68, In!:. 

Descri.bed By :r ~ ,;[0 Date ,12.0 /10 

Location: ~aCLM..F f-r; S:Ju. fi1ar<:A...-
<oJ 

Drainage: ~"'~ .. 

-
Shells Artifacts Comments· . 

5-/t> °1. (OM~ J...l' i. p~ tJvY4 fI~ 
HaS", ICllul- #U..pl-) .. ~,.." II it DJ 

'-/",/11 10- JS·/o ~ jn:.t v~ ... '-: ... 
HASH NUf\ 

. ~ ~ ~ I. J.A • ..A 

I 
~/·/II·~fI"'lJIv€:4-

NcM 
F)\;~i ~ O~jiJ.f""""-- ('- 0.01-./" ') .(!, .. .I1 AA .. "-' 

1j~/o 4() 7. p..u- Dra v~ 
H~t4 tJcM ,'~ 

rOlo 3-41(Mr~ ~Ju,(,( ~ 

~k. NcM '-1°/. ~~yCt v.tA4- S"n# :..~~ 

~~ ilPPt;f a ~ UMLiJJ ~tui- t!JuI-- t:..ey.£ t7W- - +Of/IL , , 

; 

.. 

tVl~Cl;o..-u~ f2W- 51". d t?IV- ~ ~./.. UJ.//U1 A Y"~''''h'~ 
v , 



\. 
GOUGE AUGER LOG 

~ .. , , ....... , ..... : .. 

CLmNT __ A __ P_~_X_' __________ __ 

Unit No. '(,'-{o Unit TYPe: 
Vegetation: ~r"'\ 

~~. f"R' r.;/ No 
Depth (em) Co.or Tc~ ,tonsistenee 

O-----aft 'o~ '/z /11(,- Co I.f:TOs-..e... 5q.. 

. g~l -, (Of 
{oy~ "t2 

,F',.- 1:0 I c:rose 
Sot 

61~., I """'oJt:.~~( -, 
lor l '2.;- W::-,'-I'rtt' 

- 3ln 5" .. ( o--r' cd-

Additional Notes: 

]"MA arc.hIleats , : wohedogists 
,:. ',f-, .. ' ":~ pla~ ... 

Joon Milnor Aesriosstes. Inc. 

PROJECT St:)v~'-t 

~ 

Location: 
Drainage: ~d 

.. 

Roots Shells Artifacts Comments . , 

"1.A' 3"D~~ ~-,~~ .f NOv\. 
V'"''''~{l " 

Vt..o 
6~~~ 

fVc-. 
T£i<'! ... ~ ( ct..,~)- J-p t"~.;. ~c!..s , 

..-i.. t, (U... ?~r 
~N,r ... /.,It~ lA t:'\ i '" (&- , .. d 

,-, 
V\..-t:) rLtlls Ntft'. cl6,~' r .... .~./."e,.-I--

I 

. ' 

. , 

.. 
" 

. 



\, 
GOUGE AUGER LOG 

CLIENT foP E¥ . 

Unit No. "2.,/ I Unit TYPe: .A ""It { 

~.-- -~~' (-w:,'5JI/+Ia 
Depth (em) Co.or Tcxiii're .tonsistence 

1'10- 1'17 

, 'f~ - '" 

2,,'1 
'). ,Y/ I 

'2. • 5'( 'tIl 
~I IS~ .. I 
2 .S'r ~/ I 

J?.Ie'f , 

2.5/111 

Additional Notes: 

P., '- (fl. f ... 

S,', I 

s;( / 

1\000 D V"t.J", 
'c~-p .. {~ 

Roots 

-

J'MA archileols I .. ." wdleoIogists 
, .' •. ~. .: •• ~Me1$ 

Jdln Mhr AasOastea. 101:' 

Location: 
Drainage: ~ d 

Shells Artifacts Comments·· 

1,...1/,") l.i--.-, 
~ ...... ,II, 
~hJlA! 

I 

";-1'£ ~ . or"". ,,-1 .. If" ,.r .. ~ oS 

e.-f-..., "'" oS~.J, rt" 11'1' -vSt-t t 

f) $"C,' /( .. :' ":J. be...., s I """"'''7 ~n.- P-e,,4.- jl,z.c.. . j~ 
.. 

s,,~ ~..,IJ.,., si.J.", . ld", -I- L./M S 
4 ....... 11 jf'''~s 

~('4\NJ" ~(1 JI'IoN' s--'" sl-(, 
-1('4'\~-I.J 

.1 



\, 
GOUGE AUGER LOG 

CLmNT~A~P£~Y~ ________ ~ __ __ PROJECT N£wBCDCr;>F3 Descrt,bed By:fo l:r~ Date'1/14/)o 

Unit No.2 Lt (p Unit TYPe: q-C) v qe ClM..1J(~ Location: ' 
Vegetation: NON£ 

. ./ I' 
Draina2e: W,LAj ~ 

, , ......... .. 'FNa) r.1'" I- . 
Depth (em) Color Texture "~nce Roots Shells Artifacts Comments, . 

2,1;y '1/2- F,,AIl ~p ~y '-5-/D Colt\. + c,.f'Oi!fL.$ ~ ('lOT ~ ~,,-r 

0- % ~ifR'l wc1 
'LoO~e f6 }-fA -;,11 " LJj'!, ~a.V ~YQV~ ", 

U 

nLJ' A1I'l W.(; S~ I~ I' JUA..J tJ kvNk IU/Jd IA.M ~ W-l_ 
-: .. 

, ' 

" , " 

.. 

Additional Notes: f1 A..e;r A. _ .. A1I£" lA P r- IN EN r A "f\) L..L. ME'r~ aN"''' . -3" ~ WILl 'I'8.H/~ 
~ 

St(,o~ a.W~~ ~ It\JUU I. 'L~ nA - '1'J" <lJll W\1.ld hi, {'(J)/ll UuA I ku ~/. [7" b.~ \ S S.f uD44/ SrAi~v~.,.A4LeI 

_~ \kif ... ~ UJI \ "'" I M't. Y OJ l1N h lI\ IL\'~ tAt ,~ RM..,~ ...... 
o ~ V J 0 -

! . 



~. GOUGE AUGER LOG J"MA archIleole 
.j . f. ...... ~ ~ 

. John Milner AesOot8tes, Inc. 

\. 

CLIENT Ae~>< PROJECT N&J BepCDf 3 Described By eNf!;¥YoYll.- . Date '11 J4-1 /0 
, . 

Unit ~9. 2-47 UnitTjpe: T ~ Ie . 

VI . 
NoNE Dra~ngo~e weI, 

~.--- .. - .. 'INo r.. ~ ~ 

Denth (em) Col'!!" TeA-Lule tnn~i~tence Roots Shells Artifacts C.4 ' , 

2.Sy b l'J.. r-JA/t Slit L5·/~ fi~c,kG ~ /"1- /A:J~ f>i~ ~ !J hY./~ ~ (11A()<;f!At c/~) 

0' ~2. J....T 'FHJ(Xy ~:JJJ Rf /-f-f-SW 
( 1l() I- j(.L pt ) ..... (()'!tJ . 

P.I..Jl ~'2..£. C/t"1J. vL1<. "'-' ,.' '. . . '. ,J 

V 

a1A..4..1 .1/ 04.I ~.Li~ {i~ t:1 /'~A ~ ~~ ~~ ~ 4h4.~J~ 
(J p , 

0 .: .. 

. ' 

\ 

.. 

. A···'· • Notes: fl~Sf. lr1Jr~ A11t:M.f11 t\J8'.lr 1M, jd ~ vu", UlLPi , tA C£jY'i'. . 
S,~{)nd ~I- u. LALA/ INUlJ- dv.xM 'I~ ~ S 1-1(1 st',( PkJ-

, u . 

. ~- . 



\. 
GOUGE AUGER LOG J'MA ardlIteots . I .. ." arohedoglsls 

. ~ '. ~ . .:.. plannem 
, Joon Mlbler AeeOoc9t88. I~ 

PROJECT NUN FjlJCl2f 

Unit No. 2... 'tg • Unit TYpe: ,Q6h17D:' /i.lAI1l.JA Location: low -h'JL .. ('i1{)rL.L;~· . 
Ve2etation: 11.Dl'U...1 v J.. I. Drainage: p(}#1t-- ....... . , 

~"'--"'~' ~ rtlNa7 r. ~' . 
Depth (cm) Co.or Texture .ConsIstence Roots Shells Artifacts Comments 

l,St" )2- ,/,-, v~ 100«" '-~'/o 'J£' ·/0 tl f?~tJr~ ,YiJ"Ll+-. 
O,~5 D~6rl eI'J f4-tSb 

NU- ~ ;faH'. ~OI{ 
• ,,,A'itt ..... lj 

. ~S1' ~DD - COMPAtr 10'!" 7~/u PEA- -5.-0=0 ~E~:> 

77- ~(p :·$1- ~-f"~D ? IhW N'-"1 s£." 6,. ~~~ "1-1'. iAI~r 

!"LaY, LZ~-&LJ ~pA-Gr ,,,-/0 L~·/o PEA-~~S. 

flfI'84 
~~1tJ't~~., f~O 'ft' bPI' {T IM'3I-'- NLM 
GrL&'( , '5"0'1 &Ntr ~~'" \Nt.,- ~~c.A.£~ 
tJrt.e1{ I J/ ID'( 

F.r;D$; ~. 

84-90 '<IO.I<.IlCN~ 
f"tAtS '" ~~ (¥. ~ ~tM HoMD~US 

_~I A.L,. ..... " '" 

~l£'( , f'5D Cj; 1-5-/ .. L t; ./. PEA-~I'2-ED ~e.L..S 

16· (rib 3110'( ~c..L+ L.oose:'" ~. IMSH-- N-Utt 
vt>K«Nq.y' c.~~ V"I&;r'" 5/ i, ';"_':".c "'> 

'}...t;y 3/3 
M7D 

(;oMPAtr (I -/ .. p"~~(I?L-E uPLkNJ> ./ o~""> I'}£AcM 

112.- I ?to D'f(oL--~t\J ww ¢ HP6H- NC}/\ ~t;'I- T>E.A. 5';eo.~s . ·.~r 1l...r;t?N&-~ 

k ~ex- /1.....1-~A"~~ (~ f'?tJUM--h ~ tf) ~ ~ 
I 

~ 

.. 

Additional Notes: 
'. 

ij 
..•. 



GOUGE AUGER LOG ]'MA archUeole 
.1. '. II. ~"':.: .. :0Ji8tS 

. John Mltner ASSCaIJ18S, I~ 

CLIENT A? I£f. 
--~~------------------

Datecsi h".s I "U3tl) 

Unit No. 253 Unit Ty-pe: G, cvG ~ ,+u(;6"f'l Location: Notm-l O~ ""-,O~ II'H .. J:T 

Vegetation: .--------. , Drainage: kuS\-INCl ~\Jl!~ 

'W 51NfiJ . 
Depth (em) Co.or Texture . l:onsistenee Roots Shells Artifacts Comments 
o r ''2.1# 2.S1 5/1- r- -M '5h'10 L-' CJ)~ f'. MO~r.! ~(lO¥-~ MOi-J.£ (tt:F'u5~ (?. ~tc:-

"'00 E1 ~ 

GO 

.. 

". 
" 

.. 

.. 

Additional Notes: 
~ 

.'. 

1. __ -



GOUGE AUGER LOG ]:~M~·A···. ~ .... pia 
. Jdln MUner A88riaates, In.:. 

'-

CLIENT ~., Descri~ed By 6.-1 ,.:fb Date ~/2,Jllo 
~ 

Unit No. Z~Jr Unit TYPe: ~ II)IJTE. A-' 1LJ,r~ Location: 9trNIL ~ 
V~2etation: ~ - Drainage: (JooY 
.,... 'W 51?N-aJ , 
Fr. I_.~ . . 
Depth (em) Co.or Texture .ton .J 

Roots SheDs Artifacts Comments· . e 
it. ; 'f tI/ '), cso .... ,-pose- Lt-/, 2.5-/· M~~ tJ;(VrVEJ..S . 

0$1 30 ~T""'~ 6R.JWev; wer ¢> t.fM.~ NCN1 c::.,,, e.ot...'Et> 
(f;L.G.." F$i F'-M$t> J..~c>SE. L-5'/. 

NuJ\ 
10'/. ASJo#(.'f'E:D GntA-v'eI-...5 

30-ljt, ~/'" ;'h,JC;1 WeT ¢f ",~s.,... 
-.JbK,*1 I'"_A .... c: I c. 5"--- --
f.hey \ \J~- ~ Iii M" oeAA1"E .tS'I· £s'/~ PE.Ir SIU!t>~~S 

lffJ ' 5 .3 tS/N 'Sf::> wef"" ~ MA-$I-f NC.N\ J-I'/· o&J~ SIUb~e,t..S 
':i'~NeD e .... K 

~i' "F- FS; \"'lQ~ 20'/. SI.Jt6r ? · I. fE-,+ ~,2.eJ? Ci1tA"Vel.S 
If/"" 

5;-~() DJ{~i 
s~ we.,... ~ ~A Cr>lOT U:r'f) UroJ' OCN1".f=iE:t::> sl-H:L.1.. -.AJIoL ~- .~ <::"1'" " -,-~ ......... 

fitLE"I , 
\Jf~P 

tA lIPE:lt./f'rE. 
(l5 NcM 

~ 1"/. P64- SI ZG~ drRA-V~L!> 

fDo- (p ~ 
5;'0'1 tiN l:JJ1 WE .. e' 

Sdl..eENE:t> 
~lJty I w~ L 0.01'/. SLAt.- ,..toM 06tew ecuS 

{g'1- - 7tJ 
4/Stirf \ffSl>S; 

{J U,4$~ 
COAt... 
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Appendix II: 

Draft Technical Boring Logs 



J;.e.~.u,. ,~ 
Date: 9/14/2010 
Time: 8:00 AM 

DRAFT BORING LOG 
Project: Phase IV Dredging Project No: 6690.005 X: 816198.2 
Location ~ South Terminal Expansion Y: 2688154.5 
Ele~rw:it r(ludline: -23.15' Datum: MLLW 
Casing~teel Boring Depth: 39.15' Boring No: A-2010-B1 
Casing· Di;il!)-ICl\:;;r" 4" Drill Rig: CME45 
Drill Co: { NJ;I~Boring Method: Drill and Wash Sheet: 1 of 1 
Driller: -=-rodcMientacost Log By: GCD 

~2 ~~ (0 Description 
~ . 

(Color, Texture, Structure) Q) ~ 
Q) .~ --..Cl Q) ro Q) 0.::2 g 

..c .~ !:; > 
a.=c 0 Q) 0 ~;:u. 
Q) ::J a ~ ~ o ~ ~ o Q) Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% o E 0:: Cl.. ...,_ 0. 

24"~ ~ 

2 6" 
11 ,2,1);3 Dark Grey, fine to coarse SAND, some Silt, some fine to coarse Gravel. 

24" ~,;8 Grey SIL T~e to coarse SAND, some fine to coarse Gravel- TILL 
4 5" I).. 

9" 15~~ ~ SIL T ~~:~coarse Sand, some fine to coarse Gravel - Drove casing to 
6 4" refus earlGd hole for coring run, drilled from 27.9 to 28.5 

5' "9"" ~ :a... 
~fi Highly fractured Granitic Gneiss 7,6,6,10,14( r?'" ~ ). 8 50% 4.6' ~ 

5' ~ ~ "W 'actured Granitic Gneiss 6,6,6,9,11 
10 97% 4.85 

12 ~~ ~~ 
14 ~ 

A ~ 
~ 

'( 
,. 

16 

~-
18 r l 

'- ~ 
20 --,-y ....". 

22 C ~ 
24 r~ 
26 ~ 
28 ~ 

Comments: Core run was completed at less revolutions per minute than ~~,p'd~. by core barrel 
manufacturer. so drill time is not a good indicator of rock compe ~ 

Refusal: Split Spoon refusal at -27.9' 

Elevation of ~ 
Bedrock: -28.5' 

I 



J;.e.~.u,. ,~ 
Date: 9/15/2010 
Time: 11:30 AM 

DRAFT BORING LOG 
Project: Phase IV Dredging Project No: 6690.005 X: 816277.4 
Location " South Terminal Expansion Y: 2688458.0 
Elevat~ mud line: -6.3' Datum: MLLW 
Casmg T~p~teel Boring Depth: 39.40' Boring No: A-2010-B2 
Casin~.rne~ 4" Drill Rig: CME45 
Drill Co: r N~Boring Method: Drill and Wash Sheet: 1 of 1 
Driller: '-.-T:.OefgJ'entacost Log By: GCD 

~2 ~ 
(0 Description 
~ . 

(Color, Texture, Structure) Q) ~ 
Q) .~ --..Cl Q) ro Q) 0.::2 g 

..c .~ !:; > 
a.=c 0 Q) 0 ~;:u. 

a c u o ~ ~ Q) ::J Q) Q) -OQ) Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% o E 0:: 0..0:: co _ 0. 

24~~ ~, 1 , 1 , 1 Black to dark grey, Organic SILT, some fine Sand, little shell hash, becomes grey 
2 15" in nose of spoon 

24" 

~ 
Dark Grey fine SAND, some organic Silt grades to fine SAND some Inorganic Silt, 

4 15" A trace fine to coarse Gravel 
24" '--d ~t5 Gr~ some Fine to Coarse Gravel. trace coarse Sand 

4. 5.7 Gre~ SA grading to Inorganic SILT and fine SAND 21" 12 , 1~ I,) 
6 5.7-6.0 Grey C AN~lJl...and fine to coarse GRAVEL 

24" 
9,17,16,20( ~\.~ Grey,~coarse SAND, little fine to coarse Gravel 

8 15" 
24" 

5,15,15,12 
-c:;rey, medium to c'&.arse S.AND~ little fine to coarse Gravel, grades to fine to 

10 14" '"'{ '" ~ 'I( ~edium SAND 
24" 

3,4,10,12 2~~.' fine s~~,gradeS to fine to medium SAND. 
12 21" 11-12 'Y'"' etocoarseS ,t se eGravel, gradingtocoarseSAND 

24" 
6,7,9,12 '-erey, fin~ medium SAN~e fine to coarse Gravel 

14 21" ~~ 
24" Grey fine to C~~A', some Sl it, some fine to coarse Gravel, mottle at 15.0 14,16,24,24 

16 12.5" to 15.4 red/orange tan. 
24" Grey and Tan mOtt~~~~arse SAND, some Silt, some fine to coarse 

18 11" 
8,10,3,3 

Gravel, grades fine to edium SAND and SILT in nose of spoon 
21" 23,32,34, " .4.' Grey and tan mottled, fine"tO"'Cq~~AND, and SILT, some fine to coarse Gravel. 

20 16" 100/3" 
N" "" 

22 
Drilled with button tooth rO~~lthr~Aobbles, drove casing to refusal and 

bega re r -29.9 MLLW 

6,8,8,10, 
29.9-34.4 Fractured Grani(G~O~e barrel jammed at 4.5' 

24 5min/6" 

7,8,10,10, 
34.4-39.4 FractLl~ic Gneiss 

26 10 

28 ~ 
Comments: Core run was completed at less revolutions per minute than r=,;ib::-" Je~. bY core barrel 

manufacturer. drill time is not a good indicator of rock competen ~ 

Elevation of ~ Bedrock: 29.9' 

I 



J;.e.~.u,. ,~ 
Date: 9/16/2010 
Time: 11:20 AM 

DRAFT BORING LOG 
Project: Phase IV Dredging Project No: 6690.005 X: 816365.6 
Location -\ South Terminal Expansion Y: 2688161.5 
Eleva;.tkfrl# m\..!dline: -1.1' Datum: MLLW 
Casing T~S1eel Boring Depth: 39.40' Boring No: A-2010-B3 
Casing Dia,rtieter: , 4" Drill Rig: CME45 
Drill Co: \ N~oring Method: Drill and Wash Sheet: 1 of 1 
Driller: ~d~ntacost Log By: GCD 

~2 ~ J (0 Description 
~ . 

(Color, Texture, Structure) Q)~ 
Q) .~ --..Cl Q) ro Q) 0.::2 g 

..c .~ !:; > 
a.=c 0 Q) 0 (/)=u. 

53 ~ ~ _~ L-Q) ::J a o Q) Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% o E 0:: Cl.. LO( 
~_ 0. 

1 24" ~ V" Dark Grey, very fine to fine SAND, little organic Silt, trace shell hash, one juvenile 
18" 

7 , 5 , 5~ clam. 

'C A ~ 
5 24" 10 , 13~ G~l:fine to ,,~se S~_D, trace Silt, charp color change to Tan, fine to medium 

5" ~A D, little Silt. ~ cal:!aht in nose of spoon -- It~ ~ 
~ X 

10 24" 
16,19,20,23 

~" ine to CO~~~:EL and fine to medium SAND, trace Silt. 
6" 2" of G~SI~, some, e to C~SAND, some fine to coarse Gravel. TILL 

'~' ~~~ 

'- ~ ~A 
15 24" 

17,18,14,14 Grey, SIL T an~~: some flKe to coarse Gravel, little medium to coarse 
4" Sa , Gravel stuck in top of sample. 

~-

( ~ 
20 6" Tan, fine SAND, some Silt, s~oarse Gravel, trace medium to coarse 

80,60,40,61 
6" Sand, avel stu in top of sample 

'- ~ 
Drilled with button toothed roller bi\~~i cleaned , drove casing , flushed 

hole and bega corin - . ~. 7' MLLW 
5' 

5,6,19 25.7 - 30.7 Highly fractured Granit~ with pegmatic intrusions. 
10% 3.3' 

5' 
30.7 - 35.7 Highly fractured Granitic G~matic intrusions. 

33% 4.6' 
Comments: vore run was compleTea aT less reVOlUTiOnS per minuTe man re~.~,~y core oarrel 

manufacturer, drill time is not a good indicator of rock competen rill ti~were not recorded 
after the first 3 feet of penetration. due to frequent starts and stops "']::ocess as barrel 
jammed and was cleared . 

Elevation of ~ 
Bedrock: 25.7' 

I 



J;.e.~.u,- ,~ 
Date: 9/20/2010 
Time: 8:05 AM 

DRAFT BORING LOG 
Project: Phase IV Dredging Project No: 6690.005 X: 816439.9 
Location South Terminal Expansion Y: 2687856.3 
Elevatio~udline: -2.5' Datum: MLLW 
CasirW"Tyg e: ..aleel Boring Depth: 43.75' Boring No: A-2010-B4 
Casing [)iSfil~ 4" Drill Rig: CME45 
Drill Co: YNH ~oring Method: Drill and Wash Sheet: 1 of 1 
Driller: " Tocltf e..,entacost Log By: GCD 

~2 ~~ 
(0 Description 
~ . 

(Color, Texture, Structure) Q)~ 
Q) .~ --..Cl Q) 0.::2 g 

..c .~ a.=c 0 Q) 0 ~;:u. 
a c u o ~ ~ Q) ::J Q) Q) -OQ) Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% o E 0:: 0..0:: co _ 0. 

24" ", ~~. H . , Black, Organic SILT, little shell hash, little fine to medium Sand. 
2 24" ~ W.O.H., 

4 ~ A 
24" 1~ ~ Dark~, fine to medium SAND and SILT, little shell hash. 

6 3.5" 
24" 

13,6,8); I ,-, ey, fin~AND, some Silt, little fine to coarse Gravel 
8 13" 

24" 
9,17,20,20 I ~neIGRAVEL, st e coarse Sand, little coarse Gravel. Coarse gravel stuck 

10 12" in nnse of spoon. 
24" 

10,8,10,12 Gre)l(7N~, some Si~ ~~(coarse Gravel, trace medium to coarse 
12 11" A ~ .~d. 

24" 
8,14,16,11 '~y, fine SAND ,Tom~e~arse Gravel, trace Silt. 

14 8" 
24" 

49,9,8,13 Grey, SIL T som~~ little fi~r~ Gravel, little medium to coarse 
16 9" Sand. Mottleu~F val ap rox 0.25 0.5' becomes Brown, then back to Grey 

24" 
24,20,18,16 

SILT, some fine t~oar:se'.sand, some fine to coarse Gravel, Color changes 0.0-
18 10" 0 . 25~~55' light Grey,0.55-0.80' Brown 

21" 
13,12,21 ,14 Tan SIL ~nd ~EL, some fine to coarse Sand 

20 10" - = 
20" 17,10,15, Tan, SILT, some fine to coa~~~av~,me fine to coarse Sand. 3" of Grey 

22 10" 100/2" completely weath ed Grall" Gneiss in nose of spoon. 
48" 25_2-29.2- Exploded greenish G~~eiSS (12-- in pieces none longer than 

10,12.19 3") Potassium Feldspar rich Pegmati . trusion ~11" in pieces none longer than 3"), 
24 23" core barrel jammed at 1.5, water re n s ~~ermittentIY through core run, 

0% drillinQ pa~ ea e 
36" 

6,6,14 29.2-32.2' Interface of Pegmatite and G~~neiSs (2"), highly fractured grey 
26 35% 25" Granitic Gnei 5 ~L~. 

60" 
Core Incomplete - recoveri~ 

28 
Comments: Core run was completed at less revolutions per minute than reco.~core barrel 

manufacturer, drill time is not a good indicator of rock competency. 

Elevation of ~ Bedrock: 25.2' 

I 



Date: 
Time: 

DRAFT BORING LOG 
Project: Phase IV Dredging 
Location \. South Terminal Expansion 

Project No: 6690.005 X: 816518.5 
Y: 2687561.6 

ElevaJioflf.at mud line: -9.4 Datum: MLLW 
CaSfngNY~teel Boring Depth: -31.6' Boring No: 
CasinwE1I~: 4" Drill Rig: CME 45 
Drill Co: r NI-} Boring Method: Drill and Wash Sheet: 1 of 1 
~~--~~~~~~~--~----.--.~----~~~------------' Driller: ~~entacost Log By: GAD 

~2 
Q)~ 

..Cl Q) 

..c .~ a.=c 

Description 

(Color, Texture, Structure) 

Q) ::J 
o E Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

~'~ ~ ~OR,wOR, 0-1' Black, organic SILT 

9/23/2010 
9:30 AM 

A-2010-B6 

2 6"'f""" WOR,wOR 1 '-2' Olive Grey, medium to coarse SAND, some fine sand, trace Silt 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

24" 
12" 

24" 
12" 

60" 

56" 
60' 

Comments: 

Elevation of 
Bedrock: 

2~1\ ~~rey, medium to coarse SAND, some fine Gravel 

12 , 16 , 22 , 1 ~~ r Greenish (rey, medium to coarse SAND, some fine Gravel. 
' ..... 

7,7,6,5,7 

8,12,6,7,6 

Core run was completed at less revolutions per minute than rec~~y core barrel 
manufacturer, drill time is not a good indicator of rock competenc" ~ 

~ -21 .6 

I 



 
 

 

 

 

 

 

 

 

Appendix III: 

Radiocarbon Results 



BETA BETA ANALYTIC INC. 
4985 S.W. 74 COURT 

MIAMI, FLORIDA, USA 33155 
PH: 305-667-5167 FAX:305-663-0964 

beta@radiocarbon.com DR. M.A. TAMERS and MR. D.G. HOOD 

REPORT OF RADIOCARBON DATING ANALYSES 

Mr. Peter A. Leach 

John Milner Associates, Inc. 

Sample Data 

Beta - 285530 
SAMPLE : NB-GA-RCI 
ANALYSIS: AMS-PRIORITY delivery 

Measured 
Radiocarbon Age 

1730 +/- 40 BP 

MA TERIALIPRETREA TMENT: (plant material): acid/alkali/acid 

13C/12C 
Ratio 

-25.90/00 

Report Date: 10/1112010 

Material Received: 10/112010 

Conventional 
Radiocarbon Age(*) 

1720 +/- 40 BP 

2 SIGMA CALIBRATION: Cal AD 230 to 410 (Cal BP 1720 to 1540) 

Dates are reported as RCYBP (radiocarbon years before present, 
"present" = AD 1950). By international convention, the modern 
reference standard was 95% the 14C activity of the National Institute 
of Standards and Technology (NIST) Oxalic Acid (SRM 4990C) and 
calcu lated using the Libby 14C half- life (5568 years). Quoted errors 
represent 1 relative standard deviation statistics (68% probability) 
counting errors based on the combined measurements of the sample , 
background, and modern reference standards. Measured 13C/12C 
ratios (delta 13C) were calculated relative to the PDB-1 standard. 

The Conventional Radiocarbon Age represents the Measured 
Radiocarbon Age corrected for isotopic fractionation, calculated 
using the delta 13C. On rare occasion where the Conventional 
Radiocarbon Age was calculated using an assumed delta 13C, 
the ratio and the Conventional Radiocarbon Age will be followed by "'''. 
The Conventional Radiocarbon Age is not calendar cal ibrated. 
When available, the Calendar Calibrated resu lt is calculated 
from the Conventional Rad iocarbon Age and is listed as the 
"Two Sigma Calibrated Result" for each sample. 



CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS 

(L 
@. 
Ql 
OJ 
til 
c 
0 
.0 

~ 
.Q 
D 
til 

0::: 

(Variables: C13 /C12=-25.9:lab. mult=l) 

Laboratory number: Beta-285530 

Conventional radiocarbon age: 1720±40 BP 

2 Sigm a calibrated result: Cal AD 230 to 410 (Cal BP 1720 to 1540) 
(95% probability) 

Inte rcept da ta 

Intercept of radiocarbon age 
with calibration curve: Cal AD 330 (Cal BP 1620) 

1 Sigma calibrated result: Cal AD 250 to 390 (Cal BP 1700 to 1560) 
(68% probability) 

1720±40 BP Plant material 
1860~----~~----~----~------~----~----~------~----~------~----~----__ 

1840 

1820 

1800 

1780 

1760 

1740 

1720 

1700 

1680 

1660 

1640 

1620 

1600 

1580 
200 220 240 260 280 300 320 340 

CalAD 

Re ferences: 
Database used 

INTCAL04 
Calibration Database 
INTCAL04 Radiocarbon Age Calibration 

IntCalO4: Ca libration Issue of Radiocarbon (Volume 46 , nr 3,2004) . 
Mathematics 
A Simplified Approach to Calibrating C14 Dates 

Talma . A. S. , Vogel, J. C . . 1993, Radioca rbon 35(2), p3J7-322 

360 380 

Beta Analytic Radiocarbon Dating Laboratory 

400 

4985 S. W. 74th Court, Miami, Florid a 33155· Tel: (3 05)667-5167· Fax: (305)663-0964· E-Mail: beta@ radiocarbon. co m 

420 



 
 

 

 

 

 

 

 

 

 

Appendix IV: 

Permits and Letters from MBUAR and MHC 



August 31, 2010 The Commonwealth ofMassachusetts 
Joel L Klein 
William Chadwick 

William Francis Galvin, Secretary of the Commonwealth 
Massachusetts Historical Commission 

Principallnvcstigators 
John Milner Associates, Inc. 
I Croton Point A venue. Suite B 
Croton-on-Hudson, NY 10520-3028 

RE: New Bedford Harbor State Enhanced Remedy in New Bedford South Terminal, a/k/a Confined Disposal 
Facility alk!a South Terminal Marine Industrial Park Development, New Bedford, MA. 
MHC #RC.48892. 

Dear Me. Klein & ML Chadwick: 

Staff of the Massachusetts Historical Commission, office of the State Historic Preservation Officer and the State 
Archaeologist, have reviewed the research designs and methodologies for archaeological investigations in the 
intertidal and subtidal ponions of the project. Your proposals indicate that you will coordinate and take into account 
findings hy Dolan Research Inc, to avoid duplication of effort and lo provide an adequate identification and 
evaluation effon for the project area of potential effect 

The background res~arch and cultural historical context, and the proposed methodology for the investigation were 
generally well researched and well developed. However, the methods proposed for the investigation should be 
revised in eonsideration of recent, relevant findings in New England for similar investigations. MHC staff are able to 
direct you to previous, relevant research findings in MHC's archaeological report archive. 

The core strata should be photographed in color. Samples should be taken of formerly terrestrial surfaces fTom one 
side of split cores. The samples of terrestrial surfaces should be floated to recover heavy and light organic fractions, 
and analyzed to interprt:'t {he tindings" Radiocarbon dating oforganic material from a sample of the cores should be 
proposed to date terrestrial surt'lces that may be associated with cultural activity. 

It is <llso conventional to Cl.lratc core samples, Because of the number of core samples propose.d, JMA may propose 
to have only intact cores with significant findings curated. The Woods Hole Science Center Core Lab is a regionally 
appropriate euration facilit,. 

Please prepare a letter addendum to the research designs and methodologies that take into acc()unt the!>e comments, 
offered to assist in compliance with Section 106 of the National Historic Preservation Act of 1966 as amended (36 
CFR 800). MGL c. 9, 55. 26-27C (950 CMR 70), and the Secretary orthe interior's Standards and Guidelines for 
Archeology and Historic Preservation (48 Fed. Reg. 190( 1983 ». Please contact Edward L Bell of my staff if you 
have any questions. 

Sinccrclv, 

~~~ 

Brona Simon 
State Historic Preservation Officer 
Executive Director 
State Archaeologist 
Massachusetts Historical Commission 

xc: see attached 

220 Morrissey Boulevard, Boston, Massachusetts 02125 
(617) 727-8470. Fax: (617) 727-5128 

www.sec.state.ma.us/mhc 

www.sec.state.ma.us/mhc


xc: 
Lois K, Adams, US Environmental Protection Agency 
New Bedford Harbor Development Commission 
Victor T. Mastone, Massachusetts Board of Underwater Archaeological Resources 
George Green, Jr" Mashpee Wampanoag Tribe 
Bettina Washington, Wampanoag Tribe of Gay Head (Aquinnah) 
Jennifer T Nersesian: NPS New Bedford Whaling NHP 
Derek 1. Santos, New Bedford Historical Commission 
Chet Meyers, APEX Companies, LLC 
J, Lee Cox, Jr" Dolan Research Inc, 
Martin G. Dudek, JMA, Inc, 



architects 
archeologists 

planners 

JOHN MILNER ASSOCIATES, INC. 

Restoration & Rehabilitation • Preservation Planning· Archeological & Historical Research· Cultural Landscapes· Materials Conservation 

PRINCIPALS 

Allan H Stecnhusen 

Daniel G Roberts, RPA 

Chartes D Cheek, Ph 0 

John K MOll, FAIA 

Thomas L Smithers 

Kathryn L Bowers, SPHR 
Charks S Raith. AlA 

Joel I Klein. Ph D , RPA 
Wade P CallS, RPA 

SENIOR ASSOCIATES 
Joseph F Balicki, RPA 

Rohert G Kingsley. Ph J) 

Richard Meyer 

Alfonso A Narvaez 

Donna J Seifert, Ph 0, RPA 

J Sanderson Stevens 

B J Titus 
Rehecca Yamin, Ph [) , RPA 

ASSOCIATES 

Tod L Benedict 
William Chadwick, Ph D , PG 

Julielle J Gerhardt 
Pallick J Healon, RPA 

Douglas C McVamh 
Christopher Quirk, AlA 

Michael E Roherts, RPA 

Sarah Jane Ruch 

VIA ELECTRONIC MAIL 

September 8, 2010 

Mr. Victor Mastone, Director 
Board of Underwater Archaeological Resources 
251 Causeway Street, Suite 800 
Boston, MA 021 14-2199 

RE: MBUAR ARCHEOLOGICAL SURVEY PERMIT NO. 10-005 
AMENDED RESEARCH DESIGN AND METHOLOGY 
SUBTIDAL PORTIONS OF THE SOUTH TERMINAL MARINE 

INFRASTRUCTURE PROJECT 
NEW BEDFORD, MASSACHUSETTS 
MHC #RC.48892 

Dear Mr. Mastone: 

This letter constitutes JMA's request to amend the existing Research Design and Methodology 
component of our previously submitted and approved permit application for work in the sub
tidal portions of the South Terminal Marine Infrastructure Project (the Project) in New Bedford. 
These changes have been requested by the Massachusetts Historical Commission (MHC) as a 
result of their review of our permit application. It is my understanding that the requested 
modifications have been requested to insure that the work and subsequent analyses undertaken 
by JMA under out MBUAR permit will meet the needs of the MHC when they carry out their 
review of the Project under Section 106 of the National Hi.storic Preservation Act. 

In accordance with MHC's request of August 31, 2010 (attached) JMA intends to modify our 
previously submitted research design and methodology as follows: 

After recovery and transport to a suitable work area, marine sediment cores (Vibracores) 
recovered as part of the survey effort will be split. One side of each core will be retained for 
subsequent curation. Both sides of each core strata will be photographed in color. Samples 
(from the non-curated half of each core) will be taken from strata believed by JMA's 
geoarcheologist to be from previously terrestrial surfaces. These samples will be subject to 
flotation analyses at a JMA laboratory utilizing a SMAP-type flotation device. Both light and 
heavy fractions recovered through flotation will be analyzed. Special attention will be given to 
possible presence of micro-flakes suggesting the presence of a pre-Contact archeological 
resource. If organic material is identified in any core strata possibly associated with a former 
terrestrial surface samples for radiocarbon dating will be collected. Any such samples will be 
submitted to a qualified laboratory (e.g Beta Analytic) for dating. 

One Croton Point Avenue, Suite B. Croton-on-Hudson, New York 10520-3028 • 914-271-0897 I fax 914-271-0898 

West Chester. PA Philadelphia. PA Alexandria, VA Charlottesville, VA Croton-on-Hudson. NY Louisville, K Y Littleton. MA 

www.lohnMilnerAssociates.com 

http:www.lohnMilnerAssociates.com


Mr. Victor Mastone 
September 8, 20 I 0 
Page 2 

JMA will provide for temporary curation of intact cores with significant fmdings until such time as a 
permanent curation facility can be located. JMA will work with both MBUAR and MHC to locate an 
acceptable permanent curation facility (e.g. the Woods Hole Science Center Core Lab. 

A copy of this request is being sent to the MHC and the Mashpee Wampanoag and Wampanoag Tribe of 
Gayhead (Aquinnah). If you have any questions or require clarification or additional information please 
contact me. 

Sincerely, 

~1I.Klei~ 
Associate Director, Cultural Resources 

Cc: E. Bell (MHC) 
J. Borkland (Apex) 
P. Leach (JMA - West Chester) 
W. Chadwick (JMA - West Chester) 
L. Cox (Dolan Research) 



August 31, 2010 The Commonwealth ofMassachusetts 
Joel L Klein 
William Chadwick 

William Francis Galvin, Secretary of the Commonwealth 
Massachusetts Historical Commission 

Principallnvcstigators 
John Milner Associates, Inc. 
I Croton Point A venue. Suite B 
Croton-on-Hudson, NY 10520-3028 

RE: New Bedford Harbor State Enhanced Remedy in New Bedford South Terminal, a/k/a Confined Disposal 
Facility alk!a South Terminal Marine Industrial Park Development, New Bedford, MA. 
MHC #RC.48892. 

Dear Me. Klein & ML Chadwick: 

Staff of the Massachusetts Historical Commission, office of the State Historic Preservation Officer and the State 
Archaeologist, have reviewed the research designs and methodologies for archaeological investigations in the 
intertidal and subtidal ponions of the project. Your proposals indicate that you will coordinate and take into account 
findings hy Dolan Research Inc, to avoid duplication of effort and lo provide an adequate identification and 
evaluation effon for the project area of potential effect 

The background res~arch and cultural historical context, and the proposed methodology for the investigation were 
generally well researched and well developed. However, the methods proposed for the investigation should be 
revised in eonsideration of recent, relevant findings in New England for similar investigations. MHC staff are able to 
direct you to previous, relevant research findings in MHC's archaeological report archive. 

The core strata should be photographed in color. Samples should be taken of formerly terrestrial surfaces fTom one 
side of split cores. The samples of terrestrial surfaces should be floated to recover heavy and light organic fractions, 
and analyzed to interprt:'t {he tindings" Radiocarbon dating oforganic material from a sample of the cores should be 
proposed to date terrestrial surt'lces that may be associated with cultural activity. 

It is <llso conventional to Cl.lratc core samples, Because of the number of core samples propose.d, JMA may propose 
to have only intact cores with significant findings curated. The Woods Hole Science Center Core Lab is a regionally 
appropriate euration facilit,. 

Please prepare a letter addendum to the research designs and methodologies that take into acc()unt the!>e comments, 
offered to assist in compliance with Section 106 of the National Historic Preservation Act of 1966 as amended (36 
CFR 800). MGL c. 9, 55. 26-27C (950 CMR 70), and the Secretary orthe interior's Standards and Guidelines for 
Archeology and Historic Preservation (48 Fed. Reg. 190( 1983 ». Please contact Edward L Bell of my staff if you 
have any questions. 

Sinccrclv, 

~~~ 

Brona Simon 
State Historic Preservation Officer 
Executive Director 
State Archaeologist 
Massachusetts Historical Commission 

xc: see attached 

220 Morrissey Boulevard, Boston, Massachusetts 02125 
(617) 727-8470. Fax: (617) 727-5128 

www.sec.state.ma.us/mhc 

www.sec.state.ma.us/mhc


xc: 
Lois K, Adams, US Environmental Protection Agency 
New Bedford Harbor Development Commission 
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George Green, Jr" Mashpee Wampanoag Tribe 
Bettina Washington, Wampanoag Tribe of Gay Head (Aquinnah) 
Jennifer T Nersesian: NPS New Bedford Whaling NHP 
Derek 1. Santos, New Bedford Historical Commission 
Chet Meyers, APEX Companies, LLC 
J, Lee Cox, Jr" Dolan Research Inc, 
Martin G. Dudek, JMA, Inc, 
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September 9, 2010 The Commonwealth of Massachusetts 
T • William FraJ~~is Galvin, S~retary of me Commonwealth 
'-'o~s K. Adams . .. M~sac:hus.etts Historic::a1 Commission 
ChIef, urants, Tribal and MUnicIpal ASS1SIaJIce Branefl-
Office ofEcosystem Protection 
US Environmental Protection Agency 
5 POM Ot1i::e Square, Suite I CO 
Boston, M \ 02109-39! 2 

R.E: New I:..edford Harbor State E!.Ihanced Remedy in New Bedford Sout.l-t Terminal, a/k/a Confmed Disposal 
Facility a/~J& South Terminal Marine Industrial ParK Development, New Bedfor~. MA. MHC URC.48891. 

@ 002/004 

Staff of the Massachusetts Hist-orical Commission (MHC), office of the State Historic Preservation Offieer Bnd the 
State Arch:leolagi$t, have r~viewed additional infonnatit:ln submitted to tne MHC for the resea."Ch d.e$igm and 
melhodolo~it'! for archaeological investig:\tiot'.$ in the intertida.l a."ld suhtidal portior.s of the project referenced 
above. 

Staffofthe M!-IC ~viewed the "Revised Supplemental Permit Application Information and Research Design and 
tv~~thodo!og"l {RDM) tor an Archeological [ntensive (Locltional) Arthaeological Surve) of the Si.1b-Tidal Portions 
(,fthe Sout l1 T::nninal Mui.lle Infrastructure Park., New Bedford, Massachusetts," prepared by Dolan Research Int. 
and receiwd by the MHC on September 7, 2010. 

In MHC's ,'pinion. the research design and methodolOiY for the investigation proposed by DolM RescZIJ'ch Inc. in 
the subtidal Jl~rtions of the proj~t ana is adequate. 

Staff of the MHC rc\'iewedthe letter add~ndum prepared by John Milner Associates Inc., and received on 
Sep~mber~ . 20HI. prepared in respome to MHC's commc:tts of Au&ust 31. 2010, ~nlellding the proposed research 
desij.'l ar.d methodolo~ for archaeological i:\'iestigations in the intertidal and ~ubtidal portions oitlte pr()je'~t, 
received or! August 20,2010 

III MHC"s ·. Ipiniofl, the research design and methodology for the investigation proposed by John Milner Associates 
lne. is ade<!uate . The MassaehuseTU State Archaeologist hIS also issued a field. investigation permit (9Sn CMR 70) 
to JOM Milner Associales, inc. for thll :ntertldal portion ofthe archaeological survey area. 

MHC look, forward to review and comment on the results ofthe!c archaeological investigations. 

The~ com:nel1ts are offered to ILSsist in compllance with Section 106 of the National Historic Pres~rvation Act of 
t966 a.s 8.rtended (36 eF'R 800), MGL c . 9, u. 26·27C (9S0 CMR 70), and the Se.crewy of tho interior's Standlll',js 
ar.d Guideline, fQr Archeology and Historic Preser'i~tion (48 Fed. Reg. 190(1983). Please cl;lntact E<.Swaro L. Bell 
ofm)' staff if you have ilny questions. 

Sincerely. 

~S~ 
Brona Sim·::r. 
State Historic flreservation Officer 
Executive'Director 
SUlte Arc:ha~logist 
Ma~sachus~tts Historical Commission 

xc: see attached 
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006) is for the marine archaeological and assoc iated remote sensing survey for the intertida l area of the proposed 
the South Terminal Marine Industrial Infrastructure Project area in New Bedford as detailed on the chart 
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approval o f thi s permit will be considered by the Board at its nex t regularly scheduled meeting where a quorum 
is present. Thi s meeting is schedul ed for 30 September 2010. 

This perm it is herein grHnted dependent upon John Milner Associates, Inc 's compliance with the 
Board 's Regulations (312 CMR 2.00) and the research design and methodo logy included in the permit 
application. For proj ec ts subj ect to Secti on 106 of the National Hi storic Preservation Act of 1966. as amended 
(36 CFR 800), permillees arc direc ted to consult with and prov ide their proposed research design 
and methodol ogy to the State Hi storic Preservation Office/Massac husells Hi stori cal Commi ss ion and the lead 
fed eral agency in accordance with 36 CFR 800.4, prior to conducting the fi e ld investigation 

Thi s permit does not re lieve the permillee or any other person of the necess ity of complying with all 
other federal, state and loca l statutes. reg ulation s. by-laws and ordinances. 

If you should have any question s or need further assistance. do not hesi tate to contact the Board at the 
address above or by telephone at (6 17) 626-1141. 

Sincerely. 
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Director 

Cc: 	 Brona Simon, MHC 
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MANAGEMENT SUMMARY 

MANAGEMENT SUMMARY
 

Apex Companies, LLC, on behalf of the New Bedford Redevelopment Authority, contracted John Milner 
Associates, Inc. (JMA) to conduct a marine archaeological assessment comprising remote sensing and 
coring survey of the subtidal portions of the proposed South Terminal Marine Infrastructure Park (the 
Project) in New Bedford, Bristol County, Massachusetts . The Project includes construction of a Confined 
Disposal Facility (CDF) in support of the disposal of contaminated sediments associated with 
environmental remediation activities, and navigational dredging activities. The completed Project will 
include the extension of the existing South Terminal bulkhead to the south for approximately 800 linear 
feet, which would create a 19.95 acre Marine Industrial Park facility with 1,000 linear feet of bulkhead 
space that could support vessels drafting up to 30 feet. Once built-out, the total estimated area of the 
combined properties (present upland parcels plus the new land created via the bulkhead extension) would 
total approximately 19.95 acres.  

A total of 69 individual seismic profiles, collected on September 16, 2010 by Dr. Allen Gontz with 
assistance from JMA and Apex Companies, LLC personnel, were analyzed on September 18, 2010 and 
five vibracores targets were selected. Vibracore analysis and interpretation of sediments resulted in the 
identification of an intact, buried and submerged paleosol in Vibracore NB-VC-04, and a truncated B 
horizon in Vibracore NB-VC-05. The paleosol is located in the south/southwestern portion of the 
proposed turning basin. Resultant sieving, floatation, and detailed analysis of resulting sorted sediments 
under magnification did not identify prehistoric cultural materials. In sum, no prehistoric cultural 
materials were identified in any of the five vibracores. However, the paleosol is well preserved, and 
represents a paleolandscape that would have been available for human use at a lower stand of sea-level. 
As such, it is JMA’s opinion that the paleosol has moderate archeological potential. 

JMA concluded that a small portion of the southern end of the proposed turning basin has moderate 
potential for submerged prehistoric sites. Should this area be impacted by dredging as planned, it is 
JMA’s recommendation that a suitably trained archeologist be on board the dredging vessel to monitor 
ground-disturbing activities in the areas designated. If possible, the sediments should be closely examined 
for color and texture characteristics consistent with a paleosol. Additionally, sediments exhibiting the 
characteristics of a paleosol should be screened to assess whether cultural materials are present. Should 
cultural materials be recovered from dredged sediments, the MHC and MBUAR should be contacted 
immediately to provide guidance on how best to proceed. 
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1.0 INTRODUCTION 

1.0 INTRODUCTION
 

Apex Companies, LLC, on behalf of the New Bedford Redevelopment Authority, contracted John Milner 
Associates, Inc. (JMA) to conduct a marine archaeological assessment comprising remote sensing and 
coring survey of the subtidal portions of the proposed South Terminal Marine Infrastructure Park (the 
Project) in New Bedford, Bristol County, Massachusetts (Figure 1, A,B). The Project includes 
construction of a Confined Disposal Facility (CDF) in support of the disposal of contaminated sediments 
associated with environmental remediation activities, and navigational dredging activities. The completed 
Project will include the extension of the existing South Terminal bulkhead to the south for approximately 
800 linear feet, which would create a 19.95 acre Marine Industrial Park facility with 1,000 linear feet of 
bulkhead space that could support vessels drafting up to 30 feet (Figure 2). Once built-out, the total 
estimated area of the combined properties (present upland parcels plus the new land created via the 
bulkhead extension) would total approximately 19.95 acres.  

The following steps will be required in order to complete the proposed bulkhead extension Project as 
envisioned: 

•	 A bulkhead extension will need to be installed along the existing bulkhead line of South Terminal 
for approximately 800 linear feet.  

•	 The bulkhead will turn 90 degrees and head to shore along the extension of the property line. 

•	 The area in front of the bulkhead would be dredged to -30 MLLW. A channel from the new 
bulkhead area would be installed, extending to the existing federal channel.  

•	 Material generated from dredging from creation of a Confined Aquatic Disposal (CAD) Cell 
(depending on timing and suitability) would be placed behind the bulkhead to fill the area to 
grade. 

•	 The material behind the bulkhead would be allowed to drain and settle in order to create a surface 
with sufficient support. 

•	 Tiebacks and whales, if necessary, would be installed to support the new bulkhead wall.  

•	 Currently forested area on the remainder of the facility would be cleared and graded to meet the 
top of the bulkhead grade to create a relatively flat facility. 

•	 The surface of the new facility of crushed stone would be installed.  

A previous archeological sensitivity assessment of the associated upland portions of the Project area was 
conducted in June 2010 and found that the upland area immediately adjacent to the intertidal zone had 
been extensively disturbed by nineteenth-twentieth century industrial development (Kotlensky and Klein 
2010). The MHC concurred with this conclusion and recommended additional investigation of the non-
upland portions of the Project site to evaluate “the likelihood of preserved ancient or historical period 
Native American sites to be present in the area of potential effect” (MHC 2010).  

The proposed South Terminal Marine Infrastructure Park in New Bedford Harbor has the potential to 
impact submerged cultural resources, thus a comprehensive Phase I Underwater Archaeological 
Investigation was designed to assess the potential presence or absence of potential submerged pre-contact 
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1.0 INTRODUCTION 

cultural resources within proposed construction areas. The underwater archaeological investigation aimed 
to assess the potential for submerged pre-contact archaeological resources through the following research 
avenues: 

1) Intensive background research regarding the local geomorphic evolution, including sea-level rise, 
marine transgression, sedimentation, and historic dredging and other disturbance; 

2) Seismic reflection profiling survey to investigate subsurface marine stratigraphy, for the purpose of 
assessing the potential for submerged pre-contact cultural resources; 

3) Analysis and interpretation of seismic reflection profiling data, and selection of coring targets with 
potential for submerged pre-contact cultural resources; 

4) Extraction of marine core samples in possible high-potential locations, and subsequent analysis of 
stratigraphy and identification of possible cultural materials. 

The purpose of the intensive (locational) survey proposed here is to identify whether potentially 
significant archeological resources that may be adversely affected by Project construction and operation 
are present in the subtidal portions of the Project area. A separate investigation of intertidal portions of the 
Project area was conducted as well and will be reported under separate cover. This work was conducted 
under a permit from the Massachusetts Board of Underwater Archaeological Resources (MBUAR) and 
the State Archeologist and is intended to meet or exceed the standards outlined in the MBUAR’s 
Regulations (312 CMR 2.00), the State Archeologist’s Permit regulations (950 CMR 70.14 (2)), and the 
research design and methodology included in the RDM supplied by JMA during the permit application 
process. This work is being conducted in compliance with the Secretary of Interior’s Standards and 
Guidelines for Archeology and Historic Preservation (48 Fed. Reg. 190 (1983)), and Massachusetts 
General Laws Chapter 9, Sections 26-27C (950 CMR 70). 
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2.0 PROJECT CONTEXT 

2.0 PROJECT CONTEXT
 

2.1 ENVIRONMENTAL CONTEXT 

The area proposed for the dredge bulkhead expansion is situated to the east of New Bedford, 
Massachusetts in the southern portion of Bristol County. The locale of interest, an approximately 32 acre 
area encompassing potentially affected subtidal environments, is sited on New Bedford Harbor within the 
Acushnet River estuary which empties into Buzzards Bay. New Bedford Harbor is partially separated 
from greater Buzzards Bay by a large hurricane Barrier constructed by the US Army Corps of Engineers 
in 1964. The Project Area lies within the Seaboard Lowland Section of the New England Province, which 
is within the greater Appalachian Highlands physiographic division. The adjacent upland area comprises 
approximately 12 acres of a largely undeveloped brownfield site containing graded, previously developed 
land. Two soil map units denote the soil types within the Project Area, which are composed of filled or 
heavily graded deposits, with standing structures or not, related to intensive previous land use. Table 1 
provides a summary of soil units within the Project Area (USDA 1981). 

Table 1. Soils adjacent to the project area.  
Map 
Unit 

Soil Slope % Drainage Description Parent Material 

602 Urban 
Land 

0 - 15 Variable; 
Site 
Specific 

Urban Land Excavated and Filled Land 

651 Urdorthents 
Smoothed 

0 - 15 Variable, 
Site 
Specific 

Urban Land Made Land over Gravelly Glaciofluvial 
Deposits and Basal Till 

The Project Area is bound to the east by the Acushnet River estuary and nearby Palmer Island; to the 
north, west, and south by commercial warehouses and large paved areas, with Blackmer Street to the 
south, South Front Street to the west, and Potomska and Wright Streets to the north. Currently there is one 
standing multi-storied structure near the northern margin of the Project Area, listed as a property of the 
Shuster Corporation and a radio tower assembly is sited along the western margin of the Project Area. A 
recent field study of soils adjacent to the Project Area notes:  

The entire site had been impacted by filling with construction waste and other 
material over a long period of time, and sufficiently long ago to permit growth of 
extensive opportunistic vegetation. In general, progressing from the west to the 
east, the property was more finished (i.e., level and maintained) around the radio 
station transitioning to the roughest part nearest to the beach, and groundwater 
fluctuations appeared to become closer to the surface. At two thirds of the distance 
to the beach, waste piles were more evident, the land surface became more 
hummocky, and the vegetation turned to an unkempt, scrub forest of low lying 
trees and shrubs . . . The area qualifies as urban fill, reflecting its historic use as a 
construction debris landfill area and previous filling of what was long ago coastal 
wetlands (Pickering 2010). 

The Project Area was covered by the Laurentide Ice Sheet circa 15000 yrs BP (Borns, 1973; Mayewksi et 
al., 1981). During the last glacial maximum (LGM) the Laurentide Ice Sheet extended seaward of New 
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2.0 PROJECT CONTEXT 

Bedford Harbor to the approximate present day location of Long Island, Martha’s Vineyard, and 
Nantucket Island (Borns, 1973; Mayewksi et al., 1981). The Buzzards Bay Lobe of the Laurentide Ice 
Sheet had the greatest effect on the present configuration of New Bedford Harbor (Howes and Goeringer, 
1996). Rapid warming of the climate after circa 15,000 yrs B.P., causing the retreat, thinning, and melting 
of the ice sheet, resulted in the deposition of moraines and outwash deposits within the region. As the 
Laurentide Ice Sheet melted and retreated, regional sea level began to rise at a rate of approximately 
0.011 m /yr in the region (Howes and Goeringer 1996). This rate of sea level rise slows in the region 
approximately 4000 years B.P. to an average rate of approximately 0.001 m/yr (Howes and Goeringer 
1996). With the rise in sea level, the ocean transgressed the exposed glaciated landscape of the 
Pleistocene Epoch. Considering the rates of sea level rise in the region, inundation of Buzzards Bay by 
the rising sea level began circa 8,500yrs BP. The Acushnet River did not become inundated until circa 
4,500yrs BP. The Upper Harbor was not influenced by tidal processes until circa 3,600 yrs BP, while the 
intertidal zone of the Upper Harbor did not become subjected to tidal processes until after circa 1000 yrs 
BP. 

The Acushnet River estuary formed as a response to late Pleistocene and Holocene relative sea-level rise 
and the submergence of the Acushnet River valley. As sea-level has risen the transgression of coastal 
processes into the Acushnet River estuary has resulted in either the erosion or preservation of prehistoric 
archeological sites in relation to the rate of local sea-level rise, the level of energy related to coastal 
processes, and their geographic location (Hoyt et al., 1990; Kraft et al. 1983; Stright, 1990). The Acushnet 
River estuary is affected by the characteristic low-energy coastal processes associated with small coastal 
plain, tide-dominated estuaries. The energy regime is further diminished in the upper reaches of the 
estuary north of the hurricane barrier. New Bedford Harbor is fetch-limited due to its narrow width, 
resulting in fairly negligible wave-energy except during storm events. Tidal energy, related to diurnal 
tidal cycles, and currents are the major coastal processes affecting local marine energy regimes. Upper 
estuarine settings are dominated by resuspension of sediments from outer portions of the estuary and 
sediment deposition in the low-energy, inner portions. In contrast, more open-ocean settings such as 
Nantucket Bay have a much higher energy regime, resulting in widespread reworking of sediments (Lidz, 
1965). 

Modern bathymetric data reveal an extensive, submerged sediment bank behind the hurricane barrier that 
connects the Project Area to Palmer Island. A nautical survey from 1844 (Bache, 1946) depicts a similar 
bank of sediment, implying that the area contained a significant amount sediment before construction of 
the hurricane barrier (Figure 3). Historic industrial use of the Project Area vicinity has clearly modified 
the adjacent upland landscape, resulting in widespread disturbance, though within the Project Area there 
is no indication of extensive disturbance. Historic topographic (USGS, 1890) and coastal survey (Bache, 
1844) maps reveal no ostensible disturbances within the project area; they do however depict extensive 
marshes and natural coastal environments. It is likely that historic use of the vicinity, including addition 
of fill and other sediment to terrestrial environments through industrial activities, and marine and 
intertidal sediment deposition related to the construction of the hurricane barrier, have served to bury 
earlier landforms and reduce the impact of coastal erosion processes and modern maritime activities on 
the Project Area. Consequently, preservation potential of buried, submerged landforms is high in this 
location due to its sheltered nature, sediment accumulation in the estuarine setting, historic evidence of 
coastal marsh presence, indirect sheltering by palmer island, and increased sedimentation due to hurricane 
barrier construction. 

2.2 PRE-CONTACT AND CONTACT PERIOD CONTEXTS 

The following section presents a general summary of the archeological research on Native American 
societies that inhabited southern New England following the end of the last Ice Age, with special 
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2.0 PROJECT CONTEXT 

reference to the New Bedford, Massachusetts vicinity. The prehistory (pre-Contact period) of eastern 
North America is divided into three major chronological stages of cultural development: Paleoindian 
(12,000-9,000 Before Present or BP), Archaic (9,000-3,000 BP), and Woodland (3,000-450 BP). The 
Archaic and Woodland periods are further divided into Early, Middle, and Late sub periods. Subsequent 
research and radiocarbon dating have helped to refine the chronology, cultural trends and artifact 
traditions as discovered on sites from these periods.  

The purpose of this introductory section is to sketch the main trends of Massachusetts prehistory and to 
identify evidence pertinent to the project area, in order to provide the pre-Contact background necessary 
for assessing the potential for archeological resources within the project area.  

For most of the pre-Contact period in the region, river drainages define physiographic units within which 
human communities operate. This pattern follows from the longitudinal diversity of habitats that occurs 
along drainages, forming ecologically unique wetland habitats, together with the transportation routes 
afforded by their water courses. In the clearest examples, rivers provide access to maritime and upland 
resources at each end of the drainage, and to the diverse habitats in between. The exploitation of those 
habitats can be integrated into a seasonal round that differs at various historical moments.  

The following review is arranged chronologically by major periods recognized for New England. Each 
chronological section will present the major trends and patterns.  

Paleoindian (12,000-9,000 BP) and Early Archaic (9,000-8,000 BP). The late Pleistocene geological 
period witnessed major environmental changes which, in time, impacted the peopling of the Americas, 
and thus the earliest Native American occupations in the New England area. Southern New England was 
covered by a sheet of ice 1.5 km. thick, which extended over what are now Long Island, Martha's 
Vineyard and Nantucket. At this time, the sea level was about 100 m lower than it is at present, because 
of the enormous amount of water tied up in the glacial ice sheets. Only when the ice sheet began to melt, 
beginning ca. 15,000 BP, was southern New England habitable; by ca. 13,000 BP the ice sheet had 
retreated to expose Connecticut, Rhode Island, and southeastern Massachusetts and by ca. 12,000 BP all 
of New England was uncovered (Stone and Borns 1986).  

During this time, sea levels rose sharply as deglaciation liberated enormous amounts of water, while 
isostatic rebound of land depressed by the weight of the former ice sheet quickly elevated large regions, 
especially in Maine. The physical landscape of New England in the terminal Pleistocene period was very 
different from that of today. The coastline was well seaward of its present position, and the modern 
coastal configuration was not reached until about 3000 BP, when sea levels were still several meters 
below those of the present. Deglaciation created large lakes in the Hudson-Champlain drainages and in 
the Connecticut Valley and many other smaller bodies of water in Massachusetts (Curran and Dincauze 
1977, Dincauze 1974, Koteff 1982, Larsen and Hartshorn 1982, Stone and Peper 1982). The major lake 
systems were drained by 12,500 BP, while the smaller bodies of water gradually filled with sediment, 
leaving marshes, bogs, ponds and small lakes. With progressive deglaciation and rising regional 
temperatures, vegetation changed relatively quickly, from tundra to spruce parkland (by ca. 9000 BP) to 
an oak-hemlock association (by 7000 BP); at the same time, general climatic conditions shifted from cool 
and dry (ca. 11,000 BP) to warmer and moister (ca. 9000 BP) and then warmer and drier again (ca. 8000-
5000 BP). The human communities that initially colonized southern New England thus were faced with a 
rapidly changing landscape, one in which resources were of low density and relative unpredictability. 

This condition resulted in a very generalist adaptation, with emphasis on flexibility, mobility, large and 
probably loosely defined foraging territories, and maintenance of wide kinship ties (Dincauze 1980; Snow 
1980). While subsistence strategies for Paleoindians have not been determined, Snow (1980) has argued 
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2.0 PROJECT CONTEXT 

that Paleoindian subsistence was focused on migratory big game animals such as caribou, mammoth or 
mastodon, while exploiting other food resources as the people chanced upon them. An alternate view by 
Dincauze (1981) is that the Paleoindians were generalist foragers. One proposed model for this period 
postulates that glacial lake basins were the focus of occupations; these areas included a mosaic of habitats 
that provided richer subsistence possibilities than elsewhere in New England (Nicholas 1988). In New 
England, Paleoindian sites often reflect occupations of the recently drained proglacial lake bottoms and 
wetlands (Thorbahn 1982, Thorbahn and Cox 1983). Another model proposes the possibility that 
Paleoindians may have used pioneering or staging areas from which large, more-or-less permanent groups 
sent out smaller groups to colonize or pioneer the newly deglaciated terrain (Dincauze 1993, 1996). As 
the physical environment began to stabilize (i.e. changed less quickly and became more predictable), 
human groups grew less generalized in adaptation and settled into more restricted foraging territories. 

Diagnostic artifacts from the Paleoindian period include finely flaked fluted lanceolate points (Clovis and 
Folsom), with three phases identified on the basis of point styles (Spiess et al.1998). Other Paleoindian 
tools include scrapers, (presumably for working animal hides), gravers and bifacial blades. Lithic 
materials used consisted primarily of fine quality microcrystalline rock, often from sources more than a 
hundred miles away from the site of recovery.  

The nearest site with a documented Paleoindian component is the Wapanucket No. 8 site in Middleboro, 
Massachusetts (Snow 1980:138), lying some 40 miles north of the New Bedford area. 

The Early Archaic period is still being evaluated as to whether the changes in artifacts used to define this 
period represent continuity of Paleoindian populations. Dincauze (1990) used the common term pioneers 
for Paleoindian and Early Archaic populations (Pioneers and Late Pioneers, respectively). Snow 
(1980:171) considered that there was continuity from the Paleoindian Period into the Early Archaic 
Period, with “restricted wandering” of groups within territories during the Early Archaic. As the physical 
environment began to stabilize (i.e., changed less quickly and became more predictable) into a closed 
boreal environment dominated by spruce, fir and birch, human groups grew less generalized in adaptation 
and settled into more restricted foraging territories (Dincauze 1980, Meltzer 1988).  

A major change in artifacts from the Early Archaic period was that fluted points were no longer used. 
Late Paleoindian diagnostic artifacts include Dalton-like points and unfluted Eden lanceolate points; the 
latter are rare in Eastern Massachusetts, while the former may date into Early Archaic times (E. Johnson 
and Mahlstedt 1984). Early Archaic diagnostic points include Bifurcate Base, Kirk Stemmed, and Kirk 
Corner Notched points. Overlapping dates for the late Paleoindian and Early Archaic as well as the small 
number of Early Archaic sites in the Northeast still challenge this research issue. The latter may reflect 
low population numbers during the Early Archaic (Salwen 1978), the combined outcome of site 
destruction and meager or inadequate surveys, or our inability to recognize the entire range of artifact 
types for the period (Dincauze and Mulholland 1977). Some Early Archaic sites may have been buried or 
destroyed by rising sea levels or river alluvium (Dincauze and Meyer 1977). Subsequent collection 
research has found a wider range of sites with Bifurcate Base points than had previously been recognized 
(E. Johnson 1984). This may reflect a wider range of food resources being exploited.  

Most Early Archaic sites have been discovered in southern New England and in coastal areas. These 
small groups, it appears, did not camp together in larger numbers as did the earlier Paleoindians, with the 
result that there may be fewer recognized sites with sparse evidence of human presence. Sites from the 
Early Archaic period are perhaps best known in southeastern Massachusetts, especially in the Taunton 
River drainage (for example, the Titicut and Seaver Farm sites, Dincauze and Mulholland 1977; Double-P 
site, Thorbahn 1982; the upper Taunton concentration, Taylor 1976). The Titicut site is the largest site 
identified from the Early Archaic period. It has been interpreted as a base camp for several families. 
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2.0 PROJECT CONTEXT 

Several Early Archaic sites identified in Massachusetts contained evidence that suggests that small 
hunting groups returned to camps with seasonal regularity. Deep pit features that may have been used for 
storage were discovered in the Taunton and Shawsheen River drainages (Simon 1982; Harrison and 
McCormack 1990, Glover and Doucette 1992). These sites contained material suitable for radiocarbon 
age determinations, stone tools diagnostic of the Early Archaic Period, or both. 

During the Paleoindian and Early Archaic periods, most diagnostic tools were made of non-local or exotic 
stone, a pattern that generally is predominant throughout southern New England. However, it has recently 
been argued that until more Paleoindian and Early Archaic components are excavated and archeologists 
achieve better microscopic identifications of stone types and their origins, this pattern may be an artificial 
one reflecting biases in sample size and archeological recovery history (Moeller 1999:72-73). 

Sites containing a predominately non-bifacial quartz tool tradition referred to as the Gulf of Maine 
tradition are commonly found in Maine and northern New England (Robinson 1992) from this time 
period. Similar sites containing this tool tradition have been found at Lake Winnipesaukee (Bolian 1980) 
and within the Merrimack River drainage (Robinson 1992; Dudek 2005). At least two significant 
habitation sites utilizing a similar quartz tool technology have been found in southern New England on 
south-facing hillsides – the Sandy Hill site in Connecticut and the Whortleberry Hill site in Dracut, 
Massachusetts; these sites had deep pit features, interpreted as pit houses, with an abundance of charred 
hazelnut shells at Sandy Hill (Forrest 2000; Jones and Forrest 2003) and charred hazelnut and acorn shells 
at Whortleberry Hill (Dudek 2005).  

The Middle Archaic (8000-6000 BP). Throughout southern New England, human occupation becomes 
more evident and apparently more complex during the Middle Archaic. In southern New England, a 
mixed pine-oak forest was established and expanding north by 8500 BP, followed by an oak-hemlock 
forest in southern New England by about 6000 BP (Dincauze 1976:119). The greater number of sites 
from this time relates to a presumed increase in population density, while the greater disparity in size and 
differentiation of individual sites suggests a more complexly ordered social landscape than previously 
found. Stemmed bifacial points, atlatls (spear-thrower weights), pecked, ground and polished 
woodworking tools such as axes, adzes and celts, and plant-processing tools, such as mortars, pestles, 
grinding stones and nutting stones, are new forms in use during this time. The cultural traditions of the 
Middle Archaic complexes, as seen at the Neville site, reveal a close relationship to the Atlantic seaboard 
(Mid-Atlantic) and piedmont (Southeast) regions during the Middle Archaic period (Dincauze 1976:124). 

Dincauze and Mulholland (1977) have suggested that effective integration of seasonally available 
resources into a single adaptive schedule appeared during this period, while maintenance of territorial 
boundaries between groups intensified in consequence of this emergent adaptation; this response may 
have been a consequence of more stable regional environments. The predominant settlement pattern 
would be one of small sites oriented toward seasonally abundant resources, including spring fish runs. 
The earliest documented or inferred harvesting of anadromous fish during spring runs up the Connecticut 
(Thomas 1980) and the Merrimack (e.g., Dincauze 1976, Barber 1980) rivers, marks both a fundamental 
adaptation to foraging possibilities and a seasonal determinant of site location, meaning spring 
occupations at rapids, falls and constrictions on larger river courses. Exploitation of anadromous fish 
would continue throughout the rest of regional prehistory as a principal component of aboriginal 
economies. On the Mashantucket Pequot Reservation in southeastern Connecticut, the Great Cedar 
Swamp was important in seasonal subsistence rounds during the Neville phase from 8000 to 7000 BP. 
Several settlement models for New England “suggest that subsistence activities became more intensively 
focused on the valley floors of the major river drainages with the onset of the Hypsithermal after about 
7500 radiocarbon years ago” (Jones 1999:120). 
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2.0 PROJECT CONTEXT 

During the Middle Archaic period, there is a wide variety of environmental settings for sites, including 
the margins of bogs, swamps, rivers, lakes and ponds, with differentiation of sites based on size and 
apparent function. This may reflect the incipient seasonal rounds or scheduled subsistence activities, 
possibly related to a growing territoriality within drainage areas (Dincauze and Mulholland 1977). Site 
types include semi-permanent base camps along rivers, streams or wetlands, special-purpose camps in 
uplands or near wetlands, rockshelters, stone quarries, and workshop areas.  

Evidence of site differentiation and a more complexly ordered social landscape can be extrapolated from 
a number of large Middle Archaic sites containing a variety of features. At the Annasnappet Pond site in 
the Taunton River drainage, 119 cultural features were identified, while three of nine loci formed a nearly 
continuous distribution of Middle Archaic and Late Archaic material over nearly 14,000 sq. m. A 
mortuary feature containing calcined human cranial fragments, winged atlatl weights and Neville points at 
the Annasnappet Pond site was radiocarbon-dated to 7570 + 150 BP (Cross 1999); it is the only known 
human burial associated with Neville points in the Northeast. Middle Archaic radiocarbon dates were 
obtained from nine features, while the overall Middle and Late Archaic assemblage from the site included 
70,000 pieces of debitage, 166 Neville points, 31 Neville Variants, 38 Stark points, four Merrimack 
points, cylindrical and winged atlatl weights, ground hematite, bifaces, drills, cores and unifaces (Cross 
1999:60-63).  

Extensive archeological excavations along the Merrimack River relating to this time period have been 
conducted at the Shattuck Farm site in Andover and at the Neville and Smyth sites in the 
Manchester/Amoskeag falls area of southern New Hampshire. Dincauze identified three distinct temporal 
complexes of tools spanning the Middle Archaic period (7,740 + 280 to 5,910 + 180 BP); these were the 
Neville, Stark, and Merrimack complexes, stratigraphically separated at the site (Dincauze 1976). 
Circumstantial evidence revealed a focus on fishing at the Neville site during most of the Middle Archaic, 
with a reduced emphasis on fishing in the Merrimack complex.  

Cross (1999), examining the distinction between the Neville and Stark point types, has demonstrated 
differences in production technology and functional qualities of Neville and Stark points at the 
Annasnappet Pond site that imply differences in use (Neville points being used on atlatl darts while Stark 
points may have used on thrusting spears). Cross posits that, to judge from the functional and 
technological differences, the two kinds of bifaces may therefore be contemporary (Cross 1999:72). 
While Dincauze (1976) has argued for temporal overlap with Starks’ becoming more common over time, 
a closer examination of different temporal contexts in southern New England throughout the entire span 
of the Middle Archaic may resolve this issue.  

While population levels were certainly lower during Early and Middle Archaic times than during the Late 
Archaic (see below), there may be reasons other than population size to account for the apparent paucity of 
sites dating to the earlier sub-periods. Poor preservation and inappropriate survey techniques have been 
identified as two problems contributing to the low number of recorded Early Archaic sites. According to 
Nicholas (1987:103), Early Archaic sites were subject to kinds and degrees of post-depositional factors 
different than those represented at younger sites, and typical survey methods are not designed to locate 
deeply buried archeological deposits. Using a field methodology oriented toward the discovery of early sites 
(both Paleoindian and Early Archaic), Nicholas has recorded approximately 40 such sites at Robbins 
Swamp in the Housatonic drainage of northwestern Connecticut (Nicholas 1987). Closer to the project area 
are the Titicut and Seaver Farm sites on the Taunton River (Dincauze and Mulholland 1977). Within the 
Acushnet River drainage, and within New Bedford specifically, the Lawson site has produced Middle 
Archaic Neville, Stark, and Merrimack points (Fitts et. al. 2000). 
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2.0 PROJECT CONTEXT 

Late Archaic Period (6000-3000 BP). Many attributes of this period are well rooted in the Middle 
Archaic, but become much more evident in the Late Archaic. In some regions outside New England, the 
period is characterized by a shift to reliance on protocultigens or intensive gathering, perhaps precipitated 
by environmental changes. In southern New England, however, no one has yet identified cultivated or 
domesticated plants in a context earlier than the Woodland period. In the Southeast, in the Savannah 
River area of Georgia and South Carolina and in northeast Florida, the emergence of pottery has been 
dated as far back as 4500 BP (Sassaman 1999). In the Northeast, pottery did not come into use until 
around 3200 BP, while soapstone vessels were in use during the latter part of the Late Archaic into the 
Early Woodland, from about 3700 to 2400 BP (Sassaman 1999).  

Another marker of the period is the proliferation of archeological tool traditions and phases: Laurentian 
(Brewerton), Narrow Point (Small Stemmed), and Broadpoint or Susquehanna (Cook 1976, Custer 1984). 
A fourth tradition, the Maritime Archaic, is found primarily in coastal areas of northern New England, 
Nova Scotia, New Brunswick, Newfoundland, and Labrador. These Late Archaic traditions have been 
long-standing topics of discussion on their relationship to each other and their social and adaptational 
placement in Southern New England prehistory (W. Ritchie 1971; Dincauze 1975). Each of these artifact 
assemblages has identifiable antecedents, originating mostly in the Middle Archaic (Cross 1996:48). 
Dincauze associates the Laurentian Tradition with the west, in the Great Lakes and Ohio River drainages, 
rather than the Atlantic drainage (Dincauze 1976:125). Pfeiffer (1990:85-104) has argued that the Late 
Archaic Laurentian tradition, or Lake Forest adaptation, of southern New England was the progenitor of 
both the Susquehanna tradition, or River Plain adaptation, and the Narrow Point tradition, or Mast Forest 
adaptation. These adaptations were coexistent, and may have vied for territory (Pfeiffer 1990: 85). The 
Narrow Point appears to have been a local development not derived from outside the region (Dincauze 
1976). 

Debate about the Late Archaic Period centers on what the observed relationships of the tools mean in 
terms of the people behind them. Some of the tools co-occur at sites sequentially, others 
contemporaneously. The orthodox view is that correctly tying an artifact assemblage to one of these 
traditions allows an archeologist to infer an adaptation category, including subsistence adaptation and 
possibly a belief system (Dincauze 1972, 1975; Pagoulatos 1988; Pfeiffer 1984; Turnbaugh 1975). Some 
archeologists also tie these artifacts to genetic populations, and believe that they imply the movement, 
contemporaneity, or physical descent of the actual people who used the tools. Susquehanna Broad-like 
projectile points (E. Johnson and Mahlstedt 1984) and Wayland Notched (Hoffman 1991:20) have, in 
some cases, also been associated with mortuary sites (Dincauze 1968; Hoffman 1991:20). Stone-tool 
production may have been undertaken by a small group of experienced, older artisans whose skills and 
knowledge were respected and called upon. The lithic assemblages of such artisans would look very much 
the same and exhibit fewer signs of accidental breakage. There may also have been specific spaces set 
aside for use by such artisans in some settlements (Cross 1990 has an in-depth discussion of these 
possibilities in New England). 

The Late Archaic is the most visible period of Massachusetts prehistory, in terms both of numbers of sites 
and of typological attribution of materials. Even allowing for the chronological ambiguity of Small 
Stemmed points (cf. Mahlstedt 1987) and their use into the Middle Woodland in the Connecticut River 
Valley (Hasenstab et al. 1990), and Late Woodland/Contact Period use on Martha’s Vineyard (Herbster 
and Cherau 2003), Late Archaic patterns in Massachusetts indicate unprecedented population density, 
with communities well settled into narrow foraging territories defined by drainages and highly specialized 
to the habitats within these drainages. Confined to these territories, extractive activities were seasonally 
adjusted to meet the opportunities of the annual cycle. Sites were located in a wide variety of topographic 
situations -- river banks; margins of lakes, ponds, bogs and springs; around meadow lands; in rockshelters 
and at quarries; and along the coastline. The differentiation of site sizes suggests use of a radiating, 
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seasonally-dynamic settlement pattern (Dincauze 1974, 1975, 1980; Thorbahn and Cox 1983). Although 
some technological innovations (e.g., the stone bowl) are apparent in this period, and some long-distance 
exchange of materials occurred, emphasis seems to have been placed increasingly on locally available 
raw materials for chipped stone tools, often distributed within river drainages.  

The settlement pattern of human communities during this period is best viewed as a response to 
establishment of the temperate forest in which resources are heterogeneous but relatively stable and 
predictable. This period was marked by a progressive drying and warming trend, beginning perhaps ca. 
6000 BP and peaking at ca. 4000-3000 BP. In southeastern Massachusetts, the water table was 
significantly lower and surface-water flow was reduced, leading to a disappearance of all but the largest 
bodies of water (Thorbahn 1982). The latter changes may not have been the result of climatic drought, but 
rather of local geomorphic changes causing lowered stream flow (Simon 1991:69). These climatic trends, 
if regional in scale, would intensify the association between human communities and water, particularly 
in summer. As sea levels approached those of the present, shorelines stabilized and extensive shellfish 
beds developed, while anadromous fish populations may have benefited from the expanded continental 
shelf (Luedtke 1985:289). The Boylston Street Fish Weir site in Boston reveals intensive estuarine 
exploitation of fish populations by Late Archaic peoples (F. Johnson 1942, 1949). The Boylston Street 
Fish Weir is an extensive structure of wooden stakes set in the tidal mud flats of the Back Bay some 4,000 
years ago, and was presumably designed to capture fish and other marine resources at low tide.  

Around 4600 BP (Webb 1982:570) there was a dramatic decline in hemlock pollen, which is attributed by 
Davis (1981) to an as-yet-unidentified insect predator and/or disease rather than climate. Hemlock is 
today a very competitive species in the region, the loss of which caused what appears to have been a long-
term increase in species diversity. At approximately this time oak, white pine, and hickory increased 
dramatically throughout the region, while chestnut first appeared. This combination of events (added to 
warm temperatures) would have created a very suitable environment for aboriginal populations 
(Mulholland 1984:335). Oak and to some extent white pine provide food for game animals like deer and 
turkeys, while hickory and chestnut provide food for both game animals and people. At Kampoosa Bog in 
Stockbridge, Massachusetts, this environmental change coincided with evidence that people began 
visiting the bog more often and in greater numbers. There was also evidence to suggest that the people 
used fire to improve and maintain the natural abundance of important plants and animals in the area (E. 
Johnson 1996:22; E. Johnson et al. 1994).  

The pattern of a riverine-uplands subsistence settlement system apparently emerged during the Middle 
Holocene, between 6000 and 5000 BP, when the climax oak-hickory forest had matured and population 
levels increased, leading to regional Late Archaic strategies of extensive and intensive resource 
exploitation (Dincauze 1974, 1990). In the Sudbury-Assabet region, the number and diversity of Late 
Archaic sites and their distribution in riverine and inter-riverine, upland settings suggest a "broad-base 
[collecting, see Binford 1980] approach to resource use and considerable attention to small scale 
environmental features," including "bogs and kettle-hole swamps" (D. Ritchie 1983:89). Duncan Ritchie's 
work in the Sudbury-Assabet area (1980:87-88,1983), indicates that patterns of upland use became more 
intensive about 4,500 years ago; more activities were now taking place there and some localities began to 
be reused time and again. Evidently, these shifts were shaped by ongoing environmental histories; as the 
region's deciduous forest ecosystems became more varied and productive, longer settlement occupations 
became possible (D. Ritchie 1983:89-91).  

Research by Curtiss Hoffman (1985) suggests that the process of diversifying and intensifying land and 
resource use increases measurably in many southern New England regions between 5000+ and 2700 BP. 
In these regions, some landscapes became a locus for year-round settlement and resource exploitation in 
the Middle Holocene, a pattern seen in some coastal settings and along major rivers (Bernstein 1990 and 
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2.0 PROJECT CONTEXT 

1993, Handsman 1995, Kenyon and McDowell 1983). Studies of collections and excavations indicate that 
some parts of the Sudbury-Assabet uplands contained extensive and diverse complexes of Late Archaic 
sites where Native people hunted deer, collected and processed hickory nuts and aquatic plants, and 
fished. Sites are so numerous and sometimes so often reused that Hoffman is certain that the 
archeological record between 4500 and 4000 BP (and for some time after) represents a "climax" of 
extensive, year-round occupation by sedentary groups of hunter-gatherers (Hoffman 1990:110-149). 

The Late Archaic archeological record in the uplands of the Assabet and Sudbury rivers reveals that a 
greater range of activities took place on a seasonal, multiseasonal, or even year-round basis. Along the 
upper reaches of the Assabet in Marlborough, a complex of sites (19-MD-489 to -493) discovered near I-
495 suggests a pattern of upland adaptation. Features such as hearths and concentrations of chipping 
debris (stone-tool manufacture, repair, and resharpening) from the Robin Hill, Cook, and Howe sites are 
evidence of the periodic use of particular localities by successive generations during the Late Archaic (D. 
Ritchie et al. 1984). Similarly, multiple surface hearths, tool-making workshops, and activity areas at the 
Old Stony Brook site near Crane Swamp in Marlborough are cited as evidence of recurrent use of a short-
term campsite (Dudek, et al. 2001). The archeological record at the Flagg Swamp Rockshelter, excavated 
in 1980 as part of a larger study of Route 85 in Hudson and Marlborough, suggested a "winter camp 
repeatedly inhabited by small, complete social and economic groups," who went there to hunt deer and 
turtle, to fish, and then to return to their base settlements, possibly located along the Concord or lower 
Merrimack rivers, or along the nearby coast (Huntington 1982). Further east, a town historian in the 
1890s described a site next to a small wetland in Sudbury where hundreds of points, some woodworking 
tools, and burned rock features were found (D. Ritchie 1980:87).  

Late Archaic cemetery sites also suggest that native communities were well established within river 
drainages and upland areas. At the Millbury III cremation cemetery, located near the Blackstone River in 
Millbury, Massachusetts, sixteen cremation burials spanned from 3500 BP to 2500 BP and contained a 
mixture of human and animal remains within the same burial. On average, non-humans represented 79% 
of all skeletal elements identified, while human remains represented only 21% (Bellantoni 1998:4). This 
may indicate that animals were integral aspects of the ceremonial complex associated with burials from 
the Late Archaic to Early Woodland. The site Wapanucket 8 is located in the Taunton River drainage and 
contained a ceremonial complex, around 4,300 years old, with 11 cremation burials clustered within a 
larger pit (Robbins 1968). The Mansion Inn and Vincent sites, both located in the uplands above the 
Sudbury River, are cremation cemeteries about 3,500 years old. Habitation areas do not seem to be 
directly associated with either site. At each, assemblages of burned artifacts, cremated human remains, 
and burned wood and reddened earth (both from the nearby crematories) were deposited into shallow pits; 
some pits were used only once while others were the locus of multiple reburials. Typically, the artifacts in 
the pits included a full range of household and subsistence technologies such as wood- and hide-working 
tools, projectile points and knives, pestles, and hammer stones. Less abundant were single specimens or 
sets of finely flaked bifaces, known as Mansion Inn blades (Dincauze 1968:16-17, 48, 64-66). At 
Mansion Inn, the archeological data indicate "the cemetery was used repeatedly through a fairly long span 
of time" (Dincauze 1968:66), leading one to infer that the surrounding region was home to generations of 
Native people. 

Archeological sites in the Acushnet drainage with confirmed Late Archaic components include the 
Lawson Site (19-BR-378) and the Swift III Site (Klein and Chadwick 2003). At the Blue Feather site (19-
BR-211) Simon et al. (1980:31-34) reported recovering a single Susquehanna Tradition projectile point. 
Two pieces of debitage were also recovered from a garden plot at this location and the investigators 
speculated that this might be a good-sized site, perhaps a Terminal Archaic hunting camp. 
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2.0 PROJECT CONTEXT 

The Woodland Periods (3000-450 BP). The Woodland is traditionally divided into Early (3000-1700 
BP), Middle (1700-1000 BP) and Late (1000-500 BP) periods, defined by changing artifact types. This 
period is marked by basic technological and economic changes, notably the production and use of pottery 
and a gradual shift to food production (maize, beans, squash, sunflower and other vegetables). 
Horticulture is documented for the Late Woodland on Martha's Vineyard (W. Ritchie 1969) but perhaps 
began by ca. 2000 BP (Thorbahn 1982). Within Massachusetts generally, the Woodland periods are best 
known in the coastal regions and in the Connecticut River Valley. In both cases, this higher visibility may 
be ascribed to local opportunities for increasing sedentism and larger communities – in the former area 
due to a combination of horticulture with rich marine resources and in the latter area to large expanses of 
soils well suited to horticulture in combination with rich fishing, harvesting and other terrestrial resources. 

The shift from the Late Archaic period to the Early Woodland period includes several changes on which 
archeologists generally agree. These changes consist of the introduction of ceramics, the formation of 
stable estuaries with tidal flats (Cross 1996:5-6), an apparent increase in the amount of exotic raw 
materials used such as non-local chert, red ochre, and copper (especially in mortuary contexts), and an 
inferred increase in formalized trade and communication. Some influences from the Adena culture to the 
west have been noted in artifact types of the period.  

While some archeologists have suggested that there was a regional demographic collapse and a shift 
during the Terminal Archaic to coastal settings, thus largely depopulating interior upland regions 
(Dincauze 1974:49-50), survey information from southeastern Massachusetts shows no decline in 
numbers of sites during the Early Woodland (Thorbahn 1982), and comparable patterns are evident in 
other parts of Massachusetts. Loring (1985) found continuity of subsistence patterns from the Late 
Archaic, with little more change than the grafting of long-distance trade onto existing developments, such 
as increasing sedentism, evident in the Late Archaic period.  

Archeologists have since improved their ability to recognize habitation assemblages of the Early 
Woodland period, as Shaw (1996a:67-79) points out. In addition to classic Meadowood and Rossville 
projectile points and cache blades and Vinette I ceramics, thicker side-notched bifaces, lobate-stemmed 
Adena, rare Fulton Turkey Tail, Small Stemmed points, and modified Vinette I ceramics are consistently 
reported from Early Woodland contexts. It is clear that pre-Contact peoples used some tools for much 
longer than just one period. Small Stemmed points are associated with the Late Archaic and Early 
Woodland periods and may have been in use as late as the Middle Woodland. Rossville points also occur 
in Middle Woodland contexts, and perhaps Late Woodland. 

This period is marked by an increase in the number of exotic lithic materials, indicating long-distance 
trade, and by changes in mortuary practice (increase in secondary interments, less use of ocher, fewer 
grave goods, and more variation in preparation of the dead). While the roots of ceramic and lithic 
variability are found in the preceding periods, more rapid variation in sequence through time and more 
regional variation characterize this period. Ceramics vary more in decoration and form. Lithic projectile 
points are less important in the tool kit, and bone and antler tools are preserved at some sites where matrix 
conditions are appropriate (Shaw 1996b:84-87). By the end of the period there is evidence of maize 
horticulture (Thorbahn 1982).  

There is overlap in the dates of ceramic types formerly considered diagnostic of the Early and Middle 
Woodland. Some Vinette I ceramics date to the first few centuries of the new period. The new Middle 
Woodland ceramics are cord-impressed, fabric-impressed, or smoothed in Southern New England. Most 
are decorated with dentate or cord-wrapped-stick impressions. Dentate-stamped, scallop-shell-impressed 
and cord-wrapped-stick-impressed decorations characterize the middle Middle Woodland, with 
decoration at times confined to the rim or shoulder. Scallop-shell-impressed or pseudo-scallop-shell-
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2.0 PROJECT CONTEXT 

impressed ceramics are recovered more commonly in Northern New England (Shaw 1996b:90). 
Decoration may be only around the rim or shoulder. These designs are often applied in a rocker fashion, 
or in vertical or horizontal zones. Undecorated fabric-paddled pieces with smoothed interiors also occur.  
Fox Creek and Steubenville bifaces characterize this part of the period (Moore 1997). There is some 
overlap in time between the Fox Creek and Jack's Reef points during this part of the Middle Woodland. 
Jack's Reef points, often made of non-local chert (Shaw 1996b:92-93), continue to be used into the Late 
Woodland. Exotic lithic materials increase in the Middle Woodland, except in the Champlain drainage. 
Some lithic tool types, such as Rossville (Shaw 1996b:90) and Small Stemmed (Hasenstab et al. 1990) 
continue into the Middle Woodland. 

Late Middle Woodland ceramics include types that continue in the Late Woodland, such as the cord-
wrapped-stick-impressed ceramics. Projectile points now include concave-base triangular points often 
made of local materials. These points also continue into the Late Woodland period (Shaw 1996b:93). 
Settlement and subsistence are similar to the Early Woodland period, but sedentism increases. Stays at 
large sites along waterways are believed to have increased in duration, while upland areas were used 
short-term for procurement. Long-distance communication and exchange appear to shut down by the end 
of the period. Middle Woodland sites in coastal areas and New York have produced house remains. 
Middle Woodland sites tend to have more pit features, which vary greatly in shape and size, and are 
frequently dug out and reused for trash (Shaw 1996b:94-100). 

Research issues for the period are similar to those of the Early Woodland period, from which it is divided 
only by arbitrary artifact style boundaries. These issues include explanation of the quick adoption of 
ceramic styles, the role of exchange networks, and the description of the behavior behind increasing 
regional style variation in artifacts (Shaw 1996b:100). 

The Late Woodland represents the regional demographic peak prior to European contact, a florescence 
that may be related to increasing food production, sedentism, and population agglomeration. The period is 
characterized by changes in burial ceremony. Burials can be single or mass, as in ossuaries, and can be 
primary, secondary, or cremation. Group interments tend to be at special mortuary sites, while single 
burials are usually at habitations.  

Ceramics are often shell-tempered or made with fine grit temper and thinner bodied; there is a shift to 
globular forms, and the addition of collars, sometimes decorated with human faces. Elaborate collars 
similar to those of Iroquois ceramics are found in the Merrimack and Champlain drainages. Triangular 
projectile points consisting of smaller Madison points or larger Levanna points are diagnostic for this 
period. This period is marked by an increasing importance of food production (maize, beans, squash, 
sunflower and other vegetables) in coastal or riverine zones, which begins by ca. 840 BP on Martha's 
Vineyard (W. Ritchie 1969).  

These changes in assemblage, and by implication, adaptation, are attributed to increasing population and 
concentration of people at larger sites. Research issues include the extent of permanency in Late 
Woodland settlements, the nature of such settlements (i.e., whether such settlements were villages; 
Hasenstab 1999; Kerber 1988; Luedtke 1988; Thorbahn 1988) and the identification of horticulture with 
non-native plants and definition of the effects on humans. In addition, researchers might ask about the use 
of different ecozones, the reality of population growth, and whether or not climate change (e.g., the Little 
Ice Age), affected settlement and subsistence. There is some evidence of the development of long-
distance exchange again, and some workers have suggested that a native beaver trade was developed 
before Contact. Regional differences are visible; in Vermont, there are fewer late Late Woodland sites 
than early Late Woodland. This may be a response to Iroquois settlement changes. In southern New 
England, horticulture did not replace existing gathering and hunting strategies and large settlements did 
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2.0 PROJECT CONTEXT 

not replace small seasonal sites. Differential dependence on horticulture is likely to have affected society 
and politics. Cultural differentiation of the Iroquois from the Algonquin also presents research 
opportunities (Shaw 1996c). 

Archeological investigations at the Swift I and II Site (19-BR-212) and the Swift III Site on the east bank 
of the Acushnet yielded diagnostic Late Woodland Levanna projectile points and ceramics, along with 
lithic debitage, animal bone, shell, and a small pit feature (Thorbahn 1988).  

The Contact Period (AD 1500-1620) and post-Contact Native American Settlement (AD 1620-1700). 
This period marks the initial presence in the region of European explorers and fishermen, followed in the 
early seventeenth century by English colonization. From the Native viewpoint, the period was one of 
intense social, economic and demographic disruption and depopulation for native inhabitants due to 
disease, warfare and displacement related to European contact and colonization. The Acushnet drainage 
was part of a Contact Period core area that extended along Buzzard’s Bay from Rhode Island to Wareham 
(MHC 1982:Map2).  

Circa AD1600, Native Americans known as the Wampanoag (also referred to as the Pokanoket) were 
documented as inhabiting southeastern Massachusetts, including Cape Cod, Martha’s Vineyard, and 
Nantucket, as well as eastern Rhode Island (i.e. east side of Narragansett Bay). The Wampanoag were 
longstanding allies of the Massachusetts to the north, and traditional enemies of the Narragansett to the west 
(Gookin 1972, in Salwen 1978:171). The exact date of first contact with Europeans is uncertain, though one 
source puts it as early as Verrazano’s AD 1524 visit to Narragansett Bay (Salwen 1978:171). Later contacts 
included Gosnold (AD 1602), Pring (AD 1603), Champlain (AD 1605-1606), and Hudson (AD 1609) 
(Salwen 1978:171). Bragdon (1996:xi) characterizes southern New England as “Ninnimissinouk,” an 
indigenous term used to refer to the people of the region. Included among the Ninnimissinouk were groups 
known as the Pawtucket, Massachusett, Narragansett, Peqout, and the Wampanoag. The term 
“Wampanoag” designates the descendants of the Pokanokets, or the people associated with the sachem 
Massasoit and the village of Pakanokick noted by John Smith in 1614 (Bragdon 1996:20-25; Grumet 
1990:134). 

Certainly the single most devastating event resulting from European/Native American contact was the 
introduction of foreign diseases to the latter. The epidemic of AD 1616-1619 decimated the Ninnimissinouk 
populations by as much as 90 percent, especially in interior locations; groups residing on the offshore 
islands fared better (Salwen 1978:171). Subsequent to the epidemics, the weakened Wampanoag suffered 
persistent attacks by the Narragansett to the west. With the arrival of the colonists at Plymouth, the 
Wampanoag sachem Massasoit and his brother Quadenquina offered a formal friendship treaty, into which 
the colonists and Native Americans entered. Massasoit had hoped to form an alliance with the colonists, 
principally to help fend off the Narragansetts (Salwen 1978:171-172).  

In any event, King Philip’s War in AD 1675-1676 effectively wiped out large portions of the Wampanoag 
population. Groups living on Cape Cod and the offshore islands did not join Philip in his efforts and thus 
were able to maintain their villages there (Salwen 1978:172). Nevertheless, the Wampanoag and all other 
New England Native American societies never recovered from the decimation and disenfranchisement 
resulting from their loss of the war, and the post-war era witnessed the continual decline and marginalization 
of the Native American groups in New England. The Wampanoag Tribe of Gay Head (Martha’s Vineyard, 
Massachusetts) is recognized by the Federal Government, as are the Mashantucket Peqout and Mohegan 
Tribes in Connecticut, and the Narragansett Tribe in Rhode Island. 

SUBTIDAL PORTIONS OF THE PROPOSED SOUTH TERMINAL MARINE INFRASTRUCTURE PARK 
NEW BEDFORD, MASSACHUSETTS 

17 
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2.3 	KNOWN PRE-CONTACT SITES AND PRIOR ARCHEOLOGICAL WORK IN THE
 PROJECT VICINITY 

A total of 33 Cultural Resource Management (CRM) reports are on file for the City of New Bedford and 
13 for the Town of Fairhaven in the MHC’s Bibliography of Archaeological Survey & Mitigation 
Reports. Three reports cover areas in both municipalities. Of these reports, only a few Fragola (1999), 
Kellogg and Klein (2001), Chadwick and Klein (2003) deal with surveys and archeological site 
discoveries within the intertidal zone of New Bedford Harbor (See below). 

A review of the site files at the MHC indicates that no pre-Contact archeological sites have been recorded 
within 2 km of the Project area. However, numerous pre-Contact period sites are known to exist in the 
vicinity of the Acushnet River and New Bedford Harbor in New Bedford and Fairhaven. The nearest site 
is the River Avenue Site (19-BR-260), located about 2.1 km northeast of the Project area along the east 
side of the Acushnet River in Fairhaven. The Lawson Site (19-BR-378), located approximately 5 km 
north of the Project area is significant because it is one of the largest multi-component (Middle and Late 
Archaic, and Late Woodland periods) sites located on New Bedford Harbor (in Fairhaven) and because it 
is located in the intertidal zone (Fitts et al. 2000, Chadwick and Klein 2003). 

2.4 	POTENTIAL FOR PRE-CONTACT SITES IN THE PROJECT VICINITY 

Pre-Contact archeological sites have been identified in a variety of settings, but are found most often in 
particular environmental contexts (Funk 1972; Root 1978; Thorbahn et al. 1980; McManamon 1984; 
Mulholland 1984; Thorbahn 1984; Nicholas 1990). In southern New England archeology, pre-Contact 
site location is typically linked to three variables: terrain, soils, and water -- in the formula "flat to low 
slope, well-drained sandy soil, near water." These variables, in turn, combine with other factors, which 
include the collection of special resources (e.g., lithic material for tools; clay; seasonal nuts, fruits, seeds, 
small fishes, and game,), the pursuit of special tasks, often seasonally determined (e.g., exploitation of 
fish runs), and the use of transportation routes (provided by bays and rivers). The combination of all these 
factors provides a framework within which the pre-Contact settlement of the project area, and indeed of 
most of southern New England generally, can be analyzed, and by which archeological site location can 
be predicted through archeological models (Casjens 1979, Dincauze 1974, Hoffman 1985, Kenyon and 
McDowell 1983, D. Ritchie 1983). A study of site locations and catchments conducted for the Concord 
River watershed (Casjens 1979) found that sites were located on floodplains, flat uplands, knolls, ridges 
and an island; gentle terrain with arable soil and variety in the form of wetlands in the surrounding 
catchments also seem to factor in site locations. 

As a result of changes in sea level over time, prehistoric sites associated with the Paleoindian and Archaic 
periods could be present within the subtidal portions of the Project site. As demonstrated by the Lawson site, 
tidal or otherwise very-near-shore loci would be expected to have low potential for Woodland and Contact 
Period sites, owing to inundation from sea-level rise. Thus, Paleoindian and Archaic Period sites could 
theoretically occur anywhere, including inundated areas, while Woodland and Contact Period sites would be 
restricted to locations that are currently dry. (A limited number of Late Woodland diagnostic artifacts were 
recovered from the Lawson Site. These were most likely not in situ, but transported into the intertidal 
portion of the site by natural process such as erosion and sediment transport). 

Because of its location along the Acushnet River, and absenting a geomorphological and hydrological 
regime history indicating prior sediment disturbance, and/or a history of other man-made disturbances 
(e.g. dredging activity), the subtidal portion of the Project site should be considered to have the potential 
to contain pre-Contact archeological sites. 

SUBTIDAL PORTIONS OF THE PROPOSED SOUTH TERMINAL MARINE INFRASTRUCTURE PARK 
NEW BEDFORD, MASSACHUSETTS 

18 



  
   

 

              
 

   

  
 

 

  

 

 
 

   
  

 
 
 

  
 

 

 

 

  
  

 
 

  
 

 

 

 

  

2.0 PROJECT CONTEXT 

2.5 	INTERTIDAL AND SUBTIDAL PREHISTORIC ARCHEOLOGICAL SITES IN NEW 
ENGLAND 

It is now well established that on the world’s continental shelves can be found formerly terrestrial 
archeological sites that have been submerged through the various processes associated with sea-level rise 
(Masters and Flemming, 1982). These sites, while difficult and often expensive to locate, have immense 
potential for providing previously unknown data regarding past human behavior. Indeed, such sites could 
contain exceptionally well-preserved organic materials, in most cases would not have been mixed by 
centuries of historic plowing, and most importantly could potentially offer an older record of human 
coastal adaptation than is currently available from the existing database of mid to late Holocene coastal 
sites. 

The following literature review is focused on known intertidal and subtidal prehistoric archaeological 
sites in New England, and is designed to emphasize the environmental and geologic settings in which 
they were identified and the circumstances that lead to their discovery. Additionally, the following review 
will include selected submerged and intertidal surveys for prehistoric sites where cultural materials were 
not recovered but sedimentological preservation, in the form of submerged and buried paleosols, was 
found to be quite high. The reader is directed to Bell (2009) for a thorough bibliography, as well as an 
excellent treatment of legal and ethical issues pertaining to submerged cultural resources. Additionally, 
Merwin et al. (2003) provide a systematic, detailed review of submerged Native American sites in 
southern New England. 

2.5.1 	 Submerged and Intertidal Prehistoric Sites in Maine 

Despite its lengthy coastline, the state of Maine boasts few submerged and intertidal prehistoric sites. The 
majority of submerged sites were initially discovered by fishermen when artifacts were found in drag 
nets. Crock et al. (1993) report on large rhyolite bifaces recovered by scallop draggers in Blue Hill Bay 
from approximately 40 to 50 meters below present sea level. Artifacts recovered by scallop draggers in 
Bass Harbor (Price and Spiess, 2007) indicate the possibility of another submerged site, and subsequent 
paleogeographic reconstruction (Kelley et al., 2010) of the location revealed a  submerged paleolake 
setting. The Lazy Gut Island Site (Belknap, 1995) was also discovered by fishermen, when in 1982 
prehistoric artifacts were dredged from approximately 10 meters of water east of Deer Isle. Subsequent 
SCUBA reconnaissance recovered debitage but did not uncover evidence of primary archeological 
contexts. Belknap (1997) conducted a geophysics and coring survey aimed at paleogeographic 
reconstruction of the location, and the conclusion reached was that the site has been completely reworked 
by marine transgression and that minimal, if any, primary context remains for cultural materials. 

In the Damariscotta River, Leach (Leach and Belknap, 2004; Leach 2007) conducted a geophysical and 
coring investigation of relict mid-Holocene oyster beds for submerged prehistoric potential, and 
subsequently identified a buried, submerged paleosol at -12.67 m and 6300 yBP. While no cultural 
materials were recovered, the paleosol is an excellent example of sedimentologic preservation potential in 
sheltered estuarine settings. 

2.5.2 	 Submerged and Intertidal Prehistoric Sites in New Hampshire 

The Seabrook Marsh site (Robinson, 1985) is an exceptionally well-preserved prehistoric site that is 
buried under salt marsh peat and fully submerged during high tide. Site discovery occurred subsequent to 
the excavation of a mosquito ditch across the salt marsh, in which prehistoric artifacts were identified. 
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2.0 PROJECT CONTEXT 

The site contains a wealth of perishable and non-perishable cultural materials, as well as human 
interments. 

2.5.3 Submerged and Intertidal Prehistoric Sites in Massachusetts 

A handful of intertidal and submerged prehistoric sites have been identified in Massachusetts. Johnson 
and Raup (1947) reported on the Grassy Island Site, a subtidal and intertidal prehistoric site in the 
Taunton River, Massachusetts. Cultural Resource Management surveys along the eastern shore of the 
upper Acushnet River (Fitts et al., 200; Chadwick and Klein, 2003) recovered prehistoric artifacts within 
the intertidal zone. Chadwick and Klein (2003) conducted an exhaustive intertidal coring survey in the 
upper Acushnet River Estuary, North of New Bedford, and identified prehistoric sites below marsh and 
marine sediments. The Boylston Street Fish Weir (Johnson, 1942), a large, well-preserved late Archaic 
fishing site, was discovered below historic fill during subway tunnel construction in Boston. 

At the Atlantic Ledges site (Dincauze, 1972), prehistoric artifacts were found buried below peats and 
gravels near Hull, Massachusetts. Volmar (2003, Cited in Merwin, 2003) identified a submerged early 
Woodland site at Turner’s Falls comprising an eroding stratigraphic section that revealed charcoal lenses 
and fire-cracked rock. In a similar vein, mammoth teeth were dredged up offshore of eastern 
Massachusetts (Oldale et al., 1987), hinting at the possibility of intact primary contexts. 

A Phase II Cultural Resource Management project for the Salem Port Expansion in Salem, Massachusetts 
identified a submerged, buried paleosol in a vibracore and upon further analysis discovered two chert 
micro-flakes, charcoal, and botanical remains (Lynch et al., 2010; Lynch, 2010). This project is an 
excellent example of phase II methods for evaluating submerged prehistoric contexts. 

Numerous Cultural Resource Management projects in Massachusetts have recovered provocative 
evidence for enhanced sedimentologic preservation in submarine settings, though no cultural materials 
were recovered. In Nantucket Sound, Robinson et al. (2004) conducted a reconnaissance survey 
comprising geophysics and coring within the area of potential effect of the Cape Wind facility and 
associated transmission cable corridor. An intact paleosol, wetlands, and pond environments were 
identified in the vibracores, all adjacent to a bathymetric low point. The Nantucket Sound survey was 
undertaken after an assessment of marine archaeological sensitivity (Robinson, et al., 2003). A similar 
survey in Great Harbor by Robinson (2008) comprised a geophysical survey to prospect for potential 
buried and submerged paleosols, though none were identified. 

2.5.4 Submerged and Intertidal Prehistoric Sites in Rhode Island 

Lynch (2001; Cited in Merwin, 2003) has documented prehistoric artifacts recovered by fishermen in 
Narragansett Bay. Operating though an organization called the Submerged Cultural Inventory of Rhode 
Island (Merwin, 2003), information is being amassed on potential intertidal and submerged prehistoric 
sites through beachcomber and fisherman informants. 

2.5.5 Submerged and Intertidal Prehistoric Sites in Connecticut 

Of all the New England states, Connecticut boasts the largest number of reported intertidal and subtidal 
archaeological sites. The dredging of boat basins seems to be the most common mechanism for discovery 
of such sites. Powell (1965) reported on the discovery of submerged portions of a large shell midden 
during dredging of boat basin at Spruce Swamp. A similar situation occurred at Pilots Point (Glynn, 1953; 
McWeeney, 1986), where prehistoric artifacts were discovered during the dredging of a yacht basin. 
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2.0 PROJECT CONTEXT 

Numerous intertidal sites, and those buried under salt marsh peat, have been identified. The Archaic 
Midden Site (McWeeney, 1986), discovered by the Public Survey Team, is an intertidal prehistoric site in 
the Connecticut River. At Grannis Island, Sargent (1953; McWeeney, 1986) discovered a prehistoric site, 
the majority of which was covered by salt marsh and mostly submerged at high tide. At Seaside Indian 
Village (Coffin, 1963; McWeeney, 1986) late prehistoric artifacts were discovered below highest high 
marsh peat after hurricane erosion. 

Bourn (1972) gives a detailed personal account of visiting numerous locations where prehistoric artifacts 
were found in submerged and intertidal contexts. He also describes the artifact assemblages recovered 
from each location. The “Submerged Site at the North Cove” (Bourn, 1972: 5-8) is a prehistoric site with 
terrestrial and underwater components discovered during dredging operations for yacht basin. The 
“Submerged Site at the Ferry Road” (Bourn, 1972: 8-9) was discovered when prehistoric artifacts were 
found during canal excavation across a salt marsh. These artifacts were found in a peat and gravel mix at 
the base of the trench, below about 3 to 4 feet of peat. Bourn also reports on three sites he referred to as 
“Tidal Beach Sites at Giant’s Neck” (Bourn, 1972: 9-11). The sites are located at Bather’s Beach, at the 
mouth of the Pataguansett River, and at the north end of Huntley Island. In all three locations artifacts 
ranged in elevation from low to high tide and while the majority of artifacts were water worn, some 
appeared to have been recently eroded from intact deposits. Bourn speculated that the artifacts had eroded 
out from below a recently exposed peat deposit. 

At the Hammonassett Beach Site (Glynn, 1953; 1969; 1977; Harper et al., 2008) prehistoric cultural 
materials were dredged from east of Pilot’s Point in Westbrook, Connecticut. Eleven feet of peat were 
dredged and a further eight feet of sand and gravel were removed. Human remains and quartz artifacts 
were recovered from the dredge, and many artifacts were found on the beach after dredge spoils were 
dumped in the marsh and on the beach. Additionally, a submerged shell midden may have been dredged 
up in about 16 feet of water from approximately 900 feet off shore. 

2.6 HISTORIC CONTEXT1 

The land that comprises the city of New Bedford, as well as Acushnet, Fairhaven, Dartmouth, and Westport, 
was purchased from Massasoit, Grand Sachem of the Wampanoag and his son, Wamsutta in 1652 by 36 
European settlers. The tract was named Dartmouth and was incorporated in 1654. The town’s early 
settlement was sparse and consisted of scattered farmsteads and garrisons. During King Philip’s War (1675-
1676), the Indians overran the settlement and burnt most of the homes (Ricketson 1858:34). After the war, 
the settlers returned and rebuilt. Following a pattern common throughout Southeastern New England after 
the war, the settlers chose to establish a village at the head of the Acushnet River rather than disperse into 
scattered farmsteads. Throughout the first half of the eighteenth century, the Village of Acushnet remained 
the region’s center; however, members of the Russell family began purchasing land along the Acushnet 
River and the overlooking heights within the present city of New Bedford. In 1765, Nantucket whaling 
merchant Joseph Rotch purchased ten acres of land from Joseph Russell II and moved his business to New 
Bedford (Leary 1999). Rotch brought experience, capital and technological innovation, and he and his sons 
began to develop the future New Bedford as a whaling port (Leary 1999). The Town of New Bedford 
developed rapidly and by 1771 321 dwellings, 119 shops and warehouses stood in New Bedford and 
Fairhaven (Vanasse Hangen Brustlin, Inc. 1996:16). 

1 Historic context information is taken from Cultural Resources Background Reconnaissance Study and 
Archeological Sensitivity Assessment, South Terminal Marine Infrastructure  Park (Upland Portions), City of New 
Bedford, Bristol County, Massachusetts (Kotlensky and Klein 2010). 
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2.0 PROJECT CONTEXT 

On September 5th, 1778, British troops occupied New Bedford. During their brief stay, they burnt eleven 
dwellings, twenty shops, a ropewalk, and 34 vessels anchored in the harbor (Ricketson 1858:75; 289). After 
the end of the Revolutionary War, a number of Nantucket merchants relocated to New Bedford and 
promptly developed a complex network of finance, shipbuilding, ship supply, and marketing (Georgianna 
and Aaronson 1993:12). In recognition of the growth of the village established by the Russell family, 
Bedford Village was designated as the town of New Bedford in 1787 (Leary 1999). 

During the decades prior to the Civil War, New Bedford became the leading whaling port in the world 
(Georgianna and Aaronson 1993:12). By 1857, the city was home to 329 whaling outfits and ships, 10,000 
men were engaged in whaling, and $12,000,000 in local capital was invested in these enterprises (Burgy 
1932:34). 

Because of the prominence of whaling, New Bedford had few other industries in the early nineteenth 
century. In 1815, a rope walk was located along the Acushnet riverfront in the south part of the city, and a 
furnace was located on the riverfront near the foot of Madison Street. The northern waterfront was lightly 
developed with several piers extending into the river. J. Congdon’s 1834 map of New Bedford shows a grist 
mill in the north and west-central portions of the city, while two salt works were in operation in the south 
peninsula area. Several small cotton factories had been established in the city, the earliest dating from 1811 
(Burgy 1932:34). 

By the second half of the nineteenth century, the American whaling industry faced severe trouble. During 
the Civil War, a number of New Bedford whaling vessels were sold to form a major portion of the “Stone 
fleet,” sunk off the harbors of Charleston and Savannah to enforce a naval blockade (Hicks 1907:41). In 
1871, the entire Arctic whaling fleet, including 32 ships from New Bedford, was lost when ice floes 
returned earlier than normal. The total monetary loss to New Bedford was over $1 million (Georgianna and 
Aaronson 1993: 13; Hicks 1907:41). In 1876, the ice took 12 additional ships from New Bedford’s fleet 
(Georgianna and Aaronson 1993:13). Similar losses occurred in 1888 and 1897. 

Improving technology greatly reduced the demand for whale oil. Kerosene largely replaced whale oil for 
lighting. With the discovery of petroleum in Pennsylvania in 1859, an economical substitute for whale oil 
lubricant became available (Clayton and Whitley 1975:24). The whaling industry continued in New Bedford 
until the early twentieth century but became a progressively less important part of the city’s economy. The 
last whaling voyage from the city was made in 1925 by the schooner John R. Manta (Leary 1999). 

Even during the heyday of whaling, farsighted New Bedford businessmen saw the advantages of enlarging 
the economic base of the city. Cotton mills had proved profitable in other parts of New England. By 1833, 
thirteen cotton mills were in operation in nearby Fall River (ODHS 1975:204). U.S. cotton production 
doubled between 1840 and 1860. By the start of the Civil War, 600 cotton mills were in operation 
throughout New England (Georgianna and Aaronson 1993:19).  

One New Bedford businessman, Samuel Rodman, Jr., a major investor in the Pocasset Mill in Fall River, 
sought to bring the cotton manufacturing industry to New Bedford by organizing the New Bedford Steam 
Company in 1846. This attempt was unsuccessful (ODHS 1975:204). 

Despite this failure, some New Bedford capitalists saw potential for the cotton milling industry in the city. 
The city’s damp climate minimized static electricity and maximized the fragile cotton fiber’s elasticity and 
break strength (Dunwell 1978:112). The Acushnet River allowed relatively inexpensive shipping of coal and 
cotton. Sufficient manpower was available, as was investment capital. 
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2.0 PROJECT CONTEXT 

The first New Bedford successful cotton mill owners studied the milling business before setting up their 
own factories. Their initial problem was to decide what goods to produce. Calculations were made to 
determine which type of goods would produce the maximum profit. The conclusion was that fine sheeting 
could be made a cost of 12 cents per yard and sold for 14 cents. They decided to concentrate on this product 
and to produce it by the mule spinning method (Ware 1931:107-108). 

From the early nineteenth century until the 1930s, a succession of proprietors undertook two significant 
manufacturing enterprises within what is now the vicinity of the Project Area. James H. Howland and 
George Hussey began operating a factory for making candles from whale oil sometime prior to 1836 in the 
vicinity of the Project Area (Office of Public Archaeology 1988: 26). In 1871, a joint-stock company 
established the Potomska Mills, a textile manufacturing enterprise that they expanded to include two mills 
by 1877 on the same site (Sayer 1889: 154; Ellis 1892). The footprint of the former Potomska Mills most of 
the upland portions of the Project Area (Kotlensky and Klein 2010).  

A review of 19th and 20th century historic cartography covering the Project Area was conducted as part of 
the archeological sensitivity assessment for the upland portions of the Project Area (Kotlensky and Klein 
2010). No wharves, piers, or other features were identifying as extending into the intertidal portions of the 
Project Area. 

2.7 	KNOWN HISTORIC ARCHEOLOGICAL SITES IN THE PROJECT VICINITY 

A review of the site files at the MHC identified four historic archeological sites that have been recorded 
within 2 km of the Project Area. The Potamska Mills Site (NBE-HA-8) is located in the upland portion of 
the Project Area. It was originally identified on the basis of documentary research only. Subsequent 
analysis indicated that any potentially significant archeological remains associated with site have been 
destroyed (Klein and Kotlensky 2010). The Acushnet Mill and Worker Housing Site (NBE-HA-09), the 
Palmer Island Lighthouse Site (NBE-HA-07), and the Nathan and Polly Johnson House Site (NBE-HA-
12) are also located within 2 km. of the Project Area. None of these three sites is in close proximity to the 
intertidal portions of the Project Area. 

2.8 	POTENTIAL FOR HISTORIC ARCHEOLOGICAL SITES IN SUBTIDAL PORTIONS 
OF THE PROJECT AREA 

Documentary research, including a review of historic cartography, has not indicated the presence of any 
historic period structures within the intertidal or sub-tidal portions of the project area. However, this does 
not mean that features such as small piers, wharves and bulkheads never exited within the area. In 
addition, depending upon the hydrologic regime, there is always the potential for the existence of buried 
vessels and small boats. At least one potential shipwreck site was identified during other investigations 
undertaken for the project in the sub-tidal portion of the project area (Dolan Research, 2010). The purpose 
of the current investigation, however, is focused exclusively on the potential for submerged Native 
American sites and will not address in detail any potential for shipwreck or other historic sites or field 
procedures for evaluating their presence. 

A total of 33 Cultural Resource Management (CRM) reports are on file for the City of New Bedford and 
13 for the Town of Fairhaven in the MHC’s Bibliography of Archaeological Survey & Mitigation 
Reports. Three reports cover areas in both municipalities. Of these reports only a few, Fragola (1999), 
Kellogg and Klein (2001), Chadwick and Klein (2003) deal with surveys and archeological site 
discoveries within the intertidal zone of New Bedford Harbor. 
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3.0 METHODS
 

3.1  GEOPHYSICAL METHODS 

Section Prepared by: 
Dr Allen M Gontz 

Department of Environmental, Earth and Ocean Sciences, University of Massachusetts-Boston, 
100 Morrissey Blvd, Boston, MA 02125, allen.gontz@umb.edu. 

The Applied Acoustic Engineering (AAE) catamaran-mounted, surface-towed boomer seismic reflection 
system (CAT200) was used to image the shallow subsurface in high detail. The CAT200 system consist 
of: 1) the source is a boomer plate capable of emitting short pulse of acoustic energy with peak frequency 
response between 500 and 2000 Hz with a power of up to 200 J/shot at firing rates of 250 ms or slower 
and results in vertical resolution of the subsurface of approximately 15 cm, depending on frequency; 2) 
the receiver is a 20-element hydrophone that is acoustically tuned to the frequency response of the 
CAT200 boomer plate; 3) the topside equipment consisting of a laptop for system control, data logging 
and real-time visualization which is accomplished using Chesapeake Technologies Sonar.WIZ.SBP and a 
CSP150 signal generator. 

The CAT200 system was deployed from a small (21 ft) coastal research vessel for use in shallow water 
(Plate 1). The boomer catamaran was towed from the starboard side of the vessel, approximately 6 m aft 
of the transom (Plate 2). The hydrophone was deployed from a 3 m boom on the port side of the vessel. 
The first hydrophone of the array was positioned approximately abeam of the boomer catamaran for 
optimal towing geometry. This facilitated capture of the entire acoustical spectrum by all hydrophones 
and prevented the hydrophone array from crossing into the vessel’s wake. During data acquisition, vessel 
speeds were maintained between 2.5 and 3.0 kn. 

The firing rate of the CAT200 system was set at 250 ms (4 Hz) with a record length of 250 ms and a 
power of 100 J/shot. With a vessel speed of 2.5 kn, our seismic shot points were spaced approximately 32 
cm apart and with a vessel speed of 3.0 kn our seismic shot points were spaced approximately 38 cm 
apart. 

Field data were logged digitally to the local hard drive of the acquisition laptop in industry-standard *.seg 
format. Each survey line was recorded as a separate file. Turns and transit lines were logged as separate 
files. 

Post processing of the field data was accomplished using IXSEA Delph Seismic. The raw data were band 
pass filtered with a low pass of 2500 Hz and a high pass of 1000 Hz. The section of the higher frequencies 
of the peak spectrum of the CAT200 system ensured the greatest resolution of the subsurface and 
minimized acoustic noise associated with the engine of the survey vessel. A time varying gain was also 
applied to the raw data with a signal increase of 5 dB over a window of 7.5 ms that was initiated at the 
sediment water interface. The gain served to enhance data lower in the record and account for signal 
attenuation and loss during reflection and travel.  

Overall, the data quality was excellent. The sheltered waters of New Bedford Harbor provided ideal 
conditions for the shallow seismic reflection surveying. There was a minimal amount of vessel traffic that 
crossed the survey paths. One major concern was the ability to maintain straight survey lines. The survey 
grid was spatially coincidental with a small vessel mooring field. The major of vessels were 20-35 foot 
sailing ships. Surveys lines were altered during data acquisition to avoid moored vessels. This resulted in 
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Plate 1.  View of Apex Companies, LLC Research Vessel Utilized for Seismic Reflection 
Profiling Survey. 

Plate 2.  View of Boomer Catamaran and Hydrophone Towing Geometry.
 



  
   

 

              
 

   

 

  
 

  
 

 
 

 
 

   
 

 
 

 
 

  
 

 

 

 
 

  

  
 

 
 

 

  

 

 
  

3.0 METHODS 

overlapping lines and an inconsistent spacing, especially in the southern portion of the survey grid. A 
second major concern was the ability to survey to the bulkhead and the beach that defined the western 
margin of the survey grid. In the areas where there was a bulkhead, the captain attempted to get as close 
to the bulkhead before initiating a turn and thus breaking the line. At best, we were able to approach 
within 15 m of the bulkhead due to the length of the survey vessel and layback of the seismic system. In 
the case of the beach areas, our closest approach was limited by bathymetry. For the sake of vessel safety, 
turns were initiated when water depth approached 1.0 m. 

In an attempt to acquire data in those areas where coverage was limited by mooring fields and bulkheads, 
additional survey lines were added. Five additional lines, orientated shore parallel were acquired. 

3.2 VIBRACORING FIELD METHODS 

Section Prepared by: 
Mary L. Bruno 

Apex Companies, LLC  
184 High Street, Suite 502, Boston, MA  02110 

The coring vessel Xepa III, equipped with a Gravity Environmental high frequency C3500, was used for 
the field work completed in New Bedford Harbor September 22 – September 24, 2010 with a combined 
team from Apex Companies, LLC and John Milner Associates, Inc. (JMA). The Xepa III is a pontoon-
boat with a mounted A-frame sampling platform is an incredibly stable yet highly versatile, portable, self-
propelled sampling platform (Plate 3).  It is capable of collecting samples in water depths that range from 
1.5-feet to 100-feet and ideal for sediment characterization and environmental testing. The vibratory unit 
is compact, yet rugged, and is also highly portable. 

The complete Xepa III system was mobbed for the work completed; the equipment included with 100' of 
cable (to connect the vibracore to the topside controller), the topside controller, buoyancy hardware and 
two 4-inch diameter core catcher/nose cone units, 10’ and 15’ sections of Drawn Over Mandrel (DOM) 
coring pipe. Xepa III is powered by a 70-hp outboard engine, and navigation control is maintained using a 
state-of-the-art differential global positioning system (DGPS) coupled with Hypack Max heads-up, steer-
to navigation software for precise location of sampling locations. A three-point anchoring method was 
used to hold the pontoon boat in place, utilizing wind and currents to drift into position while the anchor 
lines tightened. Position during coring was maintained within approximately two feet. 

The Gravity Environmental vibracore is a high frequency (3600 vpm), mid amplitude unit with an impact 
force of 3500 ft/lbs. It uses a Rossfelder P3 motor, and uses a Variable Frequency Drive (VFD) with a 
built-in phase converter to convert single phase power to three-phase power. This unit is ideal for silts, 
muds, and fine sands. The unit has 100' feet of in-water cable, a topside digital variable speed controller 
(0 to 60 hz) which can either be used with 220 or 115 VAC. For our purpose we used a Honda 2000i 
generator and a 3500 Watt Generator that is quite capable of carrying the load of the topside controller. 

At each location after logging the position we attached a 4” diameter steel barrel, either the 10-foot or 15-
feet DOM corer, on the end of the vibracore head. Through the open tip of the barrel a rigid 
polycarbonate liner was placed that fit within the inner diameter of the core barrel. We then attached the 
nose cone/core-catcher to the end of the barrel. Holes are pre-drilled into the bottom of the core barrel 
which allowed us to pop-rivet the core nose to the barrel and hold it in place. The nose cone then behaves 
the same way that a nose cone on a split-spoon sampler for a mud-rotary drill rig works; it is essentially a 
one-way valve that allows sediment to pass through but not to slip out when removed from the seafloor. 
On the top of the vibracore, we attached a lifting wire which we then connected to the winch on the deck 
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3.0 METHODS 

of the Xepa III. The power was then connected and the vibracore was lowered straight down into the 
seafloor (Plate 4).  

When in contact with the bottom, we used the topside controller to actuate the vibracore. The controller 
sends power down to the vibrating elements in the head, which vibrate between 3000 and 3600 times per 
minute. The weight of the vibracore and the vibrating action help to drive the core barrel into the bottom 
sediments as we lower the vibracore slowly with the winch. Once we had taken a full sample, or met with 
refusal, we retracted the vibracore by taking it to power on the winch. When the vibracore unit was on 
deck, we sheared the rivets from the nose cone and removed it. Removal of the nose cone allowed us to 
pull the polycarbonate liner from the barrel; to insure this process there is a ball-type seal in the chassis 
where we attach the core barrel to the vibracore housing that acts as a vacuum sample retainer to keep the 
sediment from sliding out the bottom. The samples were then measured, cut into appropriate lengths, and 
labeled with core number, top and bottom orientation, section number, and depth for each section. A 
plastic cap was fitted over each end of the polycarbonate liner sections and sealed with a liberal 
application of electricians tape. At this point another navigational position was taken to ensure accuracy.  

3.3 VIBRACORE LABORATORY METHODS 

3.3.1 Core Splitting 

The sealed, rigid polycarbonate sleeves containing extracted vibracore samples were transported to 
JMA’s West Chester, Pennsylvania office for processing and interpretation. The splitting process began 
by scribing a line across two sides of the sleeve with an indelible marker, taking into consideration the 
labels on opposite sides of the core so as to produce two perfect, labeled halves of the core. The core 
sections were split with a portable circular saw, and then a knife was inserted through one side of the saw 
cut, and slowly pulled toward the other side. The core sections were then laid flat, side by side, while the 
next core section was prepared for splitting. After splitting the cores were immediately processed to avoid 
oxidation of the sediments, though some oxidation was unavoidable. 

3.3.2 Core Description 

All vibracore sections were photographed in color with a 12 megapixel digital SLR camera. Close-up 
photographs were taken of particularly important and diagnostic stratigraphy. The stratigraphy was 
recorded on a standard core log developed by Leach during previous vibracore analyses, and included 
Munsell color, sediment texture, approximate concentration of coarse clasts and shell fragments, faunal 
and floral content, stratigraphic thickness and boundaries, and an interpretation of the environment of 
deposition for all major strata. Descriptive data were entered into digital versions of the core logs, and 
were placed beside a color, scaled photograph. All vibracore core logs can be found in Appendix I of this 
report. 

3.3.3 Vibracore Processing and Sampling 

One half of each of the split vibracore sections was left untouched, and was bagged in an acid-free, heavy 
plastic sleeve for archival purposes. The University of Massachusetts, Boston Campus, has agreed to 
archive the cores (Gontz, Personal Communication, September 2010). The remaining half of each section 
was investigated more completely for biological, geologic, and archaeological contents. 
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3.0 METHODS 

For cores that were interpreted as containing purely marine sediment, the working half of the core was 
picked through for coarse clasts, marco-organic contents, marine organisms, and other components to aid 
in identification of microenvironments. 

For cores that were identified as containing formerly terrestrial, yet truncated by a marine unconformity, 
upland soil profiles, samples were collected from the working half of the core relative to stratigraphic 
units in .2 to .4 ft. sections depending on the thickness of strata. These samples were then water screened 
through two stacked sieves, with 0.25 inch (6.35 mm) mesh above, and 0.0469 inch (1.18mm) mesh 
below. The samples were then dried, bagged according to sieve size, and labeled with detailed 
provenience information. Finally, each sample was closely examined under magnification for 
microflakes, other cultural materials, microbotanical contents, and charcoal. 

For cores that were identified as containing a relatively intact paleosol, comprising a nearly intact 
stratigraphic sequence (i.e. O/A/B/ horizons) of soil horizons, samples were collected from stratigraphic 
units in sections of variable thickness depending on the thickness of strata. When possible, numerous 
subsamples were collected from strata for better vertical resolution for potential cultural material context. 
These samples were then weighed, recorded, and subjected to a standard flotation method involving a 
chesse-cloth bag for retention of a floating light fraction, and a 1mm mesh screen for capturing the 
remaining heavy fraction of the sediment. The samples were then dried, light and heavy fractions bagged 
separately, and labeled with detailed provenience information. Finally, each sample was closely examined 
under magnification for microflakes, other cultural materials, microbotanical contents, and charcoal. 

Processing of samples for radiocarbon dating involved a detailed analysis of stratigraphic context, and 
involved careful selection of material to be submitted for dating. Care was taken that the sample did not 
come into contact with skin, clothing, or other potential contaminant. Samples were bagged in a thick, 
archival-quality sealable bag and labeled with detailed provenience information. The samples were then 
carefully packed and prepared for shipment, then sent via FedEx to Beta Analytic for radiocarbon 
analysis. 

Sediment samples from analyzed vibracores, including flotation-derived organic materials, are currently 
housed at JMA’s West Chester, Pennsylvania Office in archival quality sealed bags with detailed 
provenience information, and are kept in an archival quality box with relevant project documents. 
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4.0 RESULTS 

4.0 RESULTS
 

4.1 SEISMIC REFLECTION PROFILING DATABASE 

JMA personnel met with Allen Gontz at his office at the University of Massachusetts, Boston Campus on 
September 16, 2010 to review seismic reflection profiles. Gontz provided a computer workstation and 
appropriate software for viewing and analyzing the seismic data in a georectified, post-processed state. 
The seismic data were of high quality, sufficient to resolve stratification in Holocene marine sediments 
and to differentiate an acoustic basement of glacial outwash and till. A total of 69 seismic lines were 
collected on September 13, 2010 within the Project Area. Of the total, 64 seismic lines were collected 
perpendicular to the existing bulkhead and the general trend of the shoreline, while 5 seismic lines were 
collected parallel to the existing bulkhead and shoreline to tie the perpendicular lines together. Every 
attempt was made to conform to the scoped line spacing, though the scatter of buoys, moorings, and 
anchored sailboats made tight line spacing and perfectly straight lines difficult to accomplish. Despite 
obstructions, excellent coverage was achieved within and slightly beyond the project area (Figure 4). 

The interpretation of acoustic stratigraphy was based on Leach’s experience in analyzing seismic 
reflection profiles for submerged prehistoric archeological potential in glaciated settings (Leach, 2007; 
Leach 2008; Leach and Belknap, 2006). Acoustic reflectors were interpreted based on reflection intensity 
and geometry, and the character of internal reflectors (Shipp, 1989; Shipp et al., 1989; Hannum, 1997). 
Descriptions of reflectors follow a wealth of prior inner-shelf research in New England (i.e., Belknap et 
al., 1986, 1987, 1994; Shipp, 1989; Shipp et al., 1989; Davies, 1992; Kelley et al., 1999; Hannum, 1997). 

In the northern portion of the Project Area, the majority of the area of potential effect was previously 
dredged, as can be clearly seen in the bathymetric data provided by Apex Companies, LLC (Figure 4). 
Within the limits of the previously dredged channel, and directly adjacent to the bulkhead where fishing 
vessels are moored, the seismic data show a deep dredge cut that steeply rises from the deepest section to 
the modern seafloor (Seismic Line 14-1349, Figure 5). The seismic data reveal a veneer of Holocene 
marine sediments perched above the dredge cut over a seemingly coarse-grained sediment that is likely 
coarse glacial outwash or till.  

In the central portion of the Project Area, south of the previously dredged channel, the seismic data reveal 
a thick sequence of Holocene marine sediments over apparently fine-grained glacial outwash, which is in 
turn underlain by coarse material, likely coarse glacial outwash or till (Seismic Line 39-1230, Figure 6; 
Figure 7a). Seismic lines within the subtidal portion of the bulkhead extension reveal a shallowly buried 
ridge of glacial sediment that is capped by a thin layer of Holocene marine sediment (Figure 7B; Figure 
7C). In the southern portion of the Project Area in the vicinity of the proposed turning basin, a few of the 
seismic profiles were interpreted as containing the potential for submerged, intact upland landforms as 
evidenced by acoustic reflectors between the interpreted Holocene marine sediments and acoustic 
basement comprising glacial outwash and till (Seismic Line 60-1114; Figure 8). The seismic data in this 
area also indicate the presence of a potential paleochannel. Just north of Seismic Line 60-1114 the 
stratigraphy rapidly changes to reveal no acoustic reflectors consistent with buried landscapes (Seismic 
Line 59-1120; Figure 9). 

Initial analysis and interpretation of the seismic data indicated that the northern and central portions of the 
Project Area exhibited low submerged prehistoric potential. However, the seismic data from the southern 
portion of the Project Area revealed a higher potential for sites in the form of anomalous acoustic 
reflectors between Holocene marine and Pleistocene glacial sediments (Seismic Line 60-1114; Figure 8). 
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4.0 RESULTS 

4.2 	VIBRACORING DATABASE (SEE APPENDIX I FOR DETAILED VIBRACORING 
LOGS) 

Analysis of the seismic reflection database of 69 individual lines resulted in selection of five vibracore 
targets to “ground-truth” the seismic profiles in an effort to fine-tune interpretations of acoustic 
stratigraphy and to assess the potential for submerged prehistoric sites and preserved upland paleosols 
with archeological potential. Seismic stratigraphy from the northern portion of the Project Area was quite 
clear and easily interpreted as comprising a deep dredge channel flanked by Holocene marine sediments 
draped over glacial deposits, and as such no vibracores were deemed necessary in this area. Two 
vibracore targets were selected in the central portion of the project area to ground-truth geologic strata 
and aid in refining the acoustic stratigraphy. The remaining three vibracore targets were located in the 
south and southwestern portions of the proposed turning basin and were selected to ground-truth acoustic 
reflectors with archeological and preserved upland landscape potential. JMA and Apex Companies, LLC 
personnel began extraction of the five vibracores on September 22, 2010, and completed the fieldwork on 
September 24, 2010.  

4.2.1 	Vibracore NB-VC-01 

Vibracore NB-VC-01 was extracted 260 feet east (94 degrees from true north) off the existing bulkhead’s 
southeastern corner, 30 feet east of the bottom slope limit of the proposed dredge channel extension 
(Figure 4). The location of the vibracore was selected to ground-truth acoustic reflectors approximately 
315 feet from the start of Seismic Line 39-1230 (Figure 6). A total of 3.8 feet of continuous sediment was 
extracted. The core stratigraphy comprised 3.1 feet of gleyed silty sands overlying 0.7 feet of gray coarse 
sand. The upper 3.1 feet of the core stratigraphy are interpreted as Holocene marine sediments, supported 
by shell fragments and growth position bivalves. The lower 0.7 feet of the core stratigraphy are 
interpreted as glacial outwash, though the deposit could represent coarse intertidal or beach sediments. 
Core refusal was most likely due to coarse clasts below 0.7 feet, such as cobbles or more likely a shallow 
till deposit. A second coring attempt at the same location, intended to achieve greater subsurface 
penetration, met with almost immediate refusal and less than one foot of penetration.  

Correlation of Vibracore NB-VC-01 with Seismic Line 39-1230 revealed that the stratified, topmost 
acoustic unit comprised Holocene marine sediments. The core sampled only a small portion of the 
sediment below the marine units, though it is clear based on the seismic data that the stratum below is not 
as well stratified but is relatively fine-grained in nature. The acoustic basement contains numerous 
hyperbolic reflectors, indicative of points source objects such as cobbles and boulders, and is likely either 
till or shallowly buried bedrock.  

Visual inspection of the core revealed no cultural materials or evidence of submerged upland 
landscapes. 

4.2.2 	Vibracore NB-VC-02 

Vibracore NB-VC-02 was extracted 445 feet southeast (132 degrees from true north) of the existing 
bulkhead’s southeastern corner, 23 feet east of the bottom slope limit of the proposed dredge channel 
extension (Figure 4). The location of the vibracore was selected to ground-truth acoustic reflectors 
approximately 260 feet from the start of Seismic Line 44-1247 (Figure 7a). A total of 3.3 feet of 
continuous sediment was extracted. The core stratigraphy comprised 1.9 feet of gleyed silts and silty 
sands, overlying 0.1 feet of silty sand capping 1.3 feet of oxidized, dark reddish brown medium to coarse 
sand. The oxidized sands in the bottom 1.3 feet of the core were interrupted by numerous gray coarse 
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4.0 RESULTS 

sand lenses exhibiting no oxidation. The upper 1.9 feet of the core stratigraphy are interpreted as 
Holocene marine sediments, supported by prevalent marine bivalve shell fragments. The lower 1.4 feet of 
the core stratigraphy are more difficult to interpret. The oxidized nature of the sediments would indicate 
former subaerial weathering, yet the sediment contains layers of non-oxidized sediment of potentially 
marine origin. Recent research on storm sewage runoff in New Bedford Harbor suggests that the oxidized 
sand at the base of the core may be a direct result of bacterial and organic oxidation processes related to 
sewage runoff (Voyer et al., 2000). The source of core refusal is unknown, given the unidentifiable nature 
of the sediment in the bottom half of the core.  

Correlation of Vibracore NB-VC-02 with Seismic Line 44-1247 revealed that the stratified, topmost 
acoustic unit comprised Holocene marine sediments. The core sampled a sediment type of unknown 
origin below the marine units, which appears as a weakly stratified acoustic unit in the seismic data. The 
acoustic basement appears to contain numerous hyperbolic reflectors, indicative of points source objects 
such as cobbles and boulders, and is likely till. 

Visual inspection of the core revealed no cultural materials or evidence of submerged upland 
landscapes. 

4.2.3 Vibracore NB-VC-03 

Vibracore NB-VC-03 was extracted 285 feet northeast (34 degrees from true north) from the north corner 
of the Gifford Street boat launch parking lot, approximately 43 feet northeast of the bottom slope limit of 
the southern end of the proposed turning basin (Figure 4). The location of the vibracore was selected to 
ground-truth the stratified internal reflectors in the acoustic units below the Holocene marine sediment. 
The core was extracted approximately 130 feet from the western end of Seismic Line 59-1120 (Figure 9).  
A total of 8 feet of continuous sediment was extracted. The core stratigraphy comprised 2.5 feet of very 
dark greenish grey silts, overlying 3.5 feet of silty sands which in turn unconformably overlay 2.0 feet of 
dark gray, coarse, gravelly and pebbly sand. The lower two feet of the core contained a high concentration 
of sub-angular to rounded medium to large pebbles, and it is surprising that the vibracore was able to 
penetrate this deposit. The top 6.0 feet of the core are interpreted as Holocene marine sediments, an 
interpretation supported by growth position and fragmented marine bivalves, while the lower two feet are 
interpreted as coarse beach deposits or glacial outwash. Core refusal was likely on large pebbles or 
cobbles. 

The core was extracted close to the modern shoreline in approximately 2.3 feet of water, suggesting that 
this location must have been subaerially exposed within the last few thousand years at a lower sea-level 
stand. However, the bottom 2.0 feet of the core exhibited no oxidation, implying that the deposit was 
either not recently subaerially weathered or represents the lower, unweathered strata of a severely 
truncated soil profile. The latter scenario is the most likely, since the deposit is very coarse in nature and 
non-oxidized. 

Correlation of Vibracore NB-VC-03 with Seismic Line 59-1120 revealed that the stratified, topmost 
acoustic unit comprised Holocene marine sediments. The stratigraphic boundary at the silt/ silty sand 
interface is clearly visible as a high amplitude reflector, while the gravels and pebbles at bottom of the 
core correspond with what appears to be a relatively poorly stratified acoustic unit with chaotic internal 
reflectors. The acoustic basement appears to be comprised of shallowly buried, coarse glacial sediments. 

Visual inspection of the core revealed no cultural materials or evidence of submerged upland 
landscapes. However, JMA felt it prudent to sieve the bottom two feet of sediment. Stratigraphic 
sediment samples from Vibracore NB-VC-03 were screened through two nested sieves, which resulted in 
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4.0 RESULTS 

separation of samples into 0.25 inch (6.35 mm) and 0.0469 inch (1.18 mm) fractions. The results of the 
sieving analysis are summarized in Table 2. 

The analysis of sieved samples from Vibracore NB-VC-03 did not result in the identification of cultural 
materials. Each sieved sample is archived at JMA’s West Chester, Pennsylvania office, along with 
relevant documents. 

4.2.4 Vibracore NB-VC-04 

Vibracore NB-VC-04 was extracted 200 feet northeast (31 degrees from true north) from the north corner 
of the Gifford Street boat launch parking lot, approximately 55 feet northeast of the top slope limit of the 
southern end of the proposed turning basin (Figure 4). The location of the vibracore was selected to 
ground-truth anomalous acoustic reflectors between the Holocene marine and Pleistocene glacial 
sediment, which in previous studies have been an indicator of a buried, submerged paleosol (Leach, 
2007). Additionally, the target location appeared to be situated adjacent to a possible filled paleochannel 
of unknown age. The core was extracted approximately 50 feet from the start of Seismic Line 60-1114 
(Figure 8). 

A total of 5.9 feet of continuous sediment was extracted. The core stratigraphy comprised 2.6 feet of 
greenish black silts overlying 1.7 feet of very dark greenish gray silty sands, which in turn overlay 1.6 
feet of a very well preserved upland paleosol. The paleosol comprises a very dark gray, very fine sandy 
silt, organic-rich O/A horizon between 4.3 to 4.5 feet, with an abrupt transition into a dark grayish brown, 
silty sand B horizon between 4.5 and 5.1 feet, which in turn appears to transition into a gray, slightly silty 
B/C horizon between 5.1 feet and the bottom of the core at 5.9 feet. The upper 4.3 feet of the core 
stratigraphy are interpreted as Holocene marine sediments that seem to have only slightly truncated the 
upper portion of the paleosol O/A horizon. The parent material for the paleosol is not immediately 
apparent, though judging by the fine-grained nature of the sediment the paleosol is likely weathered into 
relatively fine glacial outwash. The cause of core refusal is unknown. 

A radiocarbon sample was collected from the O/A horizon of the paleosol between 4.3 and 4.5 feet from 
the top of the core (NB-VC-04-RC1), tidally corrected to 7 feet (2.13m) below MLW and 11 feet (3.35m) 
below MHW. The sample was submitted to Beta Analytic as a bulk sediment sample for radiocarbon 
dating, as JMA deemed it prudent not to destroy the majority of the O/A horizon trying to isolate a 
charcoal or plant material sample. Beta Analytic identified plant material in the bulk sediment sample and 
contacted JMA regarding the best method for proceeding with the analysis. Beta Analytic suggested that 
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4.0 RESULTS 

the plant material would provide the most accurate radiocarbon date if the material was interpreted as 
being in situ. JMA concluded that the plant material was in situ, and instructed Beta Analytic to proceed 
with the radiocarbon analysis. The plant material was radiocarbon dated by Beta Analytic to 2680 +/- 40 
BP (Beta-285531). The two sigma calibration range was Cal BC 900 to 790 (Cal BP 2850 to 2740). See 
Appendix III for detailed results of the radiocarbon analysis. Compared with the sea-level curve for 
southeastern Massachusetts (Uchupi et al., 1996), a maximum depth of 11 feet (3.35m) below high water 
at 2680 +/- 40 BP matches quite well. These data imply that sea level was at least 11 feet (3.35m) below 
its current level at 2680 +/- 40 BP. 

Correlation of Vibracore NB-VC-04 with Seismic Line 60-1114 revealed that the stratified, topmost 
acoustic unit comprised Holocene marine sediments. The paleosol seems to correspond with a thick, high 
amplitude reflector capped by marine sediment and overlying an acoustic unit with minimal stratification. 
The acoustic basement, which was not reached by the core, appears to be consistent with coarse glacial 
deposits, i.e. till. 

Visual inspection of the core revealed no cultural materials, though strong evidence of a buried and 
submerged, intact paleosol was present. Stratigraphic sediment samples from Vibracore NB-VC-04 were 
subjected to floatation sorting, which resulted in separation of samples into light (floated organics) and 
heavy fractions (> 1.0mm). The results of the flotation analysis are summarized in Table 3. 

The analysis of floatation samples from Vibracore NB-VC-04 did not result in the identification of 
cultural materials. A sizable piece of charcoal, numerous seeds, and other plant remains were recovered, 
though an intensive paleobotanical analysis was not plausible in the light of time and budgetary 
constraints. Both the light and heavy fractions from each sample are archived at JMA’s West Chester, 
Pennsylvania office, along with relevant documents. 

4.2.5 Vibracore NB-VC-05 

Vibracore NB-VC-05 was extracted 264 feet northeast (43 degrees from true north) from the north corner 
of the Gifford Street boat launch parking lot, approximately 14 feet northeast of the bottom slope limit of 
the southern end of the proposed turning basin (Figure 4). The location of the vibracore was selected to 
ground-truth anomalous acoustic reflectors between the Holocene marine and Pleistocene glacial 
sediment, which in previous studies have been an indicator of a buried, submerged paleosol (Leach, 
2007). Additionally, the target location appeared to be situated adjacent to a possible filled paleochannel 
of unknown age. The core was extracted approximately 120 feet from the start of Seismic Line 60-1114 
(Figure 8). 
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4.0 RESULTS 

A total of 8.0 feet of continuous sediment was extracted. The core stratigraphy comprised 2.6 feet of 
black silts overlying 2.7 feet of black to very dark greenish gray silty sands, which in turn overlay 2.7 feet 
of a buried, submerged and clearly truncated B horizon. The truncated B horizon comprises a dark brown, 
gravelly silty sand between 5.3 and 8.0 feet. The upper 5.3 feet of the core stratigraphy are interpreted as 
Holocene marine sediments that that overlie a transgressive marine unconformity serving to truncate the 
upper portion of the B horizon. Mercenaria valves 0.2 feet above the top of the B horizon sediment 
support this interpretation. The parent material for the B horizon is not immediately apparent, though 
judging by the somewhat coarse-grained nature of the sediment the B horizon is likely weathered into 
glacial outwash. The cause of core refusal is unknown. 

Correlation of Vibracore NB-VC-04 with Seismic Line 60-1114 revealed that the stratified, topmost 
acoustic unit comprised a thick sequence of Holocene marine sediments. The truncated B horizon seems 
to correspond with a series of three stacked, mdium amplitude reflectors capped by marine sediment and 
overlying a chaotic acoustic unit. The acoustic basement, which was nearly reached by the core, appears 
to be consistent with coarse glacial deposits, i.e. till or outwash. 

Visual inspection of the core revealed no cultural materials, though strong evidence of a buried, 
submerged and clearly truncated B horizon was present. Stratigraphic sediment samples from Vibracore 
NB-VC-05 were screened through two nested sieves, which resulted in separation of samples into 0.25 
inch (6.35 mm) and 0.0469 inch (1.18 mm) fractions. The results of the sieving analysis are summarized 
in Table 4. 

The analysis of sieved samples from Vibracore NB-VC-05 did not result in the identification of cultural 
materials. Each sieved sample is archived at JMA’s West Chester, Pennsylvania office, along with 
relevant documents. 
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4.0 RESULTS 

4.3 	DRAFT GEOTECHNICAL BORING LOG DATABASE (SEE APPENDIX II FOR 
DETAILED BORING LOGS) 

Apex Companies, LLC provided to JMA five draft boring logs from geotechnical borings extracted 
within the South Terminal Marine Infrastructure Park Project Area. The locations of the geotechnical 
borings are depicted on Figure 4. As the geotechnical boring logs were presented to JMA as draft 
documents, they do not constitute a legally-binding, absolute assessment of the subsurface sediment and 
rock properties in the Project Area. Furthermore, the interpretation of the draft geotechnical boring logs 
by JMA does not constitute a legally-binding, absolute assessment of subsurface sediment and rock 
properties. JMA personnel are not trained in geotechnical engineering and cannot be held responsible for 
misinterpretation of geotechnical field results. The interpretation of the field results are merely utilized as 
an additional dataset for JMA’s review to aid in the assessment of submerged prehistoric archeological 
site potential in locations not directly surveyed by JMA. 

4.3.1 	 Draft Geotechnical Boring Log for Boring A-2010-B1 

Boring A-2010-B1 revealed a rather shallow Holocene stratigraphic sequence comprising approximately 
4 feet of Holocene marine sediment over till. The close proximity of this boring to the modern intertidal 
zone suggests that either a thin soil profile was initially developed on top of the shallowly buried till, and 
has since been eroded away, or that a significant amount of shoreface incision has occurred in this area, 
sufficient to remove accumulated Holocene weathered soils. The latter scenario is the most logical 
interpretation given the shallow burial of the till and the lack of oxidation. However, the bathymetric data 
supplied by Apex Companies and the water depth given for the boring location do not match. The boring 
log indicates that the core was extracted at a depth of -23.15 feet below the mudline, while the stated 
location of the core would place it in roughly one foot of water. The data for Geotechnical Boring A-
2010-B1 are considered inaccurate for the purposes of the current assessment of submerged prehistoric 
site potential. 

4.3.2 	 Draft Geotechnical Boring Log for Boring A-2010-B2 

Boring A-2010-B2 revealed a thick sequence (16 feet) of marine sands near the existing bulkhead. The 
depth of the deposits, coupled with their relatively fine texture, could indicate fine to coarse grained 
filling of paleotopography such as a paleochannel. The sediment does not significantly change until a 
depth between 16 and 18 feet below surface, at which it becomes mottled. This boring suggests low 
archeological potential for this portion of the Project Area. 

4.3.3 	 Draft Geotechnical Boring Log for Boring A-2010-B3 

Boring A-2010-B3 revealed approximately 5 to 10 feet of Holocene marine and intertidal sediments over 
till. The sediment contained gravel of sufficient size to become lodged in the coring bit. The sediment 
between 5 to 10 feet could be weathered till, but is most likely an intertidal sand sheet unconformably 
overlying the coarser material. 

4.3.4 	 Draft Geotechnical Boring Log for Boring A-2010-B4 

Boring A-2010-B4 revealed up to 15 feet of marine sediment. This area appears to have deep 
sedimentation (22 feet) though the majority is marine in origin. Mottling and brown-colored sediment 
occur at 16 feet below surface. This boring likely represents another area of paleochannel filling. The 
boring may have been extracted from a channel sequence, which would explain the deep sediments, 
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4.0 RESULTS 

stratification, and presence of some larger clasts. These sediments do not seem fine enough for a quiet 
floodplain setting, and are probably more indicative of a position close a channel. This boring suggests 
low archeological potential for this portion of the Project Area. 

4.3.5 	 Draft Geotechnical Boring Log for Boring A-2010-B6 

Boring A-2010-B6 revealed 10 feet of sandy marine sediments. Location of boring places it close to 
observed potential paleochannel in seismic data. The deep sedimentation would imply a filled depression 
of some kind. The boring log is incomplete after a recorded depth of 10 feet. 

4.4 	ASSESSMENT OF SUBMERGED PREHISTORIC ARCHEOLOGICAL SITE 
POTENTIAL 

The geophysical, vibracoring, and geotechnical boring data represent a robust dataset for assessing the 
potential for submerged prehistoric archeological sites within the South Terminal Marine Infrastructure 
Park Project Area. Vibracores and geotechnical borings served to ground-truth the acoustic stratigraphy 
and allowed greater interpretive confidence for specific reflectors. In concert, the three datasets reveal that 
the majority of the South Terminal Marine Infrastructure Park exhibits low potential for submerged 
prehistoric archeological sites. In the northern portion of the Project Area an existing dredge channel was 
previously excavated to at least 20 feet, while the sediment above the dredge cut is composed of 
shallowly buried glacial sediment capped by Holocene marine sediment. In the central portion of the 
Project Area the seismic data, vibracores, and geotechnical borings indicate that the stratigraphy 
comprises shallowly buried glacial sediment overlain by marine sediment. Within the subtidal portion of 
the proposed bulkhead extension the seismic data reveal a ridge of shallowly buried glacial sediment 
capped by marine sediment. Based on these data, the northern and central portions of the subtidal Project 
Area have low potential for submerged prehistoric archeological resources. 

The southern portion of the Project Area, near the south-southwestern end of the turning basin, contains 
an area with an intact upland paleosol, with truncated portions extending slightly to the east. While it is 
nonsensical to assert that all submerged, intact landscapes must contain an archeological site, submerged 
upland landscapes do have higher potential than other submarine environments simply because they 
represent a formerly available living surface. In some southern New England surveys, i.e. Lynch et al. 
(2010), cultural materials have been recovered from buried, submerged paleosols on the Massachusetts 
continental shelf. In the current Project Area cultural materials were not identified within the paleosol in 
Vibracore NB-VC-04 and the truncated B horizon in Vibracore NB-VC-05, despite thorough analysis of 
sieved and floated samples. JMA recognizes, however, that the area around the paleosol does in fact have 
moderate potential for containing cultural materials. 

It is JMA’s conclusion that the portion of the southern end of the proposed turning basin depicted in 
Figure 10 has moderate potential for submerged prehistoric sites. Should this area be impacted as 
planned, it is JMA’s recommendation that a suitably trained archeologist be on board the dredging vessel 
to monitor ground-disturbing activities in the area designated on Figure 10. If possible, the sediments 
should be closely examined for color and texture characteristics consistent with a paleosol. Additionally, 
sediments exhibiting the characteristics of a paleosol should be screened to assess whether cultural 
materials are present. Should cultural materials be recovered from dredged sediments, the MHC and 
MBUAR should be contacted immediately to provide guidance on how best to proceed. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.0 CONCLUSIONS AND RECOMMENDATIONS
 

JMA conducted a marine archeological investigation, comprising seismic reflection profiling and 
vibracoring, to assess the potential for submerged prehistoric archeological sites potentially affected by 
the proposed subtidal portions of the South Terminal Marine Infrastructure Park Project in New Bedford, 
Massachusetts. A total of 69 individual seismic profiles, collected on September 16, 2010 by Dr. Allen 
Gontz with assistance from JMA and Apex Companies, LLC personnel, were analyzed on September 18, 
2010 and five vibracores targets were selected. JMA and Apex Companies, LLC personnel began 
extraction of the five vibracores on September 22, 2010, and completed the fieldwork on September 24, 
2010. An analysis of seismic reflection profiles, vibracores, and geotechnical borings revealed that the 
northern and central portions of the subtidal Project Area have low potential for submerged prehistoric 
archeological resources. The southern portion of the subtidal Project Area, in the vicinity of the proposed 
turning basin, has slightly higher potential for submerged prehistoric cultural resources. Vibracore 
analysis and interpretation of sediments resulted in the identification of an intact, buried and submerged 
paleosol dating to 2680 +/- 40 BP in Vibracore NB-VC-04, and a truncated B horizon in Vibracore NB-
VC-05. The paleosol is located in the south/southwestern portion of the proposed turning basin. Resultant 
sieving, floatation, and detailed analysis of resulting sorted sediments under magnification did not 
identify prehistoric cultural materials. In sum, no prehistoric cultural materials were identified in any of 
the five vibracores. However, the paleosol is well preserved, and represents a paleolandscape that would 
have been available for human use at a lower stand of sea-level. As such, it is JMA’s opinion that the 
paleosol has moderate archeological potential. 

It is JMA’s conclusion that the portion of the southern end of the proposed turning basin depicted in 
Figure 10 has moderate potential for submerged prehistoric sites. Should this area be impacted as 
planned, it is JMA’s recommendation that a suitably trained archeologist be on board the dredging vessel 
to monitor ground-disturbing activities in the area designated on Figure 10. If possible, the sediments 
should be closely examined for color and texture characteristics consistent with a paleosol. Additionally, 
sediments exhibiting the characteristics of a paleosol should be screened to assess whether cultural 
materials are present. Should cultural materials be recovered from dredged sediments, the MHC and 
MBUAR should be contacted immediately to provide guidance on how best to proceed. 
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° 0 00 ° 3/1 OY 

o • 

••• •• ••• Very Coarse Sand with Trace Silt Gley 1 
• • •••••• 
• - , ••••• : Small Pebble Gravel 3/10Y 

-, - ... -.' -.-, .. .- .. .. . .. 
, . " : .. .. .. ... . ..... -. .. ...-, , 

~,' .-.. -. . .. -. . ' 

~------------------------~-------+------~ 

Silty Medium Sand 
with Small Pebble Gravel 

and Coarse Sand 

Gley 1 
3/10Y 
(Very 
Dark 

Greenish 
Gray) 

Marine 
Sediments 



LOCATION: New Bedford Harbor, South Terminal 

SITE DESCRIPTION: Western Side of New Bedford Harbor, Marine Survey 

for Assessment of Submerged Prehistoric Archaeological Potential 
CORING PROCEDURE: Electric Vibracore, 4" Diameter Core Barrel with 

Lexan Sleeve Insert, Quad Frame and Winch on Pontoon Boat 
LOGGER: Peter A. Leach DATE: 9-28-10 

4:40 PM 
H20 Dpth: 2.82 ft 

PNTR: 8.0 ft 

DEPTH PHOTOGRAPH SKETCH 

.. .- - .-
I-I. 

-

DESCRIPTION 

Txtr, Sed. Type; Flora/Fauna 

Silty Medium Sand 
with Small Pebble Gravel 

and Coarse Sand 
Few Medium Pebbles 
and Shell Fragments 

COLOR 

Gley I 
3110Y 
(Very 
Dark 

Greenish 
Gray) 

0.75 ft 
LENGTH 8.0 ft 

COMPACT: 

VOL INTERPRETATION 

%ORG 

Marine 
Sediments 

• • - e_. .1-------------+-----+-----1 
5.0 ft 

6.0 ft 

7.0 ft 

8.0 ft 

~ ~. -== . .::--:- Coarse to Medium Sandy Silt 

~ :;-:\~ ~ . ..,;",,) ;. 
1-. _ eo _ 
-;-.~ :., 

Silty Medium Sand 
with Small Pebble Gravel 
Large Mercenaria Shells 

IOYR 
411 

(Dark 

-;- .. ~. ._ .. 1-------------+----=:...:...--+-----1-""'-• ••• -.... - - .-; .- .. , ..• · .. ., 
~~ .. ~ .. --; 

._._ ... : •• ".e .-e -. _.-..... . · ......... ...: · .. '. ".-. ...... ~..! . _e ... · -~. ~ .: .. 
, !....- •••• 

~ ..•. ~ .. ~ 
__ ..,.. II, • 

•••• . -t! ....... 
t 

._, !t •• ... .. 
·-1 ._ ...... -· •.. ..-: .. -.. . · ....... -
~.-;-.=- .• , · , . , ... 

-" ~ .. -;, ~ · ,- .. ~ .. . ... ...... ~ . 
• .J'.. • • -J.4I •• 
I •• -, •• .... . .. ' .. , .... . 
7.-, .,. -:..;. .,--. -. .-.~ 
'11 ...... . 

, \ .. -
.• ---= t! -.: I • .. ~ -- .... 

· '.~ . e, 
-~ .. ~- . 

: ?;.~ '.~. ~ ;-' ~ 
- tic • ,.' - -•• :.0 
· ~'.~ '0;-. ~ 
~ ••.• _ ....... Ie •. 

• - I. 
I "0 • " •• ....:.. _ .. ~ --;- ' .. -.. .. ~ ..... .:.... ,.0_ . .......:... . . - ... -.. ......:.... .. - . ' ... -: I. 

Silty Coarse to Medium Sand 
~ 30% Small Pebble Gravel 

Gravelly Silty Coarse 
to Medium Sand 

Stiff, Apparently Weathered 

Gravelly Silty Medium Sand 
with some Coarse Sand 

~ 30% Gravel 

IOYR 
411 

with 
Pockets of 

7.SYR 
3/2 

10YR 
3/3 

(Dark 
Brown) 

2.5Y 
412 

(Dark 
Grayish 
Brown) 

Truncated 

(Upper 
Horizons 
Eroded) 

Former 
Upland 
Surface 
Likely 

B Horizon 



 

 

 

 

 

 

 

 

Appendix II: 

Draft Technical Boring Logs 



J;.e.~.u,. ,~ 
Date: 9/14/2010 
Time: 8:00 AM 

DRAFT BORING LOG 
Project: Phase IV Dredging Project No: 6690.005 X: 816198.2 
Location ~ South Terminal Expansion Y: 2688154.5 
Ele~rw:it r(ludline: -23.15' Datum: MLLW 
Casing~teel Boring Depth: 39.15' Boring No: A-2010-B1 
Casing· Di;il!)-ICl\:;;r" 4" Drill Rig: CME45 
Drill Co: { NJ;I~Boring Method: Drill and Wash Sheet: 1 of 1 
Driller: -=-rodcMientacost Log By: GCD 

~2 ~~ (0 Description 
~ . 

(Color, Texture, Structure) Q) ~ 
Q) .~ --..Cl Q) ro Q) 0.::2 g 

..c .~ !:; > 
a.=c 0 Q) 0 ~;:u. 
Q) ::J a ~ ~ o ~ ~ o Q) Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% o E 0:: Cl.. ...,_ 0. 

24"~ ~ 

2 6" 
11 ,2,1);3 Dark Grey, fine to coarse SAND, some Silt, some fine to coarse Gravel. 

24" ~,;8 Grey SIL T~e to coarse SAND, some fine to coarse Gravel- TILL 
4 5" I).. 

9" 15~~ ~ SIL T ~~:~coarse Sand, some fine to coarse Gravel - Drove casing to 
6 4" refus earlGd hole for coring run, drilled from 27.9 to 28.5 

5' "9"" ~ :a... 
~fi Highly fractured Granitic Gneiss 7,6,6,10,14( r?'" ~ ). 8 50% 4.6' ~ 

5' ~ ~ "W 'actured Granitic Gneiss 6,6,6,9,11 
10 97% 4.85 

12 ~~ ~~ 
14 ~ 

A ~ 
~ 

'( 
,. 

16 

~-
18 r l 

'- ~ 
20 --,-y ....". 

22 C ~ 
24 r~ 
26 ~ 
28 ~ 

Comments: Core run was completed at less revolutions per minute than ~~,p'd~. by core barrel 
manufacturer. so drill time is not a good indicator of rock compe ~ 

Refusal: Split Spoon refusal at -27.9' 

Elevation of ~ 
Bedrock: -28.5' 

I 



J;.e.~.u,. ,~ 
Date: 9/15/2010 
Time: 11:30 AM 

DRAFT BORING LOG 
Project: Phase IV Dredging Project No: 6690.005 X: 816277.4 
Location " South Terminal Expansion Y: 2688458.0 
Elevat~ mud line: -6.3' Datum: MLLW 
Casmg T~p~teel Boring Depth: 39.40' Boring No: A-2010-B2 
Casin~.rne~ 4" Drill Rig: CME45 
Drill Co: r N~Boring Method: Drill and Wash Sheet: 1 of 1 
Driller: '-.-T:.OefgJ'entacost Log By: GCD 

~2 ~ 
(0 Description 
~ . 

(Color, Texture, Structure) Q) ~ 
Q) .~ --..Cl Q) ro Q) 0.::2 g 

..c .~ !:; > 
a.=c 0 Q) 0 ~;:u. 

a c u o ~ ~ Q) ::J Q) Q) -OQ) Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% o E 0:: 0..0:: co _ 0. 

24~~ ~, 1 , 1 , 1 Black to dark grey, Organic SILT, some fine Sand, little shell hash, becomes grey 
2 15" in nose of spoon 

24" 

~ 
Dark Grey fine SAND, some organic Silt grades to fine SAND some Inorganic Silt, 

4 15" A trace fine to coarse Gravel 
24" '--d ~t5 Gr~ some Fine to Coarse Gravel. trace coarse Sand 

4. 5.7 Gre~ SA grading to Inorganic SILT and fine SAND 21" 12 , 1~ I,) 
6 5.7-6.0 Grey C AN~lJl...and fine to coarse GRAVEL 

24" 
9,17,16,20( ~\.~ Grey,~coarse SAND, little fine to coarse Gravel 

8 15" 
24" 

5,15,15,12 
-c:;rey, medium to c'&.arse S.AND~ little fine to coarse Gravel, grades to fine to 

10 14" '"'{ '" ~ 'I( ~edium SAND 
24" 

3,4,10,12 2~~.' fine s~~,gradeS to fine to medium SAND. 
12 21" 11-12 'Y'"' etocoarseS ,t se eGravel, gradingtocoarseSAND 

24" 
6,7,9,12 '-erey, fin~ medium SAN~e fine to coarse Gravel 

14 21" ~~ 
24" Grey fine to C~~A', some Sl it, some fine to coarse Gravel, mottle at 15.0 14,16,24,24 

16 12.5" to 15.4 red/orange tan. 
24" Grey and Tan mOtt~~~~arse SAND, some Silt, some fine to coarse 

18 11" 
8,10,3,3 

Gravel, grades fine to edium SAND and SILT in nose of spoon 
21" 23,32,34, " .4.' Grey and tan mottled, fine"tO"'Cq~~AND, and SILT, some fine to coarse Gravel. 

20 16" 100/3" 
N" "" 

22 
Drilled with button tooth rO~~lthr~Aobbles, drove casing to refusal and 

bega re r -29.9 MLLW 

6,8,8,10, 
29.9-34.4 Fractured Grani(G~O~e barrel jammed at 4.5' 

24 5min/6" 

7,8,10,10, 
34.4-39.4 FractLl~ic Gneiss 

26 10 

28 ~ 
Comments: Core run was completed at less revolutions per minute than r=,;ib::-" Je~. bY core barrel 

manufacturer. drill time is not a good indicator of rock competen ~ 

Elevation of ~ Bedrock: 29.9' 

I 



J;.e.~.u,. ,~ 
Date: 9/16/2010 
Time: 11:20 AM 

DRAFT BORING LOG 
Project: Phase IV Dredging Project No: 6690.005 X: 816365.6 
Location -\ South Terminal Expansion Y: 2688161.5 
Eleva;.tkfrl# m\..!dline: -1.1' Datum: MLLW 
Casing T~S1eel Boring Depth: 39.40' Boring No: A-2010-B3 
Casing Dia,rtieter: , 4" Drill Rig: CME45 
Drill Co: \ N~oring Method: Drill and Wash Sheet: 1 of 1 
Driller: ~d~ntacost Log By: GCD 

~2 ~ J (0 Description 
~ . 

(Color, Texture, Structure) Q)~ 
Q) .~ --..Cl Q) ro Q) 0.::2 g 

..c .~ !:; > 
a.=c 0 Q) 0 (/)=u. 

53 ~ ~ _~ L-Q) ::J a o Q) Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% o E 0:: Cl.. LO( 
~_ 0. 

1 24" ~ V" Dark Grey, very fine to fine SAND, little organic Silt, trace shell hash, one juvenile 
18" 

7 , 5 , 5~ clam. 

'C A ~ 
5 24" 10 , 13~ G~l:fine to ,,~se S~_D, trace Silt, charp color change to Tan, fine to medium 

5" ~A D, little Silt. ~ cal:!aht in nose of spoon -- It~ ~ 
~ X 

10 24" 
16,19,20,23 

~" ine to CO~~~:EL and fine to medium SAND, trace Silt. 
6" 2" of G~SI~, some, e to C~SAND, some fine to coarse Gravel. TILL 

'~' ~~~ 

'- ~ ~A 
15 24" 

17,18,14,14 Grey, SIL T an~~: some flKe to coarse Gravel, little medium to coarse 
4" Sa , Gravel stuck in top of sample. 

~-

( ~ 
20 6" Tan, fine SAND, some Silt, s~oarse Gravel, trace medium to coarse 

80,60,40,61 
6" Sand, avel stu in top of sample 

'- ~ 
Drilled with button toothed roller bi\~~i cleaned , drove casing , flushed 

hole and bega corin - . ~. 7' MLLW 
5' 

5,6,19 25.7 - 30.7 Highly fractured Granit~ with pegmatic intrusions. 
10% 3.3' 

5' 
30.7 - 35.7 Highly fractured Granitic G~matic intrusions. 

33% 4.6' 
Comments: vore run was compleTea aT less reVOlUTiOnS per minuTe man re~.~,~y core oarrel 

manufacturer, drill time is not a good indicator of rock competen rill ti~were not recorded 
after the first 3 feet of penetration. due to frequent starts and stops "']::ocess as barrel 
jammed and was cleared . 

Elevation of ~ 
Bedrock: 25.7' 

I 



J;.e.~.u,- ,~ 
Date: 9/20/2010 
Time: 8:05 AM 

DRAFT BORING LOG 
Project: Phase IV Dredging Project No: 6690.005 X: 816439.9 
Location South Terminal Expansion Y: 2687856.3 
Elevatio~udline: -2.5' Datum: MLLW 
CasirW"Tyg e: ..aleel Boring Depth: 43.75' Boring No: A-2010-B4 
Casing [)iSfil~ 4" Drill Rig: CME45 
Drill Co: YNH ~oring Method: Drill and Wash Sheet: 1 of 1 
Driller: " Tocltf e..,entacost Log By: GCD 

~2 ~~ 
(0 Description 
~ . 

(Color, Texture, Structure) Q)~ 
Q) .~ --..Cl Q) 0.::2 g 

..c .~ a.=c 0 Q) 0 ~;:u. 
a c u o ~ ~ Q) ::J Q) Q) -OQ) Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% o E 0:: 0..0:: co _ 0. 

24" ", ~~. H . , Black, Organic SILT, little shell hash, little fine to medium Sand. 
2 24" ~ W.O.H., 

4 ~ A 
24" 1~ ~ Dark~, fine to medium SAND and SILT, little shell hash. 

6 3.5" 
24" 

13,6,8); I ,-, ey, fin~AND, some Silt, little fine to coarse Gravel 
8 13" 

24" 
9,17,20,20 I ~neIGRAVEL, st e coarse Sand, little coarse Gravel. Coarse gravel stuck 

10 12" in nnse of spoon. 
24" 

10,8,10,12 Gre)l(7N~, some Si~ ~~(coarse Gravel, trace medium to coarse 
12 11" A ~ .~d. 

24" 
8,14,16,11 '~y, fine SAND ,Tom~e~arse Gravel, trace Silt. 

14 8" 
24" 

49,9,8,13 Grey, SIL T som~~ little fi~r~ Gravel, little medium to coarse 
16 9" Sand. Mottleu~F val ap rox 0.25 0.5' becomes Brown, then back to Grey 

24" 
24,20,18,16 

SILT, some fine t~oar:se'.sand, some fine to coarse Gravel, Color changes 0.0-
18 10" 0 . 25~~55' light Grey,0.55-0.80' Brown 

21" 
13,12,21 ,14 Tan SIL ~nd ~EL, some fine to coarse Sand 

20 10" - = 
20" 17,10,15, Tan, SILT, some fine to coa~~~av~,me fine to coarse Sand. 3" of Grey 

22 10" 100/2" completely weath ed Grall" Gneiss in nose of spoon. 
48" 25_2-29.2- Exploded greenish G~~eiSS (12-- in pieces none longer than 

10,12.19 3") Potassium Feldspar rich Pegmati . trusion ~11" in pieces none longer than 3"), 
24 23" core barrel jammed at 1.5, water re n s ~~ermittentIY through core run, 

0% drillinQ pa~ ea e 
36" 

6,6,14 29.2-32.2' Interface of Pegmatite and G~~neiSs (2"), highly fractured grey 
26 35% 25" Granitic Gnei 5 ~L~. 

60" 
Core Incomplete - recoveri~ 

28 
Comments: Core run was completed at less revolutions per minute than reco.~core barrel 

manufacturer, drill time is not a good indicator of rock competency. 

Elevation of ~ Bedrock: 25.2' 

I 



Date: 
Time: 

DRAFT BORING LOG 
Project: Phase IV Dredging 
Location \. South Terminal Expansion 

Project No: 6690.005 X: 816518.5 
Y: 2687561.6 

ElevaJioflf.at mud line: -9.4 Datum: MLLW 
CaSfngNY~teel Boring Depth: -31.6' Boring No: 
CasinwE1I~: 4" Drill Rig: CME 45 
Drill Co: r NI-} Boring Method: Drill and Wash Sheet: 1 of 1 
~~--~~~~~~~--~----.--.~----~~~------------' Driller: ~~entacost Log By: GAD 

~2 
Q)~ 

..Cl Q) 

..c .~ a.=c 

Description 

(Color, Texture, Structure) 

Q) ::J 
o E Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

~'~ ~ ~OR,wOR, 0-1' Black, organic SILT 

9/23/2010 
9:30 AM 

A-2010-B6 

2 6"'f""" WOR,wOR 1 '-2' Olive Grey, medium to coarse SAND, some fine sand, trace Silt 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

24" 
12" 

24" 
12" 

60" 

56" 
60' 

Comments: 

Elevation of 
Bedrock: 

2~1\ ~~rey, medium to coarse SAND, some fine Gravel 

12 , 16 , 22 , 1 ~~ r Greenish (rey, medium to coarse SAND, some fine Gravel. 
' ..... 

7,7,6,5,7 

8,12,6,7,6 

Core run was completed at less revolutions per minute than rec~~y core barrel 
manufacturer, drill time is not a good indicator of rock competenc" ~ 

~ -21 .6 

I 



 

 

 

 

 

 

 

 

Appendix III: 

Radiocarbon Results 



BETA BETA ANAL VTIC INC. 
4985 S.W. 74 COURT 

MIAMI, FLORIDA, USA 33155 
PH: 305-667-5167 FAX:305-663-0964 

beta@radiocarbon.com DR. M.A. TAMERS and MR. D.G. HOOD 

REPORT OF RADIOCARBON DATING ANALYSES 

Mr. Peter A. Leach 

John Milner Associates, Inc. 

Sample Data 

Beta - 285531 
SAMPLE : NB-VC-04-RC I 
ANALYSIS : AMS-PRIORITY delivery 

Measured 
Radiocarbon Age 

2680 +/- 40 BP 

MATERIAL/PRETREATMENT: (plant material): acid/alkali/acid 

13C j I2C 
Ratio 

-26.50/00 

Report Date: 10/1112010 

Material Received: 10/112010 

Conventional 
Radiocarbon Age(*) 

2660 +/- 40 BP 

2 SIGMA CALIBRA nON: Cal BC 900 to 790 (Cal BP 2850 to 2740) 

Dates are reported as RCYBP (radiocarbon years before present, 
"present" = AD 1950). By international convention, the modern 
reference standard was 95% the 14C activity of the National Institute 
of Standards and Technology (NIST) Oxalic Acid (SRM 4990C) and 
calculated using the Libby 14C half- life (5568 years) . Quoted errors 
represent 1 relative standard deviation statistics (68% probability) 
counting errors based on the combined measurements of the sample , 
background, and modern reference standards. Measured 13C/12C 
ratios (delta 13C) were calculated relative to the PDB-1 standard . 

The Conventional Rad iocarbon Age represents the Measured 
Radiocarbon Age corrected for isotopic fractionation, calculated 
using the delta 13C. On rare occasion where the Conventional 
Radiocarbon Age was calculated using an assumed delta 13C, 
the ratio and the Conventional Radiocarbon Age will be followed by "·". 
The Conventional Radiocarbon Age is not calendar calibrated . 
When available, the Calendar Calibrated result is calculated 
from the Conventional Radiocarbon Age and is listed as the 
''Two Sigma Calibrated Result" for each sample. 



CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS 

0::-
rB-
Q) 
OJ 
til 
c 
0 
.0 

~ 
.Q 
D 
til 

0::: 

(Variables: CI3/CI2=-26.5:lab. mult=l) 

Laboratory number: Beta-285531 

Conventional radiocarbo n age: 2660±40 BP 

2 Sigm a calibrated result: Cal BC 900 to 790 (C al BP 2850 to 2740) 
(95% probability) 

Inte rcept da ta 

Intercept of radiocarbon age 
with calibration curve: Cal BC 810 (Cal BP 2760) 

1 Sigma calibrated result: Cal BC 830 to 800 (Cal BP 2780 to 2750) 
(68% probability) 

2660±40 BP Plant material 
2800~----~----~----r---~~---'----~-----r----~----~----~----r---~~--__ 

2780 

2760 

2740 

2720 

2700 

2680 

2660 

2640 

2620 

2600 

2580 

2560 

2540 

2520 
900 890 880 870 

References : 
Da tabase used 

INTCAL04 
Calibration Database 

860 850 

INTCAL04 Radiocarbon Age Calibration 

840 830 820 810 
Cal BC 

IntCalO4: Calibration Issu e of Radiocarbon (Volum e 46 , nr 3 , 2004). 
Mathematics 
A Simplified Approach to Calibrating CI4 Dates 

Talma , A. S. , Vogel, J. c. , 1993, Radiocarbon 35(2), p317-322 

800 790 

Beta Analytic Radiocarbon Dating Laboratory 

780 

4985 s. W. 74th Court, Miami, Florid a 33155· Tel: (305)667-5167· Fax: (305)663-0964· E-Mail: beta @ radiocarbon .co m 

770 



 

 

 

 

 

 

 

 

 

Appendix IV: 

Permits and Letters from MBUAR and MHC 



August 31, 2010 The Commonwealth ofMassachusetts 
Joel L Klein 
William Chadwick 

William Francis Galvin, Secretary of the Commonwealth 
Massachusetts Historical Commission 

Principallnvcstigators 
John Milner Associates, Inc. 
I Croton Point A venue. Suite B 
Croton-on-Hudson, NY 10520-3028 

RE: New Bedford Harbor State Enhanced Remedy in New Bedford South Terminal, a/k/a Confined Disposal 
Facility alk!a South Terminal Marine Industrial Park Development, New Bedford, MA. 
MHC #RC.48892. 

Dear Me. Klein & ML Chadwick: 

Staff of the Massachusetts Historical Commission, office of the State Historic Preservation Officer and the State 
Archaeologist, have reviewed the research designs and methodologies for archaeological investigations in the 
intertidal and subtidal ponions of the project. Your proposals indicate that you will coordinate and take into account 
findings hy Dolan Research Inc, to avoid duplication of effort and lo provide an adequate identification and 
evaluation effon for the project area of potential effect 

The background res~arch and cultural historical context, and the proposed methodology for the investigation were 
generally well researched and well developed. However, the methods proposed for the investigation should be 
revised in eonsideration of recent, relevant findings in New England for similar investigations. MHC staff are able to 
direct you to previous, relevant research findings in MHC's archaeological report archive. 

The core strata should be photographed in color. Samples should be taken of formerly terrestrial surfaces fTom one 
side of split cores. The samples of terrestrial surfaces should be floated to recover heavy and light organic fractions, 
and analyzed to interprt:'t {he tindings" Radiocarbon dating oforganic material from a sample of the cores should be 
proposed to date terrestrial surt'lces that may be associated with cultural activity. 

It is <llso conventional to Cl.lratc core samples, Because of the number of core samples propose.d, JMA may propose 
to have only intact cores with significant findings curated. The Woods Hole Science Center Core Lab is a regionally 
appropriate euration facilit,. 

Please prepare a letter addendum to the research designs and methodologies that take into acc()unt the!>e comments, 
offered to assist in compliance with Section 106 of the National Historic Preservation Act of 1966 as amended (36 
CFR 800). MGL c. 9, 55. 26-27C (950 CMR 70), and the Secretary orthe interior's Standards and Guidelines for 
Archeology and Historic Preservation (48 Fed. Reg. 190( 1983 ». Please contact Edward L Bell of my staff if you 
have any questions. 

Sinccrclv, 

~~~ 

Brona Simon 
State Historic Preservation Officer 
Executive Director 
State Archaeologist 
Massachusetts Historical Commission 

xc: see attached 

220 Morrissey Boulevard, Boston, Massachusetts 02125 
(617) 727-8470. Fax: (617) 727-5128 

www.sec.state.ma.us/mhc 

www.sec.state.ma.us/mhc


xc: 
Lois K, Adams, US Environmental Protection Agency 
New Bedford Harbor Development Commission 
Victor T. Mastone, Massachusetts Board of Underwater Archaeological Resources 
George Green, Jr" Mashpee Wampanoag Tribe 
Bettina Washington, Wampanoag Tribe of Gay Head (Aquinnah) 
Jennifer T Nersesian: NPS New Bedford Whaling NHP 
Derek 1. Santos, New Bedford Historical Commission 
Chet Meyers, APEX Companies, LLC 
J, Lee Cox, Jr" Dolan Research Inc, 
Martin G. Dudek, JMA, Inc, 



architects 
archeologists 

planners 

JOHN MILNER ASSOCIATES, INC. 

Restoration & Rehabilitation • Preservation Planning· Archeological & Historical Research· Cultural Landscapes· Materials Conservation 

PRINCIPALS 

Allan H Stecnhusen 

Daniel G Roberts, RPA 

Chartes D Cheek, Ph 0 

John K MOll, FAIA 

Thomas L Smithers 

Kathryn L Bowers, SPHR 
Charks S Raith. AlA 

Joel I Klein. Ph D , RPA 
Wade P CallS, RPA 

SENIOR ASSOCIATES 
Joseph F Balicki, RPA 

Rohert G Kingsley. Ph J) 

Richard Meyer 

Alfonso A Narvaez 

Donna J Seifert, Ph 0, RPA 

J Sanderson Stevens 

B J Titus 
Rehecca Yamin, Ph [) , RPA 

ASSOCIATES 

Tod L Benedict 
William Chadwick, Ph D , PG 

Julielle J Gerhardt 
Pallick J Healon, RPA 

Douglas C McVamh 
Christopher Quirk, AlA 

Michael E Roherts, RPA 

Sarah Jane Ruch 

VIA ELECTRONIC MAIL 

September 8, 2010 

Mr. Victor Mastone, Director 
Board of Underwater Archaeological Resources 
251 Causeway Street, Suite 800 
Boston, MA 021 14-2199 

RE: MBUAR ARCHEOLOGICAL SURVEY PERMIT NO. 10-005 
AMENDED RESEARCH DESIGN AND METHOLOGY 
SUBTIDAL PORTIONS OF THE SOUTH TERMINAL MARINE 

INFRASTRUCTURE PROJECT 
NEW BEDFORD, MASSACHUSETTS 
MHC #RC.48892 

Dear Mr. Mastone: 

This letter constitutes JMA's request to amend the existing Research Design and Methodology 
component of our previously submitted and approved permit application for work in the sub
tidal portions of the South Terminal Marine Infrastructure Project (the Project) in New Bedford. 
These changes have been requested by the Massachusetts Historical Commission (MHC) as a 
result of their review of our permit application. It is my understanding that the requested 
modifications have been requested to insure that the work and subsequent analyses undertaken 
by JMA under out MBUAR permit will meet the needs of the MHC when they carry out their 
review of the Project under Section 106 of the National Hi.storic Preservation Act. 

In accordance with MHC's request of August 31, 2010 (attached) JMA intends to modify our 
previously submitted research design and methodology as follows: 

After recovery and transport to a suitable work area, marine sediment cores (Vibracores) 
recovered as part of the survey effort will be split. One side of each core will be retained for 
subsequent curation. Both sides of each core strata will be photographed in color. Samples 
(from the non-curated half of each core) will be taken from strata believed by JMA's 
geoarcheologist to be from previously terrestrial surfaces. These samples will be subject to 
flotation analyses at a JMA laboratory utilizing a SMAP-type flotation device. Both light and 
heavy fractions recovered through flotation will be analyzed. Special attention will be given to 
possible presence of micro-flakes suggesting the presence of a pre-Contact archeological 
resource. If organic material is identified in any core strata possibly associated with a former 
terrestrial surface samples for radiocarbon dating will be collected. Any such samples will be 
submitted to a qualified laboratory (e.g Beta Analytic) for dating. 

One Croton Point Avenue, Suite B. Croton-on-Hudson, New York 10520-3028 • 914-271-0897 I fax 914-271-0898 

West Chester. PA Philadelphia. PA Alexandria, VA Charlottesville, VA Croton-on-Hudson. NY Louisville, K Y Littleton. MA 

www.lohnMilnerAssociates.com 

http:www.lohnMilnerAssociates.com
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JMA will provide for temporary curation of intact cores with significant fmdings until such time as a 
permanent curation facility can be located. JMA will work with both MBUAR and MHC to locate an 
acceptable permanent curation facility (e.g. the Woods Hole Science Center Core Lab. 

A copy of this request is being sent to the MHC and the Mashpee Wampanoag and Wampanoag Tribe of 
Gayhead (Aquinnah). If you have any questions or require clarification or additional information please 
contact me. 

Sincerely, 

~1I.Klei~ 
Associate Director, Cultural Resources 

Cc: E. Bell (MHC) 
J. Borkland (Apex) 
P. Leach (JMA - West Chester) 
W. Chadwick (JMA - West Chester) 
L. Cox (Dolan Research) 



August 31, 2010 The Commonwealth ofMassachusetts 
Joel L Klein 
William Chadwick 

William Francis Galvin, Secretary of the Commonwealth 
Massachusetts Historical Commission 

Principallnvcstigators 
John Milner Associates, Inc. 
I Croton Point A venue. Suite B 
Croton-on-Hudson, NY 10520-3028 

RE: New Bedford Harbor State Enhanced Remedy in New Bedford South Terminal, a/k/a Confined Disposal 
Facility alk!a South Terminal Marine Industrial Park Development, New Bedford, MA. 
MHC #RC.48892. 

Dear Me. Klein & ML Chadwick: 

Staff of the Massachusetts Historical Commission, office of the State Historic Preservation Officer and the State 
Archaeologist, have reviewed the research designs and methodologies for archaeological investigations in the 
intertidal and subtidal ponions of the project. Your proposals indicate that you will coordinate and take into account 
findings hy Dolan Research Inc, to avoid duplication of effort and lo provide an adequate identification and 
evaluation effon for the project area of potential effect 

The background res~arch and cultural historical context, and the proposed methodology for the investigation were 
generally well researched and well developed. However, the methods proposed for the investigation should be 
revised in eonsideration of recent, relevant findings in New England for similar investigations. MHC staff are able to 
direct you to previous, relevant research findings in MHC's archaeological report archive. 

The core strata should be photographed in color. Samples should be taken of formerly terrestrial surfaces fTom one 
side of split cores. The samples of terrestrial surfaces should be floated to recover heavy and light organic fractions, 
and analyzed to interprt:'t {he tindings" Radiocarbon dating oforganic material from a sample of the cores should be 
proposed to date terrestrial surt'lces that may be associated with cultural activity. 

It is <llso conventional to Cl.lratc core samples, Because of the number of core samples propose.d, JMA may propose 
to have only intact cores with significant findings curated. The Woods Hole Science Center Core Lab is a regionally 
appropriate euration facilit,. 

Please prepare a letter addendum to the research designs and methodologies that take into acc()unt the!>e comments, 
offered to assist in compliance with Section 106 of the National Historic Preservation Act of 1966 as amended (36 
CFR 800). MGL c. 9, 55. 26-27C (950 CMR 70), and the Secretary orthe interior's Standards and Guidelines for 
Archeology and Historic Preservation (48 Fed. Reg. 190( 1983 ». Please contact Edward L Bell of my staff if you 
have any questions. 

Sinccrclv, 

~~~ 

Brona Simon 
State Historic Preservation Officer 
Executive Director 
State Archaeologist 
Massachusetts Historical Commission 

xc: see attached 

220 Morrissey Boulevard, Boston, Massachusetts 02125 
(617) 727-8470. Fax: (617) 727-5128 

www.sec.state.ma.us/mhc 

www.sec.state.ma.us/mhc


xc: 
Lois K, Adams, US Environmental Protection Agency 
New Bedford Harbor Development Commission 
Victor T. Mastone, Massachusetts Board of Underwater Archaeological Resources 
George Green, Jr" Mashpee Wampanoag Tribe 
Bettina Washington, Wampanoag Tribe of Gay Head (Aquinnah) 
Jennifer T Nersesian: NPS New Bedford Whaling NHP 
Derek 1. Santos, New Bedford Historical Commission 
Chet Meyers, APEX Companies, LLC 
J, Lee Cox, Jr" Dolan Research Inc, 
Martin G. Dudek, JMA, Inc, 
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September 9, 2010 The Commonwealth of Massachusetts 
T • William FraJ~~is Galvin, S~retary of me Commonwealth 
'-'o~s K. Adams . .. M~sac:hus.etts Historic::a1 Commission 
ChIef, urants, Tribal and MUnicIpal ASS1SIaJIce Branefl-
Office ofEcosystem Protection 
US Environmental Protection Agency 
5 POM Ot1i::e Square, Suite I CO 
Boston, M \ 02109-39! 2 

R.E: New I:..edford Harbor State E!.Ihanced Remedy in New Bedford Sout.l-t Terminal, a/k/a Confmed Disposal 
Facility a/~J& South Terminal Marine Industrial ParK Development, New Bedfor~. MA. MHC URC.48891. 

@ 002/004 

Staff of the Massachusetts Hist-orical Commission (MHC), office of the State Historic Preservation Offieer Bnd the 
State Arch:leolagi$t, have r~viewed additional infonnatit:ln submitted to tne MHC for the resea."Ch d.e$igm and 
melhodolo~it'! for archaeological investig:\tiot'.$ in the intertida.l a."ld suhtidal portior.s of the project referenced 
above. 

Staffofthe M!-IC ~viewed the "Revised Supplemental Permit Application Information and Research Design and 
tv~~thodo!og"l {RDM) tor an Archeological [ntensive (Locltional) Arthaeological Surve) of the Si.1b-Tidal Portions 
(,fthe Sout l1 T::nninal Mui.lle Infrastructure Park., New Bedford, Massachusetts," prepared by Dolan Research Int. 
and receiwd by the MHC on September 7, 2010. 

In MHC's ,'pinion. the research design and methodolOiY for the investigation proposed by DolM RescZIJ'ch Inc. in 
the subtidal Jl~rtions of the proj~t ana is adequate. 

Staff of the MHC rc\'iewedthe letter add~ndum prepared by John Milner Associates Inc., and received on 
Sep~mber~ . 20HI. prepared in respome to MHC's commc:tts of Au&ust 31. 2010, ~nlellding the proposed research 
desij.'l ar.d methodolo~ for archaeological i:\'iestigations in the intertidal and ~ubtidal portions oitlte pr()je'~t, 
received or! August 20,2010 

III MHC"s ·. Ipiniofl, the research design and methodology for the investigation proposed by John Milner Associates 
lne. is ade<!uate . The MassaehuseTU State Archaeologist hIS also issued a field. investigation permit (9Sn CMR 70) 
to JOM Milner Associales, inc. for thll :ntertldal portion ofthe archaeological survey area. 

MHC look, forward to review and comment on the results ofthe!c archaeological investigations. 

The~ com:nel1ts are offered to ILSsist in compllance with Section 106 of the National Historic Pres~rvation Act of 
t966 a.s 8.rtended (36 eF'R 800), MGL c . 9, u. 26·27C (9S0 CMR 70), and the Se.crewy of tho interior's Standlll',js 
ar.d Guideline, fQr Archeology and Historic Preser'i~tion (48 Fed. Reg. 190(1983). Please cl;lntact E<.Swaro L. Bell 
ofm)' staff if you have ilny questions. 

Sincerely. 

~S~ 
Brona Sim·::r. 
State Historic flreservation Officer 
Executive'Director 
SUlte Arc:ha~logist 
Ma~sachus~tts Historical Commission 

xc: see attached 

220 Monincy Bouleva.d, Bo.ston, MassachusettS 02125 
(617) 727·8470· Fax: (617) 727·5128 

www.seC.state.ma.us!mhc 
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The COMMONWEALTH OF MASSACHUSE'ITS 


BOARD OF UNDERWATER ARCHAEOLOGICAL RESOURCES 

EXECUTIVE OFFICE OF ENERGY AND ENVIRONMENTAL AFFAIRS 


251 Causeway Street, Suite 800, Boston, MA 02114-2136 

Tel. (617) 626-1200 Fftx (617) 626-1240 Web Site: www massgov/cz.lll/buarlincl~xhtm 

August 12,20 10 

Dr. Joel I. Klein , Associate Director 
Cultural Resources Department 
John Milner Associates, Inc. 
I Croton Point Avenue 
Croton-on-Hudson, NY 10520 

RE: Special Use Permit 10-005, Subtidal Area of the South Terminal Marine Infrastructure Park, New Bedford 

Dear Dr. Klein : 

Thi s letter confirms the acceptance and provi sional approval of John Milner Associates, Inc's Specia l 
Usc Permit application by the Massachusetts Board of Underwater Archaeological Resources . Thi s permit (10
005) is for the marine archaeological and assoc iated remote sensing survey for the subtidal area of the proposed 
the South Terminal Marine Industrial Infrast ructure Project area in New Bedford as detailed on the chart 
accompanying the app li cation. The permit is e ffecti ve upon issuance for the duration of one year, but a formal 
approval o f this permit wi ll be considered by the Board at its next regularl y scheduled meeting where a quorum 
is present. This meeting is sc heduled fo r 30 September 20 10. 

This permit is herein granted dependent upon John Milner Associates, Inc' s compliance with the 
Board' s Regu lations (3 12 CMR 2.00) and the research design and methodology included in the permit 
application. For projects subject to Section 106 of the National Hi storic Preservation Act of 1966, as amended 
(36 CFR 800). permittees are directed to consult with and provide their proposed research design 
and methodology to the State Hi storic Preservati on OfficelMassachusetts Historical Commission and the lead 
federal agency in accordance with 36 CFR 800.4, prior to conducting the fi e ld investigation. 

Thi s permit does not relieve the permittee or any other person of the necessity of complying with all 
other federal. state and local statutes, regulations, by-laws and ordinances. 

If you should have any questions or need further assistance, do not hes itate to contact the Board at the 
address above or by telephone at (617) 626-1 141. 

Sincerely, 

JU;:fJt~ 
Victor T. Mastone 
Director 

Cc: 	 Brona Simon. MHC 
Kate Atwood. ACOE (via e mail ) 
Robert Boeri. MCZM (via e mail ) 
David Janik, MCZM (via ema il ) 
Mary Bruno, Apex Companies LLC (v ia emai l) 

o Pnnled on Recycled Paper 
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251 Causeway Street, Suite 800, Boston. MA 02114-2136 
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September 30. 2010 

Dr. Joel I. Kle in . Assoc iate Director 
Cu llUral Resources Department 
John Milner Assoc iates. Inc. 
I Croton Point Avenue 
Croton-on-Hudson. NY 10520 

RE: Spec ial Use Permit 10-005. Subtidal Area o f the South Terminal Marine Infrastructure Park. New Bedford 

Dear Dr. Klein : 

Thi s leller confirms the vote taken by the Massachusetts Board of Underwater Archaeologica l 
Resources on 30 September 2010 to issue a Spec ial Use Permit 10-005 to John Milner Assoc iates. for the 
marine archaeologica l and assoc iated remote sensing survey for the subtidal area of the proposed the South 
Terminal Marine Industrial Infrastructure Project area in New Bedford as detailed on the chart accompanying 
the application. The duration of thi s permit is one year from the date of issuance with its ex pi ra ti on date as 30 
Septe mber 20 I I . 

Thi s permit is here in granted dependent upon John Milner Assoc iates, Inc's compli ance with the 
Board 's Regul ations (3 12 CMR 2.00) and the research des ign and methodology included in the permit 
application. For projects subject to Section 106 of the Nationa l Hi storic Preservation Ac t of 1966. as amended 
(36 CFR 800). permillees are directed to consult with and prov ide their proposed research design 
and methodology to the State Historic Preservation O ffi cefMassachusells Hi storica l Commiss ion and the lead 
federal agency in accordance with 36 CFR 80004. prior to conducting the fi e ld in vestigation. Thi s permit does 
not relieve the permillee or any other person of the necessity of complying with all other federal. state and loca l 
statutes, regulations. by-laws and ordinances. 

If you should ha ve an y questi ons or need further ass istance, do not hes itate to contact the Board at the 
address above or by telephone at (61 7) 626- 1141. 

Sincerely. 

Victor T. Mastone 
Director 

Cc: 	 Bron" Simon, MH C 
Kate Atwood. ACOE (v ia email ) 
Mary Bruno. Apex Companies LLC (v ia email ) 

o Pnnled on Recycled Paper 

www.rnassgov/czmlbuar/inde-x.hlm


J8iOS/2010 12 27 FAX 817 727 5128 MAS8 HnT COMM 

The Commonwealth of Massachusetts 
William Francis Galvin, Secretary of the Commonwt:alch 

Massachusetts Hi$torical Commission 

PERMIT '1'0 CONDUCT ARCHJ\i:OLOClCAI. FIEL.t> INV!.:$TI~TIOk~ 

----~--------~-------.----------- ... -----~~-

______ ~3~2~1_4 ______ Date of I.sue Bef.t~r 9, 20_10~ __ _ 

Exp1rat~on Dat& September 9, 2011 

M.u~orj.'l;;;u1 to Cl':lnd.uot an arohaeologi 0 .. 1 field investigation })'l.tr.$\Janl::. to 

iSe~tion ;~?C of Chapter 9 at. General Lili'WS a.ftc:! iaccorc1.inq to ~. ~ .... ~la':ionl!l 

~ue11ned in 9~O ~ 70.C6, 

S~at& ir~.ne.c:! ~.mady ~r. ~.w Bodford South Terminal, a/kIM Conf~n.~ ~1BpO.~ 
~~~ty ~/k/a ~euth ~&=D~nal ~=~ne !noustrial Pa=k O.v~lopm~n~, New ~.~ord 

Projeot:. I.o¢aUon 

Bron& S~mcn : S~a~9 Arohaeologist 
Ma~saoh~ •• tt. Hi.to~ioal CO~i31t or 

220 Morriss~y Boulevard, Boston, Ma.,>~achusetu 02125 
(617) 727-8470· Fax: (617) 127-5128 

W'NVV,Stc.statt-,ma.ut/mhc 



 
 

     
     

  

                     

 
 
 

 
 

 
 

  

  

 

 

 

 

 

 

 
 

 

 

 

PHASE I & IB UNDERWATER ARCHAEOLOGICAL INVESTIGATIONS
 

SOUTH TERMINAL MARINE INFRASTRUCTURE PARK,
 
NEW BEDFORD, MASSACHUSETTS
 

PREPARED FOR 


APEX COMPANIES, LLC 

184 HIGH STREET 


BOSTON, MASSACHUSETTS 02110
 

SUBMITTED TO
 

BOARD OF UNDERWATER ARCHAEOLOGICAL RESOURCES
 
251 CAUSEWAY STREET, SUITE 800 


BOSTON, MA 02114-2199 


BY 

J. LEE COX, JR. 

DOLAN RESEARCH, INC. 

30 PAPER MILL ROAD
 

NEWTOWN SQUARE, PA 19073
 

SEPTEMBER 2010 



                 

 

 

 
 

  

 

 

 
 
 
 

 

 
  

 

 
 

 

______________________________________________________    ____ABSTRACT 


ABSTRACT
 

Dolan Research, Inc. (DR) conducted an intensive (locational) marine archaeological 
reconnaissance survey of the sub-tidal portions of the proposed South Terminal Marine 
Infrastructure Park (the Project) in New Bedford, Massachusetts.  The purpose of the survey was 
to identify any previously recorded historic period archeological or historic sites that are in the 
Project Area, and assess if any previously unrecorded and potentially significant historic period 
archeological or historic sites, which could be affected by Project construction and/or operation, 
are likely to exist within the sub-tidal portions of the Project area. 

The remote sensing survey was completed under MBUAR Permit No. 10-004 issued on June 7, 
2010 in accordance with MBUAR regulations at 312 CMR 2.00. Additional IB level 
investigations were also completed under a revision of the aforementioned permit. 

Analysis of the remote sensing data identified 29 magnetic and/or acoustic targets in the project 
area.  However, only one remote sensing target, a combined Magnetic/Acoustic target M4/S5, 
was considered to be a significant target.  M4/S5 was located close to the center of the project 
area. Characteristics of the magnetic and acoustic signatures of the target were suggestive of a 
submerged cultural resource and additional Phase IB-level archaeological investigations were 
recommended.  

No additional investigations are recommended at the other remote sensing target locations. 

Follow-up Phase IB investigations confirmed the source of the remote sensing target M4/S5 was 
a wooden hull vessel, likely a sailing ship that dates to the early 20th century/late 19th century. 
Only the bottom of the hull remains; divers recorded an approximately 89 foot by 30 foot intact 
section of hull.  While the site appears to have been impacted by dredging activities and is highly 
damaged and deteriorating, in an abundance of caution additional Phase II-level investigations are 
recommended to determine the historical significance, if any, of the vessel. 
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_______________________________________________________________INTRODUCTION
 

1.0 INTRODUCTION 


Dolan Research, Inc. (DR) conducted an intensive (locational) marine archaeological 
reconnaissance survey of the sub-tidal portions of the proposed South Terminal Marine 
Infrastructure Park (the Project) in New Bedford, Massachusetts. The survey was carried out on 
behalf of Apex Companies, LLC, engineering consultant to the New Bedford Harbor 
Development Commission.  The purpose of the survey was to identify any previously recorded 
historic period archeological or historic sites that are in the Project Area, and assess if any 
previously unrecorded and potentially significant historic period archeological or historic sites, 
which could be affected by Project construction and/or operation, are likely to exist within the 
sub-tidal portions of the Project area. 

These investigations were conducted in accordance with the instructions and intents of various 
applicable Federal and State legislation and guidelines governing the evaluation of project 
impacts on archaeological resources, notably: Section 5 of the Abandoned Shipwreck Act of 
1987; Section 106 of the National Historic Preservation Act; 23 CFR 771, as amended October 
30, 1980; the amended Procedures for the Protection of Historic and Cultural Properties as set 
forth in 36 CFR Part 800 (October 1, 1986), and Massachusetts General Laws Chapter 9, Sections 
26-27c, as amended by Chapter 254 of the Acts of 1988 (950 CMR 71); and MEPA (301 CMR 
11). 

1.1 DESCRIPTION OF PROJECT AREA 

The project area is located adjacent to the New Bedford, MA. waterfront, on the upstream (north) 
side of the seawall that protects New Bedford Harbor.  The area is part of the proposed South 
Terminal Marine Infrastructure Park. The survey area described below includes those portions of 
the Project Area that are underwater (from the low tide line and deeper) and will be affected by 
the construction of the proposed bulkhead extension and the dredging (see Figure 1). The area 
requiring underwater archaeological investigation encompasses approximately 30 acres, and 
measures approximately 3000 feet long (north to south) by 400 to 650 feet wide (west-east).  

Water depth varies across the project site from MLLW to approximately -30 feet (feet MLLW). 
Starting at the northern end of the project site, in the federal maneuvering area and moving to the 
south, the water becomes progressively shallower.  The maneuvering area has approximately 30 
feet of water at MLLW.  The dredged channel beside (to the east) of South terminal had been 
dredged in the past to -20 feet at MLLW.  Just to the south of the existing south terminal the 
dredged channel ends and the water quickly shallows to approximately -8 feet MLLW, and then 
shallows very gradually as one moves toward the beach. 

1.2 PROJECT DESCRIPTION 

In conjunction with the construction of the proposed South Terminal Marine Infrastructure Park 
in New Bedford Harbor, dredging and construction activities have the potential to impact 

1 
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_______________________________________________________________INTRODUCTION 

submerged pre-contact cultural resources. A remote sensing survey, comprising high-resolution 
seismic reflection profiling (subbottom profiling),were conducted across the area stretching from 
South Terminal to Gifford Street Boat Ramp in New Bedford, Massachusetts.  These areas may 
be subjected to dredging improvements and possible location of a new pier.  The purpose of the 
remote sensing investigation is twofold: to determine the presence or absence of potentially 
significant submerged pre-contact cultural resources; and secondly to assess likely project 
impacts and make recommendations as to the need for further submerged cultural resources 
studies. 

The remote sensing survey was completed under MBUAR Permit No. 10-004 issued on June 7, 
2010 in accordance with MBUAR regulations at 312 CMR 2.00. Additional IB level 
investigations were also completed under a revision of the aforementioned permit.  

2 
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HISTORIC PERIOD MARITIME CONTEXT
 

2.0 HISTORIC PERIOD MARITIME CONTEXT
 

2.1 METHODS 

Prior to conducting fieldwork investigations, documentary background research was undertaken to 
develop a generalized historic maritime context of the New Bedford Harbor for evaluation of potential 
historic submerged sites (Section 3, above).  Much of the historical research was initially collected and 
submitted for a very similar study completed in 2001 (Cox 2001). 

In addition to inspecting primary and secondary historical data, background research efforts included a 
records check for known archeological sites and NRHP properties in the Project Area and the New 
Bedford vicinity, and a review of Massachusetts state underwater archeological site files and technical 
reports. 

While the emphasis of background research focused on maritime activity in the New Bedford Harbor, a 
broad-based historic overview was essential for providing the proper framework for assessing the 
potential significance of submerged cultural resources. Historic maps, secondary and primary shipwreck 
lists, primary historical accounts, newspapers, and county and thematic histories helped to identify a set of 
expected resources in New Bedford Harbor. During the course of background research staff contacted 
local archaeologists, watermen, avocational historians, and interested laypersons who may possess 
knowledge of the harbor area. Project staff also visited local and county libraries and historical societies. 
Site-specific research, pertaining to individual vessels was reviewed at Peabody Essex Museum, Salem, 
Massachusetts; New Bedford Whaling Museum, New Bedford, Massachusetts; and Independence Seaport 
Museum, Philadelphia, Pennsylvania. At each repository, computer indexes were inspected for references 
to specific ship-types, and maritime activity in and around New Bedford. In addition, sources were 
checked for data concerning potential shipwreck sites in New Bedford. Primary and secondary sources for 
shipwreck sites were also accessed during the collection of background data. 

Information gathered during the background research was used to generate the maritime historic context 
for the Project vicinity. Background research helped to identify the types of resources that may have been 
deposited in the New Bedford Harbor vicinity, and to determine the nature and extent of subsequent 
activities that may have removed or disturbed such resources.  

2.2 NEW BEDFORD HARBOR AND VICINITY 

Europeans first documented the Acushnet River and vicinity in 1602 when Englishman Bartholomew 
Gosnold, aboard the bark Concord sailed into the region after sailing from Falmouth, England (Baker 
1980). However, the first permanent European settlement in the study area did not start until 1652 when 
settlers from Plymouth bought the land presently encompassing Dartmouth, New Bedford, Fairhaven and 
Westport. New Bedford was part of Dartmouth until the old township was divided in 1787. Fairhaven and 
New Bedford remained as one township until 1812 (Ricketson 1858). New Bedford’s spacious and 
naturally deep harbor became an ideal location for the development of the fisheries industry. Whaling 
soon became the primary industry in New Bedford and Fairhaven. The first whalers in the colonies left 
from Nantucket and New Bedford as early as 1690. 

3 
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HISTORIC PERIOD MARITIME CONTEXT
 

The country’s whaling fleet initially centered on Nantucket Island, began to consolidate on the mainland 
at and around New Bedford after the Revolutionary War. In 1765, there were only two or three small 
vessels employed in the whale fishery at New Bedford. In that year, Joseph Russell operated the sloops 
Nancy, Polly, Greyhound, and Hannah (all between 40 and 60 tons) in the local whaling industry. Other 
boats built and operated by Mr. Russell include; Joseph & Judith, Patience, No Duty on Tea, Russell, and 
Rebecca. Russell was instrumental in founding the town of New Bedford to serve as homeport for his 
growing fleet of whaling vessels. As the principle landowner, Russell had designed the town from the 
start to be a whaling center. In sub-dividing and selling off his tract, Russell provided sites for 
shipwrights, boat builders, blacksmiths, coopers and other artisans essential to the fishery industry. 
(Kugler 1980). Other notable early vessels launched at New Bedford include the merchant vessel 
Dartmouth. She was owned by Francis Roth and later became one of the vessels involved in the Boston 
Tea Party demonstration in Boston Harbor (Ricketson 1858). 

Another prominent family associated with the formation of New Bedford was the Rotch family. Joseph 
Rotch and his sons, initially of Nantucket, moved to New Bedford in 1767. They soon became the leading 
whaling merchants in the colonies. In 1768, Rotch also built New Bedford’s first candleworks (Kugler 
1980). 

By 1775, almost 50 boats were involved with the expanding whaling industry. However, the British 
destroyed the eighteenth century whaling industry in Massachusetts during the Revolutionary War. 
Almost the entire whaling fleet of New Bedford was wiped out during the Revolution: only four or five 
ships remained out of 200 sail before the war; the rest were lost, buried or captured (Morisson 1921). 

New Bedford was active during the Revolutionary War. Early in the war, New Bedford and Fairhaven 
inhabitants constructed a fort on the east side of the Acushnet River at Nobscot. Many privateers were 
fitted out of Boston and Providence, and many of the prize vessels they captured were sent to New 
Bedford. Once the British discovered the town was stored with prize goods of every description, Sir 
Henry Clinton dispatched an expedition under the command of General Gray. On September 5, 1778, a 
British fleet that consisted of 32 vessels, the largest of which was a 40-gun ship, entered Clark’s Cove and 
formed a bridge of boats to the shore. Approximately 4,000 or 5,000 British soldiers and sailors landed at 
New Bedford to destroy the vessels in the harbor. Local resident, Mr. Gilbert Russell listed 34 ships that 
the British destroyed: seven ships, one barque, one snow, eight brigs, seven schooners, and 10 sloops 
(Russell, cited in Ricketson 1858). 

After the war, the whaling industry slowly revived. It took several years after the peace before any vessels 
were fitted out in New Bedford. In 1787, there was only one ship (180 tons) and 2 or 3 brigs in the 
business; but soon after this period the whaling industry revived (Ricketson 1858). In the last decade of 
the eighteenth century, both New Bedford and Fairhaven competed with Nantucket and began their rise to 
world prominence in the whale trade. In 1789, more than 100 whaling vessels operated out of 
Massachusetts, mostly from Nantucket and New Bedford. In the 1790s New England whalers headed into 
the Pacific Ocean for the first time. Related maritime industries sprung up in New Bedford, and 
particularly Fairhaven, in support of the whaling industry, including shipbuilding, ropewalks, and candle 
factories. 
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In addition to whaling, merchants also began to ship cargo out of New Bedford after the Revolutionary 
War. In 1802, some 20 square-rigged merchantmen were sailing from New Bedford. They were carrying 
cargoes from New York and the southern ports of Europe. Occasionally, voyages were made to the East 
and West Indies directly from New Bedford. By 1807, New Bedford’s waterfront had seven commercial 
wharves, between 90 and 100 ships and brigs, containing each on an average 250 tons, and between 20 
and 30 small vessels: Twelve of the ships were whalers. By that year, three ropewalks were established in 
New Bedford and one in Fairhaven. Water depth in the harbor was reported between 18 and 24 feet 
(Ricketson 1858). 

During the War of 1812, the Navy Department provided four Jeffersonian gunboats for defense in 
Massachusetts; two at Newburyport and two at New Bedford. However, they proved useless. The two 
New Bedford boats remained hidden in the Acushnet River and did not even attack the Nimrod when she 
stranded on Great Ledge offshore New Bedford. Quaker ship owners who made fortunes by neutral 
trading before 1812, perceived the future of commerce trading from New Bedford was limited and refitted 
most of their vessels’ as whalers. Typically, local ship owners converted their merchant ships that had 
outlived their usefulness in the trade service into whalers, a ship type that required capacity rather than 
speed as its main attribute (Morison 1921). 

In 1796, a company was created to construct the first bridge across the Acushnet River to connect New 
Bedford with Fairhaven and Oxford. The bridge was 4,000 feet long including abutments and the two 
islands it crossed over. The initial bridge was swept away in March, 1807 and was rebuilt later that year. 
In September, 1815, the second bridge was also washed away. A third bridge was built over the Acushnet 
River in 1819 and was still being used as of 1858. It was reported that the bridge significantly contributed 
to the shoaling up of the harbor (Ricketson 1858). Despite the presence of a bridge, ferries connecting 
Fairhaven and New Bedford remained active for more than 100 years. The last of these ferries, the 
Fairhaven, a small side-wheel steamer was launched into service on February, 24, 1896. Typically, she 
made 19 daily roundtrips across the Acushnet River (Whitman 1994). 

New Bedford was made a city in 1847. Whaling was the primary industry and remained so for most of the 
nineteenth century. In 1838 there were 170 whaling vessels in New Bedford. By 1857, New Bedford’s 
whaling fleet surpassed all other Massachusetts ports combined with 329 whalers, with a tonnage of 
111,364 (Sayer, 1889). Fairhaven provided most of the support services required by the whaling industry. 
With oil refineries, coopers shops, tool works and the other industries subsidiary to whaling, New 
Bedford Harbor became a center of industry. It became the fifth largest port for shipping in the country. 
Whaling and the manufacture of whaling products became the leading industry in Massachusetts after 
shoes and cotton and provided commerce with an important export medium (Morison, 1921). However, 
by 1888, whaling had declined dramatically. Only 74 whalers worked out of New Bedford in that year, 
with a tonnage of 18,911 (Sayer 1889). 

New Bedford was an urban center and was served by several steamboat lines during the nineteenth and 
twentieth centuries. Steamboat service from New Bedford to Nantucket dates to 1829, when Jacob 
Barker’s steamer Marco Bozzaris made three trips a week. The New Bedford and Martha’s Vineyard 
Steamboat Company was formed in 1846. In that year, the steamer Naushon made three trips a week 
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between Edgartown and New Bedford, with a stop at Woods Hole (Foster & Weiglin 1989). Steamboat 
service between New Bedford and New York began in 1853. The New Bedford and New York Steamship 
Company occupied a long, narrow roofed over wharf that could accommodate the large steamers 
operating in Long Island Sound (Whitman, 1994). Their boats connected with the Boston, Clinton & 
Fitchburg Railroad. In 1879 the Old Colony Steamboat Line took over the New Bedford-New York line 
(Foster & Weiglin 1989). A second steamboat line, New Bedford, Martha’s Vineyard and Nantucket 
Steamboat Company started service between New Bedford and the two islands in 1854. Assets from this 
company passed thorough several mergers and were acquired by the New England Steamship Company 
in 1945. Ships from the Fall River Steam Ship Line also served New Bedford. 

Over fishing, a cheaper source of oil, and the Civil War, (Confederate Commerce Raiders captured and 
destroyed a vast number of New Bedford whalers on the high seas) combined to reduce the role of the 
whale industry and related maritime commerce. More than 50 whaling vessels were captured by rebel 
cruisers, 28 of which sailed out of New Bedford. All but a few of the whalers were burned. In June 1865, 
Confederate Cruiser Shenandoah alone captured 25 whalers in Behring strait. Many other whalers were 
bought by the government during the Civil War. Forty New Bedford whalers purchased by the United 
States formed the major portion of the two famous stone fleets which in 1861 were sunk off the harbors of 
Charleston and Savannah to impede blockade runners and privateers (Sayer 1889). Numerous whalers 
were also lost in Arctic ice. In September 1871, 33 whaling ships (22 from New Bedford) were crushed 
by ice in the Arctic Ocean. Arctic mishaps in 1876 and 1888, claimed 17 more whaling ships. Ultimately, 
the future of whaling as a source of oil was sealed once Colonel Drake discovered oil in the ground in 
northwestern Pennsylvania in 1859. 

By the end of the nineteenth century, whaling had given way to textile mills as the leading industry in the 
New Bedford economy. Cotton mills, ushered in with the advent of the Industrial Revolution, began to 
replace the fish-processing and candle-making plants on the New Bedford waterfront. And with the 
decline of whaling, the shipyards and associated maritime industries were slowly abandoned. It was not 
until the after the First World War when the introduction of diesel powered fishing boats allowed vessels 
to economically reach the rich offshore fishing banks that New Bedford once again became a prominent 
fishing port. 

2.3 SHIPWRECKS IN THE NEW BEDFORD VICINITY 

A wide variety of shipwrecks may exist in New Bedford’s Harbor. Historic records indicate that maritime 
activity in the region’s waterways dates to the first decade of the seventeenth century. The first 
documented shipwreck losses in the region are associated with Revolutionary War activity in September 
1778. In the nineteenth century, New Bedford became the principal whaling port in the country and was 
home for hundreds of square-rigged whalers. Although whaling was phased out as an industry by the end 
of the nineteenth century, New Bedford has remained a preeminent commercial fishing port throughout 
the twentieth century. Shipwrecks undoubtedly occurred in and around New Bedford Harbor during each 
phase of the port’s historical development. However, it is highly unlikely that any intact wrecks remain 
within the navigable portions of the harbor, since they would have been removed long ago as a hazard to 
navigation. Nonetheless, a list of shipwrecks and derelict vessels provides insights into the expected 
vessel types that might be found in and around New Bedford. 
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A number of sources were accessed during the compilation of wrecked vessels in New Bedford’s Harbor. 
The lists have been divided according to the sources. In all, more than 65 different vessels are 
documented as wrecked in or around New Bedford Harbor. 

Table 1 is a shipwreck list maintained at the Massachusetts Board of Underwater Archaeological 
Resources (MBUAR). It was provided by Mr. Victor Mastone, MBUAR Director. The vast majority of 
the sites included in the list were derived from data gathered by Mr. Brad Luther, local expert on New 
Bedford Harbor, and Mr. John Fish, an underwater researcher. 

Additional shipwrecks lists have also been compiled.  Local New Bedford resident, Mr. Gilbert Russell 
listed by name and type of 30 vessels that were destroyed by the British expedition on September 5, 1778 
(Ricketson 1858:75) (Table 2). Shipwrecks listed for the New Bedford/Fairhaven vicinity in 
Encyclopedia of American Shipwrecks (Berman 1972) are included in Table 3: 

Other documented wrecks in the vicinity include the Capt. Lavoeiro, 75-foot long New Bedford fishing 
vessel sank at the State Pier on December 26, 1984, after it struck a barge outside the harbor and returned 
to the pier where it sank. However, salvagers used a crane and divers to raise it three days later (Quinn 
1988). 

2.4 REMOVAL OF DERELICT VESSELS 

In 1989, a project was conducted to identify and remove derelict vessels from around the harbor. Parson, 
Brinckerhoff, Quade, & Douglas, Inc., (Parsons) organized the project that removed 13 derelict boats 
from New Bedford Harbor, in the municipalities of Fairhaven and New Bedford (Parsons 1989). Seven of 
those vessels were located in Fairhaven and six were in New Bedford. 

One of the derelict vessels, the 85-foot long Evelina Goulart, in Fairhaven, was raised on May 25, 1989. 

She was towed to the Essex Shipbuilding Museum where it was to be restored, near where it was
 
launched in 1927, as one of the last sail-driven fishing schooners. 

Other derelict vessels that were removed in 1989 include: 


1. a 30-foot wood hull boat (Fairhaven), 
2. three construction barges, approximately 60-feet x 20-feet (Fairhaven), 
3. a 40-foot fiberglass (Fairhaven), 
4. a 20-foot wood vessel (Fairhaven), 
5. a barge, approximately 150-feet x 32-feet (New Bedford), 
6. a fishing vessel, Alydar, approximately 92-feet x 26-feet (New Bedford), 
7. a fishing trawler, Plymouth, approximately 100-feet x 28 feet (New Bedford), 
8. two barges, each approximately 150-feet x 32-feet (New Bedford), 
9. a Navy Launch, approximately 150-feet x 32-feet (outside of Hurricane Barrier, New Bedford). 

In 2001/2002, 16 derelict and abandoned vessels at the Melville Ship Yard in New Bedford were removed 
and destroyed as part of the ongoing Superfund Clean-Up of New Bedford Harbor.  An archaeological 
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project documented each of the derelict vessels and evaluated their significance in terms of National 
register of Historic Places eligibility criteria (Cox 2001a).  The report concluded that none of the vessels 
satisfied NRHP eligibility criteria. 

2.5 POTENTIAL FOR HISTORIC PERIOD ARCHEOLOGICAL SITES 

Historic sources confirm a sustained level of maritime activity in New Bedford Harbor since the middle of 
the eighteenth century. Dozens of vessels were documented as having been stranded, foundered, burned, 
capsized and destroyed in the New Bedford vicinity. Secondary sources have listed numerous wrecks in the 
project vicinity. Many of these vessels, including a number of Revolutionary War wrecks, were lost in the 
section of the harbor between the Route 6 Bridge and the Hurricane Wall.  However, large portions of the 
harbor have been dredged during navigational improvements and many potential submerged sites were likely 
removed long ago as hazards to navigation. Since New Bedford is still a very busy commercial port, it is 
unlikely that potentially significant submerged cultural resources have been deposited within New Bedford 
Harbor and have remained undetected and unknown. Local residents and watermen familiar with the harbor 
were unaware of any potential wreck sites within the harbor. Nonetheless, the harbor potentially contains 
cultural material from each phase of the port’s extensive maritime history. 

2.6 PREVIOUS UNDERWATER ARCHAEOLOGICAL INVESTIGATIONS 

MBUAR files contained information on four previous underwater archeological surveys in the project 
vicinity. Robert Cembrola served as the Principal Investigator for the Marine Archaeological Report that 
was completed for the New Bedford Phase II Facilities Plan (Cembrola 1989). Potential submerged 
cultural resources were identified within a three-mile vicinity of two candidate outfall diffuser sites and 
within 0.5 miles on either side of the proposed outfall pipeline alignment that extended from the southern 
tip of New Bedford out 3.5 miles into Buzzards Bay. Two known wrecks sites, the Margeret Kehoe, a 62-
ton fishing boat sank near Church Rock in 1963, and the Yankee, a 6,225 ton, 391-foot steam ship ran 
aground and sank on Great Ledge on September 23, 1908, were identified in Buzzards Bay, near the 
mouth of the Acushnet River. The wrecks were outside the area affected by the outfall pipeline and no 
additional fieldwork was conducted. 

J, Lee Cox, Jr., served as the Principal Investigator for the other three local underwater archaeology 
projects. Two of the projects were completed in conjunction with the New Bedford Harbor Superfund 
Project in the towns of New Bedford, Fairhaven and Acushnet. The primary project was a magnetic and 
acoustic remote sensing investigation to determine the presence or absence of submerged cultural 
resources potentially eligible for the National Register of Historic Places that might be affected by 
dredging to remove contaminated sediments (Cox 2001).  Analysis of remote sensing data identified sixty 
magnetic and/or acoustic targets. The vast majority of the targets appear to be related to isolated, single 
source objects, modern debris, or shoreline-related objects. Two of the remote sensing targets are 
suggestive of submerged cultural resources. However, divers confirmed that modern debris was the target 
source at both locations. 
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In conjunction with Superfund Project, archaeologists also documented the derelict vessels at the Melville 
Shipyard, New Bedford (Cox 2001a). Sixteen vessels were documented and evaluated according to 
NRHP criteria.  The report concluded that none of the vessels satisfied NRHP criteria. 
A remote sensing investigation was conducted by Apex Environmental for the New Bedford State Pier 
Dredge Project. Mr. Cox served as the Principal Investigator for the project.  The report concluded that 
several miscellaneous objects were present on the river bottom within the 800’-long by 150’-wide project 
area, along the New Bedford waterfront.  However, all of the objects were scattered pieces of debris that 
were not suggestive of historically significant submerged cultural resources (Cox 2001b). 
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3.0 FIELDWORK INVESTIGATIONS
 

3.1 METHODS 

Remote sensing (geophysical) investigations were conducted from June 7 through June 8, 2010 under 
MBUAR Permit No. 10-004.  The marine surveys were conducted from a survey vessel outfitted with 
Side Scan Sonar, A Sub Bottom Profiler and a Magnetometer.  Shipboard systems were integrated with a 
Differential Global Positioning System (DGPS) so that the geophysical data collected from the 
instruments could be tagged with precise position information at regular intervals. 

The survey operations were conducted with a team from Apex onboard the survey vessel with qualified 
shipboard geophysicist to oversee and coordinate the collection of the marine geophysical data. 
Geophysical data was collected with both instrument systems (Side Scan Sonar, and Magnetometer) not 
running concurrently.  Daily equipment calibrations, and functional checks, were conducted daily with all 
field personal prior to starting field surveys.  Operations were continuous during the day, except for minor 
periods of occasional equipment malfunction or loss of DGPS satellite coverage.  Over the 2-day survey 
period approximately 15 nautical miles of data was collected in the areas of interest.  Water depths over 
the survey areas ranged from 2 feet to approximately 25 feet.  

3.1.1 Survey Equipment and Data Collection Methods 

Survey Vessel. The survey vessel was the Xepa2, a 21-foot fiberglass workboat.  This vessel was 
equipped with a large pilothouse for protection of the instrumentation and electronics from the elements, a 
manual winch and davit for ease of deployment of equipment into the water, on-board power, and could 
accommodate two to three on-board scientists and boat captain required for the work. The survey vessel 
was outfitted with equipment capable of producing accurate and detailed images of the harbor bottom and 
shallow sub-bottom.  Side Scan Sonar was utilized to produce picture-like acoustic images of the harbor 
bottom in order to map bottom features and objects. A magnetometer was used to produce magnetic field 
maps of the harbor areas to detect metallic objects on the harbor bottom or in the shallow harbor sub-
bottom.  All geophysical instruments were integrated with a DGPS for accurate location referencing 
information.  The following provides a summary of the equipment used to complete the task. 

Side Scan Sonar. The Side Scan Sonar system used included an Edgetech dual frequency Side Scan 
Sonar tow-fish matched with an Edgetech Digital Control Interface (DCI).  The Side Scan tow fish was 
towed off a stern davit in the Channel Inner Area to allow flying depths of approximately 8 feet.  The DCI 
board was connected to a computerized Side Scan Sonar data acquisition and processing system for 
shipboard data collection and processing.  Chesapeake Technologies SonarWiz software was used for 
digital data recording from the tow fish and integrated the data with navigation inputs for real-time 
viewing of the Side Scan image in pseudo-map format.  The data was stored digitally for future post-
processing and interpretation using Chesapeake’s Technologies SonarWeb.  The data was recorded and 
displayed as digital location-corrected pseudo-maps of the acoustic response of the harbor bottom. 
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Sub Bottom Sonar. The Sub Bottom system used included an EdgeTech SubBottom SB-424 4-24 kHz 
with 3100 topside unit.  The Sub Bottom tow fish was towed off a stern davit in the Channel Inner Area 
to allow flying depths of approximately 6 feet.  Chesapeake Technologies SonarWizz software was used 
for digital data recording from the tow fish and integrated the data with navigation inputs for real-time 
viewing of the images. The data was stored digitally for future post-processing and interpretation using 
Chesapeake’s Technologies SonarWeb.  

Magnetometer. Magnetic data were collected with a Geometrics G-882 cesium-vapor Marine 
Magnetometer system consisting of a high-sensitivity in-water marine magnetic sensor coupled to a 
digital data processing computer system running Geometrics MagSea processing software. The MagSea 
software was utilized to calibrate the system and to record and display the raw digital magnetic data.  The 
G-882 system was designed for shallow water applications (<150 feet) and is easily deployed from small 
survey vessels.  The magnetic sensor was deployed from the stern of the survey vessel far enough behind 
the vessel (50 feet) to be beyond the effects of the magnetic field generated by the boat’s engines and 
electronics. In shallow water the depth of the sensor was controlled by attaching the cable leader to a 
floatation device such that the swim depth of the sensor remained constant, approximately one to two feet 
below the water surface. This allowed for the survey to be conducted in both shallow and deep-water 
conditions without the risk of hitting the bottom of the harbor with the sensor.  The system was set up to 
output the raw digital magnetic signature values to a computer screen for on-board real-time initial 
interpretation and to the project positioning system computer (running HYPACK software) for permanent 
data storage and later post-processing and interpretation.  The HYPACK system logged the raw magnetic 
data, time stamping each reading and tagging it with DGPS navigation positions obtained from the survey 
positioning system. Readings were collected at a rate of once per second.  The sensor tow fish “layback” 
was entered into the HYPACK system and the correct position of the sensor was calculated and logged. 

Positioning System. Horizontal positioning and navigation for the project was accomplished using a 
Trimble Ag DGPS.  The DGPS consisted of a satellite beacon and radio transmitter mounted on the roof 
of the vessel and the Trimble Ag processing system mounted shipboard.  Satellite positioning data was 
logged at a rate of once per second, and differential corrections were obtained from the nearest Coast 
Guard Beacon and processed with the data in real-time for sub-meter position accuracy.  The DGPS 
generated a constant stream of corrected position information which was output to all ship board systems, 
including the Side Scan System, the Magnetics system, and the HYPACK navigation system.  The 
HYPACK software was utilized to store the time-tagged position data in both latitude-longitude format 
and in the project datum (US State Plane – NAD83, Zone - Massachusetts Mainland 2001, NGVD-29, US 
survey feet).  The HYPACK system also provided real-time vessel position status on a helmsman’s 
display for the running of track-lines.  An outline of the harbor superimposed with the proposed data 
collection lines (track-lines) were entered into the HYPACK system at the start of the field program. 
These proposed track-lines were then retrieved onto the helmsman’s display as the survey was in 
progress. The position of the vessel, as determined by the DGPS system, was superimposed in real-time 
onto the track-line layout, so that the vessel Captain could “steer-to” navigate to stay on course and run 
straight and accurate data collection lines. 

Study Area Definition and Spacing. Marine geophysical data for this survey were collected from one 
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area in New Bedford Harbor which is was the interest to the project:  South Terminal and areas to the 
south. Prior to mobilization, a review of all available information was conducted.  This review indicated 
that the appropriate track-line spacing for the survey was 50-feet for the collection of magnetic data and 
50-feet for side scan data (due to swath data collection).  The survey direction was primarily north to 
south, along the length of the harbor. 

3.1.2 Data Processing and Analysis 

Initial data processing and interpretation was carried out as the survey was in progress to ensure that good 
quality data was being collected and that data quality objectives were being met.  The initial shipboard 
data processing and interpretation varied between the instruments: 

•	 Side Scan Sonar data were processed using the SonarWeb software into pseudo-map images 
along the data path.  The initially processed data appeared as geo-referenced strip images of the 
harbor bottom displayed on a computer screen.  The Side Scan operator would monitor the data 
collection at all times to ensure that the image was as clear as possible, and to make initial 
interpretations of the data in real-time.  Targets (features of the bottom appearing as anomalous 
from the rest of the data) were “captured” digitally by the operator using the computerized target 
capture feature, and were cataloged and stored for later post-processing and enhancement. The 
Side Scan data was also stored digitally for later post-processing and more intensive 
interpretation. 

•	 Magnetic data were initially processed in the field by the Edgetech MagSea system.  Uncorrected 
magnetic data was then displayed on a computer screen in cross-sectional form so that the 
magnetometer operator could make observations concerning the data stream as it appeared on the 
screen. The magnetometer operator noted and cataloged any significant raw magnetic anomalies 
(deviations of the magnetic signal from background) identified as the survey was in progress. 
The magnetic data was also stored digitally for later post-processing and more intensive 
interpretation. 

The initial interpretations of the data made in the field were utilized by the field team to continually assess 
the data collected and make minor modifications to the field program in order to ensure the highest 
possible data quality. Both the initial field interpretations and the raw field data were brought into the 
office for further post-processing and interpretation. 

Analysis of remote sensing signatures identified during the survey was based on several criteria. 
Magnetometer data were contour plotted and each anomaly was analyzed according to: magnetic intensity 
(total distortion of the magnetic background measured in gammas); pulse duration (detectable signature 
duration); signature characteristics (negative monopolar, positive monopolar, dipolar, or multi-
component); and spatial extent (total area of disturbance). Acoustic targets were analyzed according to 
their spatial extent (total area of disturbance), signature characteristics (shape, relief above the bottom, 
strength of return and contrast with the background) and environmental context.  Sub-bottom signatures 
were analyzed according to their strength of return, spatial extent, environmental context, shape, and 
location in bottom sediment. 
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3.2 REMOTE SENSING SURVEY RESULTS 

Examination of the magnetic, acoustic, and seismic remote sensing records confirms the presence of 
14 magnetic targets and 15 sonar contacts (Figures 2-5). Sub-bottom data were of no use to this cultural 
resource investigation due to the lack of penetration though the sub-bottom layers in New Bedford 
harbor (Figure 6).  Tables 4 and 5, below, contain complete listings of the magnetic and sonar targets 
sets. Magnetics across much of the area were affected by background disturbances generated by moored 
fishing boats, recreation boat moorings, and natural rock outcroppings.  Sonar records indicate the 
presence of numerous large natural rock outcroppings, rocks, pilings, shoreline debris along the 
bulkheads, tires, wire rope (linear) debris, and a pipeline. All but one of the remote sensing targets 
appears to be associated with shoreline-related and other debris, natural rock outcroppings, or utility 
crossings rather than submerged cultural resources.  Only one of these 29 targets, M4/S5, is considered 
suggestive of a submerged cultural resource. 

The potentially significant target (M4/S5) had both a magnetic component and was identified above 
the bottom surface on the sonar data. Magnetic contouring revealed a target with a 29 gamma, multi-
component signature that extended for more than 100 feet. Corresponding sonar data at the location 
confirmed the presence of a shipwreck-like structure that extended for approximately 85 feet and was 
partially buried in the bottom surface. One end of the structure is at least partially visible above the 
bottom surface. Sonar records also indicate a collection of debris along the perimeter of the site 
(Figures 7 & 8). 

Additional Phase IB investigations were recommended to identify the nature of the material(s) 
responsible for generating the remote sensing anomalies at Target M4/S5 and to determine if any 
additional studies will be required to evaluate its significance in terms of National Register of Historic 
Places eligibility criteria as set forth at 36 CFR 60.4. Additional investigation was to include collection of 
additional remote sensing data and diving on the target.  

Additional remote sensing data collected confirms that target M4/S5 is centered at (MA State Plane, NAD 
83, feet): 

E 816,404
 
N 2,688,482
 

No further underwater archaeological investigations are recommended at the other remote sensing target 
locations. 

3.3 SUPPLEMENTAL PHASE IB INVESTIGATIONS OF TARGET M4/S5  

The goal of the Phase IB investigation was to determine if the source of the remote sensing anomaly at 
target M4/S5 is a cultural resource, and if it is, if it fails to possess the minimum required characteristics 
for potentially meeting National Register eligibility criteria. These minimal conditions include various 
types of integrity and, in some cases, age.  No additional underwater work would be the recommended if 
the target is not a cultural resource or if it demonstrably fails to meet minimum NRHP eligibility criteria. 
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Prior to diving activities, more detailed, high frequency (600 kHz) sonar data were gathered at the site to 
determine the overall extent of the target source. After identifying the limits and center of the target 
source, diving activities were conducted to identify the target source.  

On 10 September 2010 archaeological divers from DR conducted the Phase IB investigation at Target 
M4/S5. The divers identified the very bottom section of a wooden hull vessel (approximately five-10% 
of the hull remains intact).  One end of the site (likely the aft end) is completely missing.  A large 
windlass (15 feet long) and chain are lying across the south (bow) end of the site. It appears that the site 
has been impacted by dredging activities in the past. The south end of the wreck is located in about six 
feet of water (low tide). 

Keelson, frames, ceiling and exterior planks were noted across the site. Eighty-nine feet of the keelson 
were recorded but one end is clearly missing.  Generally, the site is 30 feet wide (where planking is 
attached), however, two surviving frames extend another 10' on the west side of the wreck - suggesting 
that the site may have been 40' wide.  Besides the windlass no evidence of machinery was found at the 
site. Various pieces of debris, including a car's engine block, are lying across the top of the wreck.  A site 
plan sketch was generated (Figure 9). 

Framing patterns, fasteners and the assemblage of the keelson indicate that the vessel likely dates to the 
late 19th or early 20th century.  Although the vessel is highly deteriorated and may lack the integrity 
needed to make it of historical significance, in an abundance of caution we recommend additional Phase 
II level underwater archaeological investigations to fully document the site and evaluate it historical 
significance. 
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CONCLUSIONS & RECOMMENDATIONS
 

4.0 CONCLUSIONS & RECOMMENDATIONS
 

4.1 CONCLUSIONS 

Historic sources confirm a sustained level of maritime activity in New Bedford harbor since the middle of 
the eighteenth century.  Dozens of vessels were documented as having been stranded, foundered, burned, 
capsized and destroyed in the New Bedford vicinity. Secondary sources have listed numerous wrecks in 
the project vicinity.  However, large portions of the harbor have been dredged during navigational 
improvements and many potential submerged sites were likely removed long ago as hazards to 
navigation. Since New Bedford is still a very busy commercial port, it is unlikely that potentially 
significant submerged cultural resources have been deposited within New Bedford harbor and have 
remained undetected and unknown.  The harbor potentially contains cultural material from each phase of 
the port’s extensive maritime history. 

In an effort to identify submerged cultural resources that may be impacted by dredging in the Acushnet 
River, a comprehensive Phase I remote sensing survey was conducted across the South Terminal project 
area:.  Magnetic, seismic, and acoustic remote sensing records were processed and correlated to determine 
the presence of targets that possessed signature characteristics suggestive of submerged cultural 
resources. Although analysis of the remote sensing data identified 29 magnetic and/or acoustic targets in 
the project area, only one remote sensing target, a combined Magnetic/Acoustic target M4/S5, was 
considered to a be significant target. M4/S5 was located close to the center of the project area. 
Characteristics of the magnetic and acoustic signatures of the target were suggestive of a submerged 
cultural resource and additional Phase IB-level archaeological investigations were recommended.   

No additional investigations are recommended at the other remote sensing target locations. 

Phase IB investigations confirmed the source of remote sensing target M4/S5 was a wooden hull vessel, 
likely a sailing ship.  Framing patterns, fasteners and the assemblage of the keelson indicate that the 
vessel likely dates to the late 19th or early 20th century.  Only the bottom of the hull remains intact.  It is 
estimated that less than 10 percent of the hull remains intact. Divers briefly recorded the approximately 
89 foot by 30 foot section of intact hull that has survived.  Historical data suggests that the site may 
represent the remains of the schooner Thomas H. Lawrence, lost in New Bedford Harbor on September 
21, 1938. While the wreck site appears to have been impacted by dredging activities and is deteriorating. 

4.2 RECOMMENDATIONS 

Additional Phase II-level investigations at the wreck site associated with target M4/S5 is recommended. 
Phase II work would combine both archaeological recording of the wreck site and site-specific historical 
research. A program of standard underwater archaeological site procedures would be used to record the 
intact structural features in both two- and three dimensions. In addition to the hull features, the remains 
of the large windlass would be recorded. Underwater video and digital photography would be used to 
further document the wreck site. It is anticipated that much of this work can be accomplished without the 
need to mechanically remove bottom sediments from the site.  
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CONCLUSIONS & RECOMMENDATIONS
 

In conjunction with the fieldwork, site specific historical research would be focused on the identified 
ship type. Additional historical data would provide a context for understanding the value and 
significance of the submerged resource.  Initial historical evidence indicates that the wreck site may be 
the Thomas H. Lawrence, a schooner that was built in Boston in 1891 and lost in New Bedford Harbor in 
1938.  Additional archaeological data may support or refute this conclusion.  

Once fieldwork results have confirmed the likely type of vessel, additional primary and secondary source 
information would be collected on that specific ship-type.  Historic data would help define what role that 
ship type played in the development of New Bedford Harbor during the 19th and 20th centuries.  Harbor 
and port records, ship construction records, merchant marine files, and shipping records would be 
accessed at both local and national repositories.  Pertinent site specific research may be found at; 
Peabody Essex Museum, Salem, Massachusetts, New Bedford Whaling Museum, New Bedford, 
Massachusetts, South Street Seaport, New York and Independence Seaport Museum, Philadelphia. At 
each repository, computer indexes would be inspected for references to specific ship-type found at 
M4/S5.  In addition, all sources would be accessed for data concerning potential shipwreck sites in New 
Bedford. 

All of the gathered field data and historic research documenting the wreck's integrity, qualities, 
associations, and characteristics, would be used to confirm or refute National Register eligibility 
requirements.  A key to evaluating the significance of the site is determining ship wreck site integrity, 
which is defined in Secretary of the Interior’s Historic Vessel Preservation Standards, as “the 
authenticity of a vessels historic identity, as evidenced by the survival of characteristics such as plan, 
hull form, rigging, use of materials and/or craftsmanship, which existed during the vessel’s historic 
period.” 

Additional Phase II investigations are recommended to fully evaluate the wreck’s historical and 
archaeological significance, or to establish its lack of significance.  These investigations would be 
designed to collect more detailed information on the integrity, condition, boundaries and size, structural 
components, function and context of the wreck site. Field data documenting the wreck's integrity, 
qualities, associations, and characteristics, should be used to confirm or refute National Register 
eligibility requirements. No excavations at the wreck site will be undertaken as part of the Phase II 
investigation. Exposure of presently buried elements of the wreck are unlikely to yield important data 
beyond that that can be collected from examination of already exposed elements, and/or through the 
additional documentary research which is proposed.  In addition the sediments at the wreck location are 
contaminated with concentrations of PCBs (7 mg/kg) at levels above what is currently allowable for 
disposal in lined or unlined landfills within the Commonwealth of Massachusetts (2 mg/kg). Even 
minimal disturbance of those sediments would result in their undesirable suspension in the water column, 
and this should be avoided if at all possible. 

Prior to any Phase II investigation a supplemental research design methodology will be submitted to the 
MBUAR for review and approval, and to the MHC to insure that the scope of proposed work will be 
adequate for their use in evaluating the effect of the Project as part of their National Historic Preservation 
Act Section 106 responsibilities.  
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TABLE 1. Massachusetts Board of Underwater Archaeology Shipwreck List for New Bedford Harbor And 
Vicinity 

Vessel Name Date Type Location 
Wasp 6/12/1903 Barge New Bedford 

Thomas H. Lawrence 9/21/1938 Schooner 
West of Palmer’s Island, New Bedford 
Harbor 

H.M.S. Nimrod 1815 Mass. 
Unidentified 1/7/1844 Schooner Near New Bedford 
Rival 10/14/1844 Brig Ashore at New Bedford 
Caravan 11/6/1847 Schooner Off New Bedford 
Chopaquoit 1947 Ketch Off West Beach, Westport 
Aloha 3/13/1870 Bark New Bedford 
A. Francis Edwards 5/26/1892 Schooner New Bedford 
Freeman 9/15/1898 Schooner New Bedford 
Rattler 10/13/1915 Oil New Bedford 
Sally W. Ponder 10/9/1916 Schooner New Bedford 
Lorna 11/1/23 Gas New Bedford 
Mogadore 9/11/1930 Gas New Bedford 
Althea Louke 12/4/1932 New Bedford 
Eurybia 8/9/1935 Gas New Bedford 
Winifred 9/21/1938 Oil New Bedford 
Alma Bell 9/14/1944 Oil New Bedford 
Marion Dorothy 9/14/1944 Oil New Bedford 
Alice May 1950 New Bedford 
Debbie II 8/1/54 Gas New Bedford 
Rose Mary Mello 8/31/1954 Oil New Bedford 
Phillip R. 11/15/1954 Barge New Bedford 
Onward 3/17/1956 Oil New Bedford 
Mariner 1956 Yacht Fairhaven, 1 mile east of West Island 
Francis Edward 5/1892 Fairhaven 

. 
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Table 2. Gilbert Russell list by name and type of 30 vessels that were destroyed in New Bedford Harbor 
by a British expedition on September 5, 1778 (Ricketson 1858: 75). 

Leopard, Ship No Duty on Tea, Brig 
Spaniard, Ship Sally, Schooner 
Caesar, Ship Bowers, Sloop 
Nanny, Barque Sally (12 guns), Sloop 
Rosin, Brig Ritchie, Brig 
Sally, Fishing Brig Dove, Brig 
Simeon, Snow Holland, Brig 
Sally, Continental Brig Joseph R, Sloop 
Adventure, Schooner Bociron, Sloop 
Loyalty, Continental Schooner Pilot Fish, Sloop 
Nelly, Sloop The Other Side, Schooner 
Fly Fish, Sloop Sally, Brig 
Captain Lawrence, Sloop Retaliation, Sloop 
Defiance, Schooner J. Brown’s, Sloop 
Captain Jenny, Schooner Eastward, Schooner 

Table 3. Shipwrecks listed for the New Bedford/Fairhaven vicinity in Encyclopedia of American 
Shipwrecks (Berman, 1972). 

Name Date Comments 

Lizzie W. Hannum 4/10/1895 A two-masted schooner, wrecked at Great Ledge, 
Buzzards Bay 

Marjorie Parker 8/31/1954 An oil screw vessel, 76 tons, built in 1923, 
foundered at Fairhaven 

Olive M. Williams 9/1/1954 An oil screw fishing boat, 50 tons, built in 1928, 
sank in a storm at Fairhaven 

Sally W. Ponder 10/9/1916 Schooner, 107 tons, built in 1855, foundered at 
New Bedford 

Sankaty 6/30/1924 A steam screw, 677 tons, built in 1911, burned at 
New Bedford 

Wm A. Grozier 7/1/1913 A schooner, 116 tons, built in 1865, foundered off 
New Bedford 
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Table 4. Magnetic Targets 

Magnetic Survey X Y Anomaly Anomaly Side Scan 
ID Area Easting Northing Characteristic Size (nT) Comments Target ID 

M-1 
South 

Terminal 
Extension 

816170 2690058 positive monopole 6 
Single line anomaly possibly 

associated  the large anomaly to the 
west - multiple vessels 

-

M-2 
South 

Terminal 
Extension 

816502 2688918 positive monopole 26 
Anamoly possibly related to M-3, seen 
across multiple lines - related to large 

granite drop stone 
-

M-3 
South 

Terminal 
Extension 

816237 2688763 positive monopole 29 
Multiple line anomaly possibly 

associated  the large anomaly to the 
west - Coefferdam 

M-4 
South 

Terminal 
Extension 

816404 2688482 dipole -29 Anomaly possibly related to 
Contact-5 Contact 5 

M-5 
South 

Terminal 
Extension 

816398 2688228 dipole -12 Single line anomaly possibly 
associated rocks or tires -

M-6 
South 

Terminal 
Extension 

816658 2687834 dipole -28.5 Multiple line anomaly possibly 
associated mooring field and sailboats -

M-7 
South 

Terminal 
Extension 

816383 2689657 dipole -22.5 
Single line anomaly with small mag 

signature at the edge of drege 
footprint 

-

M-8 
South 

Terminal 
Extension 

816402 2689497 dipole -21.5 Single line possible anchor shaped 
anomaly with small mag signature Contact 15 

M-9 
South 

Terminal 
Extension 

816508 2689171 dipole -28.5 Single line anomaly -

M-10 
South 

Terminal 
Extension 

816517 2688296 dipole -28.5 Single line anomaly possibly 
associated with M-2 -

M-11 
South 

Terminal 
Extension 

816289 2688233 dipole -28.5 Multiple line anomaly associated with 
underlying debris/piling or pipe Contact 3 

M-12 
South 

Terminal 
Extension 

816333 2687945 positive monopole 12 Linear anomaly with small mag 
signature possible buried pipeline. -

M-13 
South 

Terminal 
Extension 

816316 2688050 dipole 26.5 Multiple line anomaly possibly 
associated with buried materials -

M-14 
South 

Terminal 
Extension 

816382 2687799 dipole -28.5 Single line anomaly -
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Table 5. Sonar Targets 

Target Image Target Info User Entered Info 

Contact02 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816529.4, (Y) 2688424.8 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\20100524185732.jsf 
•  Ping Number: 17 
•  Range to Target: 3,241,523.27 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 171.97936590 
•  Event Number: 0 
•  Line Name: 20100524185732 

Contact03 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816305.7, (Y) 2688198.1 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\20100524185732.jsf 
•  Ping Number: 17 
•  Range to Target: 1,782,608.01 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 167.56786126 
•  Event Number: 0 
•  Line Name: 20100524185732 

Contact04 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816060.3, (Y) 2689687.8 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.001.jsf 
•  Ping Number: 17 
•  Range to Target: 3,754,811.32 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 168.93192893 
•  Event Number: 0 
•  Line Name: NewBedford.001 

Dimensions 
Classification 1: large rocks 
Classification 2: CONF 1 
Area: New Bedford 
Description: large area of drop 
stones 

Dimensions 
Target Length: 6.71 Meters 
Target Shadow: 0.00 Meters 
Target Width: 0.75 Meters 
Classification 1: piling 
Classification 2: 
Area: New Bedford: 
Description: piling 

Dimensions 
Target Height = 1.41 Meters 
Target Length: 4.32 Meters 
Target Shadow: 2.33 Meters 
Target Width:3.00 Meters 
Classification 1: large rocks 
Classification 2: CONF 1 
Area: New Bedford 
Description: large area of drop 
stones 
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Target Image Target Info User Entered Info 

Contact05 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816405.2, (Y) 2688497.7 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.006.jsf 
•  Ping Number: 17 
•  Range to Target: 3,322,277.99 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 346.35429167 
•  Event Number: 0 
•  Line Name: NewBedford.006 

Contact06 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816002.9, (Y) 2689678.8 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.006.jsf 
•  Ping Number: 17 
•  Range to Target: 1,980,886.68 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 344.03426187 
•  Event Number: 0 
•  Line Name: NewBedford.006 

Contact07 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816101.5, (Y) 2689333.7 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.006.jsf 
•  Ping Number: 17 
•  Range to Target: 1,989,847.14 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 347.43651147 
•  Event Number: 0 
•  Line Name: NewBedford.006 

Dimensions 
Target Height = 3.50 Meters 
Target Length: 29.35 Meters 
Target Shadow: 0.00 Meters 
Target Width: 11.1 Meters 
Classification 1: Wreck 
Classification 2: CONF 1 
Area: New Bedford 
Description: See contact 11, 
same wreck 

Dimensions 
Classification 1: debris 
Classification 2: CONF 1 
Area: New Bedford 
Description: Debris along pier 
area. 

Dimensions 
Classification 1: debris 
Classification 2: CONF 1 
Area: New Bedford 
Description: Debris along pier 
area. 
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Target Image Target Info User Entered Info 

Contact08 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816500.2, (Y) 2688915 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.006.jsf 
•  Ping Number: 17 
•  Range to Target: 2,872,337.99 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 346.13313992 
•  Event Number: 0 
•  Line Name: NewBedford.006 

Contact09 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816293.2, (Y) 2688873.7 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.001.jsf 
•  Ping Number: 17 
•  Range to Target: 1,710,797.97 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 167.60621632 
•  Event Number: 0 
•  Line Name: NewBedford.001 

Contact10 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816526.5, (Y) 2688255.0 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.001.jsf 
•  Ping Number: 17 
•  Range to Target: 3,997,858.72 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 167.44788017 
•  Event Number: 0 
•  Line Name: NewBedford.001 

Dimensions 
Target Height = 2.63 Meters 
Target Length: 3.72 Meters 
Target Shadow:3.23 Meters 
Target Width: 2.43 Meters 
Mag Anomaly: 
Classification 1: large rocks 
Classification 2: 
Area: New Bedford 
Description: Large granite drop 
stone. 

Dimensions 

Classification 1: large rocks 
Classification 2: CONF 1 
Area: New Bedford 
Description: area of drop stones 

Dimensions 

Classification 1: large rocks 
Classification 2: CONF 1 
Area: New Bedford 
Description: area of drop stones 
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Target Image Target Info User Entered Info 

Contact11 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816404.1, (Y) 2688438.3 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.004.jsf 
•  Ping Number: 17 
•  Range to Target: 2,061,793.46 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 349.29732962 
•  Event Number: 0 
•  Line Name: NewBedford.004 

Contact12 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816030.5, (Y) 2689739.1 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.005.jsf 
•  Ping Number: 17 
•  Range to Target: 3,745,735.58 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 160.90703579 
•  Event Number: 0 
•  Line Name: NewBedford.005 

Contact13 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816323.2, (Y) 816323.2 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.005.jsf 
•  Ping Number: 17 
•  Range to Target: 3,862,637.58 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 167.00601693 
•  Event Number: 0 
•  Line Name: NewBedford.005 

Dimensions 
Classification 1: wreck 
Classification 2: CONF 1 
Area: New Bedford 
Block: 
Description: See contact 6, 
same wreck 

Dimensions 
Classification 1: debris 
Classification 2: CONF 1 
Area: New Bedford 
Description: pilings, tires and 
rocks included in debris field 

Dimensions 

Classification 1: debris 
Description: pilings, tires and 
rocks included in debris field 
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Target Image Target Info User Entered Info 

Contact14 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816323.5, (Y) 2690116.2 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.007.jsf 
•  Ping Number: 17 
•  Range to Target: 4,304,202.13 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 348.96055028 
•  Event Number: 0 
•  Line Name: NewBedford.007 

Contact15 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816399.7, (Y) 2689501.3 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.009.jsf 
•  Ping Number: 17 
•  Range to Target: 2,619,837.31 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 349.03441609 
•  Event Number: 0 
•  Line Name: NewBedford.009 

Contact16 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816365.9, (Y) 2689523.3 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.009.jsf 
•  Ping Number: 17 
•  Range to Target: 1,278,470.11 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 350.01004534 
•  Event Number: 0 
•  Line Name: NewBedford.009 

Dimensions 

Classification 1: large rocks 
Classification 2: CONF 1 
Area: New Bedford 
Description: area of drop stones 

Dimensions 
Classification 2: 
Area: New Bedford 
Block: 
Description: Unknown object or 
shadow appears to be linear 
debris similar to wire rope 

Dimensions 
Target Height = 4.74 Meters 
Target Length:2.62 Meters 
Target Shadow: 299,350.62 
Meters 
Target Width: 2.22 Meters 
Mag Anomaly: 
Avoidance Area: 
Classification 1: piling 
Classification 2: 
Area: New Bedford 
Description: piling 
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Target Image Target Info User Entered Info 

Contact17 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816357.1, (Y) 2687691.6 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.011.jsf 
•  Ping Number: 17 
•  Range to Target: 2,448,818.06 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 347.36936568 
•  Event Number: 0 
•  Line Name: NewBedford.011 

Contact18 
•  Sonar Time at Target: Unavailable 
•  Click Position (Projected Coordinates)
 (X) 816255.5,(Y) 2687671.7 
•  Map Proj: State Plane NAD83, MA-2001 
•  Acoustic Source File: 
E:\NewBedford2010\NewBedford.012.jsf 
•  Ping Number: 17 
•  Range to Target: 1,530,510.93 Meters 
•  Fish Height: 25.01 Meters 
•  Heading: 338.30047941 
•  Event Number: 0 
•  Line Name: NewBedford.012 

Dimensions 
Classification 1: pipeline 
Classification 2: CONF 1 
Area: New Bedford 
Description: Same pipe as in 
contact 18 

Dimensions 

Classification 1: pipeline 
Classification 2: CONF 1 
Area: New Bedford 
Description: Same pipe as in 
contact 17 
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Figure 1: Map of project area for proposed bulkhead extension and dredging area, New Bedford Harbor, 
Massachusetts. 
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Figure 2: Magnetic and Acoustic Remote Sensing Target Locations. 
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M1 

M7 

M8 

M9 

M2 

See Figure 3 

Figure 3: Magnetic Contour & Target Map – North Half of Project Area 

Note: Magnetic data reduced to pole 
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See Figure 3 

M4 

M3 

M11 

M5 
M10 

M6 

M14 

M12 

M13 

Figure 4: Magnetic Contour & Target Map – South Half of Project Area 

Note: Magnetic data reduced to pole 

33 



     

___________________________________________________________________________  
 

 

  

  

""' ..... ""-QRO 
HARe(lII ot"tl """'l7<l 

~-~ 
- ~ fO'OOI<"- f_' >'I:N, 

w~s£m 

SOO .... lEIN"'''' -"",,"'!ROCl\IAE P_ -_. 
Q.UJI .... a: SI.fI"tY 

FIGURES
 

Figure 5. Sonar Mosaic 

Note: Magnetic targets are circled 
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Figure 6. Examples of Sub Bottom Data Collected in New Bedford Project Area 

Note:  Little or no sub-bottom penetration was acheived 
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Figure 7. Sonar Image of Target M4/S5. 
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Figure 8. Location of Target M4/S5 in Relation to the Proposed Dredging 
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Figure 9.  Site Map Sketch of Target M4/S5 
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LIST OF PHOTOGRAPHS 

MANAGEMENT SUMMARY
 

Dolan Research (DR) in association with John Milner Associates, Inc. (JMA) conducted a Phase II 
archeological investigation of underwater remote sensing Target M4/S5, a shipwreck, located within 
the sub-tidal portions of the Area of Potential effect (APE) associated with the proposed construction 
of the South Terminal Marine Infrastructure Park in the City of New Bedford, Bristol County, 
Massachusetts.  The investigation was conducted on behalf of Apex Industries, LLC, engineering 
consultant to the New Bedford Harbor Development Commission.  Work was carried out in 
accordance with a Research Design Methodology (RDM) previously approved by both the 
Massachusetts Board of Underwater Archaeology (MBUAR) and the Massachusetts Historical 
Commission (MHC) under MBUAR Permit No. 10-004. 

The Phase II investigation included two principal components:  additional underwater archeological 
investigation to collect more information about the Target M4/S5, and documentary research to assist 
in confirming the identity the wreck. The wreck has been confirmed as the Thomas H. Lawrence, a 
three-masted schooner constructed in Boston in 1891, retrofitted in 1939 and abandoned in New 
Bedford Harbor in 1940.  The abandoned vessel burned and sank in 1941 at the foot of Potamska 
Street in New Bedford. Data collected from the underwater investigation and through historical 
research was used to evaluate the significance of the wreck in terms of the National Register of 
Historic Places eligibility criteria (36 CFR 60.4). 

The archeological research potential of the Thomas H. Lawrence wreck site is very limited.  In addition 
to the vessel having burned prior to sinking, the site’s integrity has been seriously diminished by 
dredging activities and the effects of ice and storms in New Bedford harbor.  The existence of 
numerous extant three-masted schooners, in addition to several better preserved three-masted schooner 
wreck sites, further diminishes any archaeological research potential of the Thomas H. Lawrence 
wreck site. It is highly unlikely that additional investigation of the wreck would yield important 
historic information. In her deteriorated condition she cannot be considered a good representative of 
her vessel type. 

No evidence was found suggesting the Thomas H. Lawrence was associated with a significant event. 
However, she is associated with the history of the New England -Middle Atlantic bulk cargo coastal 
trade. She was representative of the type of vessel involved in that trade and can be considered to be 
“associated with events that have made a significant contribution to the broad patterns of our history” 
(NRHP eligibility Criterion A).  However, while the Thomas H. Lawrence wreck site might have been 
significant under Criterion A, in the opinion of the researchers, the significant loss of a variety of 
necessary aspects of integrity has negated her potential NRHP eligibility. 

The historic research presented in this report is believed to be comprehensive and it is highly unlikely 
that any further investigation will locate additional significant information. No further investigation of 
the Thomas H. Lawrence is recommended. 
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1.0 INTRODUCTION 

1.0 INTRODUCTION 


This document is a report of the results of a Phase II archeological investigation of underwater remote 
sensing Target M4/S5 located within the sub-tidal portions of the Area of Potential effect (APE) 
associated with the proposed construction of the South Terminal Marine Infrastructure Park in the City 
of New Bedford, Bristol County, Massachusetts.  The investigation was conducted on behalf of Apex 
Industries, LLC, engineering consultant to the New Bedford Harbor Development Commission.  The 
work described here is being carried out in accordance with a Research Design Methodology (RDM) 
previously approved by both the Massachusetts Board of Underwater Archaeology (MBUAR) and the 
Massachusetts Historical Commission (MHC) under MBUAR Permit No. 10-004. 

In addition to the survey of the subtidal portions of the Project Area, archeological surveys of the 
upland and intertidal portions of the Project Area (Klein and Kotlensky 2010; Leach et al. 2010) have 
also been completed. The Phase I marine archaeological reconnaissance survey (Cox 2010) (from the 
low tide line and deeper) identified a single remote sensing target (M4/S5, identified as a shipwreck) 
meriting further investigation within the area that will be affected by Project-related dredging and the 
construction of a bulkhead extension (Figure 1). 

The Phase II investigation included two principal components:  additional underwater archeological 
investigation to collect more information about the Target M4/S5, and documentary research to assist 
in confirming the identity the wreck and evaluating it significance, if any, in terms of National 
Register of Historic Places eligibility criteria (36 CFR 60.4). 

All work was carried out in compliance with relevant portions of state regulations, as outlined in 
Massachusetts General Laws Chapter 9, Sections 26-27c, as amended by Chapter 254 of the Acts of 
1988 (950 CMR 71); and MEPA (301 CMR 11). 
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2.0 RESEARCH DESIGN METHODOLOGY 

2.0 RESEARCH DESIGN METHODOLOGY 


The overall goals of the Phase II site examination of Target M4/S5 in New Bedford Harbor, as stated 
in the RDM approved by both MBUAR and MHC (Cox 2010a), are: 

1) to further document the shipwreck site, including data on the site’s physical context, conditions, 
boundaries, the site’s integrity, size, and age, and; 

2) record sufficient information on the site to support a recommendation regarding the eligibility of the 
site in accordance with Section Two of the National Register Bulletin 20: Nominating Historic 
Vessels and Shipwrecks to the National Register of Historic Places (Delgado 1992) (especially 
during the late  nineteenth and early  twentieth centuries). 

During the Phase I investigation local informants had indicated that they believed the wreck associated 
with Target M4/S5 was that of the schooner Thomas H. Lawrence. This was partially consistent with 
information collected as part of Phase I background research which noted that, according to the 
MBUAR shipwreck list for New Bedford, the wreck of the Thomas H. Lawrence (September 21, 
1938) was located “west of Palmer’s Island.” According to informants the wreck was an abandoned 
vessel that had burned on July, 4, 1941.  This was inconsistent with the date of loss noted in MBUAR 
records and raised the possibility that the wreck associated Target M4/S5 might not be the Thomas H. 
Lawrence. Determining the identity of the wreck was, therefore, a first order priority. 

2.1  RESEARCH QUESTIONS 

The RDM proposed the following research questions to address the shipwreck associated with Target 
M4/S5 and to guide the direction and emphasis of background and documentary research.  

1) Is the wreck associated with Target M4/S5 the schooner Thomas H. Lawrence? 

2) How does the shipwreck fit within the overall  distribution  of documented  shipwrecks within 
Massachusetts  waters?  Is it a common or rare type of resource? 

3) What role did the vessel play in the history of maritime commerce, and was that role important? 

4) Is the vessel associated with significant maritime technology or technological change? 

2.2 BACKGROUND RESEARCH 

Background and archival research was conducted to obtain information to supplement the 
results of the underwater archeological investigation and to aid in the development of an 
appropriate historic context for evaluating the significance of the wreck.  Information of 
special interest included documentation confirming the identity of the wreck associated with 
Target M4/S5, and once the identity of the vessel was known attempting to locate any extant 
drawings or plans of the vessel, such as lines, profiles, deck plans, sail plans, and scantlings; 
historic photographs, lithographs, and drawings of the vessel, including views of the vessel 
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2.0 RESEARCH DESIGN METHODOLOGY 

under construction; and documentation concerning the history of the vessel while it was in 
service. 

Archives, data sources, and staff at the following institutions were consulted: 

• The Massachusetts Board of Underwater Archaeology 
• the Boston Public Library; 
• the Massachusetts Institute of Technology Museum’s Special Collections,  
• the Massachusetts State Library; 
• the Massachusetts State Archives; 
• the New Bedford Whaling Museum; 
• the Peabody Essex Museum, Salem; 
• the New Bedford Public Library 
• the Penobscot Marine Museum, Searsport, Maine; 
• the Centerville Historical Museum; 
• Mystic Seaport; 
• the Maine Maritime Museum 
• the Maine Maritime Academy, Castine, Maine 

Shipindex. Org was consulted and identified 12 citations in 5 resources specifically mentioning the 
Thomas H. Lawrence. All of these were reviewed. 

The American Schooner Association was contacted and asked to provide any information they might 
have pertaining to the Thomas H. Lawrence.  On November 11, 2010, the ASA published the 
information request on their website blog http://wwwamschooner.org. As of January 5, 2011 no 
responses had been received. 
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3.0 RESULTS OF UNDERWATER ARCHEOLOGICAL INVESTIGATIONS 

3.0 RESULTS OF UNDERWATER ARCHEOLOGICAL INVESTIGATIONS 

Phase II underwater archaeological fieldwork activities associated with the project were successfully 
completed during the week of 25 October, 2010.  The goal of fieldwork was to collect information 
which could assist in evaluating the wreck’s historical and archaeological significance, if any, 
including more detailed information on the integrity, condition, boundaries and size, structural 
components, function and context of the wreck site. A five person crew (four from Dolan Research, 
one from Apex) carried out the work. Diving operations were conducted from a 25-foot fiberglass 
workboat. Both SCUBA and surface-supplies air systems were used to investigate the wreck site. 

Prior to conducting Phase II fieldwork activities, a Boat and Dive Safety Plan was prepared 
specifically for this project.  All diving and boating operations were conducted according to safety 
guidelines outlined in plan. Diving activities were be carried out in accordance with Dolan Research, 
Inc. regulations developed to adhere strictly to OSHA, U.S. Navy, and U.S. Army Corps of Engineers 
standards for diving operations and under the direct supervision of a diving safety officer. All diving 
personnel were certified by a nationally recognized training organization and have specific training 
and experience in both SCUBA and surface supplied systems.  The dive safety plan outlined all dive 
and safety procedures and included a list of regional and national emergency facilities to be contacted 
in the event of a diving or marine accident.  Divers used both standard SCUBA and surface supplied 
equipment and wet or dry diving suits during any all site investigations. 

Due to the contaminated nature of bottom sediments in New Bedford harbor, no excavations were 
conducted during the Phase II work.  Initially, a level centerline was established next to the most 
prominent hull feature – the keelson assemblage (Photograph 1).  From this centerline archaeologists 
successfully recorded the major surviving structural components of the hull, which included; the top of 
the keelson assemblage, ceiling planking at the aft end of the site, and exterior planking and frames 
along the starboard side (Photograph 2).  Frame patterns were also recorded on the port side at the bow 
(south) end of the site. 

While no dredging was done, four transects across the starboard side of the hull and one across the port 
side of the hull were cleared by hand to facilitate recording hull data.  Clearing the transects by hand 
was cumbersome due to the presence of shells, marine growth, consolidated and un-consolidated 
bottom sediments, and a variety of discarded debris (Photograph 3). Profiles measuring widths and 
elevations were documented at the five transects across the hull. These measurements allowed 
archaeologists to generate both Plan/Profile and Perspective views of the wreck site (Figures 2-6). 
Video tape was gathered to assist the mapping of the site.  Still picture images of diagnostic features 
were captured from the video tape and will be included in the final report.  Finally, geographical 
coordinates were recorded for either end of the keelson. 

The bow end (south) of the wreck site is tapered.  However, the stern end is completely missing 
making it impossible to record the actual length of the hull.  The width of the ship can be estimated 
since the surviving frames in the middle section of the site have survived to just below the turn of the 
bilge level. The keelson and planks at the aft end of the site are broken off in a fairly straight line 
suggesting the damage occurred mechanically.  Much of the starboard side of the hull has broken from 
the hull and is resting on a slope that appears to be from dredging. 

The wreck is located on a gently sloping bottom, 135 feet east-south-east from the southern corner of 
the existing South Terminal bulkhead (Figure 7).  Water depth at the wreck site ranged from four feet 
to 10 feet (mean low water). At its highest level, timbers from the top of the keelson extend more than Pa
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3.0 RESULTS OF UNDERWATER ARCHEOLOGICAL INVESTIGATIONS 

2.5 feet above the sloping bottom.  While wood timbers were exposed at several locations (primarily 
along the keelson), generally the entire site was covered with a stratum consisting of consolidated and 
unconsolidated mud, marine growth, shells, and general debris.  Probing across the site confirmed that 
this layer over the hull was between 0.5 feet to 2.5 feet thick.  The north end of the site has been 
dredged and the articulated portion of the hull stops at this location.  The wreck is oriented roughly 
parallel with the shoreline, with the bow facing south toward the Hurricane Wall. 

Coordinates for the two ends of the site are expressed in the Massachusetts state plane coordinate 
system (NAD83, feet): 

North End E 816,392 N 2,688,515 

South End E 816,404 N 2,688,423 

Overall, the intact portion of the hull components was measured at 86.5 feet long by 29 feet wide.  The 
frames sets measured 7 inches by 10 inches. The ceiling planks measured 3 inches thick by one foot 
across. The hull planking measured 4 inches thick. There are two layers of ceiling planking 
(Photograph 4). Some of the planks have ¾-inch bores for fasteners. Iron fasteners were found lying in 
the hull, along with some straps of iron. The keelson components are fastened together with wood 
trunnels (treenails) horizontally and large iron fasteners vertically.  Along the length of wreck the 
surviving portion of the keelson assemblage varies.  It appears to be mostly intact near the forward end 
of the site, just aft of the windlass (Photograph 5).  At this location the keelson assemblage was 
comprised of nine sets of timbers, generally, 10 to 12-inches sided by 10-inches molded, that were 
stacked in three levels, three across. The trunnels and iron fasteners found on the keelson are 
approximately one inch in diameter.  No mast steps or a potential centerboard well were exposed or 
identified at the wreck site. 

A variety of different wooden treenail and iron fasteners were used to attach frames, planks and the 
keelson assemblage. A collapsed windlass was located near the bow end along with some anchor 
chain. The spindle of the windlass is 15 feet long and has a shaft three inches in diameter.  Beyond the 
windlass, no significant machinery from the wreck site was identified on the bottom surface; there was 
no visible evidence of a donkey engine, pumps, winches, ground tackle, or a centerboard well.  The 
vessel was clearly stripped of every salvageable piece of equipment when she was abandoned. 
Assorted modern debris was noted across the site: including a car engine block near the stern, a couple 
of batteries wedged in the area of the windlass, and a lot of wire rope coiled up in the bow. 

In summary, the articulated portion of the wreck’s hull was recorded to 86.5 feet long by 29 feet wide. 
Historical records indicate that the Thomas H. Lawrence was 137 feet long and 33 feet wide indicating 
that a significant portion of the hull (at least 51 feet of her length) is missing.  Archaeological evidence 
recorded at the site suggests that the stern end of the vessel has been destroyed.  The surviving hull is 
lying relatively flat on the bottom with a slight list to starboard.  There were no surviving hull 
components from anywhere on the vessel except well below the waterline level.  As noted in the RDM 
(Cox 2010a) approved by both the MBUAR and MHC, mechanical exaction was precluded because 
of the presence of contaminated sediments. Archaeologists cleared several (five) trenches by hand 
across the top of the site and used these sections of the hull to record the general construction 
techniques (Photograph 6). 
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4.0 THE THOMAS H. LAWRENCE 

4.0 THE THOMAS H. LAWRENCE
 

4.1 Confirming the Identity of Target M4/S5 

As noted, the first step in the Phase II investigation was determining the identity of the wreck associated 
with Target M4/M5.  Local informants had informed representatives of Apex Companies that the wreck 
was that of the schooner Thomas H. Lawrence.  They also reported that the vessel, which had been 
abandoned for some time, had burned on July 4, 1941.  This was inconsistent with the September 21, 
1938 date of loss listed in MBUAR records. The results of the Phase 1 underwater examinations of the 
wreck (Cox 2010b) indicated that while the remains were consistent with a vessel of the same general 
size and type as the Thomas H. Lawrence, no evidence that could confirm the vessel’s identity was 
observed. 

Sgt. Jill Simmons of the New Bedford Police Marine Unit was the individual who originally identified the 
wreck to Apex representatives at being that Thomas H. Lawrence. Sgt. Simmons, in turn, identified Mr. 
Robert Lanagan as the source of her information. JMA personnel interviewed both Sgt. Simmons and Mr. 
Lanagan in New Bedford on November 8, 2010.  Mr. Lanagan reported that he did not recall the wreck 
prior to its burning, but he recalled playing on its remains as a small child.  Mr. Lanagan stated that the 
wreck was that of an abandoned vessel that had burned on July 4, 1941, and that it was “common 
knowledge” that the wreck was that of the Thomas H. Lawrence. 

Microfilm copies of the New Bedford Morning Mercury and the New Bedford Standard-Times for the 
period from January1938 through July 1941 were examined at the New Bedford Public Library.  Three 
mentions of the Thomas H. Lawrence were found. The June 11, 1940 issue of The Standard-Times 
reported that the ship, with only the first mate still aboard, had been abandoned in New Bedford Harbor 
and attempts to identify an owner were unsuccessful. The September 3, 1940 issue reported that the 
Thomas H. Lawrence “lay high aground at the foot of Potamska Street, blown there during the storm 
yesterday morning.” An accompanying photo is captioned “Schooner Thomas H. Lawrence aground at 
the foot of Potamska Street” (Figure 7). This location corresponds exactly with the location of the wreck 
associated with Target M4/S5 (Figure 8). 

4.2 The Builder (Robert Crosbie & Son) 

In December 1890 the Boston Journal reported that Robert Crosbie & Son were constructing “a duplicate 
of the Francis Goodnow” (Anon.1890a) [see below]. The new schooner will be ready for sea in March” 
(Anon 1890a:1).  The “new schooner” referred to is almost certainly the Thomas H. Lawrence. 

Robert Crosbie appears to have been a member of a politically prominent Newfoundland family. Reeves 
(1994) in a study of Newfoundland politics during that period notes that People’s Party candidate John 
Crosbie “ possibly owed something to the example of his uncle, Robert Crosbie, who had built a large 
shipbuilding firm in East Boston and become one of its ‘best known citizens’ (Reeves 1994:59; Anon. 
1896, cited in Reeve 1994). The prominence accorded to Robert Crosbie may be overstated. East Boston 
was an important shipbuilding center during the first half of the nineteenth century, but after the Civil 
War the wooden shipbuilding industry collapsed. After the turn of the century “docks that once hosted a 
proud shipbuilding industry were now railroad docks, encumbered by freight haulers, coal yards, and ship 
repair facilities . . .”(Anon. n.d.:4). 
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4.0 THE THOMAS H. LAWRENCE 

Only a few scattered references to vessels constructed by Crosbie & Sons, in addition to the Thomas H. 

Lawrence were located: 

1878 – “The yacht Thistle, which attracted much attention in our harbor last season by-reason of her
 

beauty and her remarkable speed, is advertised for sale by her owner and builder, Mr. Robert 
Crosbie, Harbor View” (Anon. 1878). A report of her purchase in 1883 by William Ziegler from 
E.C. Palmer of Boston describes her as “55 feet long, 47 feet on the water line, 17 feet 7 inches 
beam, 5 feet 2 inches deep” (Anon. 1883). (This vessel should not be confused with the 
America’s Cup racer of the same name, constructed in Scotland in 1887). 

1883 – “Crosbie & Son launched from their yard at Harbor View this noon the three-masted Schooner 
W.E. & W.L. Tuck” (Anon. 1883). She is described as “a four-hundred-ton beauty built for 
running as a coaster” (Nickerson and Nickerson 2008:139). 

1883 – Schooner A.B. Sherman, tern, 167.7 x 34.9 x 15.3 ft., built December 1883 by R. Crosbie & Son, 
East Boston, cpt and owner A.B. Phillsbury, Baltimore (Walczyk n.d.)(ASA 1900:201). 

1887 –  “The bids for the construction of the new East Boston ferry boat have been awarded . . . Robert 
Crosbie & Son, for hull to be finished in eighty days . . . $18,800 . . . The specifications of the 
hull call for a length of 148 feet long, width of hull 83 feet, breadth of guard extreme 57 feet, 
depth of hold amidships 12 feet 6 inches” (Anon. 1887:8). 

1890 – “schooner Francis Goodnow . . . has just been completed at the shipyard of Robert Crosbie & 
Son, Harbor View, East Boston . . . She is owned by Edwin P. Boggs, Capt. Coleman, her 
commander, and others, and cost $35,000” (Anon 1890:1). The Francis Goodnow was lost off 
Cape Elizabeth, Maine, in an April 1923 storm (Anon. 1923:1). 

No mentions were found of any vessels constructed by Crosbie & Son after the construction of the 
Thomas H. Lawrence. While the Thomas H. Lawrence was under construction a Boston newspaper noted 
that Crosbie & Son “have done an extensive business in repairing vessels” (1890a). This may have been 
the business’ mainstay rather than the construction of new vessels. 

4.3 Vessel Description 

The Thomas H. Lawrence was a three-masted schooner (tern) built at the Robert Crosbie & Son boatyard 
in East Boston in 1891 for $30,000.  She was named after a Falmouth-based shareholder in the ship 
(Anonymous 2005). The first reference to the Thomas H. Lawrence in the Record of American and 
Foreign Shipping appears in the Record’s 1891 edition. She is identified as having been launched in April 
1891 by R. Crosbie & Sons. Her launching was also reported in the April 8, 1891 issues of the Boston 
Daily Globe, the Boston Journal and the Boston Daily Advertiser. The Globe noted that “The vessel 
presented a fine appearance, being fully rigged and having all her sails bent. She was gaily decorated with 
flags, and carried a large company of interested passengers” (Anon 1891:1). 

According to the the Record of American and Foreign Shipping she was a 356 ton vessel, measured 137 
feet in length, 33.3 feet in breadth, and had a depth of 11 feet (ASA 1891:886). Later editions (ASA 
1898:835; 1899:954; 1900:942) give the same dimensions but list her at 323 tons with a “draft” of 374. 
According to the 35th Annual List of Merchant Vessels of the United States she had a registered gross 
tonnage of 374, a net tonnage of 322, a length of 134.7 feet, a beam of 33.3 feet, a depth of 11.0 feet, and 
a crew of 6 (DOC 1903:54). Subsequent editions (DOC 1918; 1920) of that publication contain the same Pa
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4.0 THE THOMAS H. LAWRENCE 

description. No explanation for the discrepancy in reported length is known. 

No detailed description of the Thomas H. Lawrence beyond her basic dimensions was found.  However, a 
detailed description of her sister ship the Francis Goodnow was published at the time of the latter’s 
launching. The dimensions of the Francis Goodnow differ slightly from those of the Thomas H, 
Lawrence. However, given that both ships were built within months of one another, by the same shipyard, 
for the same owner, it is likely that the description also closely describes the Thomas H. Lawrence: 

She is built of white oak, yellow Southampton pine and hackmatack, 
excepting the decks and houses, which are white pine.  She is squarely 
fastened throughout with refined iron, with Edison’s patent iron pumps, 
Robinson’s patent steering apparatus, powerful winches, the best ground 
tackle, two life boats and all the other equipments of a first-class vessel. 
She is built with a centerboard and is almost flat, and her model is 
designed to sail fast and carry a large cargo in comparison to her register. 

Outside she is painted black and inside pearl color, with the cabins 
grained in a variety of shades.  She has a forecastle 20 feet long, under 
which is a patent iron windlass, worked by engine brakes on the 
forecastle. The house for the crew is 14x15 feet, and 6 feet 6 inches high, 
arranged for comfort and safety.  There is a poop deck, the height of the 
main rail 40 feet, with its outline protected by a rail on turned stanchions. 
In it is a house and underneath are two cabins fitted with staterooms, the 
whole finely finished and neatly furnished. The bulwarks are two feet six 
inches high, and she can carry a deck load of lumber if required, and still 
have ample room for working ship. She can carry any cargo (Anon 
1890b:1). 

Several photos of the Thomas H. Lawrence were located in the collections of the Penobscot Marine 
Museum in Searsport, Maine (Photographs 7-18). 

At least one painting of the Thomas H. Lawrence exists. It is a c.1892 oil on canvas painted by William 
Pierce Stubbs (1842-1909)(Plate 1).  

No ships plans for the Thomas H. Lawrence were located and it is possible they never existed. 
Construction of a wooden vessel in the late nineteenth century, particularly at a small yard like Crosbie & 
Son, would not necessarily have required formal plans.  A copy of the rigging plan for the Thomas H. 
Lawrence after her 1939 refit was located in collections of at the Peabody Essex Museum. 

4.4 Operational History 

The Thomas H. Lawrence was christened on April 8, 1891, by Augusta Kelley, the daughter of Captain 
Hiram R. Kelley of Centerville, Massachusetts. Kelley served at the vessel’s master from the time of her 
launching until at least 18991. Her original owner is reported to be Edwin P. Boggs.2 

1 Kelley was born in 1848. He was buried in Barnstable, Massachusetts in 1921 (Bunnell 1995:259). Pa
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4.0 THE THOMAS H. LAWRENCE 

A reconstruction of the operational history of the Thomas H. Lawrence was compiled through a review of 
shipping notices published in various east coast newspapers.  The Philadelphia Inquirer in particular 
contains numerous mentions of the comings and goings of the Thomas H. Lawrence between 1891--the 
year of her launch--and 1921 (Table 1). Other newspapers, including the Boston Globe, the Portland Daily 
Eastern Argus, and various New York newspapers, also contain scattered mentions of the Thomas H. 
Lawrence during this period (Table 2). Three other references to the Thomas H. Lawrence during his 
period were found outside the shipping news sections: 

•	 On February, 11, 1895, the New York Times, in an article discussing the overdue vessel 
La Gascogne, noted that “The statement from Provincetown today that the schooner 
Thomas H. Lawrence had sighted a disabled steamer ten miles east of Thatcher’s Island, 
is thought to be incorrect.”3 

•	 On January 1, 1899 the Boston Globe reported that Capt. C.S. Nickerson, commander of 
the schooner “Florence I. Lockwood which is undergoing repairs at Brooklyn, will take 
command of the sch. Thomas H. Lawrence which is now loading coal at Guttenburg, NJ 
for this port.  The regular caoomader of the Lawrence has returned to his Cape Cod 
home, sick with the grip.” 

•	 The January 1914 issue of The Sailor’s Magazine reported that during December 1913, 
loan library No. 9703 was on the schooner Adelia T. Carleton, bound for Boston, after 
being “on the schooner Thomas H. Lawrence, bound for Salem, Mass., Capt. Rowe, with 
eight men in the crew” (Anon. 1914:31). 

The Stature of Liberty-Ellis Island Foundation maintains a computer data base of passengers and ships 
entering the Port Of New York. Several mentions of the Thomas H. Lawrence were found in the records 
of ship manifests generated at the City Island inspection station (Table 3).  These manifests provide 
detailed information about the composition of the Thomas H. Lawrence’s crew.4 

Ports visited by the Thomas H. Lawrence during this period included, in addition to Philadelphia, New 
York and Boston, which appear frequently in shipping notices and other records include numerous ports 
in New England and the Middle Atlantic regions. Of the 31 ports identified as destinations or points of 
origin 13 are in Maine, and 7 are in Massachusetts. Identified cargos include stone (most probably granite 
from Maine quarries), paving blocks, ice, and coal (principally from Philadelphia for delivery to New 
England ports).   

2 Boggs appears to have been a relatively wealthy Bostonian with a variety of business interests. In 1899 he is listed as the owner 
of the 65-foot yacht Nashawena, home port Boston , built in 1889 (DOC 1899). A 1908 directory identifies him as the vice 
president of the Bay State Fuel Company of Cambridge (Woodaman 1908:367). In February 1911 Francis Goodnow Boggs 
“took over the retail [lumber] yard of Joseph Goodnow and Company and the management  of four coasting schooners 
[carried] under the name E.P. Boggs Company”(Anon 1912:33). 

3 This appears to be the only New York Times reference to the Thomas H. Lawrence. It is not mentioned in shipping news 
reported in that paper, possibly because that news appears to have confined itself to reporting on steamship activity. 

4 The August 18, 1918 manifest notes that Captain Rowe “shipped/engaged” in 1901 in Maine. However, the record for June 29, 
1920 notes that he ““shipped/engaged” in 1904 in Boston.  It is unclear whether either or both of these dates are incorrect. 
Hiram Kelley was master of the Thomas H. Lawrence until at least 1901.  It is possible that Rowe assumed command in 1901. 
It is also possible that Row served as member of the crew (mate?) from 1901 until assuming command in 1904.  Pa
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4.0 THE THOMAS H. LAWRENCE 

Ownership of the Thomas H. Lawrence passed from E.G. Boggs to his son Francis Goodnow Boggs 
sometime after the death of the former on August 12, 1910 (Eliot 1913:272). As of 1935 her owner is 
identified as G.B. Gordon of Rockland, Maine.  Ownership then passed in 1939 to the Pioneer 
Transportation Company (Tod 1965:126)(Newspaper articles quoted below state that Pioneer 
Transportation had only chartered the Thomas H. Lawrence). 

During the 1930’s the Thomas H. Lawrence “was kept busy along the Atlantic coast from the West Indies 
to Canada . . .” (Tod 1965:126).  Tod lists a few of her runs during this period as follows: 

• 1932 – arrived Boston September 15th; 5 days from Belliveau Cove; 
• 1934 – arrived Havana, Cuba, May 18th; 13 days from New York; 
• 1934 – arrived Georgetown, S.C., June 6th; 6 days from Havana; 
• 1934 – arrived Boston November 26th; 11 days from St. John; 
• 1935 – arrived Boston April 24th; 5 days from St. Martin’s; 
• 1936 – arrived Boston February 26th; 6 days from St. Andrews; and 
• 1938 – arrived New York August 30th; 23 days from St. John. 

In December 1934 the Brooklyn Daily Eagle carried an extensive front-page story about “eighteen sailing 
vessels [that] earn their way around the world using Brooklyn as a port.” The story contains several 
mentions of the Thomas H. Lawrence: 

At the moment this is written the three-masted schooner Thomas H. Lawrence, built in 
1891, is discharging lumber and poles in Whale Creek, Greenpoint at the dock of Leary 
& Reid . . . The poles she is discharging now in Greenpoint came from above Reversible 
Falls, St. John, N.B. . . .Capt. Charles Trenholm, master of the Lawrence, is taking coal 
East on the return trip in all probability (Anon 1934:1). 

In December 1938 the Poughkeepsie Evening Star published a front-page story about the Thomas H. 
Lawrence, “one of the twelve remaining commercial schooners on the Atlantic seaboard” when she 
docked “at Dalton’s unloading 300,000 feet of lumber taken aboard at Machias, Maine.  She came to 
Poughkeepsie from Providence, R.I.” (Anon 1938:1). Her master is identified as Captain Winsor W. 
Torrey. 

“The boast has no propeller and no engines ‘whatsoever’ to help out when ‘there’s no 
wind.’ There is a donkey engine aboard to help with hoisting lumber. . . . The boat has a 
four man crew, including Adam Grant, first mate, who’s been with the boat nine years. . . 
In the winter the boat has to be ‘sheathed,’ which means that planks are fastened all 
around at the water line . . . . ‘Sometimes you have to ‘double sheath’ [Torrey] said. 
‘They’ll be doing that soon with this boat’ . . . The man who provides the sails is Geirge 
Gordon of Boston 

In 1939 the Thomas H. Lawrence received a complete refit at Rockland, Maine. (Tod 1965:126). She was 
photographed in August of 1939 while at Snow’s Shipyard in Rockland (Photographs x—X).  

Much of her rigging was done over, in some places turnbuckles replacing deadeyes and 
lanyards, so that she was a mixture of ancient and modern.  She was given new hatches, 
and much other new wood where it was badly needed.  Her bottom was caulked before Pa
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4.0 THE THOMAS H. LAWRENCE 

painting. When she was ready for sea, she looked like a new vessel although an eight 
inch hog spoilt the sweep of her sheer. 

Her owners planned to enter her into the Cape Verde trade between New Bedford and the 
Islands with passengers and cargo5. Passenger fares were to have been $60 one way, 
$100 round trip. Sailing empty from Rockland to load at New Bedford, the old schooner 
slid down the shoreline in late August. As she approached Massachusetts, a heavy 
northeast gale came in from the Atlantic, driving her down a leeward shore.  As the water 
rapidly shoaled off Plum Island, Captain Antonio Perry let go the anchor, hoping that it 
would hold him off the beach, but when the chain snapped, the tern was left to drift 
helplessly before the blasts, completely out of control.  A second anchor proved useless, 
just dragging over the bottom.  After bouncing over three sand bars, the Lawrence finally 
flung herself on Crane’s Beach, Ipswich, where it seemed that she would be a total loss. 
At low water she was almost dry; at high water she was still too far ashore to pull clear. 

Hope of saving the tern had just about gone when a lighter with sandsucker equipment 
dug a channel to her, enabling the Coast Guard to tow her back into deep water.  The next 
seven months were spent at Chelsea, Boston, where she was given a refit.  Her rudder 
which had been smashed in the grounding, was mended; her seams were again caulked” 
(Tod 1965:126-7). 

Photograph 18 shows the Thomas H. Lawrence aground at Crane’s Beach.  A 1939 newspaper account 
provides some additional information: 

Idle for many weeks while damaged received from going ashore on Ipswich in 
September was being repaired, the three-mastred schooner Thomas H. Lawrence is being 
fitted for a possible trip to the Cape Verde Islands.  The craft is moored in the Reserved 
Channel near the Army Base, South Boston.  The 48-year-old vessel is expected to ply 
between New Bedford and the islands off the west coast of Africa where a packet fleet 
once did a thriving business. Capt. Jose J. Pereira [sic] of New Bedford is skipper (Anon 
1939:15).  

On April 23, 1940 the Thomas H. Lawrence departed Boston bound for Jacksonville to “load general 
cargo for the Islands.  A few days later she put into New Bedford as she was leaking” (Tod 1965:127). On 
June 11 New Bedford newspapers carried a front-page story and photo (Figure 7) about the Thomas H. 
Lawrence: 

Today her crew of eight, her captain, and even her owners, appeared to have forsaken the 
lofty-sparred old coasting vessel, and the mate alone remained aboard the craft anchored 
in New Bedford Harbor. . . . Yesterday Captain Jose J. Pereira of this city, master of the 
Lawrence, turned in his papers to Deputy Collector of Customs Edward J. Fitzgerald, 
signifying in maritime terms that he was quitting the vessel and relinquishing all 
responsibility. . . . 

5 The Cape Verde packet trade has a special relevance to the history of New Bedford (Almeida 1978; Halter 1993). However, a 
comprehensive inventory of voyages between New Bedford and the Cape Verde islands, from 1860 to 1920, compiled from 
reports in the New Bedford Evening Standard and Morning Mercury, makes no mention of the Thomas H. Lawrence. 
Subsequent events suggest she never travelled to the Cape Verde Islands. At least one three-masted schooner, the Lucy Evelyn, 
was still travelling between New Bedford and the Cape Verde Islands as late as 1948 (Almeida 2978:36-37). Pa
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4.0 THE THOMAS H. LAWRENCE 

The Lawrence dragged her anchor some 30 feet, the customs official said today, and he 
ordered Captain Perriera to move the vessel out of the channel before he departed 
yesterday and to give her more scope. Mr. Fitzgerald quoted the Lawrence’s skipper as 
saying that the three-master also was “”leaking badly”. . . . 

Customs House officials added action already had started in the attempt to locate 
someone responsible for the vessel. The Lawrence is listed as being chartered by the 
Pioneer Transportation Company of Boston, they said . . . 

The schooner, loaded with a good-sized mixed cargo, including sugar, oil and kerosene, 
all of which was consigned to the Cape Verde Islands . . .[is believed to be insured ?] . . . 
by Lloyds, although names of the policy holders have not yet been discovered. The lone 
mate said he did not know who owned the vessel, while it was reported by Captain 
Perreira that he understood that arrangements had been made to berth the vessel at the 
Greene and Wood Wharf.  Officials of the Greene and Wood Pier said no such 
arrangements had been made (Anon 1940a:1). 

On September 3, 1940, four months after her arrival in New Bedford the Thomas H. Lawrence “lay high 
aground at the foot of Potamska Street, blown there during the storm yesterday morning . . . resting 
comparatively level in shallow water approximately 100 feet from shore . . . The stranded and apparently 
abandoned schooner, empty of cargo and for months without a caretaker, was apparently doomed to burn 
to the waterline (Anon 1940b:1). 

The article goes on to not that the cargo aboard in June had been “trans-shipped to the islands aboard the 
Capitana, that her owners were still unknown”. 

“By the middle of 1943, [the Thomas H. Lawrence] had been completely stripped, her masts were gone 
overboard and her hull was beginning to disintegrate” (Anon. 1945:294). “Before the war was over she 
had been pretty well broken up and by 1947 only parts of her ribs and keel showed above low water” 
(Tod 1965:127). 

PHASE II INVESTIGATION OF TARGET M4/S5 
PROPOSED SOUTH TERMINAL MARINE INFRASTRUCTURE PARK 
NEW BEDFORD, MASSACHUSETTS 

Pa
ge
12
 




  
             
 

             
    

   
  

 

 

 

 

  

 

 
 

 

 

 
 

 
 

  
 

 

   

 
  

 
 

  
 

  
 

  
 
 

  

5.0 HISTORIC CONTEXT 

5.0 HISTORIC CONTEXT 


5.1 Schooners and their Role in American Maritime Commerce 

The information in this section presents the historic context within which the significance of the Thomas 
H. Lawrence is evaluated. 

5.1.1 The Schooner as a Vessel Type 

Once a common sight in North American ports, the schooner served as a principal coastwise shipping 
vessel of American, Canadian, and British merchant traders through the nineteenth and early twentieth 
centuries. Schooners are defined as sailing vessels with triangular sails aligned to the keel of the vessel, 
often called “fore-and-aft” rigging. Fore-and-aft rigging contrasts with the more conventional “square 
rigging” arrangement with square-shaped sails set perpendicular to the keel of a vessel and was more 
common to larger, ocean-going period merchant vessels such as clippers that gained speed by greater sail 
area. Nineteenth century shipbuilders typically built schooners with two or more masts, with hulls 
typically ranging from 200 to 1,000 tons or greater in size. Although many were built for transoceanic 
travel, most North American schooner owners participated in coastwise trading, profiting in interstate 
commerce, including trade with and among the Canadian maritime provinces. In its later history, the size 
of a schooner relative to larger sailing vessels and steamships, together with rigging that could be handled 
by a crew of less than ten, attracted owners who profited in shipping cheap bulk cargoes (Greenhill 
1980:75). Late-nineteenth century owners were keen to take advantage of a schooner’s low cost of 
operation by shipping bulk products as their prices peaked from season to season between regions. For 
instance, schooner owners in the 1880s could see a good return on their investment by shipping coal from 
Norfolk and Philadelphia to ports in Maine during the late fall and early winter, then returning with 
timber from those ports. 

Most maritime historians credit Dutch shipbuilders with the development of the first true schooners in the 
sixteenth and seventeenth centuries (MacGregor 1997:13). By the early eighteenth century, many of 
these vessels were participating in trade with several North Atlantic ports, in Britain, and North America 
in particular. Early seventeenth century colonial American shipbuilders began adopting the designs of 
these Dutch vessels because they possessed several advantages relative to other vessel types in common 
use at that time, such as brigs, ketches, and sloops. In doing so, they may have even coined the term 
“schooner” itself, in Gloucester, Massachusetts in 1713 but with Scottish origins in the word “scon” or 
“scoon,” meaning to skip or glide over the surface of water (MacGregor 1997:17). Regardless of 
etymology, the influence of American shipbuilders in the development of the schooner is attested in the 
common construction and adoption of schooners in New England and Middle Atlantic ports by 1750. 
Most of these vessels were two-masted and rated less than 150 tons. Their rapid emergence largely 
resulted from the several advantages offered by the schooner design over other existing watercraft. 
Principally, the comparative ease by which crews could handle a schooner’s rigging and smaller sails 
encouraged ship owners to invest in schooners in order to lower costs in operation and upkeep. By 
comparison, square-rigged vessels required larger crews that had go aloft into the ships rigging to manage 
the sails. North American schooners were also designed for speed and maneuverability in shallow bays 
and estuaries, allowing them to reduce sailing times and access the many natural ports along the eastern 
seaboard and gulf coast that had not undergone extensive dredging. The advantages inherent in schooners 
were not limited to commercial needs. The British Royal Navy took an interest in the design of the 
schooner and purchased a number of them from New England shipbuilders prior to the 1770s, while the Pa
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early American navy incorporated several for operations during the War for Independence and after 
(MacGregor 1997:19). 

Two-masted schooners made their peak appearance in American coastal and Great Lakes ports by the 
1860s. After the Civil War, ship builders began building larger schooners, with three masts, frequently 
called “tern schooners,” ‘tern’ meaning three-of-a-kind (MacGregor 1997:73).  Through the first half of 
the nineteenth century, schooner owners profited in shipping diverse freight between ports.  Although by 
the late nineteenth century steam-powered vessels were beginning to capture much of the shipping once 
carried by schooners, many schooner owners adapted by focusing on shipping bulk cargoes, such as coal 
and timber, and trading in smaller ports that were less favorable for deeper draft vessels. In addition to 
focusing on bulk cargoes, schooner builders also began incorporating novel materials and power, like 
steel, in the hull and rigging construction of schooners, and steam donkey engines that lessened their cost 
of operation and upkeep. Such improvements also extended the commercial lifetimes of many vessels. 
Despite such measures, less than  ten schooners remained in commercial service in American ports by 
World War II. A depressed national economy through the 1930s, coupled with increased competition 
from newer less-costly internal combustion-powered merchant vessels and overland trucking, contributed 
to the final demise of the schooner as a merchant vessel.  Several wooden and steel schooners remain in 
use in the present but serve primarily in educational and recreational capacities. 

Also noteworthy in the history of the schooner is the schooner barge.  As schooners were becoming less 
profitable at the close of the nineteenth century, many owners maintained the profitability of their 
schooners by converting their vessels into dedicated schooner barges.  A relatively straight forward 
process, owners would have the masts and rigging removed from a schooner or pared down in size, 
creating a vessel mostly dependent on a tug boat or other powered-vessel to tow it by a line (Morris 
1984:4).  Unlike the longer streamlined hulls of square-rigged oceangoing vessels, the large-capacity 
hulls of most schooners were well-suited for barge service since they were constructed for coastwise and 
Great Lakes navigation.  Frequently, barge owners would keep shorter masts and rigging intact on a 
schooner barge to provide some auxiliary power to further reduce fuel costs for a tug boat (Morris 
1984:6).  Often, tug boats would haul up to six schooner barges at once in a formation called a “tow.” 
Such an arrangement led to significant cost savings because each barge did not need to be as fully manned 
as it would if it were operated as a fully-rigged schooner.  Tows of schooner barges were particularly well 
adapted for shipping coal, timber, and ice for companies who owned several barges.  For instance, the 
Lehigh Coal and Navigation Company of Philadelphia and the Knickerbocker Ice Company of New York 
owned sizable fleets of schooner barges to transport their commodities from port to port (Morris 1984). 
By the early twentieth century, the use of converted schooners had proven profitable enough for some 
shipbuilders to specialize in constructing schooner hauls for exclusive use as barges.  Such specialization 
began a trend in vessel construction that that led to an altogether separate vessel form. By the 1920s, 
barge owners and responsive builders were beginning to construct flat-bottomed steel-hauled barges for 
tows that required fewer dedicated personnel to maintain them, leading to the multiuse barge as it is 
known in the present.  The trend towards the use of schooner barge tows significantly contributed to the 
demise of the fully-rigged schooner as a common merchant vessel in American waters.  

5.1.2 Schooners in Merchant Service 

In 1817, the U.S. Congress passed the Navigation Act, a law that effectively restricted coastwise trade 
between American ports to American owned vessels (Parker 1948:14).  The legislation protected 
domestic shipping interests and created a reliable source of profit for ship owners who participated in Pa
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waterborne interstate shipping.  By the 1820s, the New England and Middle Atlantic states stood to profit 
the most from this legislation, since they hosted well-established shipyards, eager investors, and an 
experienced corps of merchant ship masters and seamen.  This legislation remained in effect throughout 
the nineteenth century, curtailing any foreign competition in ownership and shipping for interstate 
commerce during that period.  Such political action provided a key condition for American ship owners to 
maintain steady profits, but still allowed wide latitude of competition between owners themselves since 
the overall obstacles for entry into shipping were fairly low.  At the same time, the American economy 
throughout the nineteenth century experienced sustained growth that largely depended upon raw material 
extraction and bulk shipment.  Together with a need to transport finished goods, ship owners stood to 
profit with the opening of an increasing number of timber tracts and mines throughout the coastal and 
near inland regions of the nation from the 1850s onwards.  

Given such an encouraging political and economic landscape, a reinforcing dynamism took form between 
ship builders and investors as they sought to profit by rapidly absorbing the most successful 
improvements as they emerged.  Such advances came in the form of small incremental improvements in 
design, size, and management and culminated in the appearance of fleets of schooners that incorporated 
the most advantageous construction and elements (MacGregor 1997).  The constant contact between 
shipwrights and those who manned schooners themselves certainly played a strong role in the maturation 
of the schooner’s form.  Overall, shipbuilders were able to accomplish such profitable uniformity because 
of the relatively free-flow of knowledge between shipbuilders themselves, the skilled shipwrights they 
employed, and ship masters and seamen.  Many of these participants might fulfill multiple roles in this 
dynamic, by building and owning schooners for instance, further reinforcing the success of particular 
schooner designs. By the mid-nineteenth century, ship builders had established optimal designs and 
materials in the construction of schooners; so that whether they included two, three, four, or more masts, 
schooners tended to be fairly similar in design after the 1860s.  However, ship builders and those who 
bought their ships, were also keen to understand the necessity of building with an eye to where a schooner 
would sail. Subtle variations in the design of North American schooners tended to stem from ship 
builders adapting to the conditions that they confronted in different coastal regions.  For instance, a 
schooner built for the west coast tended to have a hull with a deeper cutting keel taking advantage of 
deeper Pacific coastal bays compared with the relatively flat bottomed schooners of the east coast that had 
to operate in much more shallow silted bays and ports (MacGregor 1997:71-72).  

Although steam-powered vessels continued to capture an increasing share of coastwise shipping through 
1900, schooners remained profitable, especially in the earliest decades of steam.  Since they relied on 
wind for power and needed only small crews, schooners and other sailing vessels retained a cost 
advantage over steam into the mid-nineteenth century.  The relative slow speed, checkered dependability, 
and seemingly frequent deadly boiler explosions associated with steam-powered vessels before the 1860s 
encouraged many owners to maintain their investments in schooners as a way to profit on shipping.  This 
was particularly true as the capacity of schooners increased from 200 tons to 400 tons and more on the 
eve of the Civil War, allowing them to compete with the capacities of many steam-powered ships. 
Through the 1860s, the owners of steam-powered vessels tended to focus on passenger, mail, and small 
freight transport, leaving bulk cargo shipping an attractive option for many schooner owners.  The 
landward growth of steam power along the east coast, in the form of mills, gas works, and other coal-
dependent industries in port cities, however, provided sustained profit potential for schooners in the 
coastwise trade. The growth of cities themselves bolstered the demand for finished lumber products 
produced in places like Maine, Georgia, the Great Lakes, and the Pacific Northwest.  Ports in many of 
these places, such as Calais, Maine, were situated up tidal coastal rivers that had not undergone any 
substantial navigation improvements.  Until such improvements were made, deeper draft oceangoing Pa
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5.0 HISTORIC CONTEXT 

steam-powered vessels had more difficulty accessing these ports, leaving them profitable places for 
schooners to visit.  Internal transportation had greatly improved during the first half of the nineteenth 
century, with many turnpikes, canals, and railroads laid out radiating away from urban cores into the 
western interior of the country.  Yet most early canals and railroads did not provide transportation 
between coastal cities. As a result, schooners were important for shipping between cities situated along 
the coast, acting as the waterborne “tractor trailers” of the early to mid-nineteenth century.   

5.1.3 Historical Context: Longevity of the Schooner in North American Shipping 

As steam-powered vessels grew in size, power, and range after the Civil War, their owners also 
diversified what they carried, and began to profit in shipping the mixed freight cargoes once dominated 
by schooners and other coastwise sailing vessels. With such increased competition, some schooner 
owners operated their vessels as long as they remained profitable, but withdrew from ownership as profit 
margins diminished.  On the other hand, many schooner owners continued to profit by focusing more on 
the trade in large bulk cargoes, particularly coal, timber, stone, and ice (Greenhill 1980: 75).  These 
cargoes formed a reinforcing “triangular trade,” with owners making the utmost effort to have their 
schooners laden with profitable cargo every time they left port.  As maritime historians have noted, 
schooner owners were making the majority of their profits in shipping coal from terminal ports such as 
Philadelphia, Baltimore, Newport News, and Norfolk to other ports at a distance from coal-producing 
regions by 1900 (Parker 1948; Greenhill 1980: 75).  Before 1900, the coal shipping business itself 
retained some internal specialization, with schooners leaving Philadelphia and New York laden with 
anthracite coal, and those leaving ports between Baltimore and Norfolk loaded with bituminous coal. 
After 1900, bituminous coal made up much of the coal that schooners transported and was probably sold 
to large dock-side quays that supplied steam-powered ships, along with any local coal-consuming 
industries. Once unloaded, the crew of a schooner would take on some form of bulk cargo to transport on 
the next voyage.  Schooners often followed a seasonal pattern within a given coastal region.  If they were 
delivering coal to ports in northern New England by late fall, namely Maine, then a schooner’s crew 
would often take on a load of either unfinished timber or lumber to sell in any port to the south; after 
selling that cargo at ports in southern New England, schooners would often leave with their holds full of 
stone or ice to transport back to terminal coal ports, then repeat.  

Although many schooner owners had adapted to competition from steam, their efforts could only protect 
them so much.  Steam-powered vessels gained an increasingly greater share of shipping because they 
possessed distinct advantages over sail-only vessels.  Newer steel-hulled steam-powered vessels, often 
built with a hybrid design, with some sail capability, but more frequently with steam-power alone, were 
increasing in size, speed, and dependability after the 1880s.  Such vessels, although more costly to operate 
than schooners, could offset their high cost of construction and operation by shipping larger quantities of 
cargo. The advantages of steam over sail were particularly acute in Great Lakes shipping, as steam-
powered vessels rapidly replaced schooners for shipping iron ore and timber.  At the same time, steam-
powered ships were proving capable of handling the challenge of the seasons and could operate through 
harsh coastal winter conditions. Yet despite the advantages of steam-power, a reduced schooner fleet 
retained enough advantages to remain profitable through the early twentieth century Greenhill 1980:74
76). Maritime historians tend to attribute the perseverance of the schooner into the 1930s as a result of 
the advantages that they held over other ships.  However, put another way, their continued profitability 
was due to several favorable conditions and not necessarily related to the management of schooner 
owners and crews themselves. 

Owners found another way to keep the schooner profitable by building them with greater capacity than 
earlier schooners. Larger wood hull schooners rigged with four or more masts were constructed during Pa
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the last quarter of the 19th century and employed as economical transport vessels until after the First 
World War. The four-masted rigs evolved from the three-masted schooner which was first introduced in 
the United States by the 1790s. After the conclusion of the Civil War there was an increased demand for 
schooners, prompting a dramatic increase of schooner construction activity. In conjunction with the 
increased numbers of schooners built, the average size of the schooners steadily progressed to the point 
where a three-masted rig was often not sufficient to handle such a large vessel. Thus, after some earlier 
experimentation, the first four-masted schooner was launched in 1880 (Morris 1975:1).  Shortly 
thereafter, the hull lengths were increased and additional masts were added.  Ten six-masted schooners 
and one seven-masted schooner (Thomas W. Lawson) were launched during this period (MacGregor 
1997:153). 

Between 1880 and 1921, 458 four-masted schooners were built in a fairly standardized fashion at 
shipyards along the East and Gulf coasts of the United States. A total of 521 four-masted schooners were 
owned and operated along the eastern portion of the United States. In addition to the American built 
schooners, there were foreign built ships, re-rigged vessels and vessels built in Canada and on the Great 
Lakes. All but seven of these ships were built with wooden hulls (Morris 1975:5). These larger schooners 
were designed to carry non-perishable bulk cargoes such as lumber, coal, iron ore, phosphates, and 
fertilizer. World War I created a strong demand for these commercial sailing vessels but shortly 
thereafter, the need for this vessel type waned.  The last three four-masted schooners were launched in 
1921 and the vessel type quickly became obsolete in the age of motorized ships.  

Two specific categories of four-masted schooners evolved.  Distinctions between the two categories were 
evidenced in the hull characteristics of the vessels; a deep hull and a shallow hull with a center board. 
The majority of the schooners were built with two decks, although occasionally the ‘tween deck was not 
planked, rather having only a set of exposed deck beams running athwartships.  Many of the schooners 
were built with flush decks topsides (known as hurricane decks) that extended unbroken from stem to 
stern. Vessels with hurricane decks were typically protected with an open rail and stanchion outfit that 
ran the length of the vessel.  A different arrangement on other vessels featured a short well deck aft of the 
fo’c’sle head extending to the main mast and followed by a quarter deck that was protected by a rail 
(Morris, 1975: 3-5). 

The schooner rig was essentially a simple, efficient system and a 200 foot ship could be effectively 
operated by a crew of less than ten men.  Schooners had a fore, main, mizzen and spanker (on four-
masted ships) masts that were made up of two sections.  The lower masts carried a large fore and aft 
mainsail supported by a gaff and a boom; the top masts were rigged with gaff topsails.  This type of rig 
presented the captain of the ship with only a few trim options in the advent of bad weather. The gaff top 
sails and most of the head sails could be removed but the next measure was to reef the formidable 
mainsails on the lower masts.  Although crew members employed a donkey engine to manage the three 
(or four) main sails, the process of reefing in rough weather was an arduous task (Greenhill 1980:74). 
The steam donkey engine typically located on the starboard side of the forward house, was used to hoist 
sails, to raise and lower anchors, to work the cargo booms and to power the ships’ pumps (Morris, 
1975:74).  Accommodations for the captain and crew were basic.  The captain and officers typically lived 
in several cabins located in the after house, while the crew slept in the forward, portside of the foc’s’le 
house. 

As steam-power grew more profitable through 1900, ownership expanded and consolidated in response to 
fluctuating economic conditions.  In consolidating and focusing on dependable sources of revenue, Pa
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steamship line owners left niche opportunities open for smaller operators, including the large fleet of 
schooners remaining in operation in the years before World War I.  Although the schooners remaining by 
1900 would comprise the bulk of the schooner fleet in service over the next two decades, some shipyards, 
particularly in Maine and the Pacific Northwest, continued to build a limited number of schooners, 
indicating that new vessels remained in demand.  Since they continued to have a low overall cost of 
operation, schooners stood to gain from sudden increased demands in shipping, as happened during the 
wartime years of World War I.  Still, schooner owners could profit from short-term and more local 
demands, such as supplying lumber for the boom in construction in Florida during the 1920s or 
participating in passenger trade with the Cape Verde islands during this same period (MacGregor 
1997:72).  Although coal and newer internal combustion-powered vessels were clearly dominating most 
shipping lines by the 1920s, schooners could also find profit by operating out of marginal ports, 
especially in the Caribbean, where petroleum fuel supplies were not delivered on a regular basis or were 
simply non-existent. 

Despite such advantages, commercial schooner construction in North America had come to a close by the 
early 1920s.  Emerging fleets of oil-fired and internal-combustion-powered ships were decreasing the 
need for experienced steam engine- trained licensed engineers, leading to a decrease in labor costs. 
Coastal depots for petroleum fuel were becoming more common and accessible, while the operational 
range of many of these newer ships was increasing, allowing them to make less frequent refueling stops. 
At the same time, the steadily decreasing use of coal undercut a one-time reliable source of profit for 
schooner owners. Expansion of intercity rail lines and improvements in road construction allowed rail 
and truck traffic to haul more freight, further undercutting the profitability of coastwise transport. 
Expansion of rail lines and improved roads also contributed to the lessening importance of smaller ports, 
allowing shippers and receivers in larger ports to consolidate waterborne shipment in a given region.  Port 
consolidation was further enabled by harbor and river navigation improvements that allowed deeper draft 
vessels to access ports that at one time were exclusive to shallow-bottomed schooners, particularly along 
the east coast. Although the wind used to propel schooners remained free, their overall small-size 
compared with newer vessels left them at a disadvantage, especially given the growing abundance and 
low cost of oil, diesel, and gasoline for powering ships.  The diminishing schooner fleets also led to a 
drop-off in skilled crews who could handle them, along with a scarcity of shipwrights familiar with their 
upkeep. Schooners had all but ceased significant operation in American ports by 1940, while the post
war surplus of large, new cargo ships all but denied a revival of the schooner for commercial service.    

5.2 Extant Schooners and Schooner Wrecks 

5.2.1 Extant Schooners 

Historic schooners exist in ports all across the United States.  Many are listed on the National Register of 
Historic Places (NRHP).  Some of these have also been designated National Historic Landmarks.  One of 
the schooners listed on the NRHP is the Ernestina, homeported in New Bedford.  The Ernestina is a two-
masted fishing schooner built at the James and Tarr Yard in Essex, Massachusetts, and launched February 
1, 1894 as the Effie M. Morrissey. She has sailed on through the last century to become one of six 
remaining Essex-built schooners.  She is the last ship to bring immigrants to this country under sail from 
the Cape Verde Islands. Ernestina was given to the people of the United States by the people of the Cape 
Verde Islands in 1982 (SEMA n.d.). 

In addition to the Ernestina, there are at least 34 other historic schooners listed on the NRHP (Table 4). 
Three of these are three-masted schooners also listed on the International Register of Historic Ships Pa
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(Brouwer 1985). The three are the C.A. Thayer  (1895; 156 ft x 36 ft., 391 net tons); the Wawona  (1897; 
156 ft x 36 ft, 413 net tons); and the Victory Chimes ( 1900, 126.5 ft x 23.8 feet, 178 net tons). The last is 
presently operating out of Rockland , Maine; is in excellent condition, and has had her interior adapted for 
carrying passengers. She is significant for her “association with the maritime history of the Mid-Atlantic 
region” and “as a well preserved, representative and unique example” of her type (Dean 1997). 

5.2.2 Schooner Wrecks 

Numerous schooner shipwreck sites in the United States were identified during background research.  A 
majority of these sites are located along the east coast and in the Great Lakes. Many of these are listed on 
the NRHP, or thought to be eligible for listing. At least four are located in Massachusetts waters (see 
Section 5.3, below).  

Schooner wrecks appear to be extremely common, accounting for a significant percentage of all historic 
wreck sites.  For example, the Wisconsin State Archaeology and Maritime Preservation Program has 
identified over 300 known, probable and suspected schooner shipwrecks, in addition to wrecks listed on 
the NRHP (Meverden and Thomsen 2008).  Shomette (1982) lists more than 400 schooner wrecks for the 
Chesapeake Bay area. The Maine Historic Preservation Commission archeological site inventory lists 17 
schooner wrecks in a single township—Jonesport. 

Three NRHP-listed 3-masted schooners are located  in the Thunder Bay National Marine Sanctuary, Lake 
Huron, Michigan. These vessels are the American Union (1862), built in Cleveland and wrecked in Lake 
Huron near Thompson’s Harbor; the Lucinda Van Valkenburg (1862), built in Tonawanda, New York and 
wrecked in Lake Huron, three miles north of Thunder Bay Island.; and the  Cornelia B. Windiate (1874), 
built at Manitowoc, Wisconsin and  wrecked in 1875 while hauling wheat across Lake Huron.  The 
Cornelia B. Windiate remains in deep water in pristine condition with masts still attached and life boats 
still on deck. 

A partial listing of schooner wrecks listed on the NRHP is included in Appendix A. This listing includes 
the wrecks of numerous three-masted schooners 

5.3 The Thomas H. Lawrence in the Context of Other Massachusetts Shipwrecks 

Robinson (2008) has completed a statistical analysis of documented shipwrecks within Massachusetts 
waters. As part of that analysis, he examined patterns within the documentary record associated with the 
temporal and geographical distributions of shipwrecks along the Massachusetts coast, the types of 
vessels that were lost (differentiated by hull type, hull material, hull size, and vessel age), the types of 
routes the vessels were travelling at the time of their loss, the cargoes that were being carried, and the 
causes of loss. This information helps to place the Thomas H. Lawrence within the larger context of all 
previously documented Massachusetts shipwrecks to assess whether it is a common or rare type of 
resource relative to the entire known universe of shipwrecks within the Commonwealth. Based on 
MBUAR records, of the more than 2000 vessel casualties associated with documented shipwrecks, 
approximately 65% are schooners (Figure 9). Of the 85 shipwrecks for which cause of loss is known, 14 
are classified as abandoned, and 22 as burned (Figure 10).  

A study of Boston Harbor shipwrecks lists 121 vessels of 11 different types. Of these, 60 are identified 
as schooners (Sullivan 1990). However, neither Robinson nor Sullivan distinguish between types of 
schooners. The smaller two-masted variety, which is principally associated with fishing, likely Pa
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represents the largest subcategory.  The largest schooners, the four- and five-masted vessels, were built 
in much smaller numbers.  The number of three-masted schooners, like the Thomas H. Lawrence, lies 
somewhere in between.  Of the 60 schooners identified by Sullivan, at least 9 can be identified as having 
been terns. 

There are three schooners in the Stellwagon Bank National Marine Sanctuary in Massachusetts that are 
listed on the NRHP.  The Frank A. Palmer (4-masted), the Louise B. Crary (5-masted), and the Paul 
Palmer (5-masted).  The Frank A. Palmer and Louise B. Crary collided and wrecked together forming 
one archaeological site. Investigations of the site revealed the vessels' hulls to be nearly intact with 
rigging splayed across the deck from the toppled masts.  They were nominated to the NRHP under criteria 
A, C, and D (see Section 5.4, fn 6, below). The wrecks sites were considered unique and significant. No 
other coal schooner archaeological site located New England provides the the same opportunity to study 
two vessels with such extensive preservation. How the schooners sank, and the condition of the wreck 
site, provide a unique archaeological opportunity to compare two similar, but slightly different vessels, 
engaged in the same trade.  The schooners exemplify a critical transportation network that supplied New 
England's energy needs and their involvement in the coal trade connects them to Americans throughout 
the East Coast (Anon 2006). 

On November 23, 2010 the remains of the three-masted schooner Montclair, which broke apart in 1927 
were exposed on Nauset Beach, Cape Cod. The wreck had been exposed at least once before in 1968 
(Williams 2010; Quinn 1973). 

5.4 The Significance of the Thomas H. Lawrence 

The potential significance of the Thomas H. Lawrence was evaluated within the framework of the criteria 
for eligibility for the National Register of Historic Places (NRHP) as set forth at 36 CFR 60.4.6 Special 
reference was given to National Register Bulletin 20, Nominating Historic Vessels and Shipwrecks to the 
National Register of Historic Places (Delgado 1992) for guidance on applying the National Register 
eligibility criteria. 

National Register Bulletin 20 restates the criteria at 36 CFR 60.4 for application to historic vessels as a 
series of questions. 

• Is the vessel “the sole, best or good representative of a specific vessel type”? 

The Thomas H. Lawrence was certainly a “typical” turn of the twentieth century North American 
three-masted schooner. However, both wrecks and a number of intact restored three-masted schooners 
of similar age and size to that of the Thomas H. Lawrence are extant. The wreck of the Thomas H. 

6 36 CFR 60.4 states “The quality of significance in American history, architecture, archeology, engineering, and culture is resent 
in districts, sites, buildings, structures, and objects that possess integrity of location, design, setting, materials, workmanship, 
feeling, and association and
  (a) that are associated with events that have made a significant contribution to the broad patterns of our history; or
  (b) that are associated with the lives of persons significant in our past; or
  (c) that embody the distinctive characteristics of a type, period, or method of construction, or that represent the work of a 

master, or that possess high artistic values, or that represent a significant and distinguishable entity whose components may 
lack individual distinction; or

  (d) that have yielded, or may be likely to yield, information important in prehistory or history. Pa
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5.0 HISTORIC CONTEXT 

Lawrence, especially given its current condition, cannot, therefore be considered the sole or best 
extant representative of the three-masted schooner type.  

•	 Is the vessel “associated with a significant designer or builder”? 

No mention of a specific designer of the Thomas H. Lawrence was found. It is likely that she was 
designed by her builder, Robert Crosbie & Son, does not appear to have been a major or prominent 
shipbuilder. Her original owner, E.G. Boggs, who may have had some input into her design, while a 
locally prominent businessman, does not appear to have been a historically significant individual. 

•	 Was the vessel “involved in important maritime trade, naval recreational, government, or commercial 
activities”? 

The turn of the twentieth century New England-Middle Atlantic bulk cargo trade was certainly an 
important aspect of maritime commerce. The Thomas H. Lawrence’s documented operational history 
is completely consistent with the history of the vessel type as described in the historic context 
presented in Section 5.1, and she can therefore be considered to have been “involved in important 
maritime trade.” 

A prerequisite for National Register eligibility is integrity.  To satisfy the National Register criteria a 
property must possess integrity of design, setting feeling and association. 

Integrity of location has been defined to mean that a vessel is located in a port or other location with 
which the vessel historically had some association, such as a port of construction or a port of call. While 
the Thomas H. Lawrence had a long association with the state of Massachusetts and various ports in New 
England, her primary affiliation with New Bedford came at the end of her career when she was being 
refitted to work in the Cape Verde trade route. 

Thomas H. Lawrence likely maintained much of her integrity of design. Although much of her rigging 
was done over during her 1939 refit (in some places turnbuckles replacing deadeyes and lanyards, so that 
she was a mixture of ancient and modern), she never had an auxiliary power plant installed. 

Integrity of setting is not relevant to the Thomas H. Lawrence. The wreck site remains submerged in the 
water. 

To retain integrity of materials the physical elements that were combined in the vessel’s historic design 
and construction must have been maintained.  The wreck site has deteriorated significantly and 
comprehensively since it was abandoned in the early 1940s.  Only the very bottom of the hull remains 
intact and the entire aft end of the vessel is missing, likely the result of harbor dredging activities and the 
accumulation of ice floes in the harbor each winter. 

Integrity of workmanship is maintained when materials are renewed in-kind. This aspect is not relevant 
since no evidence of workmanship was documented on the wreck site.   

Integrity of feeling means the vessel evokes an historic sense of the past, typically due to the presence of 
significant physical characteristics that convey her historic qualities.  The Thomas H. Lawrence has 
suffered significant structural deterioration and has lost most of her sense of feeling.  

Pa
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5.0 HISTORIC CONTEXT 

Integrity of association is not relevant since it typically refers to an historic vessel that is maintained in a 
waterfront setting rather than removed from the water.  

Most NRHP-listed shipwreck sites derive their significance from NRHP Criterion D, as archeological 
sites that have or may yield information important in prehistory or history.  Under Criterion D, a vessel is 
significant if the physical characteristics of the hull provide important information about the use, method 
of construction, and operation. The abundance of extant historic schooners and the documented schooner 
wrecks on the NRHP, such as the site of the Cornelia B. Windiate, in pristine condition with masts still 
attached and life boats still on deck, offer significantly more archaeological research potential on the 
development of the three-masted schooner ship type, than does the Thomas H. Lawrence. No debris field 
is associated with the Thomas H. Lawrence and it is known that her last cargo had been removed before 
she burned and sank. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.0 CONCLUSIONS AND RECOMMENDATIONS 


The archeological research potential of the Thomas H. Lawrence wreck site is very limited.  In addition to 
the vessel having burned  prior to sinking, the site’s integrity has been seriously diminished by dredging 
activities and the effects of ice and storms in New Bedford harbor.  The existence of numerous extant 
three-masted schooners, in addition to several better preserved three-masted schooner wreck sites, further 
diminishes any archaeological research potential of the Thomas H. Lawrence wreck site. It is highly 
unlikely that additional investigation of the wreck would yield important historic information. In her 
present condition she cannot be considered a good representative of her vessel type. 

Research has identified the builder, owners, and masters of the Thomas H. Lawrence. None of these 
individuals appear to have major historical significance.  Her builder, Robert Crosbie & Son appears to 
have been a relatively small shipbuilding enterprise operating at the East Boston docks in the late 
nineteenth century, well after they heyday of wooden ship construction in Boston. Her original owner, 
E.G. Boggs was a locally prominent businessman, but no information could be found suggesting his 
association with important historic events, or associating him with historically significant 
accomplishments. No information, beyond that in public records, could be found concerning any of the 
Thomas H. Lawrence’s masters, including the two who were with her for the majority of her life.   

No evidence was found suggesting the Thomas H. Lawrence was associated with a significant event. 
However, she is associated with the history of the New England -Middle Atlantic bulk cargo coastal trade. 
She was representative of the type of vessel involved in that trade and can be considered to be “associated 
with events that have made a significant contribution to the broad patterns of our history” (NRHP 
eligibility Criterion A).  

The remains of the Lawrence are located in contaminated sediments and are not suitable for public 
interpretation. In addition, there is no practicable means of removing the vessel and placing it elsewhere; 
because of the existing damage and decay, the vessel would most likely be destroyed if an attempt was 
made to lift or move her. Any recovered individual vessel components would of necessity lose their 
associated context and would have no scientific or interpretive value. 

In the opinion of the researchers, while the Thomas H. Lawrence wreck site might have been significant 
under National Register of Historic Places Criterion A. However, the significant loss of a variety of 
necessary aspects of integrity has compromised her NRHP eligibility.  No further investigation of the 
Thomas H. Lawrence is recommended. 
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TABLES 

Table 1. Philadelphia Inquirer shipping news mentions of the Thomas H. Lawrence 

Year Month/Day Heading Sub-Heading Master Note (Location*/Cargo/Agent) 
1891 June 6 Cleared Yesterday Kelly Milton, J.L. Nicholson 
1891 July 7 At Bridgeton, N.J. Kelley (sic) Kennebec, Ice, J.L. Nicholson 
1891 August 7 Arrived Yesterday Kelly Kennebec, Ice, J.L. Nicholson 
1891 August 13 Cleared Yesterday Kelly Newburyport, J.L. Nicholson 
1892 April 30 Cleared Yesterday Kelly Milton, J.L. Nicholson 
1892 September 2 Cleared Yesterday Kelly Bridgeport, J.L. Nicholson 
1894 July 15 Cleared Yesterday Kelly Milton, J.L. Nicholson 
1894 October 20 Cleared Yesterday Kelly Milton, J.L. Nicholson 
1895 April 5 Memoranda for Philadelphia, cleared from Boston  April 3 
1895 June 30 Cleared Yesterday 

Kelly 

Milton, J.L. Nicholson 
1896 June 9 Arrived Yesterday Kelly Green’s Island, stone, J.L. Nicholson 
1896 June 17 Cleared Yesterday 

Kelly 

Milton, J.L. Nicholson 
1896 June 25 Memoranda hence at Boston, 23d inst. 
1897 April 14 Delaware Bay and River News Reedy Island passed . . . for Boston 
1897 May 2 From Gardiner for Philadelphia, sailed from 

Vineyard Haven April 30 
1897 May 9 Memoranda New Castle Passed down . . .for Lynn 
1897 May 15 Memoranda from Philadelphia, arrived at Lynn 13th inst. 
1897 August 17 Kelly Hingham, J.L. Nicholson 
1897 November 2 Freights and Charters Philadelphia to Hingham, with coal, at 90 cents 
1897 November 3 Cleared Yesterday Kelly Hirgham (sic), J.L. Nicholson 
1898 June 13 Cleared Saturday Kelly Plymouth, J.L. Nicholson 
1899 June 6 Arrived Yesterday Kelly Long Cove, stone, J.L. Nicholson 
1899 June 13 Cleared Yesterday Kelly North Plymouth, J.L. Nicholson 
1899 June 21 Other Ports Passed HIGHLAND LIGHT, from Philadelphia for North 

Plymouth 
1899 August 13 Other Ports Cleared SALEM . . . for Long Cove and Philadelphia 
1899 September 8 Other Ports Arrived HYANNIS, Sept.6 . . . from Philadelphia 
1899 September 26 Freights and Charters Philadelphia to North Plymouth, 600 tons coal, $1.25 
1901 January 5 Cleared Yesterday Crowell, Bath via Wilmington, Del., J.L. Nicholson 
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TABLES 

Table 1. Philadelphia Inquirer shipping news mentions of the Thomas H. Lawrence (continued) 

Year Month/Day Heading Sub-Heading Master Note (Location*/Cargo/Agent) 
1901 January 17 Delaware Bay and River News Reedy Island For Bath 
1901 April 14 Other Ports Cleared PLYMOUTH, April 12 . . . for Long Cove and 

Philadelphia 
1901 April28 Other Ports Sailed LONG COVE . . . for Philadelphia 
1901 April 30 Anchored BOSTON QUARANTINE, April 27 . . . from 

Clark’s Island for Philadelphia 
1901 June 20 Freights and Charters Sullivan to Phladelphia, paving blocks, $1.00 
1901 August 9 Delaware Bay and River News Breakwater, Aug. 7, . . . sailed 
1903 March 23 Freights and Charters Philadelphia to Boston. Coal, $1.25 and bridge 

charges 
1903 March 26 Cleared Yesterday Coleman Boston, J.L. Nicholson 
1907 December 27 Cleared Yesterday Rowe Plymouth, J.L. Nicholson 
1908 December 9 Freights and Charters Philadelphia to Salem, 600 tons coal, 90c. 
1909 September 24 Arrived Yesterday Rowe Long Cove, stone, J.L. Nicholson 
1909 October 16 Other Ports Arrived Boston, Oct 15 . . . from Philadelphia 
1910 March 7 Other Ports Sailed New York, March 4 . . .for Philadelphia 
1910 March 28 Other Ports Passed City Island, March 25 . . . from Philadelphia for 

Boston 
1911 October 2 Arrived Rowe Stonington, Me, stone, Haldt & Cummins 
1911 October 2 Delaware Bay and River News Reedy Island Oct 1, passed, Stonington for Philadelphia 
1911 October 4 Arrived Yesterday Rowe Long Cove, stone, Haldt & Cummins 
1911 October 18 Other Ports Arrived Vineyard Haven, Oct 16 . . . from Philadelphia for 

Gloucester 
1912 April 20 Other Ports Arrived Saunderstown, April 18 . . . from Philadelphia for 

Bangor 
1913 March 15 Other Ports Arrived Portland, March 13 . . . from Long Cove for 

Philadelphia 
1913 March 23 Other Ports Arrived Saunderstown, March 21 . . . from Long Cove for 

Philadelphia 
1913 March 25 Arrived Yesterday Rowe Long Cove, stone, A D Cummins &Co. 
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Table 1. Philadelphia Inquirer shipping news mentions of the Thomas H. Lawrence (continued) 

Year Month/Day Heading Sub-Heading Master Note (Location/Destination/Cargo/Agent) 
1913 April 15 Cleared Yesterday Rowe Boston via Wilmington, Del., A D Cummins &Co. 
1914 January 16 Arrived Yesterday Rowe New York, paving blocks, A D Cummins &Co. 
1914 August 20 Freights and Charters Philadelphia to Boston, coal, 90c. 
1914 September 3 Other Ports Arrived Boston, Sept. 2 . . . Philadelphia 
1914 November 5 Freights and Charters Philadelphia to Rockland, Me. Coal, basis 90c. 

prompt 
1914 November 19 Other Ports Passed Philadelphia for Rockland, passed in Sandy Hook 

9.20 AM Nov 18. 
1915 November 1 Other Ports Arrived Eastport, Me, Oct. 29 . . . from Philadelphia for 

Calais and proceeded 
1921 October 24 Other Ports Bangor, Me. Oct 21—Sailed . . . New York 
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Table 2. Other mentions of the Thomas H. Lawrence in newspaper shipping news. 

Year Month/Day Newspaper Heading Subheading Note 
1892 April 1 NY Evening Post Arrived at this Port 

(yesterday) 
Kelley Baltimore for Boston 

1902 February 18 Syracuse Evening 
Telegram; Albany 
Journal 

Cape Cod Swept by Storm “The large schooner Thomas H. 
Lawrence of Boston, which was 
harbored at Haynnis dragged her 
anchor and went ashore. She has 
a cargo of coal, but is in no 
serious danger. Her crew 
remained on board.  She 
probably can be easily floated.” 

1902 December 20 Boston Daily Globe More Coal Comes to this 
Port 

Coal Situation 
in Boston 
today 

From Perth Amboy with 296 
tons anthracite for O.S. Godfery, 
Milton 

1903 December 13 Boston Daily Globe Sailed Stonington, Me, and New York 
1904 September 26 Boston Daily Globe Arrived 9-25 Coleman Clinton Point, L.I. 
1906 March 3 Boston Daily Globe Three Craft in Hard Luck “from Newport News for 

Plymouth, was anchored off 
Wood End, Cape Cod all day 
yesterday.  Herforesail had been 
blown away in the gale, but 
otherwise she appeared all right.” 

1906 August 5 Boston Daily Globe Sailed Newport News 
1909 March 30 Boston Daily Globe Arrived 3-29 Rowe Vineyard Haven for Long Cove 
1910 May 12 Boston Daily Globe Sailed “supposed eastern port” 
1911 February 3 Boston Daily Globe Shipping Delayed Rowe “from Frankfort, Me, for New 

York was driven into the lower 
harbor for shelter from the storm 
and anchored in President roads. 
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Table 2. Other mentions of the Thomas H. Lawrence in newspaper shipping news (continued) 

Year Month/Day Newspaper Heading Subheading Note 
1911 October 4 Portland Daily 

Eastern Argus 
Oct. 2, from Stonington, Me. for 
Philadelphia, went aground on  
the lower end of Marcus Hook 
bar, but was floated and 
anchored below Marcus Hook. 
Oct. 3. Arrived Philadelphia 
from Long Cove, Me. 

1911 October 17 Portland Daily 
Eastern Argus 

Oct. 16, arrived Vineyard Haven, 
Ma. from Philadelphia for 
Gloucester, Ma. 

1911 October 23 Portland Daily 
Eastern Argus 

Oct. 21, at Vineyard Haven; Oct. 
22 sailed from Vineyard Haven, 
Ma. for Gloucester, Ma. 

1911 October 26 Portland Daily 
Eastern Argus 

Oct. 25, arrived Gloucester, Ma. 
from South Amboy, NJ 

1912 January 25 Portland Daily 
Eastern Argus 

Jan. 24, sailed from Rockland, 
Me. For New York 

1912 January 29 Portland Daily 
Eastern Argus 

Jan. 26, passed Vineyard Haven, 
Ma. for New York 

1912 February 9 Portland Daily 
Eastern Argus 

Feb. 7, arrived Port Reading 
from New York 

1912 February 10 Boston Daily Globe Fight Storm to Make Port from New York 
1912 February 16 Portland Daily 

Eastern Argus 
Feb. 14, cleared Port Reading for 
Wiscosset 

1912 March 27 Portland Daily 
Eastern Argus 

Mar. 26, arrived New York from 
Stonington, Me. For Philadelphia 

1912 April 9 Portland Daily 
Eastern Argus 

Charters Philadelphia to Bangor with coal 
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Table 2. Other mentions of the Thomas H. Lawrence in newspaper shipping news (continued) 

Year Month/Day Newspaper Heading Subheading Note 
1912 April 30 Portland Daily 

Eastern Argus 
Sailed for Vinal Haven, Me. 

1913 July 23 Christian Science 
Monitor 

Port of Boston Arrived Rowe Easton’s Neck 

1915 March 29 NY Evening Post Arrivals at this Port South Amboy for Eastport 
1920 June 1 The Sun and New 

York Herald 
Passed City Island Bound East Port Reading for Bar Harbor, 

Me. 
1922 July 15 NY Tribune Sailed Yesterday Norfolk 
1922 October 24 NY Tribune Arrived Vineyard 

Haven, MA 
Vinal Haven for New York 
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Table 3. Passenger/Crew Manifests of the Thomas H. Lawrence as Recorded at the City Island Inspection Station, Port of New York. 

Date Port of Departure Name Position Age Ethnicity 

August 18, 1918 Walton, Nova Scotia Rowe, Fred Master 47 U.S. 
Elliott, Walter Mate 19 U.S. 
Hansen, Antone Seaman 25 Danish 
Chevallier, Albert Seaman 38 French 
Hansen, Valdenai Seaman 21 Danish 
Pedersen, Carl Emil Seaman 25 Danish 

August 18, 1919 Liverpool, Nova Scotia Johnson, William J. Mate 61 U.S. 
Piers, Raymond J. Cook 26 Portugal 
Medina, John F. Seaman 28 Portugal 
Knowls, Fred Seaman (?) 26 U.S.B.* 
Laur, Willie Seaman (?) 33 U.S.B. 
Rowe, Fred J. Captain 48 U.S.B. 
Rowe, Brenin H. Wife 44 Female U.S.B. 

October 16, 1919 Windsor, Nova Scotia Rowe, Fred J. Master 49 White 
Johnson, William J. Mate 61 White, U.S. 
Pires, Raymond Cook 26 Portugese 
Torrey, George N. Seaman 31 ? 
Frederickson, Harry Seaman 51 Norway 
Thompson, Charles Seaman 52 Sweeden 

May 16, 1920 Windsor, Nova Scotia Rowe, Fred J Master 49 White, U.S. 
Peterson, John T. Mate 59 Nat. U.S.** 
Day, George W. Cook 70 White, U.S. 
Hicks, William Seaman 17 White, Canada 
Lundt, Thoilt Seaman 21 Norway 
Linchon, Clifford Seaman 31 White, U.S. 

*U.S.B. = U.S. born (?); **Nat. U.S. = Naturalized U.S. (?) 
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Table 3. Passenger/Crew Manifests of the Thomas H. Lawrence as Recorded at the City Island Inspection Station, Port of New York (cont’d). 

Date Port of Departure Name Position Age Race/Nationality 

June 29, 1920 Windsor, Nova Scotia Rowe, Fred J. Master 50 American 
Peterson, John T Mate 59 American 
Day, George W. Cook 70 American 
Linchon, Clifford Seaman 31 American 
Wilson, Albert Seaman 57 American 
Alley, Joseph Seaman 30 American 

September 3, 1920 Windsor, Nova Scotia Rowe, F.W. Master 50 U.S. 
Peterson, John T. Mate 59 U.S. 
Day, George W. Cook 70 U.S. 
Williams, Harry Seaman 48 Canada 
Johnson, Harry Seaman 58 Finland 
Hum, Frank Seaman 21 U.S. 

October 28, 1920 Windsor, Nova Scotia Rowe, F.J. Master 50 American, U.S. 
Peterson, John T. Mate 59 American, U.S. 
Day, George W. Cook 70 American, U.S. 
Hahlotson, Charles Seaman 47 Finland 
Nelson, Agusta Seaman 25 Sweeden 
Flynn, Peter Seaman 29 U.S. 
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Table 4. Schooners listed on the National Register of Historic Places. 

Name Vessel Type Location 

A. J. Meerwald Delaware Bay Oyster Schooner Bivalve, NJ 
Adventure Gloucester Type Fishing 

Schooner 
Gloucester, MA 

Adventuress Gaff Topsail Schooner Seattle, WA 
Alma Scow Schooner San Francisco, CA 
American Schooner Cape May, NJ  (Resturant) 
American Eagle Aux. Schooner Rockland, Me 
Bowdoin Schooner Castine, ME 
Brilliant Schooner Mystic, CT 
C.A. Thayer Lumber Schooner San Francisco, CA 
Ernestina Schooner New Bedford, MA 
Governor Stone Schooner Apalachicola, FL 
Isaac H. Evans Oyster Schooner Rockland, ME 
J & E Riggin Oyster Schooner Rockland, ME 
L.A. Dunton Schooner Mystic, CT 
Lettie G. Howard Schooner New York, NY 
Lewis R. French Gaff-rigged Schooner Camden, ME 
Lotus Gaff-rigged aux. Schooner Yacht Sodus Point, NY 
Martha Schooner Yacht Seattle, WA 
Mercantile Schooner Camden, ME 
Nathaniel Bowditch Gaff-rigged Schooner Yacht Rockland, ME 
Pioneer Schooner New York, NY 
Priscilla Schooner West Sayville, NY 
Sherman Zwicker Schooner Booth Bay Harbor, ME 
Star Pilot Schooner San Diego, CA 
Stephen Tabor Schooner Rockport, ME 
Sunderland Gaff Schooner Whidbey Island, WA 
Surprise Topsail Schooner Camden, ME 
Sylvania W. Beal Schooner Mystic, CT 
Tabor Boy Schooner Marion, MA 
Timberland Gaff Schooner Rockport, ME 
Victory Chimes Ram Schooner Rockland, ME 
Wawona Schooner Seattle, WA 
Wendameen Gaff Schooner Yacht Rockland, ME 
Zodiac Schooner Seattle 
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Figure 2. Plan and profile view of Wreck Site. 
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Figure 3. Plan and profile view of Wreck Site with trenches depicted. 
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Figure 4. End view of Wreck Site looking forward toward bow. 
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Figure 5. Prospective view of Wreck Site, view from starboard-side stern looking toward port-side bow (NW to SE). 

Figure 6. Prospective view of Wreck Site with trenches, view from starboard-side stern looking toward port-side bow. 
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Figure 7. Photo published in the September 3, 1940 issue of the  New Bedford Standard Times, and 
reprinted in the July, 1941 issue of the New Bedford Morning Mercury. 
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Figure 8. Location of Wreck Site in Relation to Existing Shorelines and Bulkheads. 
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Figure 9. 	Reported vessel casualties by vessel type (i.e., rig) among documented shipwrecks 
throughout the coastal waters of Massachusetts based on MBUAR records (Robinson 
2008). 
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Figure 10.  Causes of vessel loss among documented shipwrecks throughout the coastal waters of 
Massachusetts based on MBUAR records (Robinson 2008). 
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Plate 1. The Thomas H. Lawrence, c. 1892.  Stubbs, oil on canvass, Centerville Historical Museum. 
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Photograph 1. Centerline placed onto the bow end of the keelson  (Note: Typical marine growth found on 
keelson). 

Photograph 2. End of starboard side frame (Note:  Marine growth obscures much of the exposed timbers). 
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Photograph 3. Example of typical marine growth covering all exposed timbers at the site. 

Photograph 4. Ceiling plank (white arrow) and two frames (black arrow) on starboard side. 
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Photograph 5. Windlass lying near the bow end of the wreck site. 

Photograph 6. Trench cleared by hand on the port side near the bow end  (Note: Side of keelson is 
visible). 
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Photograph 7. The Thomas H. Lawrence (Penobscot Marine Museum Collection). 
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Photograph 8. The Thomas H. Lawrence (Penobscot Marine Museum Collection). Caption on reverse reads " . . .at North Haven 1938. I took this 
photo from the porch of our house last summer. Town of N.H. in the background.” 
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Photograph 9. The Thomas H. Lawrence (Elmer Montgomery Collection, Penobscot Marine Museum). 
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Photograph 10. The Thomas H. Lawrence (Elmer Montgomery Collection, Penobscot Marine Museum). 
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Photograph 11. The Thomas H. Lawrence (Elmer Montgomery Collection, Penobscot Marine Museum). 
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Photograph 12. The Thomas H. Lawrence (Elmer Montgomery Collection, Penobscot Marine Museum). 
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Photograph 13. The Thomas H. Lawrence (Penobscot Marine Museum Collection). 
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Photograph 13. The Thomas H. Lawrence (Penobscot Marine Museum Collection). Enlargement clearly 
shows her name on the port bow). 
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Photograph 14. The Thomas H. Lawrence (Elmer Montgomery Collection, Penobscot Marine Museum). 
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Photograph 15. The Thomas H. Lawrence (Elmer Montgomery Collection, Penobscot Marine Museum). 
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Photograph 16. (Elmer Montgomery Collection, Penobscot Marine Museum). 
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Photograph 17.  The Thomas H. Lawrence, most likely when she was undergoing a refit at Snow’s Shipyard, Rockland, Maine, in August 1939 
(Elmer Montgomery Collection, Penobscot Marine Museum). 
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Photograph 18.  Schooner Thomas H. Lawrence stranded on Crane’s Beach, Ipswich Massachusetts, 30 
August 1939 (Elmer Montgomery Collection, Penobscot Marine Museum). Reproduced in 
Anon. 1945:Plate 20. 
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APPENDIX A 


EXAMPLES OF SCHOONER WRECKS LISTED ON THE NRHP 
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•	 Alvin Clark (1846), schooner listed on NRHP in 1974; salvaged intact from Green Bay in 1969; site 
was not preserved properly and she deteriorated by 1994; 

•	 A.P. Nichols (1861), 299-ton three-masted schooner Lake Michigan; 

•	 Bessie M. Dustin (1918) schooner abandoned on the shoreline of Shooters Island in NY Harbor in 
1936; listed on the NRHP prior to 1990; 

•	 Bethune Blackwater Schooner site (19th century), wrecked near Milton Florida; added to NRHP in 
1991; 

•	 Christina Nisson (1871), 311-ton three-master schooner in Lake Michigan; 

•	 Cora F. Cressy (1902) 5-masted schooner built in Bath, Maine.  She was abandoned in 1938 as a 
breakwater near the shoreline Bremen, Maine. Listed on the NRHP prior to 1990; 

•	 Daniel Lyons (1873), 318-ton three-masted schooner in Lake Michigan. Hull sides collapsed, butn her 
centerboard trunk remains upright and nearly all of her hull structure and rigging are extant; 

•	 Dunkirk Schooner site, 2-masted schooner wrecked in Lake Erie off Dunkirk, NY; listed on NRHP in 
2009; 

•	 Equator (1888) 2-masted pygmy schooner; hull abandoned in Everett, WA in 1953;  hull raised and 
now protected by a shed; listed on NRHP in 1972; 

•	 Fleetwing (1867) 3-masted centerboard schooner, 194’ long hauled bulk cargo on Great Lakes; 
wrecked in Lake Michigan near Liberty Grove, Michigan in 1888; listed on the NRHP in 2001; 

•	 Hesper (1918) 4-masted schooner was laid up in 1936 adjacent to Water Street in Wiscasset, Maine; 
listed on the NRHP prior to 1990; 

•	 Hetty Taylor (1874) 84-ton two-masted schooner.  Mostly intact in 110 feet of water in mid-Lake 
Michigan; 

•	 Kate Kelly (1867) 257-ton two-masted canaller in lower Lake Michigan; 

•	 Lucerne (1873) 3-masted centerboard schooner, 194’ long hauled bulk cargo on Great Lakes; 
wrecked in Lake Superior near Ashland, Wisconsin, while hauling iron-ore in 1886.  Wreck remains 
in ideal condition; listed on the NRHP in 1991; 

•	 Lumberman (1862) 3-masted, double-centerboard schooner was built in Blendon’s Landing, 
Michigan; capsized on Lake Michigan near Oak Creek, Wisconsin in 1893.  Wreck has survived 
remarkably intact and was listed on the NRHP in 2009; 

•	 Luther Little (1917) 4-masted schooner was laid up in 1936 adjacent to Water Street in Wiscasset, 
Maine – next to Hesper; listed on the NRHP prior to 1990; 
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•	 Madeira (1900) iron hull schooner barge sank in Lake Superior off the Minnesota coast in 1905; 
listed on the NRHP in 2006; 

•	 Meridian (1848) schooner built in Black River, Ohio sank in Sister Bay, Wisconsin in 1873; listed on 
the NHRP in 1996; 

•	 Moonlight (1874) 3-masted schooner-barge lost in Lake Superior in1903 and re-located  in 2005. The 
Moonlight lies in very deep water (240+ feet).  The wreck is associated with a large debris field 
believed to be the ship’s scattered cargo; 

•	 Noquebay (1872) schooner barge wrecked in Lake Superior near La Point, Wisconsin; listed on the 
NHRP in 1992; 

•	 Northerner (1850) 2-masted schooner 81’ long built in Clayton, NY; wrecked near Port Washington, 
WI; listed on NRHP in 2010; 

•	 Pretoria (1900) 338’ schooner barge built in West Bay City, MI; sank in 1905; added to NRHP in 
1994; 

•	 Rouse Simmons (1868), 3-masted schooner, sank in Lake Michigan in 1912; 

•	 Samuel P. Ely (1869) single-decked, three-masted schooner built at the J.P. Clark Shipyards near 
Detroit, Michigan and wrecked near Duluth, Minnesota. It was placed in the iron-ore trade as soon as 
it was fitted for sea. The Ely is historically significant for its associations with Two Harbors and 
Minnesota's iron-ore trade. The Ely is also significant because of its exceptional structural integrity. 
The remains of the Ely were listed on the NRHP in 1992; 

•	 St Peter (1873) Great Lakes Schooner wrecked in Lake Ontario near Pultneyville, NY in 1898; listed 
on NRHP in 2004; 

•	 Tennie & Laura (1876) 73’ long scow schooner built in Manitowoc; wrecked in over 300 in Lake 
Michigan; added to NRHP in 1994; 

•	 U.S.S. Alligator (1820) US Navy schooner wrecked off coast of Florida Keys in 1822; listed on 
NRHP in 1966; 

•	 U.S.S Hamilton & U.S.S Scourge (1813) warships converted from merchant schooners prior to the 
War of 1812, sank during a storm on Lake Ontario in 1813; 

•	 Vessel 59 hulk of unidentified wooden schooner abandoned next to the shoreline of Shooters Island 
in NY Harbor in 1936; listed on the NRHP prior to 1990; 

•	 Weymouth (1860) schooner wreck located in Mays Landing, Atlantic County, NJ added to NRHP in 
1985. 
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The COMMONWEAmH OF MAsSACHUSETTS 

BOARD OF UNDERWATER ARCHAEOLOGICAL RESOURCES 

EXECUTIVE OFFICE OF ENERGY AND ENVIRONMENTAI" AFFAIRS 


251 Causeway Street, Suite 800, Boston, MA 02114-2136 

ret (617) 626-1200 Fax (617) 626·1240 Web Site: Www.maS8.govic.m!b~ariindex.htm 


Febtuary 17, 2011 

Chet Myers, Senior Engineer 
ApeA Co:tnparue.s, U.C 
184 High Stteet, Suite S02 
Boston, MA 02110 

RE: Report on Phase II Marine Archaeological Investigation of Remote Sensing Target M14/S5, South 
T"rtninal Manne Infrasttuc.tute Park, New Bedford, lYrA 
BUAR Special Use P.J:mit 10-004 

Dear Mr. Myers: 

The staff of the Massachusetts Board of Underwater Archaeological Resources has completed its 
review of the tedUllcal report entitled. Report orl Phase II .Marine Archtteologjral Tm,utigation ofEmMte Stnsi,l,g 
Target M14/ S5, South Terminal Marine InfraJtructure Park, New Bufford. MA (dated January 2011). The report 
was prepared by Dolan Research, Inc. for Apex Companies, LLC, and received by the Board on January 
31,2011. 

The Board is satisfied with the overall rese.Ich design o.nrl methodology for the Phase II marine 
archaeological survey of tl1i8 unanticipated historic shipwreck (Remote Sensing Target M14/SS). The 
resu.lting documentation and interpretation presented in the report pmvides a thorough description of this 
site. The Board concut5 with the report's assessment and recommendations that no further investigation 
is warranted. 

However, the area is generally archaeologically sensitive. Therefore. as noted in the related 
arChaeological studies fot this project, tllere remaUls th.;: need for the proponent to consider the possibility 
that heretofore-unknown submerged cultural resOU.tCl':5 may be encountered during the course of the 
project. The Board expects that the project's sponsor to either adopt the Board's Policy Guidance for the 
Discovery ofUfI(lfititipated <1,~hafOIQgj""J Re,ou,w (updated 9/28/06) or to develop its own unanticipated finds 
procedure that confonns to the Board's policy. 

Finally, the Board takes this opportunity to extend its compli:tnents to the technical services 
provider for preparing a tho.tough and weliewritten lru"ine archaeological technical report. Given the 
quality of the technical report, the Board believes there is significant public benefit to be gained by sharing 
this study ~.nd .its findings. Rather than suggest publication of this technical ~cport or an adaptation, the 
Board suggests the project develop simpler poster presentation. Poster hoard type fomtat would lend 
itself to ready infot:tnation sharing and public ~,Qgagement in the harbor communities. The Board would 
utilize such matetiallI1 its public and professional programming efforts. It would be less costly and more 
useful than copies of th." technical report or even a brochure. 

o Printed on Recycled P'aper 

Www.maS8.govic.m!b~ariindex.htm


The Board appreciates the opportunity to comment on this report. Should you have any questions 
regarding this review, please do not hesitate to contact me at the address above or by telephone at (617) 
626-1141. 

/vtm 

Sinc:e~ely, 

jldF/#L 
Victor T. Mastone 
Director 

Cc: B. Simon, MHC 
L Adams, USEPA 
K. Atwood, USACOE (via email attachment) 
G. Davis, EOEEA (via ernw attachment) 
R. Boeri, MCZM (via ernW attachment) 
B. Washington, Wampanoag Tribe of Gay Head (Aquinnah) (via ernwattachment) 
C. Green, Mashpee Wan'panoag Tribe (vcia exnail attachment) 
]. Nersesian, New Bedford \'\7haling National Histo:t:kal Park 
D. Santos, New Bedford Historical Commission 
J. Botkland, ApeJ> (via emWattadJ.tl1ent) 
G. Hatper, Apex (via ernw attachment) 
K. Decas, NBHDC 

.M. Morrissey, :-lBEDC 
J L Cox, Dolan Research (via email attachment) 
J. Klein, John Milner and Associates (via e.mw attachment) 



February 17, 2011 

Lois K. Adams 

The Commonwealth of Massachusetts 
William Francis Galvin, Secretary of the Cc!Umlonwealth 

Massachusetts Historical Commission 

Chief, Grants, Tribal and Ml!nicipal Assistance Branch 
Office of Ecosystem Protection 
US· Environmental Protection Agency 
5 Post Office Square, SuitclOO 
Boston, MA 02109-3912 

RE: New Bedford Harber State Enhanced Remedy in New Bedford South Terminal, a/k/a 
Confined Disposal Facility aJk/a South Terminal. Marine Industrial Park Development, New 
Bedford, MA 
MHC #RC48896, 

Dear Ms. Adams: 

. ,". ' , 

Staffof the Massachusetts Historical.C.ommissiet:\ (MHC), effice.of the State Historic 
. Preservation OfficerhavGlTeviewed the resuits o{the a~chaeological investigi:!#ons f~r Tilrget 
M4/S5, located in a sUbtidal pertien .of the project referenced above, reported in Phase II 
Investigation of Target M41S5, Proposed South Terminal Marine infrastructure Park, New 
Bedford, Massachusetts, prepared by Dolan Research Inc., and J0hn Milner Associate&, Inc., and 
received by the MHC on January 31, 201 L 

The results of the in,\estigatiens identified Target M4/S5 as the wreck ofthe Thomas H. 
Lawrence, a tlu-ee-masted schooner constructed in 1·891, and abandoned, which burned and sank 
in 1941. The MHC agrees with the report assessment, that the wteck lacks integrity, and thus it is 
MHC's opinion that the historic shipwreck does net meet the Criteria of Eligibility for listing in 
the National Register .of Historic Places (36 CFR Part 60), . 

The report provides interesting historical information about the schoener and its marine 
technology, its role in the bulk cargo,coastal trade, and the impertance of New Bedford in the. 
history of New England's 19th and 20th-century It\arine commerce.preject planners may. \Vish t(l 
consider developing an interpretive exhibit within public art:liS orlh\:, terminal, using the 
information in this report, such as in a poster format suggested, by the Massachusetts Board of 
Underwater Archaeolegical Resources, 

Copies of this te~hnical report may be pNvided to any interested parties.and the public, including 
the Ne.w Bedford Public Library, the New BedfcndWhaling Museum; and the .New Bedford 
Whaling National Historical Park. . 

220 Morrissey Boulevard, Boston, Massachusetts 0212 5 
(617)727-8470· Fax: (617)727-5128 

,,,,ww.state. ma. us/sec/rohe 



These comments ate offered toassis! in compliance with Section 106 of the National Historic 
Preservation Act of 1966 as amended (36 CPR 800). Please contact EdwardL Bell atthe MHC 
if you have any questions. 

Sincerely, 

'?;~5i~ 
Brona Simon. 
State Historic Preservation OHicer 
Executive Director 
State Archaeologist 
Massachusetts lIistori"al Commission 

xc: 
New Bedford Harbor Development Commission 
Karen Kirk Adams, USACOE-NED-Regulatory 
Kathleen Atwood,USACOE-NED 
David Johnston, DEP/SERQ 
Victor T. Mastone, Massachusetts Board of Underwater Archaeological Resources 
George Green, Jr., Mashpee Wampanoag Tribe . 
BettinaWashjngton, Wampanoag Tribe of Gay Head (Aquinnah) 
Jennifer T. Nersesian, NPS New Bedford Whaling NHP 
Derek 1. Santos, New.Bedford Historical Commission 
Chet Meyers & Jay Borkland, Apex Companies, LLC 
J. Lee Co.x, Jr., Dolan Research Inc. 
Joel !. Klein, John Milner Associates, Inc. 
William Chadwick, John Milner Associates, Inc. 
l\1artin G. Dudek, John Milner Associates, Inc_ . 
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184 High Street, Suite 502 
Boston, MA 02110 

and 
1 Wamsutta Street, Suite 8 
New Bedford, MA 02740 
Telephone 617-728-0070 “Where Excellence Meets Value” 
Facsimile 617-728-0080 

January 12, 2011 

Ms. Brona Simon 
State Historic Preservation Officer 
Executive Director 
State Archaeologist 
Massachusetts Historical Commission  
220 Morrissey Boulevard 
Boston, MA 02125 

Re: Reply to Massachusetts Historical Commission (MHC) Letter Dated November 18, 
2010, MHC #RC48896 

Project Name: New Bedford Harbor State Enhanced Remedy in New Bedford South 
Terminal, a/k/a Confined Disposal Facility, a/k/a South Terminal Marine Industrial Park 
Development, New Bedford, MA. (Project). 

Subject Summary: Project Has Been Re-designed and Now Avoids Mapped Paleosol         
Areas. 

Dear Ms. Simon: 

Apex Companies, LLC is pleased to submit the following information in response to MHC’s 
comments (dated November 18, 2010) regarding the identified paleosols in the inter-tidal and 
sub-tidal areas of the proposed Project, as investigated by John Milner and Associates and 
indicated above. Please note that in keeping with the comments of MHC and MBUAR, the 
project footprint has been re-evaluated and Re-designed such that it avoids the mapped Paleosol 
areas (see attached Figure). The attached Project drawing: 

•	 Identifies the Project as Re-designed (Re-designed Project impact area – please note that 
the Re-designed project impact area is still within the area that was investigated as part 
of the inter-tidal and sub-tidal cultural resources assessment); 

•	 Identifies the location of the inter-tidal and sub-tidal paleosols relative to the Re-designed 
Project impact area. 

Identified Sub-Tidal Paleosol: The project has been Re-designed and the mapped Sub-Tidal 
Paleosol is no longer within the impact area of the Re-designed Project. As such, and in 

J Environmental J Engineering J Water Resources J Industrial Hygiene J
J Facility Services J Construction Services J



 
 

 
 

  

 
  

 

  
 

 

  

 
 

 
 

 
  

  

 

  

Ms. Brona Simon 
Massachusetts Historical Commission 
January 12, 2011 
Page 2 of 4 

accordance with a request made by MHC in its November 18, 2010 letter, that “project planners 
consider alternatives that would avoid and protect the landform, and present the results of the 
alternatives analysis to the consulting parties”, the following actions will be taken to protect the 
land form from inadvertent impacts:     

•	 The location of the paleosol will be identified on contract drawings and within the 
specifications issued to contractors as an “off-limits” area (without identifying it as an 
archaeological feature).  The areas will be marked as off-limits (with only very minor 
exceptions for maneuvering small craft on the water surface if necessary).  No spudding 
or other activity that may result in impact to the Harbor bottoms in this location will be 
allowed. 

•	 Physical indicators will be installed at the water surface prior to the start of construction 
that will show the location of the paleosol, and will assist in keeping contractors, 
subcontractors, and delivery personnel from entering and inadvertently impacting the 
area. 

•	 Pathways, established to specifically avoid the paleosol area, for use by heavy equipment, 
will be clearly identified on the Project Plans. 

•	 Locations for material stock-piles and other components of construction will be identified 
in locations that safely avoid the location of the paleosol.   

•	 Construction site supervisory staff will be trained in the location of the paleosol areas, 
will alert contractors to its presence on an as-needed basis, and will ensure that the 
Harbor bottom above the paleosol remains undisturbed. 

Identified Inter -Tidal Paleosol:  In its November 18, 2010 letter, MHC requested that “project 
planners should develop a plan to avoid and protect the landform from inadvertent impacts 
during the construction of the project and provide the plan to the consulting parties for 
comment.” Based upon the Re-design of the project footprint (which avoids the sub-tidal 
paleosol), the mapped Inter-Tidal Paleosol will also be outside the impact area of the Re-
designed Project.  In addition, the following actions will be taken to protect the landform from 
inadvertent impacts: 

•	 The location of the inter-tidal paleosol will be identified on contract drawings and within 
the specifications issued to contractors as an “off-limits” area (without identifying it as an 
archaeological feature). The areas will be marked as off-limits (with only very minor 
exceptions for foot traffic maneuvering through the area, if necessary).  

•	 Physical indicators will be installed prior to the start of construction that will show the 
location of the paleosol onsite, and will assist in keeping contractors, subcontractors, and 
delivery personnel from entering and inadvertently impacting the area.   

•	 Pathways, established to specifically avoid the paleosol area, for use by heavy equipment, 
will be clearly identified on the Project Plans. 

•	 Locations for material stock-piles and other components of construction will be identified 
in locations that safely avoid the location of the paleosol.   



 
 

 
 

 

 
 

  

 

 

 
 

 
      

 
 
 
 

         
             

 
 
 
 
 
 
     

              
      

  
 

 

Ms. Brona Simon 
Massachusetts Historical Commission 
January 12, 2011 
Page 3 of 4 

•	 Construction site supervisory staff will be trained in the location of the paleosol area, will 
alert contractors to its presence on an as-needed basis, and will ensure that the paleosol 
area remains undisturbed. 

Post-project reports will note that further review is required by MHC, MBUAR and the 
consulting parties identified below for any potential future impact within the area of either 
paleosol. 

In the interest of accommodating the needs of this fast-track Project, we welcome the 
opportunity to discuss this Project with you directly if you so desire, and are available to meet 
with you at your earliest convenience. If you have questions regarding this correspondence, 
please do not hesitate to contact the undersigned at (617) 728-0070. 

Sincerely, 
Apex Companies, LLC. 

Gregory F. Harper, MA, RPA Chet Myers, Senior Engineer 
Cultural  Resource  Specialist  

Jay Borkland, Program Manager 

Attachments:  	Project Map 
        MHC Letter dated November 18, 2010 

cc: M. Morrissey (NBEDC) 
K. Decas (NBHDC) 
K. Kimmell (DEP) 

    Karen Kirk Adams, USACOE-NED Regulatory 
Kathleen Atwood, USACOE-NED 
V. T. Mastone, MBUAR 
R. Boeri, Massachusetts Office of Coastal Zone Management 
G. Greene, Jr. Mashpee Wampanoag Tribe 
B. Washington, Wampanoag Tribe of Gayhead (Aquinnah) 



 
 

 
 

 
 
 
 
 
 

Ms. Brona Simon 
Massachusetts Historical Commission 
January 12, 2011 
Page 4 of 4

 J. Nersesian, NPS New Bedford Whaling NHP 
D. Santos, New Bedford Historical Commission 
J. Klein, John Milner and Associates, Inc. 
J. Lee Cox, Jr., Dolan Research Inc. 
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The Commonwealth of Massachusetts 
November 18, 20 I 0 , William Francis Galvin, Secretary of me Commonwealth 

Massachusetts Hisrorical Commission 
Lois K. Adams 
Chief, Grants, Tribal and Municipal Assistance Branch 
Officc of Ecosystem Protection 
US Environmental Protection Agency 
5 Post Office Square, Suite 100 
Boston, MA 02109-3912 

RE: New Bedford Harbor State Enhanced Remedy in NeW Bedford South Terminal, a/k/a Confined 
Disposal Facility a/kla South Terminal Marine Industrial Pork Development, Now Bedford, MA: ' 
MHC #RC.48896. ' ' 

Dear Ms. Adams: 

Staff of the Massachusetts Historical Commission (MHC), office of the State Historic Preservation 
Officer have revie\\'ed the results of the archawlogical investigations for the subtidal and intertidal 
portions of the project, described in two reports, AssessmenJ 0/ Prehistoric Archeological Sire Po(enJial: 
Subtidal Portion.< of/he ProposBd South Terminal Marine InfrastrllCture Park, New Bec(ford. 
Massachusetts, and Assessment of Archeological Site Potential: intertidal Portions if the Proposed South 
Terminal Marine Infrastructure Park, New Bedford, Massachusetts, 'prepared by John Milner Associates. 
Inc. (JMA), and received by the,MHC on November 4, :WIO. ' 

Subtieli!!.2one: The investigations identified an area with intact paleosols in the southern portion of the 
survey area (see Figure 10). The single radiocarbon assay of2660±40 BP, when calibrated, il1dicares that 
the age of!he sample tested most likely dates between 2,740 and 2,850 years ago (900 to 790 BC). The 
JMA re.earchers interpret the results as indicating that the projecl area includes a well-preserved and 
intact ancient upland landform that was available for Native American land use and occupation. This is a 
Significant discovery that provides information on the location and character of land ayailable to resident 
Native Americans <luring theEariy Woodland period prior to sea level rise and submergence in the 
Acushnet River Illd Buzzards Bay drainage basin. The Early Woodland Perrod in Southern New England 
is a research area of considerable interest. The limited investigations of a single vibracon; were noi 
designed to identify artifacts or cultural features, but if present, information about ancient Native 
American use ofthe location could provide important information. 

MHC requests that project planners consider altematives that would avoid and protect the landtorm, and 
preseilt the results of the .altematives analysis to Ibe consulting parties. 

If re<Jesigning the projectlo avoid impacting and to protect the landform is not feasible, then MHC 
reqlle~!~ tilat a reseru:ch design and methodology be developed to conduct an archaeological site 
examination orlhe landform. The goal oftbe site examination is to determine if the landfonn contains 
significant historic resources, and to describe the historic, scientific, and cultural qualities and 
characteristics, including Ihe locations, sizes, boundaries, data contents, and spatial arrangements of 
artifacts and features. The purposes of the archaeological site examination is to provide suffiCient 
technical information to offer an opinion of National Register- eligibility (36 CFR Part 60), and 10 

develop a program in consultation with the consulting parties that would sufficiently mitigate any adverse 

220 Morrissey Boulevard, Boston, Massachusetts 02125 
(617) 727-8470-Pax: (617) 727-51:28 

www.sec..stare.ma..uslm he 



effects to historic properties. The proposed site examination resean;h design and methodology should be 
provided to the interested consulting parties for their review and comment 

. , 

Intertidal Zon.: The investigations identified one area with intact paleosols in the southern portion of the 
survey area, approximately 100 feet from the landform found in the subtidal zone (see Figure 4). A 
radiocarbon assay from this area may not accurately date the intact landfonn, because the location 
sampled at the edge of the landfonn is interpreted by JMA to have a redeposited layer. The layer from 
which the radiocarbon dating sample was taken is above a layer that included historical period RIlIlerial 
(iron slag). Additional radiocarbon datin g of samples from other areas of the landform could accuralely 
dale it. The landform has a high pOlential to contain ancient period Native American artifacts and cultural 
features. The report indicates that the landtorm is 110t within an impact area for the project. Project 
'planners should develop a plan to avoid and protect the landfonn from inadvertent impacts during the 
construction of the project, and provide the plan to the consulting parties fur comment. 

These comments are offered to assist;n c"mpJiance with Section 106 of the National Historic 
Preservation Act of 1966 as amended (36 CFR 800). Please contact Edward L. Bell ormy staff if you 
have any questions. 

Sincerely, 

.~~~ 
Brona Simon 
Stale Hisloric Preservation Ollicer 
Executive Director 
Stale Archaeologist 
Massachusetts Historical Commission 

xc: 
New Bedford Harbor Development Commission 
Karen Kirk Adams, USACOE·NED-Regulatory 
Kathleen Atwood, USACOE·NED 
Victor 1'. Mastone, Massachusetts Bullfd of Underwater Archaeological Resources 
George Green, Jr., Mashpee Wampanoag Tribe 
Bettina Washington, Wampanoag Tribe of Gay Head (Aquinnah) 
Jennifer T. Nersesian, NPS New Bedford Whaling NHP 
r¥rek, J. Santos, New Bedford Historical Commission 

..chef Meyers, APEX Companies, LLC 
J. Lee COl<, Jr., Dolan Research Inc. 
Joel I. Klein. John Milner Associates, Inc. 
William Chadwick, John Milner Associates, Inc. 
Martin G. Dudek, John Milner Associates, Inc. 
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184 High Street, Suite 502 
Boston, MA 02110 

and 
1 Wamsutta Street, Suite 8 
New Bedford, MA 02740 
Telephone 617-728-0070 “Where Excellence Meets Value” 
Facsimile 617-728-0080 

January 12, 2011 

Mr. Victor T. Mastone 
Director 
Commonwealth of Massachusetts 
Board of Underwater Archaeological Resources 
Executive Office of Energy and Environmental Affairs 
251 Causeway Street, Suite 800 
Boston, MA 021114-2136 

Re: 	Reply to Massachusetts Board of Underwater Archaeological Resources 
 (MBUAR) Letter Dated November 29 2010, Special Use Permit 10-005 

Project: Archaeological Site Potential: Sub-tidal Portions of the Proposed South 
Terminal Marine Infrastructure Park, New Bedford, MA (Project)

       Subject Summary: Project Has Been Re-designed and Now Avoids Mapped Paleosol 
Areas. 

Dear Mr. Mastone: 

Apex Companies, LLC is pleased to submit the following information in response to MBUAR’s 
comments (dated November 29, 2010) regarding the identified paleosols in the sub-tidal area of 
the proposed Project as investigated by John Milner and Associates, indicated above.  Please 
note that in keeping with the comments of MHC and MBUAR, the footprint has been re-
evaluated and Re-designed such that it avoids the mapped Paleosol areas (see attached Figure). 
The attached Project drawing: 

•	 Identifies the Project as Re-designed (Re-designed Project impact area – please note that 
the Re-designed project impact area is still within the area that was investigated as part 
of the inter-tidal and sub-tidal cultural resources assessment) 

•	 Identifies the location of the inter-tidal and sub-tidal paleosols relative to the Re-designed 
Project impact area. 

J Environmental J Engineering J Water Resources J Industrial Hygiene J
J Facility Services J Construction Services J



  

 
 
 

 
  

 

 
  

 

 
 

 
  

 
  

 

 

Mr. Victor T. Mastone  
MBUAR 
January 12, 2011 
Page 2 of 3 

In its November 29 letter, MBUAR had requested further archaeological testing of the sub-tidal 
paleosol under an expanded Phase IB or Phase II investigation if the project could not be Re-
designed to avoid the sub-tidal paleosol. In response to MBUAR and MHC comments, as well as 
other design considerations, the project team has re-evaluated the design options for the project 
and the project has been Re-designed such that the mapped sub-tidal paleosol is no longer within 
the impact area of the Re-designed Project.  In addition to the above-noted Re-design, the 
following actions will be taken to protect the landform from inadvertent impacts:  

•	 The location of the paleosol will be identified on contract drawings and within the 
specifications issued to contractors as an “off-limits” area (without identifying it as an 
archaeological feature).  The areas will be marked as off-limits (with only very minor 
exceptions for maneuvering small craft on the water surface or through the area if 
necessary). No spudding or other activity that may result in impact to the Harbor bottom 
in this location will be allowed.  

•	 Physical indicators will be installed at the water surface prior to the start of construction 
that will show the location of the paleosol, and will assist in keeping contractors, 
subcontractors, and delivery personnel from entering and inadvertently impacting the 
area. 

•	 Pathways to avoid the Paleosol area for use by heavy equipment will be clearly identified 
on the Project Plans. 

•	 Locations for material stock-piles and other components of construction will be identified 
in locations that safely avoid the location of the paleosol.   

•	 Construction site supervisory staff will be trained in the location of the paleosol areas, 
will alert contractors to its presence on an as-needed basis, and will ensure that the 
Harbor bottom above the Paleosol remains undisturbed. 

Post-project reports will also note that further review is required by MBUAR, MHC, and the 
consulting parties identified below for any potential future impact within the area of the paleosol. 



  

 
 
 
 

 

 
 

                                    

            
 
 
 
 
 

 
  

 
 

 
 
 
 
 
 

                                                                                     
 
 
 

  
 

 

Mr. Victor T. Mastone  
MBUAR 
January 12, 2011 
Page 3 of 3 

In the interest of accommodating the needs of this fast-track Project, we welcome the 

opportunity to discuss this Project with you directly if you so desire, and are available to meet
 
with you at your earliest convenience. If you have questions regarding this correspondence, 

please do not hesitate to contact the undersigned at (617) 728-0070. 


Sincerely, 

Apex Companies, LLC. 


Gregory F. Harper, MA, RPA                         Chet Myers, Senior Engineer 
Cultural Resource Specialist 

Jay Borkland, Program Manager 

Attachments:  	Project Map 
MBUAR Letter dated November 29, 2010 

cc:       B. Simon, MHC 
K. Atwood, USACOE-NED 
R. Boeri MCZM 
G. Greene, Jr. Mashpee Wampanoag Tribe 
B. Washington, Wampanoag Tribe of Gayhead (Aquinnah) 
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The COl\lIl!ON\\;'EALTH OF MASSI\CHUSl<:'n'S 


BOAltD OJ" IJNImRWATgR ARGHA1WLOGICAL REsOtmcf~S 

EXIo;(![iTln: on'lel': OF EN~:IWY AND ENVIRONMENTAL An"~l!(S 

2f:,J C"useway Street, Suite 1>00, Boston, [vIA 021 H·21:l6 

.loci L f..:kin, PhD, RI'.\ 
J-\S~'I H").;-\tC Directl Jr, Cultur;d Re';! lurcc;': I)q);u·tTnCl'H 

Juhn ;-,lilnel' /\"0(1"1<:';, 1"c. 
( }nc Crotun Point :\\'{,',nw:. '-;;uitc B 
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Summary Notes 

New Bedford Enhanced Remedy  


Tribal Consultation Meeting 

March 15, 2011 


•	 Meeting began with tribal concerns regarding design of bulkhead in relation to 
paleosols. Chuckie Green raised concern with new bulkhead location split 
between two paleosol areas. Bulkhead configuration was changed to avoid 
paleosols. First concern is acreage; second concern is the borings: red, dusty 
material that may be a burial site.  

•	 Jonathan (Aquinnah) relayed that dredging and subsequent erosion that dredging 
would cause “slope effect;” also, frequency of testing was questioned; not enough 
testing to define limits in the report.  

•	 Bettina Washington: concerned with lack of space between construction and 
paleosols; Tribe did not get information until they requested boring information, 
and the tribes can’t make a determination until provided an opportunity to review 
the data. Information from borings was obtained from the federal agency (EPA?) 
the “red, dusty substance” –Boring #2 – and additional borings undertaken – tribe 
was not notified, and fence was erected without notification. 

•	  Chuckie Green: Tribes need to be notified. A change was made from original 
footprint to new footprint, and no rationale was provided. 

•	 Gary Davis: When he first learned of the paleosol issue, it became evident that 
they needed to conduct outreach to the tribes. He called Lois Adams and 
requested a meeting – this meeting. With respect to recent borings, Gary assumes 
responsibility. He stated that the borings were near the paleosol area, but not 
within the area. He apologized and provided his direct phone number 617-626-
4983 – and said that he is available anytime. 

•	 Jay Borkland (Apex) stated that a large CDF is planned to fill in Palmers Cove 
and to expand port. Project will serve to create a permanent port in New Bedford 
because (1) a CDF is needed in harbor and 92) city needs a new shipping port. 

•	 Joel Klein (JMA) described Phase 1 (upland) report – entire upland area is all 
previously disturbed offshore area. Concern is shipwreck potential and Native 
American historical sites. A shipwreck was found, but deemed not eligible for 
historic register. 

•	 Peter Leach (JMA): described the geophysical method used. Working with APEX 
and a UMASS professor, they collected seismic data – but gasses proved 
problematic – and they used tight lines with 50’ spacing, but not straight lines. 
Sub-meter accuracy GPS was used and data analyzed by UMASS professor, and 
some targets identified. Of 5 areas studied, two were consistent with paleosols. 
They placed two cores through these area as well as three other areas. The two 
cores revealed “well presented paleosols.” The “dusty red” designation for the 
material was based on the Munsell color chart and was not indicative of a dry core 
sample.  

•	 Both tribes stated that they did not receive copies of the report – hard copy or CD. 
Apex claims that the tribes were provided copies of the reports. 



 

 

 
 

 

 
 

 
 

  

 
 

 
 

 
  
 

 
 
 
  
  
 

 

 
 
 
 
 
 
  

•	 Five draft geotechnical borings were being analyzed. No cultural materials were 
found in paleosols. They investigated the intertidal area also, a total of 116 cores, 
and in 90% of the area there were “modern” sands/gravels overlying till. Date on 
paleosol was 2680 BP. The disturbed area seemed to be from the industrial era, as 
coal and brick were found, and this implies that the area is sheltered from storms. 

•	 Gary Davis: Detail was provided regarding avoidance of paleosols in relation to 
current borings. Location of paleosols discovered earlier was avoided during 
recent boring operation. 

•	 Lois Adams: A follow-up conference call would be appropriate, once Chuckie 
and Bettina have the opportunity to review. 

•	 Jay Borkland (Apex): The redesign was reconfigured to avoid paleosol vicinity – 
a bailing bridge is planned…. Considered “temporary” but not solely for 
construction access. How temporary it will be will be up to the City of New 
Bedford. City will use it for access to lower area. 

•	 Dredgeline accounts for the width of the vessels on either side and in between. 
Sheet Piling will be installed 10 feet from paelosols, but from shore. 

•	 Gary Davis: When this issue came up 4 weeks ago, he immediately set up this 
meeting. 

•	 Chuckie Green: He was not aware that the sheet piling would be installed from 
shore, so this being the case, the 10-foot separation is acceptable. However, he 
requested that (1) the activity needs to be monitored by a CRM; (2) the 
questionable core sample (dusty red) be analyzed to ensure that it is not culturally 
sensitive. 

•	 Bettina Washington:  Still wants to see the scope of work prior to weighing in. 

•	 Lois Adams: the resulting to-do list from the meeting is as follows: 
o	 Tribes to call Gary Davis directly with concerns 
o	 All parties will receive copies of reports and findings from Gary Davis 
o	 A direct line of communication will be established between Tribes/Gary 

Davis 
o	 Aquinnah Wampanoag reserves comment at this time 
o	 Questionable core sample will be sent for analysis 
o	 Regular system of communication will be established 
o	 Cultural monitoring to take place 
o	  Scope of work on how sheet piling will be installed will be provided 
o	 Protection protocols to be spelled out in case something is discovered 

during geotechnical investigation 

Adjourn 



   

 

 

 
 

 

 

 
 

 
 

 

 
 

 
 

 

Name Organization Telephone Email 
Bettina 
Washington 

WTGH 508 560 9014 Bettina@wampanoagtribe.net 

Mike Stover EPA 617 918 1123 Stover.michael@epa.gov 

Chuckie 
Green 

Mashpee 
Wampanoag 

508 419 6017 
ext. 3 

egreeen@matrcho.com 

Jay Borklalnd Apex 671 728 0070 jborkland@apexcos.com 

Peter Leail JMA 484 844 4116 pleaeh@jhonmilerassociates.com 

Joel Klein JMA 914 271 0897 jklein@johnmilenerassociates.com 

Victor 
Mastone 

MBUAR 617 626 1141 Victor.mstoneostate.ma.us 

Chet Myer Apex Companies 617 908 5778 cmyers@apexcos.com 

Gary Davis EEA 617 626 4983 garydavis@state.ma.us 

Lois K. 
Adams 

EPA 617 918 1591 Adams.lois@epa.gov 
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"Wliere Txcefknce :Meets Ya{U2" 

March 23, 20 II 

Mr. Chuckie Green 
Mashpee Wampanoag Tribe 
766 Falmouth Road 
PO Box 1048 
Mashpee, MA 02649 

Re: Complete Set of Archaeological Survey Reports 

184 High Street, Suite 502 
Boston, MA 02110 

and 
1 Wamsutta Street, Suite 8 
New Bedford, MA 02740 
Telephone 617-728-0070 
Facsimile 617-728-0080 

Project Name: New Bedford Harbor State Enhanced Remedy in New Bedford South Terminal, a/k/a 
Confined Disposal Facility, a/k/a South Terminal Marine Industrial Park Development, New Bedford, 
MA_ (Project)_ 

Dear Mr. Green: 

Apex Companies, LLC is pleased to provide a complete set of archaeological reports that were generated 
as a result of archaeological investigations associated with the above referenced project, as requested at 
the consultation meeting on March 15, 20 II. You will find enclosed a set of hard-copy reports and a pdf 
version of all the reports on a CD. These reports include: 

I. JMA NB South Terminal Assessment of Upland Archaeological Potential 
2. JMA NB South Terminal Assessment of Inter-Tidal Archaeological Potential 
3. JMA NB South Terminal Assessment of Sub-Tidal Archaeological Potential 
4. Apex Letter to MHC - Project Re-design 
5. Apex Letter to MBUAR - Project Re-design 
6. Dolan Phase 1 and I b Underwater Archaeological Investigation 
7. Dolan/JMA Phase 2 Underwater Archaeological Investigation 

If you have questions regarding this correspondence, please do not hesitate to contact the undersigned at 
(617) 728-0070. 

Sincerely, 
Apex Companies, LLC 

Gregory F. Harper, MA, RPA 
Cultural Resource Specialist 

Received BY:~_ r:-? /,?~ r 
7 

Date:_-c2-<'-~-''::;'''-''~'--,L>/---L/'''£'/ _ _ ___ _ 

~ Ellvirol1f1ll!ll1a/ ..q,. Engineering ~ Jl'lI1er Resources .q,.. JlIliustria/ Hygiene ~ 
-4' Facili~1' Sert'ices ..q,> COllstruction Services ..cy 



"wliere 'Exce{knce :Meets 'Varue" 

March 23, 2011 

Ms. Bettina Washington 
Wampanoag Tribe of Gayhead (Aquinnah) 
20 Black Brook Road 
Aquinnah, MA 02535-1546 

Re: Complete Set of Archaeological Survey Reports 

184 High Street, Suite 502 
Boston, MA 0211 0 

and 
1 Wamsutta Street, Suite 8 
New Bedford, MA 02740 
Telephone 617-728-0070 
facsimile 617-728-0080 

Project Name: New Bedford Harbor State Enhanced Remedy in New Bedford South Terminal, 
aIkIa Confined Disposal Facility, aIkIa South Terminal Marine Industrial Park Development, 
New Bedford, MA. (Project)_ 

Dear Ms. Washington: 

Apex Companies, LLC is pleased to provide a complete set of archaeological reports that were 
generated as a result of archaeological investigations associated with the above referenced project, as 
requested at the consultation meeting on March 15, 20 II. You will find enclosed a set of hard-copy 
reports and a pdf version of all the reports on a CD. These reports include: 

I. JMA NB South Terminal Assessment of Upland Archaeological Potential 
2. JMA NB South Terminal Assessment oflnter-Tidal Archaeological Potential 
3. JMA NB South Terminal Assessment of Sub-Tidal Archaeological Potential 
4. Apex Letter to MHC - Project Re-design 
5. Apex Letter to MBUAR - Project Re-design 
6. Dolan Phase I and Ib Underwater Archaeological Investigation 
7. Dolan/JMA Phase 2 Underwater Archaeological Investigation 

If you have questions regarding this correspondence, please 
undersigned at (617) 728-0070. 

hesitate to contact the 

Sincerely, 
Apex Companies, LLC 

Received B~LJ~tU~c:;;~;===~-

Gregory F. Harper, MA, RPA 
Cultural Resource Specialist 

oQ,,' Environmell1nl .q... Engineering -4' Willer Resources -<b' Jm/IIMr;a! Hygiene .q,.. 

-4' F(lcili~r SerJ'ices ooQt Construction Sen'ices ~ 



lR..J High ,)trflPf 'Uiff> "In') 

Boston, I\'IA 02110 
,md 

1 Wamsutta Street, Suite 8 
Ne\\ Rprlford , MA 0274fl 

Telephone 617-728-1J1J70"Wliere 'Excellence :Meels )'a(ue" 
F~t ~imHe n17-72S-0mw 

April 27, 2011 

Ms. Lois Adams 

Chief, Grants, Tribal and Municipal Assistance Branch 

Oflice of Ecosystem Protection 

Environmental Protection Agency 

5 Post Oflice Square 

Suite 100 

Boston, MA 02109 


Re: Complete Set of Archaeological Survey Reports 

Project Name: New Bedford Harbor State Enhanced Remedy in New Bedford South Terminal, 
a/k/a Confined Disposal Facility, a/k/a South Terminal Marine Industrial Park Development, 
New Bedford, MA, (Project), 

Dear Ms. Adams: 

Apex Companies, LLC is pleased to provide a complete set of archaeological reports that werc 
generated as a result of archaeological investigations associated with the above referenced project, as 
requcsted at the consultation meeting on March 15,2011. You will find enclosed a set of hard-copy 
reports and a USB Drive containing all of the reports. These reports include: 

1. JMA NB South Terminal Assessment of Upland Archaeological Potential 
2. JMA NB South Temlinal Assessment of Inter-Tidal Archaeological Potential 
3. JMA NB South Terminal Assessment of Sub-Tidal Archaeological Potential 
4. Apex Letter to MHC - Project Re-design 
5. Apex Letter to MBUAR - Project Re-design 
6. Dolan Phase I and 1 b Underwater Archaeological Invcstigation 
7. DolanlJMA Phase 2 Underwater Archaeological Investigation 
8. Additional Analyses and Interpretation ofVi bra core NB-VC-02, JMA, April, 2011 

If you have questions regarding this correspondence, please do not hesitate to contact the 
undersigned at (617) 728-0070. 

Sincerely, 

Apex Companies, LLC Received By: 


Gregory F. Harper. MA. RP A 

Cultural Resource Specialist 


-"'-! J.lll'irOIlIll('utU/ ""-! ".l'.eillr!e";I1~ ....'-! Water 1lt'''OllrL't!\ ft, lw/Il.\lritllllygit'lIt? .".--' 
./, rllcilj,,· "j'f"in', '" ((I1J\/rw1iO/f X,·nit'.'\ ..rco 
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ADDITIONAL ANALYSES AND INTERPRETATION OF VIBRACORE NB-VC-02 

PREPARED FOR 


APEX COMPANIES, LLC 

184 HIGH STREET 


BOSTON, MASSACHUSETTS 02110
 

PREPARED BY 


PETER LEACH, RPA
 

JOHN MILNER ASSOCIATES, INC.
 
535 NORTH CHURCH STREET
 

WEST CHESTER, PA 19380
 

LABORATORY RESULTS PREPARED BY
 

TEST AMERICA LABORATORIES, INC. 

WESTFIELD EXECUTIVE PARK,
 

53 SOUTHAMPTON ROAD,
 
WESTFIELD, MA 01085
 

APRIL 2011 



     
  

 
    

 
 

  
 

 

 

 
 

 
 

 

 

 
 

 
 

 
  

 
 

 

1.0 INTRODUCTION 

Apex Companies, LLC, on behalf of the New Bedford Redevelopment Authority, contracted John Milner 
Associates, Inc. (JMA) to conduct a marine archaeological assessment comprising remote sensing and 
coring survey of the subtidal portions of the proposed South Terminal Marine Infrastructure Park (the 
Project) in New Bedford, Bristol County, Massachusetts . The Project includes construction of a Confined 
Disposal Facility (CDF) in support of the disposal of contaminated sediments associated with 
environmental remediation activities, and navigational dredging activities. The completed Project will 
include the extension of the existing South Terminal bulkhead to the south for approximately 800 linear 
feet, which would create a 19.95 acre Marine Industrial Park facility with 1,000 linear feet of bulkhead 
space that could support vessels drafting up to 30 feet.  Once built-out, the total estimated area of the 
combined properties (present upland parcels plus the new land created via the bulkhead extension) would 
total approximately 19.95 acres. 

A total of 69 individual seismic profiles, collected on September 16, 2010 by Dr. Allen Gontz with 
assistance from JMA and Apex Companies, LLC personnel, were analyzed on September 18, 2010 and 
five vibracores targets were selected. Analysis of the five vibracores revealed a submerged and buried 
paleosol and a truncated B horizon in two cores, while the remaining three cores were interpreted as 
containing Holocene marine, Pleistocene glacial, and modern disturbed sediments.  

During a Tribal consultation meeting in New Bedford, Massachusetts on March 15, 2011, issues were 
raised regarding vibracore NB-VC-02 which was located outside the defined limits of the buried paleosol. 
JMA initially concluded that the core contained disturbed sediments of modern origin. However, the 
possibility was raised that the core contained evidence that suggested the possible presence of an 
inundated Native American burial. JMA and Apex agreed to conduct additional analyses of NB-VC-02 
(see Appendix I for core log sheet) to investigate this possibility. Vibracore NB-VC-02 was delivered to 
the Westfield, Massachussets facility of TestAmerica Laboratories, Inc., on April 1, 2011. Analyses 
requested included energy-dispersive x-ray spectroscopy (EDS), polarized light microscopy (PLM), and 
scanning electron microscopy (SEM) (Appendix II), as well as an assessment of volatile organic 
compounds, semivolatile organic compounds, grain size, and percent solids (Appendix III). 

This supplemental report provides an overview of the TestAmerica Laboratories, LLC analyses, and an 
interpretation of the results to address the issues raised during the March 15 Tribal Consultation meeting.  

2.0 VIBRACORE NB-VC-02 

Vibracore NB-VC-02 was extracted 445 feet southeast (132 degrees from true north) of the existing 
bulkhead’s southeastern corner, 23 feet east of the bottom slope limit of the proposed dredge channel 
extension. The location of the vibracore was selected to ground-truth acoustic reflectors approximately 
260 feet from the start of Seismic Line 44-1247. A total of 3.3 feet of continuous sediment was extracted. 
The core stratigraphy comprised 1.9 feet of gleyed silts and silty sands, overlying 0.1 feet of silty sand 

ADDITIONAL ANALYSES AND INTERPRETATION OF VIBRACORE NB-VC-02 
SOUTH TERMINAL MARINE INFRASTRUCTURE PARK 
CITY OF NEW BEDFORD, BRISTOL COUNTY, MASSACHUSETTS 
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capping 1.3 feet of dark reddish brown medium to coarse sand. The sands in the bottom 1.3 feet of the 
core were interrupted by numerous gray, apparently gleyed coarse sand lenses.  The upper 1.9 feet of the 
core stratigraphy are interpreted as Holocene marine sediments, supported by prevalent marine bivalve 
shell fragments. The lower 1.4 feet of the core stratigraphy are more difficult to interpret. The dark 
reddish brown color of the sediments would indicate former subaerial weathering, yet the sediment is 
interspersed with layers of gleyed sediment of likely marine origin. The initial interpretation of the dark 
reddish brown sediment in this core was based on research regarding storm sewage runoff in New 
Bedford Harbor, and suggested that the dark reddish brown sand at the base of the core may be a direct 
result of bacterial and organic oxidation processes related to sewage runoff (Voyer et al., 2000). The 
source of core refusal is unknown, given the unidentifiable nature of the sediment in the bottom half of 
the core. 

Correlation of Vibracore NB-VC-02 with Seismic Line 44-1247 revealed that the stratified, topmost 
acoustic unit comprised Holocene marine sediments. The core sampled a sediment type of unknown 
origin below the marine units, which appears as a weakly stratified acoustic unit in the seismic data. The 
acoustic basement appears to contain numerous hyperbolic reflectors, indicative of point source objects 
such as cobbles and boulders, and is likely till. 

Visual inspection of the core revealed no cultural materials or evidence of submerged upland 
landscapes. 

3.0 SUMMARIZED LABORATORY METHODS AND RESULTS 

The archived core half from vibracore NB-VC-02 was delivered to the Westfield, Massachusetts facility 
of TestAmerica Larboratories by Ms. Mary Bruno of Apex Companies, LLC on April 1, 2011. 
TestAmerica employees extracted an individual sediment sample from the core at 2.35 feet, 2.85 feet, and 
3.35 feet from the top of the core. 

TestAmerica performed a suite of laboratory analyses comprising energy-dispersive x-ray spectroscopy 
(EDS), polarized light microscopy (PLM), and scanning electron microscopy (SEM) (Appendix II), as 
well as an assessment of volatile organic compounds (VOC), semi-volatile organic compounds (SOC), 
grain size, and percent solids (Appendix III). The reader is referred to the cited Appendices included with 
this report for detailed laboratory results. 

3.1 Summary of EDS, PLM, and SEM Results 

Sample NBVC02-2.35-T (Sample taken from Vibracore NB-VC-02 at 2.35 feet).The sample at 2.35 feet 
contained 95% mineral grains, 3% biological material, and 2% opaque material. The sample was 
dominated by quartz grains, and contained aluminum-silicates. The biological material included marine 
bivalve fragments and diatoms. 
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Sample NBVC02-2.85-M (Sample taken from Vibracore NB-VC-02 at 2.85 feet). The sample at 2.85 
feet contained 96% mineral grains, 2% biological material, and 2% opaque material. The sample was 
dominated by quartz grains, and contained aluminum-silicates. The laboratory indicated that this sample 
was a darker red-brown color than the previous sample. When the grains were crushed and examined, the 
source darker color was identified as a thin surface coating on the quartz grains. The biological material 
included marine bivalve fragments and diatoms. 

Sample NBVC02-3.35-B (Sample taken from Vibracore NB-VC-02 at 3.35 feet). The sample at 3.35 feet 
contained 97% mineral grains, 1% biological material, 2% opaque material, and trace amounts of soot 
(wood ash-charcoal). The sample was dominated by quartz grains, and contained aluminum-silicates. The 
laboratory indicated that this sample was a dark red-brown color. When the grains were crushed and 
examined, the source darker color was identified as a thin surface coating on the quartz grains. The 
biological material included marine bivalve fragments and diatoms. 

TestAmerica Laboratory Summary. TestAmerica indicated that the samples exhibited similar 
compositions, with quartz and aluminum silicate representing the dominant components of the samples. 
The dark color was a result of thin surface coatings, though the coatings were not oxidized iron. The iron 
content in the samples did not increase with depth. 

3.2 Summary of Grain Size, Percent solids, VOC, and SOC 

Grain Size and Percent Solids. The grain size analysis of samples from Vibracore NB-VC-02 is 
presented in Table 1, below. 

Table 1.1 Grain Size Analysis of Samples from Vibracore NB-VC-02 

Sample Number 
% 

Moisture 
% 

Solids 
% 

Gravel 
% 

Sand 

% 
Coarse 
Sand 

% Med 
Sand 

% 
Fine 
Sand 

% 
Silt 

% 
Clay 

NB-VC-02 3.35B 13 87 2.7 89.6 2.0 31.1 56.5 5.0 2.7 
NB-VC-02 2.85M 13 87 2.6 92.5 3.5 32.5 56.5 2.4 2.5 
NB-VC-02 2.35T 15 85 0.5 91.8 1.8 23.4 66.6 4.6 3.2 

Volatile Organic Compounds (VOC). TestAmerica Laboratories analyzed each of the three samples for 
35 individual compounds, and used three surrogate compounds as a control. The three samples were 
found to contain none of the 35 compounds. 

Semi-volatile Organic Compounds (SOC). TestAmerica Laboratories analyzed each of the three samples 
for 64 semi-volatile organic compounds, and used six surrogate compounds as a control. Only one 
sample, NB-VC-02 3.35B, contained the hydrocarbon Pyrene, and no other SOCs. The remaining two 
samples contained no SOCs. 
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4.0 DISCUSSION 

4.1 Surface Coatings on Quartz Grains 

TestAmerica identified surface coatings on quartz grains in the samples from vibracore NB-VC-02, and 
concluded that the thin surface coatings were not the result of iron oxidization. Furthermore, they 
determined that the iron content of the samples did not increase with depth. Surface coatings on sediment 
grains can occur in aluminum and silica enriched sediments, and are potentially enhanced by 
biological/microbial activity. It seems that the quartz grains in the samples from vibracore NB-VC-02 
exhibit coatings that are consistent with those identified by Penn et al. (2001) in a study of oxide coatings 
from the Atlantic coastal plain. Their study evaluated grain coatings initially identified as originating 
from iron oxides and discovered that the dark reddish-brown color can be achieved through the presence 
of non-ferrous materials, and may be enhanced by microbial activity. 

The paucity of iron in the samples is intriguing, since the sediment appeared to have been oxidized under 
initial visual observation. The major issue raised with vibracore NB-VC-02 was that the presence of a 
“dusky red” sediment could indicate the presence of red ochre which could, in turn, be suggestive of the 
presence of a Native American burial. In burials with red ochre, the red (and sometimes yellow) color 
results from the presence of ochre which is comprised of various iron oxides. The ochre is often used to 
coat the interred remains or incorporated into the cremated remains. Iron oxides may react to heat during 
cremations, as high temperatures are required to break down a skeleton. During this process iron oxides 
may become magnetically enhanced and subsequently more oxidized. The low iron content, and no 
evidence for changes in iron content with depth, is not consistent with expected iron concentrations in 
burials where red ochre was used. 

4.2 Comparison with vibracore NB-VC-04 

In natural soil formation processes, illuvial transport of iron oxides from the upper to the lower soil 
horizons is the process that enriches subsoil in iron and produces the characteristic strong brown color of 
the B horizon. Illuvial iron content decreases with depth, resulting in paler soil colors down the soil 
profile. However, constant submergence of a soil profile, through sea-level rise for example, results in a 
geochemical reduction of the iron oxides through time. The iron oxides in a strong-brown B horizon 
become continually more reduced, and the color of the sediment becomes steadily lighter. This 
geochemical reduction can be observed in the B horizon of the submerged, buried paleosol from vibracore 
NB-VC-04. The paleosol formed when local relative sea-level was approximately 11 feet lower than 
present, while the dark reddish-brown sediment was identified approximately 13 feet below present sea-
level. Additionally, the paleosol in vibracore NB-VC-04 did not exhibit the degree of staining that was 
observed in vibracore NB-VC-02. If the dark reddish-brown sediment in vibracore NB-VC-02 had been 
formed in a terrestrial environment, and was subsequently submerged as a result of Holocene sea-level 
transgression, not only would a similar level of geochemical reduction likely have occurred, but the 
surface coatings on the sediment grains should not have formed.  
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4.3 Stratigraphy of Vibracore NB-VC-02 

The stratigraphy of vibracore NB-VC-02 comprises approximately 1.8 feet of gleyed marine sediment 
capping 1.45 feet of dark reddish-brown sediment. The dark reddish-brown sediment is composed 
primarily of quartz grains (medium to fine sand) with thin surface coatings that are not a result of iron 
oxidization. The upper section of the dark reddish-brown sediment is interspersed with lenses of gleyed 
marine sediment, indicating marine sediment deposition. The presence of grain coatings above and below 
these marine sediment layers implies that the sediment formed in direct contact with marine depositional 
settings. 

4.4 Biological Contents 

The sediment samples removed from vibracore NB-VC-02 all contained diatoms and fragments of marine 
bivalves. The presence of these organisms in all three sediment samples, ranging in depth from 2.35 to 
3.35 feet below the top of the core, implies that the sediment formed in direct contact with marine 
depositional settings.  

4.4 Other Sample Contents 

Trace amounts of soots (wood ash-charcoal) were identified in the deepest sample taken from vibracore 
NB-VC-02. The presence of micro-charcoal is common in the majority of sedimentary environments, and 
is especially common in marine depositional environments where a large amount of terrestrial sediments 
are eroded into and reworked. These micro-charcoal fragments could have originated from anywhere, and 
are most likely not in situ. 

5.0 CONCLUSIONS 

The results of the additional analyses of vibracore NB-VC-02 revealed that the samples contained mostly 
fine to medium quartz sand, with the presence of opaques and fragments of marine biological organisms. 
The quartz grains exhibited a thin surface coating that is not a result of encrustation by iron oxides. The 
surface coatings are most likely aluminum silicate coatings enhanced by biological/microbial activity in 
the presence of chemical compounds and organic solids, likely from localized sewage runoff and other 
contaminants. The low iron content in the sediment, and no associated changes in iron content with depth, 
provides additional evidence for the non-terrestrial origins of the sediment. Comparison with the paleosol 
identified in vibracore NB-VC-04 reveals further evidence for non-terrestrial deposition. 

The ostensible stratigraphy of the lower half of the core indicates that the later stages of sediment 
deposition were interrupted by deposition of lenses of gleyed marine sediments. The biological materials, 
including marine bivalve fragments and diatoms, indicate that analyzed dark reddish brown sediment in 
the bottom half of the core has been in contact with submarine environments during its formation. The 
paucity of iron in the analyzed sediments is not consistent with red ochre burials that are characterized by 
the inclusion of various iron oxides into the interred skeletal or cremated remains. Finally, while chemical 
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tests revealed few volatile and semi-volatile compounds, the location of vibracore NB-VC-02 directly 
offshore of the historic mill complex may link the sediment’s formation to local, historical industrial 
activities. 

It is JMA’s opinion that, in the light of initial core analyses and additional analyses conducted by 
TestAmerica Laboratories, vibracore NB-VC-02 does not contain evidence of formerly subaerial 
conditions, buried upland landscapes, or human or animal interments or cremations.  
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Apex Companies, LLC 
184 High Street, Suite 502 
Boston, MA 02110 

Attention: 
STS Job#: 
Billing Ref: 

Mary Bruno 
2101 
Project# New Bedford, 6690 

Dear Mary: April 06, 2011 

Please find enclosed three (3) PLM digital photomicrographs, eleven (11) SEM digital 
photomicrographs and eleven (11) EDS spectra from the three (3) submitted samples for particulate 
analysis by Polarized Light Microscopy (PLM) and Scanning Electron Microscopy/Energy Dispersive X‐ray 
Spectrometry (SEM/EDX). 

METHODS: 

The samples were dried in a Blue M Model OV‐18SA drying oven at 90 degrees C for 2 hours in a 
3‐inch aluminum weighing dish to remove any moisture. Numerous grains (both crushed and intact) 
were removed and separated with tweezers under the examination of a Nikon stereomicroscope. A 
portion of the grains were mounted on double‐sided tape on a 1‐inch SEM stub. Another portion of the 
grains were ground into a fine powder with a mortar and pestle, then an aliquot was deposited in index 
of refraction liquid (n=1.605 Cargille Series E High Dispersion) on a glass slide. The samples were then 
examined by PLM at 125x to identify the particulates making up this sample and to obtain percentages 
by visual estimate of the particle types present. 

The SEM stub was coated with graphite from an Edwards Vacuum Evaporator to eliminate 
charging in nonconductive samples. The samples were examined in an Amray 3300 FESEM (field 
emission scanning electron microscope) with energy dispersive x‐ray spectroscopy (EDS) using a light 
element detector to determine the elemental composition of the particles. Digital photomicrographs 
were taken of the particles both by PLM and SEM/EDS in order to document the observations in this 
report. 

FINDINGS: NBVC02‐2.35‐T: 

Please refer to the PLM and SEM photomicrographs as well as the EDS spectra. The following is 
the PLM categorical visual estimates for this sample. 

95% Mineral grains (quartz, silicates, salts, k‐feldspar) 
3% Biologicals (marine shells, diatoms) 
2% Opaques (non‐soot organic & inorganic) 

When examined under cross‐polars, the vast majority of the grains were birefringent and 

partially transparent. 

SEMTech Solutions‐6 Executive Park Dr., N. Billerica, MA 01862
 
Page 1 of 15
 



                 
       

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
   
                             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
   
 

A crushed region of the mineral grains exhibited oval, polyhedral and plate‐like grains by SEM. 
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The average composition of these grains demonstrated a strong concentration of silicon, 
moderate concentrations of carbon, oxygen, aluminum and calcium, and minor amounts of sodium, 
magnesium, sulfur, chlorine, potassium and iron. The majority of the carbon content was due to the 
background of the tape on the stub. The sodium and chlorine was due to salts covering the surface of 
the particles. 

Numerous individual particles were examined in each sample. Particle #1 was a portion of the 
surface of a marine or sea shell. 
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The EDS spectrum of the marine shell showed calcium carbonate as the composition. This 

sample contained more marine shells than the other two samples. 

The second particle type in this sample was the most predominant type, consisting of silicon and 
oxygen, known as quartz. 
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The third particle type consists of irregular shaped particles that were composed of strong 
concentrations of silicon, moderate concentrations of oxygen and aluminum, with minor amounts of 
magnesium and potassium. These elemental ratios match aluminum silicates. (The sodium and chlorine 
peaks were due to the presence of salts on the surface). 
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NBVC02‐2.85‐M: 

The following is the PLM categorical visual estimates for this sample. 

96% Mineral grains (quartz, silicates, salts, k‐feldspar) 
2% Biologicals (marine shells, diatoms) 
2% Opaques (non‐soot organic & inorganic) 

When examined under cross‐polars, the vast majority of the grains were birefringent and 
partially transparent. 
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The color of the grains from this sample were characteristically a darker red‐brown in color, but 
when the grains were crushed, the interior of the fragments were lighter in color, suggesting that the 
dark color was just a surface coating. 

The average composition of these grains were similar to the previous sample, demonstrating a 
strong concentration of silicon, moderate concentrations of oxygen and aluminum, and minor amounts 
of sodium, magnesium, sulfur, chlorine, potassium and iron. The majority of the carbon content was 
due to the background of the tape on the stub. The sodium and chlorine was due to salts covering the 
surface of the particles. 
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The most numerous grains (particle type #1) were quartz grains, as shown by the silicon and 
oxygen peaks, as well as the conchoidal fractures on the surface of the grains. 
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Particle type #2 was another aluminum silicate with an elevated potassium peak, characteristic 
of k‐feldspars. The sodium and chlorine peaks were due to salts. 
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NBVC02‐3.35‐B: 

The following is the PLM categorical visual estimates for this sample. 

97% Mineral grains (quartz, silicates, salts, k‐feldspar) 
2% Opaques (non‐soot organic & inorganic) 
1% Biologicals (marine shells, diatoms) 
Trace Soots (wood ash‐charcoal) 

When examined under cross‐polars, the vast majority of the grains were birefringent and partially 
transparent. The transparent rectangular fibers were salt crystals. 

The color of the grains from this sample were also a characteristically a darker red‐brown color, 
but when the grains were crushed, the interior of the fragments were lighter in color. 
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The average composition of these grains were similar to the previous samples, demonstrating a 
strong concentration of silicon, moderate concentrations of oxygen and aluminum, and minor amounts 
of sodium, magnesium, sulfur, chlorine, potassium, calcium and iron. The majority of the carbon 
content was due to the background of the tape on the stub. The sodium and chlorine was due to salts 
covering the surface of the particles. 
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Particle #1 was soft and black in color, and by SEM, the surface of these fibrous particles showed 
vessels and circular indents or chambers, indicating the cellular structure of the wood. The chemistry 
was composed of a strong carbon concentration, moderate oxygen, aluminum and silicon, with minor 
peaks of sodium, magnesium, sulfur, chlorine, potassium, calcium and iron. These characteristics 
suggest wood ash, possibly from charcoal fragments. 
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As in the previous two samples, aluminum silicates were also present. Some of the grains were 
also covered with numerous salt (sodium and chlorine) crystals. 
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As in the previous two samples, quartz (particle #3) was by far the predominant type of mineral 
grain present. Note the conchoidal fractures on the surface. 
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DISCUSSION:   

  All three samples were very similar in composition, composed predominantly of mineral grains, 
especially quartz and a few aluminum silicates.  Salts were also ubiquitous, likely due to the presence of 
salts due to the nearby ocean. 
   Samples NBVC02‐2.85‐M and ‐3.35‐B were significantly darker in color than sample NBVC02‐
2.35‐T, but the compositions for all three were very similar.  Also, when the mineral grains were crushed 
or fragmented, the interiors were lighter in color, which suggests the darker red‐brown color was a 
surface coating.  One may have postulated that the dark color was due to an element like iron, but there 
was no increase in iron content between the three samples, whether the mineral grains were crushed or 
left intact.  The geochemistry of the groundwater may be causing the darker color, or if the surface 
coating is less than 50‐100 nanometers and below 0.5% by weight, it would be below the detection limit 
of this EDS technique.  
   
 
  Should you have further questions, or need additional information, please contact me at any 
time. 
 
Sincerely, 

 
 
Ernest T. Dobi, PhD. 
Analytical Services Manager 
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CASE NARRATIVE

Client: Apex Companies LLC

Project: 6690

Report Number: 360-33011-1

With the exceptions noted as flags or footnotes, standard analytical protocols were followed in the analysis of the samples and no 

problems were encountered or anomalies observed.  In addition all laboratory quality control samples were within established control 

limits, with any exceptions noted below.  Each sample was analyzed to achieve the lowest possible reporting limit within the constraints of 

the method.  In some cases, due to interference or analytes present at high concentrations, samples were diluted.  For diluted samples, 

the reporting limits are adjusted relative to the dilution required.

Calculations are performed before rounding to avoid round-off errors in calculated results.

All holding times were met and proper preservation noted for the methods performed on these samples, unless otherwise detailed in the 

individual sections below.

RECEIPT

The samples were received on 04/01/2011; the samples arrived in good condition, properly preserved and on ice.  The temperature of the 

coolers at receipt was 2.8 C.

VOLATILE ORGANIC COMPOUNDS (GC-MS)

Samples NB-VC-02 3.35B (360-33011-1), NB-VC-02 2.85M (360-33011-2) and NB-VC-02 2.35T (360-33011-3) were analyzed for volatile 

organic compounds (GC-MS) in accordance with EPA SW-846 Method 8260B. The samples were prepared and analyzed on 04/06/2011. 

All samples were received at the laboratory outside of the method holding time.

2-Butanone (MEK), 2-Hexanone and Acetone failed the recovery criteria low for LCS 360-71607/1-A.  Acetone failed the recovery criteria 

low for LCSD 360-71607/2-A.  Refer to the QC report for details.

No other difficulties were encountered during the VOC analyses.

All other quality control parameters were within the acceptance limits.

SEMIVOLATILE ORGANIC COMPOUNDS (GC-MS)

Samples NB-VC-02 3.35B (360-33011-1), NB-VC-02 2.85M (360-33011-2) and NB-VC-02 2.35T (360-33011-3) were analyzed for 

semivolatile organic compounds (GC-MS) in accordance with SW846 8270C. The samples were prepared on 04/05/2011 and analyzed 

on 04/08/2011. 

All samples were received at the laboratory outside of the method holding time.

No difficulties were encountered during the semivolatile organic compounds (GC-MS) analyses.

All quality control parameters were within the acceptance limits.

GRAIN SIZE

Samples NB-VC-02 3.35B (360-33011-1), NB-VC-02 2.85M (360-33011-2) and NB-VC-02 2.35T (360-33011-3) were analyzed for grain 

size in accordance with D422. The samples were analyzed on 04/04/2011. 

This analysis was performed at TestAmerica Burlington, 30 Community Drive, Suite 11, South Burlington, VT 05403.

No difficulties were encountered during the grain size analyses.

All quality control parameters were within the acceptance limits.

PERCENT SOLIDS

Samples NB-VC-02 3.35B (360-33011-1), NB-VC-02 2.85M (360-33011-2) and NB-VC-02 2.35T (360-33011-3) were analyzed for percent 

solids in accordance with EPA Moisture. The samples were analyzed on 04/05/2011. 

No difficulties were encountered during the % solids analyses.

All quality control parameters were within the acceptance limits.
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EXECUTIVE SUMMARY - Detections

Client:   Apex Companies LLC Job Number:   360-33011-1

Analyte Result / Qualifier

Reporting 

Limit Units  Method

Lab Sample ID      Client Sample ID

360-33011-1 NB-VC-02 3.35B

190 ug/Kg 8270C220 HPyrene

1.0 % Moisture13Percent Moisture

1.0 % Moisture87Percent Solids

% Passing D422100.0Sieve Size 3 inch - Percent Finer

% D4222.7Gravel

% Passing D422100.0Sieve Size 2 inch - Percent Finer

% D42289.6Sand

% Passing D422100.0Sieve Size 1.5 inch - Percent Finer

% D4222.0Coarse Sand

% Passing D422100.0Sieve Size 1 inch - Percent Finer

% D42231.1Medium Sand

% Passing D422100.0Sieve Size 0.75 inch - Percent Finer

% D42256.5Fine Sand

% Passing D42299.8Sieve Size 0.375 inch - Percent Finer

% D4225.0Silt

% Passing D42297.3Sieve Size #4 - Percent Finer

% D4222.7Clay

% Passing D42295.3Sieve Size #10 - Percent Finer

% Passing D42289.3Sieve Size #20 - Percent Finer

% Passing D42264.2Sieve Size #40 - Percent Finer

% Passing D42229.7Sieve Size #60 - Percent Finer

% Passing D42215.6Sieve Size #80 - Percent Finer

% Passing D42211.8Sieve Size #100 - Percent Finer

% Passing D4227.7Sieve Size #200 - Percent Finer

% Passing D4225.3Hydrometer Reading 1 - Percent Finer

% Passing D4224.4Hydrometer Reading 2 - Percent Finer

% Passing D4222.7Hydrometer Reading 3 - Percent Finer

% Passing D4222.7Hydrometer Reading 4 - Percent Finer

% Passing D4222.7Hydrometer Reading 5 - Percent Finer

% Passing D4221Hydrometer Reading 6 - Percent Finer

% Passing D4220.1Hydrometer Reading 7 - Percent Finer

TestAmerica Westfield
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EXECUTIVE SUMMARY - Detections

Client:   Apex Companies LLC Job Number:   360-33011-1

Analyte Result / Qualifier

Reporting 

Limit Units  Method

Lab Sample ID      Client Sample ID

360-33011-2 NB-VC-02 2.85M

1.0 % Moisture13Percent Moisture

1.0 % Moisture87Percent Solids

% Passing D422100.0Sieve Size 3 inch - Percent Finer

% D4222.6Gravel

% Passing D422100.0Sieve Size 2 inch - Percent Finer

% D42292.5Sand

% Passing D422100.0Sieve Size 1.5 inch - Percent Finer

% D4223.5Coarse Sand

% Passing D422100.0Sieve Size 1 inch - Percent Finer

% D42232.5Medium Sand

% Passing D422100.0Sieve Size 0.75 inch - Percent Finer

% D42256.5Fine Sand

% Passing D422100.0Sieve Size 0.375 inch - Percent Finer

% D4222.4Silt

% Passing D42297.4Sieve Size #4 - Percent Finer

% D4222.5Clay

% Passing D42293.9Sieve Size #10 - Percent Finer

% Passing D42286.4Sieve Size #20 - Percent Finer

% Passing D42261.4Sieve Size #40 - Percent Finer

% Passing D42226.8Sieve Size #60 - Percent Finer

% Passing D42211.7Sieve Size #80 - Percent Finer

% Passing D4227.8Sieve Size #100 - Percent Finer

% Passing D4224.9Sieve Size #200 - Percent Finer

% Passing D4223.2Hydrometer Reading 1 - Percent Finer

% Passing D4222.5Hydrometer Reading 2 - Percent Finer

% Passing D4222.5Hydrometer Reading 3 - Percent Finer

% Passing D4222.5Hydrometer Reading 4 - Percent Finer

% Passing D4222.5Hydrometer Reading 5 - Percent Finer

% Passing D4220.9Hydrometer Reading 6 - Percent Finer

% Passing D4220.9Hydrometer Reading 7 - Percent Finer

TestAmerica Westfield
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EXECUTIVE SUMMARY - Detections

Client:   Apex Companies LLC Job Number:   360-33011-1

Analyte Result / Qualifier

Reporting 

Limit Units  Method

Lab Sample ID      Client Sample ID

360-33011-3 NB-VC-02 2.35T

1.0 % Moisture15Percent Moisture

1.0 % Moisture85Percent Solids

% Passing D422100.0Sieve Size 3 inch - Percent Finer

% D4220.5Gravel

% Passing D422100.0Sieve Size 2 inch - Percent Finer

% D42291.8Sand

% Passing D422100.0Sieve Size 1.5 inch - Percent Finer

% D4221.8Coarse Sand

% Passing D422100.0Sieve Size 1 inch - Percent Finer

% D42223.4Medium Sand

% Passing D422100.0Sieve Size 0.75 inch - Percent Finer

% D42266.6Fine Sand

% Passing D422100.0Sieve Size 0.375 inch - Percent Finer

% D4224.6Silt

% Passing D42299.5Sieve Size #4 - Percent Finer

% D4223.2Clay

% Passing D42297.7Sieve Size #10 - Percent Finer

% Passing D42294.0Sieve Size #20 - Percent Finer

% Passing D42274.3Sieve Size #40 - Percent Finer

% Passing D42238.3Sieve Size #60 - Percent Finer

% Passing D42218.3Sieve Size #80 - Percent Finer

% Passing D42213.7Sieve Size #100 - Percent Finer

% Passing D4227.7Sieve Size #200 - Percent Finer

% Passing D4227.2Hydrometer Reading 1 - Percent Finer

% Passing D4225.2Hydrometer Reading 2 - Percent Finer

% Passing D4224.2Hydrometer Reading 3 - Percent Finer

% Passing D4223.2Hydrometer Reading 4 - Percent Finer

% Passing D4223.2Hydrometer Reading 5 - Percent Finer

% Passing D4221.2Hydrometer Reading 6 - Percent Finer

% Passing D4221.2Hydrometer Reading 7 - Percent Finer

TestAmerica Westfield
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METHOD SUMMARY

Client: Apex Companies LLC Job Number: 360-33011-1

Preparation MethodMethodLab LocationDescription

Matrix: Solid

Volatile Organic Compounds (GC/MS) TAL WFD SW846 8260B

Closed System Purge and Trap TAL WFD SW846 5035

Semivolatile Organic Compounds (GC/MS) TAL WFD SW846 8270C

Microwave Extraction TAL WFD SW846 3546

Percent Moisture TAL WFD EPA Moisture

Grain Size TAL BUR ASTM D422

Lab References:

TAL BUR = TestAmerica Burlington

TAL WFD = TestAmerica Westfield

Method References:

ASTM = ASTM International

EPA = US Environmental Protection Agency

SW846 = "Test Methods For Evaluating Solid Waste, Physical/Chemical Methods", Third Edition, November 1986 And Its Updates.
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METHOD / ANALYST  SUMMARY

Client:   Apex Companies LLC Job Number:   360-33011-1

Method Analyst Analyst ID

Sadowski, Scott SSSW846   8260B

Rouleau, Catherine M CMRSW846   8270C

Nasiatka, Ellen M EMNEPA   Moisture

Peterson, Mark A MAPASTM   D422

TestAmerica Westfield
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SAMPLE SUMMARY

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample IDLab Sample ID Client Matrix Sampled Received

Date/Time Date/Time

360-33011-1 NB-VC-02 3.35B Solid 10/01/2010  1515 04/01/2011  0950

360-33011-2 NB-VC-02 2.85M Solid 10/01/2010  1515 04/01/2011  0950

360-33011-3 NB-VC-02 2.35T Solid 10/01/2010  1515 04/01/2011  0950

TestAmerica Westfield Page 9 of 59
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 3.35B

Client Matrix: % Moisture: 12.6

360-33011-1

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8260B Volatile Organic Compounds (GC/MS)

Dilution:

04/06/2011  0928

04/06/2011  1909

1.0

8260B

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

V51704.D

5.47   g

5   g

5035

HP #1 GC/MS

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71611

360-71607

Analysis Method:

Prep Method:

Analyte DryWt Corrected: Y Result (ug/Kg) Qualifier RL

ND H 5.2Chloromethane

ND H 2.6Vinyl chloride

ND H 5.2Bromomethane

ND H 5.2Chloroethane

ND H 2.6Carbon disulfide

ND H * 260Acetone

ND H 10Methylene Chloride

ND H 2.61,1-Dichloroethane

ND H 2.6Chloroform

ND H 2.6Benzene

ND H 2.6Toluene

ND H 2.6Tetrachloroethene

ND H * 262-Hexanone

ND H 2.6Chlorodibromomethane

ND H 2.6Chlorobenzene

ND H 2.6Ethylbenzene

ND H 2.6Styrene

ND H 2.6Bromoform

ND H 2.61,1,2,2-Tetrachloroethane

ND H 2.61,1-Dichloroethene

ND H * 262-Butanone (MEK)

ND H 2.61,2-Dichloroethane

ND H 2.61,2-Dichloropropane

ND H 2.61,1,2-Trichloroethane

ND H 2.61,1,1-Trichloroethane

ND H 2.6Carbon tetrachloride

ND H 2.6Dichlorobromomethane

ND H 2.6cis-1,3-Dichloropropene

ND H 2.6Trichloroethene

ND H 264-Methyl-2-pentanone (MIBK)

ND H 2.6trans-1,3-Dichloropropene

ND H 2.6trans-1,2-Dichloroethene

ND H 2.6cis-1,2-Dichloroethene

ND H 5.2m-Xylene & p-Xylene

ND H 2.6o-Xylene

Surrogate %Rec Acceptance LimitsQualifier

98 70 - 130Dibromofluoromethane

93 70 - 130Toluene-d8 (Surr)

96 70 - 1304-Bromofluorobenzene
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 3.35B

Client Matrix: % Moisture: 12.6

360-33011-1

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8260B Volatile Organic Compounds (GC/MS)

Dilution:

04/06/2011  0928

04/06/2011  1909

1.0

8260B

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

V51704.D

5.47   g

5   g

5035

HP #1 GC/MS

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71611

360-71607

Analysis Method:

Prep Method:

Tentatively Identified Compounds

QualifierEst. Result (ug/Kg)RTAnalyteCas Number

 0Number TIC's Found:

None HTentatively Identified Compound
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.85M

Client Matrix: % Moisture: 13.3

360-33011-2

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8260B Volatile Organic Compounds (GC/MS)

Dilution:

04/06/2011  0928

04/06/2011  1934

1.0

8260B

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

V51705.D

5.69   g

5   g

5035

HP #1 GC/MS

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71611

360-71607

Analysis Method:

Prep Method:

Analyte DryWt Corrected: Y Result (ug/Kg) Qualifier RL

ND H 5.1Chloromethane

ND H 2.5Vinyl chloride

ND H 5.1Bromomethane

ND H 5.1Chloroethane

ND H 2.5Carbon disulfide

ND H * 250Acetone

ND H 10Methylene Chloride

ND H 2.51,1-Dichloroethane

ND H 2.5Chloroform

ND H 2.5Benzene

ND H 2.5Toluene

ND H 2.5Tetrachloroethene

ND H * 252-Hexanone

ND H 2.5Chlorodibromomethane

ND H 2.5Chlorobenzene

ND H 2.5Ethylbenzene

ND H 2.5Styrene

ND H 2.5Bromoform

ND H 2.51,1,2,2-Tetrachloroethane

ND H 2.51,1-Dichloroethene

ND H * 252-Butanone (MEK)

ND H 2.51,2-Dichloroethane

ND H 2.51,2-Dichloropropane

ND H 2.51,1,2-Trichloroethane

ND H 2.51,1,1-Trichloroethane

ND H 2.5Carbon tetrachloride

ND H 2.5Dichlorobromomethane

ND H 2.5cis-1,3-Dichloropropene

ND H 2.5Trichloroethene

ND H 254-Methyl-2-pentanone (MIBK)

ND H 2.5trans-1,3-Dichloropropene

ND H 2.5trans-1,2-Dichloroethene

ND H 2.5cis-1,2-Dichloroethene

ND H 5.1m-Xylene & p-Xylene

ND H 2.5o-Xylene

Surrogate %Rec Acceptance LimitsQualifier

97 70 - 130Dibromofluoromethane

95 70 - 130Toluene-d8 (Surr)

95 70 - 1304-Bromofluorobenzene
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.85M

Client Matrix: % Moisture: 13.3

360-33011-2

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8260B Volatile Organic Compounds (GC/MS)

Dilution:

04/06/2011  0928

04/06/2011  1934

1.0

8260B

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

V51705.D

5.69   g

5   g

5035

HP #1 GC/MS

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71611

360-71607

Analysis Method:

Prep Method:

Tentatively Identified Compounds

QualifierEst. Result (ug/Kg)RTAnalyteCas Number

 0Number TIC's Found:

None HTentatively Identified Compound
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.35T

Client Matrix: % Moisture: 14.8

360-33011-3

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8260B Volatile Organic Compounds (GC/MS)

Dilution:

04/06/2011  0928

04/06/2011  1957

1.0

8260B

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

V51706.D

6.20   g

5   g

5035

HP #1 GC/MS

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71611

360-71607

Analysis Method:

Prep Method:

Analyte DryWt Corrected: Y Result (ug/Kg) Qualifier RL

ND H 4.7Chloromethane

ND H 2.4Vinyl chloride

ND H 4.7Bromomethane

ND H 4.7Chloroethane

ND H 2.4Carbon disulfide

ND H * 240Acetone

ND H 9.5Methylene Chloride

ND H 2.41,1-Dichloroethane

ND H 2.4Chloroform

ND H 2.4Benzene

ND H 2.4Toluene

ND H 2.4Tetrachloroethene

ND H * 242-Hexanone

ND H 2.4Chlorodibromomethane

ND H 2.4Chlorobenzene

ND H 2.4Ethylbenzene

ND H 2.4Styrene

ND H 2.4Bromoform

ND H 2.41,1,2,2-Tetrachloroethane

ND H 2.41,1-Dichloroethene

ND H * 242-Butanone (MEK)

ND H 2.41,2-Dichloroethane

ND H 2.41,2-Dichloropropane

ND H 2.41,1,2-Trichloroethane

ND H 2.41,1,1-Trichloroethane

ND H 2.4Carbon tetrachloride

ND H 2.4Dichlorobromomethane

ND H 2.4cis-1,3-Dichloropropene

ND H 2.4Trichloroethene

ND H 244-Methyl-2-pentanone (MIBK)

ND H 2.4trans-1,3-Dichloropropene

ND H 2.4trans-1,2-Dichloroethene

ND H 2.4cis-1,2-Dichloroethene

ND H 4.7m-Xylene & p-Xylene

ND H 2.4o-Xylene

Surrogate %Rec Acceptance LimitsQualifier

96 70 - 130Dibromofluoromethane

94 70 - 130Toluene-d8 (Surr)

93 70 - 1304-Bromofluorobenzene
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.35T

Client Matrix: % Moisture: 14.8

360-33011-3

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8260B Volatile Organic Compounds (GC/MS)

Dilution:

04/06/2011  0928

04/06/2011  1957

1.0

8260B

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

V51706.D

6.20   g

5   g

5035

HP #1 GC/MS

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71611

360-71607

Analysis Method:

Prep Method:

Tentatively Identified Compounds

QualifierEst. Result (ug/Kg)RTAnalyteCas Number

 0Number TIC's Found:

None HTentatively Identified Compound
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 3.35B

Client Matrix: % Moisture: 12.6

360-33011-1

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8270C Semivolatile Organic Compounds (GC/MS)

Dilution:

04/05/2011  1434

04/08/2011  1241

1.0

8270C

Injection Volume:

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

N13462.D

30.00   g

1.0   mL

1   uL

3546

Inst. N

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71674

360-71493

Analysis Method:

Prep Method:

Analyte DryWt Corrected: Y Result (ug/Kg) Qualifier RL

ND H 190Acenaphthene

ND H 190Acenaphthylene

ND H 190Anthracene

ND H 190Benzo[a]anthracene

ND H 190Benzo[a]pyrene

ND H 190Benzo[b]fluoranthene

ND H 190Benzo[g,h,i]perylene

ND H 200Benzo[k]fluoranthene

ND H 380Bis(2-chloroethyl)ether

ND H 380Bis(2-chloroethoxy)methane

ND H 380Bis(2-ethylhexyl) phthalate

ND H 3802,2'-oxybis[1-chloropropane]

ND H 3804-Bromophenyl phenyl ether

ND H 380Butyl benzyl phthalate

ND H 380Carbazole

ND H 7604-Chloroaniline

ND H 3802-Chloronaphthalene

ND H 3804-Chlorophenyl phenyl ether

ND H 190Chrysene

ND H 190Dibenz(a,h)anthracene

ND H 380Dibenzofuran

ND H 380Di-n-butyl phthalate

ND H 3801,2-Dichlorobenzene

ND H 3801,3-Dichlorobenzene

ND H 3801,4-Dichlorobenzene

ND H 7603,3'-Dichlorobenzidine

ND H 380Diethyl phthalate

ND H 380Dimethyl phthalate

ND H 3802,6-Dinitrotoluene

ND H 3802,4-Dinitrotoluene

ND H 380Di-n-octyl phthalate

ND H 190Fluoranthene

ND H 190Fluorene

ND H 380Hexachlorobenzene

ND H 380Hexachlorobutadiene

ND H 380Hexachlorocyclopentadiene

ND H 380Hexachloroethane

ND H 380Indeno[1,2,3-cd]pyrene

ND H 380Isophorone

ND H 190Naphthalene

ND H 1902-Methylnaphthalene

ND H 3802-Nitroaniline

ND H 3803-Nitroaniline

ND H 3804-Nitroaniline

ND H 380Nitrobenzene

ND H 380N-Nitrosodi-n-propylamine
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 3.35B

Client Matrix: % Moisture: 12.6

360-33011-1

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8270C Semivolatile Organic Compounds (GC/MS)

Dilution:

04/05/2011  1434

04/08/2011  1241

1.0

8270C

Injection Volume:

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

N13462.D

30.00   g

1.0   mL

1   uL

3546

Inst. N

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71674

360-71493

Analysis Method:

Prep Method:

Analyte DryWt Corrected: Y Result (ug/Kg) Qualifier RL

ND H 380N-Nitrosodiphenylamine

ND H 190Phenanthrene

220 H 190Pyrene

ND H 3801,2,4-Trichlorobenzene

ND H 7604-Chloro-3-methylphenol

ND H 3802-Chlorophenol

ND H 3802-Methylphenol

ND H 3802,4-Dichlorophenol

ND H 3802,4-Dimethylphenol

ND H 3802,4-Dinitrophenol

ND H 3804,6-Dinitro-2-methylphenol

ND H 3804-Nitrophenol

ND H 3802-Nitrophenol

ND H 3802,4,6-Trichlorophenol

ND H 3802,4,5-Trichlorophenol

ND H 380Phenol

ND H 380Pentachlorophenol

ND H 3803 & 4 Methylphenol

Surrogate %Rec Acceptance LimitsQualifier

82 30 - 1302,4,6-Tribromophenol

82 30 - 1302-Fluorobiphenyl

81 30 - 1302-Fluorophenol

81 30 - 130Nitrobenzene-d5

77 30 - 130Phenol-d5

87 30 - 130Terphenyl-d14
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 3.35B

Client Matrix: % Moisture: 12.6

360-33011-1

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8270C Semivolatile Organic Compounds (GC/MS)

Dilution:

04/05/2011  1434

04/08/2011  1241

1.0

8270C

Injection Volume:

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

N13462.D

30.00   g

1.0   mL

1   uL

3546

Inst. N

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71674

360-71493

Analysis Method:

Prep Method:

Tentatively Identified Compounds

QualifierEst. Result (ug/Kg)RTAnalyteCas Number

 4Number TIC's Found:

5.87 420 T H JUnknown

6.29 30000 T H JUnknown

7.13 310 T H JUnknown

99-98-9 11.77 200 T H J N1,4-Benzenediamine, N,N-dimethyl-
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.85M

Client Matrix: % Moisture: 13.3

360-33011-2

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8270C Semivolatile Organic Compounds (GC/MS)

Dilution:

04/05/2011  1434

04/08/2011  1316

1.0

8270C

Injection Volume:

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

N13463.D

30.00   g

1.0   mL

1   uL

3546

Inst. N

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71674

360-71493

Analysis Method:

Prep Method:

Analyte DryWt Corrected: Y Result (ug/Kg) Qualifier RL

ND H 190Acenaphthene

ND H 190Acenaphthylene

ND H 190Anthracene

ND H 190Benzo[a]anthracene

ND H 190Benzo[a]pyrene

ND H 190Benzo[b]fluoranthene

ND H 190Benzo[g,h,i]perylene

ND H 200Benzo[k]fluoranthene

ND H 380Bis(2-chloroethyl)ether

ND H 380Bis(2-chloroethoxy)methane

ND H 380Bis(2-ethylhexyl) phthalate

ND H 3802,2'-oxybis[1-chloropropane]

ND H 3804-Bromophenyl phenyl ether

ND H 380Butyl benzyl phthalate

ND H 380Carbazole

ND H 7704-Chloroaniline

ND H 3802-Chloronaphthalene

ND H 3804-Chlorophenyl phenyl ether

ND H 190Chrysene

ND H 190Dibenz(a,h)anthracene

ND H 380Dibenzofuran

ND H 380Di-n-butyl phthalate

ND H 3801,2-Dichlorobenzene

ND H 3801,3-Dichlorobenzene

ND H 3801,4-Dichlorobenzene

ND H 7703,3'-Dichlorobenzidine

ND H 380Diethyl phthalate

ND H 380Dimethyl phthalate

ND H 3802,6-Dinitrotoluene

ND H 3802,4-Dinitrotoluene

ND H 380Di-n-octyl phthalate

ND H 190Fluoranthene

ND H 190Fluorene

ND H 380Hexachlorobenzene

ND H 380Hexachlorobutadiene

ND H 380Hexachlorocyclopentadiene

ND H 380Hexachloroethane

ND H 380Indeno[1,2,3-cd]pyrene

ND H 380Isophorone

ND H 190Naphthalene

ND H 1902-Methylnaphthalene

ND H 3802-Nitroaniline

ND H 3803-Nitroaniline

ND H 3804-Nitroaniline

ND H 380Nitrobenzene

ND H 380N-Nitrosodi-n-propylamine
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.85M

Client Matrix: % Moisture: 13.3

360-33011-2

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8270C Semivolatile Organic Compounds (GC/MS)

Dilution:

04/05/2011  1434

04/08/2011  1316

1.0

8270C

Injection Volume:

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

N13463.D

30.00   g

1.0   mL

1   uL

3546

Inst. N

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71674

360-71493

Analysis Method:

Prep Method:

Analyte DryWt Corrected: Y Result (ug/Kg) Qualifier RL

ND H 380N-Nitrosodiphenylamine

ND H 190Phenanthrene

ND H 190Pyrene

ND H 3801,2,4-Trichlorobenzene

ND H 7704-Chloro-3-methylphenol

ND H 3802-Chlorophenol

ND H 3802-Methylphenol

ND H 3802,4-Dichlorophenol

ND H 3802,4-Dimethylphenol

ND H 3802,4-Dinitrophenol

ND H 3804,6-Dinitro-2-methylphenol

ND H 3804-Nitrophenol

ND H 3802-Nitrophenol

ND H 3802,4,6-Trichlorophenol

ND H 3802,4,5-Trichlorophenol

ND H 380Phenol

ND H 380Pentachlorophenol

ND H 3803 & 4 Methylphenol

Surrogate %Rec Acceptance LimitsQualifier

78 30 - 1302,4,6-Tribromophenol

74 30 - 1302-Fluorobiphenyl

73 30 - 1302-Fluorophenol

79 30 - 130Nitrobenzene-d5

71 30 - 130Phenol-d5

76 30 - 130Terphenyl-d14
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.85M

Client Matrix: % Moisture: 13.3

360-33011-2

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8270C Semivolatile Organic Compounds (GC/MS)

Dilution:

04/05/2011  1434

04/08/2011  1316

1.0

8270C

Injection Volume:

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

N13463.D

30.00   g

1.0   mL

1   uL

3546

Inst. N

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71674

360-71493

Analysis Method:

Prep Method:

Tentatively Identified Compounds

QualifierEst. Result (ug/Kg)RTAnalyteCas Number

 3Number TIC's Found:

5.86 360 T H JUnknown

6.28 28000 T H JUnknown

7.13 270 T H JUnknown
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.35T

Client Matrix: % Moisture: 14.8

360-33011-3

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8270C Semivolatile Organic Compounds (GC/MS)

Dilution:

04/05/2011  1434

04/08/2011  1351

1.0

8270C

Injection Volume:

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

N13464.D

30.00   g

1.0   mL

1   uL

3546

Inst. N

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71674

360-71493

Analysis Method:

Prep Method:

Analyte DryWt Corrected: Y Result (ug/Kg) Qualifier RL

ND H 200Acenaphthene

ND H 200Acenaphthylene

ND H 200Anthracene

ND H 200Benzo[a]anthracene

ND H 200Benzo[a]pyrene

ND H 200Benzo[b]fluoranthene

ND H 200Benzo[g,h,i]perylene

ND H 210Benzo[k]fluoranthene

ND H 390Bis(2-chloroethyl)ether

ND H 390Bis(2-chloroethoxy)methane

ND H 390Bis(2-ethylhexyl) phthalate

ND H 3902,2'-oxybis[1-chloropropane]

ND H 3904-Bromophenyl phenyl ether

ND H 390Butyl benzyl phthalate

ND H 390Carbazole

ND H 7804-Chloroaniline

ND H 3902-Chloronaphthalene

ND H 3904-Chlorophenyl phenyl ether

ND H 200Chrysene

ND H 200Dibenz(a,h)anthracene

ND H 390Dibenzofuran

ND H 390Di-n-butyl phthalate

ND H 3901,2-Dichlorobenzene

ND H 3901,3-Dichlorobenzene

ND H 3901,4-Dichlorobenzene

ND H 7803,3'-Dichlorobenzidine

ND H 390Diethyl phthalate

ND H 390Dimethyl phthalate

ND H 3902,6-Dinitrotoluene

ND H 3902,4-Dinitrotoluene

ND H 390Di-n-octyl phthalate

ND H 200Fluoranthene

ND H 200Fluorene

ND H 390Hexachlorobenzene

ND H 390Hexachlorobutadiene

ND H 390Hexachlorocyclopentadiene

ND H 390Hexachloroethane

ND H 390Indeno[1,2,3-cd]pyrene

ND H 390Isophorone

ND H 200Naphthalene

ND H 2002-Methylnaphthalene

ND H 3902-Nitroaniline

ND H 3903-Nitroaniline

ND H 3904-Nitroaniline

ND H 390Nitrobenzene

ND H 390N-Nitrosodi-n-propylamine
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.35T

Client Matrix: % Moisture: 14.8

360-33011-3

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8270C Semivolatile Organic Compounds (GC/MS)

Dilution:

04/05/2011  1434

04/08/2011  1351

1.0

8270C

Injection Volume:

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

N13464.D

30.00   g

1.0   mL

1   uL

3546

Inst. N

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71674

360-71493

Analysis Method:

Prep Method:

Analyte DryWt Corrected: Y Result (ug/Kg) Qualifier RL

ND H 390N-Nitrosodiphenylamine

ND H 200Phenanthrene

ND H 200Pyrene

ND H 3901,2,4-Trichlorobenzene

ND H 7804-Chloro-3-methylphenol

ND H 3902-Chlorophenol

ND H 3902-Methylphenol

ND H 3902,4-Dichlorophenol

ND H 3902,4-Dimethylphenol

ND H 3902,4-Dinitrophenol

ND H 3904,6-Dinitro-2-methylphenol

ND H 3904-Nitrophenol

ND H 3902-Nitrophenol

ND H 3902,4,6-Trichlorophenol

ND H 3902,4,5-Trichlorophenol

ND H 390Phenol

ND H 390Pentachlorophenol

ND H 3903 & 4 Methylphenol

Surrogate %Rec Acceptance LimitsQualifier

84 30 - 1302,4,6-Tribromophenol

82 30 - 1302-Fluorobiphenyl

81 30 - 1302-Fluorophenol

82 30 - 130Nitrobenzene-d5

78 30 - 130Phenol-d5

85 30 - 130Terphenyl-d14
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.35T

Client Matrix: % Moisture: 14.8

360-33011-3

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

8270C Semivolatile Organic Compounds (GC/MS)

Dilution:

04/05/2011  1434

04/08/2011  1351

1.0

8270C

Injection Volume:

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

N13464.D

30.00   g

1.0   mL

1   uL

3546

Inst. N

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

360-71674

360-71493

Analysis Method:

Prep Method:

Tentatively Identified Compounds

QualifierEst. Result (ug/Kg)RTAnalyteCas Number

 4Number TIC's Found:

5.87 440 T H JUnknown

6.29 31000 T H JUnknown

7.13 330 T H JUnknown

1599-67-3 19.32 190 T H J N1-Docosene
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

General Chemistry

Client Sample ID:

Lab Sample ID:

NB-VC-02 3.35B

Client Matrix:

360-33011-1

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

Analyte Result Qual Units RL Dil Method

Percent Moisture 13 % 1.0 1.0 Moisture

DryWt Corrected: NAnalysis Date: 04/05/2011 1506Analysis Batch: 360-71497

Percent Solids 87 % 1.0 1.0 Moisture

DryWt Corrected: NAnalysis Date: 04/05/2011 1506Analysis Batch: 360-71497
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

General Chemistry

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.85M

Client Matrix:

360-33011-2

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

Analyte Result Qual Units RL Dil Method

Percent Moisture 13 % 1.0 1.0 Moisture

DryWt Corrected: NAnalysis Date: 04/05/2011 1506Analysis Batch: 360-71497

Percent Solids 87 % 1.0 1.0 Moisture

DryWt Corrected: NAnalysis Date: 04/05/2011 1506Analysis Batch: 360-71497
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

General Chemistry

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.35T

Client Matrix:

360-33011-3

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

Analyte Result Qual Units RL Dil Method

Percent Moisture 15 % 1.0 1.0 Moisture

DryWt Corrected: NAnalysis Date: 04/05/2011 1506Analysis Batch: 360-71497

Percent Solids 85 % 1.0 1.0 Moisture

DryWt Corrected: NAnalysis Date: 04/05/2011 1506Analysis Batch: 360-71497
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 3.35B

Client Matrix:

360-33011-1

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

D422 Grain Size

Dilution:

04/04/2011  2016

1.0

D422

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

360-33011-D-1.txt

109.16   g

N/A

D422_import

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

200-16136

N/A

N/A

Analysis Method:

Analyte DryWt Corrected: N Result (% Passing) Qualifier NONE

100.0Sieve Size 3 inch - Percent Finer

100.0Sieve Size 2 inch - Percent Finer

100.0Sieve Size 1.5 inch - Percent Finer

100.0Sieve Size 1 inch - Percent Finer

100.0Sieve Size 0.75 inch - Percent Finer

99.8Sieve Size 0.375 inch - Percent Finer

97.3Sieve Size #4 - Percent Finer

95.3Sieve Size #10 - Percent Finer

89.3Sieve Size #20 - Percent Finer

64.2Sieve Size #40 - Percent Finer

29.7Sieve Size #60 - Percent Finer

15.6Sieve Size #80 - Percent Finer

11.8Sieve Size #100 - Percent Finer

7.7Sieve Size #200 - Percent Finer

5.3Hydrometer Reading 1 - Percent Finer

4.4Hydrometer Reading 2 - Percent Finer

2.7Hydrometer Reading 3 - Percent Finer

2.7Hydrometer Reading 4 - Percent Finer

2.7Hydrometer Reading 5 - Percent Finer

1Hydrometer Reading 6 - Percent Finer

0.1Hydrometer Reading 7 - Percent Finer
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 3.35B

Client Matrix:

360-33011-1

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

D422 Grain Size

Dilution:

04/04/2011  2016

1.0

D422

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

360-33011-D-1.txt

109.16   g

N/A

D422_import

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

200-16136

N/A

N/A

Analysis Method:

Analyte DryWt Corrected: N Result (%) Qualifier NONE

2.7Gravel

89.6Sand

2.0Coarse Sand

31.1Medium Sand

56.5Fine Sand

5.0Silt

2.7Clay
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.85M

Client Matrix:

360-33011-2

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

D422 Grain Size

Dilution:

04/04/2011  2018

1.0

D422

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

360-33011-D-2.txt

117.71   g

N/A

D422_import

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

200-16136

N/A

N/A

Analysis Method:

Analyte DryWt Corrected: N Result (% Passing) Qualifier NONE

100.0Sieve Size 3 inch - Percent Finer

100.0Sieve Size 2 inch - Percent Finer

100.0Sieve Size 1.5 inch - Percent Finer

100.0Sieve Size 1 inch - Percent Finer

100.0Sieve Size 0.75 inch - Percent Finer

100.0Sieve Size 0.375 inch - Percent Finer

97.4Sieve Size #4 - Percent Finer

93.9Sieve Size #10 - Percent Finer

86.4Sieve Size #20 - Percent Finer

61.4Sieve Size #40 - Percent Finer

26.8Sieve Size #60 - Percent Finer

11.7Sieve Size #80 - Percent Finer

7.8Sieve Size #100 - Percent Finer

4.9Sieve Size #200 - Percent Finer

3.2Hydrometer Reading 1 - Percent Finer

2.5Hydrometer Reading 2 - Percent Finer

2.5Hydrometer Reading 3 - Percent Finer

2.5Hydrometer Reading 4 - Percent Finer

2.5Hydrometer Reading 5 - Percent Finer

0.9Hydrometer Reading 6 - Percent Finer

0.9Hydrometer Reading 7 - Percent Finer
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.85M

Client Matrix:

360-33011-2

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

D422 Grain Size

Dilution:

04/04/2011  2018

1.0

D422

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

360-33011-D-2.txt

117.71   g

N/A

D422_import

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

200-16136

N/A

N/A

Analysis Method:

Analyte DryWt Corrected: N Result (%) Qualifier NONE

2.6Gravel

92.5Sand

3.5Coarse Sand

32.5Medium Sand

56.5Fine Sand

2.4Silt

2.5Clay

TestAmerica Westfield Page 32 of 59



Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.35T

Client Matrix:

360-33011-3

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

D422 Grain Size

Dilution:

04/04/2011  2019

1.0

D422

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

360-33011-D-3.txt

97.98   g

N/A

D422_import

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

200-16136

N/A

N/A

Analysis Method:

Analyte DryWt Corrected: N Result (% Passing) Qualifier NONE

100.0Sieve Size 3 inch - Percent Finer

100.0Sieve Size 2 inch - Percent Finer

100.0Sieve Size 1.5 inch - Percent Finer

100.0Sieve Size 1 inch - Percent Finer

100.0Sieve Size 0.75 inch - Percent Finer

100.0Sieve Size 0.375 inch - Percent Finer

99.5Sieve Size #4 - Percent Finer

97.7Sieve Size #10 - Percent Finer

94.0Sieve Size #20 - Percent Finer

74.3Sieve Size #40 - Percent Finer

38.3Sieve Size #60 - Percent Finer

18.3Sieve Size #80 - Percent Finer

13.7Sieve Size #100 - Percent Finer

7.7Sieve Size #200 - Percent Finer

7.2Hydrometer Reading 1 - Percent Finer

5.2Hydrometer Reading 2 - Percent Finer

4.2Hydrometer Reading 3 - Percent Finer

3.2Hydrometer Reading 4 - Percent Finer

3.2Hydrometer Reading 5 - Percent Finer

1.2Hydrometer Reading 6 - Percent Finer

1.2Hydrometer Reading 7 - Percent Finer
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Analytical Data

Client:   Apex Companies LLC Job Number:   360-33011-1

Client Sample ID:

Lab Sample ID:

NB-VC-02 2.35T

Client Matrix:

360-33011-3

Solid

Date Sampled:  10/01/2010 1515

Date Received: 04/01/2011 0950

D422 Grain Size

Dilution:

04/04/2011  2019

1.0

D422

Final Weight/Volume:

Initial Weight/Volume:

Lab File ID:

Instrument ID:

360-33011-D-3.txt

97.98   g

N/A

D422_import

Analysis Date:

Prep Date:

Analysis Batch:

Prep Batch:

200-16136

N/A

N/A

Analysis Method:

Analyte DryWt Corrected: N Result (%) Qualifier NONE

0.5Gravel

91.8Sand

1.8Coarse Sand

23.4Medium Sand

66.6Fine Sand

4.6Silt

3.2Clay
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Client: Date Received:
Sample ID: 86.2% Start Date:

Lab ID: 2.650 End Date:

Shape (> #10): subrounded Non-soil material:
Hardness (> #10):

Sieve Particle Percent Incremental Soil Percent of
size size, um finer percent Classification sample

3 inch 75000 100.0 0.0 2.7
2 inch 50000 100.0 0.0 89.6

1.5 inch 37500 100.0 0.0 2.0
1 inch 25000 100.0 0.0 31.1

3/4 inch 19000 100.0 0.0 56.5
3/8 inch 9500 99.8 0.2 5.0

#4 4750 97.3 2.5 2.7
#10 2000 95.3 2.0
#20 850 89.3 6.0
#40 425 64.2 25.1
#60 250 29.7 34.5
#80 180 15.6 14.1

#100 150 11.8 3.8
#200 75 7.7 4.1
Hyd1 36.6 5.3 2.5
Hyd2 23.3 4.4 0.9
Hyd3 13.6 2.7 1.7
Hyd4 9.6 2.7 0.0
Hyd5 6.8 2.7 0.0
Hyd6 3.3 1.0 1.7
Hyd7 1.4 0.1 0.9

Gravel
Sand
  Coarse Sand
  Medium Sand

Silt
Clay

  Fine Sand

Particle Size of Soils by ASTM D422

NB-VC-02 3.35B
360-33011-D-1

Percent Solids:
Specific Gravity:

04/01/11

shells
hard
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Client: Date Received:
Sample ID: 87.1% Start Date:

Lab ID: 2.650 End Date:

Shape (> #10): subangular Non-soil material:
Hardness (> #10):

Sieve Particle Percent Incremental Soil Percent of
size size, um finer percent Classification sample

3 inch 75000 100.0 0.0 2.6
2 inch 50000 100.0 0.0 92.5

1.5 inch 37500 100.0 0.0 3.5
1 inch 25000 100.0 0.0 32.5

3/4 inch 19000 100.0 0.0 56.5
3/8 inch 9500 100.0 0.0 2.4

#4 4750 97.4 2.6 2.5
#10 2000 93.9 3.5
#20 850 86.4 7.5
#40 425 61.4 25.0
#60 250 26.8 34.6
#80 180 11.7 15.1

#100 150 7.8 3.9
#200 75 4.9 2.9
Hyd1 37 3.3 1.6
Hyd2 23.5 2.5 0.8
Hyd3 13.6 2.5 0.0
Hyd4 9.6 2.5 0.0
Hyd5 6.9 2.5 0.0
Hyd6 3.3 0.9 1.6
Hyd7 1.4 0.9 0.0

Gravel
Sand
  Coarse Sand
  Medium Sand

Silt
Clay

  Fine Sand

Particle Size of Soils by ASTM D422

NB-VC-02 2.85M
360-33011-D-2

Percent Solids:
Specific Gravity:

04/01/11

shells
hard

0
04/04/11
04/07/11
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Client: Date Received:
Sample ID: 81.8% Start Date:

Lab ID: 2.650 End Date:

Shape (> #10): angular Non-soil material:
Hardness (> #10):

Sieve Particle Percent Incremental Soil Percent of
size size, um finer percent Classification sample

3 inch 75000 100.0 0.0 0.5
2 inch 50000 100.0 0.0 91.8

1.5 inch 37500 100.0 0.0 1.8
1 inch 25000 100.0 0.0 23.4

3/4 inch 19000 100.0 0.0 66.6
3/8 inch 9500 100.0 0.0 4.6

#4 4750 99.5 0.5 3.2
#10 2000 97.7 1.8
#20 850 94.0 3.7
#40 425 74.3 19.7
#60 250 38.3 36.0
#80 180 18.3 20.0

#100 150 13.7 4.6
#200 75 7.7 6.0
Hyd1 36.5 7.2 0.5
Hyd2 23.3 5.2 2.0
Hyd3 13.5 4.2 1.0
Hyd4 9.7 3.2 1.0
Hyd5 6.9 3.2 0.0
Hyd6 3.3 1.2 2.0
Hyd7 1.4 1.2 0.0

Gravel
Sand
  Coarse Sand
  Medium Sand

Silt
Clay

  Fine Sand

Particle Size of Soils by ASTM D422

NB-VC-02 2.35T
360-33011-D-3

Percent Solids:
Specific Gravity:

04/01/11

shells
hard

0
04/04/11
04/07/11
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TestAmerica Burlington

Sediment Grain Size - D422

Client Date Received 04/01/11
Client Sample ID NB-VC-02 3.35B Start Date 04/04/2011 20:16
Lab Sample ID 360-33011-D-1 End Date 04/07/2011 2:27

Dry Weight Determination Non-soil material: shells

Tin Weight 1.02 g Shape (> #10): subrounded

Wet Sample + Tin 11.70 g Hardness (> #10): hard

Dry Sample + Tin 10.23 g
% Moisture 13.76 % Date/Time in oven 04/04/2011 20:17

Date/Time out of oven 04/05/2011 19:35

Sample Weights Tare (g) Pan+Samp (g) Samp (g)

Sample Weight (Wet) 109.16 109.16 Serial Number 341356
Sample Weight (Oven Dried) 94.1 Calib. Date (mm/dd/yyyy) 05/06/2010

Low Temp (C) 17.0
Sample Split (oven dried) Tare (g) Pan+Samp (g) Samp (g) Reading at Low Temp 1.0040
Sample >=#10 4.45 High Temp (C) 23.0
Sample <#10 89.7 Reading at High Temp 1.0030
% Passing #10 82.2 Hydrometer Cal Slope -0.000166667

Hydrometer Cal Intercept 1.006833333
Default Soil Gravity 2.6500

Gravel/Sand Fraction (Sieves)
Sample Fraction Size (um) Pan Tare (g) Pan+Sample (g) Sample % Finer Classification Sub Class

3 inch 75000 0.00 g 100.0 Gravel
2 inch 50000 0.00 g 100.0 Gravel
1.5 inch 37500 0.00 g 100.0 Gravel
1 inch 25000 0.00 g 100.0 Gravel
3/4 inch 19000 0.00 g 100.0 Gravel
3/8 inch 9500 447.51 447.67 0.16 g 99.8 Gravel
#4 4750 488.20 490.57 2.37 g 97.3 Gravel
#10 2000 462.89 464.81 1.92 g 95.3 Sand Coarse
#20 850 390.64 396.24 5.60 g 89.3 Sand Medium
#40 425 355.37 379.00 23.63 g 64.2 Sand Medium
#60 250 323.10 355.59 32.49 g 29.7 Sand Fine
#80 180 312.95 326.25 13.30 g 15.6 Sand Fine
#100 150 329.31 332.93 3.62 g 11.8 Sand Fine
#200 75 321.03 324.85 3.82 g 7.7 Sand Fine

0.00 g 7.7

Adjusted Hydrometer Sample Mass
Hydrometer Sample Mass (g) 94.1

Silt/Clay Fraction (Hydrometer Test)

Hydrometer Test Time (min) Actual Spec. Gravity Temp C
Particle Size 
(Micron) % Finer Classification Sub Class

2 2 1.0065 20.5 36.6 5.26 Silt
5 5 1.0060 20.5 23.3 4.41 Silt

15 15 1.0050 20.5 13.6 2.7 Silt
30 30 1.0050 20.5 9.6 2.7 Silt
60 59 1.0050 20.5 6.8 2.7 Silt

250 256 1.0040 20.5 3.3 0.996 Clay
1440 1440 1.0035 20.5 1.4 0.142 Clay

Hydrometer Data
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TestAmerica Burlington

Sediment Grain Size - D422

Client Date Received 04/01/11
Client Sample ID NB-VC-02 2.85M Start Date 04/04/2011 20:18
Lab Sample ID 360-33011-D-2 End Date 04/07/2011 2:44

Dry Weight Determination Non-soil material: shells

Tin Weight 1.03 g Shape (> #10): subangular

Wet Sample + Tin 11.20 g Hardness (> #10): hard

Dry Sample + Tin 9.89 g
% Moisture 12.88 % Date/Time in oven 04/04/2011 20:19

Date/Time out of oven 04/05/2011 19:35

Sample Weights Tare (g) Pan+Samp (g) Samp (g)

Sample Weight (Wet) 117.71 117.71 Serial Number 341356
Sample Weight (Oven Dried) 103 Calib. Date (mm/dd/yyyy) 05/06/2010

Low Temp (C) 17.0
Sample Split (oven dried) Tare (g) Pan+Samp (g) Samp (g) Reading at Low Temp 1.0040
Sample >=#10 6.27 High Temp (C) 23.0
Sample <#10 96.7 Reading at High Temp 1.0030
% Passing #10 82.2 Hydrometer Cal Slope -0.000166667

Hydrometer Cal Intercept 1.006833333
Default Soil Gravity 2.6500

Gravel/Sand Fraction (Sieves)
Sample Fraction Size (um) Pan Tare (g) Pan+Sample (g) Sample % Finer Classification Sub Class

3 inch 75000 0.00 g 100.0 Gravel
2 inch 50000 0.00 g 100.0 Gravel
1.5 inch 37500 0.00 g 100.0 Gravel
1 inch 25000 0.00 g 100.0 Gravel
3/4 inch 19000 0.00 g 100.0 Gravel
3/8 inch 9500 0.00 g 100.0 Gravel
#4 4750 488.20 490.87 2.67 g 97.4 Gravel
#10 2000 462.89 466.49 3.60 g 93.9 Sand Coarse
#20 850 390.64 398.39 7.75 g 86.4 Sand Medium
#40 425 355.37 381.14 25.77 g 61.4 Sand Medium
#60 250 323.10 358.74 35.64 g 26.8 Sand Fine
#80 180 312.95 328.51 15.56 g 11.7 Sand Fine
#100 150 329.31 333.34 4.03 g 7.8 Sand Fine
#200 75 321.03 324.03 3.00 g 4.9 Sand Fine

0.00 g 4.9

Adjusted Hydrometer Sample Mass
Hydrometer Sample Mass (g) 103

Silt/Clay Fraction (Hydrometer Test)

Hydrometer Test Time (min) Actual Spec. Gravity Temp C
Particle Size 
(Micron) % Finer Classification Sub Class

2 2 1.0055 20.5 37 3.25 Silt
5 5 1.0050 20.5 23.5 2.47 Silt

15 15 1.0050 20.5 13.6 2.47 Silt
30 30 1.0050 20.5 9.6 2.47 Silt
60 58 1.0050 20.5 6.9 2.47 Silt

250 256 1.0040 20.5 3.3 0.91 Clay
1440 1440 1.0040 20.5 1.4 0.91 Clay

Hydrometer Data

Page 39 of 59



TestAmerica Burlington

Sediment Grain Size - D422

Client Date Received 04/01/11
Client Sample ID NB-VC-02 2.35T Start Date 04/04/2011 20:19
Lab Sample ID 360-33011-D-3 End Date 04/07/2011 2:59

Dry Weight Determination Non-soil material: shells

Tin Weight 0.99 g Shape (> #10): angular

Wet Sample + Tin 13.00 g Hardness (> #10): hard

Dry Sample + Tin 10.81 g
% Moisture 18.23 % Date/Time in oven 04/04/2011 20:20

Date/Time out of oven 04/05/2011 19:36

Sample Weights Tare (g) Pan+Samp (g) Samp (g)

Sample Weight (Wet) 97.98 97.98 Serial Number 341356
Sample Weight (Oven Dried) 80.1 Calib. Date (mm/dd/yyyy) 05/06/2010

Low Temp (C) 17.0
Sample Split (oven dried) Tare (g) Pan+Samp (g) Samp (g) Reading at Low Temp 1.0040
Sample >=#10 1.83 High Temp (C) 23.0
Sample <#10 78.3 Reading at High Temp 1.0030
% Passing #10 79.9 Hydrometer Cal Slope -0.000166667

Hydrometer Cal Intercept 1.006833333
Default Soil Gravity 2.6500

Gravel/Sand Fraction (Sieves)
Sample Fraction Size (um) Pan Tare (g) Pan+Sample (g) Sample % Finer Classification Sub Class

3 inch 75000 0.00 g 100.0 Gravel
2 inch 50000 0.00 g 100.0 Gravel
1.5 inch 37500 0.00 g 100.0 Gravel
1 inch 25000 0.00 g 100.0 Gravel
3/4 inch 19000 0.00 g 100.0 Gravel
3/8 inch 9500 0.00 g 100.0 Gravel
#4 4750 488.20 488.61 0.41 g 99.5 Gravel
#10 2000 462.89 464.31 1.42 g 97.7 Sand Coarse
#20 850 390.64 393.61 2.97 g 94.0 Sand Medium
#40 425 355.37 371.16 15.79 g 74.3 Sand Medium
#60 250 323.10 351.95 28.85 g 38.3 Sand Fine
#80 180 312.95 328.95 16.00 g 18.3 Sand Fine
#100 150 329.31 333.02 3.71 g 13.7 Sand Fine
#200 75 321.03 325.81 4.78 g 7.7 Sand Fine

0.00 g 7.7

Adjusted Hydrometer Sample Mass
Hydrometer Sample Mass (g) 80.1

Silt/Clay Fraction (Hydrometer Test)

Hydrometer Test Time (min) Actual Spec. Gravity Temp C
Particle Size 
(Micron) % Finer Classification Sub Class

2 2 1.0070 20.5 36.5 7.18 Silt
5 5 1.0060 20.5 23.3 5.18 Silt

15 15 1.0055 20.5 13.5 4.18 Silt
30 29 1.0050 20.5 9.7 3.17 Silt
60 58 1.0050 20.5 6.9 3.17 Silt

250 250 1.0040 20.5 3.3 1.17 Clay
1440 1434 1.0040 20.5 1.4 1.17 Clay

Hydrometer Data
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DATA REPORTING QUALIFIERS

Client:   Apex Companies LLC Job Number:   360-33011-1

Lab Section Qualifier Description

GC/MS VOA

LCS or LCSD exceeds the control limits*

Sample was prepped or analyzed beyond the specified holding 

time

H

GC/MS Semi VOA

Indicates an Estimated Value for TICsJ

Presumptive evidence of material.N

Result is  a tentatively identified compound (TIC) and an 

estimated value.

T

Sample was prepped or analyzed beyond the specified holding 

time

H

TestAmerica Westfield
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QUALITY CONTROL RESULTS

TestAmerica Westfield
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Quality Control Results

Client:   Apex Companies LLC Job Number:   360-33011-1

QC Association Summary

Lab Sample ID Client Sample ID Client Matrix Method Prep Batch

Report

Basis

GC/MS VOA

Prep Batch: 360-71607

Lab Control Sample Solid 5035LCS 360-71607/1-A T

Lab Control Sample Duplicate Solid 5035LCSD 360-71607/2-A T

Method Blank Solid 5035MB 360-71607/3-A T

SolidNB-VC-02 3.35B 5035360-33011-1 T

SolidNB-VC-02 2.85M 5035360-33011-2 T

SolidNB-VC-02 2.35T 5035360-33011-3 T

Analysis Batch:360-71611

Lab Control Sample Solid 360-716078260BLCS 360-71607/1-A T

Lab Control Sample Duplicate Solid 360-716078260BLCSD 360-71607/2-A T

Method Blank Solid 360-716078260BMB 360-71607/3-A T

Solid 360-71607NB-VC-02 3.35B 8260B360-33011-1 T

Solid 360-71607NB-VC-02 2.85M 8260B360-33011-2 T

Solid 360-71607NB-VC-02 2.35T 8260B360-33011-3 T

Report Basis

T = Total

GC/MS Semi VOA

Prep Batch: 360-71493

Lab Control Sample Solid 3546LCS 360-71493/2-A T

Lab Control Sample Duplicate Solid 3546LCSD 360-71493/3-A T

Method Blank Solid 3546MB 360-71493/1-A T

SolidNB-VC-02 3.35B 3546360-33011-1 T

SolidNB-VC-02 2.85M 3546360-33011-2 T

SolidNB-VC-02 2.35T 3546360-33011-3 T

Analysis Batch:360-71674

Lab Control Sample Solid 360-714938270CLCS 360-71493/2-A T

Lab Control Sample Duplicate Solid 360-714938270CLCSD 360-71493/3-A T

Method Blank Solid 360-714938270CMB 360-71493/1-A T

Solid 360-71493NB-VC-02 3.35B 8270C360-33011-1 T

Solid 360-71493NB-VC-02 2.85M 8270C360-33011-2 T

Solid 360-71493NB-VC-02 2.35T 8270C360-33011-3 T

Report Basis

T = Total

TestAmerica Westfield
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Quality Control Results

Client:   Apex Companies LLC Job Number:   360-33011-1

QC Association Summary

Lab Sample ID Client Sample ID Client Matrix Method Prep Batch

Report

Basis

General Chemistry

Analysis Batch:360-71497

SolidNB-VC-02 3.35B Moisture360-33011-1 T

SolidNB-VC-02 2.85M Moisture360-33011-2 T

SolidNB-VC-02 2.35T Moisture360-33011-3 T

Report Basis

T = Total

Geotechnical

Analysis Batch:200-16136

SolidNB-VC-02 3.35B D422360-33011-1 T

SolidNB-VC-02 2.85M D422360-33011-2 T

SolidNB-VC-02 2.35T D422360-33011-3 T

Report Basis

T = Total

TestAmerica Westfield
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Quality Control Results

Job Number:   360-33011-1Client:   Apex Companies LLC

Surrogate Recovery Report

8260B  Volatile Organic Compounds (GC/MS)

Client Matrix: Solid

Lab Sample ID Client Sample ID

DBFM TOL BFB

%Rec %Rec %Rec

360-33011-1 NB-VC-02 3.35B 98 93 96

360-33011-2 NB-VC-02 2.85M 97 95 95

360-33011-3 NB-VC-02 2.35T 96 94 93

MB 360-71607/3-A 97 94 95

LCS 360-71607/1-A 96 100 93

LCSD 360-71607/2-A 97 99 92

Surrogate Acceptance Limits

DBFM = Dibromofluoromethane 70-130

TOL = Toluene-d8 (Surr) 70-130

BFB = 4-Bromofluorobenzene 70-130

TestAmerica Westfield
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Quality Control Results

Job Number:   360-33011-1Client:   Apex Companies LLC

Surrogate Recovery Report

8270C  Semivolatile Organic Compounds (GC/MS)

Client Matrix: Solid

Lab Sample ID Client Sample ID

TBP FBP 2FP NBZ PHL TPH

%Rec %Rec %Rec %Rec %Rec %Rec

360-33011-1 NB-VC-02 3.35B 82 82 81 81 77 87

360-33011-2 NB-VC-02 2.85M 78 74 73 79 71 76

360-33011-3 NB-VC-02 2.35T 84 82 81 82 78 85

MB 360-71493/1-A 93 91 92 93 90 98

LCS 360-71493/2-A 96 93 87 86 88 99

LCSD 360-71493/3-A 95 93 88 87 87 99

Surrogate Acceptance Limits

TBP = 2,4,6-Tribromophenol 30-130

FBP = 2-Fluorobiphenyl 30-130

2FP = 2-Fluorophenol 30-130

NBZ = Nitrobenzene-d5 30-130

PHL = Phenol-d5 30-130

TPH = Terphenyl-d14 30-130

TestAmerica Westfield
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Quality Control Results

Job Number:   360-33011-1Client:   Apex Companies LLC

SolidClient Matrix:

1.0Dilution:

Lab Sample ID:

04/06/2011  1734

Method Blank - Batch:  360-71607

Instrument ID:

Lab File ID:

Initial Weight/Volume:

Final Weight/Volume:

04/06/2011  0928

V51700.D

5   g

5   gUnits: ug/Kg

Method: 8260B

Preparation: 5035

HP #1 GC/MSMB 360-71607/3-A

Analysis Date:

Prep Date:

Leach Date:

Analysis Batch:

Prep Batch:

Leach Batch:

360-71611

360-71607

N/A

N/A

Analyte Result Qual RL

ND 5.0Chloromethane

ND 2.5Vinyl chloride

ND 5.0Bromomethane

ND 5.0Chloroethane

ND 2.5Carbon disulfide

ND 250Acetone

ND 10Methylene Chloride

ND 2.51,1-Dichloroethane

ND 2.5Chloroform

ND 2.5Benzene

ND 2.5Toluene

ND 2.5Tetrachloroethene

ND 252-Hexanone

ND 2.5Chlorodibromomethane

ND 2.5Chlorobenzene

ND 2.5Ethylbenzene

ND 2.5Styrene

ND 2.5Bromoform

ND 2.51,1,2,2-Tetrachloroethane

ND 2.51,1-Dichloroethene

ND 252-Butanone (MEK)

ND 2.51,2-Dichloroethane

ND 2.51,2-Dichloropropane

ND 2.51,1,2-Trichloroethane

ND 2.51,1,1-Trichloroethane

ND 2.5Carbon tetrachloride

ND 2.5Dichlorobromomethane

ND 2.5cis-1,3-Dichloropropene

ND 2.5Trichloroethene

ND 254-Methyl-2-pentanone (MIBK)

ND 2.5trans-1,3-Dichloropropene

ND 2.5trans-1,2-Dichloroethene

ND 2.5cis-1,2-Dichloroethene

ND 5.0m-Xylene & p-Xylene

ND 2.5o-Xylene

Surrogate % Rec Acceptance Limits

Dibromofluoromethane 97 70 - 130

Toluene-d8 (Surr) 94 70 - 130

4-Bromofluorobenzene 95 70 - 130
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Quality Control Results

Job Number:   360-33011-1Client:   Apex Companies LLC

Method Blank TICs- Batch:  360-71607

Cas Number RTAnalyte Est. Result Qual

Tentatively Identified Compound None
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Quality Control Results

Job Number:   360-33011-1Client:   Apex Companies LLC

Dilution:

Dilution:

04/06/2011  1646

Lab Control Sample/

Lab Control Sample Duplicate Recovery Report - Batch:  360-71607

1.0

1.0

Solid

LCS Lab Sample ID:

LCSD Lab Sample ID:

Client Matrix:

Units:

Instrument ID:

Lab File ID:

Initial Weight/Volume:

Final Weight/Volume:

Client Matrix: Solid

Units:

Instrument ID:

Lab File ID:

Initial Weight/Volume:

Final Weight/Volume:

ug/Kg

V51697.D

5   g

5   g

V51698.D

5   g

5   gug/Kg

04/06/2011  0928

Method: 8260B

Preparation: 5035

HP #1 GC/MS

HP #1 GC/MS

LCS 360-71607/1-A

LCSD 360-71607/2-A

Analysis Date:

Prep Date:

Leach Date:

04/06/2011  1622

04/06/2011  0928

Analysis Batch:

Prep Batch:

Leach Batch:

360-71611

360-71607

Analysis Date:

Prep Date:

Leach Date:

Analysis Batch:

Prep Batch:

Leach Batch:

360-71611

360-71607

N/A

N/A

N/A

N/A

Analyte LCSD QualLCS QualRPD LimitRPDLimitLCSDLCS

% Rec.

9178 70 - 130 15 25Chloromethane

10086 70 - 130 16 25Vinyl chloride

10795 70 - 130 12 25Bromomethane

9986 70 - 130 14 25Chloroethane

121116 70 - 130 4 25Carbon disulfide

6054 70 - 130 10 25 * *Acetone

9489 70 - 130 5 25Methylene Chloride

9288 70 - 130 4 251,1-Dichloroethane

9084 70 - 130 7 25Chloroform

8885 70 - 130 4 25Benzene

9085 70 - 130 5 25Toluene

10197 70 - 130 3 25Tetrachloroethene

7265 70 - 130 10 25 *2-Hexanone

8983 70 - 130 7 25Chlorodibromomethane

9492 70 - 130 3 25Chlorobenzene

9998 70 - 130 1 25Ethylbenzene

9694 70 - 130 3 25Styrene

10397 70 - 130 5 25Bromoform

9789 70 - 130 9 251,1,2,2-Tetrachloroethane

9693 70 - 130 4 251,1-Dichloroethene

7369 70 - 130 7 25 *2-Butanone (MEK)

8885 70 - 130 4 251,2-Dichloroethane

8985 70 - 130 5 251,2-Dichloropropane

9288 70 - 130 5 251,1,2-Trichloroethane

9391 70 - 130 2 251,1,1-Trichloroethane

9192 70 - 130 2 25Carbon tetrachloride

8984 70 - 130 6 25Dichlorobromomethane

9387 70 - 130 7 25cis-1,3-Dichloropropene

9288 70 - 130 4 25Trichloroethene

8679 70 - 130 9 254-Methyl-2-pentanone (MIBK)

9791 70 - 130 6 25trans-1,3-Dichloropropene

9389 70 - 130 5 25trans-1,2-Dichloroethene

8985 70 - 130 5 25cis-1,2-Dichloroethene

9897 70 - 130 1 25m-Xylene & p-Xylene

9191 70 - 130 0 25o-Xylene
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Quality Control Results

Job Number:   360-33011-1Client:   Apex Companies LLC

Surrogate LCS % Rec LCSD % Rec Acceptance Limits

Dibromofluoromethane 96 97 70 - 130

Toluene-d8 (Surr) 100 99 70 - 130

4-Bromofluorobenzene 93 92 70 - 130
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Quality Control Results

Job Number:   360-33011-1Client:   Apex Companies LLC

SolidClient Matrix:

1.0Dilution:

Lab Sample ID:

04/08/2011  1058

Method Blank - Batch:  360-71493

Instrument ID:

Lab File ID:

Initial Weight/Volume:

Final Weight/Volume:

Injection Volume:04/05/2011  1434

N13459.D

30.00   g

1.0   mL

1   uL

Units: ug/Kg

Method: 8270C

Preparation: 3546

Inst. NMB 360-71493/1-A

Analysis Date:

Prep Date:

Leach Date:

Analysis Batch:

Prep Batch:

Leach Batch:

360-71674

360-71493

N/A

N/A

Analyte Result Qual RL

ND 170Acenaphthene

ND 170Acenaphthylene

ND 170Anthracene

ND 170Benzo[a]anthracene

ND 170Benzo[a]pyrene

ND 170Benzo[b]fluoranthene

ND 170Benzo[g,h,i]perylene

ND 180Benzo[k]fluoranthene

ND 330Bis(2-chloroethyl)ether

ND 330Bis(2-chloroethoxy)methane

ND 330Bis(2-ethylhexyl) phthalate

ND 3302,2'-oxybis[1-chloropropane]

ND 3304-Bromophenyl phenyl ether

ND 330Butyl benzyl phthalate

ND 330Carbazole

ND 6704-Chloroaniline

ND 3302-Chloronaphthalene

ND 3304-Chlorophenyl phenyl ether

ND 170Chrysene

ND 170Dibenz(a,h)anthracene

ND 330Dibenzofuran

ND 330Di-n-butyl phthalate

ND 3301,2-Dichlorobenzene

ND 3301,3-Dichlorobenzene

ND 3301,4-Dichlorobenzene

ND 6703,3'-Dichlorobenzidine

ND 330Diethyl phthalate

ND 330Dimethyl phthalate

ND 3302,6-Dinitrotoluene

ND 3302,4-Dinitrotoluene

ND 330Di-n-octyl phthalate

ND 170Fluoranthene

ND 170Fluorene

ND 330Hexachlorobenzene

ND 330Hexachlorobutadiene

ND 330Hexachlorocyclopentadiene

ND 330Hexachloroethane

ND 330Indeno[1,2,3-cd]pyrene

ND 330Isophorone

ND 170Naphthalene

ND 1702-Methylnaphthalene

ND 3302-Nitroaniline

ND 3303-Nitroaniline

ND 3304-Nitroaniline

ND 330Nitrobenzene
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Quality Control Results

Job Number:   360-33011-1Client:   Apex Companies LLC

SolidClient Matrix:

1.0Dilution:

Lab Sample ID:

04/08/2011  1058

Method Blank - Batch:  360-71493

Instrument ID:

Lab File ID:

Initial Weight/Volume:

Final Weight/Volume:

Injection Volume:04/05/2011  1434

N13459.D

30.00   g

1.0   mL

1   uL

Units: ug/Kg

Method: 8270C

Preparation: 3546

Inst. NMB 360-71493/1-A

Analysis Date:

Prep Date:

Leach Date:

Analysis Batch:

Prep Batch:

Leach Batch:

360-71674

360-71493

N/A

N/A

Analyte Result Qual RL

ND 330N-Nitrosodi-n-propylamine

ND 330N-Nitrosodiphenylamine

ND 170Phenanthrene

ND 170Pyrene

ND 3301,2,4-Trichlorobenzene

ND 6704-Chloro-3-methylphenol

ND 3302-Chlorophenol

ND 3302-Methylphenol

ND 3302,4-Dichlorophenol

ND 3302,4-Dimethylphenol

ND 3302,4-Dinitrophenol

ND 3304,6-Dinitro-2-methylphenol

ND 3304-Nitrophenol

ND 3302-Nitrophenol

ND 3302,4,6-Trichlorophenol

ND 3302,4,5-Trichlorophenol

ND 330Phenol

ND 330Pentachlorophenol

ND 3303 & 4 Methylphenol

Surrogate % Rec Acceptance Limits

2,4,6-Tribromophenol 93 30 - 130

2-Fluorobiphenyl 91 30 - 130

2-Fluorophenol 92 30 - 130

Nitrobenzene-d5 93 30 - 130

Phenol-d5 90 30 - 130

Terphenyl-d14 98 30 - 130

Method Blank TICs- Batch:  360-71493

Cas Number RTAnalyte Est. Result Qual

Unknown T J32100 6.29

Unknown T J351 7.13

Unknown T J492 5.87
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Quality Control Results

Job Number:   360-33011-1Client:   Apex Companies LLC

Dilution:

Dilution:

04/08/2011  1207

Lab Control Sample/

Lab Control Sample Duplicate Recovery Report - Batch:  360-71493

1.0

1.0

Solid

LCS Lab Sample ID:

LCSD Lab Sample ID:

Client Matrix:

Units:

Instrument ID:

Lab File ID:

Initial Weight/Volume:

Final Weight/Volume:

Injection Volume:

Client Matrix: Solid

Units:

Instrument ID:

Lab File ID:

Initial Weight/Volume:

Final Weight/Volume:

Injection Volume:

ug/Kg

N13460.D

30.00   g

1.0   mL

1   uL

N13461.D

30.00   g

1.0   mL

1   uL

ug/Kg

04/05/2011  1434

Method: 8270C

Preparation: 3546

Inst. N

Inst. N

LCS 360-71493/2-A

LCSD 360-71493/3-A

Analysis Date:

Prep Date:

Leach Date:

04/08/2011  1132

04/05/2011  1434

Analysis Batch:

Prep Batch:

Leach Batch:

360-71674

360-71493

Analysis Date:

Prep Date:

Leach Date:

Analysis Batch:

Prep Batch:

Leach Batch:

360-71674

360-71493

N/A

N/A

N/A

N/A

Analyte LCSD QualLCS QualRPD LimitRPDLimitLCSDLCS

% Rec.

115114 40 - 140 1 30Acenaphthene

9796 40 - 140 0 30Acenaphthylene

115113 40 - 140 1 30Anthracene

123122 40 - 140 1 30Benzo[a]anthracene

123124 40 - 140 1 30Benzo[a]pyrene

118114 40 - 140 4 30Benzo[b]fluoranthene

111109 40 - 140 2 30Benzo[g,h,i]perylene

123125 40 - 140 2 30Benzo[k]fluoranthene

9090 40 - 140 1 30Bis(2-chloroethyl)ether

9392 40 - 140 1 30Bis(2-chloroethoxy)methane

122119 40 - 140 2 30Bis(2-ethylhexyl) phthalate

100102 40 - 140 2 302,2'-oxybis[1-chloropropane]

110111 40 - 140 1 304-Bromophenyl phenyl ether

110108 40 - 140 2 30Butyl benzyl phthalate

107107 40 - 140 0 30Carbazole

7060 40 - 140 15 304-Chloroaniline

8584 40 - 140 2 302-Chloronaphthalene

112111 40 - 140 1 304-Chlorophenyl phenyl ether

123119 40 - 140 3 30Chrysene

111111 40 - 140 0 30Dibenz(a,h)anthracene

105102 40 - 140 3 30Dibenzofuran

116115 40 - 140 1 30Di-n-butyl phthalate

8689 40 - 140 4 301,2-Dichlorobenzene

8586 40 - 140 1 301,3-Dichlorobenzene

8587 40 - 140 3 301,4-Dichlorobenzene

9891 40 - 140 8 303,3'-Dichlorobenzidine

117114 40 - 140 2 30Diethyl phthalate

107107 40 - 140 1 30Dimethyl phthalate

106105 40 - 140 1 302,6-Dinitrotoluene

110109 40 - 140 1 302,4-Dinitrotoluene

116114 40 - 140 2 30Di-n-octyl phthalate

114113 40 - 140 1 30Fluoranthene

118117 40 - 140 1 30Fluorene

108107 40 - 140 0 30Hexachlorobenzene

9089 40 - 140 1 30Hexachlorobutadiene

TestAmerica Westfield Page 53 of 59



Quality Control Results

Job Number:   360-33011-1Client:   Apex Companies LLC

Dilution:

Dilution:

04/08/2011  1207

Lab Control Sample/

Lab Control Sample Duplicate Recovery Report - Batch:  360-71493

1.0

1.0

Solid

LCS Lab Sample ID:

LCSD Lab Sample ID:

Client Matrix:

Units:

Instrument ID:

Lab File ID:

Initial Weight/Volume:

Final Weight/Volume:

Injection Volume:

Client Matrix: Solid

Units:

Instrument ID:

Lab File ID:

Initial Weight/Volume:

Final Weight/Volume:

Injection Volume:

ug/Kg

N13460.D

30.00   g

1.0   mL

1   uL

N13461.D

30.00   g

1.0   mL

1   uL

ug/Kg

04/05/2011  1434

Method: 8270C

Preparation: 3546

Inst. N

Inst. N

LCS 360-71493/2-A

LCSD 360-71493/3-A

Analysis Date:

Prep Date:

Leach Date:

04/08/2011  1132

04/05/2011  1434

Analysis Batch:

Prep Batch:

Leach Batch:

360-71674

360-71493

Analysis Date:

Prep Date:

Leach Date:

Analysis Batch:

Prep Batch:

Leach Batch:

360-71674

360-71493

N/A

N/A

N/A

N/A

Analyte LCSD QualLCS QualRPD LimitRPDLimitLCSDLCS

% Rec.

8081 40 - 140 1 30Hexachlorocyclopentadiene

8688 40 - 140 3 30Hexachloroethane

111111 40 - 140 0 30Indeno[1,2,3-cd]pyrene

7776 40 - 140 1 30Isophorone

8987 40 - 140 2 30Naphthalene

9491 40 - 140 3 302-Methylnaphthalene

107104 40 - 140 3 302-Nitroaniline

10193 40 - 140 9 303-Nitroaniline

119117 40 - 140 2 304-Nitroaniline

9392 40 - 140 1 30Nitrobenzene

9594 40 - 140 0 30N-Nitrosodi-n-propylamine

9595 40 - 140 0 30N-Nitrosodiphenylamine

112111 40 - 140 1 30Phenanthrene

112111 40 - 140 1 30Pyrene

8283 40 - 140 0 301,2,4-Trichlorobenzene

10198 30 - 130 3 304-Chloro-3-methylphenol

9294 30 - 130 1 302-Chlorophenol

9394 30 - 130 1 302-Methylphenol

9795 30 - 130 2 302,4-Dichlorophenol

10097 30 - 130 3 302,4-Dimethylphenol

9597 30 - 130 2 302,4-Dinitrophenol

107110 30 - 130 2 304,6-Dinitro-2-methylphenol

109113 30 - 130 4 304-Nitrophenol

9795 30 - 130 2 302-Nitrophenol

107106 30 - 130 0 302,4,6-Trichlorophenol

112112 30 - 130 1 302,4,5-Trichlorophenol

10099 30 - 130 1 30Phenol

111116 30 - 130 4 30Pentachlorophenol

9697 30 - 130 0 303 & 4 Methylphenol

Surrogate LCS % Rec LCSD % Rec Acceptance Limits

2,4,6-Tribromophenol 96 95 30 - 130

2-Fluorobiphenyl 93 93 30 - 130

2-Fluorophenol 87 88 30 - 130

Nitrobenzene-d5 86 87 30 - 130

Phenol-d5 88 87 30 - 130
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Quality Control Results

Job Number:   360-33011-1Client:   Apex Companies LLC

Surrogate LCS % Rec LCSD % Rec Acceptance Limits

Terphenyl-d14 99 99 30 - 130
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State Accreditation Matrix

New 
Hampshire 

(NELAC) prim. Mass Conn
Florida 

(NELAC)
North 

Carolina

821-R-02-012 Toxicity, Acute (48-Hour)(list upon request) NP NP

SM 4500 Cl F Chlorine, Residual NP

SM 9215E Heterotrophic Plate Count (SimPlate) P

SM 9222D Coliforms, Fecal (Membrane Filter) P/NP

SM 9223 Coliforms, Total, and E.Coli (Colilert-P/A) P

SM 9224 Coliforms, Total, and E.Coli (Enumeration) P

1103.1 E.coli

Enterolert Enterococcus

200.8 Rev 5.4 Metals (ICP/MS) (list upon request) NP/P NP/P NP/P

200.7 Rev 4.4 Metals (ICP)(list upon request) NP/P NP/P NP/P

6010B Metals (ICP)(list upon request) NP/SW NP/SW

245.1 Mercury (CVAA) NP/P NP NP/P

7470A Mercury (CVAA) NP NP

7471A Mercury (CVAA) SW SW

SM 2340B Total Hardness (as CaCO3) by calculation NP/P NP NP/P

3005A Preparation, Total Recoverable or Dissolved Metals NP/P NP/P

3010A Preparation,  Total Metals NP/P NP/P

3020A Preparation,  Total Metals NP/P/SW NP/P/SW

3050B Preparation,  Metals SW SW

504.1 EDB, DBCP and 1,2,3-TCP (GC) P P P

608 Organochlorine Pest/PCBs (list upon request) NP NP NP

625 Semivolatile Org Comp (GC/MS)(list upon request) NP NP

3546 Microwave Extraction SW

3510C Liquid-Liquid Extraction (Separatory Funnel) NP NP

3540C Soxhlet Extraction SW

3550B Ultrasonic Extraction SW SW

600/4-81-045 Polychlorinated Biphenyls (PCBs) (GC) NP NP

8081A Organochlorine Pesticides (GC)(list upon request) NP/SW NP/SW

8082 PCBs by Gas Chromatography(list upon request) NP/SW NP/SW

8270C Semivolatile Comp.(GC/MS)(list upon request) NP/SW NP/SW

CT ETPH Conn - Ext. Total petroleum Hydrocarbons (GC) NP/SW

MA-EPH Mass - Extractable Petroleum Hydrocarbons (GC) NP/SW NP/SW

524.2 Volatile Org Comp (GC/MS)(list upon request) P P P

524.2 Trihalomethane compounds P P P

624 Volatile Org Comp (GC/MS)(list upon request) NP NP NP

5035 Closed System Purge and Trap SW SW

5030B Purge and Trap NP NP

8260B Volatile Org Comp. (GC/MS)(list upon request) NP/SW NP/SW

MAVPH Mass - Volatile Petroleum Hydrocarbons (GC) NP/SW NP/SW

180.1 Turbidity, Nephelometric P P P

300 Anions, Ion Chromatography NP/P NP/P NP/P

410.4 COD NP NP NP

1010 Ignitability, Pensky-Martens Closed-Cup Method SW SW

10-107-06-2 Nitrogen, Total Kjeldahl NP NP NP

7196A Chromium, Hexavalent NP/SW NP/SW

9012A Cyanide, Total and/or Amenable NP/SW NP/SW

9030B Sulfide, Distillation (Acid Soluble and Insoluble) NP NP

9040B pH NP NP

9045C pH SW SW

L107041C Nitrogen, Nitrate NP P NP/P

L107-06-1B Nitrogen Ammonia NP NP NP/P

L204001A CN Cyanide, Total P NP/P NP/P

L210-001A Phenolics, Total Recoverable NP NP NP

SM 2320B Alkalinity NP/P NP/P NP/P

SM 2510B Conductivity, Specific Conductance NP/P NP/P NP/P

SM 2540C Solids, Total Dissolved (TDS) NP/P NP/P NP/P

SM 2540D Solids, Total Suspended (TSS) NP NP NP

SM 3500 CR D Chromium, Hexavalent NP NP

SM 4500 H+ B pH NP/P NP/P NP/P

SM 4500 NO2 B Nitrogen, Nitrite NP P NP/P

SM 4500 P E Phosphorus, Orthophosphate NP/P NP NP/P

SM 4500 P E Phosphorus, Total NP NP NP

SM 4500 S2 D Sulfide, Total NP NP

SM 5210B BOD, 5-Day NP NP NP

SM 5310B Organic Carbon, Total (TOC) NP/P NP NP/P

Not all organic compounds are accreditied under NELAC
For methods with multiple compounds all compounds may not meet NELAC criteria, listing should be obtained from the laboratory

The lab carries additional accreditations with several states. This is the  laboratories typcial listing but is subject
 to change based on the laboratories current certification standing.

State where Primary Accreditation is Carried

Method Name Description

ambient/          
source

NP=Non Potable P= Potable SW=Solid Waste  WI-QA-040r5       last updated  3/2/2011Page 56 of 59



Login Sample Receipt Checklist

Client: Apex Companies LLC Job Number: 360-33011-1

Login Number: 33011

Question Answer Comment

Creator: Worthington, Lisa A

List Source: TestAmerica Westfield

List Number: 1

N/ARadioactivity either was not measured or, if measured, is at or below 

background

N/AThe cooler's custody seal, if present, is intact.

TrueThe cooler or samples do not appear to have been compromised or 

tampered with.

TrueSamples were received on ice.

TrueCooler Temperature is acceptable.

TrueCooler Temperature is recorded.

TrueCOC is present.

TrueCOC is filled out in ink and legible.

TrueCOC is filled out with all pertinent information.

TrueIs the Field Sampler's name present on COC?

TrueThere are no discrepancies between the sample IDs on the containers and 

the COC.

FalseSamples are received within Holding Time.

TrueSample containers have legible labels.

TrueContainers are not broken or leaking.

TrueSample collection date/times are provided.

TrueAppropriate sample containers are used.

TrueSample bottles are completely filled.

TrueSample Preservation Verified

TrueThere is sufficient vol. for all requested analyses, incl. any requested 

MS/MSDs

N/AVOA sample vials do not have headspace or bubble is <6mm (1/4") in 

diameter.

TrueIf necessary, staff have been informed of any short hold time or quick TAT 

needs

TrueMultiphasic samples are not present.

TrueSamples do not require splitting or compositing.
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Login Sample Receipt Checklist

Client: Apex Companies LLC Job Number: 360-33011-1

Login Number: 33011

Question Answer Comment

Creator: Keeton, Jamie

List Source: TestAmerica Burlington

List Creation: 04/01/11 01:24 PMList Number: 1

N/ARadioactivity either was not measured or, if measured, is at or below 

background

Lab does not accept radioactive samples.

TrueThe cooler's custody seal, if present, is intact. NO CUSTODY SEAL NUMBERS

TrueThe cooler or samples do not appear to have been compromised or 

tampered with.

N/ASamples were received on ice.

TrueCooler Temperature is acceptable.

TrueCooler Temperature is recorded. 16.0ºC, IR GUN ID 96, CF 0

TrueCOC is present. NO WSA REC'D

TrueCOC is filled out in ink and legible.

TrueCOC is filled out with all pertinent information.

N/AIs the Field Sampler's name present on COC? Received project as a subcontract.

TrueThere are no discrepancies between the sample IDs on the containers and 

the COC.

TrueSamples are received within Holding Time.

TrueSample containers have legible labels.

TrueContainers are not broken or leaking.

TrueSample collection date/times are provided.

TrueAppropriate sample containers are used.

TrueSample bottles are completely filled.

N/ASample Preservation Verified.

TrueThere is sufficient vol. for all requested analyses, incl. any requested 

MS/MSDs

N/AVOA sample vials do not have headspace or bubble is <6mm (1/4") in 

diameter.

TrueMultiphasic samples are not present.

TrueSamples do not require splitting or compositing.

N/AResidual Chlorine Checked. Check done at department level as required.
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iih;tf1 
that 'lias e-asy." 

Shio Date: Wed 27 Apr 2011 

Expected Deliverv: Thu 28 Apr 2011 End of Day 

Ship From: Apex/GreQ Harper 
1 Wamsutta St. 
Suite a 
New Bedford. MA 02740 
Tel : (508) 441-0999 
Business 
aharper@apexcos.com 

Shipment Receipt PaQe 1 of 1 
Thank you for shipping with us! 

Shioment Information: UPS Next Dav Com 

Service Ootions: 

TrackinQ Number: 
Shipment to : 

Small Carrier Box: 13 x 11 x 2 
1.58 lbs Actual 
2.00 Ibs Billed 
Customer Packed: 

E·mail Notification(s): Shipped , Delivered 
Declared Value=$1 00 .00 
Adult Sig Req(w/Oelv Confirm) 

1Z5AR154A293330436 

MAWHP788GY2UQ 
Ship To: Aquinnah Wampanoaq Tribe Office 

Ms. Bettina WashinQton 11111111 111 111111111111111111 1111111111111111111111111111111111111111111111 

Shipped Throuah: 

Track Your Shipment 

20 BLACK BROOK RD 
AQUINNAH, MA 02535-1546 
Business 

StaDles #0728 
Fairhaven. MA 02719 
(508) 997-5103 

Log on to www.UpS.COIll or contact UPS at 1-800-PICK-UPS. 

Damaged , Lost or Late Cla ims 

Reference 1 
Reference 2 

Description of Goods: 

ShiDment Charaes; 

BookJeUReport 

UPS Next Day Com 
Service Option(s) 
Fuel Surcharge 
Additional Handling 

Delivery Area Surcharge 

Total Charges: 

23.40 

5.25 

3.28 

,00 

1.85 

S 33.78 

In the event that your package is damaged, lost or late, please contact the Staples® Ship Center Claims Department at 1-800-797-5924. All late cla ims 
must be ca lled into the Staples Ship Center Claims Department with in 15 days of the expected delivery date. Customers will need to ensure they keep 
ALL packaging materials and th is Shipping Invoice, as well as proof of value in the event of a Damaged or Lost package; a repair est imate may be 
requested. Claims can take 6-8 weeks to be processed and payment to be issued . 

Ship Center Terms and Conditions 
I understand/agree that: 
1) I am subject to all Staples and UPS Terms and Conditions for shipping packages. Ask a Staples associate for details. 
2) Staples reserves the right to inspect any package shipped. 
3) Staples will not be liable for damage to packages improperly packed, unless my rece ipt shows that I pa id fo r Staples to pack the package. 
4) Staples I UPS liab ility on any claim for loss or damage shall not exceed the (a) value declared by the customer (b) repa ir cost (c) replacement cost 
(d) fair market value ; whichever is the smallest. 
5) Staples will not ship any hazardous materials or other restricted items. There is a list posted at the Ship Center counter. Ask a Staples associate if 
you have any questions. 
6) The value of my parcel does not exceed $100 unless otherwise shown on my receipt and I have paid the required fee . 
7) International packages may be subject to duties, taxes and brokerage fees as determined by the destination country , to be paid by the receiving 
party . These duties and taxes cannot be prepaid or estimated by Staples. 
8) If a package is returned to the store due to providing an incorrect Ship To address or the package is refused by the recipient , a $10 fee is charged 
upon package pick up. 

~Ship' Ver,.,Uf"I 13 C 1 " _-> • t,13r 2'·" 
Wed 27 Apr 2011 8:27 AM 



Close Window  

  
Close Window  

Proof of Delivery

Dear Customer, 

This notice serves as proof of delivery for the shipment listed below. 

Thank you for giving us this opportunity to serve you.  

Sincerely,  

UPS  

Tracking results provided by UPS:   04/28/2011 1:52 P.M.   ET 

Tracking Number: 
1Z5AR154A293330436 

Service: UPS Next Day Air® 
Special Instructions: ADULT SIGNATURE REQUIRED 
Weight: 1.60 lbs 
Shipped/Billed On: 04/27/2011 
Delivered On: 04/28/2011 1:04 P.M. 
Delivered To: AQUINNAH, MA, US 
Signed By: WASHINGTON 

Left At: Receiver 

Print This Page

Page 1 of 1UPS: Tracking Information
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April 27. 20 II 

Mr. Chuckie Green 
Mashpee Wampanoag Tribe 
766 Falmouth Road 
POBox 1048 
Mashpee, MA 02649 

18-J High Street, Suite 'i02 
80,ton, MA 02110 

and 
1 Wamsutta Street, Suite 8 
Ne" Bediord, \lA 02740 
Telephone 617-728-0070 
Fal,imile 617-;28-0080 

Re: Additional Analysis and Interpretation of Vi brae ore NB-VC-02 Report 

Project Name: New Bedford Harbor State Enhanced Remedy in New Bedford South Terminal, alkla 
Confined Disposal Facility, alkla South Terminal Marine Industrial Park Development, New Bedford, 
MA. (Project). 

Dear Mr. Green: 

Apex Companies, LLC is pleased to provide a copy of the report associated with the above referenced 
project, as requested at Ibe consultation meeting on March J5, 2011. You will find enclosed a hard-copy 
of the "Additional Analysis and Interpretation of Vi bra core NB-VC-02" report and a pdf version oflbe 
report on a CD. 

If you have questions regarding this correspondence, please do not hesitate to contact Ibe undersigned at 
(617) 728-0070. 

Sincerely. 
Apex Companies. LLC 

Grego,,· F. Harper. MA RPA 
Cultural Resollrce Specialist 

Rccei, ·cd b,·: 
On te : _ _ _ --"'C!cc,it~V.z.~+:Z-'-';I;'_+_/ 

,h r,lIrirmllllellll" "l:Ilgim·..-ril1g 11 /lla Nt'\lllfrCL'\ ..-- /1Il/tl\lrilllllygit'llt' 
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"Wliere 'Excellence :Meels )'a(ue" 

April 27, 2011 

Ms. Lois Adams 
Chief, Grants, Tribal and Municipal Assistance Branch 
Oflice of Ecosystem Protection 
Environmental Protection Agency 
5 Post Oflice Square 
Suite 100 
Boston, MA 02109 

Re: Complete Set of Archaeological Survey Reports 

lR..J High ,)trflPf 'Uiff> "In') 

Boston, I\'IA 02110 
,md 

1 Wamsutta Street, Suite 8 
Ne\\ Rprlford , MA 0274fl 

Telephone 617-728-1J1J70 
F~t ~imHe n17-72S-0mw 

Project Name: New Bedford Harbor State Enhanced Remedy in New Bedford South Terminal, 
a/k/a Confined Disposal Facility, a/k/a South Terminal Marine Industrial Park Development, 
New Bedford, MA, (Project), 

Dear Ms. Adams: 

Apex Companies, LLC is pleased to provide a complete set of archaeological reports that werc 
generated as a result of archaeological investigations associated with the above referenced project, as 
requcsted at the consultation meeting on March 15,2011. You will find enclosed a set of hard-copy 
reports and a USB Drive containing all of the reports. These reports include: 

1. JMA NB South Terminal Assessment of Upland Archaeological Potential 
2. JMA NB South Temlinal Assessment of Inter-Tidal Archaeological Potential 
3. JMA NB South Terminal Assessment of Sub-Tidal Archaeological Potential 
4. Apex Letter to MHC - Project Re-design 
5. Apex Letter to MBUAR - Project Re-design 
6. Dolan Phase I and 1 b Underwater Archaeological Invcstigation 
7. DolanlJMA Phase 2 Underwater Archaeological Investigation 
8. Additional Analyses and Interpretation of Vi bra core NB-VC-02, JMA, April, 2011 

If you have questions regarding this correspondence, please do not hesitate to contact the 
undersigned at (617) 728-0070. 

Sincerely, 
Apex Companies, LLC 

Gregory F. Harper. MA. RP A 
Cultural Resource Specialist 

Received By: 

-"'-! J.lll'irOIlIll('utU/ ""-! ".l'.eillr!e";I1~ .... '-! Water 1lt'''OllrL't!\ ft, lw/Il.\lritllllygit'lIt? .".--' 
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NOx
Quantification of Output

Equipment
Anticipated Use of 

Equipment Emission Type HP
HC 

(Hydrocarbons)8 NOx8 Hours1,2,3,4 
Percent 

Utilization5,6
Adjusted 
Hours7

Hydrocarbon 
Output (Tons)

NOx Output 
(Tons)

Lieberr 994 Dredging Tier 2 2126 0.31 5.26 960 60 576 0.418 7.100
Pushboat Dredging Tier 2 600 0.2 6 960 30 288 0.038 1.143
Pushboat Sheet Pile Wall Tier 2 600 0.2 6 960 30 288 0.038 1.143
Dredge Power (HPU) Dredging Tier 2 512 0.2 6 960 10 96 0.011 0.325
Dredge Power (HPU) Dredging Tier 2 512 0.2 6 960 10 96 0.011 0.325
Dredge Power Operations Dredging Tier 3 185 0.31 5.91 960 90 864 0.055 1.041
Front End Loader (CAT) Site Work Tier 3 700 0.27 6.63 800 40 320 0.067 1.637
Front End Loader (CAT) Site Work Tier 3 700 0.27 6.63 800 40 320 0.067 1.637
Bulldozer Site Work Tier 3 540 0.1669 4.5331 960 50 480 0.048 1.295
Bulldozer Site Work Tier 3 540 0.1669 4.5331 960 50 480 0.048 1.295
Excavator Site Work Tier 3 700 0.27 6.63 960 50 480 0.100 2.456
Excavator Site Work Tier 3 700 0.27 6.63 960 50 480 0.100 2.456
Rubber Tired Excavator Site Work Tier 3 166 0.54 6.57 960 50 480 0.047 0.577
Roller/Compactor Site Work Tier 3 174 0.54 6.57 960 50 480 0.050 0.605
Roller/Compactor Site Work Tier 3 174 0.54 6.57 960 50 480 0.050 0.605
Articulated Dump Truck Site Work Tier 3 469 0.16 4.37 800 40 320 0.026 0.723
Articulated Dump Truck Site Work Tier 3 469 0.16 4.37 800 40 320 0.026 0.723
Grader Site Work Tier 3 540 0.169 4.3351 800 40 320 0.032 0.826
Grader Site Work Tier 3 540 0.169 4.3351 800 40 320 0.032 0.826
Paver Site Work Tier 3 223 0.22 6.23 160 90 144 0.008 0.221
Pile Driving Crane Sheet Pile Wall Tier 2 600 0.13 3.87 480 60 288 0.025 0.737

HC NOx 
1.30 27.70

Assumptions:
1). Construction is approximately 9 months in length, average 4 weeks per month, with construction operating 8 hours per day on average, 5 days per week..
2).  Dredging will take approximately 6 months. 
3).  Dewatering, soils management, and site grading will take approximately 6 months. 
4).  Sheet pile wall installation will take approximately 3 months. 
5).  Percent utilization assumes that, although equipment may be onsite, it will not necessarily be utilized 8 hours per day.  
6).  Percent utilization is based upon engineering experience on similar projects. 
7). Adjusted hours includes percent utilization.
8). Emission factors from the USEPA document "Exhaust and Crank Case Emission Factors for Non Road Engine Modeling – Compression –Ignition", Table D6 dated July 2010.   

Table 1: Calculation of NOx and Hydrocarbon Production During Construction of South Terminal CDF

Total (Tons)
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Title 40: Protection of Environment 
PART 93—DETERMINING CONFORMITY OF FEDERAL ACTIONS TO STATE OR FEDERAL 
IMPLEMENTATION PLANS  
Subpart B—Determining Conformity of General Federal Actions to State or Federal Implementation 
Plans  

Browse Previous | Browse Next 

§ 93.153   Applicability. 

(a) Conformity determinations for Federal actions related to transportation plans, programs, and projects 
developed, funded, or approved under title 23 U.S.C. or the Federal Transit Act (49 U.S.C. 1601 et 
seq. ) must meet the procedures and criteria of 40 CFR part 51, subpart T, in lieu of the procedures set 
forth in this subpart. 

(b) For Federal actions not covered by paragraph (a) of this section, a conformity determination is 
required for each criteria pollutant or precursor where the total of direct and indirect emissions of the 
criteria pollutant or precursor in a nonattainment or maintenance area caused by a Federal action would 
equal or exceed any of the rates in paragraphs (b)(1) or (2) of this section. 

(1) For purposes of paragraph (b) of this section, the following rates apply in nonattainment areas 
(NAA's): 

  Tons/year
Ozone (VOC's or NOX):

Serious NAA's 50
Severe NAA's 25
Extreme NAA's 10
Other ozone NAA's outside an ozone transport region 100

Other ozone NAA's inside an ozone transport region:
VOC 50
NOX 100

Carbon monoxide: All NAA's 100
SO2or NO2: All NAA's 100

PM–10:
Moderate NAA's 100
Serious NAA's 70

PM2.5:

Direct emissions 100
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8/12/2010http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=3b64d9cdb4413508bc73e2b5d161...



(2) For purposes of paragraph (b) of this section, the following rates apply in maintenance areas: 

(c) The requirements of this subpart shall not apply to the following Federal actions: 

(1) Actions where the total of direct and indirect emissions are below the emissions levels specified in 
paragraph (b) of this section. 

(2) Actions which would result in no emissions increase or an increase in emissions that is clearly de 
minimis: 

(i) Judicial and legislative proceedings. 

(ii) Continuing and recurring activities such as permit renewals where activities conducted will be similar 
in scope and operation to activities currently being conducted. 

(iii) Rulemaking and policy development and issuance. 

(iv) Routine maintenance and repair activities, including repair and maintenance of administrative sites, 
roads, trails, and facilities. 

(v) Civil and criminal enforcement activities, such as investigations, audits, inspections, examinations, 
prosecutions, and the training of law enforcement personnel. 

(vi) Administrative actions such as personnel actions, organizational changes, debt management or 
collection, cash management, internal agency audits, program budget proposals, and matters relating to 
the administration and collection of taxes, duties and fees. 

(vii) The routine, recurring transportation of materiel and personnel. 

SO2 100

NOX(unless determined not to be significant precursors) 100

VOC or ammonia (if determined to be significant precursors) 100
Pb: All NAA's 25

  Tons/year
Ozone (NOX, SO2or NO2):

All Maintenance Areas 100
Ozone (VOC's):

Maintenance areas inside an ozone transport region 50
Maintenance areas outside an ozone transport region 100

Carbon monoxide: All Maintenance Areas 100
PM–10: All Maintenance Areas 100
PM2.5:

Direct emissions 100
SO2 100

NOX(unless determined not to be a significant precursor) 100

VOC or ammonia (if determined to be significant precursors) 100
Pb: All Maintenance Areas 25
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(viii) Routine movement of mobile assets, such as ships and aircraft, in home port reassignments and 
stations (when no new support facilities or personnel are required) to perform as operational groups 
and/or for repair or overhaul. 

(ix) Maintenance dredging and debris disposal where no new depths are required, applicable permits are 
secured, and disposal will be at an approved disposal site. 

(x) Actions, such as the following, with respect to existing structures, properties, facilities and lands 
where future activities conducted will be similar in scope and operation to activities currently being 
conducted at the existing structures, properties, facilities, and lands; for example, relocation of 
personnel, disposition of federally-owned existing structures, properties, facilities, and lands, rent 
subsidies, operation and maintenance cost subsidies, the exercise of receivership or conservatorship 
authority, assistance in purchasing structures, and the production of coins and currency. 

(xi) The granting of leases, licenses such as for exports and trade, permits, and easements where 
activities conducted will be similar in scope and operation to activities currently being conducted. 

(xii) Planning, studies, and provision of technical assistance. 

(xiii) Routine operation of facilities, mobile assets and equipment. 

(xiv) Transfers of ownership, interests, and titles in land, facilities, and real and personal properties, 
regardless of the form or method of the transfer. 

(xv) The designation of empowerment zones, enterprise communities, or viticultural areas. 

(xvi) Actions by any of the Federal banking agencies or the Federal Reserve Banks, including actions 
regarding charters, applications, notices, licenses, the supervision or examination of depository 
institutions or depository institution holding companies, access to the discount window, or the provision 
of financial services to banking organizations or to any department, agency or instrumentality of the 
United States. 

(xvii) Actions by the Board of Governors of the Federal Reserve System or any Federal Reserve Bank 
necessary to effect monetary or exchange rate policy. 

(xviii) Actions that implement a foreign affairs function of the United States. 

(xix) Actions (or portions thereof) associated with transfers of land, facilities, title, and real properties 
through an enforceable contract or lease agreement where the delivery of the deed is required to occur 
promptly after a specific, reasonable condition is met, such as promptly after the land is certified as 
meeting the requirements of CERCLA, and where the Federal agency does not retain continuing 
authority to control emissions associated with the lands, facilities, title, or real properties. 

(xx) Transfers of real property, including land, facilities, and related personal property from a Federal 
entity to another Federal entity and assignments of real property, including land, facilities, and related 
personal property from a Federal entity to another Federal entity for subsequent deeding to eligible 
applicants. 

(xxi) Actions by the Department of the Treasury to effect fiscal policy and to exercise the borrowing 
authority of the United States. 

(xxii) Air traffic control activities and adopting approach, departure, and enroute procedures for aircraft 
operations above the mixing height specified in the applicable SIP or TIP. Where the applicable SIP or 
TIP does not specify a mixing height, the Federal agency can use the 3,000 feet above ground level as 
a default mixing height, unless the agency demonstrates that use of a different mixing height is 
appropriate because the change in emissions at and above that height caused by the Federal action is 
de minimis.  

(3) Actions where the emissions are not reasonably foreseeable, such as the following: 

(i) Initial Outer Continental Shelf lease sales which are made on a broad scale and are followed by 
exploration and development plans on a project level. 
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(ii) Electric power marketing activities that involve the acquisition, sale and transmission of electric 
energy. 

(4) Actions which implement a decision to conduct or carry out a conforming program such as prescribed 
burning actions which are consistent with a conforming land management plan. 

(d) Notwithstanding the other requirements of this subpart, a conformity determination is not required for 
the following Federal actions (or portion thereof): 

(1) The portion of an action that includes major or minor new or modified stationary sources that require 
a permit under the new source review (NSR) program (Section 110(a)(2)(c) and Section 173 of the Act) 
or the prevention of significant deterioration program (title I, part C of the Act). 

(2) Actions in response to emergencies which are typically commenced on the order of hours or days 
after the emergency and, if applicable, which meet the requirements of paragraph (e) of this section. 

(3) Research, investigations, studies, demonstrations, or training (other than those exempted under 
paragraph (c)(2) of this section), where no environmental detriment is incurred and/or, the particular 
action furthers air quality research, as determined by the State agency primarily responsible for the 
applicable SIP; 

(4) Alteration and additions of existing structures as specifically required by new or existing applicable 
environmental legislation or environmental regulations (e.g., hush houses for aircraft engines and 
scrubbers for air emissions). 

(5) Direct emissions from remedial and removal actions carried out under the Comprehensive 
Environmental Response, Compensation and Liability Act and associated regulations to the extent such 
emissions either comply with the substantive requirements of the PSD/NSR permitting program or are 
exempted from other environmental regulation under the provisions of CERCLA and applicable 
regulations issued under CERCLA. 

(e) Federal actions which are part of a continuing response to an emergency or disaster under 
paragraph (d)(2) of this section and which are to be taken more than 6 months after the commencement 
of the response to the emergency or disaster under paragraph (d)(2) of this section are exempt from the 
requirements of this subpart only if: 

(1) The Federal agency taking the actions makes a written determination that, for a specified period not 
to exceed an additional 6 months, it is impractical to prepare the conformity analyses which would 
otherwise be required and the actions cannot be delayed due to overriding concerns for public health 
and welfare, national security interests and foreign policy commitments; or 

(2) For actions which are to be taken after those actions covered by paragraph (e)(1) of this section, the 
Federal agency makes a new determination as provided in paragraph (e)(1) of this section and: 

(i) Provides a draft copy of the written determinations required to affected EPA Regional office(s), the 
affected State(s) and/or air pollution control agencies, and any Federal recognized Indian tribal 
government in the nonattainment or maintenance area. Those organizations must be allowed 15 days 
from the beginning of the extension period to comment on the draft determination; and 

(ii) Within 30 days after making the determination, publish a notice of the determination by placing a 
prominent advertisement in a daily newspaper of general circulation in the area affected by the action. 

(3) If additional actions are necessary in response to an emergency or disaster under paragraph (d)(2) of 
this section beyond the specified time period in paragraph (e)(2) of this section, a Federal agency can 
make a new written determination as described in (e)(2) of this section for as many 6-month periods as 
needed, but in no case shall this exemption extend beyond three 6-month periods except where an 
agency: 

(i) Provides information to EPA and the State or Tribe stating that the conditions that gave rise to the 
emergency exemption continue to exist and how such conditions effectively prevent the agency from 
conducting a conformity evaluation. 

(ii) [Reserved] 
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(f) Notwithstanding other requirements of this subpart, actions specified by individual Federal agencies 
that have met the criteria set forth in either paragraphs (g)(1), (g)(2), or (g)(3) of this section and the 
procedures set forth in paragraph (h) of this section are “presumed to conform,” except as provided in 
paragraph (j) of this section. Actions specified by individual Federal agencies as “presumed to conform” 
may not be used in combination with one another when the total direct and indirect emissions from the 
combination of actions would equal or exceed any of the rates specified in paragraphs (b)(1) or (2) of 
this section. 

(g) The Federal agency must meet the criteria for establishing activities that are “presumed to conform” 
by fulfilling the requirements set forth in either paragraphs (g)(1), (g)(2), or (g)(3) of this section: 

(1) The Federal agency must clearly demonstrate using methods consistent with this subpart that the 
total of direct and indirect emissions from the type of activities which would be presumed to conform 
would not: 

(i) Cause or contribute to any new violation of any standard in any area; 

(ii) Interfere with provisions in the applicable SIP for maintenance of any standard; 

(iii) Increase the frequency or severity of any existing violation of any standard in any area; or 

(iv) Delay timely attainment of any standard or any required interim emission reductions or other 
milestones in any area including, where applicable, emission levels specified in the applicable SIP for 
purposes of: 

(A) A demonstration of reasonable further progress; 

(B) A demonstration of attainment; or 

(C) A maintenance plan; or 

(2) The Federal agency must provide documentation that the total of direct and indirect emissions from 
such future actions would be below the emission rates for a conformity determination that are 
established in paragraph (b) of this section, based, for example, on similar actions taken over recent 
years. 

(3) The Federal agency must clearly demonstrate that the emissions from the type or category of actions 
and the amount of emissions from the action are included in the applicable SIP and the State, local, or 
tribal air quality agencies responsible for the SIP(s) or TIP(s) provide written concurrence that the 
emissions from the actions along with all other expected emissions in the area will not exceed the 
emission budget in the SIP. 

(h) In addition to meeting the criteria for establishing exemptions set forth in paragraphs (g)(1), (g)(2), or 
(g)(3) of this section, the following procedures must also be complied with to presume that activities will 
conform: 

(1) The Federal agency must identify through publication in theFederal Registerits list of proposed 
activities that are “presumed to conform” and the basis for the presumptions. The notice must clearly 
identify the type and size of the action that would be “presumed to conform” and provide criteria for 
determining if the type and size of action qualifies it for the presumption; 

(2) The Federal agency must notify the appropriate EPA Regional Office(s), State, local, and tribal air 
quality agencies and, where applicable, the agency designated under section 174 of the Act and the 
MPO and provide at least 30 days for the public to comment on the list of proposed activities “presumed 
to conform.” If the “presumed to conform” action has regional or national application ( e.g., the action will 
cause emission increases in excess of the de minimis levels identified in paragraph (b) of this section in 
more than one of EPA's Regions), the Federal agency, as an alternative to sending it to EPA Regional 
Offices, can send the draft conformity determination to U.S. EPA, Office of Air Quality Planning and 
Standards; 

(3) The Federal agency must document its response to all the comments received and make the 
comments, response, and final list of activities available to the public upon request; and 
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(4) The Federal agency must publish the final list of such activities in theFederal Register. 

(i) Emissions from the following actions are “presumed to conform”: 

(1) Actions at installations with facility-wide emission budgets meeting the requirements in §93.161 
provided that the State or Tribe has included the emission budget in the EPA-approved SIP and the 
emissions from the action along with all other emissions from the installation will not exceed the facility-
wide emission budget. 

(2) Prescribed fires conducted in accordance with a smoke management program (SMP) which meets 
the requirements of EPA's Interim Air Quality Policy on Wildland and Prescribed Fires or an equivalent 
replacement EPA policy. 

(3) Emissions for actions that the State or Tribe identifies in the EPA-approved SIP or TIP as “presumed 
to conform.” 

(j) Even though an action would otherwise be “presumed to conform” under paragraph (f) or (i) of this 
section, an action shall not be “presumed to conform” and the requirements of §93.150, §93.151, 
§§93.154 through 93.160 and §§93.162 through 93.164 shall apply to the action if EPA or a third party 
shows that the action would: 

(1) Cause or contribute to any new violation of any standard in any area; 

(2) Interfere with provisions in the applicable SIP or TIP for maintenance of any standard; 

(3) Increase the frequency or severity of any existing violation of any standard in any area; or 

(4) Delay timely attainment of any standard or any required interim emissions reductions or other 
milestones in any area including, where applicable, emission levels specified in the applicable SIP or TIP 
for purposes of: 

(i) A demonstration of reasonable further progress; 

(ii) A demonstration of attainment; or 

(iii) A maintenance plan. 

(k) The provisions of this subpart shall apply in all nonattainment and maintenance areas except 
conformity requirements for newly designated nonattainment areas are not applicable until 1 year after 
the effective date of the final nonattainment designation for each NAAQS and pollutant in accordance 
with section 176(c)(6) of the Act. 

[58 FR 63253, Nov. 30, 1993, as amended at 71 FR 40427, July 17, 2006; 75 FR 17274, Apr. 5, 2010] 
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Appendix A 

New Bedford Harbor Development Commission 

South Terminal CDF 

Field Study of Soils – performed by Edward Pickering, P.E., CPSSc 
On April 20, 2010, a field study was performed on the property of the proposed South Terminal 
Marine Infrastructure Park in New Bedford, MA to evaluate the presence and/or absence of 
hydric soil indicators in accordance with “Field Indicators for Identifying Hydric Soils in New 
England,” Version 3, April 2004 (referred to herein as Field Guide).  The gathering of soil 
information from the field study was intended to assist in the effort to estimate the extent of 
jurisdictional resource areas at this site, as defined by Wetlands Protection Act Regulations at 
310 CMR 10.00, when compiled with observations of the relative abundance of wetland 
indicator plant species obtained by others.  A tile spade was used to dig observation holes and 
obtain undisturbed soil samples to prepare soil pedon descriptions.  These holes were 
approximately one foot in diameter and were advanced to a depth of up to three feet when 
possible or, more commonly, shallower depth upon refusal.  Up to nine soil observation holes 
were attempted at selected locations of the subject property; all but the first encountered refusal 
at a depth of 15 inches or less due to the presence of buried manmade materials. 

Access to the shoreline area of the property was obtained on foot by way of Blackmer Street, 
along a stormwater drain right of way, adjacent to property owned by the Commonwealth of 
Massachusetts Division of Marine Fisheries (DMF).  The DMF property was enclosed by a 
chain-link fence within which the southern half of the property was developed into an asphalt 
paved surface, while the northern half remain undeveloped.  Entry into the secured fenced-in 
area was not attempted and direct observation of subsurface soil conditions was not possible.   

The first soil observation hole, Apex-1, was dug adjacent to the fencing near the northeast 
corner of the DMF fence-line, facing the harbor, within a natural beach area.  No obstructions 
were encountered and the hole was advanced to three feet.  Hydric soil features were observed 
at a depth of 13 inches, and the pedon most closely matched the description of hydric soil 
conditions in the Field Guide described as “X.C. Sandy with Redox.”  A gleyed horizon with 
abrupt upper and lower boundaries was observed at 13 to 15 inches, consisting of loamy fine 
sand with a matrix color of 10YR 6/1, gray-light gray.  Additional common, fine, distinct 
redoximorphic features were identified below 15 inches with a color of 10YR 4/4, dark yellowish 
brown upon a matrix of 10YR 5/2, grayish brown loamy sand.  The Ap horizon appeared to have 
been disturbed possibly by mixing due to beach vehicular traffic or anthropogenic addition of 
sandy material. 

Besides the shoreline area, access to the remainder of the subject property was possible to 
observe soil conditions in an irregular-shaped area of the property bounded to the north by a 
fence-line running east-west along the Shuster property and bounded to the west by a partially-



fenced radio station property.  Proceeding along a foot path adjacent to the north side of the 
DMF fence-line, the ground surface was hummocky and undulating on both sides of the fence 
due to irregular filling with construction debris; particularly with boulders, concrete slabs, and 
solidified liquid asphalt.  Vegetation was very dense in the area closest to beach, and included 
briars and thorn bushes, which rendered the area essentially impenetrable.  Halfway up the 
DMF fence-line, the ground surface leveled off although surface debris was still common.  
Repeated attempts to advance an observation hole were refused at 6 inches or less. 

Apex-2 was located within a lobular, depression area adjacent to the fence-line along the 
northern boundary with the Shuster property, mostly open grass areas with a variety of shrubs.  
Underlying a 10-inch 10YR, 2/2 very dark brown Ap horizon, redoximorphic features due to 
wetness were encountered.  Numerous cobble- and gravel-sized pieces of brick, concrete, tires, 
and other debris were observed, and refusal was encountered at a depth of 12 inches.  The 
general area was impacted by mounds of construction debris, boulders of various size, tires, 
etc.  Outside of this area, at slightly higher elevation of 6 inches or more, upland soils were 
thought to occur but shallow refusal denied confirmation. 

Apex-3 was situated half of the distance between the northeast corner of the fence at the radio 
station property and the northern boundary fence-line, in an open, level landscaped area 
maintained in grass and occasional shrubs and trees.  The observation hole was advanced to a 
depth of 15 inches, when refusal was encountered.  Underlying an Ap horizon of 10 inches, was 
what appeared to be a well developed B horizon with a uniform matrix color of 10YR 4/3 
brown/dark brown and no redoximorphic features.  The position in the landscape, and 
appearance of subsoil material that could be observed, conformed to an upland location.  The 
entire opening of the 1 foot diameter hole was obstructed by a smooth hard object that 
appeared to be concrete, indicating that deposition of manmade materials and historic fill 
activities had occurred throughout the subject property. 

In addition to the three observation holes, where notes of soil characteristics were kept, 
attempts were made throughout accessible portions of the subject property to no avail.  The 
entire site had been impacted by filling with construction waste and other material over a long 
period of time, and sufficiently long ago to permit growth of extensive opportunistic vegetation.  
In general, progressing from the west to the east, the property was more finished (i.e., level and 
maintained) around the radio station transitioning to the roughest part nearest to the beach, and 
groundwater fluctuations appeared to become closer to the surface.  At two thirds of the 
distance to the beach, waste piles were more evident, the land surface became more 
hummocky, and the vegetation turned to an unkempt, scrub forest of low lying trees and shrubs. 

In conclusion, no functioning wetlands were observed in the open (unfenced) areas of the 
subject property, although groundwater levels may fluctuate to the upper part of the soil in 
certain areas and some wetland plant species are present to some degree.  The area qualifies 
as urban fill, reflecting its historic use as a construction debris landfill area and previous filling of 
what was long ago coastal wetlands.  The subject property is not significant to the protection of 
any of the interests identified in the regulations at 310 C.M.R. § 10.01(2). 



 

 

 

 

 

 

APPENDIX 51 



Title 40: Protection of Environment 

PART 230—SECTION 404(b)(1) GUIDELINES FOR SPECIFICATION OF 
DISPOSAL SITES FOR DREDGED OR FILL MATERIAL 

Authority:    Secs. 404(b) and 501(a) of the Clean Water Act of 1977 (33 U.S.C. 1344(b) and 
1361(a)).  

Source:   45 FR 85344, Dec. 24, 1980, unless otherwise noted.  

Subpart A—General 

§ 230.1   Purpose and policy. 

(a) The purpose of these Guidelines is to restore and maintain the chemical, physical, and 
biological integrity of waters of the United States through the control of discharges of dredged or 
fill material. 

(b) Congress has expressed a number of policies in the Clean Water Act. These Guidelines are 
intended to be consistent with and to implement those policies. 

(c) Fundamental to these Guidelines is the precept that dredged or fill material should not be 
discharged into the aquatic ecosystem, unless it can be demonstrated that such a discharge will 
not have an unacceptable adverse impact either individually or in combination with known 
and/or probable impacts of other activities affecting the ecosystems of concern. 

(d) From a national perspective, the degradation or destruction of special aquatic sites, such as 
filling operations in wetlands, is considered to be among the most severe environmental impacts 
covered by these Guidelines. The guiding principle should be that degradation or destruction of 
special sites may represent an irreversible loss of valuable aquatic resources. 

§ 230.2   Applicability. 

(a) These Guidelines have been developed by the Administrator of the Environmental Protection 
Agency in conjunction with the Secretary of the Army acting through the Chief of Engineers 
under section 404(b)(1) of the Clean Water Act (33 U.S.C. 1344). The Guidelines are applicable 
to the specification of disposal sites for discharges of dredged or fill material into waters of the 
United States. Sites may be specified through: 

(1) The regulatory program of the U.S. Army Corps of Engineers under sections 404(a) and (e) 
of the Act (see 33 CFR Parts 320, 323 and 325); 

(2) The civil works program of the U.S. Army Corps of Engineers (see 33 CFR 209.145 and 
section 150 of Pub. L. 94–587, Water Resources Development Act of 1976); 



(3) Permit programs of States approved by the Administrator of the Environmental Protection 
Agency in accordance with section 404(g) and (h) of the Act (see 40 CFR parts 122, 123 and 
124); 

(4) Statewide dredged or fill material regulatory programs with best management practices 
approved under section 208(b)(4)(B) and (C) of the Act (see 40 CFR 35.1560); 

(5) Federal construction projects which meet criteria specified in section 404(r) of the Act. 

(b) These Guidelines will be applied in the review of proposed discharges of dredged or fill 
material into navigable waters which lie inside the baseline from which the territorial sea is 
measured, and the discharge of fill material into the territorial sea, pursuant to the procedures 
referred to in paragraphs (a)(1) and (2) of this section. The discharge of dredged material into the 
territorial sea is governed by the Marine Protection, Research, and Sanctuaries Act of 1972, Pub. 
L. 92–532, and regulations and criteria issued pursuant thereto (40 CFR parts 220 through 228). 

(c) Guidance on interpreting and implementing these Guidelines may be prepared jointly by EPA 
and the Corps at the national or regional level from time to time. No modifications to the basic 
application, meaning, or intent of these Guidelines will be made without rulemaking by the 
Administrator under the Administrative Procedure Act (5 U.S.C. 551 et seq.). 

§ 230.3   Definitions. 

For purposes of this part, the following terms shall have the meanings indicated: 

(a) The term Act means the Clean Water Act (also known as the Federal Water Pollution Control 
Act or FWPCA) Pub. L. 92–500, as amended by Pub. L. 95–217, 33 U.S.C. 1251, et seq.  

(b) The term adjacent means bordering, contiguous, or neighboring. Wetlands separated from 
other waters of the United States by man-made dikes or barriers, natural river berms, beach 
dunes, and the like are “adjacent wetlands.” 

(c) The terms aquatic environment and aquatic ecosystem mean waters of the United States, 
including wetlands, that serve as habitat for interrelated and interacting communities and 
populations of plants and animals. 

(d) The term carrier of contaminant means dredged or fill material that contains contaminants. 

(e) The term contaminant means a chemical or biological substance in a form that can be 
incorporated into, onto or be ingested by and that harms aquatic organisms, consumers of aquatic 
organisms, or users of the aquatic environment, and includes but is not limited to the substances 
on the 307(a)(1) list of toxic pollutants promulgated on January 31, 1978 (43 FR 4109). 

(f)–(g) [Reserved] 



(h) The term discharge point means the point within the disposal site at which the dredged or fill 
material is released. 

(i) The term disposal site means that portion of the “waters of the United States” where specific 
disposal activities are permitted and consist of a bottom surface area and any overlying volume 
of water. In the case of wetlands on which surface water is not present, the disposal site consists 
of the wetland surface area. 

(j) [Reserved] 

(k) The term extraction site means the place from which the dredged or fill material proposed for 
discharge is to be removed. 

(l) [Reserved] 

(m) The term mixing zone means a limited volume of water serving as a zone of initial dilution in 
the immediate vicinity of a discharge point where receiving water quality may not meet quality 
standards or other requirements otherwise applicable to the receiving water. The mixing zone 
should be considered as a place where wastes and water mix and not as a place where effluents 
are treated. 

(n) The term permitting authority means the District Engineer of the U.S. Army Corps of 
Engineers or such other individual as may be designated by the Secretary of the Army to issue or 
deny permits under section 404 of the Act; or the State Director of a permit program approved by 
EPA under section 404(g) and section 404(h) or his delegated representative. 

(o) The term pollutant means dredged spoil, solid waste, incinerator residue, sewage, garbage, 
sewage sludge, munitions, chemical wastes, biological materials, radioactive materials not 
covered by the Atomic Energy Act, heat, wrecked or discarded equipment, rock, sand, cellar dirt, 
and industrial, municipal, and agricultural waste discharged into water. The legislative history of 
the Act reflects that “radioactive materials” as included within the definition of “pollutant” in 
section 502 of the Act means only radioactive materials which are not encompassed in the 
definition of source, byproduct, or special nuclear materials as defined by the Atomic Energy Act 
of 1954, as amended, and regulated under the Atomic Energy Act. Examples of radioactive 
materials not covered by the Atomic Energy Act and, therefore, included within the term 
“pollutant”, are radium and accelerator produced isotopes. See Train v. Colorado Public Interest 
Research Group, Inc., 426 U.S. 1 (1976). 

(p) The term pollution means the man-made or man-induced alteration of the chemical, physical, 
biological or radiological integrity of an aquatic ecosystem. 

(q) The term practicable means available and capable of being done after taking into 
consideration cost, existing technology, and logistics in light of overall project purposes. 

(q-1) Special aquatic sites means those sites identified in subpart E. They are geographic areas, 
large or small, possessing special ecological characteristics of productivity, habitat, wildlife 



protection, or other important and easily disrupted ecological values. These areas are generally 
recognized as significantly influencing or positively contributing to the general overall 
environmental health or vitality of the entire ecosystem of a region. (See §230.10(a)(3)) 

(r) The term territorial sea means the belt of the sea measured from the baseline as determined in 
accordance with the Convention on the Territorial Sea and the Contiguous Zone and extending 
seaward a distance of three miles. 

(s) The term waters of the United States means: 

(1) All waters which are currently used, or were used in the past, or may be susceptible to use in 
interstate or foreign commerce, including all waters which are subject to the ebb and flow of the 
tide; 

(2) All interstate waters including interstate wetlands; 

(3) All other waters such as intrastate lakes, rivers, streams (including intermittent streams), 
mudflats, sandflats, wetlands, sloughs, prairie potholes, wet meadows, playa lakes, or natural 
ponds, the use, degradation or destruction of which could affect interstate or foreign commerce 
including any such waters: 

(i) Which are or could be used by interstate or foreign travelers for recreational or other 
purposes; or 

(ii) From which fish or shellfish are or could be taken and sold in interstate or foreign commerce; 
or 

(iii) Which are used or could be used for industrial purposes by industries in interstate 
commerce; 

(4) All impoundments of waters otherwise defined as waters of the United States under this 
definition; 

(5) Tributaries of waters identified in paragraphs (s)(1) through (4) of this section; 

(6) The territorial sea; 

(7) Wetlands adjacent to waters (other than waters that are themselves wetlands) identified in 
paragraphs (s)(1) through (6) of this section; waste treatment systems, including treatment ponds 
or lagoons designed to meet the requirements of CWA (other than cooling ponds as defined in 40 
CFR 423.11(m) which also meet the criteria of this definition) are not waters of the United 
States. 

Waters of the United States do not include prior converted cropland. Notwithstanding the 
determination of an area's status as prior converted cropland by any other federal agency, for the 



purposes of the Clean Water Act, the final authority regarding Clean Water Act jurisdiction 
remains with EPA. 

(t) The term wetlands means those areas that are inundated or saturated by surface or ground 
water at a frequency and duration sufficient to support, and that under normal circumstances do 
support, a prevalence of vegetation typically adapted for life in saturated soil conditions. 
Wetlands generally include swamps, marshes, bogs and similar areas. 

[45 FR 85344, Dec. 24, 1980, as amended at 58 FR 45037, Aug. 25, 1993] 

§ 230.4   Organization. 

The Guidelines are divided into eight subparts. Subpart A presents those provisions of general 
applicability, such as purpose and definitions. Subpart B establishes the four conditions which 
must be satisfied in order to make a finding that a proposed discharge of dredged or fill material 
complies with the Guidelines. Section 230.11 of subpart B, sets forth factual determinations 
which are to be considered in determining whether or not a proposed discharge satisfies the 
subpart B conditions of compliance. Subpart C describes the physical and chemical components 
of a site and provides guidance as to how proposed discharges of dredged or fill material may 
affect these components. Subparts D through F detail the special characteristics of particular 
aquatic ecosystems in terms of their values, and the possible loss of these values due to 
discharges of dredged or fill material. Subpart G prescribes a number of physical, chemical, and 
biological evaluations and testing procedures to be used in reaching the required factual 
determinations. Subpart H details the means to prevent or minimize adverse effects. Subpart I 
concerns advanced identification of disposal areas. 

§ 230.5   General procedures to be followed. 

In evaluating whether a particular discharge site may be specified, the permitting authority 
should use these Guidelines in the following sequence: 

(a) In order to obtain an overview of the principal regulatory provisions of the Guidelines, review 
the restrictions on discharge in §230.10(a) through (d), the measures to minimize adverse impact 
of subpart H, and the required factual determinations of §230.11. 

(b) Determine if a General permit (§230.7) is applicable; if so, the applicant needs merely to 
comply with its terms, and no further action by the permitting authority is necessary. Special 
conditions for evaluation of proposed General permits are contained in §230.7. If the discharge is 
not covered by a General permit: 

(c) Examine practicable alternatives to the proposed discharge, that is, not discharging into the 
waters of the U.S. or discharging into an alternative aquatic site with potentially less damaging 
consequences (§230.10(a)). 

(d) Delineate the candidate disposal site consistent with the criteria and evaluations of 
§230.11(f). 



(e) Evaluate the various physical and chemical components which characterize the non-living 
environment of the candidate site, the substrate and the water including its dynamic 
characteristics (subpart C). 

(f) Identify and evaluate any special or critical characteristics of the candidate disposal site, and 
surrounding areas which might be affected by use of such site, related to their living 
communities or human uses (subparts D, E, and F). 

(g) Review Factual Determinations in §230.11 to determine whether the information in the 
project file is sufficient to provide the documentation required by §230.11 or to perform the pre-
testing evaluation described in §230.60, or other information is necessary. 

(h) Evaluate the material to be discharged to determine the possibility of chemical contamination 
or physical incompatibility of the material to be discharged (§230.60). 

(i) If there is a reasonable probability of chemical contamination, conduct the appropriate tests 
according to the section on Evaluation and Testing (§230.61). 

(j) Identify appropriate and practicable changes to the project plan to minimize the 
environmental impact of the discharge, based upon the specialized methods of minimization of 
impacts in subpart H. 

(k) Make and document Factual Determinations in §230.11. 

(l) Make and document Findings of Compliance (§230.12) by comparing Factual Determinations 
with the requirements for discharge of §230.10. 

This outline of the steps to follow in using the Guidelines is simplified for purposes of 
illustration. The actual process followed may be iterative, with the results of one step leading to a 
reexamination of previous steps. The permitting authority must address all of the relevant 
provisions of the Guidelines in reaching a Finding of Compliance in an individual case. 

§ 230.6   Adaptability. 

 (a) The manner in which these Guidelines are used depends on the physical, biological, and 
chemical nature of the proposed extraction site, the material to be discharged, and the candidate 
disposal site, including any other important components of the ecosystem being evaluated. 
Documentation to demonstrate knowledge about the extraction site, materials to be extracted, 
and the candidate disposal site is an essential component of guideline application. These 
Guidelines allow evaluation and documentation for a variety of activities, ranging from those 
with large, complex impacts on the aquatic environment to those for which the impact is likely to 
be innocuous. It is unlikely that the Guidelines will apply in their entirety to any one activity, no 
matter how complex. It is anticipated that substantial numbers of permit applications will be for 
minor, routine activities that have little, if any, potential for significant degradation of the aquatic 
environment. It generally is not intended or expected that extensive testing, evaluation or 
analysis will be needed to make findings of compliance in such routine cases. Where the 



conditions for General permits are met, and where numerous applications for similar activities 
are likely, the use of General permits will eliminate repetitive evaluation and documentation for 
individual discharges. 

(b) The Guidelines user, including the agency or agencies responsible for implementing the 
Guidelines, must recognize the different levels of effort that should be associated with varying 
degrees of impact and require or prepare commensurate documentation. The level of 
documentation should reflect the significance and complexity of the discharge activity. 

(c) An essential part of the evaluation process involves making determinations as to the 
relevance of any portion(s) of the Guidelines and conducting further evaluation only as needed. 
However, where portions of the Guidelines review procedure are “short form” evaluations, there 
still must be sufficient information (including consideration of both individual and cumulative 
impacts) to support the decision of whether to specify the site for disposal of dredged or fill 
material and to support the decision to curtail or abbreviate the evaluation process. The 
presumption against the discharge in §230.1 applies to this decision-making. 

(d) In the case of activities covered by General permits or section 208(b)(4)(B) and (C) Best 
Management Practices, the analysis and documentation required by the Guidelines will be 
performed at the time of General permit issuance or section 208(b)(4)(B) and (C) Best 
Management Practices promulgation and will not be repeated when activities are conducted 
under a General permit or section 208(b)(4)(B) and (C) Best Management Practices control. 
These Guidelines do not require reporting or formal written communication at the time 
individual activities are initiated under a General permit or section 208(b)(4)(B) and (C) Best 
Management Practices. However, a particular General permit may require appropriate reporting. 

§ 230.7   General permits. 

 (a) Conditions for the issuance of General permits. A General permit for a category of activities 
involving the discharge of dredged or fill material complies with the Guidelines if it meets the 
applicable restrictions on the discharge in §230.10 and if the permitting authority determines 
that: 

(1) The activities in such category are similar in nature and similar in their impact upon water 
quality and the aquatic environment; 

(2) The activities in such category will have only minimal adverse effects when performed 
separately; and 

(3) The activities in such category will have only minimal cumulative adverse effects on water 
quality and the aquatic environment. 

(b) Evaluation process. To reach the determinations required in paragraph (a) of this section, the 
permitting authority shall set forth in writing an evaluation of the potential individual and 
cumulative impacts of the category of activities to be regulated under the General permit. While 
some of the information necessary for this evaluation can be obtained from potential permittees 



and others through the proposal of General permits for public review, the evaluation must be 
completed before any General permit is issued, and the results must be published with the final 
permit. 

(1) This evaluation shall be based upon consideration of the prohibitions listed in §230.10(b) and 
the factors listed in §230.10(c), and shall include documented information supporting each 
factual determination in §230.11 of the Guidelines (consideration of alternatives in §230.10(a) 
are not directly applicable to General permits); 

(2) The evaluation shall include a precise description of the activities to be permitted under the 
General permit, explaining why they are sufficiently similar in nature and in environmental 
impact to warrant regulation under a single General permit based on subparts C through F of the 
Guidelines. Allowable differences between activities which will be regulated under the same 
General permit shall be specified. Activities otherwise similar in nature may differ in 
environmental impact due to their location in or near ecologically sensitive areas, areas with 
unique chemical or physical characteristics, areas containing concentrations of toxic substances, 
or areas regulated for specific human uses or by specific land or water management plans (e.g., 
areas regulated under an approved Coastal Zone Management Plan). If there are specific 
geographic areas within the purview of a proposed General permit (called a draft General permit 
under a State 404 program), which are more appropriately regulated by individual permit due to 
the considerations cited in this paragraph, they shall be clearly delineated in the evaluation and 
excluded from the permit. In addition, the permitting authority may require an individual permit 
for any proposed activity under a General permit where the nature or location of the activity 
makes an individual permit more appropriate. 

(3) To predict cumulative effects, the evaluation shall include the number of individual discharge 
activities likely to be regulated under a General permit until its expiration, including repetitions 
of individual discharge activities at a single location. 

Subpart B—Compliance with the Guidelines 

§ 230.10   Restrictions on discharge. 

Note: Because other laws may apply to particular discharges and because the Corps of Engineers 
or State 404 agency may have additional procedural and substantive requirements, a discharge 
complying with the requirement of these Guidelines will not automatically receive a permit. 

Although all requirements in §230.10 must be met, the compliance evaluation procedures will 
vary to reflect the seriousness of the potential for adverse impacts on the aquatic ecosystems 
posed by specific dredged or fill material discharge activities. 

(a) Except as provided under section 404(b)(2), no discharge of dredged or fill material shall be 
permitted if there is a practicable alternative to the proposed discharge which would have less 
adverse impact on the aquatic ecosystem, so long as the alternative does not have other 
significant adverse environmental consequences. 



(1) For the purpose of this requirement, practicable alternatives include, but are not limited to: 

(i) Activities which do not involve a discharge of dredged or fill material into the waters of the 
United States or ocean waters; 

(ii) Discharges of dredged or fill material at other locations in waters of the United States or 
ocean waters; 

(2) An alternative is practicable if it is available and capable of being done after taking into 
consideration cost, existing technology, and logistics in light of overall project purposes. If it is 
otherwise a practicable alternative, an area not presently owned by the applicant which could 
reasonably be obtained, utilized, expanded or managed in order to fulfill the basic purpose of the 
proposed activity may be considered. 

(3) Where the activity associated with a discharge which is proposed for a special aquatic site (as 
defined in subpart E) does not require access or proximity to or siting within the special aquatic 
site in question to fulfill its basic purpose (i.e., is not “water dependent”), practicable alternatives 
that do not involve special aquatic sites are presumed to be available, unless clearly 
demonstrated otherwise. In addition, where a discharge is proposed for a special aquatic site, all 
practicable alternatives to the proposed discharge which do not involve a discharge into a special 
aquatic site are presumed to have less adverse impact on the aquatic ecosystem, unless clearly 
demonstrated otherwise. 

(4) For actions subject to NEPA, where the Corps of Engineers is the permitting agency, the 
analysis of alternatives required for NEPA environmental documents, including supplemental 
Corps NEPA documents, will in most cases provide the information for the evaluation of 
alternatives under these Guidelines. On occasion, these NEPA documents may address a broader 
range of alternatives than required to be considered under this paragraph or may not have 
considered the alternatives in sufficient detail to respond to the requirements of these Guidelines. 
In the latter case, it may be necessary to supplement these NEPA documents with this additional 
information. 

(5) To the extent that practicable alternatives have been identified and evaluated under a Coastal 
Zone Management program, a section 208 program, or other planning process, such evaluation 
shall be considered by the permitting authority as part of the consideration of alternatives under 
the Guidelines. Where such evaluation is less complete than that contemplated under this 
subsection, it must be supplemented accordingly. 

(b) No discharge of dredged or fill material shall be permitted if it: 

(1) Causes or contributes, after consideration of disposal site dilution and dispersion, to 
violations of any applicable State water quality standard; 

(2) Violates any applicable toxic effluent standard or prohibition under section 307 of the Act; 



(3) Jeopardizes the continued existence of species listed as endangered or threatened under the 
Endangered Species Act of 1973, as amended, or results in likelihood of the destruction or 
adverse modification of a habitat which is determined by the Secretary of Interior or Commerce, 
as appropriate, to be a critical habitat under the Endangered Species Act of 1973, as amended. If 
an exemption has been granted by the Endangered Species Committee, the terms of such 
exemption shall apply in lieu of this subparagraph; 

(4) Violates any requirement imposed by the Secretary of Commerce to protect any marine 
sanctuary designated under title III of the Marine Protection, Research, and Sanctuaries Act of 
1972. 

(c) Except as provided under section 404(b)(2), no discharge of dredged or fill material shall be 
permitted which will cause or contribute to significant degradation of the waters of the United 
States. Findings of significant degradation related to the proposed discharge shall be based upon 
appropriate factual determinations, evaluations, and tests required by subparts B and G, after 
consideration of subparts C through F, with special emphasis on the persistence and permanence 
of the effects outlined in those subparts. Under these Guidelines, effects contributing to 
significant degradation considered individually or collectively, include: 

(1) Significantly adverse effects of the discharge of pollutants on human health or welfare, 
including but not limited to effects on municipal water supplies, plankton, fish, shellfish, 
wildlife, and special aquatic sites. 

(2) Significantly adverse effects of the discharge of pollutants on life stages of aquatic life and 
other wildlife dependent on aquatic ecosystems, including the transfer, concentration, and spread 
of pollutants or their byproducts outside of the disposal site through biological, physical, and 
chemical processes; 

(3) Significantly adverse effects of the discharge of pollutants on aquatic ecosystem diversity, 
productivity, and stability. Such effects may include, but are not limited to, loss of fish and 
wildlife habitat or loss of the capacity of a wetland to assimilate nutrients, purify water, or reduce 
wave energy; or 

(4) Significantly adverse effects of discharge of pollutants on recreational, aesthetic, and 
economic values. 

(d) Except as provided under section 404(b)(2), no discharge of dredged or fill material shall be 
permitted unless appropriate and practicable steps have been taken which will minimize potential 
adverse impacts of the discharge on the aquatic ecosystem. Subpart H identifies such possible 
steps. 

§ 230.11   Factual determinations. 

The permitting authority shall determine in writing the potential short-term or long-term effects 
of a proposed discharge of dredged or fill material on the physical, chemical, and biological 
components of the aquatic environment in light of subparts C through F. Such factual 



determinations shall be used in §230.12 in making findings of compliance or non-compliance 
with the restrictions on discharge in §230.10. The evaluation and testing procedures described in 
§230.60 and §230.61 of subpart G shall be used as necessary to make, and shall be described in, 
such determination. The determinations of effects of each proposed discharge shall include the 
following: 

(a) Physical substrate determinations. Determine the nature and degree of effect that the 
proposed discharge will have, individually and cumulatively, on the characteristics of the 
substrate at the proposed disposal site. Consideration shall be given to the similarity in particle 
size, shape, and degree of compaction of the material proposed for discharge and the material 
constituting the substrate at the disposal site, and any potential changes in substrate elevation and 
bottom contours, including changes outside of the disposal site which may occur as a result of 
erosion, slumpage, or other movement of the discharged material. The duration and physical 
extent of substrate changes shall also be considered. The possible loss of environmental values 
(§230.20) and actions to minimize impact (subpart H) shall also be considered in making these 
determinations. Potential changes in substrate elevation and bottom contours shall be predicted 
on the basis of the proposed method, volume, location, and rate of discharge, as well as on the 
individual and combined effects of current patterns, water circulation, wind and wave action, and 
other physical factors that may affect the movement of the discharged material. 

(b) Water circulation, fluctuation, and salinity determinations. Determine the nature and degree 
of effect that the proposed discharge will have individually and cumulatively on water, current 
patterns, circulation including downstream flows, and normal water fluctuation. Consideration 
shall be given to water chemistry, salinity, clarity, color, odor, taste, dissolved gas levels, 
temperature, nutrients, and eutrophication plus other appropriate characteristics. Consideration 
shall also be given to the potential diversion or obstruction of flow, alterations of bottom 
contours, or other significant changes in the hydrologic regime. Additional consideration of the 
possible loss of environmental values (§§230.23 through 230.25) and actions to minimize 
impacts (subpart H), shall be used in making these determinations. Potential significant effects 
on the current patterns, water circulation, normal water fluctuation and salinity shall be evaluated 
on the basis of the proposed method, volume, location, and rate of discharge. 

(c) Suspended particulate/turbidity determinations. Determine the nature and degree of effect 
that the proposed discharge will have, individually and cumulatively, in terms of potential 
changes in the kinds and concentrations of suspended particulate/turbidity in the vicinity of the 
disposal site. Consideration shall be given to the grain size of the material proposed for 
discharge, the shape and size of the plume of suspended particulates, the duration of the 
discharge and resulting plume and whether or not the potential changes will cause violations of 
applicable water quality standards. Consideration should also be given to the possible loss of 
environmental values (§230.21) and to actions for minimizing impacts (subpart H). 
Consideration shall include the proposed method, volume, location, and rate of discharge, as well 
as the individual and combined effects of current patterns, water circulation and fluctuations, 
wind and wave action, and other physical factors on the movement of suspended particulates. 

(d) Contaminant determinations. Determine the degree to which the material proposed for 
discharge will introduce, relocate, or increase contaminants. This determination shall consider 



the material to be discharged, the aquatic environment at the proposed disposal site, and the 
availability of contaminants. 

(e) Aquatic ecosystem and organism determinations. Determine the nature and degree of effect 
that the proposed discharge will have, both individually and cumulatively, on the structure and 
function of the aquatic ecosystem and organisms. Consideration shall be given to the effect at the 
proposed disposal site of potential changes in substrate characteristics and elevation, water or 
substrate chemistry, nutrients, currents, circulation, fluctuation, and salinity, on the 
recolonization and existence of indigenous aquatic organisms or communities. Possible loss of 
environmental values (§230.31), and actions to minimize impacts (subpart H) shall be examined. 
Tests as described in §230.61 (Evaluation and Testing), may be required to provide information 
on the effect of the discharge material on communities or populations of organisms expected to 
be exposed to it. 

(f) Proposed disposal site determinations. (1) Each disposal site shall be specified through the 
application of these Guidelines. The mixing zone shall be confined to the smallest practicable 
zone within each specified disposal site that is consistent with the type of dispersion determined 
to be appropriate by the application of these Guidelines. In a few special cases under unique 
environmental conditions, where there is adequate justification to show that widespread 
dispersion by natural means will result in no significantly adverse environmental effects, the 
discharged material may be intended to be spread naturally in a very thin layer over a large area 
of the substrate rather than be contained within the disposal site. 

(2) The permitting authority and the Regional Administrator shall consider the following factors 
in determining the acceptability of a proposed mixing zone: 

(i) Depth of water at the disposal site; 

(ii) Current velocity, direction, and variability at the disposal site; 

(iii) Degree of turbulence; 

(iv) Stratification attributable to causes such as obstructions, salinity or density profiles at the 
disposal site; 

(v) Discharge vessel speed and direction, if appropriate; 

(vi) Rate of discharge; 

(vii) Ambient concentration of constituents of interest; 

(viii) Dredged material characteristics, particularly concentrations of constituents, amount of 
material, type of material (sand, silt, clay, etc.) and settling velocities; 

(ix) Number of discharge actions per unit of time; 



(x) Other factors of the disposal site that affect the rates and patterns of mixing. 

(g) Determination of cumulative effects on the aquatic ecosystem. (1) Cumulative impacts are the 
changes in an aquatic ecosystem that are attributable to the collective effect of a number of 
individual discharges of dredged or fill material. Although the impact of a particular discharge 
may constitute a minor change in itself, the cumulative effect of numerous such piecemeal 
changes can result in a major impairment of the water resources and interfere with the 
productivity and water quality of existing aquatic ecosystems. 

(2) Cumulative effects attributable to the discharge of dredged or fill material in waters of the 
United States should be predicted to the extent reasonable and practical. The permitting authority 
shall collect information and solicit information from other sources about the cumulative impacts 
on the aquatic ecosystem. This information shall be documented and considered during the 
decision-making process concerning the evaluation of individual permit applications, the 
issuance of a General permit, and monitoring and enforcement of existing permits. 

(h) Determination of secondary effects on the aquatic ecosystem. (1) Secondary effects are 
effects on an aquatic ecosystem that are associated with a discharge of dredged or fill materials, 
but do not result from the actual placement of the dredged or fill material. Information about 
secondary effects on aquatic ecosystems shall be considered prior to the time final section 404 
action is taken by permitting authorities. 

(2) Some examples of secondary effects on an aquatic ecosystem are fluctuating water levels in 
an impoundment and downstream associated with the operation of a dam, septic tank leaching 
and surface runoff from residential or commercial developments on fill, and leachate and runoff 
from a sanitary landfill located in waters of the U.S. Activities to be conducted on fast land 
created by the discharge of dredged or fill material in waters of the United States may have 
secondary impacts within those waters which should be considered in evaluating the impact of 
creating those fast lands. 

§ 230.12   Findings of compliance or non-compliance with the restrictions on discharge. 

 (a) On the basis of these Guidelines (subparts C through G) the proposed disposal sites for the 
discharge of dredged or fill material must be: 

(1) Specified as complying with the requirements of these Guidelines; or 

(2) Specified as complying with the requirements of these Guidelines with the inclusion of 
appropriate and practicable discharge conditions (see subparts H and J) to minimize pollution or 
adverse effects to the affected aquatic ecosystems; or 

(3) Specified as failing to comply with the requirements of these Guidelines where: 

(i) There is a practicable alternative to the proposed discharge that would have less adverse effect 
on the aquatic ecosystem, so long as such alternative does not have other significant adverse 
environmental consequences; or 



(ii) The proposed discharge will result in significant degradation of the aquatic ecosystem under 
§230.10(b) or (c); or 

(iii) The proposed discharge does not include all appropriate and practicable measures to 
minimize potential harm to the aquatic ecosystem; or 

(iv) There does not exist sufficient information to make a reasonable judgment as to whether the 
proposed discharge will comply with these Guidelines. 

(b) Findings under this section shall be set forth in writing by the permitting authority for each 
proposed discharge and made available to the permit applicant. These findings shall include the 
factual determinations required by §230.11, and a brief explanation of any adaptation of these 
Guidelines to the activity under consideration. In the case of a General permit, such findings 
shall be prepared at the time of issuance of that permit rather than for each subsequent discharge 
under the authority of that permit. 

Subpart C—Potential Impacts on Physical and Chemical Characteristics of the Aquatic 
Ecosystem 

Note: The effects described in this subpart should be considered in making the factual 
determinations and the findings of compliance or non-compliance in subpart B. 

[45 FR 85344, Dec. 24, 1980, as amended at 73 FR 19687, Apr. 10, 2008] 

§ 230.20   Substrate. 

 (a) The substrate of the aquatic ecosystem underlies open waters of the United States and 
constitutes the surface of wetlands. It consists of organic and inorganic solid materials and 
includes water and other liquids or gases that fill the spaces between solid particles. 

(b) Possible loss of environmental characteristics and values: The discharge of dredged or fill 
material can result in varying degrees of change in the complex physical, chemical, and 
biological characteristics of the substrate. Discharges which alter substrate elevation or contours 
can result in changes in water circulation, depth, current pattern, water fluctuation and water 
temperature. Discharges may adversely affect bottom-dwelling organisms at the site by 
smothering immobile forms or forcing mobile forms to migrate. Benthic forms present prior to a 
discharge are unlikely to recolonize on the discharged material if it is very dissimilar from that of 
the discharge site. Erosion, slumping, or lateral displacement of surrounding bottom of such 
deposits can adversely affect areas of the substrate outside the perimeters of the disposal site by 
changing or destroying habitat. The bulk and composition of the discharged material and the 
location, method, and timing of discharges may all influence the degree of impact on the 
substrate. 

§ 230.21   Suspended particulates/turbidity. 



 (a) Suspended particulates in the aquatic ecosystem consist of fine-grained mineral particles, 
usually smaller than silt, and organic particles. Suspended particulates may enter water bodies as 
a result of land runoff, flooding, vegetative and planktonic breakdown, resuspension of bottom 
sediments, and man's activities including dredging and filling. Particulates may remain 
suspended in the water column for variable periods of time as a result of such factors as agitation 
of the water mass, particulate specific gravity, particle shape, and physical and chemical 
properties of particle surfaces. 

(b) Possible loss of environmental characteristics and values: The discharge of dredged or fill 
material can result in greatly elevated levels of suspended particulates in the water column for 
varying lengths of time. These new levels may reduce light penetration and lower the rate of 
photosynthesis and the primary productivity of an aquatic area if they last long enough. Sight-
dependent species may suffer reduced feeding ability leading to limited growth and lowered 
resistance to disease if high levels of suspended particulates persist. The biological and the 
chemical content of the suspended material may react with the dissolved oxygen in the water, 
which can result in oxygen depletion. Toxic metals and organics, pathogens, and viruses 
absorbed or adsorbed to fine-grained particulates in the material may become biologically 
available to organisms either in the water column or on the substrate. Significant increases in 
suspended particulate levels create turbid plumes which are highly visible and aesthetically 
displeasing. The extent and persistence of these adverse impacts caused by discharges depend 
upon the relative increase in suspended particulates above the amount occurring naturally, the 
duration of the higher levels, the current patterns, water level, and fluctuations present when such 
discharges occur, the volume, rate, and duration of the discharge, particulate deposition, and the 
seasonal timing of the discharge. 

§ 230.22   Water. 

 (a) Water is the part of the aquatic ecosystem in which organic and inorganic constituents are 
dissolved and suspended. It constitutes part of the liquid phase and is contained by the substrate. 
Water forms part of a dynamic aquatic life-supporting system. Water clarity, nutrients and 
chemical content, physical and biological content, dissolved gas levels, pH, and temperature 
contribute to its life-sustaining capabilities. 

(b) Possible loss of environmental characteristics and values: The discharge of dredged or fill 
material can change the chemistry and the physical characteristics of the receiving water at a 
disposal site through the introduction of chemical constituents in suspended or dissolved form. 
Changes in the clarity, color, odor, and taste of water and the addition of contaminants can 
reduce or eliminate the suitability of water bodies for populations of aquatic organisms, and for 
human consumption, recreation, and aesthetics. The introduction of nutrients or organic material 
to the water column as a result of the discharge can lead to a high biochemical oxygen demand 
(BOD), which in turn can lead to reduced dissolved oxygen, thereby potentially affecting the 
survival of many aquatic organisms. Increases in nutrients can favor one group of organisms 
such as algae to the detriment of other more desirable types such as submerged aquatic 
vegetation, potentially causing adverse health effects, objectionable tastes and odors, and other 
problems. 



§ 230.23   Current patterns and water circulation. 

 (a) Current patterns and water circulation are the physical movements of water in the aquatic 
ecosystem. Currents and circulation respond to natural forces as modified by basin shape and 
cover, physical and chemical characteristics of water strata and masses, and energy dissipating 
factors. 

(b) Possible loss of environmental characteristics and values: The discharge of dredged or fill 
material can modify current patterns and water circulation by obstructing flow, changing the 
direction or velocity of water flow, changing the direction or velocity of water flow and 
circulation, or otherwise changing the dimensions of a water body. As a result, adverse changes 
can occur in: Location, structure, and dynamics of aquatic communities; shoreline and substrate 
erosion and deposition rates; the deposition of suspended particulates; the rate and extent of 
mixing of dissolved and suspended components of the water body; and water stratification. 

§ 230.24   Normal water fluctuations. 

 (a) Normal water fluctuations in a natural aquatic system consist of daily, seasonal, and annual 
tidal and flood fluctuations in water level. Biological and physical components of such a system 
are either attuned to or characterized by these periodic water fluctuations. 

(b) Possible loss of environmental characteristics and values: The discharge of dredged or fill 
material can alter the normal water-level fluctuation pattern of an area, resulting in prolonged 
periods of inundation, exaggerated extremes of high and low water, or a static, nonfluctuating 
water level. Such water level modifications may change salinity patterns, alter erosion or 
sedimentation rates, aggravate water temperature extremes, and upset the nutrient and dissolved 
oxygen balance of the aquatic ecosystem. In addition, these modifications can alter or destroy 
communities and populations of aquatic animals and vegetation, induce populations of nuisance 
organisms, modify habitat, reduce food supplies, restrict movement of aquatic fauna, destroy 
spawning areas, and change adjacent, upstream, and downstream areas. 

§ 230.25   Salinity gradients. 

 (a) Salinity gradients form where salt water from the ocean meets and mixes with fresh water 
from land. 

(b) Possible loss of environmental characteristics and values: Obstructions which divert or 
restrict flow of either fresh or salt water may change existing salinity gradients. For example, 
partial blocking of the entrance to an estuary or river mouth that significantly restricts the 
movement of the salt water into and out of that area can effectively lower the volume of salt 
water available for mixing within that estuary. The downstream migration of the salinity gradient 
can occur, displacing the maximum sedimentation zone and requiring salinity-dependent aquatic 
biota to adjust to the new conditions, move to new locations if possible, or perish. In the 
freshwater zone, discharge operations in the upstream regions can have equally adverse impacts. 
A significant reduction in the volume of fresh water moving into an estuary below that which is 
considered normal can affect the location and type of mixing thereby changing the characteristic 



salinity patterns. The resulting changed circulation pattern can cause the upstream migration of 
the salinity gradient displacing the maximum sedimentation zone. This migration may affect 
those organisms that are adapted to freshwater environments. It may also affect municipal water 
supplies. 

Note: Possible actions to minimize adverse impacts regarding site characteristics can be found in 
subpart H. 

Subpart D—Potential Impacts on Biological Characteristics of the Aquatic Ecosystem 

Note: The impacts described in this subpart should be considered in making the factual 
determinations and the findings of compliance or non-compliance in subpart B. 

§ 230.30   Threatened and endangered species. 

 (a) An endangered species is a plant or animal in danger of extinction throughout all or a 
significant portion of its range. A threatened species is one in danger of becoming an endangered 
species in the foreseeable future throughout all or a significant portion of its range. Listings of 
threatened and endangered species as well as critical habitats are maintained by some individual 
States and by the U.S. Fish and Wildlife Service of the Department of the Interior (codified 
annually at 50 CFR 17.11). The Department of Commerce has authority over some threatened 
and endangered marine mammals, fish and reptiles. 

(b) Possible loss of values: The major potential impacts on threatened or endangered species 
from the discharge of dredged or fill material include: 

(1) Covering or otherwise directly killing species; 

(2) The impairment or destruction of habitat to which these species are limited. Elements of the 
aquatic habitat which are particularly crucial to the continued survival of some threatened or 
endangered species include adequate good quality water, spawning and maturation areas, nesting 
areas, protective cover, adequate and reliable food supply, and resting areas for migratory 
species. Each of these elements can be adversely affected by changes in either the normal water 
conditions for clarity, chemical content, nutrient balance, dissolved oxygen, pH, temperature, 
salinity, current patterns, circulation and fluctuation, or the physical removal of habitat; and 

(3) Facilitating incompatible activities. 

(c) Where consultation with the Secretary of the Interior occurs under section 7 of the 
Endangered Species Act, the conclusions of the Secretary concerning the impact(s) of the 
discharge on threatened and endangered species and their habitat shall be considered final. 

§ 230.31   Fish, crustaceans, mollusks, and other aquatic organisms in the food web. 

 (a) Aquatic organisms in the food web include, but are not limited to, finfish, crustaceans, 
mollusks, insects, annelids, planktonic organisms, and the plants and animals on which they feed 



and depend upon for their needs. All forms and life stages of an organism, throughout its 
geographic range, are included in this category. 

(b) Possible loss of values: The discharge of dredged or fill material can variously affect 
populations of fish, crustaceans, mollusks and other food web organisms through the release of 
contaminants which adversely affect adults, juveniles, larvae, or eggs, or result in the 
establishment or proliferation of an undesirable competitive species of plant or animal at the 
expense of the desired resident species. Suspended particulates settling on attached or buried 
eggs can smother the eggs by limiting or sealing off their exposure to oxygenated water. 
Discharge of dredged and fill material may result in the debilitation or death of sedentary 
organisms by smothering, exposure to chemical contaminants in dissolved or suspended form, 
exposure to high levels of suspended particulates, reduction in food supply, or alteration of the 
substrate upon which they are dependent. Mollusks are particularly sensitive to the discharge of 
material during periods of reproduction and growth and development due primarily to their 
limited mobility. They can be rendered unfit for human consumption by tainting, by production 
and accumulation of toxins, or by ingestion and retention of pathogenic organisms, viruses, 
heavy metals or persistent synthetic organic chemicals. The discharge of dredged or fill material 
can redirect, delay, or stop the reproductive and feeding movements of some species of fish and 
crustacea, thus preventing their aggregation in accustomed places such as spawning or nursery 
grounds and potentially leading to reduced populations. Reduction of detrital feeding species or 
other representatives of lower trophic levels can impair the flow of energy from primary 
consumers to higher trophic levels. The reduction or potential elimination of food chain 
organism populations decreases the overall productivity and nutrient export capability of the 
ecosystem. 

§ 230.32   Other wildlife. 

 (a) Wildlife associated with aquatic ecosystems are resident and transient mammals, birds, 
reptiles, and amphibians. 

(b) Possible loss of values: The discharge of dredged or fill material can result in the loss or 
change of breeding and nesting areas, escape cover, travel corridors, and preferred food sources 
for resident and transient wildlife species associated with the aquatic ecosystem. These adverse 
impacts upon wildlife habitat may result from changes in water levels, water flow and 
circulation, salinity, chemical content, and substrate characteristics and elevation. Increased 
water turbidity can adversely affect wildlife species which rely upon sight to feed, and disrupt 
the respiration and feeding of certain aquatic wildlife and food chain organisms. The availability 
of contaminants from the discharge of dredged or fill material may lead to the bioaccumulation 
of such contaminants in wildlife. Changes in such physical and chemical factors of the 
environment may favor the introduction of undesirable plant and animal species at the expense of 
resident species and communities. In some aquatic environments lowering plant and animal 
species diversity may disrupt the normal functions of the ecosystem and lead to reductions in 
overall biological productivity. 

Note: Possible actions to minimize adverse impacts regarding characteristics of biological 
components of the aquatic ecosystem can be found in subpart H. 



Subpart E—Potential Impacts on Special Aquatic Sites 

Note: The impacts described in this subpart should be considered in making the factual 
determinations and the findings of compliance or non-compliance in subpart B. The definition of 
special aquatic sites is found in §230.3(q–1). 

§ 230.40   Sanctuaries and refuges. 

 (a) Sanctuaries and refuges consist of areas designated under State and Federal laws or local 
ordinances to be managed principally for the preservation and use of fish and wildlife resources. 

(b) Possible loss of values: Sanctuaries and refuges may be affected by discharges of dredged or 
fill material which will: 

(1) Disrupt the breeding, spawning, migratory movements or other critical life requirements of 
resident or transient fish and wildlife resources; 

(2) Create unplanned, easy and incompatible human access to remote aquatic areas; 

(3) Create the need for frequent maintenance activity; 

(4) Result in the establishment of undesirable competitive species of plants and animals; 

(5) Change the balance of water and land areas needed to provide cover, food, and other fish and 
wildlife habitat requirements in a way that modifies sanctuary or refuge management practices; 

(6) Result in any of the other adverse impacts discussed in subparts C and D as they relate to a 
particular sanctuary or refuge. 

§ 230.41   Wetlands. 

 (a)(1) Wetlands consist of areas that are inundated or saturated by surface or ground water at a 
frequency and duration sufficient to support, and that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in saturated soil conditions. 

(2) Where wetlands are adjacent to open water, they generally constitute the transition to upland. 
The margin between wetland and open water can best be established by specialists familiar with 
the local environment, particularly where emergent vegetation merges with submerged 
vegetation over a broad area in such places as the lateral margins of open water, headwaters, 
rainwater catch basins, and groundwater seeps. The landward margin of wetlands also can best 
be identified by specialists familiar with the local environment when vegetation from the two 
regions merges over a broad area. 

(3) Wetland vegetation consists of plants that require saturated soils to survive (obligate wetland 
plants) as well as plants, including certain trees, that gain a competitive advantage over others 
because they can tolerate prolonged wet soil conditions and their competitors cannot. In addition 



to plant populations and communities, wetlands are delimited by hydrological and physical 
characteristics of the environment. These characteristics should be considered when information 
about them is needed to supplement information available about vegetation, or where wetland 
vegetation has been removed or is dormant. 

(b) Possible loss of values: The discharge of dredged or fill material in wetlands is likely to 
damage or destroy habitat and adversely affect the biological productivity of wetlands 
ecosystems by smothering, by dewatering, by permanently flooding, or by altering substrate 
elevation or periodicity of water movement. The addition of dredged or fill material may destroy 
wetland vegetation or result in advancement of succession to dry land species. It may reduce or 
eliminate nutrient exchange by a reduction of the system's productivity, or by altering current 
patterns and velocities. Disruption or elimination of the wetland system can degrade water 
quality by obstructing circulation patterns that flush large expanses of wetland systems, by 
interfering with the filtration function of wetlands, or by changing the aquifer recharge capability 
of a wetland. Discharges can also change the wetland habitat value for fish and wildlife as 
discussed in subpart D. When disruptions in flow and circulation patterns occur, apparently 
minor loss of wetland acreage may result in major losses through secondary impacts. 
Discharging fill material in wetlands as part of municipal, industrial or recreational development 
may modify the capacity of wetlands to retain and store floodwaters and to serve as a buffer zone 
shielding upland areas from wave actions, storm damage and erosion. 

§ 230.42   Mud flats. 

 (a) Mud flats are broad flat areas along the sea coast and in coastal rivers to the head of tidal 
influence and in inland lakes, ponds, and riverine systems. When mud flats are inundated, wind 
and wave action may resuspend bottom sediments. Coastal mud flats are exposed at extremely 
low tides and inundated at high tides with the water table at or near the surface of the substrate. 
The substrate of mud flats contains organic material and particles smaller in size than sand. They 
are either unvegetated or vegetated only by algal mats. 

(b) Possible loss of values: The discharge of dredged or fill material can cause changes in water 
circulation patterns which may permanently flood or dewater the mud flat or disrupt periodic 
inundation, resulting in an increase in the rate of erosion or accretion. Such changes can deplete 
or eliminate mud flat biota, foraging areas, and nursery areas. Changes in inundation patterns can 
affect the chemical and biological exchange and decomposition process occurring on the mud 
flat and change the deposition of suspended material affecting the productivity of the area. 
Changes may reduce the mud flat's capacity to dissipate storm surge runoff. 

§ 230.43   Vegetated shallows. 

 (a) Vegetated shallows are permanently inundated areas that under normal circumstances 
support communities of rooted aquatic vegetation, such as turtle grass and eelgrass in estuarine 
or marine systems as well as a number of freshwater species in rivers and lakes. 

(b) Possible loss of values: The discharge of dredged or fill material can smother vegetation and 
benthic organisms. It may also create unsuitable conditions for their continued vigor by: (1) 



Changing water circulation patterns; (2) releasing nutrients that increase undesirable algal 
populations; (3) releasing chemicals that adversely affect plants and animals; (4) increasing 
turbidity levels, thereby reducing light penetration and hence photosynthesis; and (5) changing 
the capacity of a vegetated shallow to stabilize bottom materials and decrease channel shoaling. 
The discharge of dredged or fill material may reduce the value of vegetated shallows as nesting, 
spawning, nursery, cover, and forage areas, as well as their value in protecting shorelines from 
erosion and wave actions. It may also encourage the growth of nuisance vegetation. 

§ 230.44   Coral reefs. 

 (a) Coral reefs consist of the skeletal deposit, usually of calcareous or silicaceous materials, 
produced by the vital activities of anthozoan polyps or other invertebrate organisms present in 
growing portions of the reef. 

(b) Possible loss of values: The discharge of dredged or fill material can adversely affect 
colonies of reef building organisms by burying them, by releasing contaminants such as 
hydrocarbons into the water column, by reducing light penetration through the water, and by 
increasing the level of suspended particulates. Coral organisms are extremely sensitive to even 
slight reductions in light penetration or increases in suspended particulates. These adverse effects 
will cause a loss of productive colonies which in turn provide habitat for many species of highly 
specialized aquatic organisms. 

§ 230.45   Riffle and pool complexes. 

 (a) Steep gradient sections of streams are sometimes characterized by riffle and pool complexes. 
Such stream sections are recognizable by their hydraulic characteristics. The rapid movement of 
water over a coarse substrate in riffles results in a rough flow, a turbulent surface, and high 
dissolved oxygen levels in the water. Pools are deeper areas associated with riffles. Pools are 
characterized by a slower stream velocity, a steaming flow, a smooth surface, and a finer 
substrate. Riffle and pool complexes are particularly valuable habitat for fish and wildlife. 

(b) Possible loss of values: Discharge of dredged or fill material can eliminate riffle and pool 
areas by displacement, hydrologic modification, or sedimentation. Activities which affect riffle 
and pool areas and especially riffle/pool ratios, may reduce the aeration and filtration capabilities 
at the discharge site and downstream, may reduce stream habitat diversity, and may retard 
repopulation of the disposal site and downstream waters through sedimentation and the creation 
of unsuitable habitat. The discharge of dredged or fill material which alters stream hydrology 
may cause scouring or sedimentation of riffles and pools. Sedimentation induced through 
hydrological modification or as a direct result of the deposition of unconsolidated dredged or fill 
material may clog riffle and pool areas, destroy habitats, and create anaerobic conditions. 
Eliminating pools and meanders by the discharge of dredged or fill material can reduce water 
holding capacity of streams and cause rapid runoff from a watershed. Rapid runoff can deliver 
large quantities of flood water in a short time to downstream areas resulting in the destruction of 
natural habitat, high property loss, and the need for further hydraulic modification. 



Note: Possible actions to minimize adverse impacts on site or material characteristics can be 
found in subpart H. 

Subpart F—Potential Effects on Human Use Characteristics 

Note: The effects described in this subpart should be considered in making the factual 
determinations and the findings of compliance or non-compliance in subpart B. 

§ 230.50   Municipal and private water supplies. 

 (a) Municipal and private water supplies consist of surface water or ground water which is 
directed to the intake of a municipal or private water supply system. 

(b) Possible loss of values: Discharges can affect the quality of water supplies with respect to 
color, taste, odor, chemical content and suspended particulate concentration, in such a way as to 
reduce the fitness of the water for consumption. Water can be rendered unpalatable or unhealthy 
by the addition of suspended particulates, viruses and pathogenic organisms, and dissolved 
materials. The expense of removing such substances before the water is delivered for 
consumption can be high. Discharges may also affect the quantity of water available for 
municipal and private water supplies. In addition, certain commonly used water treatment 
chemicals have the potential for combining with some suspended or dissolved substances from 
dredged or fill material to form other products that can have a toxic effect on consumers. 

§ 230.51   Recreational and commercial fisheries. 

 (a) Recreational and commercial fisheries consist of harvestable fish, crustaceans, shellfish, and 
other aquatic organisms used by man. 

(b) Possible loss of values: The discharge of dredged or fill materials can affect the suitability of 
recreational and commercial fishing grounds as habitat for populations of consumable aquatic 
organisms. Discharges can result in the chemical contamination of recreational or commercial 
fisheries. They may also interfere with the reproductive success of recreational and commercially 
important aquatic species through disruption of migration and spawning areas. The introduction 
of pollutants at critical times in their life cycle may directly reduce populations of commercially 
important aquatic organisms or indirectly reduce them by reducing organisms upon which they 
depend for food. Any of these impacts can be of short duration or prolonged, depending upon the 
physical and chemical impacts of the discharge and the biological availability of contaminants to 
aquatic organisms. 

§ 230.52   Water-related recreation. 

 (a) Water-related recreation encompasses activities undertaken for amusement and relaxation. 
Activities encompass two broad categories of use: consumptive, e.g., harvesting resources by 
hunting and fishing; and non-consumptive, e.g. canoeing and sight-seeing. 



(b) Possible loss of values: One of the more important direct impacts of dredged or fill disposal 
is to impair or destroy the resources which support recreation activities. The disposal of dredged 
or fill material may adversely modify or destroy water use for recreation by changing turbidity, 
suspended particulates, temperature, dissolved oxygen, dissolved materials, toxic materials, 
pathogenic organisms, quality of habitat, and the aesthetic qualities of sight, taste, odor, and 
color. 

§ 230.53   Aesthetics. 

 (a) Aesthetics associated with the aquatic ecosystem consist of the perception of beauty by one 
or a combination of the senses of sight, hearing, touch, and smell. Aesthetics of aquatic 
ecosystems apply to the quality of life enjoyed by the general public and property owners. 

(b) Possible loss of values: The discharge of dredged or fill material can mar the beauty of 
natural aquatic ecosystems by degrading water quality, creating distracting disposal sites, 
inducing inappropriate development, encouraging unplanned and incompatible human access, 
and by destroying vital elements that contribute to the compositional harmony or unity, visual 
distinctiveness, or diversity of an area. The discharge of dredged or fill material can adversely 
affect the particular features, traits, or characteristics of an aquatic area which make it valuable to 
property owners. Activities which degrade water quality, disrupt natural substrate and 
vegetational characteristics, deny access to or visibility of the resource, or result in changes in 
odor, air quality, or noise levels may reduce the value of an aquatic area to private property 
owners. 

§ 230.54   Parks, national and historical monuments, national seashores, wilderness areas, 
research sites, and similar preserves. 

 (a) These preserves consist of areas designated under Federal and State laws or local ordinances 
to be managed for their aesthetic, educational, historical, recreational, or scientific value. 

(b) Possible loss of values: The discharge of dredged or fill material into such areas may modify 
the aesthetic, educational, historical, recreational and/or scientific qualities thereby reducing or 
eliminating the uses for which such sites are set aside and managed. 

Note: Possible actions to minimize adverse impacts regarding site or material characteristics can 
be found in subpart H. 

Subpart G—Evaluation and Testing 

§ 230.60   General evaluation of dredged or fill material. 

The purpose of these evaluation procedures and the chemical and biological testing sequence 
outlined in §230.61 is to provide information to reach the determinations required by §230.11. 
Where the results of prior evaluations, chemical and biological tests, scientific research, and 
experience can provide information helpful in making a determination, these should be used. 
Such prior results may make new testing unnecessary. The information used shall be 



documented. Where the same information applies to more than one determination, it may be 
documented once and referenced in later determinations. 

(a) If the evaluation under paragraph (b) indicates the dredged or fill material is not a carrier of 
contaminants, then the required determinations pertaining to the presence and effects of 
contaminants can be made without testing. Dredged or fill material is most likely to be free from 
chemical, biological, or other pollutants where it is composed primarily of sand, gravel, or other 
naturally occurring inert material. Dredged material so composed is generally found in areas of 
high current or wave energy such as streams with large bed loads or coastal areas with shifting 
bars and channels. However, when such material is discolored or contains other indications that 
contaminants may be present, further inquiry should be made. 

(b) The extraction site shall be examined in order to assess whether it is sufficiently removed 
from sources of pollution to provide reasonable assurance that the proposed discharge material is 
not a carrier of contaminants. Factors to be considered include but are not limited to: 

(1) Potential routes of contaminants or contaminated sediments to the extraction site, based on 
hydrographic or other maps, aerial photography, or other materials that show watercourses, 
surface relief, proximity to tidal movement, private and public roads, location of buildings, 
municipal and industrial areas, and agricultural or forest lands. 

(2) Pertinent results from tests previously carried out on the material at the extraction site, or 
carried out on similar material for other permitted projects in the vicinity. Materials shall be 
considered similar if the sources of contamination, the physical configuration of the sites and the 
sediment composition of the materials are comparable, in light of water circulation and 
stratification, sediment accumulation and general sediment characteristics. Tests from other sites 
may be relied on only if no changes have occurred at the extraction sites to render the results 
irrelevant. 

(3) Any potential for significant introduction of persistent pesticides from land runoff or 
percolation; 

(4) Any records of spills or disposal of petroleum products or substances designated as hazardous 
under section 311 of the Clean Water Act (See 40 CFR part 116); 

(5) Information in Federal, State and local records indicating significant introduction of 
pollutants from industries, municipalities, or other sources, including types and amounts of waste 
materials discharged along the potential routes of contaminants to the extraction site; and 

(6) Any possibility of the presence of substantial natural deposits of minerals or other substances 
which could be released to the aquatic environment in harmful quantities by man-induced 
discharge activities. 

(c) To reach the determinations in §230.11 involving potential effects of the discharge on the 
characteristics of the disposal site, the narrative guidance in subparts C through F shall be used 
along with the general evaluation procedure in §230.60 and, if necessary, the chemical and 



biological testing sequence in §230.61. Where the discharge site is adjacent to the extraction site 
and subject to the same sources of contaminants, and materials at the two sites are substantially 
similar, the fact that the material to be discharged may be a carrier of contaminants is not likely 
to result in degradation of the disposal site. In such circumstances, when dissolved material and 
suspended particulates can be controlled to prevent carrying pollutants to less contaminated 
areas, testing will not be required. 

(d) Even if the §230.60(b) evaluation (previous tests, the presence of polluting industries and 
information about their discharge or runoff into waters of the U.S., bioinventories, etc.) leads to 
the conclusion that there is a high probability that the material proposed for discharge is a carrier 
of contaminants, testing may not be necessary if constraints are available to reduce 
contamination to acceptable levels within the disposal site and to prevent contaminants from 
being transported beyond the boundaries of the disposal site, if such constraints are acceptable to 
the permitting authority and the Regional Administrator, and if the potential discharger is willing 
and able to implement such constraints. However, even if tests are not performed, the permitting 
authority must still determine the probable impact of the operation on the receiving aquatic 
ecosystem. Any decision not to test must be explained in the determinations made under 
§230.11. 

§ 230.61   Chemical, biological, and physical evaluation and testing. 

Note: The Agency is today proposing revised testing guidelines. The evaluation and testing 
procedures in this section are based on the 1975 section 404(b)(1) interim final Guidelines and 
shall remain in effect until the revised testing guidelines are published as final regulations. 

(a) No single test or approach can be applied in all cases to evaluate the effects of proposed 
discharges of dredged or fill materials. This section provides some guidance in determining 
which test and/or evaluation procedures are appropriate in a given case. Interim guidance to 
applicants concerning the applicability of specific approaches or procedures will be furnished by 
the permitting authority. 

(b) Chemical-biological interactive effects. The principal concerns of discharge of dredged or fill 
material that contain contaminants are the potential effects on the water column and on 
communities of aquatic organisms. 

(1) Evaluation of chemical-biological interactive effects. Dredged or fill material may be 
excluded from the evaluation procedures specified in paragraphs (b) (2) and (3) of this section if 
it is determined, on the basis of the evaluation in §230.60, that the likelihood of contamination 
by contaminants is acceptably low, unless the permitting authority, after evaluating and 
considering any comments received from the Regional Administrator, determines that these 
procedures are necessary. The Regional Administrator may require, on a case-by-case basis, 
testing approaches and procedures by stating what additional information is needed through 
further analyses and how the results of the analyses will be of value in evaluating potential 
environmental effects. 



If the General Evaluation indicates the presence of a sufficiently large number of chemicals to 
render impractical the identification of all contaminants by chemical testing, information may be 
obtained from bioassays in lieu of chemical tests. 

(2) Water column effects. (i) Sediments normally contain constituents that exist in various 
chemical forms and in various concentrations in several locations within the sediment. An 
elutriate test may be used to predict the effect on water quality due to release of contaminants 
from the sediment to the water column. However, in the case of fill material originating on land 
which may be a carrier of contaminants, a water leachate test is appropriate. 

(ii) Major constituents to be analyzed in the elutriate are those deemed critical by the permitting 
authority, after evaluating and considering any comments received from the Regional 
Administrator, and considering results of the evaluation in §230.60. Elutriate concentrations 
should be compared to concentrations of the same constituents in water from the disposal site. 
Results should be evaluated in light of the volume and rate of the intended discharge, the type of 
discharge, the hydrodynamic regime at the disposal site, and other information relevant to the 
impact on water quality. The permitting authority should consider the mixing zone in evaluating 
water column effects. The permitting authority may specify bioassays when such procedures will 
be of value. 

(3) Effects on benthos. The permitting authority may use an appropriate benthic bioassay 
(including bioaccumulation tests) when such procedures will be of value in assessing ecological 
effects and in establishing discharge conditions. 

(c) Procedure for comparison of sites. 

(1) When an inventory of the total concentration of contaminants would be of value in 
comparing sediment at the dredging site with sediment at the disposal site, the permitting 
authority may require a sediment chemical analysis. Markedly different concentrations of 
contaminants between the excavation and disposal sites may aid in making an environmental 
assessment of the proposed disposal operation. Such differences should be interpreted in terms of 
the potential for harm as supported by any pertinent scientific literature. 

(2) When an analysis of biological community structure will be of value to assess the potential 
for adverse environmental impact at the proposed disposal site, a comparison of the biological 
characteristics between the excavation and disposal sites may be required by the permitting 
authority. Biological indicator species may be useful in evaluating the existing degree of stress at 
both sites. Sensitive species representing community components colonizing various substrate 
types within the sites should be identified as possible bioassay organisms if tests for toxicity are 
required. Community structure studies should be performed only when they will be of value in 
determining discharge conditions. This is particularly applicable to large quantities of dredged 
material known to contain adverse quantities of toxic materials. Community studies should 
include benthic organisms such as microbiota and harvestable shellfish and finfish. Abundance, 
diversity, and distribution should be documented and correlated with substrate type and other 
appropriate physical and chemical environmental characteristics. 



(d) Physical tests and evaluation. The effect of a discharge of dredged or fill material on physical 
substrate characteristics at the disposal site, as well as on the water circulation, fluctuation, 
salinity, and suspended particulates content there, is important in making factual determinations 
in §230.11. Where information on such effects is not otherwise available to make these factual 
determinations, the permitting authority shall require appropriate physical tests and evaluations 
as are justified and deemed necessary. Such tests may include sieve tests, settleability tests, 
compaction tests, mixing zone and suspended particulate plume determinations, and site 
assessments of water flow, circulation, and salinity characteristics. 

Subpart H—Actions To Minimize Adverse Effects 

Note: There are many actions which can be undertaken in response to §203.10(d) to minimize 
the adverse effects of discharges of dredged or fill material. Some of these, grouped by type of 
activity, are listed in this subpart. Additional criteria for compensation measures are provided in 
subpart J of this part. 

§ 230.70   Actions concerning the location of the discharge. 

The effects of the discharge can be minimized by the choice of the disposal site. Some of the 
ways to accomplish this are by: 

(a) Locating and confining the discharge to minimize smothering of organisms; 

(b) Designing the discharge to avoid a disruption of periodic water inundation patterns; 

(c) Selecting a disposal site that has been used previously for dredged material discharge; 

(d) Selecting a disposal site at which the substrate is composed of material similar to that being 
discharged, such as discharging sand on sand or mud on mud; 

(e) Selecting the disposal site, the discharge point, and the method of discharge to minimize the 
extent of any plume; 

(f) Designing the discharge of dredged or fill material to minimize or prevent the creation of 
standing bodies of water in areas of normally fluctuating water levels, and minimize or prevent 
the drainage of areas subject to such fluctuations. 

§ 230.71   Actions concerning the material to be discharged. 

The effects of a discharge can be minimized by treatment of, or limitations on the material itself, 
such as: 

(a) Disposal of dredged material in such a manner that physiochemical conditions are maintained 
and the potency and availability of pollutants are reduced. 



(b) Limiting the solid, liquid, and gaseous components of material to be discharged at a 
particular site; 

(c) Adding treatment substances to the discharge material; 

(d) Utilizing chemical flocculants to enhance the deposition of suspended particulates in diked 
disposal areas. 

§ 230.72   Actions controlling the material after discharge. 

The effects of the dredged or fill material after discharge may be controlled by: 

(a) Selecting discharge methods and disposal sites where the potential for erosion, slumping or 
leaching of materials into the surrounding aquatic ecosystem will be reduced. These sites or 
methods include, but are not limited to: 

(1) Using containment levees, sediment basins, and cover crops to reduce erosion; 

(2) Using lined containment areas to reduce leaching where leaching of chemical constituents 
from the discharged material is expected to be a problem; 

(b) Capping in-place contaminated material with clean material or selectively discharging the 
most contaminated material first to be capped with the remaining material; 

(c) Maintaining and containing discharged material properly to prevent point and nonpoint 
sources of pollution; 

(d) Timing the discharge to minimize impact, for instance during periods of unusual high water 
flows, wind, wave, and tidal actions. 

§ 230.73   Actions affecting the method of dispersion. 

The effects of a discharge can be minimized by the manner in which it is dispersed, such as: 

(a) Where environmentally desirable, distributing the dredged material widely in a thin layer at 
the disposal site to maintain natural substrate contours and elevation; 

(b) Orienting a dredged or fill material mound to minimize undesirable obstruction to the water 
current or circulation pattern, and utilizing natural bottom contours to minimize the size of the 
mound; 

(c) Using silt screens or other appropriate methods to confine suspended particulate/turbidity to a 
small area where settling or removal can occur; 

(d) Making use of currents and circulation patterns to mix, disperse and dilute the discharge; 



(e) Minimizing water column turbidity by using a submerged diffuser system. A similar effect 
can be accomplished by submerging pipeline discharges or otherwise releasing materials near the 
bottom; 

(f) Selecting sites or managing discharges to confine and minimize the release of suspended 
particulates to give decreased turbidity levels and to maintain light penetration for organisms; 

(g) Setting limitations on the amount of material to be discharged per unit of time or volume of 
receiving water. 

§ 230.74   Actions related to technology. 

Discharge technology should be adapted to the needs of each site. In determining whether the 
discharge operation sufficiently minimizes adverse environmental impacts, the applicant should 
consider: 

(a) Using appropriate equipment or machinery, including protective devices, and the use of such 
equipment or machinery in activities related to the discharge of dredged or fill material; 

(b) Employing appropriate maintenance and operation on equipment or machinery, including 
adequate training, staffing, and working procedures; 

(c) Using machinery and techniques that are especially designed to reduce damage to wetlands. 
This may include machines equipped with devices that scatter rather than mound excavated 
materials, machines with specially designed wheels or tracks, and the use of mats under heavy 
machines to reduce wetland surface compaction and rutting; 

(d) Designing access roads and channel spanning structures using culverts, open channels, and 
diversions that will pass both low and high water flows, accommodate fluctuating water levels, 
and maintain circulation and faunal movement; 

(e) Employing appropriate machinery and methods of transport of the material for discharge. 

§ 230.75   Actions affecting plant and animal populations. 

Minimization of adverse effects on populations of plants and animals can be achieved by: 

(a) Avoiding changes in water current and circulation patterns which would interfere with the 
movement of animals; 

(b) Selecting sites or managing discharges to prevent or avoid creating habitat conducive to the 
development of undesirable predators or species which have a competitive edge ecologically 
over indigenous plants or animals; 

(c) Avoiding sites having unique habitat or other value, including habitat of threatened or 
endangered species; 



(d) Using planning and construction practices to institute habitat development and restoration to 
produce a new or modified environmental state of higher ecological value by displacement of 
some or all of the existing environmental characteristics. Habitat development and restoration 
techniques can be used to minimize adverse impacts and to compensate for destroyed habitat. 
Additional criteria for compensation measures are provided in subpart J of this part. Use 
techniques that have been demonstrated to be effective in circumstances similar to those under 
consideration wherever possible. Where proposed development and restoration techniques have 
not yet advanced to the pilot demonstration stage, initiate their use on a small scale to allow 
corrective action if unanticipated adverse impacts occur; 

(e) Timing discharge to avoid spawning or migration seasons and other biologically critical time 
periods; 

(f) Avoiding the destruction of remnant natural sites within areas already affected by 
development. 

[45 FR 85344, Dec. 24, 1980, as amended at 73 FR 19687, Apr. 10, 2008] 

§ 230.76   Actions affecting human use. 

Minimization of adverse effects on human use potential may be achieved by: 

(a) Selecting discharge sites and following discharge procedures to prevent or minimize any 
potential damage to the aesthetically pleasing features of the aquatic site (e.g. viewscapes), 
particularly with respect to water quality; 

(b) Selecting disposal sites which are not valuable as natural aquatic areas; 

(c) Timing the discharge to avoid the seasons or periods when human recreational activity 
associated with the aquatic site is most important; 

(d) Following discharge procedures which avoid or minimize the disturbance of aesthetic 
features of an aquatic site or ecosystem; 

(e) Selecting sites that will not be detrimental or increase incompatible human activity, or require 
the need for frequent dredge or fill maintenance activity in remote fish and wildlife areas; 

(f) Locating the disposal site outside of the vicinity of a public water supply intake. 

§ 230.77   Other actions. 

 (a) In the case of fills, controlling runoff and other discharges from activities to be conducted on 
the fill; 

(b) In the case of dams, designing water releases to accommodate the needs of fish and wildlife; 



(c) In dredging projects funded by Federal agencies other than the Corps of Engineers, maintain 
desired water quality of the return discharge through agreement with the Federal funding 
authority on scientifically defensible pollutant concentration levels in addition to any applicable 
water quality standards; 

(d) When a significant ecological change in the aquatic environment is proposed by the discharge 
of dredged or fill material, the permitting authority should consider the ecosystem that will be 
lost as well as the environmental benefits of the new system. 

Subpart I—Planning To Shorten Permit Processing Time 

§ 230.80   Advanced identification of disposal areas. 

 (a) Consistent with these Guidelines, EPA and the permitting authority, on their own initiative 
or at the request of any other party and after consultation with any affected State that is not the 
permitting authority, may identify sites which will be considered as: 

(1) Possible future disposal sites, including existing disposal sites and non-sensitive areas; or 

(2) Areas generally unsuitable for disposal site specification; 

(b) The identification of any area as a possible future disposal site should not be deemed to 
constitute a permit for the discharge of dredged or fill material within such area or a specification 
of a disposal site. The identification of areas that generally will not be available for disposal site 
specification should not be deemed as prohibiting applications for permits to discharge dredged 
or fill material in such areas. Either type of identification constitutes information to facilitate 
individual or General permit application and processing. 

(c) An appropriate public notice of the proposed identification of such areas shall be issued; 

(d) To provide the basis for advanced identification of disposal areas, and areas unsuitable for 
disposal, EPA and the permitting authority shall consider the likelihood that use of the area in 
question for dredged or fill material disposal will comply with these Guidelines. To facilitate this 
analysis, EPA and the permitting authority should review available water resources management 
data including data available from the public, other Federal and State agencies, and information 
from approved Coastal Zone Management programs and River Basin Plans; 

(e) The permitting authority should maintain a public record of the identified areas and a written 
statement of the basis for identification. 

Subpart J—Compensatory Mitigation for Losses of Aquatic Resources 

Source:   73 FR 19687, Apr. 10, 2008, unless otherwise noted.  

§ 230.91   Purpose and general considerations. 



 (a) Purpose. (1) The purpose of this subpart is to establish standards and criteria for the use of 
all types of compensatory mitigation, including on-site and off-site permittee-responsible 
mitigation, mitigation banks, and in-lieu fee mitigation to offset unavoidable impacts to waters of 
the United States authorized through the issuance of permits by the U.S. Army Corps of 
Engineers (Corps) pursuant to section 404 of the Clean Water Act (33 U.S.C. 1344). This subpart 
implements section 314(b) of the 2004 National Defense Authorization Act (Pub. L. 108–136), 
which directs that the standards and criteria shall, to the maximum extent practicable, maximize 
available credits and opportunities for mitigation, provide for regional variations in wetland 
conditions, functions, and values, and apply equivalent standards and criteria to each type of 
compensatory mitigation. This subpart is intended to further clarify mitigation requirements 
established under the Corps and EPA regulations at 33 CFR part 320 and this part, respectively. 

(2) This subpart has been jointly developed by the Secretary of the Army, acting through the 
Chief of Engineers, and the Administrator of the Environmental Protection Agency. From time 
to time guidance on interpreting and implementing this subpart may be prepared jointly by EPA 
and the Corps at the national or regional level. No modifications to the basic application, 
meaning, or intent of this subpart will be made without further joint rulemaking by the Secretary 
of the Army, acting through the Chief of Engineers and the Administrator of the Environmental 
Protection Agency, pursuant to the Administrative Procedure Act (5 U.S.C. 551 et seq. ). 

(b) Applicability. This subpart does not alter the circumstances under which compensatory 
mitigation is required or the definition of “waters of the United States,” which is provided at 
§230.3(s). Use of resources as compensatory mitigation that are not otherwise subject to 
regulation under section 404 of the Clean Water Act does not in and of itself make them subject 
to such regulation. 

(c) Sequencing. (1) Nothing in this section affects the requirement that all DA permits subject to 
section 404 of the Clean Water Act comply with applicable provisions of this part. 

(2) Pursuant to these requirements, the district engineer will issue an individual section 404 
permit only upon a determination that the proposed discharge complies with applicable 
provisions of 40 CFR part 230, including those which require the permit applicant to take all 
appropriate and practicable steps to avoid and minimize adverse impacts to waters of the United 
States. Practicable means available and capable of being done after taking into consideration 
cost, existing technology, and logistics in light of overall project purposes. Compensatory 
mitigation for unavoidable impacts may be required to ensure that an activity requiring a section 
404 permit complies with the Section 404(b)(1) Guidelines. 

(3) Compensatory mitigation for unavoidable impacts may be required to ensure that an activity 
requiring a section 404 permit complies with the Section 404(b)(1) Guidelines. During the 
404(b)(1) Guidelines compliance analysis, the district engineer may determine that a DA permit 
for the proposed activity cannot be issued because of the lack of appropriate and practicable 
compensatory mitigation options. 



(d) Accounting for regional variations. Where appropriate, district engineers shall account for 
regional characteristics of aquatic resource types, functions and services when determining 
performance standards and monitoring requirements for compensatory mitigation projects. 

(e) Relationship to other guidance documents. (1) This subpart applies instead of the “Federal 
Guidance for the Establishment, Use, and Operation of Mitigation Banks,” which was issued on 
November 28, 1995, the “Federal Guidance on the Use of In-Lieu Fee Arrangements for 
Compensatory Mitigation Under Section 404 of the Clean Water Act and Section 10 of the 
Rivers and Harbors Act,” which was issued on November 7, 2000, and Regulatory Guidance 
Letter 02–02, “Guidance on Compensatory Mitigation Projects for Aquatic Resource Impacts 
Under the Corps Regulatory Program Pursuant to Section 404 of the Clean Water Act and 
Section 10 of the Rivers and Harbors Act of 1899” which was issued on December 24, 2002. 
These guidance documents are no longer to be used as compensatory mitigation policy in the 
Corps Regulatory Program. 

(2) In addition, this subpart also applies instead of the provisions relating to the amount, type, 
and location of compensatory mitigation projects, including the use of preservation, in the 
February 6, 1990, Memorandum of Agreement (MOA) between the Department of the Army and 
the Environmental Protection Agency on the Determination of Mitigation Under the Clean Water 
Act Section 404(b)(1) Guidelines. All other provisions of this MOA remain in effect. 

§ 230.92   Definitions. 

For the purposes of this subpart, the following terms are defined: 

Adaptive management means the development of a management strategy that anticipates likely 
challenges associated with compensatory mitigation projects and provides for the 
implementation of actions to address those challenges, as well as unforeseen changes to those 
projects. It requires consideration of the risk, uncertainty, and dynamic nature of compensatory 
mitigation projects and guides modification of those projects to optimize performance. It 
includes the selection of appropriate measures that will ensure that the aquatic resource functions 
are provided and involves analysis of monitoring results to identify potential problems of a 
compensatory mitigation project and the identification and implementation of measures to rectify 
those problems. 

Advance credits means any credits of an approved in-lieu fee program that are available for sale 
prior to being fulfilled in accordance with an approved mitigation project plan. Advance credit 
sales require an approved in-lieu fee program instrument that meets all applicable requirements 
including a specific allocation of advance credits, by service area where applicable. The 
instrument must also contain a schedule for fulfillment of advance credit sales. 

Buffer means an upland, wetland, and/or riparian area that protects and/or enhances aquatic 
resource functions associated with wetlands, rivers, streams, lakes, marine, and estuarine systems 
from disturbances associated with adjacent land uses. 



Compensatory mitigation means the restoration (re-establishment or rehabilitation), 
establishment (creation), enhancement, and/or in certain circumstances preservation of aquatic 
resources for the purposes of offsetting unavoidable adverse impacts which remain after all 
appropriate and practicable avoidance and minimization has been achieved. 

Compensatory mitigation project means compensatory mitigation implemented by the permittee 
as a requirement of a DA permit (i.e., permittee-responsible mitigation), or by a mitigation bank 
or an in-lieu fee program. 

Condition means the relative ability of an aquatic resource to support and maintain a community 
of organisms having a species composition, diversity, and functional organization comparable to 
reference aquatic resources in the region. 

Credit means a unit of measure (e.g., a functional or areal measure or other suitable metric) 
representing the accrual or attainment of aquatic functions at a compensatory mitigation site. The 
measure of aquatic functions is based on the resources restored, established, enhanced, or 
preserved. 

DA means Department of the Army. 

Days means calendar days. 

Debit means a unit of measure (e.g., a functional or areal measure or other suitable metric) 
representing the loss of aquatic functions at an impact or project site. The measure of aquatic 
functions is based on the resources impacted by the authorized activity. 

Enhancement means the manipulation of the physical, chemical, or biological characteristics of 
an aquatic resource to heighten, intensify, or improve a specific aquatic resource function(s). 
Enhancement results in the gain of selected aquatic resource function(s), but may also lead to a 
decline in other aquatic resource function(s). Enhancement does not result in a gain in aquatic 
resource area. 

Establishment (creation) means the manipulation of the physical, chemical, or biological 
characteristics present to develop an aquatic resource that did not previously exist at an upland 
site. Establishment results in a gain in aquatic resource area and functions. 

Fulfillment of advance credit sales of an in-lieu fee program means application of credits 
released in accordance with a credit release schedule in an approved mitigation project plan to 
satisfy the mitigation requirements represented by the advance credits. Only after any advance 
credit sales within a service area have been fulfilled through the application of released credits 
from an in-lieu fee project (in accordance with the credit release schedule for an approved 
mitigation project plan), may additional released credits from that project be sold or transferred 
to permittees. When advance credits are fulfilled, an equal number of new advance credits is 
restored to the program sponsor for sale or transfer to permit applicants. 



Functional capacity means the degree to which an area of aquatic resource performs a specific 
function. 

Functions means the physical, chemical, and biological processes that occur in ecosystems. 

Impact means adverse effect. 

In-kind means a resource of a similar structural and functional type to the impacted resource. 

In-lieu fee program means a program involving the restoration, establishment, enhancement, 
and/or preservation of aquatic resources through funds paid to a governmental or non-profit 
natural resources management entity to satisfy compensatory mitigation requirements for DA 
permits. Similar to a mitigation bank, an in-lieu fee program sells compensatory mitigation 
credits to permittees whose obligation to provide compensatory mitigation is then transferred to 
the in-lieu program sponsor. However, the rules governing the operation and use of in-lieu fee 
programs are somewhat different from the rules governing operation and use of mitigation banks. 
The operation and use of an in-lieu fee program are governed by an in-lieu fee program 
instrument. 

In-lieu fee program instrument means the legal document for the establishment, operation, and 
use of an in-lieu fee program. 

Instrument means mitigation banking instrument or in-lieu fee program instrument. 

Interagency Review Team (IRT) means an interagency group of federal, tribal, state, and/or local 
regulatory and resource agency representatives that reviews documentation for, and advises the 
district engineer on, the establishment and management of a mitigation bank or an in-lieu fee 
program. 

Mitigation bank means a site, or suite of sites, where resources (e.g., wetlands, streams, riparian 
areas) are restored, established, enhanced, and/or preserved for the purpose of providing 
compensatory mitigation for impacts authorized by DA permits. In general, a mitigation bank 
sells compensatory mitigation credits to permittees whose obligation to provide compensatory 
mitigation is then transferred to the mitigation bank sponsor. The operation and use of a 
mitigation bank are governed by a mitigation banking instrument. 

Mitigation banking instrument means the legal document for the establishment, operation, and 
use of a mitigation bank. 

Off-site means an area that is neither located on the same parcel of land as the impact site, nor on 
a parcel of land contiguous to the parcel containing the impact site. 

On-site means an area located on the same parcel of land as the impact site, or on a parcel of land 
contiguous to the impact site. 



Out-of-kind means a resource of a different structural and functional type from the impacted 
resource. 

Performance standards are observable or measurable physical (including hydrological), 
chemical and/or biological attributes that are used to determine if a compensatory mitigation 
project meets its objectives. 

Permittee-responsible mitigation means an aquatic resource restoration, establishment, 
enhancement, and/or preservation activity undertaken by the permittee (or an authorized agent or 
contractor) to provide compensatory mitigation for which the permittee retains full 
responsibility. 

Preservation means the removal of a threat to, or preventing the decline of, aquatic resources by 
an action in or near those aquatic resources. This term includes activities commonly associated 
with the protection and maintenance of aquatic resources through the implementation of 
appropriate legal and physical mechanisms. Preservation does not result in a gain of aquatic 
resource area or functions. 

Re-establishment means the manipulation of the physical, chemical, or biological characteristics 
of a site with the goal of returning natural/historic functions to a former aquatic resource. Re-
establishment results in rebuilding a former aquatic resource and results in a gain in aquatic 
resource area and functions. 

Reference aquatic resources are a set of aquatic resources that represent the full range of 
variability exhibited by a regional class of aquatic resources as a result of natural processes and 
anthropogenic disturbances. 

Rehabilitation means the manipulation of the physical, chemical, or biological characteristics of 
a site with the goal of repairing natural/historic functions to a degraded aquatic resource. 
Rehabilitation results in a gain in aquatic resource function, but does not result in a gain in 
aquatic resource area. 

Release of credits means a determination by the district engineer, in consultation with the IRT, 
that credits associated with an approved mitigation plan are available for sale or transfer, or in 
the case of an in-lieu fee program, for fulfillment of advance credit sales. A proportion of 
projected credits for a specific mitigation bank or in-lieu fee project may be released upon 
approval of the mitigation plan, with additional credits released as milestones specified in the 
credit release schedule are achieved. 

Restoration means the manipulation of the physical, chemical, or biological characteristics of a 
site with the goal of returning natural/historic functions to a former or degraded aquatic resource. 
For the purpose of tracking net gains in aquatic resource area, restoration is divided into two 
categories: re-establishment and rehabilitation. 



Riparian areas are lands adjacent to streams, rivers, lakes, and estuarine-marine shorelines. 
Riparian areas provide a variety of ecological functions and services and help improve or 
maintain local water quality. 

Service area means the geographic area within which impacts can be mitigated at a specific 
mitigation bank or an in-lieu fee program, as designated in its instrument. 

Services mean the benefits that human populations receive from functions that occur in 
ecosystems. 

Sponsor means any public or private entity responsible for establishing, and in most 
circumstances, operating a mitigation bank or in-lieu fee program. 

Standard permit means a standard, individual permit issued under the authority of section 404 of 
the Clean Water Act. 

Temporal loss is the time lag between the loss of aquatic resource functions caused by the 
permitted impacts and the replacement of aquatic resource functions at the compensatory 
mitigation site. Higher compensation ratios may be required to compensate for temporal loss. 
When the compensatory mitigation project is initiated prior to, or concurrent with, the permitted 
impacts, the district engineer may determine that compensation for temporal loss is not 
necessary, unless the resource has a long development time. 

Watershed means a land area that drains to a common waterway, such as a stream, lake, estuary, 
wetland, or ultimately the ocean. 

Watershed approach means an analytical process for making compensatory mitigation decisions 
that support the sustainability or improvement of aquatic resources in a watershed. It involves 
consideration of watershed needs, and how locations and types of compensatory mitigation 
projects address those needs. A landscape perspective is used to identify the types and locations 
of compensatory mitigation projects that will benefit the watershed and offset losses of aquatic 
resource functions and services caused by activities authorized by DA permits. The watershed 
approach may involve consideration of landscape scale, historic and potential aquatic resource 
conditions, past and projected aquatic resource impacts in the watershed, and terrestrial 
connections between aquatic resources when determining compensatory mitigation requirements 
for DA permits. 

Watershed plan means a plan developed by federal, tribal, state, and/or local government 
agencies or appropriate non-governmental organizations, in consultation with relevant 
stakeholders, for the specific goal of aquatic resource restoration, establishment, enhancement, 
and preservation. A watershed plan addresses aquatic resource conditions in the watershed, 
multiple stakeholder interests, and land uses. Watershed plans may also identify priority sites for 
aquatic resource restoration and protection. Examples of watershed plans include special area 
management plans, advance identification programs, and wetland management plans. 

§ 230.93   General compensatory mitigation requirements. 



 (a) General considerations. (1) The fundamental objective of compensatory mitigation is to 
offset environmental losses resulting from unavoidable impacts to waters of the United States 
authorized by DA permits. The district engineer must determine the compensatory mitigation to 
be required in a DA permit, based on what is practicable and capable of compensating for the 
aquatic resource functions that will be lost as a result of the permitted activity. When evaluating 
compensatory mitigation options, the district engineer will consider what would be 
environmentally preferable. In making this determination, the district engineer must assess the 
likelihood for ecological success and sustainability, the location of the compensation site relative 
to the impact site and their significance within the watershed, and the costs of the compensatory 
mitigation project. In many cases, the environmentally preferable compensatory mitigation may 
be provided through mitigation banks or in-lieu fee programs because they usually involve 
consolidating compensatory mitigation projects where ecologically appropriate, consolidating 
resources, providing financial planning and scientific expertise (which often is not practical for 
permittee-responsible compensatory mitigation projects), reducing temporal losses of functions, 
and reducing uncertainty over project success. Compensatory mitigation requirements must be 
commensurate with the amount and type of impact that is associated with a particular DA permit. 
Permit applicants are responsible for proposing an appropriate compensatory mitigation option to 
offset unavoidable impacts. 

(2) Compensatory mitigation may be performed using the methods of restoration, enhancement, 
establishment, and in certain circumstances preservation. Restoration should generally be the 
first option considered because the likelihood of success is greater and the impacts to potentially 
ecologically important uplands are reduced compared to establishment, and the potential gains in 
terms of aquatic resource functions are greater, compared to enhancement and preservation. 

(3) Compensatory mitigation projects may be sited on public or private lands. Credits for 
compensatory mitigation projects on public land must be based solely on aquatic resource 
functions provided by the compensatory mitigation project, over and above those provided by 
public programs already planned or in place. All compensatory mitigation projects must comply 
with the standards in this part, if they are to be used to provide compensatory mitigation for 
activities authorized by DA permits, regardless of whether they are sited on public or private 
lands and whether the sponsor is a governmental or private entity. 

(b) Type and location of compensatory mitigation. (1) When considering options for successfully 
providing the required compensatory mitigation, the district engineer shall consider the type and 
location options in the order presented in paragraphs (b)(2) through (b)(6) of this section. In 
general, the required compensatory mitigation should be located within the same watershed as 
the impact site, and should be located where it is most likely to successfully replace lost 
functions and services, taking into account such watershed scale features as aquatic habitat 
diversity, habitat connectivity, relationships to hydrologic sources (including the availability of 
water rights), trends in land use, ecological benefits, and compatibility with adjacent land uses. 
When compensating for impacts to marine resources, the location of the compensatory 
mitigation site should be chosen to replace lost functions and services within the same marine 
ecological system (e.g., reef complex, littoral drift cell). Compensation for impacts to aquatic 
resources in coastal watersheds (watersheds that include a tidal water body) should also be 
located in a coastal watershed where practicable. Compensatory mitigation projects should not 



be located where they will increase risks to aviation by attracting wildlife to areas where aircraft-
wildlife strikes may occur (e.g., near airports). 

(2) Mitigation bank credits. When permitted impacts are located within the service area of an 
approved mitigation bank, and the bank has the appropriate number and resource type of credits 
available, the permittee's compensatory mitigation requirements may be met by securing those 
credits from the sponsor. Since an approved instrument (including an approved mitigation plan 
and appropriate real estate and financial assurances) for a mitigation bank is required to be in 
place before its credits can begin to be used to compensate for authorized impacts, use of a 
mitigation bank can help reduce risk and uncertainty, as well as temporal loss of resource 
functions and services. Mitigation bank credits are not released for debiting until specific 
milestones associated with the mitigation bank site's protection and development are achieved, 
thus use of mitigation bank credits can also help reduce risk that mitigation will not be fully 
successful. Mitigation banks typically involve larger, more ecologically valuable parcels, and 
more rigorous scientific and technical analysis, planning and implementation than permittee-
responsible mitigation. Also, development of a mitigation bank requires site identification in 
advance, project-specific planning, and significant investment of financial resources that is often 
not practicable for many in-lieu fee programs. For these reasons, the district engineer should give 
preference to the use of mitigation bank credits when these considerations are applicable. 
However, these same considerations may also be used to override this preference, where 
appropriate, as, for example, where an in-lieu fee program has released credits available from a 
specific approved in-lieu fee project, or a permittee-responsible project will restore an 
outstanding resource based on rigorous scientific and technical analysis. 

(3) In-lieu fee program credits. Where permitted impacts are located within the service area of an 
approved in-lieu fee program, and the sponsor has the appropriate number and resource type of 
credits available, the permittee's compensatory mitigation requirements may be met by securing 
those credits from the sponsor. Where permitted impacts are not located in the service area of an 
approved mitigation bank, or the approved mitigation bank does not have the appropriate number 
and resource type of credits available to offset those impacts, in-lieu fee mitigation, if available, 
is generally preferable to permittee-responsible mitigation. In-lieu fee projects typically involve 
larger, more ecologically valuable parcels, and more rigorous scientific and technical analysis, 
planning and implementation than permittee-responsible mitigation. They also devote significant 
resources to identifying and addressing high-priority resource needs on a watershed scale, as 
reflected in their compensation planning framework. For these reasons, the district engineer 
should give preference to in-lieu fee program credits over permittee-responsible mitigation, 
where these considerations are applicable. However, as with the preference for mitigation bank 
credits, these same considerations may be used to override this preference where appropriate. 
Additionally, in cases where permittee-responsible mitigation is likely to successfully meet 
performance standards before advance credits secured from an in-lieu fee program are fulfilled, 
the district engineer should also give consideration to this factor in deciding between in-lieu fee 
mitigation and permittee-responsible mitigation. 

(4) Permittee-responsible mitigation under a watershed approach. Where permitted impacts are 
not in the service area of an approved mitigation bank or in-lieu fee program that has the 
appropriate number and resource type of credits available, permittee-responsible mitigation is the 



only option. Where practicable and likely to be successful and sustainable, the resource type and 
location for the required permittee-responsible compensatory mitigation should be determined 
using the principles of a watershed approach as outlined in paragraph (c) of this section. 

(5) Permittee-responsible mitigation through on-site and in-kind mitigation. In cases where a 
watershed approach is not practicable, the district engineer should consider opportunities to 
offset anticipated aquatic resource impacts by requiring on-site and in-kind compensatory 
mitigation. The district engineer must also consider the practicability of on-site compensatory 
mitigation and its compatibility with the proposed project. 

(6) Permittee-responsible mitigation through off-site and/or out-of-kind mitigation. If, after 
considering opportunities for on-site, in-kind compensatory mitigation as provided in paragraph 
(b)(5) of this section, the district engineer determines that these compensatory mitigation 
opportunities are not practicable, are unlikely to compensate for the permitted impacts, or will be 
incompatible with the proposed project, and an alternative, practicable off-site and/or out-of-kind 
mitigation opportunity is identified that has a greater likelihood of offsetting the permitted 
impacts or is environmentally preferable to on-site or in-kind mitigation, the district engineer 
should require that this alternative compensatory mitigation be provided. 

(c) Watershed approach to compensatory mitigation. (1) The district engineer must use a 
watershed approach to establish compensatory mitigation requirements in DA permits to the 
extent appropriate and practicable. Where a watershed plan is available, the district engineer will 
determine whether the plan is appropriate for use in the watershed approach for compensatory 
mitigation. In cases where the district engineer determines that an appropriate watershed plan is 
available, the watershed approach should be based on that plan. Where no such plan is available, 
the watershed approach should be based on information provided by the project sponsor or 
available from other sources. The ultimate goal of a watershed approach is to maintain and 
improve the quality and quantity of aquatic resources within watersheds through strategic 
selection of compensatory mitigation sites. 

(2) Considerations. (i) A watershed approach to compensatory mitigation considers the 
importance of landscape position and resource type of compensatory mitigation projects for the 
sustainability of aquatic resource functions within the watershed. Such an approach considers 
how the types and locations of compensatory mitigation projects will provide the desired aquatic 
resource functions, and will continue to function over time in a changing landscape. It also 
considers the habitat requirements of important species, habitat loss or conversion trends, sources 
of watershed impairment, and current development trends, as well as the requirements of other 
regulatory and non-regulatory programs that affect the watershed, such as storm water 
management or habitat conservation programs. It includes the protection and maintenance of 
terrestrial resources, such as non-wetland riparian areas and uplands, when those resources 
contribute to or improve the overall ecological functioning of aquatic resources in the watershed. 
Compensatory mitigation requirements determined through the watershed approach should not 
focus exclusively on specific functions (e.g., water quality or habitat for certain species), but 
should provide, where practicable, the suite of functions typically provided by the affected 
aquatic resource. 



(ii) Locational factors (e.g., hydrology, surrounding land use) are important to the success of 
compensatory mitigation for impacted habitat functions and may lead to siting of such mitigation 
away from the project area. However, consideration should also be given to functions and 
services (e.g., water quality, flood control, shoreline protection) that will likely need to be 
addressed at or near the areas impacted by the permitted impacts. 

(iii) A watershed approach may include on-site compensatory mitigation, off-site compensatory 
mitigation (including mitigation banks or in-lieu fee programs), or a combination of on-site and 
off-site compensatory mitigation. 

(iv) A watershed approach to compensatory mitigation should include, to the extent practicable, 
inventories of historic and existing aquatic resources, including identification of degraded 
aquatic resources, and identification of immediate and long-term aquatic resource needs within 
watersheds that can be met through permittee-responsible mitigation projects, mitigation banks, 
or in-lieu fee programs. Planning efforts should identify and prioritize aquatic resource 
restoration, establishment, and enhancement activities, and preservation of existing aquatic 
resources that are important for maintaining or improving ecological functions of the watershed. 
The identification and prioritization of resource needs should be as specific as possible, to 
enhance the usefulness of the approach in determining compensatory mitigation requirements. 

(v) A watershed approach is not appropriate in areas where watershed boundaries do not exist, 
such as marine areas. In such cases, an appropriate spatial scale should be used to replace lost 
functions and services within the same ecological system (e.g., reef complex, littoral drift cell). 

(3) Information Needs. (i) In the absence of a watershed plan determined by the district engineer 
under paragraph (c)(1) of this section to be appropriate for use in the watershed approach, the 
district engineer will use a watershed approach based on analysis of information regarding 
watershed conditions and needs, including potential sites for aquatic resource restoration 
activities and priorities for aquatic resource restoration and preservation. Such information 
includes: Current trends in habitat loss or conversion; cumulative impacts of past development 
activities, current development trends, the presence and needs of sensitive species; site 
conditions that favor or hinder the success of compensatory mitigation projects; and chronic 
environmental problems such as flooding or poor water quality. 

(ii) This information may be available from sources such as wetland maps; soil surveys; U.S. 
Geological Survey topographic and hydrologic maps; aerial photographs; information on rare, 
endangered and threatened species and critical habitat; local ecological reports or studies; and 
other information sources that could be used to identify locations for suitable compensatory 
mitigation projects in the watershed. 

(iii) The level of information and analysis needed to support a watershed approach must be 
commensurate with the scope and scale of the proposed impacts requiring a DA permit, as well 
as the functions lost as a result of those impacts. 

(4) Watershed Scale. The size of watershed addressed using a watershed approach should not be 
larger than is appropriate to ensure that the aquatic resources provided through compensation 



activities will effectively compensate for adverse environmental impacts resulting from activities 
authorized by DA permits. The district engineer should consider relevant environmental factors 
and appropriate locally-developed standards and criteria when determining the appropriate 
watershed scale in guiding compensation activities. 

(d) Site selection. (1) The compensatory mitigation project site must be ecologically suitable for 
providing the desired aquatic resource functions. In determining the ecological suitability of the 
compensatory mitigation project site, the district engineer must consider, to the extent 
practicable, the following factors: 

(i) Hydrological conditions, soil characteristics, and other physical and chemical characteristics; 

(ii) Watershed-scale features, such as aquatic habitat diversity, habitat connectivity, and other 
landscape scale functions; 

(iii) The size and location of the compensatory mitigation site relative to hydrologic sources 
(including the availability of water rights) and other ecological features; 

(iv) Compatibility with adjacent land uses and watershed management plans; 

(v) Reasonably foreseeable effects the compensatory mitigation project will have on ecologically 
important aquatic or terrestrial resources (e.g., shallow sub-tidal habitat, mature forests), cultural 
sites, or habitat for federally- or state-listed threatened and endangered species; and 

(vi) Other relevant factors including, but not limited to, development trends, anticipated land use 
changes, habitat status and trends, the relative locations of the impact and mitigation sites in the 
stream network, local or regional goals for the restoration or protection of particular habitat types 
or functions (e.g., re-establishment of habitat corridors or habitat for species of concern), water 
quality goals, floodplain management goals, and the relative potential for chemical 
contamination of the aquatic resources. 

(2) District engineers may require on-site, off-site, or a combination of on-site and off-site 
compensatory mitigation to replace permitted losses of aquatic resource functions and services. 

(3) Applicants should propose compensation sites adjacent to existing aquatic resources or where 
aquatic resources previously existed. 

(e) Mitigation type. (1) In general, in-kind mitigation is preferable to out-of-kind mitigation 
because it is most likely to compensate for the functions and services lost at the impact site. For 
example, tidal wetland compensatory mitigation projects are most likely to compensate for 
unavoidable impacts to tidal wetlands, while perennial stream compensatory mitigation projects 
are most likely to compensate for unavoidable impacts to perennial streams. Thus, except as 
provided in paragraph (e)(2) of this section, the required compensatory mitigation shall be of a 
similar type to the affected aquatic resource. 



(2) If the district engineer determines, using the watershed approach in accordance with 
paragraph (c) of this section that out-of-kind compensatory mitigation will serve the aquatic 
resource needs of the watershed, the district engineer may authorize the use of such out-of-kind 
compensatory mitigation. The basis for authorization of out-of-kind compensatory mitigation 
must be documented in the administrative record for the permit action. 

(3) For difficult-to-replace resources (e.g., bogs, fens, springs, streams, Atlantic white cedar 
swamps) if further avoidance and minimization is not practicable, the required compensation 
should be provided, if practicable, through in-kind rehabilitation, enhancement, or preservation 
since there is greater certainty that these methods of compensation will successfully offset 
permitted impacts. 

(f) Amount of compensatory mitigation. (1) If the district engineer determines that compensatory 
mitigation is necessary to offset unavoidable impacts to aquatic resources, the amount of 
required compensatory mitigation must be, to the extent practicable, sufficient to replace lost 
aquatic resource functions. In cases where appropriate functional or condition assessment 
methods or other suitable metrics are available, these methods should be used where practicable 
to determine how much compensatory mitigation is required. If a functional or condition 
assessment or other suitable metric is not used, a minimum one-to-one acreage or linear foot 
compensation ratio must be used. 

(2) The district engineer must require a mitigation ratio greater than one-to-one where necessary 
to account for the method of compensatory mitigation (e.g., preservation), the likelihood of 
success, differences between the functions lost at the impact site and the functions expected to be 
produced by the compensatory mitigation project, temporal losses of aquatic resource functions, 
the difficulty of restoring or establishing the desired aquatic resource type and functions, and/or 
the distance between the affected aquatic resource and the compensation site. The rationale for 
the required replacement ratio must be documented in the administrative record for the permit 
action. 

(3) If an in-lieu fee program will be used to provide the required compensatory mitigation, and 
the appropriate number and resource type of released credits are not available, the district 
engineer must require sufficient compensation to account for the risk and uncertainty associated 
with in-lieu fee projects that have not been implemented before the permitted impacts have 
occurred. 

(g) Use of mitigation banks and in-lieu fee programs. Mitigation banks and in-lieu fee programs 
may be used to compensate for impacts to aquatic resources authorized by general permits and 
individual permits, including after-the-fact permits, in accordance with the preference hierarchy 
in paragraph (b) of this section. Mitigation banks and in-lieu fee programs may also be used to 
satisfy requirements arising out of an enforcement action, such as supplemental environmental 
projects. 

(h) Preservation. (1) Preservation may be used to provide compensatory mitigation for activities 
authorized by DA permits when all the following criteria are met: 



(i) The resources to be preserved provide important physical, chemical, or biological functions 
for the watershed; 

(ii) The resources to be preserved contribute significantly to the ecological sustainability of the 
watershed. In determining the contribution of those resources to the ecological sustainability of 
the watershed, the district engineer must use appropriate quantitative assessment tools, where 
available; 

(iii) Preservation is determined by the district engineer to be appropriate and practicable; 

(iv) The resources are under threat of destruction or adverse modifications; and 

(v) The preserved site will be permanently protected through an appropriate real estate or other 
legal instrument (e.g., easement, title transfer to state resource agency or land trust). 

(2) Where preservation is used to provide compensatory mitigation, to the extent appropriate and 
practicable the preservation shall be done in conjunction with aquatic resource restoration, 
establishment, and/or enhancement activities. This requirement may be waived by the district 
engineer where preservation has been identified as a high priority using a watershed approach 
described in paragraph (c) of this section, but compensation ratios shall be higher. 

(i) Buffers. District engineers may require the restoration, establishment, enhancement, and 
preservation, as well as the maintenance, of riparian areas and/or buffers around aquatic 
resources where necessary to ensure the long-term viability of those resources. Buffers may also 
provide habitat or corridors necessary for the ecological functioning of aquatic resources. If 
buffers are required by the district engineer as part of the compensatory mitigation project, 
compensatory mitigation credit will be provided for those buffers. 

(j) Relationship to other federal, tribal, state, and local programs. (1) Compensatory mitigation 
projects for DA permits may also be used to satisfy the environmental requirements of other 
programs, such as tribal, state, or local wetlands regulatory programs, other federal programs 
such as the Surface Mining Control and Reclamation Act, Corps civil works projects, and 
Department of Defense military construction projects, consistent with the terms and requirements 
of these programs and subject to the following considerations: 

(i) The compensatory mitigation project must include appropriate compensation required by the 
DA permit for unavoidable impacts to aquatic resources authorized by that permit. 

(ii) Under no circumstances may the same credits be used to provide mitigation for more than 
one permitted activity. However, where appropriate, compensatory mitigation projects, including 
mitigation banks and in-lieu fee projects, may be designed to holistically address requirements 
under multiple programs and authorities for the same activity. 

(2) Except for projects undertaken by federal agencies, or where federal funding is specifically 
authorized to provide compensatory mitigation, federally-funded aquatic resource restoration or 
conservation projects undertaken for purposes other than compensatory mitigation, such as the 



Wetlands Reserve Program, Conservation Reserve Program, and Partners for Wildlife Program 
activities, cannot be used for the purpose of generating compensatory mitigation credits for 
activities authorized by DA permits. However, compensatory mitigation credits may be 
generated by activities undertaken in conjunction with, but supplemental to, such programs in 
order to maximize the overall ecological benefits of the restoration or conservation project. 

(3) Compensatory mitigation projects may also be used to provide compensatory mitigation 
under the Endangered Species Act or for Habitat Conservation Plans, as long as they comply 
with the requirements of paragraph (j)(1) of this section. 

(k) Permit conditions. (1) The compensatory mitigation requirements for a DA permit, including 
the amount and type of compensatory mitigation, must be clearly stated in the special conditions 
of the individual permit or general permit verification (see 33 CFR 325.4 and 330.6(a)). The 
special conditions must be enforceable. 

(2) For an individual permit that requires permittee-responsible mitigation, the special conditions 
must: 

(i) Identify the party responsible for providing the compensatory mitigation; 

(ii) Incorporate, by reference, the final mitigation plan approved by the district engineer; 

(iii) State the objectives, performance standards, and monitoring required for the compensatory 
mitigation project, unless they are provided in the approved final mitigation plan; and 

(iv) Describe any required financial assurances or long-term management provisions for the 
compensatory mitigation project, unless they are specified in the approved final mitigation plan. 

(3) For a general permit activity that requires permittee-responsible compensatory mitigation, the 
special conditions must describe the compensatory mitigation proposal, which may be either 
conceptual or detailed. The general permit verification must also include a special condition that 
states that the permittee cannot commence work in waters of the United States until the district 
engineer approves the final mitigation plan, unless the district engineer determines that such a 
special condition is not practicable and not necessary to ensure timely completion of the required 
compensatory mitigation. To the extent appropriate and practicable, special conditions of the 
general permit verification should also address the requirements of paragraph (k)(2) of this 
section. 

(4) If a mitigation bank or in-lieu fee program is used to provide the required compensatory 
mitigation, the special conditions must indicate whether a mitigation bank or in-lieu fee program 
will be used, and specify the number and resource type of credits the permittee is required to 
secure. In the case of an individual permit, the special condition must also identify the specific 
mitigation bank or in-lieu fee program that will be used. For general permit verifications, the 
special conditions may either identify the specific mitigation bank or in-lieu fee program, or state 
that the specific mitigation bank or in-lieu fee program used to provide the required 
compensatory mitigation must be approved by the district engineer before the credits are secured. 



(l) Party responsible for compensatory mitigation. (1) For permittee-responsible mitigation, the 
special conditions of the DA permit must clearly indicate the party or parties responsible for the 
implementation, performance, and long-term management of the compensatory mitigation 
project. 

(2) For mitigation banks and in-lieu fee programs, the instrument must clearly indicate the party 
or parties responsible for the implementation, performance, and long-term management of the 
compensatory mitigation project(s). The instrument must also contain a provision expressing the 
sponsor's agreement to assume responsibility for a permittee's compensatory mitigation 
requirements, once that permittee has secured the appropriate number and resource type of 
credits from the sponsor and the district engineer has received the documentation described in 
paragraph (l)(3) of this section. 

(3) If use of a mitigation bank or in-lieu fee program is approved by the district engineer to 
provide part or all of the required compensatory mitigation for a DA permit, the permittee retains 
responsibility for providing the compensatory mitigation until the appropriate number and 
resource type of credits have been secured from a sponsor and the district engineer has received 
documentation that confirms that the sponsor has accepted the responsibility for providing the 
required compensatory mitigation. This documentation may consist of a letter or form signed by 
the sponsor, with the permit number and a statement indicating the number and resource type of 
credits that have been secured from the sponsor. Copies of this documentation will be retained in 
the administrative records for both the permit and the instrument. If the sponsor fails to provide 
the required compensatory mitigation, the district engineer may pursue measures against the 
sponsor to ensure compliance. 

(m) Timing. Implementation of the compensatory mitigation project shall be, to the maximum 
extent practicable, in advance of or concurrent with the activity causing the authorized impacts. 
The district engineer shall require, to the extent appropriate and practicable, additional 
compensatory mitigation to offset temporal losses of aquatic functions that will result from the 
permitted activity. 

(n) Financial assurances. (1) The district engineer shall require sufficient financial assurances to 
ensure a high level of confidence that the compensatory mitigation project will be successfully 
completed, in accordance with applicable performance standards. In cases where an alternate 
mechanism is available to ensure a high level of confidence that the compensatory mitigation 
will be provided and maintained (e.g., a formal, documented commitment from a government 
agency or public authority) the district engineer may determine that financial assurances are not 
necessary for that compensatory mitigation project. 

(2) The amount of the required financial assurances must be determined by the district engineer, 
in consultation with the project sponsor, and must be based on the size and complexity of the 
compensatory mitigation project, the degree of completion of the project at the time of project 
approval, the likelihood of success, the past performance of the project sponsor, and any other 
factors the district engineer deems appropriate. Financial assurances may be in the form of 
performance bonds, escrow accounts, casualty insurance, letters of credit, legislative 
appropriations for government sponsored projects, or other appropriate instruments, subject to 



the approval of the district engineer. The rationale for determining the amount of the required 
financial assurances must be documented in the administrative record for either the DA permit or 
the instrument. In determining the assurance amount, the district engineer shall consider the cost 
of providing replacement mitigation, including costs for land acquisition, planning and 
engineering, legal fees, mobilization, construction, and monitoring. 

(3) If financial assurances are required, the DA permit must include a special condition requiring 
the financial assurances to be in place prior to commencing the permitted activity. 

(4) Financial assurances shall be phased out once the compensatory mitigation project has been 
determined by the district engineer to be successful in accordance with its performance 
standards. The DA permit or instrument must clearly specify the conditions under which the 
financial assurances are to be released to the permittee, sponsor, and/or other financial assurance 
provider, including, as appropriate, linkage to achievement of performance standards, adaptive 
management, or compliance with special conditions. 

(5) A financial assurance must be in a form that ensures that the district engineer will receive 
notification at least 120 days in advance of any termination or revocation. For third-party 
assurance providers, this may take the form of a contractual requirement for the assurance 
provider to notify the district engineer at least 120 days before the assurance is revoked or 
terminated. 

(6) Financial assurances shall be payable at the direction of the district engineer to his designee 
or to a standby trust agreement. When a standby trust is used ( e.g. , with performance bonds or 
letters of credit) all amounts paid by the financial assurance provider shall be deposited directly 
into the standby trust fund for distribution by the trustee in accordance with the district engineer's 
instructions. 

(o) Compliance with applicable law. The compensatory mitigation project must comply with all 
applicable federal, state, and local laws. The DA permit, mitigation banking instrument, or in-
lieu fee program instrument must not require participation by the Corps or any other federal 
agency in project management, including receipt or management of financial assurances or long-
term financing mechanisms, except as determined by the Corps or other agency to be consistent 
with its statutory authority, mission, and priorities. 

§ 230.94   Planning and documentation. 

 (a) Pre-application consultations. Potential applicants for standard permits are encouraged to 
participate in pre-application meetings with the Corps and appropriate agencies to discuss 
potential mitigation requirements and information needs. 

(b) Public review and comment. (1) For an activity that requires a standard DA permit pursuant 
to section 404 of the Clean Water Act, the public notice for the proposed activity must contain a 
statement explaining how impacts associated with the proposed activity are to be avoided, 
minimized, and compensated for. This explanation shall address, to the extent that such 
information is provided in the mitigation statement required by 33 CFR 325.1(d)(7), the 



proposed avoidance and minimization and the amount, type, and location of any proposed 
compensatory mitigation, including any out-of-kind compensation, or indicate an intention to use 
an approved mitigation bank or in-lieu fee program. The level of detail provided in the public 
notice must be commensurate with the scope and scale of the impacts. The notice shall not 
include information that the district engineer and the permittee believe should be kept 
confidential for business purposes, such as the exact location of a proposed mitigation site that 
has not yet been secured. The permittee must clearly identify any information being claimed as 
confidential in the mitigation statement when submitted. In such cases, the notice must still 
provide enough information to enable the public to provide meaningful comment on the 
proposed mitigation. 

(2) For individual permits, district engineers must consider any timely comments and 
recommendations from other federal agencies; tribal, state, or local governments; and the public. 

(3) For activities authorized by letters of permission or general permits, the review and approval 
process for compensatory mitigation proposals and plans must be conducted in accordance with 
the terms and conditions of those permits and applicable regulations including the applicable 
provisions of this part. 

(c) Mitigation plan. (1) Preparation and Approval. (i) For individual permits, the permittee must 
prepare a draft mitigation plan and submit it to the district engineer for review. After addressing 
any comments provided by the district engineer, the permittee must prepare a final mitigation 
plan, which must be approved by the district engineer prior to issuing the individual permit. The 
approved final mitigation plan must be incorporated into the individual permit by reference. The 
final mitigation plan must include the items described in paragraphs (c)(2) through (c)(14) of this 
section, but the level of detail of the mitigation plan should be commensurate with the scale and 
scope of the impacts. As an alternative, the district engineer may determine that it would be more 
appropriate to address any of the items described in paragraphs (c)(2) through (c)(14) of this 
section as permit conditions, instead of components of a compensatory mitigation plan. For 
permittees who intend to fulfill their compensatory mitigation obligations by securing credits 
from approved mitigation banks or in-lieu fee programs, their mitigation plans need include only 
the items described in paragraphs (c)(5) and (c)(6) of this section, and the name of the specific 
mitigation bank or in-lieu fee program to be used. 

(ii) For general permits, if compensatory mitigation is required, the district engineer may 
approve a conceptual or detailed compensatory mitigation plan to meet required time frames for 
general permit verifications, but a final mitigation plan incorporating the elements in paragraphs 
(c)(2) through (c)(14) of this section, at a level of detail commensurate with the scale and scope 
of the impacts, must be approved by the district engineer before the permittee commences work 
in waters of the United States. As an alternative, the district engineer may determine that it 
would be more appropriate to address any of the items described in paragraphs (c)(2) through 
(c)(14) of this section as permit conditions, instead of components of a compensatory mitigation 
plan. For permittees who intend to fulfill their compensatory mitigation obligations by securing 
credits from approved mitigation banks or in-lieu fee programs, their mitigation plans need 
include only the items described in paragraphs (c)(5) and (c)(6) of this section, and either the 
name of the specific mitigation bank or in-lieu fee program to be used or a statement indicating 



that a mitigation bank or in-lieu fee program will be used (contingent upon approval by the 
district engineer). 

(iii) Mitigation banks and in-lieu fee programs must prepare a mitigation plan including the items 
in paragraphs (c)(2) through (c)(14) of this section for each separate compensatory mitigation 
project site. For mitigation banks and in-lieu fee programs, the preparation and approval process 
for mitigation plans is described in §230.98. 

(2) Objectives. A description of the resource type(s) and amount(s) that will be provided, the 
method of compensation (i.e., restoration, establishment, enhancement, and/or preservation), and 
the manner in which the resource functions of the compensatory mitigation project will address 
the needs of the watershed, ecoregion, physiographic province, or other geographic area of 
interest. 

(3) Site selection. A description of the factors considered during the site selection process. This 
should include consideration of watershed needs, on-site alternatives where applicable, and the 
practicability of accomplishing ecologically self-sustaining aquatic resource restoration, 
establishment, enhancement, and/or preservation at the compensatory mitigation project site. 
(See §230.93(d).) 

(4) Site protection instrument. A description of the legal arrangements and instrument, including 
site ownership, that will be used to ensure the long-term protection of the compensatory 
mitigation project site (see §230.97(a)). 

(5) Baseline information. A description of the ecological characteristics of the proposed 
compensatory mitigation project site and, in the case of an application for a DA permit, the 
impact site. This may include descriptions of historic and existing plant communities, historic 
and existing hydrology, soil conditions, a map showing the locations of the impact and 
mitigation site(s) or the geographic coordinates for those site(s), and other site characteristics 
appropriate to the type of resource proposed as compensation. The baseline information should 
also include a delineation of waters of the United States on the proposed compensatory 
mitigation project site. A prospective permittee planning to secure credits from an approved 
mitigation bank or in-lieu fee program only needs to provide baseline information about the 
impact site, not the mitigation bank or in-lieu fee project site. 

(6) Determination of credits. A description of the number of credits to be provided, including a 
brief explanation of the rationale for this determination. (See §230.93(f).) 

(i) For permittee-responsible mitigation, this should include an explanation of how the 
compensatory mitigation project will provide the required compensation for unavoidable impacts 
to aquatic resources resulting from the permitted activity. 

(ii) For permittees intending to secure credits from an approved mitigation bank or in-lieu fee 
program, it should include the number and resource type of credits to be secured and how these 
were determined. 



(7) Mitigation work plan. Detailed written specifications and work descriptions for the 
compensatory mitigation project, including, but not limited to, the geographic boundaries of the 
project; construction methods, timing, and sequence; source(s) of water, including connections to 
existing waters and uplands; methods for establishing the desired plant community; plans to 
control invasive plant species; the proposed grading plan, including elevations and slopes of the 
substrate; soil management; and erosion control measures. For stream compensatory mitigation 
projects, the mitigation work plan may also include other relevant information, such as planform 
geometry, channel form (e.g., typical channel cross-sections), watershed size, design discharge, 
and riparian area plantings. 

(8) Maintenance plan. A description and schedule of maintenance requirements to ensure the 
continued viability of the resource once initial construction is completed. 

(9) Performance standards. Ecologically-based standards that will be used to determine whether 
the compensatory mitigation project is achieving its objectives. (See §230.95.) 

(10) Monitoring requirements. A description of parameters to be monitored in order to determine 
if the compensatory mitigation project is on track to meet performance standards and if adaptive 
management is needed. A schedule for monitoring and reporting on monitoring results to the 
district engineer must be included. (See §230.96.) 

(11) Long-term management plan. A description of how the compensatory mitigation project 
will be managed after performance standards have been achieved to ensure the long-term 
sustainability of the resource, including long-term financing mechanisms and the party 
responsible for long-term management. (See §230.97(d).) 

(12) Adaptive management plan. A management strategy to address unforeseen changes in site 
conditions or other components of the compensatory mitigation project, including the party or 
parties responsible for implementing adaptive management measures. The adaptive management 
plan will guide decisions for revising compensatory mitigation plans and implementing measures 
to address both foreseeable and unforeseen circumstances that adversely affect compensatory 
mitigation success. (See §230.97(c).) 

(13) Financial assurances. A description of financial assurances that will be provided and how 
they are sufficient to ensure a high level of confidence that the compensatory mitigation project 
will be successfully completed, in accordance with its performance standards (see §230.93(n)). 

(14) Other information. The district engineer may require additional information as necessary to 
determine the appropriateness, feasibility, and practicability of the compensatory mitigation 
project. 

§ 230.95   Ecological performance standards. 

 (a) The approved mitigation plan must contain performance standards that will be used to assess 
whether the project is achieving its objectives. Performance standards should relate to the 
objectives of the compensatory mitigation project, so that the project can be objectively 



evaluated to determine if it is developing into the desired resource type, providing the expected 
functions, and attaining any other applicable metrics (e.g., acres). 

(b) Performance standards must be based on attributes that are objective and verifiable. 
Ecological performance standards must be based on the best available science that can be 
measured or assessed in a practicable manner. Performance standards may be based on variables 
or measures of functional capacity described in functional assessment methodologies, 
measurements of hydrology or other aquatic resource characteristics, and/or comparisons to 
reference aquatic resources of similar type and landscape position. The use of reference aquatic 
resources to establish performance standards will help ensure that those performance standards 
are reasonably achievable, by reflecting the range of variability exhibited by the regional class of 
aquatic resources as a result of natural processes and anthropogenic disturbances. Performance 
standards based on measurements of hydrology should take into consideration the hydrologic 
variability exhibited by reference aquatic resources, especially wetlands. Where practicable, 
performance standards should take into account the expected stages of the aquatic resource 
development process, in order to allow early identification of potential problems and appropriate 
adaptive management. 

§ 230.96   Monitoring. 

(a) General. (1) Monitoring the compensatory mitigation project site is necessary to determine if 
the project is meeting its performance standards, and to determine if measures are necessary to 
ensure that the compensatory mitigation project is accomplishing its objectives. The submission 
of monitoring reports to assess the development and condition of the compensatory mitigation 
project is required, but the content and level of detail for those monitoring reports must be 
commensurate with the scale and scope of the compensatory mitigation project, as well as the 
compensatory mitigation project type. The mitigation plan must address the monitoring 
requirements for the compensatory mitigation project, including the parameters to be monitored, 
the length of the monitoring period, the party responsible for conducting the monitoring, the 
frequency for submitting monitoring reports to the district engineer, and the party responsible for 
submitting those monitoring reports to the district engineer. 

(2) The district engineer may conduct site inspections on a regular basis (e.g., annually) during 
the monitoring period to evaluate mitigation site performance. 

(b) Monitoring period. The mitigation plan must provide for a monitoring period that is 
sufficient to demonstrate that the compensatory mitigation project has met performance 
standards, but not less than five years. A longer monitoring period must be required for aquatic 
resources with slow development rates (e.g., forested wetlands, bogs). Following project 
implementation, the district engineer may reduce or waive the remaining monitoring 
requirements upon a determination that the compensatory mitigation project has achieved its 
performance standards. Conversely the district engineer may extend the original monitoring 
period upon a determination that performance standards have not been met or the compensatory 
mitigation project is not on track to meet them. The district engineer may also revise monitoring 
requirements when remediation and/or adaptive management is required. 



(c) Monitoring reports. (1) The district engineer must determine the information to be included 
in monitoring reports. This information must be sufficient for the district engineer to determine 
how the compensatory mitigation project is progressing towards meeting its performance 
standards, and may include plans (such as as-built plans), maps, and photographs to illustrate site 
conditions. Monitoring reports may also include the results of functional, condition, or other 
assessments used to provide quantitative or qualitative measures of the functions provided by the 
compensatory mitigation project site. 

(2) The permittee or sponsor is responsible for submitting monitoring reports in accordance with 
the special conditions of the DA permit or the terms of the instrument. Failure to submit 
monitoring reports in a timely manner may result in compliance action by the district engineer. 

(3) Monitoring reports must be provided by the district engineer to interested federal, tribal, 
state, and local resource agencies, and the public, upon request. 

§ 230.97   Management. 

(a) Site protection. (1) The aquatic habitats, riparian areas, buffers, and uplands that comprise the 
overall compensatory mitigation project must be provided long-term protection through real 
estate instruments or other available mechanisms, as appropriate. Long-term protection may be 
provided through real estate instruments such as conservation easements held by entities such as 
federal, tribal, state, or local resource agencies, non-profit conservation organizations, or private 
land managers; the transfer of title to such entities; or by restrictive covenants. For government 
property, long-term protection may be provided through federal facility management plans or 
integrated natural resources management plans. When approving a method for long-term 
protection of non-government property other than transfer of title, the district engineer shall 
consider relevant legal constraints on the use of conservation easements and/or restrictive 
covenants in determining whether such mechanisms provide sufficient site protection. To 
provide sufficient site protection, a conservation easement or restrictive covenant should, where 
practicable, establish in an appropriate third party (e.g., governmental or non-profit resource 
management agency) the right to enforce site protections and provide the third party the 
resources necessary to monitor and enforce these site protections. 

(2) The real estate instrument, management plan, or other mechanism providing long-term 
protection of the compensatory mitigation site must, to the extent appropriate and practicable, 
prohibit incompatible uses (e.g., clear cutting or mineral extraction) that might otherwise 
jeopardize the objectives of the compensatory mitigation project. Where appropriate, multiple 
instruments recognizing compatible uses (e.g., fishing or grazing rights) may be used. 

(3) The real estate instrument, management plan, or other long-term protection mechanism must 
contain a provision requiring 60-day advance notification to the district engineer before any 
action is taken to void or modify the instrument, management plan, or long-term protection 
mechanism, including transfer of title to, or establishment of any other legal claims over, the 
compensatory mitigation site. 



(4) For compensatory mitigation projects on public lands, where Federal facility management 
plans or integrated natural resources management plans are used to provide long-term protection, 
and changes in statute, regulation, or agency needs or mission results in an incompatible use on 
public lands originally set aside for compensatory mitigation, the public agency authorizing the 
incompatible use is responsible for providing alternative compensatory mitigation that is 
acceptable to the district engineer for any loss in functions resulting from the incompatible use. 

(5) A real estate instrument, management plan, or other long-term protection mechanism used for 
site protection of permittee-responsible mitigation must be approved by the district engineer in 
advance of, or concurrent with, the activity causing the authorized impacts. 

(b) Sustainability. Compensatory mitigation projects shall be designed, to the maximum extent 
practicable, to be self-sustaining once performance standards have been achieved. This includes 
minimization of active engineering features (e.g., pumps) and appropriate siting to ensure that 
natural hydrology and landscape context will support long-term sustainability. Where active 
long-term management and maintenance are necessary to ensure long-term sustainability (e.g., 
prescribed burning, invasive species control, maintenance of water control structures, easement 
enforcement), the responsible party must provide for such management and maintenance. This 
includes the provision of long-term financing mechanisms where necessary. Where needed, the 
acquisition and protection of water rights must be secured and documented in the permit 
conditions or instrument. 

(c) Adaptive management. (1) If the compensatory mitigation project cannot be constructed in 
accordance with the approved mitigation plans, the permittee or sponsor must notify the district 
engineer. A significant modification of the compensatory mitigation project requires approval 
from the district engineer. 

(2) If monitoring or other information indicates that the compensatory mitigation project is not 
progressing towards meeting its performance standards as anticipated, the responsible party must 
notify the district engineer as soon as possible. The district engineer will evaluate and pursue 
measures to address deficiencies in the compensatory mitigation project. The district engineer 
will consider whether the compensatory mitigation project is providing ecological benefits 
comparable to the original objectives of the compensatory mitigation project. 

(3) The district engineer, in consultation with the responsible party (and other federal, tribal, 
state, and local agencies, as appropriate), will determine the appropriate measures. The measures 
may include site modifications, design changes, revisions to maintenance requirements, and 
revised monitoring requirements. The measures must be designed to ensure that the modified 
compensatory mitigation project provides aquatic resource functions comparable to those 
described in the mitigation plan objectives. 

(4) Performance standards may be revised in accordance with adaptive management to account 
for measures taken to address deficiencies in the compensatory mitigation project. Performance 
standards may also be revised to reflect changes in management strategies and objectives if the 
new standards provide for ecological benefits that are comparable or superior to the approved 



compensatory mitigation project. No other revisions to performance standards will be allowed 
except in the case of natural disasters. 

(d) Long-term management. (1) The permit conditions or instrument must identify the party 
responsible for ownership and all long-term management of the compensatory mitigation project. 
The permit conditions or instrument may contain provisions allowing the permittee or sponsor to 
transfer the long-term management responsibilities of the compensatory mitigation project site to 
a land stewardship entity, such as a public agency, non-governmental organization, or private 
land manager, after review and approval by the district engineer. The land stewardship entity 
need not be identified in the original permit or instrument, as long as the future transfer of long-
term management responsibility is approved by the district engineer. 

(2) A long-term management plan should include a description of long-term management needs, 
annual cost estimates for these needs, and identify the funding mechanism that will be used to 
meet those needs. 

(3) Any provisions necessary for long-term financing must be addressed in the original permit or 
instrument. The district engineer may require provisions to address inflationary adjustments and 
other contingencies, as appropriate. Appropriate long-term financing mechanisms include non-
wasting endowments, trusts, contractual arrangements with future responsible parties, and other 
appropriate financial instruments. In cases where the long-term management entity is a public 
authority or government agency, that entity must provide a plan for the long-term financing of 
the site. 

(4) For permittee-responsible mitigation, any long-term financing mechanisms must be approved 
in advance of the activity causing the authorized impacts. 

§ 230.98   Mitigation banks and in-lieu fee programs. 

(a) General considerations. (1) All mitigation banks and in-lieu fee programs must have an 
approved instrument signed by the sponsor and the district engineer prior to being used to 
provide compensatory mitigation for DA permits. 

(2) To the maximum extent practicable, mitigation banks and in-lieu fee project sites must be 
planned and designed to be self-sustaining over time, but some active management and 
maintenance may be required to ensure their long-term viability and sustainability. Examples of 
acceptable management activities include maintaining fire dependent habitat communities in the 
absence of natural fire and controlling invasive exotic plant species. 

(3) All mitigation banks and in-lieu fee programs must comply with the standards in this part, if 
they are to be used to provide compensatory mitigation for activities authorized by DA permits, 
regardless of whether they are sited on public or private lands and whether the sponsor is a 
governmental or private entity. 

(b) Interagency Review Team. (1) The district engineer will establish an Interagency Review 
Team (IRT) to review documentation for the establishment and management of mitigation banks 



and in-lieu fee programs. The district engineer or his designated representative serves as Chair of 
the IRT. In cases where a mitigation bank or in-lieu fee program is proposed to satisfy the 
requirements of another federal, tribal, state, or local program, in addition to compensatory 
mitigation requirements of DA permits, it may be appropriate for the administering agency to 
serve as co-Chair of the IRT. 

(2) In addition to the Corps, representatives from the U.S. Environmental Protection Agency, 
U.S. Fish and Wildlife Service, NOAA Fisheries, the Natural Resources Conservation Service, 
and other federal agencies, as appropriate, may participate in the IRT. The IRT may also include 
representatives from tribal, state, and local regulatory and resource agencies, where such 
agencies have authorities and/or mandates directly affecting, or affected by, the establishment, 
operation, or use of the mitigation bank or in-lieu fee program. The district engineer will seek to 
include all public agencies with a substantive interest in the establishment of the mitigation bank 
or in-lieu fee program on the IRT, but retains final authority over its composition. 

(3) The primary role of the IRT is to facilitate the establishment of mitigation banks or in-lieu fee 
programs through the development of mitigation banking or in-lieu fee program instruments. The 
IRT will review the prospectus, instrument, and other appropriate documents and provide 
comments to the district engineer. The district engineer and the IRT should use a watershed 
approach to the extent practicable in reviewing proposed mitigation banks and in-lieu fee 
programs. Members of the IRT may also sign the instrument, if they so choose. By signing the 
instrument, the IRT members indicate their agreement with the terms of the instrument. As an 
alternative, a member of the IRT may submit a letter expressing concurrence with the instrument. 
The IRT will also advise the district engineer in assessing monitoring reports, recommending 
remedial or adaptive management measures, approving credit releases, and approving 
modifications to an instrument. In order to ensure timely processing of instruments and other 
documentation, comments from IRT members must be received by the district engineer within 
the time limits specified in this section. Comments received after these deadlines will only be 
considered at the discretion of the district engineer to the extent that doing so does not jeopardize 
the deadlines for district engineer action. 

(4) The district engineer will give full consideration to any timely comments and advice of the 
IRT. The district engineer alone retains final authority for approval of the instrument in cases 
where the mitigation bank or in-lieu fee program is used to satisfy compensatory mitigation 
requirements of DA permits. 

(5) MOAs with other agencies. The district engineer and members of the IRT may enter into a 
memorandum of agreement (MOA) with any other federal, state or local government agency to 
perform all or some of the IRT review functions described in this section. Such MOAs must 
include provisions for appropriate federal oversight of the review process. The district engineer 
retains sole authority for final approval of instruments and other documentation required under 
this section. 

(c) Compensation planning framework for in-lieu fee programs. (1) The approved instrument for 
an in-lieu fee program must include a compensation planning framework that will be used to 
select, secure, and implement aquatic resource restoration, establishment, enhancement, and/or 



preservation activities. The compensation planning framework must support a watershed 
approach to compensatory mitigation. All specific projects used to provide compensation for DA 
permits must be consistent with the approved compensation planning framework. Modifications 
to the framework must be approved as a significant modification to the instrument by the district 
engineer, after consultation with the IRT. 

(2) The compensation planning framework must contain the following elements: 

(i) The geographic service area(s), including a watershed-based rationale for the delineation of 
each service area; 

(ii) A description of the threats to aquatic resources in the service area(s), including how the in-
lieu fee program will help offset impacts resulting from those threats; 

(iii) An analysis of historic aquatic resource loss in the service area(s); 

(iv) An analysis of current aquatic resource conditions in the service area(s), supported by an 
appropriate level of field documentation; 

(v) A statement of aquatic resource goals and objectives for each service area, including a 
description of the general amounts, types and locations of aquatic resources the program will 
seek to provide; 

(vi) A prioritization strategy for selecting and implementing compensatory mitigation activities; 

(vii) An explanation of how any preservation objectives identified in paragraph (c)(2)(v) of this 
section and addressed in the prioritization strategy in paragraph (c)(2)(vi) satisfy the criteria for 
use of preservation in §230.93(h); 

(viii) A description of any public and private stakeholder involvement in plan development and 
implementation, including, where appropriate, coordination with federal, state, tribal and local 
aquatic resource management and regulatory authorities; 

(ix) A description of the long-term protection and management strategies for activities conducted 
by the in-lieu fee program sponsor; 

(x) A strategy for periodic evaluation and reporting on the progress of the program in achieving 
the goals and objectives in paragraph (c)(2)(v) of this section, including a process for revising the 
planning framework as necessary; and 

(xi) Any other information deemed necessary for effective compensation planning by the district 
engineer. 

(3) The level of detail necessary for the compensation planning framework is at the discretion of 
the district engineer, and will take into account the characteristics of the service area(s) and the 
scope of the program. As part of the in-lieu fee program instrument, the compensation planning 



framework will be reviewed by the IRT, and will be a major factor in the district engineer's 
decision on whether to approve the instrument. 

(d) Review process. (1) The sponsor is responsible for preparing all documentation associated 
with establishment of the mitigation bank or in-lieu fee program, including the prospectus, 
instrument, and other appropriate documents, such as mitigation plans for a mitigation bank. The 
prospectus provides an overview of the proposed mitigation bank or in-lieu fee program and 
serves as the basis for public and initial IRT comment. For a mitigation bank, the mitigation 
plan, as described in §230.94(c), provides detailed plans and specifications for the mitigation 
bank site. For in-lieu fee programs, mitigation plans will be prepared as in-lieu fee project sites 
are identified after the instrument has been approved and the in-lieu fee program becomes 
operational. The instrument provides the authorization for the mitigation bank or in-lieu fee 
program to provide credits to be used as compensatory mitigation for DA permits. 

(2) Prospectus. The prospectus must provide a summary of the information regarding the 
proposed mitigation bank or in-lieu fee program, at a sufficient level of detail to support 
informed public and IRT comment. The review process begins when the sponsor submits a 
complete prospectus to the district engineer. For modifications of approved instruments, 
submittal of a new prospectus is not required; instead, the sponsor must submit a written request 
for an instrument modification accompanied by appropriate documentation. The district engineer 
must notify the sponsor within 30 days whether or not a submitted prospectus is complete. A 
complete prospectus includes the following information: 

(i) The objectives of the proposed mitigation bank or in-lieu fee program. 

(ii) How the mitigation bank or in-lieu fee program will be established and operated. 

(iii) The proposed service area. 

(iv) The general need for and technical feasibility of the proposed mitigation bank or in-lieu fee 
program. 

(v) The proposed ownership arrangements and long-term management strategy for the mitigation 
bank or in-lieu fee project sites. 

(vi) The qualifications of the sponsor to successfully complete the type(s) of mitigation project(s) 
proposed, including information describing any past such activities by the sponsor. 

(vii) For a proposed mitigation bank, the prospectus must also address: 

(A) The ecological suitability of the site to achieve the objectives of the proposed mitigation 
bank, including the physical, chemical, and biological characteristics of the bank site and how 
that site will support the planned types of aquatic resources and functions; and 

(B) Assurance of sufficient water rights to support the long-term sustainability of the mitigation 
bank. 



(viii) For a proposed in-lieu fee program, the prospectus must also include: 

(A) The compensation planning framework (see paragraph (c) of this section); and 

(B) A description of the in-lieu fee program account required by paragraph (i) of this section. 

(3) Preliminary review of prospectus. Prior to submitting a prospectus, the sponsor may elect to 
submit a draft prospectus to the district engineer for comment and consultation. The district 
engineer will provide copies of the draft prospectus to the IRT and will provide comments back 
to the sponsor within 30 days. Any comments from IRT members will also be forwarded to the 
sponsor. This preliminary review is optional but is strongly recommended. It is intended to 
identify potential issues early so that the sponsor may attempt to address those issues prior to the 
start of the formal review process. 

(4) Public review and comment. Within 30 days of receipt of a complete prospectus or an 
instrument modification request that will be processed in accordance with paragraph (g)(1) of 
this section, the district engineer will provide public notice of the proposed mitigation bank or in-
lieu fee program, in accordance with the public notice procedures at 33 CFR 325.3. The public 
notice must, at a minimum, include a summary of the prospectus and indicate that the full 
prospectus is available to the public for review upon request. For modifications of approved 
instruments, the public notice must instead summarize, and make available to the public upon 
request, whatever documentation is appropriate for the modification (e.g., a new or revised 
mitigation plan). The comment period for public notice will be 30 days, unless the district 
engineer determines that a longer comment period is appropriate. The district engineer will 
notify the sponsor if the comment period is extended beyond 30 days, including an explanation 
of why the longer comment period is necessary. Copies of all comments received in response to 
the public notice must be distributed to the other IRT members and to the sponsor within 15 days 
of the close of the public comment period. The district engineer and IRT members may also 
provide comments to the sponsor at this time, and copies of any such comments will also be 
distributed to all IRT members. If the construction of a mitigation bank or an in-lieu fee program 
project requires a DA permit, the public notice requirement may be satisfied through the public 
notice provisions of the permit processing procedures, provided all of the relevant information is 
provided. 

(5) Initial evaluation. (i) After the end of the comment period, the district engineer will review 
the comments received in response to the public notice, and make a written initial evaluation as 
to the potential of the proposed mitigation bank or in-lieu fee program to provide compensatory 
mitigation for activities authorized by DA permits. This initial evaluation letter must be provided 
to the sponsor within 30 days of the end of the public notice comment period. 

(ii) If the district engineer determines that the proposed mitigation bank or in-lieu fee program 
has potential for providing appropriate compensatory mitigation for activities authorized by DA 
permits, the initial evaluation letter will inform the sponsor that he/she may proceed with 
preparation of the draft instrument (see paragraph (d)(6) of this section). 



(iii) If the district engineer determines that the proposed mitigation bank or in-lieu fee program 
does not have potential for providing appropriate compensatory mitigation for DA permits, the 
initial evaluation letter must discuss the reasons for that determination. The sponsor may revise 
the prospectus to address the district engineer's concerns, and submit the revised prospectus to 
the district engineer. If the sponsor submits a revised prospectus, a revised public notice will be 
issued in accordance with paragraph (d)(4) of this section. 

(iv) This initial evaluation procedure does not apply to proposed modifications of approved 
instruments. 

(6) Draft instrument. (i) After considering comments from the district engineer, the IRT, and the 
public, if the sponsor chooses to proceed with establishment of the mitigation bank or in-lieu fee 
program, he must prepare a draft instrument and submit it to the district engineer. In the case of 
an instrument modification, the sponsor must prepare a draft amendment (e.g., a specific 
instrument provision, a new or modified mitigation plan), and submit it to the district engineer. 
The district engineer must notify the sponsor within 30 days of receipt, whether the draft 
instrument or amendment is complete. If the draft instrument or amendment is incomplete, the 
district engineer will request from the sponsor the information necessary to make the draft 
instrument or amendment complete. Once any additional information is submitted, the district 
engineer must notify the sponsor as soon as he determines that the draft instrument or 
amendment is complete. The draft instrument must be based on the prospectus and must describe 
in detail the physical and legal characteristics of the mitigation bank or in-lieu fee program and 
how it will be established and operated. 

(ii) For mitigation banks and in-lieu fee programs, the draft instrument must include the 
following information: 

(A) A description of the proposed geographic service area of the mitigation bank or in-lieu fee 
program. The service area is the watershed, ecoregion, physiographic province, and/or other 
geographic area within which the mitigation bank or in-lieu fee program is authorized to provide 
compensatory mitigation required by DA permits. The service area must be appropriately sized 
to ensure that the aquatic resources provided will effectively compensate for adverse 
environmental impacts across the entire service area. For example, in urban areas, a U.S. 
Geological Survey 8-digit hydrologic unit code (HUC) watershed or a smaller watershed may be 
an appropriate service area. In rural areas, several contiguous 8-digit HUCs or a 6-digit HUC 
watershed may be an appropriate service area. Delineation of the service area must also consider 
any locally-developed standards and criteria that may be applicable. The economic viability of 
the mitigation bank or in-lieu fee program may also be considered in determining the size of the 
service area. The basis for the proposed service area must be documented in the instrument. An 
in-lieu fee program or umbrella mitigation banking instrument may have multiple service areas 
governed by its instrument (e.g., each watershed within a State or Corps district may be a 
separate service area under the instrument); however, all impacts and compensatory mitigation 
must be accounted for by service area; 

(B) Accounting procedures; 



(C) A provision stating that legal responsibility for providing the compensatory mitigation lies 
with the sponsor once a permittee secures credits from the sponsor; 

(D) Default and closure provisions; 

(E) Reporting protocols; and 

(F) Any other information deemed necessary by the district engineer. 

(iii) For a mitigation bank, a complete draft instrument must include the following additional 
information: 

(A) Mitigation plans that include all applicable items listed in §230.94(c)(2) through (14); and 

(B) A credit release schedule, which is tied to achievement of specific milestones. All credit 
releases must be approved by the district engineer, in consultation with the IRT, based on a 
determination that required milestones have been achieved. The district engineer, in consultation 
with the IRT, may modify the credit release schedule, including reducing the number of available 
credits or suspending credit sales or transfers altogether, where necessary to ensure that all 
credits sales or transfers remain tied to compensatory mitigation projects with a high likelihood 
of meeting performance standards; 

(iv) For an in-lieu fee program, a complete draft instrument must include the following 
additional information: 

(A) The compensation planning framework (see paragraph (c) of this section); 

(B) Specification of the initial allocation of advance credits (see paragraph (n) of this section) 
and a draft fee schedule for these credits, by service area, including an explanation of the basis 
for the allocation and draft fee schedule; 

(C) A methodology for determining future project-specific credits and fees; and 

(D) A description of the in-lieu fee program account required by paragraph (i) of this section. 

(7) IRT review . Upon receipt of notification by the district engineer that the draft instrument or 
amendment is complete, the sponsor must provide the district engineer with a sufficient number 
of copies of the draft instrument or amendment to distribute to the IRT members. The district 
engineer will promptly distribute copies of the draft instrument or amendment to the IRT 
members for a 30 day comment period. The 30-day comment period begins 5 days after the 
district engineer distributes the copies of the draft instrument or amendment to the IRT. 
Following the comment period, the district engineer will discuss any comments with the 
appropriate agencies and with the sponsor. The district engineer will seek to resolve issues using 
a consensus based approach, to the extent practicable, while still meeting the decision-making 
time frames specified in this section. Within 90 days of receipt of the complete draft instrument 
or amendment by the IRT members, the district engineer must notify the sponsor of the status of 



the IRT review. Specifically, the district engineer must indicate to the sponsor if the draft 
instrument or amendment is generally acceptable and what changes, if any, are needed. If there 
are significant unresolved concerns that may lead to a formal objection from one or more IRT 
members to the final instrument or amendment, the district engineer will indicate the nature of 
those concerns. 

(8) Final instrument . The sponsor must submit a final instrument to the district engineer for 
approval, with supporting documentation that explains how the final instrument addresses the 
comments provided by the IRT. For modifications of approved instruments, the sponsor must 
submit a final amendment to the district engineer for approval, with supporting documentation 
that explains how the final amendment addresses the comments provided by the IRT. The final 
instrument or amendment must be provided directly by the sponsor to all members of the IRT. 
Within 30 days of receipt of the final instrument or amendment, the district engineer will notify 
the IRT members whether or not he intends to approve the instrument or amendment. If no IRT 
member objects, by initiating the dispute resolution process in paragraph (e) of this section 
within 45 days of receipt of the final instrument or amendment, the district engineer will notify 
the sponsor of his final decision and, if the instrument or amendment is approved, arrange for it 
to be signed by the appropriate parties. If any IRT member initiates the dispute resolution 
process, the district engineer will notify the sponsor. Following conclusion of the dispute 
resolution process, the district engineer will notify the sponsor of his final decision, and if the 
instrument or amendment is approved, arrange for it to be signed by the appropriate parties. For 
mitigation banks, the final instrument must contain the information items listed in paragraphs 
(d)(6)(ii), and (iii) of this section. For in-lieu fee programs, the final instrument must contain the 
information items listed in paragraphs (d)(6)(ii) and (iv) of this section. For the modification of 
an approved instrument, the amendment must contain appropriate information, as determined by 
the district engineer. The final instrument or amendment must be made available to the public 
upon request. 

(e) Dispute resolution process . (1) Within 15 days of receipt of the district engineer's 
notification of intent to approve an instrument or amendment, the Regional Administrator of the 
U.S. EPA, the Regional Director of the U.S. Fish and Wildlife Service, the Regional Director of 
the National Marine Fisheries Service, and/or other senior officials of agencies represented on 
the IRT may notify the district engineer and other IRT members by letter if they object to the 
approval of the proposed final instrument or amendment. This letter must include an explanation 
of the basis for the objection and, where feasible, offer recommendations for resolving the 
objections. If the district engineer does not receive any objections within this time period, he 
may proceed to final action on the instrument or amendment. 

(2) The district engineer must respond to the objection within 30 days of receipt of the letter. The 
district engineer's response may indicate an intent to disapprove the instrument or amendment as 
a result of the objection, an intent to approve the instrument or amendment despite the objection, 
or may provide a modified instrument or amendment that attempts to address the objection. The 
district engineer's response must be provided to all IRT members. 

(3) Within 15 days of receipt of the district engineer's response, if the Regional Administrator or 
Regional Director is not satisfied with the response he may forward the issue to the Assistant 



Administrator for Water of the U.S. EPA, the Assistant Secretary for Fish and Wildlife and Parks 
of the U.S. FWS, or the Undersecretary for Oceans and Atmosphere of NOAA, as appropriate, 
for review and must notify the district engineer by letter via electronic mail or facsimile machine 
(with copies to all IRT members) that the issue has been forwarded for Headquarters review. 
This step is available only to the IRT members representing these three federal agencies, 
however, other IRT members who do not agree with the district engineer's final decision do not 
have to sign the instrument or amendment or recognize the mitigation bank or in-lieu fee 
program for purposes of their own programs and authorities. If an IRT member other than the 
one filing the original objection has a new objection based on the district engineer's response, he 
may use the first step in this procedure (paragraph (e)(1) of this section) to provide that objection 
to the district engineer. 

(4) If the issue has not been forwarded to the objecting agency's Headquarters, then the district 
engineer may proceed with final action on the instrument or amendment. If the issue has been 
forwarded to the objecting agency's Headquarters, the district engineer must hold in abeyance the 
final action on the instrument or amendment, pending Headquarters level review described 
below. 

(5) Within 20 days from the date of the letter requesting Headquarters level review, the Assistant 
Administrator for Water, the Assistant Secretary for Fish and Wildlife and Parks, or the 
Undersecretary for Oceans and Atmosphere must either notify the Assistant Secretary of the 
Army (Civil Works) (ASA(CW)) that further review will not be requested, or request that the 
ASA(CW) review the final instrument or amendment. 

(6) Within 30 days of receipt of the letter from the objecting agency's Headquarters request for 
ASA(CW)'s review of the final instrument, the ASA(CW), through the Director of Civil Works, 
must review the draft instrument or amendment and advise the district engineer on how to 
proceed with final action on that instrument or amendment. The ASA(CW) must immediately 
notify the Assistant Administrator for Water, the Assistant Secretary for Fish and Wildlife and 
Parks, and/or the Undersecretary for Oceans and Atmosphere of the final decision. 

(7) In cases where the dispute resolution procedure is used, the district engineer must notify the 
sponsor of his final decision within 150 days of receipt of the final instrument or amendment. 

(f) Extension of deadlines . (1) The deadlines in paragraphs (d) and (e) of this section may be 
extended by the district engineer at his sole discretion in cases where: 

(i) Compliance with other applicable laws, such as consultation under section 7 of the 
Endangered Species Act or section 106 of the National Historic Preservation Act, is required; 

(ii) It is necessary to conduct government-to-government consultation with Indian tribes; 

(iii) Timely submittal of information necessary for the review of the proposed mitigation bank or 
in-lieu fee program or the proposed modification of an approved instrument is not accomplished 
by the sponsor; or 



(iv) Information that is essential to the district engineer's decision cannot be reasonably obtained 
within the specified time frame. 

(2) In such cases, the district engineer must promptly notify the sponsor in writing of the 
extension and the reason for it. Such extensions shall be for the minimum time necessary to 
resolve the issue necessitating the extension. 

(g) Modification of instruments . (1) Approval of an amendment to an approved instrument . 
Modification of an approved instrument, including the addition and approval of umbrella 
mitigation bank sites or in-lieu fee project sites or expansions of previously approved mitigation 
bank or in-lieu fee project sites, must follow the appropriate procedures in paragraph (d) of this 
section, unless the district engineer determines that the streamlined review process described in 
paragraph (g)(2) of this section is warranted. 

(2) Streamlined review process . The streamlined modification review process may be used for 
the following modifications of instruments: changes reflecting adaptive management of the 
mitigation bank or in-lieu fee program, credit releases, changes in credit releases and credit 
release schedules, and changes that the district engineer determines are not significant. If the 
district engineer determines that the streamlined review process is warranted, he must notify the 
IRT members and the sponsor of this determination and provide them with copies of the 
proposed modification. IRT members and the sponsor have 30 days to notify the district engineer 
if they have concerns with the proposed modification. If IRT members or the sponsor notify the 
district engineer of such concerns, the district engineer shall attempt to resolve those concerns. 
Within 60 days of providing the proposed modification to the IRT, the district engineer must 
notify the IRT members of his intent to approve or disapprove the proposed modification. If no 
IRT member objects, by initiating the dispute resolution process in paragraph (e) of this section, 
within 15 days of receipt of this notification, the district engineer will notify the sponsor of his 
final decision and, if the modification is approved, arrange for it to be signed by the appropriate 
parties. If any IRT member initiates the dispute resolution process, the district engineer will so 
notify the sponsor. Following conclusion of the dispute resolution process, the district engineer 
will notify the sponsor of his final decision, and if the modification is approved, arrange for it to 
be signed by the appropriate parties. 

(h) Umbrella mitigation banking instruments . A single mitigation banking instrument may 
provide for future authorization of additional mitigation bank sites. As additional sites are 
selected, they must be included in the mitigation banking instrument as modifications, using the 
procedures in paragraph (g)(1) of this section. Credit withdrawal from the additional bank sites 
shall be consistent with paragraph (m) of this section. 

(i) In-lieu fee program account . (1) The in-lieu fee program sponsor must establish a program 
account after the instrument is approved by the district engineer, prior to accepting any fees from 
permittees. If the sponsor accepts funds from entities other than permittees, those funds must be 
kept in separate accounts. The program account must be established at a financial institution that 
is a member of the Federal Deposit Insurance Corporation. All interests and earnings accruing to 
the program account must remain in that account for use by the in-lieu fee program for the 
purposes of providing compensatory mitigation for DA permits. The program account may only 



be used for the selection, design, acquisition, implementation, and management of in-lieu fee 
compensatory mitigation projects, except for a small percentage (as determined by the district 
engineer in consultation with the IRT and specified in the instrument) that can be used for 
administrative costs. 

(2) The sponsor must submit proposed in-lieu fee projects to the district engineer for funding 
approval. Disbursements from the program account may only be made upon receipt of written 
authorization from the district engineer, after the district engineer has consulted with the IRT. 
The terms of the program account must specify that the district engineer has the authority to 
direct those funds to alternative compensatory mitigation projects in cases where the sponsor 
does not provide compensatory mitigation in accordance with the time frame specified in 
paragraph (n)(4) of this section. 

(3) The sponsor must provide annual reports to the district engineer and the IRT. The annual 
reports must include the following information: 

(i) All income received, disbursements, and interest earned by the program account; 

(ii) A list of all permits for which in-lieu fee program funds were accepted. This list shall 
include: the Corps permit number (or the state permit number if there is no corresponding Corps 
permit number, in cases of state programmatic general permits or other regional general permits), 
the service area in which the authorized impacts are located, the amount of authorized impacts, 
the amount of required compensatory mitigation, the amount paid to the in-lieu fee program, and 
the date the funds were received from the permittee; 

(iii) A description of in-lieu fee program expenditures from the account, such as the costs of land 
acquisition, planning, construction, monitoring, maintenance, contingencies, adaptive 
management, and administration; 

(iv) The balance of advance credits and released credits at the end of the report period for each 
service area; and 

(v) Any other information required by the district engineer. 

(4) The district engineer may audit the records pertaining to the program account. All books, 
accounts, reports, files, and other records relating to the in-lieu fee program account shall be 
available at reasonable times for inspection and audit by the district engineer. 

(j) In-lieu fee project approval . (1) As in-lieu fee project sites are identified and secured, the 
sponsor must submit mitigation plans to the district engineer that include all applicable items 
listed in §230.94(c)(2) through (14). The mitigation plan must also include a credit release 
schedule consistent with paragraph (o)(8) of this section that is tied to achievement of specific 
performance standards. The review and approval of in-lieu fee projects will be conducted in 
accordance with the procedures in paragraph (g)(1) of this section, as modifications of the in-lieu 
fee program instrument. This includes compensatory mitigation projects conducted by another 
party on behalf of the sponsor through requests for proposals and awarding of contracts. 



(2) If a DA permit is required for an in-lieu fee project, the permit should not be issued until all 
relevant provisions of the mitigation plan have been substantively determined, to ensure that the 
DA permit accurately reflects all relevant provisions of the approved mitigation plan, such as 
performance standards. 

(k) Coordination of mitigation banking instruments and DA permit issuance . In cases where 
initial establishment of the mitigation bank, or the development of a new project site under an 
umbrella banking instrument, involves activities requiring DA authorization, the permit should 
not be issued until all relevant provisions of the mitigation plan have been substantively 
determined. This is to ensure that the DA permit accurately reflects all relevant provisions of the 
final instrument, such as performance standards. 

(l) Project implementation . (1) The sponsor must have an approved instrument prior to 
collecting funds from permittees to satisfy compensatory mitigation requirements for DA 
permits. 

(2) Authorization to sell credits to satisfy compensatory mitigation requirements in DA permits 
is contingent on compliance with all of the terms of the instrument. This includes constructing a 
mitigation bank or in-lieu fee project in accordance with the mitigation plan approved by the 
district engineer and incorporated by reference in the instrument. If the aquatic resource 
restoration, establishment, enhancement, and/or preservation activities cannot be implemented in 
accordance with the approved mitigation plan, the district engineer must consult with the sponsor 
and the IRT to consider modifications to the instrument, including adaptive management, 
revisions to the credit release schedule, and alternatives for providing compensatory mitigation 
to satisfy any credits that have already been sold. 

(3) An in-lieu fee program sponsor is responsible for the implementation, long-term 
management, and any required remediation of the restoration, establishment, enhancement, 
and/or preservation activities, even though those activities may be conducted by other parties 
through requests for proposals or other contracting mechanisms. 

(m) Credit withdrawal from mitigation banks . The mitigation banking instrument may allow for 
an initial debiting of a percentage of the total credits projected at mitigation bank maturity, 
provided the following conditions are satisfied: the mitigation banking instrument and mitigation 
plan have been approved, the mitigation bank site has been secured, appropriate financial 
assurances have been established, and any other requirements determined to be necessary by the 
district engineer have been fulfilled. The mitigation banking instrument must provide a schedule 
for additional credit releases as appropriate milestones are achieved (see paragraph (o)(8) of this 
section). Implementation of the approved mitigation plan shall be initiated no later than the first 
full growing season after the date of the first credit transaction. 

(n) Advance credits for in-lieu fee programs . (1) The in-lieu fee program instrument may make a 
limited number of advance credits available to permittees when the instrument is approved. The 
number of advance credits will be determined by the district engineer, in consultation with the 
IRT, and will be specified for each service area in the instrument. The number of advance credits 
will be based on the following considerations: 



(i) The compensation planning framework; 

(ii) The sponsor's past performance for implementing aquatic resource restoration, establishment, 
enhancement, and/or preservation activities in the proposed service area or other areas; and 

(iii) The projected financing necessary to begin planning and implementation of in-lieu fee 
projects. 

(2) To determine the appropriate number of advance credits for a particular service area, the 
district engineer may require the sponsor to provide confidential supporting information that will 
not be made available to the general public. Examples of confidential supporting information 
may include prospective in-lieu fee project sites. 

(3) As released credits are produced by in-lieu fee projects, they must be used to fulfill any 
advance credits that have already been provided within the project service area before any 
remaining released credits can be sold or transferred to permittees. Once previously provided 
advance credits have been fulfilled, an equal number of advance credits is re-allocated to the 
sponsor for sale or transfer to fulfill new mitigation requirements, consistent with the terms of 
the instrument. The number of advance credits available to the sponsor at any given time to sell 
or transfer to permittees in a given service area is equal to the number of advance credits 
specified in the instrument, minus any that have already been provided but not yet fulfilled. 

(4) Land acquisition and initial physical and biological improvements must be completed by the 
third full growing season after the first advance credit in that service area is secured by a 
permittee, unless the district engineer determines that more or less time is needed to plan and 
implement an in-lieu fee project. If the district engineer determines that there is a compensatory 
mitigation deficit in a specific service area by the third growing season after the first advance 
credit in that service area is sold, and determines that it would not be in the public interest to 
allow the sponsor additional time to plan and implement an in-lieu fee project, the district 
engineer must direct the sponsor to disburse funds from the in-lieu fee program account to 
provide alternative compensatory mitigation to fulfill those compensation obligations. 

(5) The sponsor is responsible for complying with the terms of the in-lieu fee program 
instrument. If the district engineer determines, as a result of review of annual reports on the 
operation of the in-lieu fee program (see paragraphs (p)(2) and (q)(1) of this section), that it is 
not performing in compliance with its instrument, the district engineer will take appropriate 
action, which may include suspension of credit sales, to ensure compliance with the in-lieu fee 
program instrument (see paragraph (o)(10) of this section). Permittees that secured credits from 
the in-lieu fee program are not responsible for in-lieu fee program compliance. 

(o) Determining credits. (1) Units of measure. The principal units for credits and debits are acres, 
linear feet, functional assessment units, or other suitable metrics of particular resource types. 
Functional assessment units or other suitable metrics may be linked to acres or linear feet. 

(2) Assessment. Where practicable, an appropriate assessment method (e.g., hydrogeomorphic 
approach to wetlands functional assessment, index of biological integrity) or other suitable 



metric must be used to assess and describe the aquatic resource types that will be restored, 
established, enhanced and/or preserved by the mitigation bank or in-lieu fee project. 

(3) Credit production. The number of credits must reflect the difference between pre- and post-
compensatory mitigation project site conditions, as determined by a functional or condition 
assessment or other suitable metric. 

(4) Credit value. Once a credit is debited (sold or transferred to a permittee), its value cannot 
change. 

(5) Credit costs. (i) The cost of compensatory mitigation credits provided by a mitigation bank or 
in-lieu fee program is determined by the sponsor. 

(ii) For in-lieu fee programs, the cost per unit of credit must include the expected costs 
associated with the restoration, establishment, enhancement, and/or preservation of aquatic 
resources in that service area. These costs must be based on full cost accounting, and include, as 
appropriate, expenses such as land acquisition, project planning and design, construction, plant 
materials, labor, legal fees, monitoring, and remediation or adaptive management activities, as 
well as administration of the in-lieu fee program. The cost per unit credit must also take into 
account contingency costs appropriate to the stage of project planning, including uncertainties in 
construction and real estate expenses. The cost per unit of credit must also take into account the 
resources necessary for the long-term management and protection of the in-lieu fee project. In 
addition, the cost per unit credit must include financial assurances that are necessary to ensure 
successful completion of in-lieu fee projects. 

(6) Credits provided by preservation. These credits should be specified as acres, linear feet, or 
other suitable metrics of preservation of a particular resource type. In determining the 
compensatory mitigation requirements for DA permits using mitigation banks or in-lieu fee 
programs, the district engineer should apply a higher mitigation ratio if the requirements are to 
be met through the use of preservation credits. In determining this higher ratio, the district 
engineer must consider the relative importance of both the impacted and the preserved aquatic 
resources in sustaining watershed functions. 

(7) Credits provided by riparian areas, buffers, and uplands. These credits should be specified as 
acres, linear feet, or other suitable metrics of riparian area, buffer, and uplands respectively. 
Non-aquatic resources can only be used as compensatory mitigation for impacts to aquatic 
resources authorized by DA permits when those resources are essential to maintaining the 
ecological viability of adjoining aquatic resources. In determining the compensatory mitigation 
requirements for DA permits using mitigation banks and in-lieu fee programs, the district 
engineer may authorize the use of riparian area, buffer, and/or upland credits if he determines 
that these areas are essential to sustaining aquatic resource functions in the watershed and are the 
most appropriate compensation for the authorized impacts. 

(8) Credit release schedule. (i) General considerations. Release of credits must be tied to 
performance based milestones ( e.g. , construction, planting, establishment of specified plant and 
animal communities). The credit release schedule should reserve a significant share of the total 



credits for release only after full achievement of ecological performance standards. When 
determining the credit release schedule, factors to be considered may include, but are not limited 
to: The method of providing compensatory mitigation credits (e.g., restoration), the likelihood of 
success, the nature and amount of work needed to generate the credits, and the aquatic resource 
type(s) and function(s) to be provided by the mitigation bank or in-lieu fee project. The district 
engineer will determine the credit release schedule, including the share to be released only after 
full achievement of performance standards, after consulting with the IRT. Once released, credits 
may only be used to satisfy compensatory mitigation requirements of a DA permit if the use of 
credits for a specific permit has been approved by the district engineer. 

(ii) For single-site mitigation banks, the terms of the credit release schedule must be specified in 
the mitigation banking instrument. The credit release schedule may provide for an initial debiting 
of a limited number of credits once the instrument is approved and other appropriate milestones 
are achieved (see paragraph (m) of this section). 

(iii) For in-lieu fee projects and umbrella mitigation bank sites, the terms of the credit release 
schedule must be specified in the approved mitigation plan. When an in-lieu fee project or 
umbrella mitigation bank site is implemented and is achieving the performance-based milestones 
specified in the credit release schedule, credits are generated in accordance with the credit 
release schedule for the approved mitigation plan. If the in-lieu fee project or umbrella mitigation 
bank site does not achieve those performance-based milestones, the district engineer may modify 
the credit release schedule, including reducing the number of credits. 

(9) Credit release approval. Credit releases for mitigation banks and in-lieu fee projects must be 
approved by the district engineer. In order for credits to be released, the sponsor must submit 
documentation to the district engineer demonstrating that the appropriate milestones for credit 
release have been achieved and requesting the release. The district engineer will provide copies 
of this documentation to the IRT members for review. IRT members must provide any comments 
to the district engineer within 15 days of receiving this documentation. However, if the district 
engineer determines that a site visit is necessary, IRT members must provide any comments to 
the district engineer within 15 days of the site visit. The district engineer must schedule the site 
visit so that it occurs as soon as it is practicable, but the site visit may be delayed by seasonal 
considerations that affect the ability of the district engineer and the IRT to assess whether the 
applicable credit release milestones have been achieved. After full consideration of any 
comments received, the district engineer will determine whether the milestones have been 
achieved and the credits can be released. The district engineer shall make a decision within 30 
days of the end of that comment period, and notify the sponsor and the IRT. 

(10) Suspension and termination. If the district engineer determines that the mitigation bank or 
in-lieu fee program is not meeting performance standards or complying with the terms of the 
instrument, appropriate action will be taken. Such actions may include, but are not limited to, 
suspending credit sales, adaptive management, decreasing available credits, utilizing financial 
assurances, and terminating the instrument. 



(p) Accounting procedures . (1) For mitigation banks, the instrument must contain a provision 
requiring the sponsor to establish and maintain a ledger to account for all credit transactions. 
Each time an approved credit transaction occurs, the sponsor must notify the district engineer. 

(2) For in-lieu fee programs, the instrument must contain a provision requiring the sponsor to 
establish and maintain an annual report ledger in accordance with paragraph (i)(3) of this section, 
as well as individual ledgers that track the production of released credits for each in-lieu fee 
project. 

(q) Reporting . (1) Ledger account . The sponsor must compile an annual ledger report showing 
the beginning and ending balance of available credits and permitted impacts for each resource 
type, all additions and subtractions of credits, and any other changes in credit availability (e.g., 
additional credits released, credit sales suspended). The ledger report must be submitted to the 
district engineer, who will distribute copies to the IRT members. The ledger report is part of the 
administrative record for the mitigation bank or in-lieu fee program. The district engineer will 
make the ledger report available to the public upon request. 

(2) Monitoring reports . The sponsor is responsible for monitoring the mitigation bank site or the 
in-lieu fee project site in accordance with the approved monitoring requirements to determine the 
level of success and identify problems requiring remedial action or adaptive management 
measures. Monitoring must be conducted in accordance with the requirements in §230.96, and at 
time intervals appropriate for the particular project type and until such time that the district 
engineer, in consultation with the IRT, has determined that the performance standards have been 
attained. The instrument must include requirements for periodic monitoring reports to be 
submitted to the district engineer, who will provide copies to other IRT members. 

(3) Financial assurance and long-term management funding report . The district engineer may 
require the sponsor to provide an annual report showing beginning and ending balances, 
including deposits into and any withdrawals from, the accounts providing funds for financial 
assurances and long-term management activities. The report should also include information on 
the amount of required financial assurances and the status of those assurances, including their 
potential expiration. 

(r) Use of credits . Except as provided below, all activities authorized by DA permits are eligible, 
at the discretion of the district engineer, to use mitigation banks or in-lieu fee programs to fulfill 
compensatory mitigation requirements for DA permits. The district engineer will determine the 
number and type(s) of credits required to compensate for the authorized impacts. Permit 
applicants may propose to use a particular mitigation bank or in-lieu fee program to provide the 
required compensatory mitigation. In such cases, the sponsor must provide the permit applicant 
with a statement of credit availability. The district engineer must review the permit applicant's 
compensatory mitigation proposal, and notify the applicant of his determination regarding the 
acceptability of using that mitigation bank or in-lieu fee program. 

(s) IRT concerns with use of credits . If, in the view of a member of the IRT, an issued permit or 
series of issued permits raises concerns about how credits from a particular mitigation bank or 
in-lieu fee program are being used to satisfy compensatory mitigation requirements (including 



concerns about whether credit use is consistent with the terms of the instrument), the IRT 
member may notify the district engineer in writing of the concern. The district engineer shall 
promptly consult with the IRT to address the concern. Resolution of the concern is at the 
discretion of the district engineer, consistent with applicable statutes, regulations, and policies 
regarding compensatory mitigation requirements for DA permits. Nothing in this section limits 
the authorities designated to IRT agencies under existing statutes or regulations. 

(t) Site protection . (1) For mitigation bank sites, real estate instruments, management plans, or 
other long-term mechanisms used for site protection must be finalized before any credits can be 
released. 

(2) For in-lieu fee project sites, real estate instruments, management plans, or other long-term 
protection mechanisms used for site protection must be finalized before advance credits can 
become released credits. 

(u) Long-term management . (1) The legal mechanisms and the party responsible for the long-
term management and the protection of the mitigation bank site must be documented in the 
instrument or, in the case of umbrella mitigation banking instruments and in-lieu fee programs, 
the approved mitigation plans. The responsible party should make adequate provisions for the 
operation, maintenance, and long-term management of the compensatory mitigation project site. 
The long-term management plan should include a description of long-term management needs 
and identify the funding mechanism that will be used to meet those needs. 

(2) The instrument may contain provisions for the sponsor to transfer long-term management 
responsibilities to a land stewardship entity, such as a public agency, non-governmental 
organization, or private land manager. 

(3) The instrument or approved mitigation plan must address the financial arrangements and 
timing of any necessary transfer of long-term management funds to the steward. 

(4) Where needed, the acquisition and protection of water rights should be secured and 
documented in the instrument or, in the case of umbrella mitigation banking instruments and in-
lieu fee programs, the approved mitigation site plan. 

(v) Grandfathering of existing instruments . (1) Mitigation banking instruments . All mitigation 
banking instruments approved on or after July 9, 2008 must meet the requirements of this part. 
Mitigation banks approved prior to July 9, 2008 may continue to operate under the terms of their 
existing instruments. However, any modification to such a mitigation banking instrument on or 
after July 9, 2008, including authorization of additional sites under an umbrella mitigation 
banking instrument, expansion of an existing site, or addition of a different type of resource 
credits (e.g., stream credits to a wetland bank) must be consistent with the terms of this part. 

(2) In-lieu fee program instruments . All in-lieu fee program instruments approved on or after 
July 9, 2008 must meet the requirements of this part. In-lieu fee programs operating under 
instruments approved prior to July 9, 2008 may continue to operate under those instruments for 
two years after the effective date of this rule, after which time they must meet the requirements 



of this part, unless the district engineer determines that circumstances warrant an extension of up 
to three additional years. The district engineer must consult with the IRT before approving such 
extensions. Any revisions made to the in-lieu-fee program instrument on or after July 9, 2008 
must be consistent with the terms of this part. Any approved project for which construction was 
completed under the terms of a previously approved instrument may continue to operate 
indefinitely under those terms if the district engineer determines that the project is providing 
appropriate mitigation substantially consistent with the terms of this part.  
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08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

B1Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-04Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

6.50

33.2

18.1

20.9

20.8

0.500

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

B2Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-05Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

1.10

11.8

11.3

27.4

46.8

1.60

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

C1Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-08Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

3.10

5.80

6.20

21.1

62.9

0.900

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

C2Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-09Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

2.70

13.8

8.70

29.7

44.2

0.900

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

D1Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-11Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

8.20

14.9

5.40

12.6

57.7

1.20

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

D2Client ID:
08/06/10 10:40Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-12Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab

General Chemistry - Mansfield Lab

% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

Solids, Total

ND

ND

3.20

5.00

19.0

60.0

12.8

80.7

%

%

%

%

%

%

%

%

1

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/09/10 10:30

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

30,2540G

SE

SE

SE

SE

SE

SE

SE

KB

Date 
Prepared

-

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

--

Serial_No:08181018:44



FF

E1Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-15Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

18.6

9.00

4.70

25.1

41.5

1.10

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

E2Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-16Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

7.70

20.5

9.80

28.1

33.8

0.100

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

F1Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-18Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

2.60

7.00

2.90

9.40

75.8

2.30

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

F2Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-19Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

ND

4.70

10.6

36.6

48.0

0.100

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

G1Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-24Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

4.90

8.40

1.60

9.00

71.9

4.20

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

G2Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-25Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

ND

37.8

18.9

17.1

25.7

0.500

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

G4Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-27Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

ND

8.20

10.2

32.5

48.6

0.500

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

G5Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-28Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

ND

14.5

16.3

38.7

30.1

0.400

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

G6Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-29Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

10.6

21.4

19.3

23.2

24.7

0.800

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

H1Client ID:
08/06/10 11:25Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-30Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab

General Chemistry - Mansfield Lab

% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

Solids, Total

ND

0.200

1.40

0.800

11.1

82.0

4.50

74.4

%

%

%

%

%

%

%

%

1

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/09/10 10:30

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

30,2540G

SE

SE

SE

SE

SE

SE

SE

KB

Date 
Prepared

-

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

--

Serial_No:08181018:44



FF

H2Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-31Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

0.700

10.3

7.60

24.4

54.5

2.50

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

H4Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-33Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

ND

23.1

13.1

28.7

34.9

0.200

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

H5Client ID:
08/06/10 11:30Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-34Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab

General Chemistry - Mansfield Lab

% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

Solids, Total

ND

ND

3.50

12.0

52.2

32.1

0.200

83.8

%

%

%

%

%

%

%

%

1

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/09/10 10:30

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

30,2540G

SE

SE

SE

SE

SE

SE

SE

KB

Date 
Prepared

-

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

--

Serial_No:08181018:44



FF

I1Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-35Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

0.800

4.30

3.80

22.3

63.2

5.60

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

I2Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-36Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

0.600

3.30

5.00

31.7

58.4

1.00

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

I3Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-37Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

0.200

0.500

4.90

29.0

64.5

0.900

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



FF

I4Client ID:
08/06/10 00:00Date Collected:
08/06/10Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NEW BEDFORD, MASample Location:

L1012057-38Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

SOUTH TERMINAL

6690

L1012057

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

Grain Size Analysis - Mansfield Lab
% Cobbles

% Coarse Gravel

% Fine Gravel

% Coarse Sand

% Medium Sand

% Fine Sand

% Total Fines

ND

ND

27.4

16.0

28.4

27.7

0.500

%

%

%

%

%

%

%

1

1

1

1

1

1

1

0.100

0.100

0.100

0.100

0.100

0.100

0.100

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

08/06/10 00:00

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

12,D422

SE

SE

SE

SE

SE

SE

SE

Date 
Prepared

-

-

-

-

-

-

-

08/18/10

MDL

NA

NA

NA

NA

NA

NA

NA

Serial_No:08181018:44



 

 

 

 

 

 

 

APPENDIX 52 



Data Drawn from Inter‐Tidal Portion of Apex Companies, LLC Shellfish Survey **

SQFT/AREA ACRES /SUBAREA
62290.8 1.43 SEED LITTLENECK CHERRY CHOWDER

Average Count per Square Meter** 1.33 1.33 0.00 0.89
Average Count per Square Foot 0.124 0.124 0 0.083
Shellfish Density by Size/Acre 5,396 5,396 0 3,597
Area of Impact ‐ Acres 1.43 1.43 1.43 1.43
TOTAL number of Shellfish by Size 7,716 7,716 0 5,144

Total Shellfish Effected: 20,577

Data Drawn From Sub‐Tidal Portion of Apex Companies, LLC Shellfish Survey **

SQFT/AREA ACRES /SUBAREA
206039 4.73 SEED LITTLENECK CHERRY CHOWDER

Average Count per Square Meter** 4.00 3.33 2.00 4.33
Average Count per Square Foot 0.372 0.309 0 0.402
Shellfish Density by Size/Acre 16,188 13,476 0 17,523
Area of Impact ‐ Acres 4.06 4.06 4.06 4.06
TOTAL number of Shellfish by Size 65,723 54,714 0 71,145

Total Shellfish Effected: 191,581

Data Drawn From Standing Crop Survey*

SUBAREA*
SQFT/ 
SUBAREA* ACRES /SUBAREA*

I7A 1,579,050         36.25 SEED LITTLENECK CHERRY CHOWDER

AVE/SQFT* 0.27 0.65 0.90 0.80
TOTAL/SUBAREA* 426,344 1,026,383 1,421,145 1,263,240
Shellfish Density by Size/Acre 11,761 28,314 39,204 34,848
Area of Impact ‐ Acres 19.15 19.15 19.15 19.15
TOTAL number of Shellfish by Size 225,227 542,213 750,757 667,339

Total Shellfish Effected: 2,185,536

Data Drawn From Standing Crop Survey*

SUBAREA*
SQFT/ 
SUBAREA* ACRES /SUBAREA*

I7A 1,579,050         36.25 SEED LITTLENECK CHERRY CHOWDER

AVE/SQFT* 0.27 0.65 0.90 0.80
TOTAL/SUBAREA* 426,344 1,026,383 1,421,145 1,263,240
Shellfish Density by Size/Acre 11,761 28,314 39,204 34,848
Area of Impact ‐ Acres 5.32 5.32 5.32 5.32
TOTAL number of Shellfish by Size 62,570 150,630 208,565 185,391

Total Shellfish Effected: 607,157

SHELLFISH IMPACT ESTIMATE: SOUTH TERMINAL EXTENSION PROJECT

Filled Footprint (Inter‐Tidal Only)

Filled Footprint (Sub‐Tidal Only)

South Terminal CDF Boat Basin and Channels

Gifford Street Channel Relocation and Northern Mooring Mitigation Area

1 of 3



SHELLFISH IMPACT ESTIMATE: SOUTH TERMINAL EXTENSION PROJECT

Data Drawn From Standing Crop Survey*

SUBAREA*
SQFT/ 
SUBAREA* ACRES /SUBAREA*

I7B 568,458            13.05 SEED LITTLENECK CHERRY CHOWDER

AVE/SQFT* 1.62 4.19 6.07 6.60
TOTAL/SUBAREA* 920,902 2,381,839 3,450,540 3,751,823
Shellfish Density by Size/Acre 70,567 182,516 264,409 287,496
Area of Impact ‐ Acres 2.69 2.69 2.69 2.69
TOTAL number of Shellfish by Size 189,826 490,969 711,261 773,364

Total Shellfish Effected: 2,165,420

Data Drawn From Standing Crop Survey*

SUBAREA*
SQFT/ 
SUBAREA* ACRES /SUBAREA*

I5 2,905,452         66.7 SEED LITTLENECK CHERRY CHOWDER

AVE/SQFT* 0.08 0.25 0.27 0.10
TOTAL/SUBAREA* 232,436 726,363 784,472 290,545
Shellfish Density by Size/Acre 3,485 10,890 11,761 4,356
Area of Impact ‐ Acres 19.60 19.60 19.60 19.60
TOTAL number of Shellfish by Size 68,302 213,444 230,520 85,378

Total Shellfish Effected: 597,643

Data Drawn From Standing Crop Survey*

SUBAREA*
SQFT/ 
SUBAREA* ACRES /SUBAREA*

I3 3,094,938         71.05 SEED LITTLENECK CHERRY CHOWDER

AVE/SQFT* 1.02 1.81 2.52 3.02
TOTAL/SUBAREA* 3,156,837 5,601,838 7,799,244 9,346,713
Shellfish Density by Size/Acre 44,431 78,844 109,771 131,551
Area of Impact ‐ Acres 8.67 8.67 8.67 8.67
TOTAL number of Shellfish by Size 385,219 683,574 951,716 1,140,549

Total Shellfish Effected: 3,161,058

Data Drawn from Standing Crop Survey*

SUBAREA*
SQFT/ 
SUBAREA* ACRES /SUBAREA*

16 4,660,920         107 SEED LITTLENECK CHERRY CHOWDER

AVE/SQFT* 0.019 0.037 0.076 0.171
TOTAL/SUBAREA* 88,557 172,454 354,230 797,017
Shellfish Density by Size/Acre 828 1,612 3,311 7,449
Area of Impact ‐ Acres 13.73 13.73 13.73 13.73
TOTAL number of Shellfish by Size 11,363 22,129 45,454 102,271

Total Shellfish Effected: 181,218

Winter Flounder Capping Area

Southern Mooring Mitigation Area

Federal Channel Maintenance Dredging

CAD Cell Area

2 of 3



SHELLFISH IMPACT ESTIMATE: SOUTH TERMINAL EXTENSION PROJECT

SUBAREA*
SQFT/ 
SUBAREA* ACRES/ SUBAREA*

4 1,742,400         40 SEED NECK CHERRY CHOWDER

AVE/SQFT* 0.1 0.041 0.092 0.169
TOTAL/SUBAREA* 174,240 71,438 160,301 294,466
Shellfish Density by Size/Acre 4,356 1,786 4,008 7,362
Area of Impact ‐ Acres 10 10 10 10
TOTAL number of Shellfish by Size 43,560 17,860 40,075 73,616

Total Shellfish Effected: 175,111

Estimate of Total Shellfish Impact:

20,577
191,581

2,185,536

607,157
2,165,420

597,643
3,161,058

181,218
175,111

Estimate of Total Shellfish Impact: 9,285,300

*Number of Quahogs estimated in Whittaker, 1999 "Quahog Standing Crop Survey", Massachusetts Department of Marine Fisheries. See pages B‐5, B‐
11, B‐`16, B‐19, C‐4 and C‐16 for detailed distribution information in these subareas.

Standing Crop Survey Subarea Population Estimate*

OU‐3 Capping Area

Filled Footprint (Intertidal Only):

Southern Mooring Mitigation Area:

Filled Footprint (Subtidal Only):
South Terminal CDF Boat Basin and Channel:

Winter Flounder Capping Area:
OU‐3 Capping Area:

**Number of Quahogs estimated via shellfish survey completed on April 29, 2010 by Apex Companies, LLC, contained within the report entitled 
"State Enhanced Remedy in New Bedford, South Terminal", dated August 25, 2010.

Federal Channel Maintenance Dredging:
CAD Cell Area:

Gifford Street Channel Relocation and Northern 
Mooring Mitigation Area:
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Table 1: Recovered Shellfish and Invertebrate Data

Sample Location Organism Size (inches) Number

Quahog 2 1/2 2
Quahog 2 1/4 2
Quahog 2 1
Quahog 2 3/4 3
Quahog 3 3/4 1

Common Oyster 2 1/2 1

Quohog 2 7/8 1
Quohog 1 1/2 1
Quohog 3/4 1

Quohog 2 1/2 1

Hermit Crabs 7-10
Shrimp 1 - 1 1/4 7-10

Quohog 3 2
Quohog 2 1/2 1
Quohog 3 1/2 1
Quohog 3 3/4 1
Quohog 3 5/8 1

Long Clawed Hermit Crab in Perwinkle Shell 1 1/2 1

Common Oyster 2 1
Common Oyster 2 1/4 1
Common Oyster 3 1
Common Oyster 4 1
Common Oyster 2 7/8 1
Common Oyster 2 3/4 1

Quohog 2 1/4 1
Quohog 2 5/8 1
Quohog 1 7/8 1
Quohog 3 1/2 1
Quohog 2 3/8 1
Quohog 2 1/2 1
Quohog 1 2
Quohog 1 1/2 2
Quohog 1 1/4 1
Quohog 1 3/8 1

A5

B1

A1

A2

A3

A4

1 of 4



Table 1: Recovered Shellfish and Invertebrate Data

Sample Location Organism Size (inches) Number

Common Oyster 3 1/8 1
Quohog 2 3/8 1

Common Oyster 2 3/4 1
Common Oyster 3 1

Smooth Periwinkle 3/8 2

Quohog 3 1/2 1
Quohog 3 1/8 1

Quohog 2 1/2 2
Quohog 3 1
Quohog 3 1/2 1

Smooth Periwinkle 3/8 2
Common Oyster 2 1/2 1
Common Oyster 2 1/8 1
Common Oyster 1 7/8 1
Common Oyster 2 1/4 1

Quohog 2 7/8 1

Milky Ribbon Worm 10 1
Smooth Periwinkle 1/4 - 3/8 36
Common Oyster 2 1/2 1

Quohog 3 1
Smooth Periwinkle 1/4 - 3/8 3

Ribbed Mussel 1 7/8 1
Ribbed Mussel 2 1

Smooth Periwinkle 1/4 - 3/8 17

No Findings

B2

B3

D1

D2

D3

B4

B5

C1

C2

2 of 4



Table 1: Recovered Shellfish and Invertebrate Data

Sample Location Organism Size (inches) Number

No Findings

Quahog 1 7/8 1

No Findings

No Findings

No Findings

No Findings

No Findings

Smooth Periwinkle 5/8 1
Quahog 3 2
Quahog 2 3/8 1
Quahog 2 5/8 1
Quahog 3 1/8 1

Dog Winkle/Young Waved Whelk 7/8 1
Dog Winkle/Young Waved Whelk 7/8 1

Soft-Shelled Clam 1 1
Soft-Shelled Clam 2 1/4 1
Smooth Periwinkle 3/8 1

Dog Winkle/Young Waved Whelk 7/8 7
Dog Winkle/Young Waved Whelk 1 1

Quahog 2 1
Unknown Polychaete 3 1

Quahog 1 1/8 1
Quahog 1 1/2 1
Quahog 1 3/4 2
Quahog 2 1
Quahog 2 1/2 1

D4

F3

F4

F5

G3

D5

E1

E2

F2

H3

H4

H5

3 of 4



Table 1: Recovered Shellfish and Invertebrate Data

Sample Location Organism Size (inches) Number

No Findings

Soft-Shelled Clam 2 1
Soft-Shelled Clam 3 1

No Findings

No Findings

No Findings

No Findings

Quahog 1 1/8 1
Quahog 7/8 1
Quahog 1 1/4 1
Quahog 2 1/4 1

Unknown Polychaete 4 1/4 1

No Findings

No Findings

I4

J4

J5

K5

I3

L5

M5

N5

O5

4 of 4



Sample Location Organism Size (inches) Number Class Size

Quahog 2 1/2 2 Cherrystone
Quahog 2 1/4 2 Littleneck
Quahog 2 1 Littleneck
Quahog 2 3/4 3 Chowder
Quahog 3 3/4 1 Chowder

Quohog 2 7/8 1 Chowder
Quohog 1 1/2 1 Seed
Quohog 3/4 1 Seed

Quohog 2 1/2 1 Cherrystone

No Quahogs Found Within Sample

Quohog 3 2 Chowder
Quohog 2 1/2 1 Cherrystone
Quohog 3 1/2 1 Chowder
Quohog 3 3/4 1 Chowder
Quohog 3 5/8 1 Chowder

Quohog 2 1/4 1 Littleneck
Quohog 2 5/8 1 Cherrystone
Quohog 1 7/8 1 Seed
Quohog 3 1/2 1 Chowder
Quohog 2 3/8 1 Cherrystone
Quohog 2 1/2 1 Cherrystone
Quohog 1 2 Seed
Quohog 1 1/2 2 Seed
Quohog 1 1/4 1 Seed
Quohog 1 3/8 1 Seed

Quohog 2 3/8 1 Cherrystone

No Quahogs Found Within Sample

A4

A5

B1

B2

Table 2: Quahog Data

A1

A2

A3

B3
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Sample Location Organism Size (inches) Number Class Size

Table 2: Quahog Data

Quohog 3 1/2 1 Chowder
Quohog 3 1/8 1 Chowder

Quohog 2 1/2 2 Cherrystone
Quohog 3 1 Chowder
Quohog 3 1/2 1 Chowder

Quohog 2 7/8 1 Chowder

No Quahogs Found Within Sample

Quohog 3 1 Chowder

No Quahogs Found Within Sample

No Findings

No Findings

Quahog 1 7/8 1 Seed

No Findings

No Findings

No Findings

No Findings

No Findings

C2

D1

D2

D3

B4

B5

C1

F2

F3

F4

D4

D5

E1

E2
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Sample Location Organism Size (inches) Number Class Size

Table 2: Quahog Data

Quahog 3 2 Chowder
Quahog 2 3/8 1 Cherrystone
Quahog 2 5/8 1 Cherrystone
Quahog 3 1/8 1 Chowder

No Quahogs Found Within Sample 7/8 1 Seed

No Quahogs Found Within Sample

Quahog 2 1 Littleneck

Quahog 1 1/8 1 Seed
Quahog 1 1/2 1 Seed
Quahog 1 3/4 2 Seed
Quahog 2 1 Littleneck
Quahog 2 1/2 1 Cherrystone

No Findings

No Quahogs Found Within Sample 2 1 Littleneck

No Findings

No Findings

No Findings

No Findings

Quahog 1 1/8 1 Seed
Quahog 7/8 1 Seed
Quahog 1 1/4 1 Seed
Quahog 2 1/4 1 Littleneck

No Findings

No Findings

F5

I3

I4

J4

J5

G3

H3

H4

H5

O5

K5

L5

M5

N5
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5,140 m2

3,141 m2

61%
1,999 m2

39%

"Seed" "Littlenecks" "Cherrystones" "Chowder"
0 1 0 0 1 0
0 0 0 1 4 0
0 0 0 0 1 0
0 0 0 1 0 0
0 0 0 0 0 0
0 0 0 0 0 2
0 1 0 0 0 0
0 0 0 0 0 2
3 1 0 0 0 0

0.33 0.33 0 0.22 0.67 0.44
1.33 1.33 0 0.89 2.67 1.78

Notes:
1). Average Shellfish Count Per Square Meter in Intertidal Survey Area = Frequency of Shellfish In Intertidal Areas When Shellfish Present 
X Percentage of Impacted Area with Shellfish.
2). Percentage of Intertidal Survey Area with Shellfish assumed to be the same as the percentage of Intertidal Impacted Area 
with Shellfish. 
3). Survey Area with (or without) Shellfish estimated based on recovery during shellfish survey.
4). Estimated count in Intertidal Impacted Area = Intertidal Average Count per Square Meter in Survey Area X Estimated Intertidal Impacted Area. 
5). Impacted Area = Shellfish habitat to be impacted during New Bedford South Terminal CDF Project
6). Quahog Classifications from Table 1: Class Size Lengths, page 4, Quahog Standing Crop Survey, 
New Bedford/Fairhaven Inner and Outer Harbors, David K. Whittaker, Massachusetts Division of Marine 
Fisheries, June 6, 1999. 
7). Survey Area = Area in which a manual shellfish survey was conducted on 5/2/2010 and 5/3/2010

I4
M5

Average Shellfish Count Per Square Meter in Intertidal Survey Area1,7

D2
H3

C1
C2

Table 3a: Intertidal Relative Abundance Survey Calculations

D1

B2

Sample Location
Number Per Quadrat1

Quahogs Oysters Soft-Shelled 
Clam

Intertidal Shellfish Survey Statistics

Percentage of Intertidal Survey Area With Quahogs:

Total Intertidal Survey Area7:
Intertidal Survey Area With No Quahogs5:

Percentage of Intertidal Survey Area With No Quahogs:
Intertidal Survey Area With Quahogs5:

Average Count per Intertidal Survey Quadrat1:
Average Count per Intertidal Survey Square Meter:

H4
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12,100 m2

3,361 m2

28%
8,739 m2

72%

"Seed" "Littlenecks" "Cherrystones" "Chowder"
1 2 1 1 1 0
2 0 0 1 0 0
0 1 0 0 0 0
0 1 0 4 0 0
5 2 2 1 6 0
0 1 0 0 1 0
0 0 0 0 2 0
0 0 0 2 0 0
0 0 1 2 0 0
1 0 0 0 0 0
0 1 1 2 0 0
3 2 1 0 0 0

1.00 0.83 0.50 1.08 0.83 0.00
4.00 3.33 2 4.33 3.33 0.00

Notes:
1). Average Shellfish Count Per Square Meter in Subtidal Survey Area = Frequency of Shellfish In Subtidal Areas When Shellfish Present 
X Percentage of Impacted Area with Shellfish.
2). Percentage of Subtidal Survey Area with Shellfish assumed to be the same as the percentage of Subtidal Impacted Area 
with Shellfish. 
3). Survey Area with (or without) Shellfish estimated based on recovery during shellfish survey.
4). Estimated count in Subtidal Impacted Area = Subtidal Average Count per Square Meter in Survey Area X Estimated Subtidal Impacted Area. 
5). Impacted Area = Shellfish habitat to be impacted during New Bedford South Terminal CDF Project
6). Quahog Classifications from Table 1: Class Size Lengths, page 4, Quahog Standing Crop Survey, 
New Bedford/Fairhaven Inner and Outer Harbors, David K. Whittaker, Massachusetts Division of Marine 
Fisheries, June 6, 1999. 
7). Survey Area = Area in which a manual shellfish survey was conducted on 5/2/2010 and 5/3/2010

Table 3b: Subtidal Relative Abundance Survey Calculations

Subtidal Shellfish Survey Statistics
Total Subtidal Survey Area7:

Subtidal Survey Area With No Quahogs5:
Percentage of Subtidal Survey Area With No Quahogs:

Subtidal Survey Area With Quahogs5:
Percentage of Subtidal Survey Area With Quahogs:

Average Shellfish Count Per Square Meter in Subtidal Survey Area1,7

Sample Location
Number Per Quadrat1

Quahogs Oysters Soft-Shelled Clam

A1
A2
A3
A5
B1

B5

B2
B3
B4

D5
F5
H5

Average Count per Subtidal Survey Quadrat1:
Average Count per Subtidal Survey Square Meter:
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total standing crop. The chenystone size 
clltegory followed closely with 25_98% 
These two size categories constitute 
approximately 67<>10 of the standing crop. 
Littleneck comprise 17.9% and seed 
15.31% of the standing crop. 

Observati()tls indicate that the 
greatest percentages of "chowders" were 
found in sampling unit areas 1·2 (Fig. 2) 
just south of Marsh Island and sampling 
unit area I-SA (Fig. 3) just northwest of the 
hunicane barrier opening. Significant 
percentages of greater than thirty for 
"cherrystones" were found in sampling unit 
IITeas 1-3, along the Fairhaven shoreline just 
north oithe Fairhaven Bridge, I-5 on the 
New Bedford shoreline fronting the fishing 
fleet piers, 1-6 on the Fairhaven shoreline 

FlGUlIEl 

fronting their fishing piers, and r -7 A 
and I-7B in Palmer's Cove. 
Littlcnecks in percentages greater 
than twenty were found in sampling 
unit areas 1-3, 1-5, 1-7A andI-7B. 
Seed in abundances greater than ten 
percent were found in six of the ten 
sampling unit areas with sampling 
unit area 1-4, on the Fairhaven 
shoreline just south of the Fairhaven 
Bridge, exhibiting the greatest at 
18.93%. 

The range of average adjusted 

E::::::~~;;~E~::~~!!!!J quahog densities by size class for the 
inner harbor are: seed, o.o8/ff to 
2.28fit2; Jittlenecks, O.16/ff to 
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Sub Sta# 
AR .. 

13 100 
101 
102 
103 
104 
SO 
82 
84 
85 
gSA 
86 
87 
89 
89A 
92 
93 
94 
95 
98 
99 

NEW BEDFORD INNER HARBOR 
Subarea 1-3 

SqFtl ACRal Seed! Neck! Cherryl Chowderl 
Subarea Subarea SqFt SqFt SqFt SqFt 

3,094,938 71.05 0.00 0.00 0.70 1.41 
0,00 0.70 0.00 0.00 
0.00 0.70 0.00 0.00 
0.00 0.00 0.70 0.00 
2.11 0,70 1.41 7.75 
0.00 0.70 0.70 070 
0.00 0,00 0.70 0,00 
~,63 8.45 5.63 3.52 
1.41 0.00 0.00 0.00 
2.11 2.11 2.11 2.11 
1.41 1.41 \.41 0.00 
4.93 13.38 16.20 12.68 
0,00 0,00 3.52 4.23 
\.41 0.00 2.11 5.63 
0,00 0,00 1.41 11.27 
0.70 4.23 12.68 5.63 
0,00 2.11 0.70 2.82 
0.70 1041 0.00 2.11 
0,00 0.00 0.00 0.00 

0.06 0.21 0.49 0,53 
AvgJoqft. 1.01 lJ11 Ul 3,Ol 

Totlll/Sub.""" 3,156,837 5,1101,838 7,799,244 9,346,713 

Total Busbels/Subarea: 13,338 32,497 77,889 

Total BusbeWAcre: 187.1% 457.38 1,096 

Other S"",,1eo NOt.d: Oysters along eastern shore of subarea and north 'bore 
of Pope's lsland. Soft shelled clams in deeper water from station 103 
northward 

BottomTyp. ip Sub ... "" Thick black mud east end ofPope'.lsland. Muddy 
sand with small cobble 8long north shore ofIs\lIl\d (much discarded debris). 
Finn sIlJld with mud between Island and Brightman Marina. Large mud 
pocket in center of sub.,..,. (stations 93 to lOJ). 
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NEW BEDFORD INNER HARBOR 
Subarea 1-5 

Sub Sta# SqFtJ AcrW Seedl Neck! Chenyl Cbowderl 
Area Subarea Subarea SqF'i S'IF'i S'IF'i SqFt 

IS 25 2,905,452 66,7 0,13 0.45 0,59 0,09 
30 0,04 0.07 0,09 0,02 
31 0.Q7 0,22 0.40 0.17 
32 am 0,03 0.04 0.D3 
33 0,00 0.00 0.00 0,00 
41 0,22- 0,52 0,78 0.50 
43 0,02 0.07 0,02 0.03 
49 0,04 0,29 0.31 0.12 
51A 0,37 1,12 0.65 0,17 
52 0.00 0.03 0,05 am 
53 0.00 0,00 0,00 0.00 

Av;h'lft: 0.08 O.l:l 0.%7 0.10 

TotaVSubarea, 132436 7%6,363 7"4.472 290,545 

Total Bu.bels/Subarea: 1,72.9 3,269 2,421 

Total BUlheWAore: 25.93 49.01 36.3 

Other Species Noted: Cbmneled whelk Knobbed whelk Starfish. Muclt ulva 

BottomType ill Subarea: Firm mud with sand and medium cobble $laU0Il32, 
Mud with sand at c"ol Pocket Pi .... Smelly mud at statiol1 52. O~ 
muddy sand with vlll}'ing sizod debris. 

SUBAREA STATION SEED NECK CHERRY CROWDER 

1-5 25 10,50% 35,71% 46,64% 7.14% 
30 16.67% 33,33% 41,67% 8,33% 
31 7,84% 25,49% 47,06% 19.61% 
32 7.14% 25.00% ' 39.29% 28.57% 
33 0.00% 0.00% 0.00% 0.00% 
41 10.75% 25.70% 38.79% 24.77% 
43 12.50% 50.00% 12.50% 25.00% 
49 5.83% 36.12% 40.81 % 15.25% 
51A 16.01% 48.40% 28.11% 7.47% 
52 1.79% 26.79% 55.36% 16.07% 
53 0.00% 0.00% 0.00% 0.00% 
Avg. %: 9.89 34.28 38.91 16.91 
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QUAHOG STANDING CROP ASSESSMENT 
NEW BEDFORD INNER HARBOR 

Subarea 1-7A 

Sub ·Sta II IilqFtI Acma/ Seed! Nedli Cberryl ChO'Wderl 
Area Subarea Subarea SqFt SqFt S"Ft SqFt 

17A I 1,579,050 36.25 0.15 0.36 0.41 ).49 
Il 0.00 0.08 0.13 om 
13 0.00 0.03 0.04 0.02 
14 0.12 0.32 0.73 0.68 
IA 0.00 2..11 1.41 1.41 
lB 0.00 0.00 0.70 0.00 
Ie 0.00 0.00 0.70 2.11 
1D 0.00 0.70 0.70 0.70 
IE 0.00 0.00 0.00 0.00 
IF 0.00 0.70 0.70 0.00 
lG 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.83 0.41 
3 0.1 I 0.61 0.64 0.17 
5 0.05 0.42 0.47 01S 
X 2.8l 2.82 0.00 0.00 
y 0.00 0.00 1..41 3.52 
Z 1.41 2.82 6.34 2.82 

Av;J.qt'!, 0.17 0.6:5 MO O.8G 

TotallSubar ... , 426,344 1,026,313 1,421,145 1,1/i3,240 

T<>tal BusheblSub ...... , 2.,444 !!,921 lO,!!2.? 

Total Bu.hell/Acre: 67.41 163.3~ 290.4 

Otber Species Noted: Many oysten. Some CrepidullL Many soft shelled clams 
aloog western shen of subarea. Mucih ulva. 

BottomType in Subar .. , Black mud with 'ltr<>ng odor proximal to lrunicane 
bAlTier. Sandy mild along western shoreliru .. Sandy mud with odor at station 
12. finn sand with mud and l!IlIaII cobble around station 3. 
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NEW BEDFORD INNER HARBOR 
Subarea 1·7B 

Sub Stall SqFtI /I.e"", Seed! Neck! Cherryl Chowderl 
Area Suba ...... Subare" Sql1t 3qFl SqFl SqFl 

17B liB 568,458 13.05 1.41 3.S2 9.86 11.97 
llC 2.11 8.45 4.93 4.93 
IIC 1.41 3.S2 9.15 9.15 
15 0.14 0.45 0.36 0.05 

'155 0.00 2.11 10.56 13.38 
ISC 0.00 0.00 1.41 4.23 
ISD HI 0.70 4.23 17.61 
20 0.08 0.32 0.64 0.38 
2C 0.70 10.56 8.45 1.41 
2D 6.34 4.23 7.04 13.38 
2E 4.93 7.04 11.27 9.86 
21" 0.00 3.52 1.41 7.04 
20 0.70 2.ll 10.56 10.56 
2H 0.00 0.00 2.82 2.82 
21 1.41 2.82 4.23 9.15 
4 0.06 0.17 0.35 0.30 
4A 1.41 2.82 0.70 0.70 
4C 5.35 1.78 14.27 5.35 
4D 0.00 5.63 17.61 16.20 
4E 0.00 0.70 2.11 2.11 
SA 4.93 14.08 5.63 4.23 
55 2.11 2i.!3 7.75 7.04 
5C 2.11 0.70 4.23 0.00 

AVIJ·qft, 1.6% 4.19 6.07 6.60 

TotallSubarea: 920,llO2 1,3ll1,IIJ!I 3,450,540 3,751,823 

Total BushelslSllbarea: 5,671 14,377 31,265 

TOlal BusbelaiAere: 434.56 1,101.71 %,395.8 

Other Specie. Noted: Many oysters along humClllle banier and Palmer'. 
Island. M8l1Y soft shelled cl8lllllat southern end ofPalmer'$ Island and some 
up western shoreline of i.land. MIlCh CI'II'pidula in .deeper water. Oil sheen on 
quahogs at station 20. 

BottolDTypo bl Suhre.: Gravelly sand with som¢ mud along western shore of 
Palmer's Island. Muddy sand with small gravel at SO\ltiJem tip. Sandy mud 
at station Z4. 
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New BedfOl:d Outer Harbor 

A total of 86 stations within 30 
sampling unit areas were sampled in 
the outer hllIbor (Fig, 4). The general 
area is described as that area south of 
the hurricane barrier and north of a line 
drawn from Clark Point in New 
Bedford to Wilbur Point in Fairhaven 
and is comprised of apprOximately 
3750 acres. 

As with the inner harbor survey 
results. quahogs were found in a wide 
range of densitY distributions 
throughout the outer .harbor. However, 
the percentage of chowders was 
significantly higher. This may be an 
artifact of two major impacts on the 
quahog population; contaminated 
relays and a newly opened connnercial 
fishery. Both of these fisheries have 
targeted the littleneck class size which 
may have resulted in II larger standing 
crop of cherxystones and chowders. 
For example. during the last two years, 
commercial landings from the New 
Bedford portion of the outer harbor 
were a total of 11,901 bushels (DMF 
1997/1998 shellfish landing data). Of 
these, 71.5% were littlenecks and 
28.5% were chenystones and 
chowders. 

FIG1IRE4 

® IC:II ...... Trace HoiItal sta,tioas--. 

llampJ.e stations 
Within Subareas 

InM' IIImIl'OIl.D OUTEll. lllUI.BQlI. 

QIIlIHOG STlI.ImJ:lllG CIW.e sua.VEr 

Chowder percentages noted in the survey range from a high of 97.69"/0 in a 
sampling unit area in the northeast portion of the harbor to a low of 34.19% in 
sampling unit area 26 in the southwe~t comer of the area, Additionally, it appears 
that none of the four sampling unit areas in the southwest part of the harbor. i.e., 
sampling unit areas 16, 21, 22 and 26 on the west side of the shipping channel 
support a large population of chowders, 
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Sub- SqFtJ 
Are. Sub ..... a 

1/\ 4/,60.920 

NEW BEDFORD OUTER HARBOR 
Subarea 16 

A."",,! Sta. Seed! Neckl Cherry! Chowder! 
Subarea # SqFt SqIi't SqFt SqFt 

107 80 0,065 0079 0,097 0.267 
78 0.010 0.024 0.063 0,242 
~J 0.011 O,OZS 0.087 0,089 
79 0,005 0.0:).3 0.047 0.130 
91A 0.008 0.031 0.107 0.230 
91. 0,013 0.030 0.057 0.067 

AvgJAqFt. 0.019 0.037 0.076 0.171 
TotallSubarea: 8S,557 172,454 354,230 797,017 
Total BusheJr/Subllrea: 411 1,476 6,641 
T<>'ar Bu.h<ll.o/A""" 3.114 13.'" 6M7 

Other Sp""ie. Noted, Mueh Crepldula. Few spider crabs and chlllll!eled whelk, 
Bay scallop. Oily sheen on quahop a1 station 78, 
Bottom Type Noted, Firm _dy mud witb medium cobble (ilia. 9]). Mucl! sheU 
hash. 

SUBAREA STATION SEED NECK CH:£lI.RY CHOWDER 

16 80 12.89% 15.46% 19.07% 52.58% 
78 2.92% 7,02% 18.71% 71,35% 
93 4,90% 13,22% 40.50% 42.15% 
79 2.63% 11.18% 4:3.03% 63.16% 
e1A 2,24% a.21% 28.36% 6U9% 
91 7.55% 20.75% 33.02% 39,15% 

Avg.%; 5.52 12.64 27.11 54.'3 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBARE:A 1 S NEW oUTER HARBOR' 

.. 
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Sub. SqFtJ 
Ar ... Slibarea 

4 1,742.400 

NEW BEDFORD OUTER HARBOR 
Subarea 4 

A~~I Sta. S.edl Necl</ Cherryl 
Slibaroa # SqFt SqFt SqFt 

40 23A 0.008 0.023 0.088 
23 0.193 0.060 0.095 

Al';JSqFt' 0.100 0.04~ o.on 

TotallSqbarea; 174,848 71,4311 160,301 

Total BlIsb"ll/Sub.rea' 170 668 

Total BuoheWAcre: 4.26 16.68 

Other Sped .. Noted: Oyster. Much Crepidula (limpet). 

BOtt.lIll Type Noled. Muddy.."d with """'. pvet 

SUBAREA STATION SEED NECK CBJl:RRY 

4 23A 2.8e% 6.57% 33.57% 
23 35.70% 11.00% 17.60% 

Avg. %: 19.28 9.79 2 5.59 

<t. 

C4 

Cbowder{ 
SqFt 

0.145 
0.193 
0.16' 

294,466 

2,454 

6l.34 

CHOWDER 

55.00% 
35.70% 
45.35 

......... 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION I 

Memorandum 

Dille: August 4, 20 11 

5 Post Office Square, Suite 100 
Boslon, MA 02109-3912 

Subject: New Bedford Harbor MassDEP Request to Include South Tenninal in 
Enhancement - Proposed Mitigation Plan for Shellfish 

To: Gary Davis, General Counsel 
Executi ve Office of Energy and Environmental Affairs 

From: Matt Schweisberg, Chief.---..... A A 
Wetlands Protection Unit Ijl 

This memorandum provides EPA's response to the shell fi sh mitigation proposal included in 
MassDEP's proposed mitigation plan submiued to EPA on March II , 2011 and further 
supplemented by a memorandum dated July 25, 2011 to MaH Schweisberg and Phil Colarusso of 
EPA from the Massachusetts Division of Marine Fisheries ("DMF memo"). This memorandum 
supplements EPA's prior comments provided to MassDEP in June of this year on the proposed 
compensatory mitigation plan. After reviewing all relevant documents, EPA will not accept a 
shellfish mitigation proposal that includes transplanting any shell fi sh from the inner harbor to 
any area below the hurricane barrier in New Bedford Harbor (Option No. 1 in the DMF memo). 
As set out more fully below, EPA will consider transplanting shellfish within areas inside the 
hurricane barrier or, if demonstrated that there is insufficient area for such transplanting, a 
combination of transplanting within the hurricane barrier and seeding below the barrier (Options 
2 and 3 in the DMF memo). 

EPA recognizes that the impacted shellfish are located in contaminated sediment and that state 
and federal prohibitions against harvesting and consumption of shell fish from the inner harbor 
are in place. At the same time, as a protected resource, EPA believes shellfish are an important 
part of the Harbor ecosystem and measures should be taken to preserve rather than destroy the 
over two million impacted shellfish to the extent practicable. Preservation ensures a continuation 
of diversity of species in the Harbor and Buzzards Bay. Quahogs and other shellfish filter large 
vo lumes of water, removing some contaminants during the course of their nonnal feeding. 
These filter feeders, when present in sufficient numbers, have the ability to control algal blooms 
that result from enrichment of our coastal waters from excess nutrients. 



For the reasons set out below, EPA will not accept a shellfish mitigation proposal that includes 
transplanting any shellfish from the inner harbor to any area below the hurricane barrier (Option 
1 in the DMF memo): 

1. The New Bedford Harbor Superfund Site cleanup goal for PCBs in seafood is 0.02 ppm 
PCBs. This is a site specific risk-based concentration based on a cancer risk of 1 x 10.51 

and a non-cancer hazard index of 1 which is applicable to recreationally caught seafood. 
The Food and Drug Administration (FDA) tolerance level of2 ppm PCBs in fish tissue is 
applicable to commercial fishing, and reflects a market basket approach which assumes 
people eat a variety of fish from a variety of places, purchased at their local market. A 
PCB level of2 ppm is not sufficient to protect people who regularly eat fish from New 
Bedford Harbor. 

2. The site specific long-term seafood monitoring program, perfonned by MassDEP (with 
assistance from DMF in collecting and preparing arulUal seafood reports) on behalf of 
EPA, specifically shows that PCB depuration rates in shellfish appears to be very low and 
has sometimes shown that post-spawn PCB concentrations are higher than pre-spawn 
PCB levels in the same areas tested. 

3. Massachusetts Department of Public Health (MADPH) and MassDEP, Bureau of Waste 
Site Cleanup, do not support transplanting shellfish outside of Area 1 (that is, above the 
hurricane barrier). See Attachment 1, letter dated February 15, 2007 from DPH to 
NOAA. 

4. MADPH has promulgated a fishing ban that prohibits taking of shellfish from Area 1 
(105 CMR 260.005). See attachment to Attachment A. 

5. EPA's 1998 Record of Decision for the Superfund cleanup of New Bedford Harbor 
("1998 ROD") (page 33) requires implementing institutional controls that prohibit the 
taking of seafood in Area I as well as providing seafood advisories for all areas of the 
Superfund Site (Areas I, 11 and III), posting no fishing signs and engaging in educational 
campaigns. See Attachment B for EPA's seafood advisories. They may also be found on 
EPA's website at: http://www.epa.gov/nbh/seafood.html . EPA and MADPH recently 
updated the warnings to reflect the most recent results of the long-tenn seafood 
monitoring program. It should also be noted that EPA's advisories reflect more stringent 
limitations on fish consumption than those contained in the state fishing ban. 

6. Violation of EPA 's institutional controls, required by the 1998 ROD, will jeopardize the 
protectiveness of the remedy. 

7. EPA's five-year reviews (2005 and 2010) require ongoing institutional controls to ensure 
remedy protectiveness. The 2010 five year review requires that EPA fish consumption 
advisories be included in all shellfish and finfish licenses issued in New Bedford, 
Acushnet, Fairhaven and Dartmouth. It also requires that medical grand rounds be 
facilitated to infonn the medical conununity of these dangers and ask that they pass 
infonnation onto to patients. 

8. The site educational outreach also includes an educational program that is now 
incorporated into the New Bedford school curriculum. 

I The cancer risk of 1 x 10.5 was selected in the ROD be consistent with MADEP 21 E program cancer risk; EPA 's 
nonnal point of departure for human health of 1 x 10-6. 



EPA supports transplanting shell fish within the inner harbor (Option 2 in the DMF memo). EPA 
will also consider a mitigation proposal that includes both transplanting shellfish within the inner 
harbor and a seeding program (Options 2 and 3 in the DMF memo) only afte r MassDEP 
demonstrates, through fie ld investigation work, that there is insufficient suitable habitat in the 
inner harbor for this amount of shellfish. If EPA agrees that only a portion of the affected 
shellfish can be safely transplanted within the inner harbor, it will work wi th MassDEP to create 
a sound seeding program as mitigation for the remainder of the impacted she ll fish. 

If you have any questions, please contact me at 6 17-918-1628 or Elaine Stanley at 6 17-91 8-
1332. 

cc: Kathryn Ford, Mike Hickey, Tom Shields, MassDMF 
Jay Borkland, Chet Myers, Apex 
Carl Dierker, Jim Owens, Phil Colarusso, Elaine Stanley, EPA 
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The Commonwealth of Massachusetts 
Executive Office of Health and Human Services 

Department of Public Health 
250 Washington Street, Boston, MA 02108-4619 

. t:" \-\ t:.. 
DEVALU3. ~~ICK' Office of the General Counsel 

Second Floor (617) 624-5220 
GOVERNOR 

TIMOTHYP. MURRAY 
LIEUTENANT GOVERNOR 

JUDYANN BIGBY, MD 
SECRETARY 

PAUL J. COTE, JR. 
COMMISSIONER 

Mr. Jack Terrill 

February 15,2007 

New Bedford Harbor NRD Trustee Coordinator 
NOAA - New England Region Management Division 
One Blackburn Drive 
Gloucester, MA 01930 

Dear Mr. Terrill: 

The Massachusetts Department of Public Health (MDPH), Center for Environmental 
Health (CEH), in coordination with the Massachusetts Department of Environmental 
Protection (MDEP), has been asked to review the 2005 Shellfish Restoration Statement 
of Work and Budget prepared by the Regional Shellfish Restoration Committee on behalf 
of the Towns of Dartmouth and Fairhaven and the City of New Bedford. The proposed 
regional shellfish restoration work in New Bedford Harbor has been submitted to the 
New Bedford Harbor Trustee Council. 

CEH staff, in consultation with the MDPH Office of General Counsel, has reviewed the 
proposed restoration work to determine whether the proposed restoration project might 
pose an unacceptable risk to public health and whether it might conflict with MDPH 
regulations governing the taking of fish and shellfish in New Bedford Harbor. Based 
upon this review and for the following reasons, MDPH does have concerns about certain 
parts of this restoration project. 

Among the many goals of the New Bedford Area Shellfish Restoration Project, the 
proposal that concerns MDPH the most is the plan to relocate shellfish from Area I to 
Area II. These areas are defined in Section 260.005(4) ofthe MDPH regulations entitled 
Prohibition Against Certain Fishing in New Bedford Harbor (105 CMR 260.000). A 
copy of these regulations is attached. 

These regulations impose restrictions on the taking of fish andlor shellfish in each ofthe 
three areas of New Bedford Harbor. This restoration project is subject to these regulatory 



-- ... 

restrictions. Specifically, 105 CMR 260.005(1) prohibits any taking or selling of any fish 
(except bait fish), lobster or shellfish from Area I. The MDPH Food Protection Program 
considers a "taking" to be any capturing or harvesting of fish or shellfish, even for the 
purpose of relocating. Therefore, the relocation of shellfish from Area I to Area II would 
violate these regulatory restrictions. 

In addition to concerns about the restoration plan violating MDPH regulations, CEH 
believes that the findings ofthe Greater New Bedford Health Effects Study (GNBHES), 
released in 1987, clearly demonstrated a relationship between consumption offish caught 
from the closure areas and higher serum PCB levels. In New Bedford, approximately 50 
percent offish eaters who ate fish from closed areas of the harbor had serum PCB levels 
in the range of 9-15.5 parts per billion (ppb) compared to mean prevalence estimates in 
the general population of approximately 6 ppb. Since the time of our study (1984-1987), 
research indicates that health effects are of concern at even lower serum PCB levels (e.g., 
in the 2-6 ppb range) than what was known in the mid-1980s, thereby supporting great 
caution with respect to harvesting fish or shellfish from the closure areas. 

We appreciate the opportunity to comment on this New Bedford Harbor Restoration Plan. 
If you have any questions regarding this letter, please contact me at 617-624-5220 . . 

Sincerely, 

James Ballin 
Deputy General Counsel 

Enclosure: 105 CMR 260.000 

Cc: Suzanne Condon, Associate Commissioner, MDPH-CEH 
."Martha Steele, Deputy Director, MDPH-CEH 
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105 CMR: DEPARTMENT OF PUBLIC HEALTH 

105 CMR 260.000: PROHIBmON AGAINST CERTAIN FISHlNG IN NEW BEDFORD 
HARBOR 

Section 

260.001: Findings and Purpose 
260.002: Emergency Promulgation 
260.003: Authority 
260.004: Adulterated Fish 
260.005: Taking andlor Sale of Lobsters. and Certain Fish Prohibited 

260.001: Findings and Pumose 

The chemical susbstances known as polychlorinated biphenyls (PCBs) have been 
discharged into the Acushnet River and are present in that river and in the New Bedford 
Harbor. Laboratory analyses of lobster and bottom-feeding fish caught in this area have 
revealed that PCBs are present in these food sources in levels that exceed the current 
maximum allowable levels (or "temporary tolerance") established by the Federal Food and 
Drug Administration under the Food and Drug Cosmetic Act. 21 U.S.C. 301, § 346. 
Consumption of PCBs causes diseases deemed dangerous to the public health. namely PCB 
intoxication and carcinogenesis. 105 CMR 260.000 are promulgated to prevent and control 
the incidence of such diseases among members of the general public, and to prevent the sale 
of adulterated food to the public. 

260.002: Emergency Promulgation 

PCBs settle to the floor of the body of water into which they are discharged; they may 
remain there for decades. Because lobsters and certain fish are bottom-feeders, they take in 
PCBs which remain in their bodies in unacceptably high concentrations. These food somces 
are currently being taken from contaminated areas (as described in IDS CMR 260.005) for 
primarily recreational and other noncommercial purposes and are being consumed by the 
public. Consumption of these food sources by humans poses an immediate and lasting threat 
to health. Further public consumption of these overly-contaminated food sources must be 
avoided by immediately preventing the taking, sale, and thereby the eating of such food 
somces caught in the contaminated area. Immediate adoption of IDS CMR 260.000 is 
necessary for the preservation of the public health; observance of the requirements of notice 
and public hearing, generally required under the first paragraph of M.G.L. c. 30A, § 2 prior 
to the promulgation of regulations, would be, in this situation, contrary to the public interest 

260.003: Authority 

lOS CMR 260.000 is promulgated under authority ofM.GL. c. Ill, § 5 and 6, M.G.L. 
c. 94, § 186 and 192, M.G.L. c. 3OA, § 2. ' 

260.004: Adulterated Fish 

Fish, containing levels of PCBs exceeding the maximum allowable level (or "temporary 
tolerance") of PCBs established by the Federal Food and Drug Administration for the edible 
portion of such food sources are adultered within the meaning of M.G.L. c. 94, § 186, first 
paragraph under food. Su~h food sources caught in the contaminated area ~ presumed to 
be contaminated. 

260.005: Taking and/or Sale of Lobsters and Certain Fish Prohibited 

4/1/94 

(I) No person shall take and/or sell any fish (except bait fish), lobster or shellfish from the 
area of New Bedford Harbor (Area I) described below~ 

The waters north of the Hurricane Dyke in New Bedford Harbor. 

105 CMR - 1261 



' .. 105 CMR: DEPARTMENT OF PUBLIC HEAL TIi 

260,005: continued 

(2) No person shall take and/or: sell any lobster or bottom feeding fi,sh (including eels, scup, 
flounder and tautog) from the area of New Bedford Harbor (Area II) described in 105 CMR 
260.005(4): 

The waters generally south of area I and north of a line extending from Ricketson's 
Point in South Dartmouth westerly to Wilbur Point on Sconticut Neck. 

(3) No person shall take and/or sell lobsters from the area of New Bedford Harbor (Area III) 
described in 105 CMR 260.005(4): 

The waters generally south of area II and north of a line extending from Mishaurn 
Point on Smith Neck in the town of Dartmouth north and west to Gong "3" on Hursett 
Rock off New Bedford Harbor and continuous north and west to Rocky Point on West 
Island in the town of Fairhaven. 

(4) Map of New Bedford Harbor Outlining Areas I. II and ill 
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REGULATORY AUTHORITY ( 

105 CMR 260.000: M.G.L. c. 30A, § 2; M.G.L. c. Ill, §§ 5 and 6: M.G.L. c. 94, § 186 
and 192. 

4/1/94 105 CMR - 1262 



New Bedford, MA 

U P D A T E  o n  f i s h / s h E l l f i s h  T E s T i n g  

T h E  s U P E R f U n D  P R o g R A M  protects human health 
and the environment by investigating and cleaning up often-abandoned 
hazardous waste sites and engaging communities throughout the process. 
Many of these sites are complex and need long-term cleanup actions. 
Those responsible for contamination are held liable for cleanup costs. 
EPA strives to return previously contaminated land and groundwater 

to productive use. 
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New Bedford Harbor
 

s i T E  D E s C R i P T i o n :  
The U.S. EPA has been committed to the New Bedford Harbor (NBH) cleanup since the 1980s, following discovery of 
polychlorinated biphenyls (PCBs) in sediment and fish and designation to the national priority list of Superfund sites in 
1983. In 1998, EPA proposed a dredging remedy for the Upper and Lower harbors, and full scale dredging started in 
2004. Remediation is ongoing, with dredging typically occurring in the summer.  In 2009, EPA Administrator Lisa Jackson 
announced the availability of recovery act funds to help speed up the current cleanup timeframe for the harbor cleanup. 

P A R T n E R i n g  
As part of the NBH site monitoring, the Massachusetts 
Department of Environmental Protection has conducted 
annual fish and shellfish sampling to determine whether 
PCB concentrations in NBH fish and shellfish are declining 
as a result of cleanup activities. In general, PCB concentra-
tions have indeed decreased from the 1980s to the pres-
ent in most species, although concerns remain as discussed 
herein. Fish and shellfish sampling will continue throughout 
the cleanup efforts, and updates to this fact sheet will be 
issued as appropriate. 

A s s E s s M E n T  
The Massachusetts Department of Public Health (MDPH) 
has also had extensive involvement with NBH in order 
to address a variety of health concerns. In 1979, MDPH 
promulgated state regulations prohibiting the consump-
tion of any fish/shellfish in Area 1 of NBH; of bottom 
feeding fish (eel, scup, flounder, and tautog) or lobster in 
Area 2; and lobster in Area 3 (see attached map). These 
early efforts were followed by human epidemiological 
studies of PCB exposure via fish consumption by MDPH 
and others. MDPH has additional advice for sensitive 
populations (pregnant women, nursing mothers, children 
under age 12, women who may become pregnant) that 

can be found at www.mass.gov/dph/fishadvisories. EPA 
supports this additional advice, and notes that its updat-
ed risk assessment (discussed below) recommends that 
sensitive populations avoid fish, shellfish and lobster from 
the three closure areas in NBH (see map on reverse) 
except that shellfish from Area 3 and Clark’s cove may 
safely be consumed by these sensitive populations if lim-
ited to one meal per month. 

R E C o M M E n DAT i o n s  
As part of the Superfund process, EPA is required to con-
duct risk assessments that will result in cleanup levels that 
the selected remedy for a given site must meet. These 
risk assessments use conservative (health-protective) as-
sumptions to ensure that even sensitive populations will 
not have health concerns following completion of  reme-
diation activities. In the case of NBH and the risk assess-
ment conducted on fish/shellfish in the closed areas of 
the harbor, EPA’s updated evaluation indicates that some 
species not currently covered by the 1979 state regula-
tions may present health concerns for recreational fisher-
men and shell fishermen (and/or their families/friends 
who consume their take) if these species are consumed 
in larger quantities than current epidemiological data 

continued on next page > 

K E Y  C o n T A C T s :  

j E A n E T h E  f A lv E Y  

U.S. EPA Community 
Involvement Coordinator 
(617) 918-1020 
falvey.jeanethe@epa.gov 

K E l s E Y  o ’ n E i l  

U.S. EPA Community 
Involvement Coordinator 
(617) 918-1799 
oneil.kelsey@epa.gov 

j o s E P h  C o Y n E  

MassDEP 
(617) 348-4066 
joseph.coyne@state.ma.us 

g E n E R A l  i n f o :  

E P A  n E w  E n g l A n D  

5 Post Off ice Sq., 
Suite 100 
Boston, MA 02109-3912 

T o l l - f R E E  

C U s T o M E R  s E R v i C E  

1-888-EPA-7341 

l E A R n  M o R E  A T :  

www.epa.gov/nbh 

www.epa.gov/nbh
mailto:joseph.coyne@state.ma.us
mailto:oneil.kelsey@epa.gov
mailto:falvey.jeanethe@epa.gov
www.mass.gov/dph/fishadvisories
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Updated 2010 EPA Recommendations for Recreational Fishermen/Shellfishermen Original Fishing Ban (in effect 1979-present) 
per Superfund Risk Assessment with additional species highlighted* per Massachusetts Department of  Public Health 

*sensitive populations-see reverse for more information 

Area 1 Area 1 
Black Sea Bass: 
1meal per month 

Shellfish: 
1meal per month 
(Clark’s Cove Area 2 Area 2 1meal per week) 

Black Sea Bass:
 
1meal per month
 

Scup:

Do not eat
 

Area 3 Area 3 

feeding 

continued from front >>  suggest. EPA believes it is important that recreational fishermen and shell-fishermen be aware that the risk assessment suggests 
that: consumption of black sea bass be limited to one meal per month if they are obtained in Areas 2 and 3;  that scup not be consumed from Areas 2 or 
3; and that general guidelines for shellfish include limiting consumption to one meal a month in Area 2 (one meal per week in Clark’s Cove). See map above 
for a summary of EPA’s recommendations. 

It is important to recognize the substantial benefits of fish consumption for everyone. Fish is one of the best sources of fatty acids which are helpful in 
reducing the risk of heart disease. In order to avoid exposure to a harmful level of contaminants, people should choose a variety of fish and shellfish from 
a variety of sources. 
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More Information

Information about Massachusetts 
fish consumption advisories 

•

Contaminant monitoring reports for 
seafood harvested in the NBH 
area 

•

EPA Locally Caught Seafood 
Guidance, January 2011 (PDF) 
(2pp, 998K) 

•

 
Closure Area I

Fish Consumption Regulations and Recommendations
Since 1979, Massachusetts regulations have prohibited eating fish and/or shellfish caught in certain areas of New 
Bedford Harbor. The Massachusetts Department of Environmental Protection samples local fish and shellfish every 
year to determine whether PCB concentrations are declining as a result of cleanup activities around New Bedford 
Harbor.

On this page:
Latest locally caught seafood guidance •
Closure Area I (Inner Harbor) •
Closure Area II (Outer Harbor) •
Closure Area III (Buzzards Bay) •

Latest locally caught seafood guidance

The three tables below show Massachusetts regulations and U.S. EPA 
recommendations for eating fish, shellfish and lobster caught in three fish 
closure areas around New Bedford Harbor.  In two of the three closure 
areas, we have different advice for sensitive populations -- pregnant 
women, nursing mothers, children under age 12, and women who may 
become pregnant -- than for the general population.  This special advice is 
noted at the bottom of the tables for Areas 2 and 3.

Safe seafood is an important part of a healthy diet. People should choose a 
variety of fish and shellfish from a variety of sources.

Closure Area 1

Inner Harbor: 
North of the hurricane barrier and Ft. Phoenix Beach State Reservation 

-- Includes Palmer Island -- 
Map of the upper and lower harbors (PDF) (1 pg, 3.3MB, about PDF)  

Map of the three fish closure areas in the NBH area 

If you catch… then… 

Any shellfish, lobster, or fish, including bottom 
feeders

Do not eat it

Closure Area 2

Outer Harbor: 
South of the hurricane barrier to Ricketsons Point and tip of Sconticut Neck (Wilbur 

Point) 
-- Includes Clarks Cove -- 

Map of the upper and lower harbors (PDF) (1 pg, 3.3MB, about PDF)  
Map of the three fish closure areas in the NBH area 

If you catch… then… 

Fish:

     Black sea bass   Eat no more than one meal per month

U.S. EPA recommends that recreational fishermen, shell fishermen and 
everyone else follow the Massachusetts regulations. In addition, we 

recommend limited eating of certain species not covered by the 1979 state 
regulations.

Share

US Environmental

Page 1 of 2Fish Consumption Regulations and Recommendations | New Bedford Harbor | US EPA

11/15/2011mhtml:file://C:\Documents and Settings\cmyers.APEXCOS\Local Settings\Temporary In...



WCMS
Last updated on Tuesday, November 15, 2011

file:///C:/Documents%20and%20Settings/cmyers.APEXCOS/Local%20Settings/Temporary%20Internet%20Files/Content.Outlook/OBI371HE/Fish%20Consumption%20Regulations%20and%
20Recommendations%20%20New%20Bedford%20Harbor%20%20US%20EPA.mht

 
Closure Area II

 
Closure Area III

     All bottom-feeding fish including:

          Eel Do not eat it

        Flounder   Do not eat it

         Scup Do not eat it

         Tautog   Do not eat it

     All other fish U.S. EPA has no data yet so we cannot 
make a recommendation

Lobster Do not eat it

Shellfish (clams, quahogs, mussels etc.) Eat no more than one meal per month.  
Exception -- Shellfish caught in Clarks 
Cove: eat no more than one meal per week

NOTE: Pregnant women, nursing mothers, children under age 12, and women who 
may become pregnant should not eat fish, shellfish or lobster caught in Closure Area 2, 
except they can safely eat one, and only one, meal per month of shellfish caught in Clarks 
Cove.

Closure Area 3

Buzzards Bay: 
South of Ricketsons Point and the tip of Sconticut Neck (Wilbur Point) 

To Mishaum Point in Dartmouth and West Island South Point in Fairhaven 
-- Includes area south of the West Island Causeway  -- 

Map of the three fish closure areas in the NBH area 

If you catch… then… 

Fish:

     Black sea bass   Eat no more than one meal per month

     Bottom-feeding fish:

          Eel There are no eating restrictions

          Flounder   There are no eating restrictions

          Scup   Do not eat it

          Tautog   There are no eating restrictions

     All other fish, including  
     all other bottom-feeders

U.S. EPA has no data yet so we cannot 
make a recommendation

Lobster Do not eat it

Shellfish (clams, quahogs, mussels etc.) There are no eating restrictions

NOTE: Pregnant women, nursing mothers, children under age 12, and women who 
may become pregnant should not eat fish or lobster caught in Closure Area 3. They can 
safely eat one, and only one, meal per month of shellfish caught in Area 3.

Page 2 of 2Fish Consumption Regulations and Recommendations | New Bedford Harbor | US EPA

11/15/2011mhtml:file://C:\Documents and Settings\cmyers.APEXCOS\Local Settings\Temporary In...



 

 

 

 

 

 

 

APPENDIX 53 



 

Maguire Group Inc. 
Architects/Engineers/Planners 

 
1 

  David Westcott, AICP 
Chief Planner  
 
 

TECHNICAL EXPERTISE 
  

PROFESSIONAL PROFILE 

Mr. Westcott combines the skills of a professional planner with 
those of a biologist and natural resource specialist.  He is 
experienced in the delineation and mapping of wetlands, and 
evaluating impacts of public and private infrastructure projects 
on wetlands, freshwater and marine resources and at 
developing mitigation plans for minimizing such impacts. 

 

 
• Environmental Impacts 
• Wetland Scientist 
• Permitting Specialist 
• Dredging and Port Studies 
• Marine Impact Evaluations  
 

  

 
PROJECT ASSIGNMENT 

Impacts on Essential Fish Habitat  
 
 

YEARS OF EXPERIENCE 
Maguire: Since 1978 

Total: Since 1976 
 
 

EDUCATION 
BS/1976/Resource Development 

MCP/1979/Community Plan 
Development 

 
 

PROFESSIONAL 
REGISTRATIONS 
American Institute 

Certified Planner AICP 4614 
NATIONAL, 1983 

Health & Safety for 
Hazardous Waste 

NEW ENGLAND, 1991 
 
 

PROFESSIONAL 
ASSOCIATIONS 

American Planning Association,  
RI Assoc. of Wetland Scientists 

 
 

PUBLICATIONS 
"A Plan for the Newport 

Waterfront"  University of Rhode 
Island Marine Bulletin 35 URI 

Marine Advisory Service, 1979.   
 

 

 REPRESENTATIVE PROJECTS:  Marine Environmental Impact 
Evaluations 

Rhode Island Region Long-Term Dredged Material Disposal Site 

Evaluation and Environmental Impact Statement:  Assisted the 
U.S. Army Corps of Engineers to identify and designate an 
offshore site for marine disposal of dredged material from 
Rhode Island and southeastern Massachusetts.   
 
Dredged Material Management Plan for Massachusetts 
Designated Port Areas: Project Manager for this project to 
identify potential disposal sites for dredged sediments 
unsuitable for unconfined open water disposal from designated 
port areas in Gloucester, Salem, Fall River and New Bedford 
 
Buzzards Bay Disposal Site Final Environmental Impact 
Report: Supervised staff conducting environmental studies in 
support of the designation of an historic disposal site to accept 
disposal of uncontaminated sediments from dredging projects 
on the south shore of Massachusetts. 
 
New Bedford/Fairhaven Harbor Final Environmental Impact 
Report (FEIR): Supervised preparation of the Final EIR and the 
final screening analysis to determine the preferred alternative 
site for confined aquatic disposal (CAD) for contaminated 
dredged material. 
  
Supplemental Draft EIS on Siting of Treatment Facilities for 
Boston Harbor, MA: EIS evaluating alternative sites for 
treatment and Disposal facilities which led to decision to site 
facilities on Deer Island in Boston.   
  
Central Artery / Third Harbor Tunnel Contract C09A 
Dredging: Environmental lead for major components of the 
interchange between I-90 and I-93 in and around the Fort Point 
Channel area of Boston. Evaluated impacts of various design 
alternatives on Fort Point Channel including physical, chemical 
and hydrologic impacts of required dredge and fill for highway 
construction.  Obtained all required permits for dredging, filling, 
and interchange construction. 
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Water Transportation Facilities, Boston Harbor, MA: Evaluation of alternatives to 
provide ferry access for materials, equipment and supplies needed for construction of 
facilities on Deer and Nut Islands as part of the Boston Harbor Cleanup.  Evaluated 
alternative sites for marine terminals throughout Boston Harbor in a comprehensive 
study.  This study led to selection of Quincy Shipyard as the principal marine terminal 
for equipment and supplies.  Recommendations were also used to develop a network 
of terminals for transport of up to 1,200 workers per day to the islands by ferry. 
 
Oak Bluffs Harbor, Oak Bluffs, MA:  Planning, evaluation of environmental impacts 
and permitting for replacement of the harbor bulkhead in Oak Bluffs Harbor.  This was 
a new steel sheet pile bulkhead with a concrete pedestrian walkway, which replaced 
an existing deteriorated wooden bulkhead.  The bulkhead provides the principal 
berthing space for pleasure craft using the harbor during the summer. 
 
Oak Bluffs Ferry Terminal Expansion, Martha’s Vineyard, MA;  Evaluated 
environmental impacts or proposed new ferry terminal including a reoriented ferry 
berth, new transfer bridge, berthing dolphins and fender systems, a high-speed 
pedestrian ferry berth, new vehicle staging area, ADA-accessible walkway for 
passenger loading/unloading, and terminal building improvements.  Prepared all permit 
applications in support of terminal expansion. 
 
Edgartown Harbor, Edgartown, MA:  Planning, evaluation of impacts, and permitting 
support for the replacement of a section of harbor bulkhead in Edgartown, MA.  This 
project replaced a deteriorating bulkhead and associated structures, which supported 
the only boat fueling facilities in Edgartown and the principal landing location for the 
local conch fishery.  
 
Woods Hole, Falmouth, MA:  Evaluated the chemical, physical and biological 
impacts of discharge of treated and untreated wastewater to Woods Hole in Falmouth, 
MA. 
 
Cape Cod Canal, Sandwich, MA:  Evaluated tidal flushing of Cape Cod Canal and 
impacts of discharge of treated wastewater via an outfall diffuser into the canal.  
 
Jones River Estuary, Kingston, MA: Developed tidal model of estuary, modeled tidal 
flow and evaluated physical, chemical and biological impacts of land application of 
wastewater on adjacent uplands, salt marsh and the estuary.  
 
Plymouth Harbor, Plymouth, MA: Conducted studies of tidal mixing in the harbor, 
including metering and dye and drogue studies; and evaluated physical, chemical, and 
biological impacts of an existing discharge and proposed discharges of treated 
wastewater at four locations within the harbor. 
 
Harbor Dredging Plan, Providence, RI: Conducted investigations of the 
characteristics of sediment and evaluations of the impacts of dredging Providence 
Inner Harbor to a uniform depth of -15' Mean High Water.  This work was conducted in 
support of permit applications and plans for reconstruction of riverwalks and 
development of a new boat basin in the inner harbor.  
 
River Relocation Project, Providence, RI:  Planning and permitting for the relocation 
of the tidally influenced Woonasquatucket, Moshassuck and Providence Rivers in the 
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heart of the City of Providence.  This project included evaluation of the impacts of 
dredging, reconstruction of river walls and the construction of new riverwalks. Prepared 
all permit applications for river relocation and proposed new construction. 
 
U.S. Coast Guard, Permitting for Vessel Haul-out Facility, Honolulu, HI: Project 
Planner responsible for permitting of pile supported reinforced concrete piers, relieving 
platform, and shoreside improvements utilized for the mooring of Coast Guard rescue 
vessels and for the removal of the same via a marine haul-out. 
 
U.S. Coast Guard, Permitting for Wharf Reconstruction, Woods Hole, MA – 
Project Planner responsible for permitting for reconstruction of USCG wharf in Woods 
Hole, including replacement of pile supported wharf sections with permanent bulkhead 
and fill. 
 
Enighed Pond Marine Terminal, St. John, USVI conducted special studies on the 
marine environment within Enighed Pond and Turner Bay including material transport 
models, wetland loss mitigation plans, coral loss mitigation plans, alternative site 
analysis, dredged material disposal plans, and conceptual design plans to support an 
application before the U.S. Army Corps of Engineers for construction of new port 
facilities in St. John. 
 
South Quay Port Facility, East Providence, Rhode Island: Evaluated environmental 
impacts of dredge and fill activities associated with development of a 25 acre container 
port and general cargo port facility and prepared all applications for zoning approval 
and permit applications.  
 
Merrimack River, Masschusetts:  Biological Assessment of the impacts of renewal of 
NPDES discharge permits throughout the Merrimack River basin on populations of 
short-nosed sturgeon (Acipenser brevirostrum) in the river basin. 
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  Jennifer Ann James  
Wetland Biologist/Environmental Scientist 
 
 

TECHNICAL EXPERTISE 
 

PROFESSIONAL PROFILE 

Ms. James is a wetland biologist and an environmental scientist 
skilled at managing individual and team projects related to 
wetlands, regulatory and environmental issues. Her experience 
includes wetland delineation and evaluation, natural resource 
habitat assessment, benthic surveys and analysis and 
permitting for major infrastructure design projects. Initial 
projects have involved field-related activities from soil and 
groundwater sampling to environmental management planning. 
Recently she has conducted a number of regulatory-required 
assessments including wetland delineation, permitting, 
environmental assessments, terrestrial and benthic habitat 
analysis and environmental management plans for state / 
federal agencies. 

 
• Wetlands, regulatory and 

environmental issues 
• Wetland delineation and 

evaluation 
• Benthic surveys 
• Natural resource habitat 

assessment 
• Permitting 
• Environmental management/ 

land management plans 
• Flora and fauna surveys 
 

 

 
PROJECT ASSIGNMENT 

Environmental Scientist 
 
 

YEARS OF EXPERIENCE 
Maguire: Since 2005 

Total: Since 2001 
 
 

EDUCATION 
BS/2001/Wildlife Biology/ 

University of Rhode Island 
MS/2010/Wetland Biology/ 
University of Rhode Island 

(in progress) 
 
 

PROFESSIONAL 
TRAINING 

OSHA 40-Hour HazWhopper 
Wildlife Certification 

Hunter Safety Course 
 
 

PROFESSIONAL 
REGISTRATIONS 

RI Soil Evaluator D-4081  
Wildlife Society Member 

Society of Wetland Scientists 
New England  

Invasive Plant Group 
 

 

 
REPRESENTATIVE PROJECTS 

Environmental Assessment Report and wetland 
delineation, Anguilla Landfill, St. Croix USVI: As part of the 
closure of the Anguilla Landfill a Coastal Zone Management 
permit was submitted this included an environmental 
assessment report (EAR). As part of the EAR a terrestrial 
resource review, wetland resource delineation and analysis, 
benthic survey and impact analysis for the project were 
preformed. Additional services include the overall impact of the 
project on the island and the coastal resources, water quality 
management and extensive mitigation efforts on the 
neighboring salt ponds, mangrove wetlands and Caribbean 
Sea. 

Environmental Assessment Report and Natural Resource 
Survey, Diageo Distillery, St. Croix USVI: As part of the 
construction of a new distillery for Captain Morgan Rum a Major 
Tier 1 Coastal Zone Management permit was submitted this 
included an environmental assessment report (EAR). As part of 
the EAR are a terrestrial resource review, wetland resource 
delineation and analysis, benthic survey, endangered species 
review and impact analysis were performed. Due to the location 
of this project an extensive archaeological review was 
necessary and coordination with the Virgin Island State 
Preservation Officer was required. 

Environmental Assessment Report and Natural Resource 
Survey, Bovoni Landfill, St. Thomas USVI: As part of the 
closure of the Bovoni Landfill a terrestrial resource study 
including endangered species mitigation (terrestrial and 
marine), CZM Permits and over five acres of wetland mitigation 
was conducted in accordance with EPA and Army Corps of 
Engineers.  Additional permits included stormwater pollution 
prevention plans and air permits for the operation of the gas 
flare. 

 



Jennifer Ann James 
Wetland Biologist/Environmental Scientist  

 
 

Maguire Group Inc. 
Architects/Engineers/Planners 

 Permitting, Oak Bluffs Ferry Terminal/Pier, Martha’s Vineyard, MA:  Drafted 
permits for new construction of the Steamship Authority pier in Oak Bluffs that was 
being extended over the ocean and thus had potential impacts on endangered 
species.  The permitting required a Notice of Intent, Essential Fish Habitat 
Assessments, Stormwater Management Policy, and Chapter 91 License.   

Feasibility Study, MA Maritime Academy, Buzzard’s Bay, MA:  Prepared initial 
permit review and initial review of essential fish habitat which would be affected by 
maintenance dredging and instillation of new docks at the MMA.  Additional review of 
what impacts these structures would have on other endangered species and eel grass.  
In addition to permit and endangered species review, the academy wanted more 
information about different types of aquaculture practices which could be used as part 
of this project. 

Phase I Site Investigation and Wetland Permit Consulting, Cross Mills Fire 
Department, Charlestown, RI: This Phase I Environmental Assessment determined 
the potential for any hazardous materials or oil release and outlined potential problems 
building a new fire station within 50 feet of freshwater wetlands and under CRMC 
regulations. 

Wetland Delineation and Permitting for Nickerson State Park, Brewster, MA: 
Delineated freshwater wetlands throughout a 1,900-acre State Park.  Prepared 
Eastern Box Turtle work plan for Natural Heritage for the Protection of the Endangered 
Eastern Box Turtle.  Prepared a Notice of Intent (NOI) for the local Conservation 
Commission and for MADEP, and attended public meetings. Coordinated and 
permitted a sewer replacement and electrical line replacement project for the Park with 
Massachusetts Historical, MADEP, the local Conservation Commission, and the 
Natural Heritage and Endangered Species Program.   

Wetland Delineation and NOI Submittal, North Adams, MA: Delineated Freshwater 
vegetated wetlands for municipal road reconstruction.  All permits were submitted and 
prepared for MADEP and the local conservation commission.  Wetland Delineation, 
Pearl Street Sewer Connection, Gardner, MA: Delineated bordering freshwater 
wetlands for a section of road approximately five miles long.   

Permitting and Wetland Delineation, WBDC Sewer Construction, Shrewsbury, 
MA: Delineated freshwater wetlands and prepared a NOI for the WBDC to construct a 
cross-county sewer line which connected to an undeveloped parcel. Prepared all 
documents and attended public meetings for the Conservation Commission. 
Permitting and Wetlands Delineation, Gorton Pond, Warwick, RI: Delineated 
freshwater vegetated wetlands containing state endangered species.  Prepared a 
preliminary determination on behalf of Warwick for the Rhode Island Department of 
Environmental Management (RIDEM).  

Wetland Delineation for Road Construction, Hubbardston, MA:  Delineated 
bordering vegetated wetlands for approximately one-and-a-half miles of road for a 
municipal road reconstruction project. 

Permitting Terminal License, St. Croix Renaissance Group (SCRG), St. Croix, 
U.S. Virgin Islands (USVI): Prepared a terminal license application for EPA for a 
large-scale oil storage and oil transfer facility in the USVI.  Follow-up documentation 
for a U.S. Coast Guard submittal was also prepared.  

 

Public Perception, RI WINDS, RI: Reviewed public documents concerning the use of 



Jennifer Ann James 
Wetland Biologist/Environmental Scientist  

 
 

Maguire Group Inc. 
Architects/Engineers/Planners 

wind power for New England.  Authored document defining public perception of large 
public works projects in Southern Massachusetts and all of Rhode Island.  Documents 
created for the Energy Council of Rhode Island and the Governor of Rhode Island.  

Wetland Delineation and NOI Submittal, Robins Road, Westborough, MA: 
Delineated freshwater vegetated wetlands and an ACOE (area of critical 
environmental concern) for municipal road reconstruction.  All permits were submitted 
and prepared for MADEP and the local Conservation Commission.   

Permitting/Wetland Delineation, Private Owner, Lincoln RI: Delineated freshwater 
vegetated wetlands and prepared permit deliverables for a private owner to expand on 
current building.  Deliverables were prepared for RIDEM.  

Permitting/Wetland Delineation, CVS Corporation, Smithfield, RI: Delineated 
freshwater vegetated wetlands and prepared permitting associated with parking lot 
expansion for RIDEM.  

Coastal Resources Management Council (CRMC) Assent Application, Conanicut 
Yacht Club, Jamestown, RI: Created supporting documentation for the repairs to an 
existing seawall in accordance with CRMC regulations and concerns. Also permitted 
additional docks and building repair work to be done within the coastal zone.  

Environmental Assessment, Togus, ME: Field surveying done to asses the 
ecological communities and the potential effects of development on a local National 
Guard Base. Completed inventory of flora and fauna.  

Permitting and Delineation, Dexter Road, East Providence, RI: Delineated coastal 
vegetated wetlands and also inland vegetated wetlands. Also delineated areas of 
critical concern. Prepared permitting for RIDEM.  

Wetland Delineation and Permitting, Parker Pond, Gardner, MA: Delineated 
wetland boundaries for the replacement of sewer lines running under land under water.  
Also drafted permits for borings and pipe-bursting activities.  

Environmental Management Plan, Stone’s Ranch Military Base, East Lyme CT:  
Created an environmental improvement and habitat management plan for the 
Connecticut U.S. Army National Guard.  Plan was to be implemented and utilized by 
the entire base for any future development and maintenance of natural communities on 
the base.  Created plan for over 1,800 acres of land.  Incorporated plans for invasive 
species management, land-use trends, wildlife and fisheries habitat improvement, 
timber harvest, and rare species management. 

 
ADDITIONAL EXPERIENCE 
Small Mammal Surveying: Surveyed different state-owned management areas for the 
purpose of cataloging species and abundance present in different areas of Rhode 
Island. 
Freshwater Fish Population Surveying: Surveyed different freshwater lakes, ponds 
and streams throughout Rhode Island for the purpose of cataloging species and 
abundance in difference areas of Rhode Island for the Department of Environmental 
Management. 
Osprey Population Study: Responsible for all Osprey-related data collected for the 
State of Rhode Island.  Required field work to conduct visual observations of nesting 
sites and dynamics of the species.  Published annual newsletter stating the yearly 
finds and other general Osprey information. 
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                                                           Senior Environmental Manager 
      

  
Dr. Jarman has more than 48 years of experience in the environmental 
field.  He has provided professional consulting services on environmental 
matters to industrial, commercial and governmental clients throughout the 
United States.  He has worked extensively in matters involving fish 
population and natural resource damages, environmental regulatory 
interpretation, Corps of Engineering permits, wetlands mitigation, risk 
evaluation, threatened and endangered species, negotiation support, the 
acquisition of environmental permits, closure of hazardous waste sites, 
and site characterization.   
 
Dr. Jarman has vast experience at designing field studies to quantify 
injury for the purpose of compiling information on site-specific chemical, 
physical, and biological conditions.  He is adept at evaluating the basis 
and technical merit of natural resource injury claims and developing 
wetland mitigation programs.  He has provided expert witness testimony 
for cases involving regulatory compliance, impact evaluations and site 
cleanups.  Examples of his experience include the following specific 
projects 
 
Experience 
Fisheries Assessments and Population Analysis 
• Negotiation Support, Habitat Analysis and Mitigation Planning 

Resulting from Development of a Large Recreational Lake.  
Included Cost Assessment of Multiple Mitigation Options.  
CABO Development Incorporated.   

• Fish Kill Assessment, Habitat Analysis and Mitigation Planning 
of Fourmile Creek, Fish Kill Impacts.  Proactive Program to 
Avoid Natural Resource Damage Claims.  Magellan Midstream 
Partners, LLC. 

• Fishery Impact, Habitat Assessment, Expert Witness and 
Technical Support for Defendant Relating to Fish Kill Involving 
Endangered Species on Canadian River, Confidential Client. 

• Fish Population, Habitat Analysis and Impacts Assessment 
from Heavy Metals Contribution, Lead Smelter Facility, 
Confidential Client. 

• Fish Population, Habitat Assessment and Impacts Development 
for Review of CERCLA-induced Endangerment Assessment for 
NPL Site, ARCO Coal Co. 

• Recreational Usage and Fish Habitat Impact Studies for 
Floreffe Diesel Fuel Spill on Ohio River, Kirkpatrick & Lockhart 
(representing Ashland Diesel Fuel Co.). 

• Ecological Risk Assessment to Evaluate Chronic Impacts to the 
Ohio and Monongahela Rivers from the Release of Diesel Fuel, 

Kirkpatrick & Lockhart (representing Ashland Diesel Fuel Co.). 
• Fish Kill Assessment, Habitat Evaluation, Threatened and Endangered Species Impacts and 

Valuation, Natural Resource Damage Assessment, Pipeline Failure and Ammonia Release, Magellan 
Pipeline Partners, LLC. 

 

Apex Companies, LLC                                   Ron Jarman, Ph.D 

Education 
 

Ph.D Environmental 
Engineering 

University of Oklahoma 
1984 

 
MS. Environmental Science  

1976 
 

BS. Biology  
Oklahoma State University 

1965 
 

Organizations 

Air and Waste Management 
Association (Chapter Board of 

Directors) 
 

National Association of  
Environmental Professionals 

 
Environmental Federation of 

Oklahoma (Board of Directors) 
 

Society of Petroleum 
Engineers (Board of Directors-

Local Section) 
 

Training and Certifications 
 

OSHA 40-Hour Health and 
Safety Training 

 
OSHA 10-Hour Construction 

Safety Training 
 

First Aid and CPR 
 

Years of experience 
48 Years 
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• Development of Aquatic Ecoregions in the Midcontinent, including Watershed Groupings, Stream 
Composition and Stream Habitat Assessment, Water Resources Board. 

• Development of Stream Assessment Technology in Support of the Development of Water Quality 
Standards, Water Resources Board. 

• Fish Kill Assessment, Habitat Analysis and Mitigation Planning of Crystal Creek, Fish Kill Impacts.  
Proactive Program to Avoid Natural Resource Damage Claims.  Magellan Midstream Partners, LLC. 

• Fish Population, Habitat Assessment, Stream Characterization on Six Streams. Confidential Client, 
Confidential Locations. 

 
Natural Resource Damage Assessment 
• Wetlands Mitigation and Site Restoration Program Development, Planning, and Negotiation Support 

for the Responsible Party in Response to Natural Resources Trustees Demands for Compensation 
from Damage Related to Ammonia Release. Magellan Pipeline Partners. 

• Natural Resource Damage Support for Responsible Parties to Negotiate Solution with Natural 
Resources Trustees to Long Term Smelter Impacts on Receiving Streams, Confidential Clients. 

• Wetlands Mitigation Program as a Result of the Development of a World Class Shooting Range.  
Provided Negotiation support, Cost Analysis, Program Development and Implementation under Corps 
of Engineers Supervision.  United Stated Shooting Sports Association. 

• Evaluation, Negotiation Support, Program Development, Implementation Oversight and Monitoring of 
a Mitigation Program for Loss of Aquatic Resources from Commercial Construction, Trammell Crow 
Development Corporation.  

• Natural Resource Damage Assessment, Verdigris River Oil Spill, Farmland Industries, Inc. 
• Fish Kill Assessment and Valuation, Natural Resource Damage Assessment, Pipeline Damage and 

Unleaded Gasoline Release, Midwest, Confidential Client, Confidential Location. 
• Expert Witness for the Defendant on Karr, et al vs. The GHK Company et al regarding Surface Water 

and Natural Resource Impacts from Gas Well Drilling Activities, Pushmataha and Latimer Counties, 
(2003) 

• Surface Water Observation Analysis, Section 404 Permitting Planning and Pre-construction 
Notification, Cement Manufacturing Facility, Confidential Client, Confidential Location (Technical 
Support). 

• Gasoline Spill and Fish Kill Evaluation on Mill Creek, Santa Fe-Southern Pacific, Inc., Salem, OR 
• Expert Witness for the Defendant on Honnoll vs. The GHK Company et al regarding Surface Water 

and Natural Resource Impacts from Gas Well Drilling Activities. 
• Expert Witness for the Defendant in Anna Karr vs. State Attorney General’s Office regarding Surface 

Water Impacts from Wastewater Treatment Facility (2001). 

LITIGATION SUPPORT 
• Expert Witness Testimony for the Plaintiff in the State vs. Kerr-McGee Corporation et al. (1976) 
• Congressional Testimony - Testimony before the Subcommittee on Commerce, Transportation, and 

Tourism of the Committee on Energy and Commerce, U.S. House of Representatives regarding “Tar 
Creek Implementation of Superfund” (1982). 

• Congressional Testimony - Testimony before the Subcommittee of the Committee on Government 
Operations, U.S. House of Representatives regarding a “Review of Hazardous Waste Cleanup and 
Disposal Efforts at Tinker Air Force Base” (1984). 

• Expert Witness for the Defendant in United States of America vs. Pennzoil Exploration and Production 
Company (1991). 

• Expert Witness for the Plaintiff in a lawsuit between a Confidential Natural Gas Pipeline and 
Distribution Company and a Valve Manufacturing Company regarding the Occurrence of PCBs as a 
Result of Valve Usage and Maintenance (1995). 

• Deposition and Expert Witness Testimony, Gray vs. Oil Transport Company for Newcombe & 
Redman, regarding the impact of a chemical fire and it’s residual impacts to soil (1997). 

• Expert Witness for the Defendant in Anna Karr vs. Attorney General’s Office regarding Surface Water 
Impacts from Wastewater Treatment Facility (2001). 

• Expert Witness for the Defendant in BNSF Railroad Company vs. The Charles B. Grant Trust , et al 
regarding the Hydrocarbon Impacts from Historical Materials on the Property Boundary (2004). 

• Expert Witness and Technical Support for the Defendants Claiming Eutrophication of Major 
Northeastern Reservoir, Joyce Paul & McDaniel.  

• Expert Witness for the Defendants in Claims of Natural Resource Damages From Exploration & 
Production Sites, Hartzog Conger.  
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• Expert Witness and Technical Support for the Defendants in Claims of Natural Resource Damages 
from Poultry Production.  Confidential Client, Confidential Location. 

• Expert Witness and Technical Support for the Plaintiffs Regarding Processing and Shipping of Nuclear 
Regulated Materials.  Doerner, Saunders, Daniel & Anderson. 

THREATENED & ENDANGERED SPECIES 
• Multiple Endangered Species Evaluations – multiple sites, multiple locations. 
• Helium Construction Project, Duke Energy Field Services. 
• Threatened & Endangered Species Review for Stormwater Permit, Pipeline, GPM Gas Services 

Company, Multiple Locations. 
• Endangered Species Evaluation, Thunderbird Power Project, Triad Design Group. 
• Endangered Species Evaluation (Salamander) Impacts from Pipeline Construction in Urban Area.  

Oneok , Inc. 
• Threatened and Endangered Species Review Related to 120 Mile Long Corridor Pipeline 

Construction. Oneok, Inc. 
• Threatened and Endangered Species Review Related to 16 Mile Long Corridor Pipeline Construction. 

Oneok, Inc. 

WATER RESOURCES 
• Natural Resources Damage Assessment, Verdigris River/Oolagah Reservoir, Farmland Industries, Inc. 
• PCB Investigation and Public Involvement & Education Program, Fort Gibson Lake Watershed 
• Surface Water Observation Analysis, Cement Manufacturing Facility, Confidential Client, Confidential 

Location. 
• Administration and Direction of the Water Quality Division of the Oklahoma Water Resources Board, 

Including Planning, Budgeting, Cost Control, Personnel Management, and Communicating and 
Coordinating with all Levels of Public Citizens, Industrial, Municipal, and Governmental Personnel and 
Officials. 

• Clean Water Act, Section 208, Water Quality Planning, State Department of Health. 
• Nutrient Reduction Study, Illinois River Task Force, Illinois River Basin. 
• Member, Governor Nigh’s Illinois River Task Force. 
• Research Related to Fish Culture, Pond Construction, Pond Management, Fish Feeding, Fish Food 

Processing, Disease Control, Weed Control, Water Chemistry, Composition of Fish Flesh, & Biological 
Properties of Warm Water Fish Ponds. 

• Evaluation of Draft Environmental Impact Statement (DEIS) for Proposed Airport, Kirkland and Ellis, 
Denver, CO. 

• Water Resource Planning for 700,000 acres Water Resources in the Midcon, Department of Wildlife 
Conservation. 

REGULATORY COMPLIANCE 
• Request Variance from Water Quality Standards, Pulp and Paper Mill, Weyerhaeuser Corporation.  
• Environmental Permitting, Ice Plants, Southland Corp.  
• Regulatory Support for Planning and Implementation of Riverbank Stabilization Project, Refinery Site, 

Sun Corporation. 
• RCRA Regulatory Review, Brick Kiln, First Miss Gold, NE 
• Regulatory Compliance Evaluation of Wastewater Treatment System for Refinery, National 

Cooperative Refining Corporation. 
• Regulatory Assessment/Water Quality Issues Assessment, Cypress AMAX Mining Co. 
• Administrative Order on Consent, Steel Manufacturing Facility, Sheffield Steel Corp. 
• Environmental Permitting, New 750 MW Gas-Fired Power Generating Facility, Cogentrix Northeast.  
• Stormwater Permit Evaluation, Helium Construction Project, Duke Energy Field Services. 
• Site Specific Criteria Modification Request, Texaco Refining and Marketing, Inc. 
• Site Specific Criteria Modification Request, Total Petroleum Corp. 

HAZARDOUS/SOLID WASTE MANAGEMENT 
• Preparation of Final Work Plan for Mercury Remediation, Natural Gas Pipeline Control Facility, Vastar 

Resources, Inc. 
• Mercury-Contaminated Soil Remediation, Natural Gas Pipeline Control Facility, Vastar Resources, Inc. 
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• Development of RCRA Closure Plans and Oversight of Closure, Boat Motors/Stern Drives 
Manufacturing Facility, MerCruiser. 

• Heavy Metals Discharge Assessment, Reclaimed Mining Zone, CLIMAX Molybdenum Company. 
• Contaminated Soil Removal Action, Colorado Interstate Gas Company. 
• Evaluation of Waste Oil Migration, Industrial Disposal Pit, Columbian Chemicals Company. 
• RCRA Refinery Clean Closure and Certification. 
• PCB Management Program, Energy Coatings Corp. 
• PCB Characterization for 36 Sites, Gas Transmission Company, Texas Eastern Pipeline Company, 

Multiple Locations in the Southeastern U.S.  
• PCB Contamination Assessment for Gas Pipeline, Williston Basin Interstate Gas Company/Montana-

Dakota Utilities, Multiple Locations in Four-State Area. 
• RCRA Pond Closures, National Cooperative Refining Corporation. 
• Installation of RCRA Monitor Well System, MerCruiser Corporation. 
• PCB Contamination Assistance, Natural Gas Pipeline & Distribution System, Colorado Interstate Gas 

company. 
• Evaluation of Disposal Practices, Questar Corp.  
• RCRA Waste Removal, Warehouse Facility, Talley Corp. 
• Acid Mine Water Impacts Reduction Program, Tar Creek RI/FS. 
• Field Studies Direction, Tar Creek Superfund Site Ranking Studies. 
• Mercury Assessment Program Involving 76 Manometer Sites, Natural Gas Pipeline, Vastar 

Resources, Inc. 
• Environmental Contaminant Characterization, Electrical Substation, Western Area Power 

Administration. 
• Characterization for Decommissioning of Foundry, Western Area Power Administration. 
• Site Decommissioning of Former Manufacturing Facility, Weyerhaeuser Company. 
• Emergency Evaluation and Remediation Recommendations for Diesel Fuel Spill, Yellow Freight 

Trucking, Inc.  
• Assessment of Potential for Fluids Migration and Recommendations for Repair to Failed Liner, Tailings 

Impoundment. 
• Soil, Sediment, Water and Benthic Sample Collection and Analysis Plan Implementation, Verdigris 

River Oil Spill, Farmland Industries, Inc. 
• Site Investigation/Soil Remediation Treatment, Gas Compressor Stations & Gas Plants, Mobil 

Business Resources Corporation, Multiple Locations. 
• Phytoremediation Design, Regulatory Interaction, Construction Oversight, and Closure 

Documentation, Fertilizer Manufacturer, Terra Nitrogen. 
 

ENVIRONMENTAL ASSESSMENTS/AUDITS 
• Fatal Flaw Analysis for Proposed New Facility, Tamko Roofing Products, Inc. 
• Expanded Phase I Environmental Site Assessment, Used Oil Refinery, Inland Resources, Inc., Salt 

Lake City. 
• Environmental Assessments, Two (2) Tank-cleaning Facilities, All Waste Tank Cleaning, Ontario, 

Canada. 
• Environmental Assessments, Two (2) Office Buildings, Citicorp, Inc. 
• Environmental Assessments, Twelve (12) Oil Field Service Yards, Confidential Client, Multiple Sites. 
• Environmental Assessments, Twelve (12) Oil and Gas Properties, Cominion Oil Company, Multiple 

Sites. 
• Phase II Sampling Program Development, GE Capital. 
• Environmental Assessment, Microchip Manufacturing Facility, Hamilton Standard. 
• Phase II Sampling, Microchip Manufacturing Facility, Hamilton Standard. 
• Environmental Assessment, Office Building, LaSalle Partners, Inc. 
• Environmental Assessment, Asphalt Refinery, Koch Oil Co.  
• Environmental Assessment, Two (2) Oil Fields comprising over 30,000 acres, Mercury Exploration. 
• Environmental Assessment, Printing Facility, ROMO Companies, Inc. 
• Environmental Assessment, 6,000 acre Property, Confidential Client. 
• Environmental Assessment, Natural Gas Collection & Processing Facility, Sidley & Austin. 
• Environmental Assessment, Oil Refinery, Union Bank, Southeast WY. 
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• Multidisciplinary Site Assessment of Greenfield Site (Air Quality, Wetlands, Natural & Cultural 
Resources) - Fatal Flaw Analysis, Weyerhaeuser Corporation, Confidential Location. 

• Environmental Assessment for Plant Siting at 26 Potential Sites in 3-State Area, Confidential Client. 
• Site Assessment of Fueling Facility, Stapleton Airport, Continental Airlines, Inc.  
• Site Assessment of Electronics Manufacturing Site, Lowrance Corporation. 

MISCELLANEOUS 
• Groundwater Remediation Evaluation, Nuclear Fuel Processing Facility, Sequoyah Fuels Corp. 
• Closure of Two (2) RCRA Hazardous Waste Management Units, Frontier Refining Inc. 
• Construction Coordination for Tar Creek Remedial Program. 
• Asbestos Abatement Program, Williston Basin Interstate Gas Company. 
• Stormwater Permitting, Mining Facility, CO Aggregate. 
• Stormwater Permitting of Construction Project, Texaco Refining and Marketing, Inc. 
• Installation Restoration Program, Tinker Air Force Base Technical Review Committee, Water 

Resources Board. 
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                                                           Senior Environmental Scientist 
      

  
Ms. Murray has over 17 years of experience in natural resources 
assessment and management of environmental permitting and 
compliance projects for capital improvement and water resources 
projects for both public and private sector clients. This experience 
includes all aspects of Section 404 and 401 Clean Water Act (CWA) 
permitting and NEPA/SEPA Environmental Assessment (EA) 
Documentation preparations including Agency coordination for approval 
of Record of Decision and Finding of No Significant Impact for 
numerous infrastructure projects.  
 
Ms. Murray has extensive experience in environmental permitting for 
projects in politically sensitive locations under Federal, State, and Local 
regulations.  Ms. Murray previously served as the Water Quality 
Program Administrator a City Storm Water Division and Engineering and 
Property Management.  Ms. Murray’s experience with permitting and 
NEPA/SEPA compliance includes capital improvements infrastructure 
projects such as highways, transit, neighborhood improvements, potable 
waterline extensions, gravity and force main sanitary sewer extensions, 
and storm water systems.    

Ms. Murray has technical knowledge of Environmental Assessment 
Documentation required for FERC 3rd Party EAs associated with LNG 
terminal projects and LNG pipelines and WWTP Feasibility Studies for 
evaluation and analysis of potential environmental impacts for Natural 
Resources, Threatened and Endanger Aquatic Species, Water Quality, 
Wetlands, Floodplains, and Essential Fish Habitat Assessment. 
 
Experience 
 
FERC 3rd Party EA preparation for Cassotte Landing LNG Terminal 
and Various Pipelines 
Ms. Murray prepare NEPA FERC 3rd Party EA documentation including 
sections related to Natural Resources, Water Quality, Floodplains,  
Wetlands, and Fisheries to evaluate environmental impacts associates 
with a Marine Terminal project and for various pipeline extensions for 
LNG pipelines.  Reviewed technical reports and prepared third party EA 
comments and documentation required to support the Finding of No 
Significant Impacts for FERC.  Documentation included Essential Fish 
Habitat Assessment and determination of impacts, avoidance and 
minimization and mitigation measures.  
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Education 
 

MS. Environmental Science  
John Hopkins University 

1996 
 

BS. Biology  
Old Dominion University 

1990 
 

Associations 
 

Soil and Water 
Conservation 

 District Supervisor 
Board Treasurer 

Associate 
  

International School 
Board of Directors, 

Environmental Advisor   
 

Training and certifications 
 

OSHA 40-Hour Health and 
Safety Training 

 
Professional Wetland 

Scientist, 2000, (PWS #1292) 
  

Certified for Aquatic Insect 
Collection for Mitigation 

Monitoring Projects 
 

Field Studies in Tropical 
Marine Biology, GWU, San 

Salvador Bahama Field 
Station 

 
 

Years of experience 
17 Years 
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Environmental Permitting and NEPA/SEPA EA Documentation.  Water Quality Program Administrator. 
Duties included providing environmental permitting for all capital improvement projects for a major City 
Engineering and Property Management Department.  Managed all aspects of Section 404/401 Clean Water Act 
permitting and mitigation and NEPA/SEPA EA documentation to ensure compliance with Federal, State, and 
Local regulations.  Worked closely with regulatory agencies to negotiate permit applications and obtain SEPA 
EA approvals and Findings of No Significant Impacts.  
 
Rocky River Outfall - Clean Water Act Permitting and SEPA EA for 33,000 lf gravity main utility corridor.  
Provided field reconnaissance and wetland delineation along 33,000 linear foot utility corridor along South Prong 
and unnamed tributaries to Rocky River.  Prepared Section 404/401 CWA permits for Nationwide Permit No. 12 
and SEPA EA approvals.  Project involved inter basin transfer issues and negotiations with State Historic 
Preservation Office regarding impacts to National Register Historic Property bisected by utility corridor.  

Regional Waste Water Treatment Plant Expansion Feasibility Study.  Provided environmental permitting 
feasibility study for expansion of wastewater treatment plant discharge to Lake Wylie.  Environmental issues 
were evaluated for feasibility according to Federal, State, and Local regulatory permitting related to projects 
alternatives including combined operation between two wastewater treatment facilities on opposite sides of Lake 
Wylie and under separate County jurisdictions.   

 
 

Regency Centers Storm Water Compliance.  Coordinated Storm Water Management Facilities Inventory 
Inspections, Regulatory Review Summaries, and Identified Maintenance Recommendations and Budgets to 
prioritize 50 sites throughout eastern U.S. for storm water compliance.  Worked with project team to complete 
reporting for client within short turn around (30-day) deadline and achieve consistency with similar projects 
occurring simultaneously throughout the Eastern United States.   
 
Colonial Pipeline Corporation, Clean Water Act Permitting.  Provides project regulatory review for Colonial 
Pipeline Corporation Maintenance Projects.  Identifies permitting needs, budgets, and schedules for multiple 
sites throughout the Eastern United States.  Coordinated field efforts, prepares permits, and provides regulatory 
agency coordination to ensure project regulatory timelines are met. 
 

• Duke Energy, Marshall Steam Station, 17-acre Constructed Treatment Wetland for FGD Scrubber  
• Charlotte Storm Water Services BMP Design Manual Development 
• Mt. Holly - CMU Long Creek Regional Wastewater Treatment System Expansion Feasibility Study  
• Town of Mooresville, Presbyterian Pump Station and Sewer Outfall SEPA – EA 
• Town of Mooresville, Mt. Mourne Sewer Outfall SEPA-EA 
• Cassote Landing LPG Terminal and Pipeline FERC – EA 
• Central Midland Council of Governments Stream and Wetland Mitigation Bank 
• CWA Permitting for Wake Forest Watershed Improvements Project on-line Water Quality BMPs 
• Willora Lake Wetland Restoration and Water Quality Pond Retrofit    

 
Served as a stakeholder for large City project involving the mapping of the water-supply watersheds for 
implementation of their Local Water Supply Watershed Ordinance.  Participated in Wetland Restoration 
Program initiatives including the Lower Catawba Local Watershed Plan, and the Lower Rocky River/Yadkin 
Local Watershed Plan.  Lead CSWS contact person for development of MOU between WRP, MSWS, and 
CSWS for implementation and design of WRP Mitigation Projects – major municipality.  Participated as a 
stakeholder in multiple components of the Beaverdam Creek Watershed Study and Partnership as well as other 
Water Quality program initiatives.        
 
Designed and implemented two local stream habitat restoration projects for compensatory mitigation.  
Performed geomorphic field assessments and supported preparation of preliminary designs for large scale 
wetland and stream restoration projects for Fed-ex facility, large Steele Facility, and other local development 
projects.  Provided inspection and monitoring for stream restoration, wetland, and BMP projects. 
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Supported major municipality in the development of planting guidance and specifications for the restoration of 
right-of-way along newly installed utility corridors as an approved use within the designated County Surface 
Water Improvement and Management Buffers.  The planting guidance and specifications serve to enhance 
water quality protection along utility corridors.  

Groundwater Quality Investigation and Risk Assessment at a 22,000-acre facility with high-density 
un-exploded ordinance at the Camp Edwards Army National Guard Facility.  Prepared work plans and 
field sampling plans for storm water sampling, groundwater, surface water and sediment sampling at ponds 
and swamps, and soil sampling at areas of concern. 
 
Army National Guard, Storm Water Pollution Prevention Plans (SWPPPs), Team Member responsible 
for conducting interviews, performing site assessments, preparing maps and drawings to illustrate storm 
water flow patterns, conducting illicit discharge studies, training site personnel on storm water sample 
collection, preparing SWPPPs for numerous (25) Armories and other facilities for compliance with NPDES 
General Permit NCD08000. 
 
Prepared a Piedmont Prairie Restoration and Management Plan for the Anne Springs Close Greenway 
located in Fort Mill, South Carolina.  Co-authored a Mecklenburg County publication (1996) related to Best 
management Practices (BMPs) for Watershed Protection Basins.  This booklet is a selection and planting 
guide for aquatic and wetland plants of the Piedmont region.  It contains guidance materials for littoral shelf 
plantings for watershed protection basins.  Assisted in drafting revisions to the Land Development 
Standards Manual specifications for Wet Pond BMPs for Engineering & Building Standards Department, 
Land Development Services. 
 
Served as Quality Assurance/Quality Control Chemist working with the National Contract Laboratory 
Program’s (CLP) Sample Management Office of the EPA and worked with a team of chemists on data 
validation projects and analytical methods development for the Engineering and Analysis Division of the 
EPA.  Performed data validation, contract compliance screening, and QA/QC for both inorganic and organic 
sample analysis.          
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Date Time of Up 
Current

Average of 
Up Current

Time of Down 
Current

Average of 
Down Current

Difference (Down 
Current - Up Current)

Time of Disposal 
Location

Average of Disposal 
Location Project     Title Project and/or Location

06/13/08 11:15 0.00 10:45 0.00 0.00 - - TOP of CAD II TOP of CAD II
06/14/08 7:20 0.00 8:25 0.23 0.23 - - TOP of CAD II TOP of CAD II
06/14/08 10:15 0.90 10:35 2.00 1.10 - - TOP of CAD II TOP of CAD II
06/14/08 12:40 0.00 12:50 1.00 1.00 - - TOP of CAD II TOP of CAD II
06/14/08 16:30 2.03 16:55 1.17 -0.87 - - TOP of CAD II TOP of CAD II
06/16/08 16:45 14.63 16:30 0.00 -14.63 17:00 1.29 TOP of CAD II CAD I (Disposal Only)
06/19/08 8:00 6.07 8:30 2.17 -3.90 - - TOP of CAD II TOP of CAD II
06/19/08 12:00 23.43 12:30 4.23 -19.20 12:05 1.77 TOP of CAD II CAD I (Disposal Only)
06/24/08 7:50 0.07 8:00 0.20 0.13 - - TOP of CAD II TOP of CAD II
06/24/08 10:00 0.57 10:10 0.23 -0.33 - - TOP of CAD II TOP of CAD II
06/26/08 10:05 1.67 10:10 0.47 -1.20 - - TOP of CAD II TOP of CAD II
06/26/08 11:50 0.67 11:55 3.17 2.50 - - TOP of CAD II TOP of CAD II
06/26/08 18:00 0.00 18:05 6.60 6.60 - - TOP of CAD II TOP of CAD II
06/26/08 16:00 0.00 16:07 5.10 5.10 - - TOP of CAD II TOP of CAD II
06/30/08 7:00 0.00 7:10 0.27 0.27 - - TOP of CAD II TOP of CAD II
06/30/08 16:10 4.33 16:05 0.23 -4.10 - - TOP of CAD II TOP of CAD II
06/30/08 14:25 2.87 14:20 2.73 -0.13 - - TOP of CAD II TOP of CAD II
06/30/08 12:15 6.87 12:20 2.10 -4.77 - - TOP of CAD II TOP of CAD II
06/30/08 10:00 0.63 10:04 1.70 1.07 - - TOP of CAD II TOP of CAD II
07/03/08 15:40 4.17 15:55 6.13 1.97 - - TOP of CAD II TOP of CAD II
07/03/08 13:30 5.50 13:35 4.93 -0.57 - - TOP of CAD II TOP of CAD II
07/03/08 12:20 1.77 12:40 3.60 1.83 12:30 20.97 TOP of CAD II CAD I (Disposal Only)
07/03/08 10:40 0.00 10:45 4.50 4.50 - - TOP of CAD II TOP of CAD II
07/03/08 8:40 15.03 8:45 6.00 -9.03 - - TOP of CAD II TOP of CAD II
07/03/08 6:46 0.83 6:55 0.97 0.13 6:50 6.77 TOP of CAD II CAD I (Disposal Only)
07/08/08 12:00 0.30 12:10 1.53 1.23 12:25 7.17 TOP of CAD II CAD I (Disposal Only)
07/08/08 10:05 14.33 10:23 7.60 -6.73 - - TOP of CAD II TOP of CAD II
07/08/08 7:40 0.93 7:45 0.87 -0.07 - - TOP of CAD II TOP of CAD II
07/08/08 7:05 3.10 7:25 2.10 -1.00 7:32 19.13 TOP of CAD II CAD I (Disposal Only)
07/31/08 7:10 0.40 7:20 0.20 -0.20 - - Steamship Steamship
07/31/08 9:10 8.86 9:25 0.10 -8.76 - - Steamship Steamship
07/31/08 11:10 1.15 11:17 0.00 -1.15 - - Steamship Steamship
07/31/08 14:18 0.30 14:25 5.26 4.96 - - Steamship Steamship
07/31/08 16:45 2.43 16:35 0.43 -2.00 - - Steamship Steamship
08/04/08 12:00 2.53 12:35 0.53 -2.00 12:25 - Steamship CAD I (Disposal Only)
08/05/08 7:40 0.26 7:50 0.00 -0.26 - - Steamship Steamship
08/05/08 9:40 1.33 9:50 1.63 0.30 - - Steamship Steamship

TABLE 7 - NEW BEDFORD HARBOR DREDGE - PHASE III 
Water Quality Monitoring - Turbidity Measurements

June 12, 2008 -- August 25, 2009
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Date Time of Up 
Current

Average of 
Up Current

Time of Down 
Current

Average of 
Down Current

Difference (Down 
Current - Up Current)

Time of Disposal 
Location

Average of Disposal 
Location Project     Title Project and/or Location

TABLE 7 - NEW BEDFORD HARBOR DREDGE - PHASE III 
Water Quality Monitoring - Turbidity Measurements

June 12, 2008 -- August 25, 2009

08/05/08 12:00 22.40 12:10 2.53 -19.87 - - Steamship Steamship
08/05/08 14:05 1.17 14:20 16.20 15.03 - - Steamship Steamship
08/05/08 16:46 2.53 16:55 0.66 -1.87 16:45 - Steamship CAD I (Disposal Only)
08/07/08 10:00 0.00 10:30 0.00 0.00 - - Steamship Steamship
08/07/08 11:45 0.03 12:00 0.83 0.80 - - Steamship Steamship
08/07/08 14:20 0.00 14:30 0.93 0.93 - - Steamship Steamship
08/07/08 15:30 0.00 15:55 6.70 6.70 0.65 - Steamship CAD I (Disposal Only)
08/07/08 17:15 0.00 17:25 0.00 0.00 - - Steamship Steamship
08/08/08 7:15 0.00 7:25 0.00 0.00 - - Steamship Steamship
08/08/08 13:30 0.16 13:40 11.07 10.91 - - Steamship Steamship
08/08/08 15:45 0.30 16:01 0.93 0.63 - Steamship Steamship
08/11/08 8:50 4.00 8:40 0.00 -4.00 - - Steamship Steamship
08/11/08 16:30 1.23 16:50 2.00 0.77 - - Steamship Steamship
08/12/08 11:20 0.00 11:30 1.40 1.40 - - Steamship Steamship
08/12/08 13:40 0.00 13:30 2.93 2.93 - - Steamship Steamship
08/12/08 15:30 0.00 15:40 4.26 4.26 - - Steamship Steamship
08/18/08 8:30 0.00 8:40 0.96 0.96 - - Steamship Steamship
08/18/08 10:30 8.53 10:44 0.00 -8.53 Steamship Steamship
08/18/08 12:30 5.93 12:40 2.97 -2.96 - - Steamship Steamship
08/18/08 15:28 5.90 15:32 2.70 -3.20 Steamship Steamship
08/18/08 17:34 0.83 17:40 2.97 2.14 - Steamship Steamship
08/21/08 9:50 1.03 10:15 0.13 -0.90 - - Steamship Steamship
08/21/08 12:45 3.90 12:50 0.00 -3.90 - - Steamship Steamship
08/21/08 14:59 5.53 14:50 0.63 -4.90 - - Steamship Steamship
08/21/08 17:22 5.60 17:26 0.83 -4.77 - - Steamship Steamship
08/21/08 16:04 2.20 17:04 2.86 0.66 16:00 - Steamship CAD I (Disposal Only)
08/26/08 7:00 4.10 7:10 0.50 -3.60 - - Steamship Steamship
08/26/08 8:55 0.30 9:02 18.47 18.17 - - Steamship Steamship
08/26/08 11:05 4.97 11:15 5.43 0.46 - - Steamship Steamship
08/26/08 13:00 2.77 13:12 9.73 6.96 - - Steamship Steamship
08/28/08 7:30 3.77 7:40 3.37 -0.40 - - Steamship Steamship
08/28/08 9:30 5.10 9:35 6.30 1.20 - - Steamship Steamship
08/28/08 11:40 2.67 11:35 6.27 3.60 - - Steamship Steamship
08/28/08 15:35 10.10 15:28 6.50 -3.60 - - Steamship Steamship
08/28/08 8:50 24.10 8:57 9.63 -14.47 - - Steamship Steamship
09/03/08 9:00 1.03 9:11 6.57 5.54 - - Steamship Steamship
09/03/08 11:25 1.00 11:32 16.13 15.13 - - Steamship Steamship
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Date Time of Up 
Current
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Up Current

Time of Down 
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TABLE 7 - NEW BEDFORD HARBOR DREDGE - PHASE III 
Water Quality Monitoring - Turbidity Measurements

June 12, 2008 -- August 25, 2009

09/03/08 13:52 1.47 13:44 1.27 -0.20 - - Steamship Steamship
08/27/08 13:47 2.83 13:40 8.57 5.74 N/A*2 N/A*2 BOC II BOC II
08/27/08 15:42 2.10 15:35 4.23 2.13 N/A*2 N/A*2 BOC II BOC II
08/27/08 17:30 2.23 17:42 3.16 0.93 N/A*2 N/A*2 BOC II BOC II
08/28/08 8:00 1.90 8:10 1.53 -0.37 N/A*2 N/A*2 BOC II BOC II
08/28/08 10:30 4.23 10:24 3.17 -1.06 N/A*2 N/A*2 BOC II BOC II
08/28/08 12:22 3.73 12:27 2.23 -1.50 N/A*2 N/A*2 BOC II BOC II
08/28/08 14:45 9.00 14:50 1.83 -7.17 N/A*2 N/A*2 BOC II BOC II
08/28/08 16:40 1.60 16:50 4.13 2.53 N/A*2 N/A*2 BOC II BOC II
09/03/08 8:10 3.33 8:05 19.23 15.90 N/A*2 N/A*2 BOC II BOC II
09/03/08 10:54 4.10 11:02 1.93 -2.17 N/A*2 N/A*2 BOC II BOC II
09/03/08 13:05 1.63 13:17 9.13 7.50 N/A*2 N/A*2 BOC II BOC II
09/11/08 8:22 1.63 8:49 4.67 3.04 N/A*2 N/A*2 BOC II BOC II
09/11/08 10:40 1.67 10:32 1.63 -0.04 N/A*2 N/A*2 BOC II BOC II
09/11/08 13:00 1.30 13:05 1.73 0.43 N/A*2 N/A*2 BOC II BOC II
09/11/08 16:42 2.33 17:00 3.80 1.47 N/A*2 N/A*2 BOC II BOC II
09/16/08 9:50 1.50 10:00 2.37 0.87 N/A*2 N/A*2 BOC II BOC II
09/16/08 11:50 3.50 11:56 1.67 -1.83 N/A*2 N/A*2 BOC II BOC II
09/16/08 14:41 10.20 14:30 3.60 -6.60 N/A*2 N/A*2 BOC II BOC II
09/16/08 16:20 5.33 16:16 4.73 -0.60 N/A*2 N/A*2 BOC II BOC II
09/18/08 11:40 1.13 11:50 2.10 0.97 N/A*2 N/A*2 BOC II BOC II
09/18/08 15:36 3.20 15:45 3.57 0.37 N/A*2 N/A*2 BOC II BOC II
03/23/09 * ¹ 1.45 * ¹ 1.85 0.40 - N/A*3 PH III PART B NBRF

03/25/09 11:25 1.10 12:25 3.59 2.49 12:15 N/A*3 PH III PART B NBRF (Disposal Only)

03/27/09 12:20 0.40 12:30 0.30 -0.10 12:14 N/A*3 PH III PART B NBRF (Disposal Only)

04/05/09 11:40 1.55 13:00 1.73 0.18 11:55 N/A*3 PH III PART B NBRF (Disposal Only)

04/08/09 13:20 2.94 13:35 2.43 -0.51 13:25 N/A*3 PH III PART B NBRF (Disposal Only)

04/10/09 14:15 1.10 14:50 1.33 0.23 14:25 N/A*3 PH III PART B NBRF (Disposal Only)

04/13/09 14:20 1.04 14:45 1.75 0.71 - N/A*3 PH III PART B NBRF

04/14/09 17:00 3.63 17:30 2.39 -1.24 17:15 N/A*3 PH III PART B NBRF (Disposal Only)

04/21/09 10:14 2.21 11:00 5.05 2.84 10:50 N/A*3 PH III PART A Gifford St.

04/22/09 8:15 1.70 8:28 4.07 2.37 8:20 N/A*3 PH III PART A Gifford St.

04/22/09 13:50 1.60 14:10 2.17 0.57 - N/A*3 PH III PART A Gifford St.
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TABLE 7 - NEW BEDFORD HARBOR DREDGE - PHASE III 
Water Quality Monitoring - Turbidity Measurements

June 12, 2008 -- August 25, 2009

04/23/09 * ¹ 1.83 * ¹ 2.00 0.17 7:35 N/A*3 PH III PART A Gifford St., South Terminal

04/24/09 8:35 1.43 9:35 1.73 0.30 9:25 N/A*3 PH III PART A CAD II (Disposal only)

04/26/09 12:25 0.85 13:05 1.37 0.52 12:45 N/A*3 PH III PART A Gifford St., South Terminal

05/04/09 11:30 3.02 * ¹ 1.22 -1.80 11:45 N/A*3 PH III PART A CAD II (Disposal only)

05/06/09 11:45 1.70 12:00 1.80 0.10 11:50 N/A*3 PH III PART A CAD II (Disposal only)

05/06/09 16:45 2.50 16:58 14.30 11.80 - N/A*3 PH III PART A Gifford St.

05/07/09 15:00 13.00 15:20 2.73 -10.27 - N/A*3 PH III PART A South Terminal

05/13/09 13:30 1.37 13:50 1.47 0.10 13:36 N/A*3 PH III PART A CAD II (Disposal only)

05/14/09 8:20 0.60 8:45 2.27 1.67 8:35 N/A*3 PH III PART A CAD II (Disposal only)

05/16/09 12:30 2.09 13:25 0.61 -1.48 - N/A*3 PH III PART A Union Wharf

05/20/09 14:00 21.60 14:20 3.19 -18.41 - N/A*3 PH III PART A Gifford St.

05/22/09 8:00 0.81 8:15 0.29 -0.52 8:05 N/A*3 PH III PART A CAD II (Disposal only)

05/28/09 10:13 1.09 10:25 1.85 0.76 - N/A*3 PH III PART A Linberg Marine

05/28/09 14:00 1.06 14:45 1.71 0.65 14:20 N/A*3 PH III PART A CAD II (Disposal only)

06/04/09 14:35 1.60 14:52 3.53 1.93 - N/A*3 PH III PART A Linberg Marine

06/04/09 16:20 1.90 16:55 3.13 1.23 16:35 N/A*3 PH III PART A CAD II (Disposal only)

06/06/09 14:05 1.47 14:30 3.76 2.29 - N/A*3 PH III PART A Linberg Marine

06/14/09 8:40 3.07 9:15 3.17 0.10 8:50 N/A*3 PH III PART A CAD II (Disposal only)

06/17/09 15:25 2.99 15:40 4.05 1.06 - N/A*3 PH III PART A WA-S

06/18/09 8:30 0.87 9:00 1.30 0.43 8:45 N/A*3 PH III PART A CAD II (Disposal only)

06/22/09 11:15 1.66 11:35 1.04 -0.62 - N/A*3 PH III PART A ONWF

06/24/09 10:10 4.54 10:25 0.46 -4.08 - N/A*3 PH III PART A Gifford St.

07/01/09 14:40 2.88 15:17 3.83 0.95 - N/A*3 PH III PART A Gifford St.

07/02/09 16:45 2.28 17:15 5.23 2.95 - N/A*3 PH III PART A Gifford St.

07/08/09 11:55 1.93 12:15 1.83 -0.10 - N/A*3 PH III PART A NL

07/08/09 14:33 3.60 14:40 18.00 14.40 14:35 N/A*3 PH III PART A CAD II (Disposal only)

07/10/09 9:30 0.73 10:15 1.05 0.32 - N/A*3 PH III PART A Packer Marine
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TABLE 7 - NEW BEDFORD HARBOR DREDGE - PHASE III 
Water Quality Monitoring - Turbidity Measurements

June 12, 2008 -- August 25, 2009

07/15/09 13:58 1.97 14:05 5.57 3.60 - N/A*3 PH III PART A Gifford St.

07/17/09 13:48 2.13 14:05 1.59 -0.54 - N/A*3 PH III PART A WA-S

07/22/09 13:35 2.59 14:00 3.63 1.04 - N/A*3 PH III PART A South Terminal

07/23/09 15:30 4.22 15:40 2.70 -1.52 - N/A*3 PH III PART A South Terminal

07/28/09 8:55 4.62 9:10 4.35 -0.27 - N/A*3 PH III PART A South Terminal

08/12/09 13:40 2.90 14:10 4.51 1.61 - N/A*3 PH III PART A Gifford St.

08/13/09 17:48 1.90 18:05 2.60 0.70 - N/A*3 PH III PART A South Terminal

08/17/09 10:10 0.77 10:25 2.07 1.30 - N/A*3 PH III PART A Packer Marine

08/20/09 14:25 2.28 14:45 2.79 0.51 - N/A*3 PH III PART A Packer Marine

08/25/09 16:46 5.62 17:00 3.23 -2.39 - N/A*3
PH III PART A South Terminal

Comments:
- Denotes a non-disposal event

*1 Time field left blank on original field sheet/log-book
*2 Bottom of CAD disposal events were off shore and water quality montitoring was not completed
*3 PH III Part A and Part B Dredging were completed with a silt curtain around CAD II therefore no disposal 

location readings were taken (up-current and down-current measurements were taken outside the silt 
curtain.



 

 

 

 

 

 

 

APPENDIX 55 



 
 
 

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum  Page 1 of 14 

Technical Memorandum 
 

Date: December 15, 2009 

To: Robert Leitch, PE, USACE North Atlantic Division New England District (NAE) 

From: Paul Dragos, Battelle 

Subject: Turbidity Monitoring and Plume Sampling Results for City Dredge Disposal at the New 
Bedford Harbor CAD Cell # 2 

  
 

This Technical Memorandum presents a summary of the turbidity monitoring results for the surveys 
conducted at the navigational dredging Confined Aquatic Disposal (CAD) cell # 2 in New Bedford, 
Massachusetts (Figure 1).   The turbidity sampling was conducted during disposal of navigational dredged 
material by the City of New Bedford into the CAD cell on April 14, May 20, 21, & 27, and July 8 of 
2009.  Dredged material released into the CAD cell during monitoring operations was dredged from the 
channel north of the Coggeshall Street Bridge, the Niemiec Boat Yard, the Packer Pier, and the Gifford 
Street Boat Ramp.  

 
Figure 1.  Portion of New Bedford Harbor Showing the Location of the City CAD Cell. 
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Background 

The City of New Bedford was engaged in Phase III of the Harbor Maintenance Dredge Program 
performing maintenance dredging at various locations in New Bedford Harbor during the spring and 
summer of 2009.  The City dredging was not part of the on-going EPA Superfund remedial dredging 
project.  A number of dredge areas were included in Phase III infrastructure improvements at numerous 
piers and wharves that serve the fishing, ferry, tourism, and shipping industries.  The dredged material 
was disposed into CAD cell # 2 located north of Popes Island.  During the months of disposal operations, 
the CAD cell was surrounded by a silt curtain made of a porous fabric which was suspended from the 
water surface and hung to the harbor bottom.  The curtain was intended to contain any suspended 
sediment plumes resulting from disposal of dredged material into the CAD cell.  The curtain consisted of 
6 or 8 separate sections of fabric.  One section acted as a gate which was opened and closed to allow the 
barge and tug to enter and exit the cell.   
 
Objective 

The objective of this effort was to conduct shipboard, real-time tracking of suspended sediment plumes 
resulting from disposal operations in and around the CAD cell.  The presence, extent, and concentration 
of suspended sediments were determined for plumes both inside and outside the silt curtain.    The data 
obtained during this effort consisted of the following: 

• water current velocity from continuous Acoustic Doppler Current Profiler (ADCP) 
measurements; 

• turbidity and suspended sediment concentration derived from continuous ADCP measurements of 
acoustic backscatter; 

• turbidity and total suspended solids (TSS) from whole water samples at plume and reference 
stations; and 

• toxicity from whole water samples collected at plume and reference stations. 
 
Methods 

Details on the survey/sampling methods can be found in the project Field Sampling Plan (Battelle, 2009).   
 
The study design incorporated broad scale monitoring of sediment plumes using a ship-mounted ADCP to 
collect continuous turbidity measurements combined with discrete location water column sampling for 
post-survey analysis of turbidity, TSS, and toxicity.  The ADCP measurements were made as the survey 
vessels ran a series of transects within and outside (primarily down-current) of the CAD cell from 
immediately after the time of release until any plume had dissipated (approximately 1 to 1½ hours).  The 
in situ ADCP backscatter data was compared to laboratory derived TSS and turbidity data from whole 
water samples to post-calibrate the instrument and to provide an independent measure of particulate 
concentration.   
 
Velocity Survey 

During the first day of the study and prior to dredged material disposal, a velocity survey was performed 
to delineate the current structures in the survey area over a tidal cycle.  The velocity survey was 
conducted using one RD Instruments 1200kHz Workhorse Mariner ADCP mounted over the side of the 
24 ft vessel Sea Quest (Figure 2). The ADCP measured current velocity every 1-2 seconds at 0.5 m 
vertical intervals throughout the water column while the vessel was underway.  A series of harbor 
transects were occupied once every hour over a complete tidal cycle to determine the three-dimensional 
current structure throughout the survey area between Popes Island and the Route 195 bridge.  The 
position and real-time current data were collected and displayed on the data collection laptop in real-time 
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(Figure 3).  The tracklines were run 13 times over a period of approximately 13 hours.  Current velocity 
data were processed on shore immediately after the survey and graphical outputs of each hourly run were 
developed for use by the survey crews during the plume tracking surveys.  
 

 
Figure 2.  ADCP Mounted in Operational Position Over the Side of the Sea Quest with the Acoustic 

Transducers Just Below the Water Surface. 
 
 
Plume Tracking Surveys  

Plume tracking was conducted using two RD Instruments 1200kHz Workhorse Mariner ADCPs mounted 
on two separate vessels, the Gale Force and the Sea Quest.  The ADCP was used to measure current 
velocity and acoustic backscatter intensity in decibels (db) every 1-2 seconds at 0.33 m vertical intervals 
throughout the water column while the vessels were underway.  The acoustic backscatter intensity is a 
function of the suspended sediment concentration in the water column.  As the vessels ran transects across 
the survey area, the ADCP mapped out vertical slices of suspended sediment concentration along those 
transects.  The ADCP concurrently measured velocity of the tidal currents (speed and direction) which 
was used to aid plume tracking.  The ADCP measurements were recorded and displayed in real-time 
(Figure 3).      
 
Transect locations were determined on-the-fly to maximize the plume coverage in response to plume 
dynamics.  The general procedure during each disposal event was as follows:   
 

1. Prior to beginning of sampling, each boat used the ADCP to monitor current direction and speed 
and confirm currents determined during the velocity survey.  The boat locations were adjusted 
thereafter to be down-current of the dredged material release point.   
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Figure 3.  RD Instruments 1200khz Workhorse Mariner ADCP Mounted Over the Side of the 

Vessel and ADCP Real-Time Display / Data Collection Laptop.   
 
 

2. Prior to release of the dredged material into the CAD cell, each boat collected whole water 
samples at mid-depth and near-bottom reference stations along with ADCP backscatter data.  
During the May 20 disposal event, an additional whole water sample was collected at mid-depth 
at the up-current reference station for toxicity analysis. 

3. Immediately after the release (Figure 4), and for the next 1-1½ hours the Sea Quest ran east-west 
and north-south transects, at the discretion of the Chief Scientist, throughout the CAD cell until 
the plume was no longer significantly above background. 

4. Immediately after the release, and for the next 1-1½ hours the Gale Force ran transects outside 
the CAD cell running east-west, north-south, and along the outside of the curtain, at the discretion 
of the Chief Scientist.   

5. In the CAD cell, whole water samples were collected in the plume centroid and at two other 
locations within the plume (lateral stations).  It was up to the discretion of the Chief Scientist to 
determine during which transect(s) and how long after release the samples were taken but 
samples were generally taken while the plume signal was still strong, in most cases during the 
second transect and again when the plume concentration was more moderate.  During the May 20 
disposal event, an additional whole water sample was collected at mid-depth in the plume 
centroid for toxicity analysis. 

6. Outside the CAD cell, an attempt was made to collect whole water samples in any plume 
observed (three stations at two depths) at the discretion of the Chief Scientist.  During the May 20 
disposal event, an additional whole water sample was collected for toxicity analysis. 

 
Real-time demarcation of the plume with ADCP provided the information needed to select sampling 
locations and depths.  Each vessel collected TSS and turbidity samples from near-bottom (approximately 
1 m above the bottom) and mid-depth at three plume stations and two reference stations (summarized in 
Table 1). Whole water samples were collected with Niskin bottles on hand lines. Three toxicity samples 
were also collected during the first of the disposal monitoring surveys: one from the plume centroid; one 
outside the silt curtain; and one at an up-current reference station unimpacted by dredging activities. 
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Laboratory TSS and Turbidity Testing Methods 

The whole water samples collected during the survey were analyzed by Alpha Analytical Laboratory for 
TSS using U.S. EPA Method 2540 D.  A well-mixed sample was filtered through a standard glass fiber 
filter (GF/F) and the residual retained on the filter was dried and weighed.  For each batch of 20 or fewer 
samples, a laboratory method blank, duplicate, and laboratory control sample (LCS) was processed and 
analyzed with the field samples1.  Results are reported on a dry-weight basis.   
 

 
Figure 4. Split Hull Scow Immediately after Placement of Dredged Material into the CAD Cell. 

     
   

Table 1. Sampling During Each Disposal Event by Each Survey Vessel. 

Station Parameters Depth 
Number of 
Water 
Samples 

Comments 

Turbidity and TSS Samples 
Plume Centroid Station Turbidity, TSS Near-bottom and mid-depth  2 Add 5% 

duplicate 
sample for 
QC 

Plume Lateral Stations (2) Turbidity, TSS Near-bottom and mid-depth  4 
Reference Stations ≥1500 ft 
up- and down current (2) Turbidity, TSS Near-bottom and mid-depth  4 

Toxicity Samples (1 disposal event only) 
Plume Centroid Station Toxicity Mid-depth 1 

 
Plume Station outside Silt 
Curtain Toxicity Mid-depth 1 

Reference Station ≥1500 ft 
up or down current Toxicity Mid-depth 1 

          

                                                      
1 One exception to this QC procedure occurred during analysis of the April 14, 2009 samples when no laboratory 

duplicate was analyzed. 

Silt Curtain

Silt Curtain 

Silt Curtain
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The whole water samples collected during the survey were also analyzed by Alpha Analytical Laboratory 
for turbidity using U.S. EPA Method 180.1.  A well-mixed sample was analyzed for turbidity using a 
nephelometer to compare the intensity of light scattered by the sample under defined conditions with the 
intensity of light scattered by a standard reference suspension. Results are reported in nephelometric 
turbidity units (NTU). 
 
Toxicity Testing Methods 

Acute and chronic (sub-lethal) exposure screening assays were performed on discrete water samples to 
evaluate the potential toxicity of the water samples.  Assay design included a laboratory control treatment, 
a site reference sample, and two site samples collected during disposal of dredged material.  Samples 
were evaluated “As Received” without dilutions.  Testing was based on programs and protocols 
developed by the U.S. EPA (2002) primarily designed to provide standard approaches for the evaluation 
of toxicological effects of discharges on aquatic organisms, and for the analysis of water samples.  
Testing included the following assays: modified 2 day acute and 7 day chronic assays conducted with the 
mysid shrimp, Americamysis bahia, and the red macro alga, Champia parvula, and 60 minute chronic 
fertilization assays conducted with the purple sea urchin, Arbacia punctulata.  All mysid and urchin 
fertilization assays and the acute survival portion of the algal assays were conducted by EnviroSystems, 
Inc. (ESI) located in Hampton, New Hampshire.  Additionally, the acute and chronic algal assays were 
also conducted by Aquatox Testing & Consulting, Inc. of Guelph, Ontario, Canada in order to provide 
data in the event that the assay conducted by ESI failed to meet the target endpoints. 
 
Statistical analysis of acute and chronic exposure data was completed using CETIS (Comprehensive 
Environmental Toxicity Information System) software.  The program computes acute and chronic 
exposure endpoints based on U.S. EPA decision tree guidelines specified in individual test methods.  For 
chronic exposure endpoints statistical significance was accepted at ∝ < 0.05. 
 
As part of the toxicity testing laboratory quality control program, standard reference toxicant assays are 
conducted on a regular basis for each test species to provide relative health and response data while 
allowing for comparison with historic data sets. 
 
ADCP Calibration 

Data were collected to calibrate the acoustic ADCP instruments to TSS and turbidity correcting for site-
specific factors including particle size distribution, particle type, and particle surface roughness.  At 
whole water sampling stations, Niskin bottles were lowered over the side of the vessel to collect discrete 
water samples.  Simultaneously, the ADCP collected acoustic backscatter data.  Turbidity and TSS from 
water samples at a given depth and time were compared with acoustic backscatter from ADCP at the 
same depth and time.  The sample volumes for turbidity/TSS and backscatter are not the same which, in a 
turbulent, heterogeneous suspended sediment plume introduces some bias to the calibration.  However, 
the method has been commonly used with good results in many field studies with a range of current 
velocities, sediment types, and sediment grain size distributions (see the review paper by Poerbandono 
and Mayerle, 2004).     
 
ADCPs were calibrated for turbidity and TSS against water samples analyzed in the laboratory.  All 
samples available from both boats during all disposal monitoring surveys were used in the calibrations.  
The ADCP is primarily designed and used to quantify current velocity by measuring the Doppler 
frequency shift in the acoustic backscatter signal.  The acoustic backscatter intensity is measured and 
recorded but processed no further by the ADCP because only the frequency shift is used to calculate 
velocity and the frequency shift is independent of the backscatter intensity.  The backscatter intensity, 
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however, is dependent on the suspended sediment concentration, but in order to calibrate backscatter to 
suspended sediment concentration, losses due to acoustic beam spreading and acoustic absorption by 
water must be accounted for in the backscatter signal.  Based on the energy of acoustic intensity, Deines 
(1999) simplified the active sonar equation from underwater acoustic theory for the broadband ADCP:   
 

RREKCSSC wCk α2)(log10)(log10 2
1010 +++=  

 
where SSC is suspended sediment concentration, R is the range along the beam to the scatterer, αw is the 
attenuation coefficient due to water absorption (primarily dependent on the frequency and provided by the 
instrument manufacturer), and E is the acoustic echo strength (in instrument counts).  The last two terms 
in the equation represent the effects of acoustic beam spreading and acoustic absorption by water, 
respectively.  Ck and KC are constants that cannot be measured directly.  Least squares regression analysis 
was used to estimate the best values for the constants Ck and KC (Figure 5).  The estimated values for Ck 
and KC are -30.68 mg/L and 0.4371 mg/L/dB, respectively and are within the range suggested by 
Poerbandono and Mayerle (2004).  The error on Ck with 95% confidence is ± 6.76 mg/L.  Assuming a 
linear relationship between turbidity and suspended sediment concentration (Figure 6), an equation of the 
same form was used for calibration of the ADCP to turbidity (Figure 7).  The estimated values for Ck and 
KC for turbidity are -34.76 NTU and 0.4351 NTU/dB, and the error on Ck with 95% confidence is ± 6.68 
NTU. 
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Figure 5.  Least Squares Regression Analysis of Total Suspended Solids (TSS) from Whole Water 

Samples Analyzed in the Laboratory versus ADCP Echo Intensity in Decibels (dB). 
Red Lines Indicate the Regression 95% Confidence Interval. 
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Figure 6.  Least Squares Regression Analysis of TSS versus Turbidity from Whole Water Samples 

Analyzed in the Laboratory. 
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Figure 7.  Least Squares Regression Analysis of Turbidity from Whole Water Samples Analyzed in 

the Laboratory versus ADCP Echo Intensity in Decibels (dB).   
Red Lines Indicate the Regression 95% Confidence Interval. 
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Results 

Velocity Survey 

Tidal currents dominate the movement of water in New Bedford Harbor and thereby the movement of any 
suspended sediment in the water column.  There exists, however, a generally weak inflow of fresh water 
from the Acushnet River at the north.  This fresh water inflow results in a weak estuarine circulation 
which is superimposed on the stronger tidal flow.  The estuarine circulation is the density driven 
movement of fresher surface water down the estuary simultaneous with the movement of saltier bottom 
water up the estuary.  In New Bedford Harbor, the combined effect of the tides and the estuarine 
circulation is vertical shear in the water column velocity, in which the ebb currents are stronger near-
surface and flood currents are stronger near-bottom.  The Acushnet freshwater inflow varies seasonally 
and is significantly weaker than the tides except occasionally during large spring freshet events, which did 
not occur during this study.   
 
A velocity survey was performed on March 27, 2009 using ADCP to delineate the current structure in 
detail in the survey area between Popes Island and the Route 195 bridge.  The results of the velocity 
survey were used during the plume tracking surveys to provide a priori estimates of plume movement.  
Appendix A presents the results of that survey as a series of hourly velocity vectors along the harbor 
transects over a complete tidal cycle for the near-surface and mid-depth locations.  Peak near-surface tidal 
flows were generally less that 35 cm/s (0.7 kts) in the immediate vicinity of the CAD cell and less than 55 
cm/s (1.1 kts) in the navigation channel.  The mid-depth tidal flows were slightly weaker that the near-
surface flows with the strongest less that 30 cm/s (0.6 kts) near the CAD cell and less than 50 cm/s (1.0 
kts) in the navigation channel.  The configuration of the harbor results in a flow which diverges around 
Popes Island just below the CAD cell.  During the ebb tide (southward flow) the currents diverge near 
Popes Island with most of the flow moving southwestward following the navigation channel and some 
moving southeastward around Popes Island to the east.  During the flood tide (northward flow) the pattern 
reverses. 
 
Current velocities inside the curtained CAD cell were too weak to measure accurately with ADCP at 
speeds less than 2 cm/s.   
 
Turbidity and Suspended Sediment Results    

Turbidity and TSS results from laboratory analysis of whole water samples collected at reference and 
plume stations during the plume tracking surveys are summarized in Appendix B.  The data passed all 
laboratory quality control criteria.  The relative percent differences (RPD) in field duplicate turbidity and 
TSS were acceptable; average RPD for turbidity was 22% and average RPD for TSS was 53%.  This is 
typical given the small values being measured at reference stations (where small absolute differences can 
result in large RPDs) and the heterogeneous nature of the plume sampled at plume stations.  The turbidity 
and TSS results presented in Appendix B are discussed throughout the rest of this technical memo.  
 
Toxicity Testing Results    

Toxicity results from the acute and chronic (sub-lethal) exposure assays performed on site water samples 
collected during disposal activities are summarized in Table 2.  Results are presented for the test 
endpoints: survival, growth, development and reproduction.  Results for test endpoints for each sample 
were statistically compared to those from both the event-specific site reference sample and the laboratory 
control sample.  Assay results for the laboratory control sample met the minimum test acceptability 
criteria for the acute and chronic exposure assays, indicating the test was in control and that healthy test 
organisms were used.  Assay results for the site water samples collected on May 20, 2009 during disposal 
activities at the City’s CAD cell showed no significant reduction in endpoints for any of the test species 
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between the reference and CAD sampling sites (Table 2).  There were no measurable acute or sub-lethal 
impacts from exposure of the test species, A. punctalata, A. bahia, and C. parvula, to water collected 
during disposal activities. 
 
 

 
Table 2. Summary of Toxicity Test Results, May 20, 2009 Water Samples 

Sample 

Time 
After 

Release 
(min) 

Turbidity 
from 

ADCP 
(NTU) 

Toxicity Results 
Sea Urchin 

(A. punctulata) 
Mysid 

(A. bahia) 
Red alga 

(C. parvula) 

mean 
fertilization 

(%) 

48-hr 
mean 

survival 
(%) 

7-day mean 
survival 

(%) 

7-day mean 
biomass 

(mg/mysid) 

48-hr 
mean 

survival 
(%) 

7-day mean 
reproduction 
(cystocarp/ 

plant) 
Lab Control na na 97.1 100 84.4 0.431 100 34.0 
Site Reference na < 2 93.51 100 82.5 0.462 100 34.0 
Outside silt curtain 49 ~12 95.01 100 97.5 0.519 100 34.1 
Inside silt curtain 20 ~70 94.11 97.5 87.5 0.435 100 34.7 
Acceptance Criteria 
(for Lab Control) 

  > 70 ≥ 90 ≥ 80 >0.2 no 
necrosis ≥ 10 

1 Assay result significantly different compared to the laboratory control sample. 
 
 
Disposal Plume Turbidity and Suspended Sediment    

Background Turbidity 
Prior to beginning each disposal sampling event, each boat collected reference samples at two stations 
(Figure 1) at two depths (mid-depth and near-bottom) at least 1500 ft from the CAD cell and away from 
any other dredge activity.  The turbidity and TSS measured in the laboratory from whole water samples 
are presented in Appendix B.  The reference levels were low and consistent across the study area.  The 
mean background turbidity was 2.1 NTU and the mean background TSS was 5.7 mg/L.  With the 
exception of one profile in the channel south of the CAD cell the background turbidity was approximately 
1 – 3.2 NTU and the background TSS was approximately 2 – 12 mg/L.   
 
Plume Measurements   
Five disposal plumes were monitored in and around the CAD cell on five different days.  In the series of 
figures presented in Appendix C, suspended sediment measurements collected during the plume surveys 
using ADCP are presented.  For each disposal event, a series of 5 to 7 figures show water column 
observations made pre-release and at various times after releases.  Included in each figure are three panels 
presenting the locations of measurements and vertical contours of observed turbidity inside and outside 
the CAD cell silt curtain.  The location panel shows the CAD cell boundaries, the approximate location of 
the dredge barge at the time of release, and the locations of both the inner and outer boat transects at the 
time of the measurements as indicated.  The two vertical contour panels present the calibrated turbidity in 
NTU and TSS in mg/L along each vessel transect.  The contours are labeled and oriented west to east (or 
east to west) based on the end points of the transect.  In the following sections, TSS values in mg/L are 
referenced alongside corresponding turbidity values. 
 
Disposal Plume April 14, 2009 
On April 14, 2009, a disposal plume was surveyed during a dredged material release from a split hull 
barge at the New Bedford Harbor CAD cell.  The material placed into the CAD cell was from City 
dredging operations north of the Coggeshall Street Bridge.  The release took place at 16:47 hours and 
monitoring was carried out during the approximately 1 hour period of weak northerly currents that 
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followed (published low tide for the day was 16:59).  The currents outside the cell were weak and 
variable (< 10 cm/s) with a slight northward component particularly on the west of the cell in the 
navigation channel.  Currents inside the silt curtain were too weak to measure at speeds less than 2 cm/s.  
In the presence of little current to transport and disperse the suspended sediment, the disposal plume 
stayed close to the point of release, transported primarily by its own momentum. 
 
Part 1 of Appendix C documents the suspended sediment plume observed in the water column after the 
release.  In it, a series of five figures are presented showing the results from five sets of concurrent inner 
and outer transects selected at intervals over a period of approximately 45 minutes until the plume 
dissipated.  Figure 1-1 presents background conditions before the release showing two transects run just 
inside and outside the silt curtain on the north side of the CAD cell.  Water column turbidity was 
observed at background levels during both transects, although an offset bottom echo is visible in the inner 
transect which should not be confused with any water column turbidity2.  By 8 to 11 minutes after release 
(Figure 1-2), the disposal plume was observed at approximately 25 NTU (62 mg/L) inside the silt curtain 
north of the point of release.  Seen in the outer turbidity profile, there was a very weak turbidity signal, 
just above background (< 5 NTU; 12 mg/L), visible leaking from one of the seam slits in the silt curtain.  
By 19 to 22 and 27 to 39 minutes after release (Figures 1-3 and 1-4), the inner boat was measuring 
turbidity at approximately 15 NTU (38 mg/L) near bottom and the outer boat could find no trace of the 
plume.  By 40 to 44 minutes after release (Figure 1-5), the plume had settled and water column turbidity 
had returned to background levels. 
 
Disposal Plume May 20, 2009 
On May 20, 2009, a disposal plume was surveyed during a dredged material release from a hopper barge.  
The material placed into the CAD cell was dredged during City dredging operations at the Niemiec Boat 
Yard just north of Popes Island.  The barge hoppers were opened at 07:50 hours, however, some of the 
dredged material did not fall readily through the hopper doors.  An excavator was used to shovel material 
out of some hopper bins and to dump water into the bins to wash away the material that was adhering to 
the sides. 
 
The currents in the harbor were at ebb during the approximately 90 minute monitoring period (published 
high tide was 04:51).  Outside the cell currents were as strong as 30 cm/s to the south on the west side of 
the cell and 15 cm/s to the south on the east side.  Currents inside the silt curtain were too weak to 
measure at speeds less than 2 cm/s.   
 
Part 2 of Appendix C documents the turbidity and TSS observations at the CAD cell on May 20th.  In it, a 
series of seven figures are presented with the results of seven sets of concurrent inner and outer transects 
selected at intervals over a period of approximately 90 minutes until the plume dissipated.  Figure 2-1 
presents background conditions before the release.  Inside and outside the silt curtain, turbidity was < 2 
NTU and TSS was <5 mg/L.  Figure 2-2 presents turbidity observed 3 to 6 minutes after release where a 
very strong plume signal can be seen inside the silt curtain, near-bottom, south of the barge with turbidity 
as high as 70 NTU (175 mg/L)3.  Outside the silt curtain to the south, a filament of slightly elevated 
turbidity (< 5 NTU; <12 mg/L) was visible near the curtain gate.  Between 10 and 24 minutes after 
release (Figures 2-3 and 2-4) the plume spread within the cell and the concentration remained high (70 
NTU; 175 mg/L)3.  The use of the excavator to liberate the dredged material stuck in the hopper bins 
probably contributed to the elevated turbidity in the cell.  Outside the silt curtain there was no evidence of 

                                                      
2 Bottom echoes occasionally appear reflected in the water column as a result of surface acoustic reflections or  

software inability to correctly identify sharp depth changes.  However, these ‘bright lines’ are not easily 
confused with water column plumes because of their linear nature.   

3 A uniform color scale was used in all figures unless otherwise noted.  These peak values are offscale on the figure.  
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the plume at that time, suggesting that the previously seen filament of the plume near the gate was short 
lived.  By 39 minutes after release (Figure 2-5), turbidity within the CAD cell was reduced to 
approximately 30 NTU (75 mg/L) near bottom and by 55 minutes after release (Figure 2-6) it was further 
reduced to 20 NTU (50 mg/L).  During both these intervals some evidence of elevated turbidity was seen 
just outside the CAD cell, probably emanating from seam slits in the silt curtain or possibly caused by 
some low-level turbidity seepage through the curtain itself.  Even so, the highest turbidity observed 
outside was approximately 12 NTU (30 mg/L).  Finally after 84 minutes (Figure 2-7), turbidity within the 
CAD cell was approaching background at 10 NTU (25 mg/L). 
 
Disposal Plume May 21, 2009 
On May 21, 2009, a disposal plume was surveyed during a dredged material release from a hopper barge.  
The material placed into the CAD cell was dredged during City dredging operations at the Gifford Street 
Boat Ramp, located just north of the hurricane barrier.  The barge hoppers were opened at 08:18 hours 
and no excavator was necessary to help release the material.  The currents in the harbor were at ebb 
during the approximately 1 hour monitoring period (published high tide was 05:48).  Outside the cell, 
currents were as strong as 30 cm/s to the south on the west side of the cell and 15 cm/s to the south on the 
east side.  Currents inside the silt curtain were too weak to measure at less than 2 cm/s.   
 
Part 3 of Appendix C documents the turbidity and TSS observations at the CAD cell on May 21th.  Figure 
3-1 presents background conditions before the release.  Inside and outside the silt curtain, turbidity was  
< 2 NTU and TSS was <5 mg/L.  Figure 3-2 presents turbidity observed 1 to 6 minutes after release; a 
very strong plume signal was present near-bottom inside the silt curtain (65 NTU; 136 mg/L) 3.  Outside 
the silt curtain there was no evidence of the plume.  Between 5 and 9 minutes after release (Figure 3-3), 
the plume concentration remained high at approximately 50 NTU (125 mg/L) near-bottom as well as 
higher in the water column near the center of the cell.  During this time interval, elevated turbidity was 
seen outside the CAD cell at concentrations as high as 20 NTU (50 mg/L).  These were the highest values 
observed outside the cell during any of the surveys.  They are probably the result of some of the plume 
escaping when the gate was opened to allow the tug and barge to exit.  By 18 minutes after release 
(Figure 3-4), turbidity inside the CAD cell had dissipated to approximately 25 NTU (62 mg/L), by 39 
minutes after release (Figure 3-5) it had dissipated to 15 NTU (38 mg/L), and by 51 minutes after release 
(Figure 3-6) it had further dissipated in size if not in concentration (15 NTU; 38 mg/L).  Outside the silt 
curtain there was no evidence of the plume at these times.  Finally, after 57 minutes (Figure 3-7) turbidity 
within the CAD cell was observed just above background at approximately 8 NTU (20 mg/L). 
 
Disposal Plume May 27, 2009 
On May 27, 2009, a disposal plume was surveyed during release of dredged material from the City 
dredging project at the Niemiec Boat Yard.  The dredged material was released from a hopper barge 
although an excavator was used to help push some of the material out of some of the hopper bins.  The 
barge hoppers were opened at 08:16.  The currents in the harbor were at flood during the approximately 
70 minute monitoring period (published low tide was 04:37).  Outside the cell currents were 20-25 cm/s 
to the north on the west side of the cell and weak and variable to 10 cm/s northward on the east side.  
Currents inside the silt curtain were less than 2 cm/s.   
 
Part 4 of Appendix C documents the turbidity and TSS observations at the CAD cell on May 27th.  Figure 
4-1 presents background conditions before the barge entered the CAD cell.  Inside and outside the silt 
curtain, turbidity was < 2 NTU and TSS was <5 mg/L.  Figure 4-2 presents turbidity observed 3 to 6 
minutes after release; a very strong plume signal was present near-bottom inside the silt curtain (110 
NTU; 260 mg/L) 3.  Note the change in the turbidity scale used in this figure and the next.  Outside the silt 
curtain there was no evidence of the plume.  Between 5 and 9 minutes after release (Figure 4-3), the 
plume concentration remained high at approximately 100 NTU (247 mg/L) near-bottom.  Again there was 
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no evidence of the plume outside the silt curtain.  By 31 minutes after release (Figure 4-4), turbidity 
inside the CAD cell had dissipated to approximately 25 NTU (62 mg/L) and by 50 and 54 minutes after 
release (Figure 4-5 and 4-6) it had further dissipated to 15 NTU (38 mg/L).  Outside the silt curtain there 
was no evidence of the plume.  Finally, after 63 minutes (Figure 4-7) turbidity within the CAD cell was 
nearing background at approximately 13 NTU (32 mg/L). 
 
Disposal Plume July 8, 2009 
On July 8, 2009, a disposal plume was surveyed during a dredged material release from a hopper barge.  
The material placed into the CAD cell was dredged during City dredging operations at the Packer Pier, 
located on the New Bedford Harbor shoreline between the Route 6 and Route 195 bridges.  The silt 
curtain gate was left open during the dump and the survey; the silt curtain being no longer required at this 
time of year under the conditions of the dredging permit.  The barge hoppers were opened at 12:04 and no 
excavator was necessary to help release the material.  The barge had been on a mooring in the CAD cell 
since the previous afternoon and it was not moved out of the CAD cell after release.  In addition, two 
other barges were moored in the cell alongside the dredged material barge.  As a result, the inner survey 
boat did not have access to the center area of the CAD cell.   The currents in the harbor were at ebb during 
the approximately 1 hour monitoring period (published high tide was 09:20).  Outside the cell, currents 
were 20-25 cm/s to the south on the west side of the cell and 10-20 cm/s to the south on the east side.  
Currents inside the silt curtain were less than 2 cm/s.   
 
Part 5 of Appendix C documents the turbidity and TSS observations at the CAD cell on July 8th.  Figure 
5-1 presents background conditions before the release.  Inside and outside the silt curtain, turbidity was  
< 2 NTU and TSS was <5 mg/L.  Figure 5-2 presents turbidity observed 1 to 4 minutes after release; a 
strong plume signal was present inside the silt curtain near-bottom at 45 NTU (112 mg/L) extending to 
near the surface at 18 NTU (45 mg/L).  Outside the silt curtain there was no evidence of the plume.  
Between 9 and 16 minutes after release (Figure 5-3), the plume had nearly dissipated inside the cell 
except for a relatively high concentration (20 NTU; 50 mg/L) within 1 m of the bottom.  No plume was 
observed outside the cell at this time.  The transects performed 15, 26, and 46 minutes after release 
(Figures 5-4 through 5-6) all observed low turbidity concentrations (<20 NTU; <50 mg/L) inside the cell 
and no turbidity above background outside the cell.   Finally, after 58 minutes (Figure 5-7), turbidity 
within the CAD cell was just above background at approximately 6 NTU (15 mg/L).   
 
That no evidence of the plume was observed outside the open curtain gate seemed at first surprising, but 
there were factors that kept the plume contained despite the open gate.  First, the plume dissipated quickly 
and after the first few minutes it was limited to the lower ¼ of the water column within the excavated part 
of the cell where it was confined by the shoulder slope; and second, the gate was located on the west side 
of the cell where the tidal current in large part simply passed by the gate without flowing into or out of the 
cell.   
 
Summary 

A number of general observations can be made and conclusions drawn based on an overview of the 
results from the five CAD cell disposal plume surveys performed during this study, including: 

• Water column plumes created during disposal of dredged material into the CAD cell were nearly 
completely contained within the CAD cell silt curtain. 

• Inside the silt curtain, turbidities were observed as high as 110 NTU with TSS concentrations as 
high as 260 mg/L.   
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• Outside the silt curtain, the highest turbidities observed were only 20 NTU with TSS 
concentration of 50 mg/L and then only within close proximity to the cell in small filaments of 
plume which appear to have escaped the silt curtain at one of its seams. 

• The presence of the silt curtain nearly eliminated any tidal current within the CAD cell; currents 
inside the cell were less than 2 cm/s and too weak to measure.   

• Within the CAD cell, the bulk of the turbidity plumes were limited to the lower half of the water 
column, down within the excavated cell, with the highest values usually within 1 or 2 meters of 
the bottom. 

• All the plumes dissipated to near background levels within 1 to 1-1½ hours. 
• During near slack tide conditions the disposal plumes largely pooled beneath the barge within the 

cell but during flood or ebb tides some of the plume collected against the inside of the silt curtain 
on the north or south side, respectively. 

• There were no significant reductions in endpoints for any of the toxicity test species, indicating 
that there were no measurable acute or sub-lethal impacts to marine organisms from exposure to 
the plume samples collected. 

 
 
Literature Cited 

Battelle.  2009.  Field Sampling Plan for Dredged Material Plume Tracking New Bedford Harbor, MA. 
Prepared under Contract No. DACW33-03-D-0004, Delivery Order No. 22.  September 2008. 15 
pp. (Internal Battelle Document) 

Deines, K. L.  1999.  Backscatter Estimation using Broadband Acoustic Doppler Current Profilers.  
Proceedings IEEE 6th Working Conference on Current Measurement.  249-253. 

US EPA. 2002. Methods for Measuring the Acute Toxicity of Effluents to Freshwater and Marine 
Organisms. Fourth Edition. EPA-821-R-02-012. 

Poerbandono and Mayerle, R.  2004.  Assessment of Approaches for Converting Acoustic Echo Intensity 
into Suspended Sediment Concentration.  3rd FIG Regional Conference, Jakarta, Indonesia.  
October 3-7, 2004. 

 

 

 



  

APPENDIX A 
New Bedford Harbor Tidal Velocity Structure 

Measured with ADCP 
March 27, 2009 

 

  
  

 

 

 

  

  



 

 

 

 

 

 

 

Part 1: Near-Surface Tidal Velocity 

 

 

 

 

  

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–2 of 31 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank 

  



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

2 HOURS BEFORE HIGH SLACK - Depth 1.21m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–3 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

1 HOUR BEFORE HIGH SLACK - Depth 1.21m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–4 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

HIGH SLACK - Depth 1.21m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–5 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

1 HOUR AFTER HIGH SLACK - Depth 1.21m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–6 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

2 HOURS AFTER HIGH SLACK - Depth 1.23m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–7 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

3 HOURS AFTER HIGH SLACK - Depth 1.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–8 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

4 HOURS AFTER HIGH SLACK - Depth 1.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–9 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

5 HOURS AFTER HIGH SLACK - Depth 1.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–10 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

0.5 HOURS AFTER LOW SLACK - Depth 1.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–11 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

1.5 HOURS AFTER LOW SLACK - Depth 1.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–12 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

2.5 HOURS AFTER LOW SLACK - Depth 1.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–13 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

3.5 HOURS AFTER LOW SLACK - Depth 1.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–14 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

4.5 HOURS AFTER LOW SLACK - Depth 1.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–15 of 31 

 



  New Bedford Harbor Near-Surface Tidal Velocity Structure 27-Mar-2009   

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–16 of 31 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank 

  



 

 

 

 

 

 

 

Part 2: Mid-Depth Tidal Velocity 

 

  

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–18 of 31 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank 

                              



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

 

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

2 HOURS BEFORE HIGH SLACK - Depth 2.21m

  

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–19 of 31 

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

 

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

1 HOUR BEFORE HIGH SLACK - Depth 2.21m

  

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–20 of 31 

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

 

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

HIGH SLACK - Depth 2.21m

 

  

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–21 of 31 

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

1 HOUR AFTER HIGH SLACK - Depth 2.21m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–22 of 31 

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

2 HOURS AFTER HIGH SLACK - Depth 2.23m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–23 of 31 

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

3 HOURS AFTER HIGH SLACK - Depth 2.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–24 of 31 

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

4 HOURS AFTER HIGH SLACK - Depth 2.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–25 of 31 

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

5 HOURS AFTER HIGH SLACK - Depth 2.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–26 of 31 

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

0.5 HOURS AFTER LOW SLACK - Depth 2.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–27 of 31 

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

1.5 HOURS AFTER LOW SLACK - Depth 2.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–28 of 31 

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

2.5 HOURS AFTER LOW SLACK - Depth 2.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–29 of 31 

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

 
  

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

3.5 HOURS AFTER LOW SLACK - Depth 2.24m

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 
Technical Memorandum–Appendix A  Page A–30 of 31 

 



  New Bedford Harbor Mid-Depth Tidal Velocity Structure 27-Mar-2009   

New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 

 

0 500 1000 ft

0 100 200 300 m

10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s10cm/s

4.5 HOURS AFTER LOW SLACK - Depth 2.24m

Technical Memorandum–Appendix A  Page A–31 of 31 
 



This page intentionally left blank. 



  

APPENDIX B 
New Bedford Harbor  

Laboratory Turbidity and TSS Results 
April 14, May 20, 21, 27, and July 8, 2009 

 
 

 
 

 

 

 

 

  

  



 

 



New Bedford Harbor Laboratory Turbidity and TSS Results 

Date Time Depth 
(ft) 

Turbidity 
(NTU) 

TSS 
(mg/L)

Station ID Station Type ADCP File Name 

 
Event (NB1) Date: April 14, 2009 

Sea Quest – inside silt curtain 
4/14/2009 16:00 5 1.3 4.3 1460 North Reference NB09A034.mat 
4/14/2009 16:00 10 1.3 2.8 1460 North Reference NB09A034.mat 
4/14/2009 16:14 15 4.1 14.8 1461 South Reference NB09A034.mat 
4/14/2009 16:14 30 4.9 18.2 1461 South Reference NB09A034.mat 
4/14/2009 17:07 15 7.5 21.7 S019 Plume Lateral NB09A035.mat 
4/14/2009 17:07 30 25 44.9 S019 Plume Lateral NB09A035.mat 
4/14/2009 17:22 15 1.9 5.5 S020 Plume Lateral NB09A036.mat 
4/14/2009 17:22 30 94 152 S020 Plume Lateral NB09A036.mat 
4/14/2009 17:40 4 1.5 4 S021 Plume Centroid NB09A036.mat 
4/14/2009 17:40 8 1.5 3.5 S021 Plume Centroid NB09A036.mat 

Gale Force – outside silt curtain 
4/14/2009 15:55 9 3 4.6 17 North Reference NB09B014.mat 
4/14/2009 15:55 18 1.9 11.5 17 North Reference NB09B014.mat 
4/14/2009 16:17 4 1.7 5.8 18 South Reference NB09B015.mat 
4/14/2009 16:17 9 1.3 2.8 18 South Reference NB09B015.mat 
4/14/2009 17:01 4 1.3 3 19 Plume Centroid NB09B018.mat 
4/14/2009 17:01 8 1.5 3.7 19 Plume Centroid NB09B018.mat 
4/14/2009 17:05 4 1.3 3.8 20 Plume Lateral NB09B018.mat 
4/14/2009 17:05 2 1.6 2.5 20 Plume Lateral NB09B019.mat 
4/14/2009 17:10 4 1.2 3 21 Plume Lateral NB09B019.mat 
4/14/2009 17:10 2 0.95 4.8 21 Plume Lateral NB09B019.mat 
4/14/2009 17:12 2 1.3 2.2 22 Dup NB09B019.mat 

 
Event (NB2) Date: May 20, 2009 

Sea Quest – inside silt curtain 
5/20/2009 7:40 5 1.7 7.8 1460 North Reference NB09A043.mat 
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Date Time Depth 
(ft) 

Turbidity 
(NTU) 

TSS 
(mg/L)

Station ID Station Type ADCP File Name 

5/20/2009 7:40 9 2.1 7.7 1460 North Reference NB09A043.mat 
5/20/2009 8:10 15 17 54.8 S023 Plume Centroid NB09A045.mat 
5/20/2009 8:10 30 84 226 S023 Plume Centroid NB09A045.mat 
5/20/2009 8:25 10 3.4 15.3 S025 Plume Lateral NB09A047.mat 
5/20/2009 8:25 18 33 97.1 S025 Plume Lateral NB09A047.mat 
5/20/2009 8:38 15 20 45.1 S026 Plume Lateral NB09A049.mat 
5/20/2009 8:38 30 43 103 S026 Plume Lateral NB09A049.mat 
5/20/2009 9:45 12 1.8 6.3 S027 South Reference NB09A054.mat 
5/20/2009 9:45 25 1.3 6.3 S027 South Reference NB09A054.mat 

Gale Force – outside silt curtain 
5/20/2009 7:43 9 2.2 5.2 26 North Reference NB09B023.mat 
5/20/2009 7:43 17 2.1 2.5 26 North Reference NB09B023.mat 
5/20/2009 8:24 5 1.8 5.7 28 Plume Lateral NB09B025.mat 
5/20/2009 8:24 3 1.9 3.7 28 Plume Lateral NB09B025.mat 
5/20/2009 8:27 6 2 1.8 29 Plume Lateral NB09B025.mat 
5/20/2009 8:27 3 1.6 3.5 29 Plume Lateral NB09B025.mat 
5/20/2009 8:31 5 2.4 5.8 30 Plume Centroid NB09B025.mat 
5/20/2009 8:31 10 1.9 6.5 30 Plume Centroid NB09B025.mat 
5/20/2009 9:42 3 1.7 2.5 32 South Reference  NB09B025.mat 
5/20/2009 9:42 3 1.6 1.8 32 South Reference  NB09B025.mat 
5/20/2009 9:42 6 1.6 6.3 32 South Reference  NB09B025.mat 

   
Event (NB3) Date: May 21, 2009  

Sea Quest – inside silt curtain 
5/21/2009 7:03 5 1.7 7.3 S028 North Reference NB09A057.mat 
5/21/2009 7:03 8 2 6 S028 North Reference NB09A057.mat 
5/21/2009 7:19 15 1.3 6.3 S029 South Reference NB09A058.mat 
5/21/2009 7:19 28 1.6 4.5 S029 South Reference NB09A058.mat 
5/21/2009 8:27 16 37 99.5 S031 Plume Centroid NB09A062.mat 
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Date Time Depth 
(ft) 

Turbidity 
(NTU) 

TSS 
(mg/L)

Station ID Station Type ADCP File Name 

5/21/2009 8:27 30 160 278 S031 Plume Centroid NB09A062.mat 
5/21/2009 8:40 15 8.9 26.8 S032 Plume Lateral NB09A064.mat 
5/21/2009 8:40 26 77 133 S032 Plume Lateral NB09A064.mat 
5/21/2009 8:52 13 4 10 S033 Plume Lateral NB09A065.mat 
5/21/2009 8:52 25 46 99.7 S033 Plume Lateral NB09A065.mat 

Gale Force – outside silt curtain 
5/21/2009 7:01 10 2 5.2 34 North Reference NB09B029.mat 
5/21/2009 7:01 20 2 8.7 34 North Reference NB09B029.mat 
5/21/2009 7:15 9 1.8 4.2 36 South Reference NB09B029.mat 
5/21/2009 7:15 5 1.5 5.4 36 South Reference NB09B029.mat 
5/21/2009 8:31 9 6.2 20 38 Plume Lateral NB09B031.mat 
5/21/2009 8:31 18 11 31.8 38 Plume Lateral NB09B031.mat 
5/21/2009 8:31 9 6.5 15.2 38 Plume Lateral-dup NB09B031.mat 
5/21/2009 8:36 15 1.6 4.8 39 Plume Lateral NB09B031.mat 
5/21/2009 8:36 30 1.4 6.5 39 Plume Lateral NB09B031.mat 
5/21/2009 8:45 15 4 7.3 40 Plume Centroid NB09B031.mat 
5/21/2009 8:45 30 1.7 5.5 40 Plume Centroid NB09B031.mat 

   
Event (NB4) Date: May 27, 2009 

Sea Quest – inside silt curtain 
5/27/2009 7:17 5 2.5 4.3 S034 North Reference NB09A073.mat 
5/27/2009 7:17 8 2.6 6.5 S034 North Reference NB09A073.mat 
5/27/2009 7:34 12 2.4 2.7 S035 South Reference NB09A074.mat 
5/27/2009 7:34 24 1.6 3.3 S035 South Reference NB09A074.mat 
5/27/2009 8:25 8 2.6 5.8 S036 Plume Centroid NB09A078.mat 
5/27/2009 8:25 18 97 442 S036 Plume Centroid NB09A078.mat 
5/27/2009 8:43 16 16 86.5 S038 Plume Lateral NB09A080.mat 
5/27/2009 8:43 30 9.1 165 S038 Plume Lateral NB09A080.mat 
5/27/2009 9:01 15 42 41.8 S039 Plume Lateral NB09A082.mat 
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Date Time Depth 
(ft) 

Turbidity 
(NTU) 

TSS 
(mg/L)

Station ID Station Type ADCP File Name 

5/27/2009 9:01 30 40 101 S039 Plume Lateral NB09A082.mat 
Gale Force – outside silt curtain 

5/27/2009 7:15 13 2.2 4.2 42 North Reference NB09B037.mat 
5/27/2009 7:15 7 3.2 3 42 North Reference NB09B037.mat 
5/27/2009 7:15 7 2.6 6.3 42 North Reference-dup NB09B037.mat 
5/27/2009 7:34 4 2.1 1.7 44 South Reference NB09B037.mat 
5/27/2009 7:34 8 1.8 1.6 44 South Reference NB09B037.mat 
5/27/2009 8:33 4 3.2 7.8 45 Plume Lateral NB09B041.mat 
5/27/2009 8:33 8 19 50.6 45 Plume Lateral NB09B041.mat 
5/27/2009 8:42 8 2.8 14.7 47 Plume Centroid NB09B041.mat 
5/27/2009 8:42 4 2.5 5 47 Plume Centroid NB09B041.mat 
5/27/2009 8:56 3 3.9 9 48 Plume Lateral NB09B041.mat 
5/27/2009 8:56 7 3.8 13.7 48 Plume Lateral NB09B041.mat 

   
Event (NB5) Date: July 8, 2009 

Sea Quest – inside silt curtain 
7/8/2009 11:35 5 2.7 7.7 S040 North Reference NB09A096.mat 
7/8/2009 11:35 10 2.8 5.2 S040 North Reference NB09A096.mat 
7/8/2009 11:44 12 1.9 3.8 S041 South Reference NB09A097.mat 
7/8/2009 11:44 25 1.4 6.2 S041 South Reference NB09A097.mat 
7/8/2009 12:12 10 49 112 S042 Plume Centroid NB09A100.mat 
7/8/2009 12:12 20 12 39.8 S042 Plume Centroid NB09A100.mat 
7/8/2009 12:25 12 3.8 10 S043 Plume Lateral NB09A102.mat 
7/8/2009 12:25 25 21 65.3 S043 Plume Lateral NB09A102.mat 
7/8/2009 12:38 11 8.6 23 S044 Plume Lateral NB09A104.mat 
7/8/2009 12:38 20 33 36 S044 Plume Lateral NB09A104.mat 

Gale Force – outside silt curtain 
7/8/2009 11:29 6 2.7 6.6 55 North Reference NB09B051.mat 
7/8/2009 11:29 12 3.1 7.5 55 North Reference NB09B051.mat 
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Date Time Depth 
(ft) 

Turbidity 
(NTU) 

TSS 
(mg/L)

Station ID Station Type ADCP File Name 

7/8/2009 11:41 5 1.7 4.8 56 South Reference NB09B052.mat 
7/8/2009 11:41 9 2.1 4.7 56 South Reference NB09B052.mat 
7/8/2009 12:39 8 3.6 8 57 Plume Centroid NB09B055.mat 
7/8/2009 12:39 16 3 6.2 57 Plume Centroid NB09B055.mat 
7/8/2009 12:42 4 3.1 7.7 58 Plume Lateral NB09B055.mat 
7/8/2009 12:42 7 2.9 6.8 58 Plume Lateral NB09B055.mat 
7/8/2009 12:47 6 2.4 5.7 59 Plume Lateral NB09B055.mat 
7/8/2009 12:47 11 2.3 4.5 59 Plume Lateral NB09B055.mat 
7/8/2009 12:47 11 2.3 5.4 59 Plume Lateral-dup NB09B055.mat 
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APPENDIX C 
New Bedford Harbor 

Observations of Turbidity 
Measured with ADCP  

April 14, May 20, 21, 27, and July 8, 2009 
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New Bedford Harbor Turbidity Survey April 14, 2009 
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Figure 1-1.   Observations Before Release During April 14, 2009 Disposal into the New Bedford 
Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  The right 
panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along each vessel 
transect.   
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Figure 1-2. Observations from 8 to 11 Minutes after Release During April 14, 2009 Disposal into the 
New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  
The right panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along 
each vessel transect.  
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Figure 1-3. Observations from 19 to 22 Minutes after Release During April 14, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect.   
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Figure 1-4. Observations from 27 to 39 Minutes after Release During April 14, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect.   

Technical Memorandum–Appendix C  Page C–4 of 30 
 



New Bedford Harbor Turbidity Survey April 14, 2009 

 

 A  B 

 A  B 

N

Vessel Transects

D
ep

th
(m

)

Water Column Turbidity Inside

0 20 40 60 80 100 120 140

0

3

6

9

12

D
ep

th
(m

)

Distance Along Transect (m)

Water Column Turbidity Outside

 

 

0 20 40 60 80 100 120 140

0

3

6

9

12

0 10 20 30 40 50

  0  25  49  74  99 124

Turbidity (NTU)

TSS (mg/L)

A B

Figure 1-5. Observations from 40 to 44 Minutes after Release During April 14, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect.   
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Figure 2-1. Observations Before Release During May 20, 2009 Disposal into the New Bedford 
Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  The right 
panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along each vessel 
transect. 
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New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 

Figure 2-2. Observations from 3 to 6 Minutes after Release During May 20, 2009 Disposal into the 
New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  
The right panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along 
each vessel transect. 
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Figure 2-3. Observations from 10 to 12 Minutes after Release During May 20, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect. 
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Figure 2-4. Observations from 18 to 24 Minutes after Release During May 20, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect. 
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Figure 2-5. Observations from 39 to 43 Minutes after Release During May 20, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect. 
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Figure 2-6. Observations from 55 to 57 Minutes after Release During May 20, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect. 
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Figure 2-7. Observations from 84 to 87 Minutes after Release During May 20, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect.
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Figure 3-1. Observations Before Release During May 21, 2009 Disposal into the New Bedford 
Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  The right 
panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along each vessel 
transect. 
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Figure 3-2. Observations from 1 to 6 Minutes after Release During May 21, 2009 Disposal into the 
New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  
The right panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along 
each vessel transect. 
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Figure 3-3. Observations from 5 to 9 Minutes after Release During May 21, 2009 Disposal into the 
New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  
The right panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along 
each vessel transect. 
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Figure 3-4. Observations from 18 to 21 Minutes after Release During May 21, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect. 
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Figure 3-5. Observations from 39 to 42 Minutes after Release During May 21, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect. 
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Figure 3-6. Observations from 51 to 54 Minutes after Release During May 21, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect. 
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Figure 3-7. Observations from 57 to 59 Minutes after Release During May 21, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect.
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Figure 4-1. Observations Before Release During May 27, 2009 Disposal into the New Bedford 
Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  The right 
panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along each vessel 
transect. 
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New Bedford Harbor Turbidity Monitoring for City Dredge Disposal December 15, 2009 

Figure 4-2. Observations from 3 to 6 Minutes after Release During May 27, 2009 Disposal into the 
New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  
The right panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along 
each vessel transect. Note change in turbidity scale. 
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Figure 4-3. Observations from 5 to 9 Minutes after Release During May 27, 2009 Disposal into the 
New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  
The right panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along 
each vessel transect. Note change in turbidity scale. 
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Figure 4-4. Observations from 31 to 34 Minutes after Release During May 27, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect. 
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Figure 4-5. Observations from 50 to 53 Minutes after Release During May 27, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect. 
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Figure 4-6. Observations from 54 to 57 Minutes after Release During May 27, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect. 
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Figure 4-7. Observations from 63 to 67 Minutes after Release During May 27, 2009 Disposal into 
the New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel 
transects.  The right panel shows vertical slices of calibrated turbidity and TSS measured with 
ADCP along each vessel transect.
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Figure 5-1. Observations Before Release During July 8, 2009 Disposal into the New Bedford Harbor 
CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  The right panel shows 
vertical slices of calibrated turbidity and TSS measured with ADCP along each vessel transect. 
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Figure 5-2. Observations from 1 to 4 Minutes after Release During July 8, 2009 Disposal into the 
New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  
The right panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along 
each vessel transect. 
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Figure 5-3. Observations from 9 to 16 Minutes after Release During July 8, 2009 Disposal into the 
New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  
The right panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along 
each vessel transect. 
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Figure 5-4. Observations from 15 to 18 Minutes after Release During July 8, 2009 Disposal into the 
New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  
The right panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along 
each vessel transect. 
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Figure 5-5. Observations from 26 to 29 Minutes after Release During July 8, 2009 Disposal into the 
New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  
The right panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along 
each vessel transect. 
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Figure 5-6. Observations from 46 to 49 Minutes after Release During July 8, 2009 Disposal into the 
New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  
The right panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along 
each vessel transect. 
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Figure 5-7. Observations from 58 to 61 Minutes after Release During July 8, 2009 Disposal into the 
New Bedford Harbor CAD Cell.  The left panel shows concurrent inner and outer vessel transects.  
The right panel shows vertical slices of calibrated turbidity and TSS measured with ADCP along 
each vessel transect. 
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Atlantic Bluefin Tuna (Thunnus thynnus)

Essential Fish Habitat for Atlantic Bluefin Tuna: 

 
 

Spawning, eggs and larvae: In pelagic and near coastal surface waters from the North Carolina/South Carolina border at 33.5� N, 
south to Cape Canaveral, FL from 15 miles from shore to the 200 m isobath; all waters from offshore Cape Canaveral at 28.25� N 
south around peninsular Florida to the U.S./Mexico border from 15 miles from shore to the EEZ boundary.  
 
Juveniles/Subadults (<145 cm TL): All inshore and pelagic surface waters warmer than 12� C of the Gulf of Maine and Cape Cod 
Bay, MA from Cape Ann, MA (~42.75� N) east to 69.75� W (including waters of the Great South Channel west of 69.75� W), 
continuing south to and including Nantucket Shoals at 70.5� W to off Cape Hatteras, NC (approximately 35.5� N), in pelagic surface 
waters warmer than 12� C, between the 25 and 200 m isobaths; also in the Florida Straits, from 27� N south around peninsular Florida 
to 81� W in surface waters from the 200 m isobath to the EEZ boundary.  
 
Adults (>145 cm TL): In pelagic waters of the Gulf of Maine from the 50 m isobath to the EEZ boundary, including the Great South 
Channel, then south of Georges Bank to 39� N from the 50 m isobath to the EEZ boundary; also, south of 39� N, from the 50 m 
isobath to the 2,000 m isobath to offshore Cape Lookout, NC at 34.5� N. In pelagic waters from offshore Daytona Beach, FL (29.5� 
N) south to Key West (82� W) from the 100 m isobath to the EEZ boundary; in the Gulf of Mexico from offshore Terrebonne Parish, 
LA (90� W) to offshore Galveston, TX (95� W) from the 200 m isobath to the EEZ boundary. 

Page 1 of 1

8/20/2010http://www.nero.noaa.gov/hcd/bluefin.htm
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Summary of Essential Fish Habitat (EFH) and General Habitat Parameters for Federally Managed Species
Species Life

Stage
Geographic Area  Temp

(EEC)
Salinity
(‰)

Depth
(m)

Seasonal Occurrence Habitat Description Comments

American
plaice

Eggs GOME, GB and estuaries  from Passamaquoddy
Bay to Saco Bay, ME and from Mass. Bay to
Cape Cod Bay, MA 

<12 (32) 30 - 90 All year in GOME
Dec - June on GB
Peaks April & May both 

Surface waters

Larvae GOME, GB, Southern NE and estuaries  from
Passamaquoddy Bay to Saco Bay, ME and from
Mass Bay to Cape Cod Bay, MA 

<14 (32) 30-130 Between January and
August, with peaks in April
and May

Surface Waters

Juveniles GOME and estuaries from Passamaquoddy Bay
to Saco Bay, ME and from Mass Bay to Cape
Cod Bay, MA 

<17 (32) 45-150 Bottom habitats with fine-grained sediments
or substrate of sand or gravel

(Strong concentrations inside and around 100m
isobath in Western GOME; Major Prey: echinoderms,
arthropods, annelids)

Adults GOME, GB and estuaries  from Passamaquoddy
Bay to Saco Bay, ME and from Mass Bay to
Cape Cod Bay, MA 

<17 (34-20) 45-175 Bottom habitats with fine-grained sediments
or a substrate of sand or gravel

Spawning
Adults

GOME, GB and estuaries  from Passamaquoddy
Bay to Saco Bay, ME and from Mass Bay to
Cape Cod Bay, MA 

<14 (32) <90 March through June Bottom habitats of all substrate types

Atlantic
cod

Eggs GOME, GB, eastern portion of continental shelf
off southern NE and following estuaries: 
Englishman/ Machias Bay to Blue Hill Bay;
Sheepscot R., Casco Bay, Saco Bay, Great Bay,
Mass Bay, Boston Harbor, Cape Cod Bay,
Buzzards Bay

<12 32 - 33
(10 - 35)

<110 Begins in fall, peaks in winter
and spring

Surface Waters

Larvae GOME, GB, eastern portion of continental shelf
off southern NE and following estuaries: 
Passamaquoddy Bay to Penobscot Bay;
Sheepscot R., Casco Bay, Saco Bay, Great Bay,
Mass Bay, Boston Harbor, Cape Cod Bay,
Buzzards Bay

<10 32 - 33 30-70 Spring Pelagic waters

Juveniles GOME, GB, eastern portion of continental shelf
off southern NE and following estuaries: 
Passamaquoddy Bay to Saco Bay; Mass Bay,
Boston Harbor, Cape Cod Bay, Buzzards Bay

<20 30 - 35 25 - 75 Bottom habitats with a substrate of cobble or
gravel

HAPC - An area approximate of 300sq. nautical miles
along the northern edge of GB and the Hague line
containing gravel cobble substrate.

Adults GOME, GB, southern NE, middle Atlantic south to
Delaware Bay and following estuaries: 
Passamaquoddy Bay to Saco Bay; Mass Bay,
Boston Harbor, Cape Cod Bay, Buzzards Bay

<10 (29 - 34) 10-150 Bottom habitats with a substrate of rocks,
pebbles, or gravel

(Major prey: fish crustaceans, decapods, amphipods)
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Spawning
Adults

GOME, GB, southern NE, middle Atlantic south to
Delaware Bay and following estuaries:
Englishman/ Machias Bay to Blue Hill Bay;
Sheepscot R., Mass Bay, Boston Harbor, Cape
Cod Bay, MA

<10 (10 - 35) 10-150 spawn during fall, winter, and
early spring

Bottom habitats with a substrate of smooth
sand, rocks, pebbles, or gravel

Atlantic
halibut

Eggs GOME, GB 4 - 7 <35 <700 Between late fall and early
spring, peak Nov and Dec.

Pelagic waters to the sea floor

Larvae GOME, GB 30 - 35 Surface waters

Juveniles GOME, GB >2 20 - 60 Bottom habitats with a substrate of sand,
gravel, or clay

Adults GOME, GB <13.6 30.4-35.3 100-700 Bottom habitats with a substrate of sand,
gravel, or clay

(Major prey: crustaceans, fish, cod, squid)

Spawning
Adults

GOME, GB <7 <35 <700 Between late fall and early
spring, peaks in Nov. and
Dec.

Bottom habitats with a substrate of soft mud,
clay, sand, or gravel; rough or rocky bottom
locations along slopes of the outer banks

Atlantic
herring

Eggs GOME, GB and following estuaries: Englishman/
Machias Bay, Casco Bay,& Cape Cod Bay

<15 32 - 33 20 - 80 July through November Bottom habitats with a substrate of gravel,
sand, cobble, shell fragments & aquatic
macrophytes.  .

Eggs adhere to bottom forming extensive beds. Eggs
most often found in areas of well-mixed water, with
tidal currents between 1.5 and 3.0 knots  (Egg beds
can range from 4500 to 10,000 Km2 on GB.  Eggs
susceptible to suffocation from high densities and
siltation)

Larvae GOME, GB, Southern NE and following
estuaries: Passamaquoddy Bay to Cape Cod
Bay, Narragansett Bay, & Hudson R./ Raritan
Bay 

<16 32 50 - 90 Between August and April,
peaks from Sept. - Nov.

Pelagic waters

Juveniles GOME, GB, Southern NE and Middle Atlantic
south to Cape Hatteras and following estuaries:
Passamaquoddy Bay to Cape Cod Bay;
Buzzards Bay to Long Island Sound; Gardiners
Bay to Delaware Bay

<10 26 - 32 15-135 Pelagic waters and bottom habitats

Adults GOME, GB, southern NE and middle Atlantic
south to Cape Hatteras and following estuaries:
Passamaquoddy Bay to Great Bay; Mass Bay to
Cape Cod Bay; Buzzards Bay to Long Island
Sound; Gardiners Bay to Delaware Bay; &
Chesapeake Bay 

<10 >28 20-130 Pelagic waters and bottom habitats (major prey: zooplankton)

Spawning
Adults

GOME, GB, southern NE and middle Atlantic
south to Delaware Bay and Englishman/ Machias
Bay Estuary

<15 32 - 33 20 - 80 July through November Bottom habitats with a substrate of gravel,
sand, cobble and shell fragments, also on
aquatic macrophytes

Herring eggs are spawned in areas of well-mixed
water, with tidal currents between 1.5 and 3.0 knots
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Atlantic
salmon

Eggs Rivers from CT to Maine: Connecticut,
Pawcatuck, Merrimack, Cocheco, Saco,
Androscoggin, Presumpscot, Kennebec,
Sheepscot, Ducktrap, Union, Penobscot,
Narraguagus, Machias, East Machias, Pleasant,
St. Croix, Denny’s, Passagassawaukeag
Aroostook, Lamprey, Boyden, Orland Rivers,
and the Turk, Hobart  & Patten Streams; and the
following estuaries for juveniles and adults:
Passamaquoddy Bay to Muscongus Bay; Casco
Bay to Wells Harbor; Mass Bay, Long Island
Sound, Gardiners Bay to Great South Bay.

All aquatic habitats in the watersheds of the
above listed rivers, including all tributaries to the
extent that they are currently or were
historically accessible for salmon migration.

<10 Fresh
water

30-31 cm Between October and April Bottom habitats with a gravel or cobble riffle
(redd) above or below a pool in rivers

need clean well-oxygenated freshwater

Larvae <10 Fresh
water 

Between March and June for
alevins/fry

Bottom habitats with a gravel or cobble riffle
(redd) above or below a pool in rivers

Juveniles <25 Fresh
water

to
Oceanic

10- 61 cm Bottom habitats of shallow gravel/cobble
riffles interspersed with deeper riffles and
pools in rivers and estuaries
Water velocities between 30 - 92cm/sec

As they grow, parr transform into smolts.  Atlantic
salmon smolts require access downstream to the
ocean.  Upon entering the ocean, post-smolts
become pelagic and range from Long Island Sound
north to the Labrador Sea.

Adults <22.8 Fresh
water

to
Oceanic

Oceanic adult Atlantic salmon are primarily
pelagic and range from waters of the
continental shelf off southern NE north
throughout the GOME
Dissolved oxygen above 5ppm for migratory
pathway.

HAPC - Eleven rivers in Maine includes: St. Croix,
Denny’s, East Machias, Machias, Pleasant, Turk
stream, Narraguagus, Penobscot, Ducktrap,
Sheepscot, and Kennebec River.

Spawning
Adults

<10 Fresh
water 

30- 61 cm October and November Bottom habitats with a gravel or cobble riffle
(redd) above or below a pool in rivers 

Water velocity around 61cm per second

Atlantic
sea
scallop

Eggs GOME, GB, southern NE and middle Atlantic
south to Virginia-North Carolina border and
following estuaries: Passamaquoddy Bay to
Sheepscot R.; Casco Bay, Mass Bay, and Cape
Cod Bay 

<17 May through October
Peaks in May and June in
middle Atlantic area, and in
Sept. and Oct. on GB and
GOME

Bottom habitats Eggs remain on sea floor until they develop into the
first free-swimming larval stage.

Larvae GOME, GB, southern NE and middle Atlantic
south to Virginia-North Carolina border and
following estuaries: Passamaquoddy Bay to
Sheepscot R.; Casco Bay, Mass Bay, and Cape
Cod Bay

<18 16.9 - 30 Pelagic waters and bottom habitats with a
substrate of gravelly sand, shell fragments,
pebbles, or on various red algae, hydroids,
amphipod tubes and bryozoans

Juveniles GOME, GB, southern NE and middle Atlantic
south to Virginia-North Carolina border and
following estuaries: Passamaquoddy Bay to
Sheepscot R.; Casco Bay, Great Bay, Mass
Bay, and Cape Cod Bay 

<15 18-110 Bottom habitats with a substrate of cobble,
shells, and silt

(prey: filter feeders on phytoplankton; preferred
substrates are associated with low concentrations
of inorganics for optimal feeding)

Adults GOME, GB, southern NE and middle Atlantic
south to Virginia-North Carolina border and
following estuaries: Passamaquoddy Bay to
Sheepscot R.; Casco Bay, Great Bay, Mass
Bay, and Cape Cod Bay 

<21 >16.5 18-110 Bottom habitats with a substrate of cobble,
shells, coarse/gravelly sand, and sand
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Spawning
Adults

GOME, GB, southern NE and middle Atlantic
south to Virginia-North Carolina border and
following estuaries: Passamaquoddy Bay to
Sheepscot R.; Casco Bay, Mass Bay, and Cape
Cod Bay

<16 >16.5 18-110 May through October, peaks
in May and June in middle
Atlantic area, and in Sept. and
Oct. on GB and in GOME

Bottom habitats with a substrate of cobble,
shells, coarse/gravelly sand, and sand

Haddock Eggs GB southwest to Nantucket Shoals and coastal
areas of GOME and the following estuaries:
Great Bay, Mass Bay, Boston Harbor, Cape Cod
Bay, Buzzards Bay

<10 34 - 36 50 - 90 March to May, peak in April Surface waters

Larvae GB southwest to the middle Atlantic south to
Delaware Bay and the following estuaries:
Great Bay, Mass Bay, Boston Harbor, Cape Cod
Bay, Buzzards Bay, and Narragansett Bay

<14 34 - 36 30 - 90 January to July, peak in April
and May

Surface waters

Juveniles GB, GOME, middle Atlantic south to Delaware
Bay

<11 31.5 - 34 35-100 Bottom habitats with a substrate of pebble
gravel

Adults GB and eastern side of Nantucket Shoals,
throughout GOME, *additional area of Nantucket
Shoals, and Great South Channel

<7 31.5 - 35 40-150 Bottom habitats with a substrate of broken
ground, pebbles, smooth hard sand, and
smooth areas between rocky patches

*additional area more accurately reflects historic
patterns of distribution and abundance

Spawning
Adults

GB, Nantucket Shoals, Great South Channel,
throughout GOME

<6 31.5 - 34 40-150 January to June Bottom habitats with a substrate of pebble
gravel or gravelly sand

Monkfish

(Goose-
fish)

Eggs GOME, GB, southern NE, middle Atlantic south to
Cape Hatteras, North Carolina

<18 15- 1000 March to September Surface waters (eggs contained in long mucus veils that float near or
at the surface)

Larvae GOME, GB, southern NE, middle Atlantic south to
Cape Hatteras, North Carolina

15 25-1000 March to September Pelagic waters

Juveniles Outer continental shelf in the middle Atlantic,
mid-shelf off southern NE, all areas of GOME

<13 29.9-36.7 25-200 Bottom habitats with substrates of a sand-
shell mix, algae covered rocks, hard sand,
pebbly gravel, or mud

Adults Outer continental shelf in the middle Atlantic,
mid-shelf off southern NE, outer perimeter of
GB, all areas of GOME

<15 29.9-36.7 25-200 Bottom habitats with substrates of a sand-
shell mix, algae covered rocks, hard sand,
pebbly gravel, or mud

(Major prey: fish, shrimp, squid, crustaceans,
mollusks)

Spawning
Adults

Outer continental shelf in the middle Atlantic,
mid-shelf off southern NE, outer perimeter of
GB, all areas of GOME

<13 29.9-36.7 25-200 February to August Bottom habitats with substrates of a sand-
shell mix, algae covered rocks, hard sand,
pebbly gravel, or mud

Ocean
pout

Eggs GOME, GB, southern NE, middle Atlantic south to
Delaware Bay and the following estuaries:
Passamaquoddy Bay to Saco Bay; Mass Bay
and Cape Cod Bay

<10 32-34 <50 Late fall and winter Bottom habitats, generally hard bottom
sheltered nests, holes, or crevices where
they are guarded by parents

(eggs are laid in gelatinous masses and take 2-3
months to develop
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Larvae GOME, GB, southern NE, middle Atlantic south to
Delaware Bay and the following estuaries:
Passamaquoddy Bay to Saco Bay; Mass Bay
and Cape Cod Bay

<10 >25 <50 Late fall to spring Bottom habitats in close proximity to hard
bottom nesting areas

Juveniles GOME, GB, southern NE, middle Atlantic south to
Delaware Bay and the following estuaries:
Passamaquoddy Bay to Saco Bay; Mass Bay,
Boston Harbor and Cape Cod Bay 

<14 >25 <80 Bottom habitats, often smooth bottom near
rocks or algae

Adults GOME, GB, southern NE, middle Atlantic south to
Delaware Bay and the following estuaries:
Passamaquoddy Bay to Saco Bay; Mass Bay,
Boston Harbor and Cape Cod Bay 

<15 32 - 34 <110 Bottom habitats.   (Dig depressions in soft
sediments which are then used by other
species)

(major prey: mollusks, crustaceans, echinoderms,
sand dollars)

Spawning
Adults

GOME, GB, southern NE, middle Atlantic south to
Delaware Bay and the following estuaries:
Passamaquoddy Bay to Saco Bay; Mass Bay,
and Cape Cod Bay

<10 32 - 34 <50 Late summer to early winter,
peaks in Sept. and October

Bottom habitats with a hard bottom
substrate, including artificial reefs and
shipwrecks

(internal fertilization)

Offshore
hake

Eggs Outer continental shelf of GB and southern NE
south to Cape Hatteras, North Carolina

<20 <1250 Observed all year and
primarily collected at depths
from 110 - 270m

Pelagic waters

Larvae Outer continental shelf of GB and southern NE
south to Chesapeake Bay

<19 <1250 Observed all year and
primarily collected at depths
from 70 - 130m

Pelagic waters

Juveniles Outer continental shelf of GB and southern NE
south to Cape Hatteras, NC

<12 170- 350 Bottom habitats

Adults Outer continental shelf of GB and southern NE
south to Cape Hatteras, NC

<12 150 - 380 Bottom habitats (major prey: fish - cannibalistic, shrimp, other
crustaceans)

Spawning
Adults

Outer continental shelf of GB and southern NE
south to the Middle Atlantic Bight

<12 330 - 550 Spawn all throughout the
year

Bottom habitats

Pollock Eggs GOME, GB and the following estuaries: Great
Bay to Boston Harbor 

<17 32 - 32.8 30-270 October to June, peaks in
November to February

Pelagic waters

Larvae GOME, GB and the following estuaries:
Passamaquoddy Bay, Sheepscot R., Great Bay
to Cape Cod Bay

<17 10-250 September to July, peaks
from Dec. to February

Pelagic waters (migrate inshore as they grow)

Juveniles GOME, GB and the following estuaries:
Passamaquoddy Bay to Saco Bay; Great Bay to
Waquoit Bay; Long Island Sound, Great South
Bay 

<18 29 - 32 0 - 250 Bottom habitats with aquatic vegetation or a
substrate of sand, mud or rocks 

(Intertidal zone may be important nursery area.
Juveniles present in shallow intertidal zone at all tide
stages throughout summer.  Subtidal marsh creeks
such as Little Egg Harbor, NJ are also seasonally
important as nursery)
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Adults GOME, GB, southern NE, and middle Atlantic
south to New Jersey and the following
estuaries: Passamaquoddy Bay, Damariscotta
R., Mass Bay, Cape Cod Bay, Long Island Sound

<14 31 - 34 15-365 Hard bottom habitats including artificial reefs (major prey: crustaceans, fish, mollusks)

Spawning
Adults

GOME, southern NE, and middle Atlantic south to
New Jersey includes Mass Bay 

<8 32 - 32.8 15-365 September to April, peaks
December to February

Bottom habitats with a substrate of hard,
stony, or rocky bottom includes artificial
reefs

Red hake Eggs GOME, GB, continental shelf off southern NE,
and middle Atlantic south to Cape Hatteras

<10 < 25 May to November, peaks in
June and July

Surface waters of inner continental shelf

Larvae GOME, GB, continental shelf off southern NE,
and middle Atlantic south to Cape Hatteras and
following estuaries: Sheepscot R., Mass Bay to
Cape Cod Bay; Buzzards Bay, Narragansett Bay
& Hudson R./ Raritan Bay

<19 >0.5 <200 May to December, peaks in
Sept. and October

Surface waters (newly settled larvae need shelter, including live sea
scallps, also use floating or mid-water objects for
shelter)

Juveniles GOME, GB, continental shelf off southern NE,
and middle Atlantic south to Cape Hatteras and
the following estuaries: Passamaquoddy Bay to
Saco Bay; Great Bay, Mass Bay to Cape Cod
Bay; Buzzards Bay to Conn. R.; Hudson R./
Raritan Bay, & Chesapeake Bay 

<16 31 - 33 <100 Bottom habitats with substrate of shell
fragments, including areas with an
abundance of live scallops

Adults GOME, GB, continental shelf off southern NE,
and middle Atlantic south to Cape Hatteras and
the following estuaries: Passamaquoddy Bay to
Saco Bay; Great Bay, Mass Bay to  Cape Cod
Bay; Buzzards Bay to Conn. R.; Hudson R./
Raritan, Delaware Bay, & Chesapeake Bay

<12 33 - 34 10-130 Bottom habitats in depressions with a
substrate of sand and mud

(major prey: fish and crustaceans)

Spawning
Adults

GOME, southern edge of GB, continental shelf
off southern NE, and middle Atlantic south to
Cape Hatteras and following estuaries:
Sheepscott R., Mass Bay, Cape Cod Bay,
Buzzards Bay, & Narragansett Bay 

<10 >25 <100 May to November, peaks in
June and July

Bottom habitats in depressions with a
substrate of sand and mud

Redfish Eggs No EFH identification or description for this life
history stage

Redfish are ovoviviparous (live bearers)

Larvae GOME, southern GB <15 50-270 March to October, peak in
August

Pelagic waters

Juveniles GOME, southern edge of GB <13 31 - 34 25-400 Bottom habitats with a substrate of silt, mud,
or hard bottom

Adults GOME, southern edge of GB <13 31 - 34 50-350 Bottom habitats with a substrate of silt, mud,
or hard bottom

Spawning
Adults

GOME, southern edge of GB <13 31 - 34 5 -350 April to August Bottom habitats with a substrate of silt, mud,
or hard bottom

copulation occurs between Oct-Jan. Fertilization is
delayed until Feb-Apr
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White
hake

Eggs GOME, GB, southern NE and the following
estuaries: Great Bay to Cape Cod Bay 

August to September Surface waters

Larvae GOME, southern edge of GB, southern NE to
middle Atlantic and the following estuaries: Mass
Bay, to Cape Cod Bay 

May -  mid-Atlantic area
Aug. & Sept. - GOME, GB
area

Pelagic waters

Juveniles GOME, southern edge of GB, southern NE to
middle Atlantic and the following estuaries:
Passamaquoddy Bay to Great Bay; Mass Bay to
Cape Cod Bay

<19 5 - 225 May-Sep - pelagic Pelagic stage - pelagic waters;  Dermersal
stage - Bottom habitat with seagrass beds
or substrate of mud or fine-grained sand

Adults GOME, southern edge of GB, southern NE to
middle Atlantic and the following estuaries:
Passamaquoddy Bay to Great Bay;  Mass Bay to
Cape Cod Bay

<14 5 - 325 Bottom habitats with substrate of mud or
fine-grained sand

(major prey: small fish, shrimp and other
crustaceans)

Spawning
Adults

GOME, southern edge of GB, southern NE to
middle Atlantic

<14 5 - 325 April to May - southern part of
range;  August - Sept.-
northern part of range

Bottom habitats with substrate of mud or
fine-grained sand in deep water.

Whiting
(Silver
hake)

Eggs GOME, GB, continental shelf off southern NE,
middle Atlantic south to Cape Hatteras and the
following estuaries: Merrimack R.  to Cape Cod
Bay 

<20 50-150 All year, peaks June to
October

Surface waters

Larvae GOME, GB, continental shelf off southern NE,
middle Atlantic south to Cape Hatteras and the
following estuaries: Mass Bay to Cape Cod Bay 

<20 50-130 All year, peaks July to
September

Surface waters

Juveniles GOME, GB, continental shelf off southern NE,
middle Atlantic south to Cape Hatteras and the
following estuaries:  Passamaquoddy Bay to
Casco Bay, Mass Bay to Cape Cod Bay

<21 >20 20-270 Bottom habitats of all substrate types

Adults GOME, GB, continental shelf off southern NE,
middle Atlantic south to Cape Hatteras and the
following estuaries:  Passamaquoddy Bay to
Casco Bay, Mass Bay to Cape Cod Bay

<22 30-325 Bottom habitats of all substrate types

Spawning
Adults

GOME, GB, continental shelf off southern NE,
middle Atlantic south to Cape Hatteras and the
following estuaries: Mass Bay and Cape Cod
Bay 

<13 30-325 Bottom habitats of all substrate types

Window-
pane 
flounder

Eggs GOME, GB, southern NE, middle Atlantic south to
Cape Hatteras and the following estuaries:
Passamaquoddy Bay to Great Bay; Mass Bay to
Delaware Inland Bays

<20 <70 February to November, peaks
May and October in middle
Atlantic
July - August on GB

Surface waters
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Larvae GOME, GB, southern NE, middle Atlantic south to
Cape Hatteras and the following estuaries:
Passamaquoddy Bay  to Great Bay; Mass Bay to
Delaware Inland Bays

<20 <70 February to November, peaks
May and October in middle
Atlantic
July - August on GB

Pelagic waters

Juveniles GOME, GB, southern NE, middle Atlantic south to
Cape Hatteras and the following estuaries:
Passamaquoddy Bay to Great Bay; Mass Bay to
Chesapeake 
Bay

<25 5.5 - 36 1 - 100 Bottom habitats with substrate of mud or fine
grained sand

Adults GOME, GB, southern NE, middle Atlantic south to
Virginia - NC border and the following estuaries:
Passamaquoddy Bay to Great Bay; Mass Bay to
Chesapeake 
Bay

<26.8 5.5 - 36 1 - 75 Bottom habitats with substrate of mud or fine
grained sand

(major prey: polychaetes, small crustaceans, mysids,
small fish)

Spawning
Adults

GOME, GB, southern NE, middle Atlantic south to
Virginia -NC border and the following estuaries:
Passamaquoddy Bay  to Great Bay; Mass Bay to
Delaware Inland Bays

<21 5.5 - 36 1 - 75 February - December, peak in
May in middle Atlantic

Bottom habitats with substrate of mud or fine
grained sand

Winter
flounder

Eggs GB, inshore areas of GOME, southern NE, middle
Atlantic south to Delaware Bay and the
following estuaries: Passamaquoddy Bay to
Delaware Inland Bays 

<10 10 - 30 <5 February to June, peak in
April on GB

Bottom habitats with a substrate of sand,
muddy sand, mud, and gravel

* On GB, eggs are generally found in water temp <
8EC, and < 90m deep.

Larvae GB, inshore areas of GOME, southern NE, middle
Atlantic south to Delaware Bay and the
following estuaries: Passamaquoddy Bay to
Delaware Inland Bays 

<15 4 - 30 <6 March to July, peaks in April
and May on GB

Pelagic and bottom waters * On GB, larvae are generally found in water temp <
8EC, and < 90m deep.

Juveniles
(age 1+)

GB, inshore areas of GOME, southern NE, middle
Atlantic south to Delaware Bay and the
following estuaries: Passamaquoddy Bay to
Chincoteague Bay 

<25 10 - 30 1 - 50 Bottom habitats with a substrate of mud or
fine grained sand

* Young-of-year exist where water temp <28, depths
0.1 - 10m, salinities 5 - 33 (major prey: amphipods,
copepods, polychaetes, bivalve siphons)

Adults GB, inshore areas of GOME, southern NE, middle
Atlantic south to Delaware Bay and the
following estuaries: Passamaquoddy Bay to
Chincoteague Bay 

<25 15 - 33 1 - 100 Bottom habitats including estuaries with
substrate of mud, sand, gravel

(major prey: amphipods, polychaetes, bivalve
siphons, crustaceans)

Spawning
Adults

GB, inshore areas of GOME, southern NE, middle
Atlantic south to Delaware Bay and the
following estuaries: Passamaquoddy Bay to
Delaware Inland Bays 

<15 5.5 - 36 <6* February to June Bottom habitats including estuaries with
substrate of mud, sand, gravel

*except on GB where they spawn as deep as 80m

Witch
flounder

Eggs GOME, GB, continental shelf off southern NE,
middle Atlantic south to Cape Hatteras

<13 High Deep March to October Surface waters

Larvae GOME, GB, continental shelf off southern NE,
middle Atlantic south to Cape Hatteras

<13 High Deep March to November, peaks in
May - July

Surface waters to 250m
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Juveniles GOME, outer continental shelf from GB south to
Cape Hatteras

<13 34 - 36 50-450
to 1500m

Bottom habitats with fine-grained substrate (the upper slope is nursery area; major prey:
crustaceans, polychaetes, mollusks)

Adults GOME, outer continental shelf from GB south to
Chesapeake Bay 

<13 32 - 36 25-300 Bottom habitats with fine-grained substrate (major prey: polychaetes, echinoderms, crustaceans,
mollusks, squid)

Spawning
Adults

GOME, outer continental shelf from GB south to
Chesapeake Bay 

<15 32 - 36 25-360 March to November, peaks in
May-August

Bottom habitats with fine-grained substrate

Yellowtail
flounder

Eggs GB, Mass Bay, Cape Cod Bay, southern NE
continental shelf south to Delaware Bay and the
following estuaries:  Passamaquoddy Bay to
Saco Bay; Great Bay to Cape Cod Bay

<15 32.4 -
33.5

30 - 90 Mid-March to July, peaks in
April to June in southern NE

Surface waters

Larvae GB, Mass Bay, Cape Cod Bay, southern NE
continental shelf, middle Atlantic south to
Chesapeake Bay and the following estuaries: 
Passamaquoddy Bay to Cape Cod Bay 

<17 32.4 -
33.5 

10 - 90 March to April in New York
bight; May to July in south NE
and southeastern GB

Surface waters (largely an oceanic nursery)

Juveniles GB, GOME, southern NE continental shelf south
to Delaware Bay and the following estuaries:
Sheepscot R., Casco Bay, Mass Bay to Cape
Cod Bay

<15 32.4 -
33.5 

20 - 50 Bottom habitats with substrate of sand or
sand and mud

Adults GB, GOME, southern NE continental shelf south
to Delaware Bay and the following estuaries:
Sheepscot R., Casco Bay, Mass Bay to Cape
Cod Bay

<15 32.4 -33.5 20 - 50 Bottom habitats with substrate of sand or
sand and mud

(major prey: annelids, arthropods, mollusks)

Spawning
Adults

GB, GOME, southern NE continental shelf south
to Delaware Bay and the following estuaries:
Mass Bay to Cape Cod Bay

<17 32.4 -
33.5 

10-125 Bottom habitats with substrate of sand or
sand and mud

Atlantic
mackerel

Eggs Continental Shelf from Maine through Cape
Hatteras, NC also includes estuaries from Great
Bay  to Cape Cod Bay; Buzzards Bay to Long
Island Sound; Gardiners Bay and Great South
Bay

5-23 (18 - >30) 0 - 15 Pelagic waters (peak spawning in salinities >30ppt)

Larvae Continental Shelf from GOME through Cape
Hatteras, NC also includes estuaries from Great
Bay  to Cape Cod Bay; Narragansett Bay to
Long Island Sound; Gardiners Bay and Great
South Bay

6-22 (>30) 10-130 Pelagic waters

Juveniles Continental Shelf from GOME through Cape
Hatteras, NC also includes estuaries from
Passamaquoddy Bay; Penobscot Bay to Saco
Bay; Great Bay; Mass Bay to Cape Cod Bay;
Narragansett Bay, Long Island Bay; Gardiners
Bay to Hudson R./ Raritan Bay

4 - 22 (>25) 0 - 320 Pelagic waters
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Adults Continental Shelf from GOME through Cape
Hatteras, NC also includes estuaries from
Passamaquoddy Bay to Saco Bay; Mass Bay to
Long Island Bay; Gardiners Bay to Hudson R./
Raritan Bay

4 - 16 (>25) 0 - 380 Pelagic waters (opportunistic feeding: can filter feed or select
individual prey.  Major prey: crustaceans, pelagic
mullosks, polychaetes, squid, fish)

Black sea
bass

Eggs Continental Shelf and estuaries from southern
NE to North Carolina, also includes Buzzards
Bay

0 - 200 May to October Water column of coastal Mid-Atlantic Bight
and Buzzards Bay

Larvae Pelagic waters over Continental Shelf from
GOME to Cape Hatteras, NC, also includes
Buzzards Bay

(11-
26)

(30 - 35) (<100) (May - Nov, peak Jun - Jul) Habitats for transforming (to juveniles)
larvae are near coastal areas and into
marine parts of estuaries between Virginia
and NY.
When larvae become demersal, found on
structured inshore habitat such as sponge
beds.

Juveniles Demersal waters over Continental Shelf from
GOME to Cape Hatteras, NC, also includes
estuaries from Buzzards Bay to Long Island
Sound; Gardiners Bay, Barnegat Bay to
Chesapeake Bay; Tangier/ Pocomoke Sound and
James River

>6 >18 (1 - 38) Found in coastal areas (Apr -
Dec , peak Jun - Nov)
between VA and MA, but
winter offshore from NJ and
south; Estuaries in summer
and spring

Rough bottom, shellfish and eelgrass beds,
man-made structures in sandy-shelly areas,
offshore clam beds and shell patches may
be used during wintering

(YOY use salt marsh edges and channels; high
habitat fidelity)

Adults Demersal waters over Continental Shelf from
GOME to Cape Hatteras, NC, also includes
estuaries: Buzzards Bay, Narragansett Bay,
Gardiners Bay, Great South Bay, Barnegat Bay
to Chesapeake Bay; Tangier/ Pocomoke Sound
and James River

>6 (>20) (20- 50) Wintering adults (Nov. to
April) offshore, south of NY
to NC
Inshore, estuaries from May
to October

Structured habitats (natural & man-made)
sand and shell substrates preferred

(spawn in coastal bays but not estuaries; change
sex to males with growth; prey: benthic and near
bottom inverts, small fish, squid)

Bluefish Eggs North of Cape Hatteras, found over Continental
Shelf from Montauk Point, NY south to Cape
Hatteras, South of Cape Hatteras, found over
Continental Shelf through Key West, Florida

>18 >31ppt Mid-shelf
depths

April to August Pelagic waters *No EFH designation inshore

Larvae North of Cape Hatteras, found over Continental
Shelf from Montauk Point, NY south to Cape
Hatteras, South of Cape Hatteras, found over
Continental Shelf through Key West, Florida, the
slope sea and Gulf Stream between latitudes
29N and 40N; includes the following estuaries:
Narragansett Bay

>18 >30ppt >15 April to September Pelagic waters No EFH designation inshore for larvae



Species Life
Stage

Geographic Area  Temp
(EEC)

Salinity
(‰)

Depth
(m)

Seasonal Occurrence Habitat Description Comments

This table was complied by NMFS Northeast Regional Office, Habitat Conservation Division.    All information presented is part of the Regional Fishery Management Council’s EFH designations except for that contained within (   ) which is provided as important additional
ecological information.           Definitions: GOME - Gulf of Maine; GB - George’s Bank; HAPC - Habitat Area of Particular Concern; YOY - Young-of-Year        Please note: This Table does not contain EFH info on Highly Migratory Species (sharks, tunas, billfish). Page 11

Juveniles North of Cape Hatteras, found over Continental
Shelf from Nantucket Island, MA south to Cape
Hatteras,South of Cape Hatteras, found over
Continental Shelf through Key West, Florida, the
slope sea and Gulf Stream between latitudes
29N and 40N also includes estuaries between
Penobscot Bay to Great Bay; Mass Bay to
James R.; Albemarie Sound to St. Johns River,
FL

(19-
24)

(23 - 36)

freshwat
er zone in
Albemarie
Sound

North Atlantic estuaries from
June to October
Mid-Atlantic estuaries from
May to October
South Atlantic estuaries from
March to December 

Pelagic waters (use estuaries as nursery areas; can intrude into
areas with salinities as low as 3 ppt)

Adults North of Cape Hatteras, found over Continental
Shelf from Cape Cod Bay, MA south to Cape
Hatteras,South of Cape Hatteras, found over
Continental Shelf through Key West, Florida also
includes estuaries between Penobscot Bay to
Great Bay; Mass Bay to James R.; Albemarie
Sound to Pamilco/ Pungo R., Bougue Sound,
Cape Fear R., St. Helena Sound, Broad R., St.
Johns R., & Indian R.

(14-16) >25ppt North Atlantic estuaries from
June to October
Mid-Atlantic estuaries from
April to October
South Atlantic estuaries from
May to January

Pelagic waters Highly migratory
(major prey: fish)

Butterfish Eggs Over Continental shelf from GOME through Cape
Hatteras, NC,also in estuaries from Mass Bay to
Long Island Sound; Gardiners Bay, Great South
Bay, and Chesapeake Bay

11 - 17 (25 - 33) 0-1829 (spring and summer) Pelagic waters

Larvae Over Continental shelf from GOME through Cape
Hatteras, NC,also in estuaries from Boston
Harbor, Waquoit Bay to Long Island Sound;
Gardiners Bay to Hudson R./ Raritan Bay;
Delaware Bay and Chesapeake Bay

9 - 19 (6.4 - 37) 10-1829 (summer and fall) Pelagic waters

Juveniles Over Continental shelf from GOME through Cape
Hatteras, NC also in estuaries from Mass Bay,
Cape Cod Bay to Delaware Inland Bays;
Chesapeake Bay, York R. and James R.

3 - 28 (3 - 37) 10-365
(most
<120)

(winter - shelf
spring to fall - estuaries)

Pelagic waters ( larger individuals found
over sandy and muddy substrates)

(pelagic schooling - smaller individuals associated
with floating objects including jellyfish)

Adults Over Continental shelf from GOME through Cape
Hatteras, NC,also in estuaries from Mass Bay,
Cape Cod Bay to Hudson R./ Raritan Bay;
Delaware Bay and Inland Bays; York R. and
James R.

3 - 28 (4 - 26) 10-365
(most
<120)

(winter - shelf
summer to fall - estuaries)

Pelagic waters (schools form over sandy,
sandy-silt and muddy substrates)

( common in inshore areas and surf zone; prey:
planktonic, thaliacians, squid, copepods)

Illex
squid

 Juveniles Over Continental shelf from GOME through Cape
Hatteras, NC

2 -23 0 - 182 (carried northward by Gulf
Stream)

Pelagic waters

 Adults Over Continental shelf from GOME through Cape
Hatteras, NC

4 - 19 0 -182 (late fall - offshore, spawn
Dec- Mar)

Pelagic waters (prey: fish, crustaceans, squid; die after spwaning)

Loligo Eggs*** Over Continental shelf from GOME through Cape
Hatteras, NC

(>8) (30 - 32) (<50) (May - spawned, hatch in Jul) (Demersal egg masses are commonly found
on sandy/mud bottom, usually attached to
rocks/boulders, pilings or algae such as
fucus, ulva, laminaria, porphyra)

*** EFH is not currently designated for this life stage
(Eggs are demersal, enclosed in gelatinous capsule
containing up to 200 eggs.  Laid in masses of
hundreds of capsules from different females)
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 Juveniles Over Continental shelf from GOME through Cape
Hatteras, NC

4 - 27 (31 - 34) 0 - 213 spring - fall - inshore
winter - offshore

Pelagic waters (inhabit upper 10m at depth of 50 - 100m on
continental shelf)

Adults Over Continental shelf from GOME through Cape
Hatteras, NC

4 - 28 0 - 305 (Mar - Oct - inshore; winter -
offshore)

Pelagic waters (prey: fish, crustaceans)

Ocean
quahog

Juveniles Eastern edge of GB and GOME throughout the
Atlantic EEZ

<18 (>25) 8-245 Throughout substrate to a depth of 3ft within
federal waters, occurs progressively further
offshore between Cape Cod and Cape
Hatteras

(medium to fine grained sands, sandy mud, silty
sand)

Adults Eastern edge of GB and GOME throughout the
Atlantic EEZ

<18 (>25) 8 -245 (spawn May-Dec with
several peaks)

Throughout substrate to a depth of 3ft within
federal waters, occurs progressively further
offshore between Cape Cod and Cape
Hatteras

(medium to fine grained sands, sandy mud, silty sand;
earliest age of maturity 7 yrs, avg 13 yrs; suspension
feeders on phytoplankton)

Scup Eggs Southern NE to coastal Virginia includes the
following estuaries: Waquoit Bay to Long Island
Sound; Gardiners Bay, Hudson R./ Raritan Bay

13 - 23 >15 (<30) May - August Pelagic waters in estuaries

Larvae Southern NE to coastal Virginia includes the
following estuaries: Waquoit Bay to Long Island
Sound; Gardiners Bay, Hudson R./ Raritan Bay

13 - 23 >15 (<20) May - September Pelagic waters in estuaries

Juveniles The Continental Shelf from GOME to Cape
Hatteras, NC includes the following estuaries:
Mass Bay, Cape Cod Bay to Long Island Sound;
Gardiners Bay to Delaware Inland Bays; &
Chesapeake Bay

>7 >15 (0 - 38) Spring and summer in
estuaries and bays

Dermersal waters north of Cape Hatteras
and Inshore on various sands, mud, mussel,
and eelgrass bed type substrates

Adults The Continental Shelf from GOME to Cape
Hatteras, NC includes the following estuaries:
Cape Cod Bay to Long Island Sound; Gardiners
Bay to Hudson R./ Raritan Bay; Delaware Bay &
Inland Bays; & Chesapeake Bay

>7 >15 (2 -185) Wintering adults (November -
April) are usually offshore,
south of NY to NC

Dermersal waters north of Cape Hatteras
and Inshore estuaries (various substrate
types)

(spawn < 30m during inshore migration - May - Aug;
prey: small benthic inverts)

Spiny
Dogfish

Juveniles GOME through Cape Hatteras, NC across the
Continental Shelf; Continental Shelf waters
South of Cape Hatteras, NC through Florida; also
includes estuaries from Passamaquaddy Bay to
Saco Bay; Mass Bay & Cape Cod Bay

3 - 28 10-390 Continental Shelf waters and estuaries

Adults GOME through Cape Hatteras, NC across the
Continental Shelf;Continental Shelf waters South
of Cape Hatteras, NC through Florida; also
includes estuaries from Passamaquaddy Bay to
Saco Bay; Mass Bay & Cape Cod Bay

3 - 28 (30 - 32) 10-450 Continental Shelf waters and estuaries (major prey: crabs, eels, small fish)
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Summer
flounder

Eggs Over Continental Shelf from GOME to Cape
Hatteras, NC; South of Cape Hatteras to Florida

30-70 fall;
110
winter;
9-30
spring

October to May Pelagic waters , heaviest concentrations
within 9miles of shore off NJ and NY

Larvae Over Continental Shelf from GOME to Cape
Hatteras, NC; South of Cape Hatteras to Florida;
also includes estuaries from Waquoit Bay to
Narragansett Bay; Hudson River/ Raritan Bay;
Barnegat Bay, Chesapeake Bay, Rappahannock
R., York R., James R., Albemarie Sound, Pamlico
Sound, Neuse R. to Indian R.

(9 - 12) (23-33)
Fresh in
Hudson
R. Raritan
Bay area

10-70 mid-Atlantic Bight from Sept.
to Feb.; Southern part from
Nov. to May at depths 9-30m

Pelagic waters, larvae most abundant 19 -
83km from shore; Southern areas 12 - 52
miles from shore

(high use of tidal creeks and creek mouths)

Juveniles Over Continental Shelf from GOME to Cape
Hatteras, NC; South of Cape Hatteras to Florida;
also includes  estuaries from Waquoit Bay to
James R.; Albemarie Sound to Indian R.

>11 10 -30
Fresh in
Narrag.
Bay,
Albem/
Pamlico
Sound, &
St. Johns
R.

(0.5-5) in
estuary

Demersal waters, muddy substrate but
prefer mostly sand; found in the lower
estuaries in flats, channels, salt marsh
creeks, and eelgrass beds

HAPC - All native species of macroalgae, seagrasses
and freshwater and tidal macrophytes in any size
bed as well as loose aggregations, within adult and
juvenile EFH.
(Major prey: mysid shrimp)

Adults Over Continental Shelf from GOME to Cape
Hatteras, NC; South of Cape Hatteras to Florida;
also includes  estuaries from Buzzards Bay,
Narragansett Bay, Conn. R. to James R.;
Albemarie Sound to Broad R.; St. Johns R., &
Indian R.

Fresh in
Albemarie
Sound,
Pamlico
Sound, &
St. Johns
R.

(0 - 25) Inhabit shallow coastal and
estuarine waters during
warmer months and move
offshore on outer Continental
Shelf at depths of 150m in
colder months

Demersal waters and estuaries HAPC - All native species of macroalgae, seagrasses
and freshwater and tidal macrophytes in any size
bed as well as loose aggregations, within adult and
juvenile EFH.
(Major prey: fish, shrimp, squid, polychaetes)

Surf
clams

Juveniles Eastern edge of GB and the GOME throughout
Atlantic EEZ

(2-30) 0 -60 ,
low

density
beyond

38

Throughout substrate to a depth of three
feet within federal waters. (Burrow in med.
To coarse sand and gravel substrates. Also
found in silty to fine sand, not in mud)

Adults Eastern edge of GB and the GOME throughout
Atlantic EEZ

(2-30) 0 -60 ,
low
density
beyond
38

(spawn-summer to fall at 19 -
30 oC)

Throughout substrate to a depth of three
feet within federal waters

Tilefish Eggs US Canadian Boundary to VA/NC boundary
(shelf break; GB to Cape Hatteras)

8 - 19 (34 - 36) 76-365 (Serial spawning March -
November; peaks April -
October)

Water column

Larvae US Canadian Boundary to VA/NC boundary
Outer continental shelf; (GB to Cape Hatteras)

8 - 19 (33 - 35) 76-365 (Feb - Oct; peaks July - Oct) Water column
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ecological information.           Definitions: GOME - Gulf of Maine; GB - George’s Bank; HAPC - Habitat Area of Particular Concern; YOY - Young-of-Year        Please note: This Table does not contain EFH info on Highly Migratory Species (sharks, tunas, billfish). Page 14

Juveniles US Canadian Boundary to VA/NC boundary
(shelf break, submarine canyon walls and
flanks; GB to Cape Hatteras)

8 - 18 (33 - 36) 76-365 (All year; may leave GB in
winter)

Rough bottom, small burrows, and sheltered
areas.  (Substrate - rocky, stiff clay, human
debris)

(Tilefish are shelter-seeking and habitat limited). 
HAPC is substrate between the 76 and 365m isobath,
from U.S. / Canadian Boundary to the Virginia / North
Carolina boundary within statistical areas 616 and
537 (intersection of isobaths east of Cape May, NJ
and south of Provincetown, MA)

Adults US Canadian Boundary to VA/NC boundary
(shelf break, submarine canyon walls and
flanks; GB to Cape Hatteras)

8 - 18 (33 - 36) 76-365 (All year; may leave GB in
winter)

Rough bottom, small burrows, and sheltered
areas. (Substrate - rocky exposed ledges,
stiff clay)

 HAPC is substrate between the 250 and 1200 ft
isobath, from U.S. / Canadian Boundary to the Virginia
/ North Carolina boundary within statistical areas 616
and 537 (intersection of isobaths east of Cape May,
NJ and south of Provincetown, MA) (prey:
crustaceans, fish, decapods, benthic epifauna)

Red drum Larvae Along the Atlantic coast from Virginia through
the Florida Keys

2 - 33 Low
salinity

<50 Estuarine wetlands especially important    
Flooded saltmarshes, brackish marsh, tidal
creeks, mangrove fringe, seagrasses

Red drum are euryhaline

Juveniles Along the Atlantic coast from Virginia through
the Florida Keys

2 - 33 20 - 40 <50 Found throughout
Chesapeake Bay from Sept. -
Nov.

Utilize shallow backwaters of estuaries as
nursery areas and remain till they move to
deeper water portions of the estuary
associated with river mouths, oyster bars
and front beaches

Red drum are eurythermal and larger juveniles and
Adults more susceptible to effects of winter cold
waves than small fish

Adults Along the Atlantic coast from Virginia through
the Florida Keys

2 - 33 20 - 40 <50 Found in Chesapeake in
Spring and Fall and also along
Eastern Shore of VA

Concentrate around inlets, shoals, capes
along the Atlantic coast - Shallow bay
bottoms or oyster reef substrate preferred. 
Also nearshore artificial reefs.

HAPCs for red drum include all coastal inlets, all
state-designated nursery habitats of particular
importance to red drum (NC - all Primary and
Secondary Nursery Areas), SAV extremely
important, barrier islands in NC, SC, GA, FL and
passes between barrier islands into estuaries

Spanish
mackerel

South Atlantic and Mid-Atlantic Bights >20 >30 Sandy shoals of capes and offshore bars,
high profile rock bottoms and barrier island
ocean side waters from surf zone to shelf
break but from the Gulf Stream shoreward;

All coastal inlets

Cobia South Atlantic and Mid-Atlantic Bights >20 >25 Sandy shoals of capes and offshore bars,
high profile rock bottoms and barrier island
ocean side waters from surf zone to shelf
break but from the Gulf Stream shoreward;
high salinity bays, estuaries, seagrass
habitat.

All coastal inlets

King
mackerel

South Atlantic and Mid-Atlantic Bights >20 >30 Sandy shoals of capes and offshore bars,
high profile rock bottoms and barrier island
ocean side waters from surf zone to shelf
break but from the Gulf Stream shoreward;

All coastal inlets

Golden
crab

Chesapeake Bay to the south through the Florida
Straight (and into Gulf of Mexico) 

290-570 (Gulf Stream EFH because it
helps to disperse golden crab
larvae)

Flat foraminifera ooze, distinct mounds of
dead coral, ripple habitat, dunes, black
pebble habitat, low outcrop, and soft
bioturbated habitat
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Coastal Migratory Pelagics 

King Mackerel (Scomberomorus cavalla) 

Spanish Mackerel (Scomberomorus maculatus) 

Cobia (Rachycentron canadum) 

Essential Fish Habitat (EFH) for Coastal Migratory Pelagics: 

Essential fish habitat for coastal migratory pelagic species includes sandy shoals of capes and offshore bars, high profile rocky bottom and 
barrier island ocean-side waters, from the surf to the shelf break zone, but from the Gulf Stream shoreward, including Sargassum. In addition, 
all coastal inlets, all state-designated nursery habitats of particular importance to coastal migratory pelagics. 

For cobia, essential fish habitat also includes high salinity bays, estuaries, and seagrass habitat. In addition the Gulf Stream is an essential fish 
habitat because it provides a mechanism to disperse coastal migratory pelagic larvae. 

For king, Spanish mackerel and cobia, essential fish habitat occurs in the South Atlantic and Mid-Atlantic Bights. 
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Sandbar shark (Carcharhinus plumbeus)

Essential Fish Habitat (EFH) for Sandbar Shark: 

 
 

Neonates/early juveniles (90 cm): Shallow coastal areas to the 25 m isobath from Montauk, Long Island, NY at 72� W, south to Cape 
Canaveral, FL at 80.5� W(all year); nursery areas in shallow coastal waters from Great Bay, NJ to Cape Canaveral, FL, especially 
Delaware and Chesapeake Bays (seasonal-summer); also shallow coastal waters to up to a depth of 50 m on the west coast of Florida 
and the Florida Keys from Key Largo at 80.5� W north to south of Cape San Blas, FL at 85.25� W. Typical parameters: salinity-
greater than 22 ppt; temperatures-greater than 21� C.  
 
Late juveniles/subadults (91 to 179 cm): Offshore southern New England and Long Island, all waters, coastal and pelagic, north of 
40� N and west of 70� W; also, south of 40� N at Barnegat Inlet, NJ, to Cape Canaveral, FL (27.5� N), shallow coastal areas to the 
25 m isobath; also, in the winter, from 39� N to 36� N, in the Mid-Atlantic Bight, at the shelf break, benthic areas between the 100 
and 200 m isobaths; also, on the west coast of Florida, from shallow coastal waters to the 50 m isobath, from Florida Bay and the Keys 
at Key Largo north to Cape San Blas, FL at 85.5� W.  
 
Adults (180 cm): On the east coast of the United States, shallow coastal areas from the coast to the 50 m isobath from Nantucket, MA, 
south to Miami, FL; also, shallow coastal areas from the coast to the 100 m isobath around peninsular Florida to the Florida panhandle 
at 85.5� W, near Cape San Blas, FL including the Keys and saline portions of Florida Bay.  
 

� Habitat Areas of Particular Concern: Important nursery and pupping grounds have been identified in shallow areas and the mouth of 
Great Bay, NJ, lower and middle Delaware Bay, lower Chesapeake Bay, MD and near the Outer Banks, NC, in areas of Pamlico Sound 
adjacent to Hatteras and Ocracoke Islands and offshore those islands.

Page 1 of 1
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

This report describes the methods used to collect
various data which have been utilized in the Northeast
Fisheries Science Center Essential Fish Habitat (EFH)
Source Documents to describe the life history and habitat
characteristics of federally-managed species within the
northeastern United States.  These documents employ data
which were collected in surveys by the Northeast Fisheries
Science Center (NEFSC) and several New England and
Middle Atlantic states, as well as other agencies.  This
report summarizes data collection methods for the food
habits database, egg and larval surveys (presented north to
south), and juvenile and adult surveys (NEFSC surveys,
then other surveys north to south).

Geographic locations discussed in the EFH source
documents are presented in Figures 1-4 (respectively,
northeast U.S. and contiguous Canadian waters; larger
scale of coastal New England and Georges Bank to Bay of
Fundy; more northern Canadian waters; and South
Atlantic Bight).

NEFSC FOOD HABITS DATABASE

Feeding ecology data are available from samples
collected by the Food Web Dynamics Program during
NEFSC Bottom Trawl Surveys from 1973-1990.  This
database contains over 123,000 stomach samples from
174 species of fish and squid.  Diet summaries of species
collected during the surveys were analyzed separately for
the 1973-1980 and 1981-1990 time periods due to
differences in stomach analyses and data processing.

During 1973-1980, stomach samples were preserved
and processed in the laboratory.  Prey weights were
recorded to the nearest 0.01 g.  During 1981-1990,
stomach samples were processed at sea, and prey volumes
were visually estimated to the nearest 0.1 cc.  For prey
without calcareous shells, there is an approximately 1:1
relationship between prey weight (mg) and volume (ml);
for shelled prey, the weight:volume ratio exceeds unity
(Steimle et al. 1994).  The differences in prey
identification and prey measurements make comparisons
between 1973-1980 and 1981-1990 data difficult.
Invertebrate prey were identified more accurately, and to
lower taxonomic levels, in the laboratory-processed
samples (1973-1980).  In contrast, fish prey were more
accurately identified to species, while most invertebrates
were identified only to higher taxonomic levels, in the
field-processed samples (1981-1990).  Consequently,
comparisons between the two periods are biased by
differences in the level of identification.

EGG AND LARVAL SURVEYS

NEFSC MARMAP SURVEYS

The NEFSC Marine Resources Monitoring,
Assessment and Prediction program (MARMAP) sampled
fish eggs and larvae on monthly to bimonthly surveys
from Cape Hatteras, NC, to Cape Sable, NS, from 1977
through 1987 (Sibunka and Silverman 1984, 1989).
Sampling concentrated on the continental shelf, in depths
≥ 8 m, but stations as deep as 2,476 m were sampled.  A
total of 81 surveys were made.  Dates and numbers of
tows for each survey for which data are available are
listed in Tables 1 and 2 for eggs and larvae, respectively.
Less data are available for eggs than for larvae because
egg samples from 1977 and two later cruises (cruises 1-11
and 51-52 in Table 2) were destroyed in a fire.  Overall
sampling effort (all surveys combined) for eggs and larvae
is shown in Figure 5.  Sampling effort by month (all years
combined) is shown in Figures 6 and 7.

Sampling was conducted with 61 cm diameter
"bongo" plankton samplers with 0.333 and 0.555 mm
mesh nets; they were fished to a maximum depth of 200
m, or to within 5 m of the seabed.  Towing wire was paid
out at 50 m/min and retrieved at 20 m/min.  Vessel speed
was adjusted between 1 and 2 knots to maintain a 45o

angle in the tow wire.  Digital flowmeters were used to
determine volumes of water filtered.  Catches were
multiplied by a "haul factor" for conversion to densities
per 10 m2 of sea surface, where:

maximum sampling depthHaul factor =
(net mouth area) x (flowmeter

revolutions) x (flowmeter calibration)

Depths were determined with an electronic meter
block; a mechanical time depth recorder was also used
beginning in 1982.  Surface temperatures were measured
with a stem thermometer in a bucket sample.  Subsurface
temperatures were measured with reversing thermometers
on a string of Niskin water samplers set at specific water
depths, and with expendable bathythermographs (XBTs).
Beginning in 1987, hydrographic measurements were
made using a Seabird conductivity, temperature, and
depth (CTD) instrument.

SOUTH ATLANTIC BIGHT
MARMAP

From 1973-1980, the South Carolina Marine
Resources Research Institute conducted ichthyoplankton
surveys throughout the South Atlantic Bight (SAB)
(Powles and Stender 1976; Collins and Stender 1987).
The studies were sponsored by the National Marine
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Fisheries Service (NMFS) MARMAP Program Office.  A
total of 1,163 samples were taken from Cape Hatteras, NC
to Cape Canaveral, FL, in depths ranging from 9-3,490 m.
Locations of all collections are shown in Figure 8.

Two types of gear were used for neuston collections:
a 1.0 x 0.5 m neuston net with 505 micron mesh, and a 2.0
x 1.0 m net with 947 micron mesh.  Both nets were towed
half-submerged.  Samples were also taken with a bongo
frame with 0.6 m diameter nets (333 and 505 micron
mesh; only the latter samples were sorted for
ichthyoplankton).  All bongo tows were double oblique
from 0 to ≤ 200 m depths.  A total of 533 neuston tows
and 500 bongo tows were taken over the duration of the
study.  Samples were preserved at sea and sorted in the
laboratory under dissecting microscopes.  No data were
available for distribution/abundance of eggs.  Larval
abundance data were converted to numbers per 10 m2 via
the same calculations used for NEFSC MARMAP data.

JUVENILE AND ADULT SURVEYS

NEFSC BOTTOM TRAWL
SURVEYS

Seasonal distributions of adult and juvenile fish were
determined from the NEFSC bottom-trawl survey catch
data.  Surveys have been conducted in the fall since 1963
and in the spring since 1968; seasonal surveys have also
been conducted in summer and winter on an intermittent
basis (Table 3a-d).  Temporal coverage of the surveys has
changed through time; e.g., recent fall cruises have tended
to occur earlier in the year (Figure 9).  The general pattern
of spring and fall surveys is typically south to north,
beginning in central to southern portions of the Middle
Atlantic Bight, followed by southern New England-
Nantucket Shoals, Georges Bank, and finally the Gulf of
Maine and Scotian Shelf.  Trawl stations were selected in
a stratified random design that provides unbiased
estimates of fish availability to the trawl gear in relation to
the distribution of species.  Strata were defined based on
water depth, latitude, and historical fishing patterns.
Within each stratum, stations were assigned randomly for
each survey; the number of stations allotted to a stratum
was in proportion to its area.  A minimum of two stations
was assigned to small strata for the calculation of means
and variances. Station allotments were approximately one
station per 200 n mi2.

The surveys were conducted in depths from 27 m to
366 m; however, greater depths were occasionally
sampled in canyons along the continental shelf break.  At
each station, the total catch was sorted by species, and the
catch of each species was weighed (to the nearest 0.1 kg)
and measured (to the nearest cm); very large catches were
subsampled.  Geographic location, depth, and
hydrographic data were also collected at each station.  A

complete description and evaluation of the bottom trawl
survey program, including routine sampling protocols, can
be found in Grosslein (1969), Azarovitz (1981), and
Northeast Fisheries Science Center (1988).  Geographic
coverage of the NEFSC bottom-trawl surveys by season is
shown in Figure 10.

Efforts have been made to maintain a standard trawl
time series for over three decades.  However, changes to
the vessels, trawls, and trawl doors have been inevitable.
To examine the effects of these changes to the survey, a
series of gear comparison experiments was conducted; the
data used in the EFH source documents reflects a
standardization of these data.

Vessels

Three vessels have been used throughout the time
series to conduct the surveys: the NOAA R/V Albatross
IV, the R/V Delaware II, and the R/V Atlantic Twin (Table
3).  The Albatross IV has been the primary vessel used in
the survey with the Delaware II used during periods when
the Albatross IV was unavailable.  A series of vessel
comparison cruises was conducted during 1981-1982 and
1986-1988 to evaluate the relative catchability of these
vessels and to calculate fishing power (vessel conversion)
coefficients (Table 4) (Byrne and Forrester 1991a).

During 1972-1975, the R/V Atlantic Twin was used to
conduct inshore surveys primarily in the southern New
England-Middle Atlantic area.  There are no data
available to examine the relative catchability of this vessel
in comparison to the Albatross IV; therefore, the catch
data from these surveys were not adjusted.

Trawls

Offshore surveys (depths greater than 27 m)
conducted in the fall have used a #36 Yankee bottom
trawl rigged with 41 cm rollers and a 1.25 cm (stretched
mesh) cod end and towed at 1.8 m/s (= 6.5 km/h or
approximately 3.7 kn) for 30 minutes at each station
throughout the time series (see Table 3).  The #36 Yankee
trawl was also used during the 1968-1972 and 1982-1996
offshore spring surveys, but was replaced by a larger,
high-opening #41 Yankee trawl during 1973-1981 in an
effort to increase the fishing power for pelagic species.

Inshore surveys (depths less than 27 m) during 1972-
1975 on the R/V Atlantic Twin were conducted with a
modified 3/4 #36 Yankee trawl; all others used a standard
#36 Yankee trawl.  During 1976-1981, the #36 and #41
trawls were used inshore in the fall and spring,
respectively.  Surveys conducted in the summer used a
#36 Yankee trawl throughout the series.  A variety of
trawls have been used during winter surveys including the
#36 trawl (1964-1966, 1981), the #41 trawl (1972 and
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1978), and a #36 trawl fitted with a chain sweep covered
by rubber disks and 30 fathom ground cables designed to
be more efficient in monitoring flounders (1992-1997).

An analysis of the differential catchability of the #36
and #41 Yankee trawls was conducted during gear
comparison cruises in 1973-1975 and the calculation of
trawl gear conversion coefficients for those nets (Table 4)
was made by Sissenwine and Bowman (1978).  No other
trawl conversion factors are available.

Trawl Doors

During 1963-1984, the standard trawl doors used
during the surveys were oval, wood/steel combination
doors manufactured by the A.S. Bergens Mekaniske
Versteder Co. (BMV) of Norway.  These doors were used
with both the #36 and #41 Yankee trawls with minimal
modifications during this period.  However, production of
these doors ceased in 1983 and all-steel polyvalent doors
manufactured by the Euronete Co. of Portugal were
chosen to replace the BMV doors.  In 1985, the
polyvalent doors were placed in service as the standard
survey door.  An analysis of the differential catchability of
the trawl doors was conducted using data collected from
cruises in 1984, 1986-1987, and 1990-1991 and the
calculation of trawl door conversion coefficients (Table 4)
was made by Byrne and Forrester (1991b).  To the extent
possible, bottom trawl survey data were adjusted to reflect
the following standard gear configuration:

vessel: R/V Albatross IV
trawl: #36 Yankee
trawl doors: Polyvalent.

Table 4 contains conversion coefficients for those
species that had significantly different catch rates (in
numbers) at the 0.05 level for each of the major gear
changes in the survey.  Catch data (in numbers) from each
of the surveys were adjusted using these conversion
factors on a station-by-station basis to provide a
standardized set of data.  Adjusted catches by species and
survey were separated into juveniles and adults utilizing
estimated lengths at 50% maturity (L50) [O’Brien et al.
(1993) for all species except the following: Marques da
Silva (1993) (spiny dogfish); Almeida et al. (1995)
(goosefish); and Hendrickson et al. (1996) (northern
shortfin squid)].  The L50 values used were those
calculated for females averaged over stock areas.  The
smallest adult lengths are the L50 values rounded to the
nearest whole cm (Table 4).  Total numbers-at-length data
for each life stage were summed by station and plots of
relative abundance by station generated for the spring and
fall time series.  Due to the variability in area covered and
gears used during winter and summer surveys, distribution
maps are presented as dot plots of presence/absence for

each life stage.

NEFSC SEA SCALLOP
SURVEYS

Sea scallop surveys by the NEFSC began in 1975 and
have been conducted annually since 1977 (Table 5).
Consistency of sampling dates and methods is greatest for
the period 1982-1997, so this is the period for which data
are presented.  The surveys were designed to monitor the
distribution, abundance, and recruitment patterns of the
sea scallop resource in US offshore waters from Cape
Hatteras, NC to Georges Bank (Figure 11).  Sampling
stations were selected using a stratified random design
where strata were defined based on water depth and
latitude.  Within each stratum, stations were assigned
randomly; the number of stations allotted to a stratum was
proportional to its area.  In selected strata in which
commercial fishing activity or known concentrations of
sea scallops were present, additional stations were
randomly assigned prior to the survey to increase the
precision of the abundance estimates for those strata.

The primary vessel used to conduct the survey
throughout the series was the R/V Albatross IV; however,
the R/V Delaware II (1978 only), R/V Chapman (1989
only), and R/V Oregon II (1989-1993) were also used
during the series.  Since 1979, the surveys have used a
2.44 m (8 ft) wide commercial sea scallop dredge with a
5.1 cm (2 in) ring bag and a 3.8 cm (1.5 in) mesh liner.
The dredge was towed at 3.5 kn (~6.1 km/h) for 15 min at
each station throughout the time series (Table 5).

The 1975 survey was conducted using transect
sampling.  Prior to 1979, a 3.05 m (10 ft) unlined dredge
and different sampling strata were used.  Data collected
during these surveys have been standardized to the current
gear configuration and stratification scheme [see Serchuk
et al. (1982) for details].  In 1989, the sampling strata set
was revised and strata with consistently low catch levels
were eliminated (Wigley and Serchuk 1996).  This
resulted in slightly reduced spatial coverage, but increased
precision in abundance estimates.  Data from all prior
surveys were post-stratified to conform to the current
stratification scheme.

At each station, the total catch was sorted into
biological and trash components.  Live scallops collected
at each station were counted and shell height
measurements taken by 5 mm intervals.  The bycatch of
selected species was also enumerated and measured to the
nearest centimeter and trash was measured by volume.
Geographic location, depth, and hydrographic data were
also collected at each station.  A description of the survey
program, including routine sampling protocols, can be
found in Serchuk and Smolowitz (1980), Serchuk et al.
(1979), Serchuk et al. (1982), and Wigley and Serchuk
(1996).  Total numbers-at-length data were summed by
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station and plots of sea scallop abundance by station were
generated for the time series.

NEFSC ATLANTIC SURFCLAM/
OCEAN QUAHOG SURVEYS

The NEFSC conducted a total of 23 surveys during
1965-1997 to monitor and evaluate the distribution,
abundance, and size composition of Atlantic surfclam and
ocean quahog populations off the northeast coast between
Cape Hatteras, NC and the Scotian Shelf.  The survey was
initially designed to monitor the surfclam population;
however, as the ocean quahog industry grew, the survey
was expanded to monitor that species as well.  Prior to
1976, the surveys were conducted intermittently; annual
surveys were conducted during 1976-1984, and at least
every third year since 1986 (Table 6).  Overall geographic
coverage of all surveys combined is shown in Figure 12.
During the earliest years of the survey, sampling stations
were selected based on a grid-type design with stations
spaced at approximate 10 nm intervals along latitude-
longitude or LORAN lines.  In 1978, the station selection
method was modified to a stratified random design with
strata defined primarily by depth and bottom type (the
pre-1978 data have been post-stratified to conform to the
stratified random design).  Within each stratum, stations
were assigned randomly; the number of stations allotted to
a stratum was proportional to its area. In selected strata in
which either commercial fishing activity or clam
concentrations were known to occur, additional stations
were randomly assigned prior to the survey to increase the
precision of the abundance estimates in those strata.

The primary vessel used throughout the time series
was the R/V Delaware II; however, the R/V Albatross IV
(1966 and 1969) and R/V Undaunted (1965 only) were
also used.  Changes to the survey gear have included
modifications to the dredge pump type, dredge width, and
mesh size (Table 6).  Since limited comparative gear
testing occurred prior to some of the changes, and
multiple changes were made sometimes simultaneously, it
is difficult to calculate standardization coefficients from
the survey data.  The major change to the survey gear was
the conversion from a 122 cm (48 in) width dredge with a
surface supplied pump to a 152 cm (60 in) dredge with an
electrohydraulic submersible pump in 1979 (Smolowitz
and Nulk 1982).  There are no data available to evaluate
the effect of these changes to the gear.  In addition to the
pump and width changes, the mesh opening of the dredge
changed from 1.91 cm to 5.08 cm over a period of three
years (1978-1980).  Limited data are available to evaluate
effects of the changes in mesh on ocean quahog
collections, but no data are available to evaluate effects of
the changes on surfclam catch.  No major changes have
been made to the survey gear or methods since 1980, with
the exception of a change in the vessel winch and the

addition of a grate on the front of the dredge during the
onboard wash of the catch (possibly increasing the
retention of small clams) in 1997.

The dredge was towed at 1.5 knots (~2.6 km/h) for 5
min at each station throughout the time series (Table 6).
At each station, the catch was sorted to species, and
subsamples of surfclam and ocean quahog were measured
to determine the size distribution of the catch.  The total
meat weight of the clams collected at each station was
computed from length-weight equations (Murawski and
Serchuk 1989; Northeast Fisheries Science Center 1998).
Geographic location, depth, and hydrographic data were
also collected at each station.  A description of the survey
program, including routine sampling protocols, can be
found in Murawski (1981), Murawski and Serchuk
(1989), Smolowitz and Nulk (1982), and Northeast
Fisheries Science Center (1996).

During the 1997 survey, the performance of the
survey gear was evaluated with bottom contact sensors,
angle indicator (to determine when the dredge was
fishing), pressure and depth sensors, GPS to determine
ship speed and location, and video.  The results indicated
that the efficiency of the dredge gear was similar in 1997
to that in 1992 and different than in 1994.  A complete
description of this analysis is available in Northeast
Fisheries Science Center (1998).

MASSACHUSETTS BOTTOM
TRAWL SURVEYS

The Massachusetts Division of Marine Fisheries
(MA-DMF) has conducted a series of standardized bottom
trawl surveys in Massachusetts and adjacent coastal
waters, including all of Buzzards Bay, Nantucket Sound
and Cape Cod Bay, and the southwestern Gulf of Maine,
during the spring and fall since 1978 (Table 7a, b).  The
surveys were designed to determine factors affecting the
distribution and abundance of a broad suite of finfish and
invertebrate species.  The stations sampled are included in
distribution/abundance figure in each source document.
Trawl stations were selected using a stratified random
design and sampling protocols were identical to those
followed during NEFSC surveys.  Sampling density was
one station per 19 n. mi2.  At each station, the total catch
was sorted by species, and the catch of each species
weighed (to the nearest 0.1 kg) and measured (to the
nearest cm).  Geographic location, depth, and
hydrographic data were also collected at each station.  A
complete description and evaluation of the bottom trawl
survey program, including routine sampling protocols, can
be found in Howe et al. (1997).

Two vessels have been used to conduct the surveys;
the R/V Francis Elizabeth during 1978-1981, and the
NOAA R/V Gloria Michelle from 1982 to the present.
Vessel comparison experiments were not conducted to
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evaluate the relative catchability of these ships, so the data
have not been standardized.  The surveys used a 3/4 North
Atlantic-type two seam (Whiting) trawl rigged with a
9-cm rubber disc chain sweep and 1.25 cm (stretched
mesh) cod end towed at 2.5 kn (~4.4 km/h) for 20 min at
each station throughout the time series (Table 7a, b).
Stations were occupied during daylight hours only.  Catch
data (in numbers) were divided into juveniles and adults
by species using the methods described for the NEFSC
survey data.

RHODE ISLAND NARRAGANSETT
BAY TRAWL SURVEYS

A monthly bottom trawl survey of 12 fixed stations in
and just outside Narragansett Bay (Figure 13) by the
Rhode Island Division of Fish and Wildlife began in
January 1990 (Lynch 1998).  A 13th station was added in
1992.  The 12.8 m R/V Thomas J. Wright was used for
sampling.  Tows were made with a 3/4 scale high rise
otter trawl with 11.9 m headrope, 16.5 m footrope, and
mesh sizes (stretch) 10.2 cm below gore on wing, 11.4 cm
at top of net above gore, 6.4 cm at top of belly, 5.1 cm at
bottom of belly, 2.5 cm codend, and 0.95 cm codend liner.
Trawl doors were wooden, 0.6 x 1.2 m, and located 14 m
ahead of the wings.  Tows were 20 min at 2.5 kn (~4.4
km/h).  Catches were sorted by species.  Numbers, lengths
(nearest cm) and total weight were recorded for all
species.  Data presented are means of the three monthly
tows per station per season for seven years of sampling
(1990-1996).  Depth and surface and bottom water
temperature were recorded at all stations.

CONNECTICUT LONG ISLAND
SOUND TRAWL SURVEYS

This survey by the Connecticut Department of
Environmental Protection covered Long Island Sound
waters in both CT and NY, from longitude 72o03’ to
73o39’, in depths of 5-46 m (Connecticut Department of
Environmental Protection 1997).  The data which are
utilized in the source documents are from 1992 through
1997 sampling, and have been divided into spring and fall
sampling periods.  Typically, spring sampling consisted of
40 sites sampled monthly during April-June, and fall
sampling was 40 sites/month in September and October.
In 1992 there was no April sampling, and in 1993 and
1994 another 40 site cruise was added in November.
Overall sampling effort for spring and fall sampling is
shown in Figure 14.

The sampling design was stratified random.  The
study area was divided into 1.85 x 3.7 km (1 x 2 nautical
mile) strata based on depth and bottom type.  Sites were
selected randomly from within each stratum, with the

number of sites based on stratum size (minimum two sites
per stratum).  All samples were taken from the 15.2 m
R/V John Dempsey.  Sampling was done with a Wilcox
14 m high-rise otter trawl with 9.1 m headrope, 14.0 m
footrope, 102 mm mesh trawl body and 51 mm mesh cod
end.  Trawl doors were steel "V" type, 1.2 m long x 0.8 m
high, weighing 91 kg.  Tows were 30 minutes at 3.5 kn
(~6.1 km/h).  Catches were sorted by species, all finfish
and squid were counted, and total weight per species was
determined with a model 8100 Doran scale.  Subsamples
(minimum 30 individuals) of squid and selected finfish
species were measured to the centimeter (lengths rounded
down).  Measurements were made only on catches from
selected tows (e.g., the first 3 tows of the day), and were
not made on catches in all months of all years.  Therefore,
available length data from 1992-1997 was augmented with
earlier data.  Histograms showing seasonal length
frequencies represent lengths typically encountered in
spring and fall based on both a subset of 1992-1997
catches and on earlier data.  Temperature and salinity
were measured 1 m below the surface and 0.5 m above
bottom, using a YSI model 33 S-C-T meter, before each
tow.

NEFSC HUDSON-RARITAN
TRAWL SURVEY

This survey used the same basic stratified random
sampling design as the NEFSC bottom trawl survey.  The
lower Hudson-Raritan Estuary was divided into six non-
channel and three channel strata, which in turn were
divided into 217 blocks (Figure 15).  Detailed
stratum/block information is provided in Wilk et al.
(1996); statistical descriptions of stratified random
sampling design can be found in Grosslein (1969),
Azarovitz (1981), and Northeast Fisheries Science Center
(1988).  The NOAA R/V Gloria Michelle was used for all
sampling.  Due to the vessel’s draft, only waters ≥ 3 m
deep were sampled.

The data utilized in the source documents are based
on monthly sampling from January 1992 through June
1997 (Figure 16), with the exception that no sampling was
conducted in May or September.  When possible, 40
blocks were sampled per month.  The seasonal data are
presented as averages of catches in spring (March-April),
summer (June-August), fall (October-November), and
winter (December-February) (Figure 16).  Fish and large
invertebrates were collected using an otter trawl with 8.5
m (28 ft) headrope, 10.4 m (34 ft) footrope, 102 mm (4 in)
mesh trawl body, and 35 mm (1.375 in) mesh cod end
liner.  Trawl doors weighed 36.3 kg (80 lb).  Tows were
10 min at ~3.7 km/hr (2 kn).  Loran C coordinates and/or
GPS positions, latitude, longitude, depth, and time were
recorded at the beginning and end of each tow.

All specimens of each species caught were
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collectively weighed to the nearest 0.1 kg and individually
measured to the nearest whole cm as follows.  Fish from
the snout to the end of the middle caudal ray (i.e., either
fork or total length depending on species); bivalves across
the widest point of the shell; and squid from the anterior
margin to the posterior end of the dorsal mantle.  Where
large catches required subsampling, an expansion factor
(weight of total catch/weight of subsample) was applied to
the number and length frequency of the total catch.  Catch
data was separated into juveniles and adults using the
same methods as described above for NEFSC survey data.

Hydrographic data were taken while drifting at each
station using a Hydrolab Surveyor 3 Display Logger and
H2O Multiprobe fitted with sensors for depth,
temperature, salinity and dissolved oxygen (the latter was
not measured before 1993).  The instrument was
calibrated before each cruise.  Bottom water observations
were taken at the end of each trawl station.

SEAMAP-SA BOTTOM
TRAWL SURVEYS

The Southeast Area Monitoring and Assessment
Program-South Atlantic (SEAMAP-SA) is an NMFS-
sponsored survey conducted by the South Carolina
Department of Natural Resources, Marine Resources
Division (SCMRD).  Data were available from trawl
surveys of coastal habitats between Cape Hatteras and
Cape Canaveral beginning in 1986, but data presented in
the source documents are for only 1990 through 1996,
when sampling was most consistent (Webster et al. 1990;
Beatty and Boylan 1997; SEAMAP-SA/SCMRD 1997).
Collections were made at randomly selected sites in
predefined strata.  During 1990-1996 the survey included
24 strata, each of which was divided into an inshore (4.6-
9.1 m depth) and offshore (9.1-18.2 m) stratum, for a total
of 48 strata (Figure 4).  The number of stations allotted to
a stratum was in proportion to its area, although in 1990-
1996 proportionally more samples were taken in the
inshore than the offshore strata.

The 22.9 m R/V Lady Lisa was used for sampling.
Trawls used were paired 22.9 m mongoose-type Falcon
trawls, with 91.4 m three-lead bridles attached to pairs of
3.0 m x 1.0 m wooden chain doors.  Headropes were 22.0
m and footropes 22.9 m.  Trawl bodies were constructed
of #15 twine and had 45 mm stretch mesh.  Cod ends were
#30 twine with 39 mm stretch mesh.  A tickler chain was
attached to each door.  Tows were 20 minutes long.  Fish
collected were counted, measured to the nearest cm, and
weighed by species to the nearest gram (except for very
large catches, which were subsampled).  Catch-per-tow
was defined as the combined catch from both paired nets.
Surface and bottom temperature, salinity and sampling
depth were recorded at each station.
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Table 1.  Dates and number of tows for each NEFSC MARMAP fish egg survey, 1978-1987.

Survey No. Tows Start Date End Date Survey No. Tows Start Date End Date
12 155 10/06/78 11/11/78 46 160 09/14/83 11/09/83
13 72 11/16/78 11/29/78 47 149 11/16/83 12/19/83
14 102 02/25/79 03/14/79 48 159 01/10/84 02/08/84
15 102 04/01/79 05/07/79 49 151 03/02/84 04/25/84
16 170 05/06/79 05/29/79 50 177 05/09/84 06/02/84
17 123 06/17/79 07/13/79 53 106 07/10/84 07/30/84
18 145 08/11/79 09/02/79 54 119 07/25/84 08/30/84
19 158 10/04/79 10/28/79 55 158 09/17/84 11/03/84
20 102 11/15/79 12/20/79 56 144 11/01/84 12/05/84
21 170 02/20/80 04/04/80 57 125 01/08/85 02/06/85
22 175 04/16/80 05/12/80 58 120 02/27/85 04/12/85
23 148 05/23/80 06/29/80 59 130 04/02/85 04/22/85
24 153 07/16/80 08/09/80 60 134 05/09/85 05/30/85
25 174 09/26/80 10/29/80 61 150 07/17/85 08/29/85
26 137 11/19/80 12/21/80 62 173 08/30/85 09/22/85
27 151 02/18/81 03/24/81 63 140 09/10/85 11/15/85
28 99 03/19/81 04/08/81 64 179 11/07/85 12/12/85
29 143 03/19/81 05/12/81 65 173 01/10/86 02/12/86
30 143 05/21/81 06/17/81 66 145 03/04/86 04/27/86
31 78 06/27/81 07/19/81 67 161 05/08/86 06/06/86
32 94 08/04/81 09/02/81 68 105 06/17/86 07/17/86
33 169 09/17/81 11/08/81 69 116 07/29/86 08/29/86
34 88 11/18/81 12/21/81 70 155 08/27/86 09/24/86
35 145 02/14/82 03/23/82 71 147 09/14/86 11/06/86
36 166 03/11/82 05/08/82 72 159 11/05/86 12/11/86
37 132 05/18/82 06/11/82 73 132 01/07/87 02/08/87
38 123 07/13/82 08/07/82 74 152 03/24/87 04/28/87
39 149 09/15/82 11/09/82 75 91 04/13/87 04/22/87
40 152 11/17/82 12/20/82 76 193 05/07/87 06/07/87
41 148 01/18/83 03/01/83 77 129 05/31/87 06/30/87
42 139 03/09/83 05/01/83 78 155 07/07/87 08/10/87
43 170 05/26/83 06/21/83 79 179 08/19/87 09/20/87
44 116 07/27/83 08/30/83 80 144 09/11/87 10/30/87
45 62 08/16/83 09/04/83 81 124 11/04/87 12/10/87
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Table 2.  Dates and number of tows for each NEFSC MARMAP larval fish survey, 1977-1987.

Survey No. Tows Start Date End Date Survey No. Tows Start Date End Date
1 183 02/13/77 04/08/77 41 153 01/18/83 03/01/83
2 189 03/04/77 04/22/77 42 139 03/09/83 05/01/83
3 189 04/14/77 05/13/77 43 176 05/26/83 06/21/83
4 205 05/18/77 06/22/77 44 117 07/27/83 08/30/83
5 160 07/30/77 08/30/77 45 62 08/16/83 09/04/83
6 142 10/18/77 11/09/77 46 165 09/14/83 11/09/83
7 90 11/13/77 12/13/77 47 151 11/16/83 12/19/83
8 166 02/16/78 03/17/78 48 160 01/10/84 02/08/84
9 172 04/18/78 05/23/78 49 156 03/02/84 04/25/84

10 148 06/24/78 07/16/78 50 178 05/09/84 06/02/84
11 152 08/12/78 09/04/78 51 41 06/17/84 06/24/84
12 155 10/06/78 11/11/78 52 68 07/04/84 07/18/84
13 74 11/16/78 11/29/78 53 107 07/10/84 07/30/84
14 102 02/25/79 03/14/79 54 119 07/25/84 08/30/84
15 106 04/01/79 05/07/79 55 158 09/17/84 11/03/84
16 170 05/06/79 05/29/79 56 144 11/01/84 12/05/84
17 123 06/17/79 07/13/79 57 125 01/08/85 02/06/85
18 146 08/11/79 09/02/79 58 120 02/27/85 04/12/85
19 160 10/04/79 10/28/79 59 130 04/02/85 04/22/85
20 103 11/15/79 12/20/79 60 134 05/09/85 05/30/85
21 171 02/20/80 04/04/80 61 150 07/17/85 08/29/85
22 175 04/16/80 05/12/80 62 173 08/30/85 09/22/85
23 148 05/23/80 06/29/80 63 140 09/10/85 11/15/85
24 153 07/16/80 08/09/80 64 179 11/07/85 12/12/85
25 174 09/26/80 10/29/80 65 173 01/10/86 02/12/86
26 137 11/19/80 12/21/80 66 145 03/04/86 04/27/86
27 152 02/18/81 03/24/81 67 161 05/08/86 06/06/86
28 99 03/19/81 04/08/81 68 105 06/17/86 07/17/86
29 144 03/19/81 05/12/81 69 116 07/29/86 08/29/86
30 145 05/21/81 06/17/81 70 155 08/27/86 09/24/86
31 78 06/27/81 07/19/81 71 147 09/14/86 11/06/86
32 96 08/04/81 09/02/81 72 159 11/05/86 12/11/86
33 169 09/17/81 11/08/81 73 133 01/07/87 02/08/87
34 88 11/18/81 12/21/81 74 151 03/24/87 04/28/87
35 145 02/14/82 03/23/82 75 90 04/13/87 04/22/87
36 166 03/11/82 05/08/82 76 193 05/07/87 06/07/87
37 132 05/18/82 06/11/82 77 129 05/31/87 06/30/87
38 124 07/13/82 08/07/82 78 155 07/07/87 08/10/87
39 151 09/15/82 11/09/82 79 179 08/19/87 09/20/87
40 152 11/17/82 12/20/82 80 144 09/11/87 10/30/87

81 124 11/04/87 12/10/87
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Table 3a.  NMFS NEFSC bottom trawl surveys conducted during the spring, 1968-1997.

Year Vessel Start Date End Date No. of
Stations

Trawl
Gear

Study Area

1968 Albatross IV 4-Mar-68 8-Apr-68 251 36 Yankee Scotian Shelf - Cape Hatteras
1969 Albatross IV 5-Mar-69 10 Apr 69 257 36 Yankee Scotian Shelf - Cape Hatteras
1970 Albatross IV 13-Mar-70 30-Apr-70 279 36 Yankee Scotian Shelf - Cape Hatteras
1971 Albatross IV 9-Mar-71 5-May-71 339 36 Yankee Scotian Shelf - Cape Hatteras
1972 Albatross IV 8-Mar-72 28-Apr-72 303 36 Yankee Gulf of Maine - Cape Hatteras
1973 Alb IV & AT 19-Mar-73 4-Jun-73 480 41 & 3/4

Yankee1
Scotian Shelf - Cape Hatteras

1974 Alb IV & AT 12-Mar-74 5-May-74 272 41 & 3/4
Yankee1

Scotian Shelf - So. Atlantic
Bight

1975 Alb IV & AT 14-Mar-75 12-May-75 303 41 & 3/4
Yankee1

Scotian Shelf - Cape Hatteras

1976 Alb IV & De II 3-Mar-76 8-May-76 374 41 Yankee Scotian Shelf - Cape Hatteras
1977 Alb IV & De II 19-Mar-77 20-May-77 351 41 Yankee Scotian Shelf - Cape Hatteras
1978 Albatross IV 20-Mar-78 26-May-78 388 41 Yankee Scotian Shelf - Cape Hatteras
1979 Alb IV & De II 20-Mar-79 12-May-79 470 41 Yankee Scotian Shelf - Cape Hatteras
1980 Alb IV & De II 16-Mar-80 16-May-80 434 41 Yankee Scotian Shelf - Cape Fear
1981 Delaware II 17-Mar-81 22-May-81 362 41 Yankee Scotian Shelf - Cape Fear
1982 Delaware II 8-Mar-82 8-May-82 379 36 Yankee Scotian Shelf - Cape Fear
1983 Albatross IV 7-Mar-83 6-May-83 375 36 Yankee Gulf of Maine - Cape Fear
1984 Albatross IV 29-Feb-84 27-Apr-84 374 36 Yankee Scotian Shelf - Cape Fear
1985 Albatross IV 25-Feb-85 13-Apr-85 362 36 Yankee Gulf of Maine - Cape Fear
1986 Albatross IV 3-Mar-86 27-Apr-86 361 36 Yankee Gulf of Maine - Cape Hatteras
1987 Alb IV & De II 23-Mar-87 5-May-87 334 36 Yankee Gulf of Maine - Cape Hatteras
1988 Albatross IV 5-Mar-88 21-Apr-88 314 36 Yankee Gulf of Maine - Cape Hatteras
1989 Delaware II 27-Feb-89 13-Apr-89 291 36 Yankee Gulf of Maine - Cape Hatteras
1990 Delaware II 5-Mar-90 18-Apr-90 311 36 Yankee Gulf of Maine - Cape Hatteras
1991 Delaware II 5-Mar-91 19-Apr-91 324 36 Yankee Gulf of Maine - Cape Hatteras
1992 Albatross IV 2-Mar-92 16-Apr-92 307 36 Yankee Gulf of Maine - Cape Hatteras
1993 Albatross IV 8-Mar-93 30-Apr-93 319 36 Yankee Gulf of Maine - Cape Hatteras
1994 Delaware II 28-Feb-94 27-Apr-94 326 36 Yankee Gulf of Maine - Cape Hatteras
1995 Albatross IV 7-Mar-95 27-Apr-95 325 36 Yankee Gulf of Maine - Cape Hatteras
1996 Albatross IV 6-Mar-96 29-Apr-96 335 36 Yankee Gulf of Maine - Cape Hatteras
1997 Albatross IV 3-Mar-97 23-Apr-97 327 36 Yankee Gulf of Maine - Cape Hatteras

1 #41 Yankee used by the Albatross IV; 3/4 Yankee used by the R/V Atlantic Twin.
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Table 3b.  NMFS NEFSC bottom trawl surveys conducted during the fall, 1963-1996.

Year Vessel Start Date End Date No. of
Stations

Trawl
Gear

Study Area

1963 Albatross IV 13-Nov-63 16-Dec-63 182 36 Yankee Scotian Shelf - Hudson Canyon
1964 Albatross IV 22-Oct-64 25-Nov-64 183 36 Yankee Scotian Shelf - Hudson Canyon
1965 Albatross IV 6-Oct-65 9-Nov-65 190 36 Yankee Scotian Shelf - Hudson Canyon
1966 Albatross IV 12-Oct-66 13-Nov-66 189 36 Yankee Scotian Shelf - Hudson Canyon
1967 Albatross IV 17-Oct-67 10-Dec-67 263 36 Yankee Scotian Shelf - Cape Hatteras
1968 Albatross IV 10-Oct-68 26-Nov-68 266 36 Yankee Scotian Shelf - Cape Hatteras
1969 Albatross IV 8-Oct-69 23-Nov-69 267 36 Yankee Scotian Shelf - Cape Hatteras
1970 Alb IV & De II 3-Sep-70 21-Nov-70 295 36 Yankee Scotian Shelf - Cape Hatteras
1971 Albatross IV 29-Sep-71 19-Nov-71 296 36 Yankee Scotian Shelf - Cape Hatteras
1972 Alb & De &

AT
28-Sep-72 5-Dec-72 455 36 & 3/4

Yankee2
Scotian Shelf - So. Atlantic
Bight

1973 Alb & De &
AT

26-Sep-73 20-Nov-73 417 36 & 3/4
Yankee2

Scotian Shelf - Cape Hatteras

1974 Alb IV & De II 23-Sep-74 10-Nov-74 371 36 Yankee Scotian Shelf - Cape Hatteras
1975 Alb IV & De II 15-Oct-75 7-Nov-75 387 36 Yankee Cape Cod - Cape Hatteras
1976 Albatross IV 28-Sep-76 23-Nov-76 340 36 Yankee Scotian Shelf - Cape Hatteras
1977 Delaware II 26-Sep-77 15-Dec-77 402 36 Yankee Scotian Shelf - Cape Hatteras
1978 Delaware II 6-Sep-78 22-Nov-78 533 36 Yankee Scotian Shelf - Cape Hatteras
1979 Alb IV & De II 12-Sep-79 19-Nov-79 565 36 Yankee Scotian Shelf - Cape Fear
1980 Delaware II 17-Sep-80 21-Nov-80 388 36 Yankee Scotian Shelf - Cape Fear
1981 Alb IV & De II 15-Sep-81 13-Nov-81 376 36 Yankee Scotian Shelf - Cape Fear
1982 Albatross IV 13-Sep-82 12-Nov-82 374 36 Yankee Scotian Shelf - Cape Fear
1983 Albatross IV 12-Sep-83 10-Nov-83 366 36 Yankee Scotian Shelf - Cape Fear
1984 Albatross IV 10-Sep-84 9-Nov-84 339 36 Yankee Gulf of Maine - Cape Hatteras
1985 Alb IV & De II 9-Sep-85 16-Nov-85 340 36 Yankee Scotian Shelf - Cape Hatteras
1986 Alb IV & De II 13-Sep-86 6-Nov-86 352 36 Yankee Gulf of Maine - Cape Hatteras
1987 Albatross IV 10-Sep-87 6-Nov-87 316 36 Yankee Gulf of Maine - Cape Hatteras
1988 Albatross IV 12-Sep-88 28-Oct-88 307 36 Yankee Gulf of Maine - Cape Hatteras
1989 Delaware II 11-Sep-89 2-Nov-89 320 36 Yankee Gulf of Maine - Cape Hatteras
1990 Delaware II 11-Sep-90 26-Oct-90 332 36 Yankee Gulf of Maine - Cape Hatteras
1991 Delaware II 9-Sep-91 25-Oct-91 327 36 Yankee Scotian Shelf - Cape Hatteras
1992 Albatross IV 8-Sep-92 28-Oct-92 324 36 Yankee Gulf of Maine - Cape Hatteras
1993 Delaware II 7-Sep-93 27-Oct-93 325 36 Yankee Gulf of Maine - Cape Hatteras
1994 Albatross IV 6-Sep-94 27-Oct-94 331 36 Yankee Gulf of Maine - Cape Hatteras
1995 Albatross IV 5-Sep-95 27-Oct-95 326 36 Yankee Gulf of Maine - Cape Hatteras
1996 Albatross IV 9-Sep-96 31-Oct-96 320 36 Yankee Gulf of Maine - Cape Hatteras

2 #36 Yankee used by the Albatross IV and Delaware II; 3/4 Yankee used by the R/V Atlantic Twin.
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Table 3c.  NMFS NEFSC bottom trawl surveys conducted during the summer 1963-1995.

Year Vessel Start Date End Date No. of
Stations

Trawl
Gear

Study Area

1963 Albatross IV 18-Jul-63 19-Aug-63 181 36 Yankee Scotian Shelf - Hudson Canyon
1964 Albatross IV 27-Jul-64 22-Aug-64 176 36 Yankee Scotian Shelf - Hudson Canyon
1965 Albatross IV 7-Jul-65 10-Aug-65 358 36 Yankee Scotian Shelf - Hudson Canyon
1969 Albatross IV 14-Jul-69 16-Aug-69 257 36 Yankee Scotian Shelf - Cape Hatteras
1977 Delaware II 27-Jul-77 31-Aug-77 291 36 Yankee Gulf of Maine - Cape Hatteras
1978 Alb IV & De II 25-Jul-78 11-Aug-78 302 36 Yankee Gulf of Maine - Cape Hatteras
1979 Alb IV & De II 25-Jul-79 31-Aug-79 272 36 Yankee Gulf of Maine - Cape Fear
1980 Alb IV & De II 11-Jul-80 22-Aug-80 297 36 Yankee Gulf of Maine - Cape Fear
1991 Delaware II 22-Jul-91 2-Aug-91 6 36 Yankee Gulf of Maine
1993 Delaware II 20-Jul-93 6-Aug-93 70 36 Yankee Gulf of Maine
1994 Albatross IV 26-Jul-94 5-Aug-94 28 36 Yankee Gulf of Maine
1995 Albatross IV 14-Aug-95 25-Aug-95 38 36 Yankee Gulf of Maine

Table 3d.  NMFS NEFSC bottom trawl surveys conducted during the winter 1964-1997.

Year Vessel Start Date End Date No. of
Stations

Trawl
Gear

Study Area

1964 Albatross IV 16-Jan-64 15-Feb-64 194 36 Yankee Scotian Shelf - Hudson Canyon
1965 Albatross IV 1-Feb-65 2-Mar-65 177 36 Yankee Scotian Shelf - Hudson Canyon
1966 Albatross IV 18-Jan-66 23-Feb-66 187 36 Yankee Scotian Shelf - Hudson Canyon
1972 Albatross IV 23-Feb-72 3-Mar-72 56 41 Yankee northeast Georges Bank
1978 Albatross IV 18-Jan-78 27-Jan-78 174 41 Yankee Nantucket Sound-Delaware Bay
1981 Delaware II 6-Jan-81 28-Jan-81 86 36 Yankee southern New England – Mid-

Atlantic Bight
1992 Delaware II 25-Feb-92 6-Mar-92 129 Mod. 36

Yankee3
Georges Bank - Cape Hatteras

1993 Albatross IV 3-Feb-93 27-Feb-93 122 Mod. 36
Yankee3

Georges Bank - Cape Hatteras

1994 Delaware II 31-Jan-94 23-Feb-94 92 Mod. 36
Yankee3

Georges Bank - Cape Hatteras

1995 Albatross IV 7-Feb-95 3-Mar-95 144 Mod. 36
Yankee3

Georges Bank - Cape Hatteras

1996 Albatross IV 5-Feb-96 29-Feb-96 129 Mod. 36
Yankee3

Gulf of Maine - Cape Hatteras

1997 Albatross IV 3-Feb-97 27-Feb-97 121 Mod. 36
Yankee3

Georges Bank - Cape Hatteras

3 #36 Yankee trawl equipped with a rubber disk covered chain sweep and 30 fathom ground cables.
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Table 4.  Species-specific conversion factors, and lengths (L, in cm) at which both males and females are considered
adults for EFH purposes, from NEFSC bottom trawl survey cruises conducted since 1963.

Common Name Scientific Name Conversion Factors (numbers)1

Trawls Doors Vessels L
Atlantic cod Gadus morhua - 1.56 0.79 35
Haddock Melanogrammus aeglefinus - 1.49 0.82 32
Pollock Pollachius virens - 2.21 - 39
Redfish Sebastes spp. - - - 22
Goosefish Lophius americanus 0.408 - 0.83 43
Ocean pout Macrozoarces americanus - - 0.70 29
Silver hake Merluccius bilinearis 0.424 - - 23
Red hake Urophycis chuss - 1.31 - 26
White hake Urophycis tenuis - - - 35
Witch flounder Glyptocephalus cynoglossus - - - 30
American plaice Hippoglossoides platessoides - - 0.82 27
Yellowtail flounder Limanda ferruginea 0.568 1.22 0.85 26
Winter flounder Pseudopleuronectes americanus 0.495 1.46 - 27
Windowpane Scophthalmus aquosus 0.599 1.54 0.82 22
Sea scallop Placopecten magellanicus - 1.39 1.22
Atlantic herring Clupea harengus - - 0.59 25
Atlantic salmon Salmo salar - - -
Bluefish Pomatomus saltatrix - - -
Longfin inshore squid Loligo pealeii - - 0.83 16
Northern shortfin squid Illex illecebrosus - - 0.78 20
Atlantic mackerel Scomber scombrus - - - 26
Butterfish Peprilus triacanthus - - - 12
Summer flounder Paralichthys dentatus 0.813 - - 28
Scup Stenotomus chrysops - - - 15
Black sea bass Centropristis striata - - - 19
Spiny dogfish Squalus acanthias 0.714 - 0.79 832

Atlantic surfclam Spisula solidissima - - -
Ocean quahog Arctica islandica - - - 4.9

1Conversion Factors to NEFSC Survey standard configuration:
Trawls:  #41 Yankee to #36 Yankee - Spring 1973-1981 only
Doors:  BMV to Polyvalent - Spring 1985 to present
Vessels:  Delaware II to Albatross IV - Various, some during same survey

2Females are considered adults at 83 cm, males at 60 cm.
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Table 5.  NMFS NEFSC sea scallop surveys conducted during 1982-1997.

Year Season Vessel Start Date End Date No. of
Stations

Study Area

1982 Summer Albatross IV 1-Jun-82 11-Jun-82 439 Mid Atlantic Bight -
Cape Hatteras

1982 Summer Albatross IV 12-Jul-82 6-Aug-82 205 Gulf of Maine -
Mid Atlantic Bight

1983 Summer Albatross IV 26-Jul-83 2-Sep-83 615 Georges Bank -
Cape Hatteras

1984 Summer Albatross IV 24-Jul-84 31-Aug-84 699 Georges Bank -
Cape Hatteras

1985 Summer Albatross IV 22-Jul-85 31-Aug-85 573 Georges Bank -
Cape Hatteras

1986 Summer Albatross IV 29-Jul-86 29-Aug-86 504 Georges Bank -
Cape Hatteras

1987 Summer Albatross IV 6-Jul-87 13-Aug-87 641 Georges Bank -
Cape Hatteras

1988 Summer Albatross IV 7-Jul-88 10-Aug-88 619 Georges Bank -
Mid Atlantic Bight

1989 Summer Alb/CH/OR 9-Jun-89 9-Aug-89 435 Georges Bank -
Mid Atlantic Bight

1990 Summer Oregon II 26-Jul-90 20-Aug-90 469 Georges Bank -
Cape Hatteras

1991 Summer Oregon II 28-Jul-91 21-Aug-91 437 Georges Bank -
Cape Hatteras

1992 Summer Oregon II 1-Aug-92 22-Aug-92 420 Georges Bank -
Cape Hatteras

1993 Summer Oregon II 31-Jul-93 25-Aug-93 446 Georges Bank -
Cape Hatteras

1994 Summer Albatross IV 22-Jun-94 18-Jul-94 482 Georges Bank -
Cape Hatteras

1995 Summer Albatross IV 19-Jun-95 30-Jun-95 247 Mid Atlantic Bight -
Cape Hatteras

1995 Summer Albatross IV 25-Jul-95 6-Aug-95 314 Long Island

1996 Summer Albatross IV 29-Jul-96 26-Aug-96 453 Georges Bank -
Cape Hatteras

1997 Summer Albatross IV 21-Jul-97 17-Aug-97 496 Georges Bank -
Cape Hatteras
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Table 6.  NMFS NEFSC Atlantic surfclam and ocean quahog surveys conducted during 1965-1997.

Year Season Vessel Start Date End Date Stations Dredge
Pump
Type

Dredge
Width
(cm)

Size
(cm)

Study Area

1965 Spring Undaunted 11-May-65 25-Jun-65 374 Surface 76 5.1 Montauk Pt. -
Cape Hatteras

1965 Autumn Undaunted 22-Oct-65 21-Nov-65 217 Surface 76 5.1 Montauk Pt. -
Oregon Inlet

1966 Summer Albatross IV 14-Aug-66 31-Aug-66 483 Surface 76 5.1 Montauk Pt. -
False Cape

1969 Summer Albatross IV 20-Jun-69 3-Jul-69 562 Surface 76 5.1 Gloucester -
False Cape

1970 Summer Delaware II 17-Jul-70 24-Aug-70 596 Surface 122 3.0 Nantucket Shoals -
Delmarva

1974 Summer Delaware II 5-Aug-74 10-Aug-74 141 Surface 76 5.1 New Jersey -
Virginia

1976 Spring Delaware II 6-Apr-76 13-May-76 217 Surface 122 3.0 Long Island -
North Carolina

1977 Winter Delaware II 26-Jan-77 17-Mar-76 280 Surface 122 3.0 Nantucket Shoals -
Chesapeake Bay

1978 Winter Delaware II 5-Jan-78 11-Feb-78 346 Surface 122 1.9 Gulf of Maine -
Cape Hatteras

1978 Autumn Delaware II 2-Dec-78 21-Dec-78 163 Surface 122 1.9 So. New England -
Chesapeake Bay

1979 Winter Delaware II 4-Jan-79 1-Feb-79 139 Submerse 152 2.5 Cape Cod -
Cape Hatteras

1980 Winter Delaware II 3-Jan-80 10-Feb-80 229 Submerse 152 5.1 So. New England -
Mid Atlantic Bight

1980 Summer Delaware II 15-Aug-80 12-Sep-80 199 Submerse 152 5.1 Scotian Shelf -
Mid Atlantic Bight

1981 Summer Delaware II 3-Aug-81 11-Sep-81 518 Submerse 152 5.1 Scotian Shelf -
Chesapeake Bay

1982 Summer Delaware II 22-Jul-82 3-Sep-82 394 Submerse 152 5.1 Georges Bank -
Virginia

1983 Summer Delaware II 15-Aug-83 28-Sep-83 396 Submerse 152 5.1 Scotian Shelf -
Cape Hatteras

1984 Summer Delaware II 9-Jul-84 1-Aug-84 448 Submerse 152 5.1 Georges Bank -
Cape Hatteras

1986 Summer Delaware II 17-Jun-86 18-Jul-86 334 Submerse 152 5.1 Georges Bank -
Cape Hatteras

1989 Summer Delaware II 26-Jun-89 21-Jul-89 361 Submerse 152 5.1 Georges Bank -
Cape Hatteras

1992 Summer Delaware II 8-Jun-92 13-Jul-92 484 Submerse 152 5.1 Gulf of Maine -
Cape Hatteras

1994 Summer Delaware II 18-Jul-94 24-Aug-94 538 Submerse 152 5.1 Georges Bank -
Cape Hatteras

1997 Summer Delaware II 8-Jun-97 14-Jul-97 472 Submerse 152 5.1 Georges Bank -
Cape Hatteras
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Table 7a.  State of Massachusetts Division of Marine Fisheries bottom trawl surveys conducted during the spring, 1978-
1997.

Year Vessel Start Date End Date No. of
Stations

Trawl
Gear

Study Area

1978 Francis
Elizabeth

12-May-78 11-Jun-78 95 3/4
Whiting

Massachusetts State Waters

1979 Francis
Elizabeth

30-Apr-79 27-May-79 100 3/4
Whiting

Massachusetts State Waters

1980 Francis
Elizabeth

5-May-80 24-May-80 98 3/4
Whiting

Massachusetts State Waters

1981 Francis
Elizabeth

6-May-81 21-May-81 97 3/4
Whiting

Massachusetts State Waters

1982 Gloria
Michelle

4-May-82 21-May-82 95 3/4
Whiting

Massachusetts State Waters

1983 Gloria
Michelle

9-May-83 25-May-83 96 3/4
Whiting

Massachusetts State Waters

1984 Gloria
Michelle

7-May-84 22-May-84 99 3/4
Whiting

Massachusetts State Waters

1985 Gloria
Michelle

6-May-85 22-May-85 94 3/4
Whiting

Massachusetts State Waters

1986 Gloria
Michelle

4-May-86 17-May-86 96 3/4
Whiting

Massachusetts State Waters

1987 Gloria
Michelle

4-May-87 19-May-87 97 3/4
Whiting

Massachusetts State Waters

1988 Gloria
Michelle

9-May-88 25-May-88 92 3/4
Whiting

Massachusetts State Waters

1989 Gloria
Michelle

8-May-89 24-May-89 97 3/4
Whiting

Massachusetts State Waters

1990 Gloria
Michelle

7-May-90 23-May-90 95 3/4
Whiting

Massachusetts State Waters

1991 Gloria
Michelle

7-May-91 22-May-91 98 3/4
Whiting

Massachusetts State Waters

1992 Gloria
Michelle

5-May-92 20-May-92 92 3/4
Whiting

Massachusetts State Waters

1993 Gloria
Michelle

5-May-93 19-May-93 88 3/4
Whiting

Massachusetts State Waters

1994 Gloria
Michelle

10-May-94 25-May-94 88 3/4
Whiting

Massachusetts State Waters

1995 Gloria
Michelle

9-May-95 24-May-95 98 3/4
Whiting

Massachusetts State Waters

1996 Gloria
Michelle

7-May-96 22-May-96 101 3/4
Whiting

Massachusetts State Waters

1997 Gloria
Michelle

6-May-97 21-May-97 98 3/4
Whiting

Massachusetts State Waters
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Table 7b.  State of Massachusetts Division of Marine Fisheries bottom trawl surveys conducted during the fall, 1978-
1996.

Year Vessel Start Date End Date No. of
Stations

Trawl
Gear

Study Area

1978 Francis
Elizabeth

5-Sep-78 2-Oct-78 95 3/4
Whiting

Massachusetts State Waters

1979 Francis
Elizabeth

11-Sep-79 4-Oct-79 99 3/4
Whiting

Massachusetts State Waters

1980 Francis
Elizabeth

8-Oct-80 29-Oct-80 97 3/4
Whiting

Massachusetts State Waters

1981 Francis
Elizabeth

14-Oct-81 5-Nov-81 95 3/4
Whiting

Massachusetts State Waters

1982 Gloria
Michelle

8-Sep-82 27-Sep-82 94 3/4
Whiting

Massachusetts State Waters

1983 Gloria
Michelle

7-Sep-83 24-Sep-83 90 3/4
Whiting

Massachusetts State Waters

1984 Gloria
Michelle

10-Sep-84 27-Sep-84 94 3/4
Whiting

Massachusetts State Waters

1985 Gloria
Michelle

3-Sep-85 19-Sep-85 94 3/4
Whiting

Massachusetts State Waters

1986 Gloria
Michelle

8-Sep-86 27-Sep-86 96 3/4
Whiting

Massachusetts State Waters

1987 Gloria
Michelle

8-Sep-87 27-Sep-87 92 3/4
Whiting

Massachusetts State Waters

1988 Gloria
Michelle

6-Sep-88 22-Sep-88 91 3/4
Whiting

Massachusetts State Waters

1989 Gloria
Michelle

6-Sep-89 20-Sep-89 86 3/4
Whiting

Massachusetts State Waters

1990 Gloria
Michelle

4-Sep-90 19-Sep-90 90 3/4
Whiting

Massachusetts State Waters

1991 Gloria
Michelle

4-Sep-91 19-Sep-91 89 3/4
Whiting

Massachusetts State Waters

1992 Gloria
Michelle

9-Sep-92 24-Sep-92 81 3/4
Whiting

Massachusetts State Waters

1993 Gloria
Michelle

8-Sep-93 23-Sep-93 84 3/4
Whiting

Massachusetts State Waters

1994 Gloria
Michelle

7-Sep-94 22-Sep-94 98 3/4
Whiting

Massachusetts State Waters

1995 Gloria
Michelle

6-Sep-95 21-Sep-95 98 3/4
Whiting

Massachusetts State Waters

1996 Gloria
Michelle

4-Sep-96 19-Sep-96 97 3/4
Whiting

Massachusetts State Waters
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Figure 1.  Geographic locations - northeast U.S. and contiguous Canadian waters.
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Figure 2.  Geographic locations – coastal New England and Georges Bank to Bay of Fundy.
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Figure 3.  Geographic locations - Canadian waters from Nova Scotia north.
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Figure 4.  Geographic locations - South Atlantic Bight.  Strata sampled in SEAMAP-SA shallow water trawl survey are
also shown.  Stratum number is shown in the upper left of each stratum, and the number of trawl sites within each
stratum is shown in the lower right.  Strata are not drawn to scale (from Webster et al. 1990).
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Figure 5.  Distribution of all tows for ichthyoplankton eggs and larvae (all surveys combined) during NEFSC MARMAP
surveys.
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Figure 5.  cont’d.
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Figure 6.  Distribution of all tows for ichthyoplankton eggs by month (all years combined) during NEFSC MARMAP
surveys.
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Figure 6.  cont’d.
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Figure 6.  cont’d.
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Figure 7.  Distribution of all tows made by month for ichthyoplankton larvae during NEFSC MARMAP surveys (all
years combined).
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Figure 7.  cont’d.
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Figure 7.  cont’d.

76 74 72 70 68 66

36

38

40

42

44

76 74 72 70 68 66

36

38

40

42

44

76 74 72 70 68 66

36

38

40

42

44

76 74 72 70 68 66

36

38

40

42

44

September October

November December

No. of Tows = 774 No. of Tows = 1147

No. of Tows = 1031 No. of Tows = 603



Page 30

Figure 8.  Distribution of all tows conducted during the South Atlantic Bight MARMAP surveys (from Collins and
Stender 1987).
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Figure 9.  Temporal distribution of NEFSC bottom trawl surveys, 1963-1997.
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Figure 10.  Distribution of NEFSC bottom trawl survey tows by season.
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Figure 11.  Distribution of all NEFSC sea scallop tows, summer 1982-1997.
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Figure 12.  Distribution of all NEFSC Atlantic surfclam/ocean quahog tows, summer 1980-1997.
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Figure 13.  Stations sampled in Rhode Island’s Narragansett Bay/Coastal trawl survey.
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Figure 14.  Distribution of all tows made during the Long Island Sound trawl survey in spring and autumn, 1992-1997.
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Figure 15.  Lower Hudson-Raritan Estuary bottom trawl surveys.  Upper map shows the survey area, and the lower map
shows the area divided into 9 strata and 217 sampling blocks.
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Figure 16.  Distribution of Hudson-Raritan bottom trawl survey tows, January 1992 to June 1997.
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Figure 16.  cont’d.
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-
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independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

The American plaice, Hippoglossoides platessoides,
is an arctic-boreal pleuronectid flatfish that inhabits both
sides of the North Atlantic (Figure 1).  In Europe, it is
known as the long rough dab and occurs from Iceland and
Spitzbergen south to the North Sea, the western Baltic,
and as far south as the English Channel.  In the western
Atlantic, it is common from the outer coast of Labrador,
south from Hamilton Inlet, Newfoundland, on the Grand
Banks, in the Gulf of St. Lawrence, west and south to
Cape Cod (Figure 2; Bigelow and Schroeder 1953; Smith
et al. 1975).  It occurs as far south as Montauk Point, NY.

In Canadian waters, American plaice have been
exploited since the start of the otter trawl fishery in 1947.
It is one of four major species contributing to the
Newfoundland and Labrador fisheries and is the most
abundant flatfish species in the northwest Atlantic
(Bowering and Brodie 1991).  In U.S. waters, the fishery
for American plaice started to develop around 1975 in the
Gulf of Maine as the abundance of other commercially
desirable flatfish, such as yellowtail flounder, winter
flounder, and summer flounder, began to decrease
(Sullivan 1981).  Prior to 1973, the primary use of
American plaice caught on Georges Bank was for bait
(Lange and Lux 1978).

LIFE HISTORY

EGGS

American plaice spawn buoyant eggs which lack oil
globules.  The eggs have a characteristically large,
transparent perivitelline space, which is formed from
water entering between the egg and its membrane
(Bigelow and Schroeder 1953).  The average diameter of
an egg is 2.5 mm (range 1.38-3.2 mm).  Eggs incubate
from 11 to 14 days at 3.9oC (Bigelow and Schroeder
1953).  During development, the embryo is covered with a
scattered pigment.

In the northwest Atlantic, plaice eggs have been
collected during all months of the year (Berrien and
Sibunka 1999).  In the Gulf of Maine and on the Scotian
Shelf, egg abundance peaks in early April and May (Smith
et al. 1975; Neilson et al. 1988).

LARVAE

American plaice larvae hatch at 2.4 mm SL (Fahay
1983) and development of five clusters or groups of
pigment begins at 4-6 mm (Klein-MacPhee, in prep.).
Yolk absorption is complete about 5 days after hatching
when the larva is 6.2-7.5 mm long.  Transformation of the
larva and migration of the left eye begins when the larva is

approximately 20 mm.  Although the duration of the
transformation process varies with temperature, it is
usually complete when the larva is 30-40 mm (Colton and
Marak 1969).

Sullivan (1981) found that larval plaice were
transported by currents southwest along the coast; some
were retained in the Gulf of Maine while others were
transported to Georges Bank.  Changes in circulation
patterns also lead to large numbers of pelagic larvae being
transported off Georges Bank (Colton and Temple 1961;
Sullivan 1981).  Larval plaice that drift into the slope
water zone along the southern edge of Georges Bank are
susceptible to transport in a northeasterly direction away
from Georges Bank and the continental shelf.  Differences
in temperature between the coastal and slope water zones
could affect the transported larvae by subjecting them to
thermal stress.  Plaice larvae were found in relatively
shallow waters on Georges Bank, in Massachusetts Bay,
and along coastal Maine (Smith et al. 1975).

JUVENILES

The body shape continues to change, flattening and
increasing in depth from side to side.  As the migration of
the left eye across the top of the head to the right side
reaches completion, descent towards the bottom begins
(Huntsman 1918).  Pigment patterns become more
abundant and develop on the right side of the body while
the left side remains unpigmented.  Growth during the first
year is greater in warmer, southern climates.  Juveniles
can reach 7.6 cm by winter.

ADULTS

The body of the adult plaice is broad with a sharp
noise and wide gaping mouth.  Adults obtain average
lengths between 27-66 cm TL.  It is the only Gulf of
Maine flounder that is right-handed with a large mouth,
round tail, and straight lateral line with a slight arch over
the pectoral fin (Bigelow and Schroeder 1953).

REPRODUCTION

American plaice is a bottom spawner and the eggs
drift into the upper water column after they are released
(Colton and Temple 1961).  Spawning begins north of
Cape Cod in March and continues through the middle of
June (Bigelow and Schroeder 1953; Smith et al. 1975).
Spawning occurs at depths < 90 m and spawning adults
migrate from deeper depths into shoaler grounds before
spawning (Bigelow and Schroeder 1953).

Ichthyoplankton collections made in Cape Cod Bay
revealed that plaice eggs were present from January
through July, and larvae were present from January
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through August (Scherer 1984).  Early stage eggs were
collected on the northern perimeter of the Bay suggesting
that it was a spawning site.  The southern distribution of
late-stage eggs suggested displacement by counter-
clockwise drift patterns in the Bay.  It is believed that the
American plaice eggs may have been spawned outside of
Cape Cod Bay and drifted into the Bay by prevailing
currents.  The eggs could have drifted as much as 49.0 km
from their original spawning location (Scherer 1984).
Smith et al. (1975) determined from the low larval
occurrence and the prevailing circulation patterns off
southern New England that spawning had occurred along
the southern edge of Georges Bank and that the larvae
were subsequently transported by currents into the Middle
Atlantic Bight.

MATURITY

The median age at maturity for females in the Gulf of
Maine is 3.6 years (O’Brien et al. 1993).  Growth rates
are higher and maturity is reached earlier in the southern
areas (Scotian Shelf, Gulf of Maine) than in the north.
The lowest growth rates occurred in St. Mary’s Bay while
the fastest growth rates occurred in the Gulf of Maine
(Table 1).  Powles (1965) noted that slower growth rates
were observed in deeper waters.  Differences also
occurred between gender and after four years of age,
females grew faster than males and both sexes grew faster
in southern regions.

Water temperatures control spawning in American
plaice resulting in varied times and locations in the
northwest Atlantic (Bowering and Brodie 1991).  They
can thrive in temperatures ranging from -0.5 to 13.0oC
(Bigelow and Schroeder 1953; Bowering and Brodie
1991).  Water temperatures from 1.7 to 7.7°C represent
conditions where highest development occurs.

Areas of maximum spawning occur in the western
Gulf of Maine and over southeastern Georges Bank;
optimum spawning temperatures range between 3-6oC.
These bottom water temperatures exist throughout much
of the spawning period within the 100 m isobath from
Cape Cod to New Jersey (Colton 1972).  Outside this
southern boundary, temperatures are too high for survival
rather than too high for reproduction (Colton 1972).

FOOD HABITS

American plaice larvae feed on plankton, diatoms,
and copepods.  Prior to settling, juveniles feed on small
crustaceans, polychaetes, and cumaceans (Bigelow and
Schroeder 1953).  Feeding competition exists between
young plaice and cod (Powles 1965).  Diets of adults are
primarily echinoderms, chiefly sand dollars, sea urchins,
and brittle stars (Huntsman 1918; Pitt 1973; Sullivan
1981).  The brittle star, Ophiura sarsi, makes up 65% of

the plaice diet at some locations in the Gulf of Maine
(Klein-MacPhee, in prep.).  The diets of plaice collected
during Northeast Fisheries Science Center (NEFSC)
bottom trawl surveys were dominated by echinoderms,
arthropods, annelids, and mollusks (Figure 3) [see Reid et
al. (1999) for a discussion of methods].

Plaice are opportunistic feeders and flexible in their
dietary habits, and will take whatever is most abundant or
accessible (Langton and Bowman 1981; Macdonald and
Green 1986; Langton and Watling 1990; Keats 1991;
Zamarro 1992; Klemetsen 1993; Ntiba and Harding 1993;
Martell and McClelland 1994; Packer et al. 1994;
Berestovskiy 1995).  The stomach contents of plaice from
western Nova Scotia, Gulf of Maine, Georges Bank, and
southern New England are generally similar (Powles
1965; Minet 1973; Pitt 1973; Langton and Bowman 1981)
although the specific prey consumed can vary
geographically.

In southern New England, plaice consume large
quantities of amphipods, shrimp (Crangon), polychaetes,
and bivalves (Klein-MacPhee, in prep.).  On Georges
Bank, their diet consists primarily of sand dollars, brittle
stars, bivalves, pandalid shrimp, and polychaetes
(Bigelow and Schroeder 1953).  In Sheepscot Bay, Maine,
polychaetes, mysids, amphipods, sand shrimp (Crangon
septemspinosa), and Atlantic herring are important prey
(Langton and Watling 1990; Packer and Langton, in
prep.).  Offshore in the Gulf of Maine, the brittle star
Ophiura sarsi is one of the dominant epifaunal taxa
(Watling et al. 1988) and is the primary prey of plaice;
crustaceans (euphausiids and pandalid shrimp), bivalve
mollusks (Yoldia spp., Chlamys islandica, Cerastoderma
pinnulatum), and tube-dwelling polychaetes are of
secondary importance (Langton and Bowman 1981;
Bowman and Michaels 1984; Packer et al. 1994).  In
Passamaquoddy Bay, Canada, amphipods, mysids,
euphausiids, polychaetes, bivalve mollusks and Atlantic
herring are the major prey of plaice (Tyler 1971, 1972;
Macdonald and Green 1986; Macdonald and Waiwood,
1987).

American plaice can undergo a size-related shift in
their diets.  Smaller (< 25-30 cm) individuals feed
predominately on mysids, amphipods, polychaetes, small
brittle stars, and some mollusks.  Larger individuals (> 25-
30 cm) feed primarily on fish, brittle stars and other
echinoderms, and bivalve mollusks (Huntsman 1918;
Powles 1965; Pitt 1973; Langton and Bowman 1981;
Bowman and Michaels 1984; Martell and McClelland
1994).  Bowman and Michaels (1984) report that
polychaetes are especially important prey of plaice < 20
cm and note that the largest fish feed mostly on
echinoderms.  In Sheepscot Bay, Maine, mysids generally
decreased in importance with increasing predator size and
polychaetes appeared to increase (Packer and Langton, in
prep.).

There is little or no feeding during January and
February.  This is followed by a rapid increase of feeding
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in May, which continues through September (Powles
1965).  The highest feeding rates occur during the summer
enabling high-energy production for metabolic use and
gonad maturation (MacKinnon 1972).

PREDATION

Plaice ≤ 35 cm are frequently preyed on by cod and
other bottom feeding species (Powles 1965; Bowman and
Michaels 1984).  Adults are consumed by Greenland
sharks (Bigelow and Schroeder 1953), goosefish, and
spiny dogfish.  Plaice larvae are commonly consumed by
redfish (Klein-MacPhee, in prep.).  Along the Scotian
Shelf and in the Gulf of St. Lawrence, grey seals are the
primary predators of plaice (Benoit and Bowen 1990).

MIGRATION

In U.S. and Canadian waters, American plaice is
regarded as a sedentary species migrating only for
spawning and feeding (Pitt 1969; Colton 1972; Bowering
and Brodie 1991).

STOCK STRUCTURE

American plaice is managed as one stock under the
Multispecies Fishery Management Plan of the New
England Fishery Management Council (NEFMC 1993).
The principal gear used to harvest it is the otter trawl;
recreational and foreign catches are insignificant.  Since
the mid-1970s, landings from the Gulf of Maine have
exceeded those from Georges Bank.  In 1993 the catch in
the Gulf of Maine was more than twice as large as the
catch from Georges Bank (O’Brien 1995).

HABITAT CHARACTERISTICS

The habitat characteristics of American plaice are
summarized by life history stage in Table 2.  Data from
the following surveys were used to determine habitat
characteristics: (1) National Marine Fisheries Service
(NMFS), Northeast Fisheries Science Center (NEFSC)
Marine Monitoring Assessment and Prediction
(MARMAP) ichthyoplankton survey, (2) NMFS, NEFSC
bottom trawl survey, (3) Massachusetts Division of
Marine Fisheries (MDMF) bottom trawl survey, and (4)
the NEFSC Food Habits Investigation.  A description of
survey methods and materials is found in Reid et al.
(1999).

EGGS

Plaice eggs were collected at temperatures ranging
from about 1-12oC (Figure 4).  During February through
April, most eggs were collected at 2-6oC.  During May to
July the majority of eggs were found at 5-8oC.  From
August to December, eggs were found at higher
temperatures, with most eggs found at 9-11oC.

Eggs were found over depths ranging from 10-180 m,
with the majority occurring between 50-90 m.

LARVAE

Plaice larvae were captured at temperatures ranging
from 4-14oC (Figure 5).  Larvae were most abundant at 6-
8oC from March through June and 10-12oC during July
and August.

Larvae were found over depths ranging from 30-210
m, with most occurring at 50-90 m except for August,
where about 45% also occurred at 130 m.

JUVENILES

In the Northeast Fisheries Science Center spring
bottom trawl survey, juvenile American plaice were found
in large numbers at temperatures ranging from 4-6oC with
an overall range of 2-10oC (Figure 6).  During autumn,
large catches were made in areas with temperatures of 6-
11oC.  They occurred at depths ranging from 15-200 m in
the spring and 50-275 m in the  autumn.  The majority
occurred at shallower depths of 50-100 m during the
spring to slightly deeper areas of 100-175 m during the
autumn.

In the Massachusetts Division of Marine Fisheries
bottom trawl survey, juvenile plaice were collected at
temperatures ranging from 2-12oC during the spring and
5-17oC during the autumn (Figure 7).  They were most
abundant at 4-6oC in the spring and 7-10oC in the autumn.
In the spring, they were found over depths ranging from
10-80 m, with the majority occurring between 45-60 m.
During autumn they were found from 20-80 m with the
majority again occurring between 45-60 m.

ADULTS

The geographic boundaries of American plaice
distribution appear to be defined by warm summer and fall
temperatures.  Since the early 1940s, coastal warming and
cooling trends have been observed in waters between
Cape Sable and Long Island (Colton 1972).  These trends
are related to changes of subsurface water.  Cold years are
defined as years when coastal water from Labrador
displaces slope water.  Warm years occur when there is a
low ratio of coastal to central Atlantic water and slope
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water borders the 200 m isobath.
Huntsman (1918) noted that the maturity of plaice

varied as much as 11 years and depended on the water
temperatures.  The highest temperature, 10oC, for
Passamaquoddy Bay and the Cape Cod region had the
shortest time of development to maturity (3-5 years).  The
lowest temperature recorded was 0oC for Newfoundland
(Bay of Islands) and plaice had the longest development
time (10-13 years) (Huntsman 1918; Bigelow and
Schroeder 1953).  On the Scotian Shelf, American plaice
ranged between 0-13oC with preferences between 1-4oC
(Scott 1982a).

Dow (1977) found that water temperatures influence
the abundance of American plaice in a study of climatic
effects on relative abundance and availability.  There were
significant positive correlations between the annual catch
of fish off the Maine coast and mean annual surface
temperatures.  These results imply that temperature is a
limiting factor in the abundance of American plaice.

On the Scotian Shelf American plaice range between
27-366 m, with preferences between 55-128 m (Scott
1982a).  United States research vessel surveys and
commercial catch statistics confirm similar movement and
depth preferences in the Gulf of Maine (Colton 1972).
Plaice normally occur in waters 25-180 m deep, however
they have been captured at depths > 800 m (Iglesia et al.
1996).  They are also found in shoal waters when
temperatures are severely cold (Bigelow and Schroeder
1953).  In the Gulf of Maine, plaice occur at depths of 15-
200 m, more frequently at 30-50 m (Klein-MacPhee, in
prep.).  With the exception of witch flounder, plaice is
considered the most abundant of all flatfish in the Gulf of
Maine at depths between 54-90 m (Klein-MacPhee, in
prep.).  They are also widespread on Georges Bank in 27-
366 m of water.

American plaice occur at mean salinities of 20-22 ppt
in Hamilton Inlet, Labrador (Backus 1957), 30 ppt or
lower in Baltic areas, 32.8 ppt in the Gulf of Maine, and
34 ppt in offshore Atlantic waters (Bigelow and Schroeder
1953).

During a study of fishes of the Scotian Shelf, Scott
(1982a) found American plaice had salinity preferences
between 31-34 ppt; highest abundance occurred at 33 ppt.
Of the 31 species studied by Scott (1982a), American
plaice displayed the widest salinity, depth, and
temperature ranges.

American plaice are frequently found on fine sand or
gravel bottoms (Scott and Scott 1988; Bowering and
Brodie 1991).  On the Scotian Shelf, plaice were most
abundant on sand and gravel substrates (Scott 1982b).
They were found in lesser numbers on sand, silt, and clay
and were rare on Scotian Shelf drift (a mixed substrate).
In eastern Newfoundland, plaice were frequently collected
where sandy substrates bordered areas of bedrock.  It is
believed that their occurrence near bedrock is because
bedrock is the preferred habitat of an important prey,
green sea urchins, Strongylocentrotus droebachiensis

(Keats 1991).  In some areas, their distribution has been
correlated with mud substrates (Walsh 1996; Packer and
Langton, in prep.).

In the Northeast Fisheries Science Center spring
bottom trawl survey, adults appeared to have similar
temperature preferences to juveniles with most found at
temperatures from 4-6oC with an overall range of 1-12oC
(Figure 6).  In autumn, plaice were also mostly found at
temperatures of 4-6oC.  American plaice were collected at
15-300 m deep in the spring and autumn; they were most
abundant between 50-175 m.

In the Massachusetts Division of Marine Fisheries
bottom trawl survey, adults had similar temperature
preferences to juveniles (Figure 7).  Adult plaice were
collected at temperatures from 2-9oC during spring
surveys and 5-14oC during autumn.  Most were found
between 4-6oC in the spring and 7-10oC in the autumn.
Adults in both spring and autumn were found over depths
ranging from 20-80 m, with most occurring at 45-75 m.

GEOGRAPHICAL DISTRIBUTION

American plaice occur on both sides of the North
Atlantic.  On the western side of the Atlantic, it is
common from the outer coast of Labrador, Newfoundland,
the Grand Banks, and the Gulf of St. Lawrence west and
south to Cape Cod; its southern limit is Montauk Point,
NY (Figure 2; Bigelow and Schroeder 1953; Smith et al.
1975). It also occurs in North Atlantic estuaries and rivers
where it ranges from highly abundant to rare (Jury et al.
1994; Table 3).

EGGS

The NEFSC MARMAP ichthyoplankton survey
(1978-1987) captured eggs throughout the year (Figure 8).
During February and March, eggs were collected on
Stellwagen Bank, off Cape Ann, on Jeffreys Ledge, along
coastal Maine, and on Georges Bank.  During April and
May, the highest egg concentrations occurred in the mixed
waters and eastern edge of Georges Bank and along the
coastal areas off eastern Massachusetts, the Gulf of
Maine, southwest Nova Scotia, and Browns Bank.  From
June through December, eggs were collected almost
exclusively along the coastal areas of in the Gulf of
Maine; some eggs were collected on Georges Bank and
the Scotian Shelf.

LARVAE

Larvae were first captured in the NEFSC MARMAP
ichthyoplankton survey (1977-1987) in small numbers
during March on the southeastern flank of Georges Bank
(Figure 9).  By April, numbers increased throughout
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Georges Bank and larval distributions spread towards the
Great South Channel and onto Nantucket Shoals.  Peak
abundance occurred during May from Georges Bank as
far south as Delaware.  The highest May abundance
occurred around Cape Cod Bay and along the 60 m
contour on Georges Bank.  Larval abundance decreased
dramatically in June and continued to decline in August.

JUVENILES

In the NEFSC bottom trawl survey, juvenile
American plaice occurred from coastal Maine north
towards the Bay of Fundy, west to the Scotian Shelf and
Georges Bank, and south from Cape Cod, the Great South
Channel, and Georges Bank (Figure 10).  During winter,
juveniles were caught at scattered locations throughout the
Gulf of Maine.  Juveniles were present in only a few
locations along the Great South Channel and the northeast
sector of Georges Bank.  In the spring, juveniles were
abundant between Cape Cod and Cape Ann, out to
Stellwagen Bank, and onto Jeffreys Ledge.  Juveniles
were captured in lower numbers throughout the Gulf of
Maine.  In the summer, juveniles were found in the
inshore and coastal areas of Maine, the Gulf of Maine,
along its western perimeter, and within Cape Cod Bay.
By autumn the center of abundance was located between
Cape Cod and Cape Ann, and along the western part of
the Gulf of Maine; a few juveniles were collected on
Georges Bank and the northeast sector of the Middle
Atlantic Bight.  Dense pockets were found within various
basins, the northern end of the Great South Channel, and
along the 100 m contour.

In the Massachusetts Division of Marine Fisheries
bottom trawl survey, juvenile American plaice were
abundant around Cape Ann and in Cape Cod Bay during
spring and autumn (Figure 11).

ADULTS

In the NEFSC bottom trawl survey, adult American
plaice were scattered throughout the Gulf of Maine, the
Great South Channel, Georges Bank and Browns Bank in
the winter (Figure 10).  Their distribution was similar in
spring.  Larger catches occurred along the Maine coast,
Jeffreys Ledge, and Stellwagen Bank.  In the summer and
autumn, adults appeared to leave Georges Bank.  Many
were present along the Gulf of Maine, its western
perimeter, and within Cape Cod Bay.  Those that
remained on Georges Bank occurred only on the outer
edges of the bank away from the 60 m shoal areas and the
eastern edge of the Middle Atlantic Bight.  During
autumn, large catches occurred within various basins, the
northern end of the Great South Channel, and along the
100 m contour.

In the Massachusetts Division of Marine Fisheries
bottom trawl survey, American plaice adults occurred in
significant numbers around Cape Ann during the spring
and autumn (Figure 11).

STATUS OF THE STOCKS

The Gulf of Maine accounts for approximately 72%
of the American plaice landings since 1976.  The
remaining U.S. catch originates mainly on Georges Bank;
< 1% of the catch is taken from western Nova Scotia,
southern New England, and the Middle Atlantic Bight
(Sullivan 1981).

From 1963 through 1974, catches from Georges Bank
averaged 2,706 metric tons (mt) or 69% of the U.S. catch
(Figure 12).  From 1975 to 1979, landings from Georges
Bank nearly tripled (O’Brien et al. 1992) while catches in
the Gulf of Maine increased from 1,507 to 8,835 mt.
Landings declined in 1986 and continued to drop through
1990 when landings reached an historic low of 637 mt on
Georges Bank.  Subsequent increases in landings are
probably due to improved recruitment, an increase in
spawning stock biomass, and an increase in fishing effort
as opposed to an increase in abundance (Sullivan 1981;
O’Brien et al. 1992).  The spawning stock biomass
dropped from 41,400 mt in 1980-1982 to 7,700 mt in
1987-1989.  By 1991, the presence of the strong 1987
year class raised biomass to 13,400 mt.

Low population indices for the Gulf of Maine and
Georges Bank occurred in 1991-1992, but they increased
dramatically in 1993 due to the 1989 and 1990 year
classes (O’Brien 1995).  In 1995, it was estimated that the
American plaice stock would remain overexploited due to
low abundance, increased fishing effort, and increased
discard mortality (O’Brien 1995).  In a recent report to
Congress from the Secretary of Commerce (National
Marine Fisheries Service 1997), the American plaice
stock within the jurisdiction of the New England Fisheries
Management Council was classified as “overfished.”

The distribution of American plaice was compared
between years of low abundance (1985-1989) and high
abundance (1976-1981) (Figure 13).  When the
population was at low levels, juveniles and adults were
infrequently caught during spring trawl surveys in the Gulf
of Maine and on Georges Bank.  Larger catches were only
encountered from Cape Cod to Cape Ann.  Strong
recruitment occurred from 1976 to 1981.  Large catches of
juveniles and adults occurred in coastal Gulf of Maine and
there were scattered catches along Browns Bank and
Georges Bank.  Adults were caught more frequently in the
shoal waters (60 m) of Georges Bank, while the juveniles
were caught more frequently along the northern edge of
Georges Bank.
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RESEARCH NEEDS

• Determination of how depth, temperature, and bottom
type control the spatial and temporal distribution of
plaice; this is especially important for U.S.
populations where little research has been conducted.

• Confirmation of vertical migration and seasonal
distribution patterns of early life stages.

• Age and growth determination based on otolith
microstructure.

• The strength of habitat dependency and/or interaction
for juveniles and adults.

• Determination of adult migration patterns (i.e.,
tagging studies).
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Table 1.  The age (A) and length (L) at which 50% of the female American plaice, Hippoglossoides platessoides, are
mature in the northwest Atlantic.

Area A50

(yrs)
L50

(cm)
Year Source

Labrador 8.11 45.84 1978-1988 Bowering and Brodie (1991)
Northern Grand Bank 13.98 42.14 1961-1965 Pitt (1975)
Northern Grand Bank 10.57 40.36 1969-1972 Pitt (1975)
St. Mary’s Bay, Newfoundland 15.20 54.00 1964 Pitt (1966)
Flemish Cap 7.80 40.00 1964 Pitt (1966)
Southeastern Grand Bank 8.79 41.45 1971 Pitt (1975)
St. Pierre Bank 9.48 48.26 1978-1988 Bowering and Brodie (1991)
Scotian Shelf 6.00 31.00 1970-1974 Beacham (1983)
Scotian Shelf 4.70 30.80 1975-1979 Beacham (1983)
Nova Scotia to Cape Hatteras - - 33.60 1979 Morse (1979)
Atl. Coast of N. Am. (77’ - 42’) 8.00 30.00 1991 Miller et al. (1991)
Gulf of Maine 3.80 29.70 1980 Sullivan (1981)
Gulf of Maine 3.60 26.80 1986-1990 O’Brien et al. (1993)
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Table 2.  Summary of life history and habitat characteristics for American plaice, Hippoglossoides platessoides. (NTS =
NMFS Trawl Survey; MITS = Massachusetts Inshore Trawl Survey).

Life Stage Size Range Time of Year
Distribution

Habitat/Location Substrate Temperature

Spawning
Adults 1

March - mid
June, (peak
spawning April-
May)

American plaice in general
occur along the continental shelf
from southern Labrador to
Montauk Pt. NY.  Within
Massachusetts Bay, coastal Gulf
of Maine, and shelf.

March to June 2.7-4.4oC

Eggs 2
1.5 to 3.0 mm Gulf of Maine:

Jan - Dec
Georges Bank:
Jan - June, Dec.

Pelagic, within the 100 m
contour, along the coast of
Maine, Massachusetts, inshore
and shoal waters of Georges
Bank.
Nursery area = shelf.

Range 1-12oC
(most 4-8oC)

Larvae 3
4 to 6 mm at
hatching;
5.1 to 16.4 mm

March - August
(peak = May)

Pelagic, within the 100 m
contour, along the coast of
Maine, Massachusetts, inshore
and shoal waters of Georges
Bank.
Nursery area = shelf.

Range 4-14oC
(most 5-10oC)

Juveniles 4
18 to 34 mm at
metamorphosis; 3
cm to < 27cm
(Trawl Surveys)

January –
December

Latitude range (77°, 42°) Strong
concentrations inside and
around the 100m isobath in
western Gulf of Maine during
the spring and autumn surveys.
Scattered abundance in deeper
waters of western and central
Gulf of Maine and the northern
sector of Georges Bank.

Fine sand
and gravel.

NTS Spring 2-10oC
(most 4-6oC);
Autumn 4-15oC (most 6-
11oC);
MITS Spring 2-12oC
(most 4-6oC);
Autumn 5-17oC (most 7-
10oC)

Adults 5
≥ 27 cm to 66 cm
(Trawl Surveys);
max size = 81 cm

January -
December

Both sides of the North Atlantic,
latitude range (77°, 42°) boreal.

Fine sand
and gravel.

NTS Spring 1-12oC
(most 4 to 6oC);
Autumn 3-11oC (most 4-
6oC);
MITS Spring 2-9oC
(most 4-6oC);
Autumn 5-14oC (most 7-
10oC).
1.7-7.7oC highest
development;
-1.5oC lower
temperature limit; 10-
13oC upper temperature
limit

1  Bigelow and Schroeder 1953, Sullivan 1981, Miller et al. 1991
2  Sullivan 1981, Fahay 1983, Miller et al. 1991
3  Smith et al. 1975, Sullivan 1981
4  Sullivan 1981, Miller et al. 1991, Wigley and Gabriel 1991
5  Miller et al. 1991
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Table 2.  cont’d.

Life Stage Salinity Bottom Depth Estuarine Use Notes

Spawning
Adults 1

32.8 ppt March-
April, Gulf of
Maine

< 90 m Inshore and shoal
areas, largely an
oceanic nursery
(see Table 3)

Spawning adults migrate from
greater depths into shoaler
grounds before spawning.

Eggs 2
32.8 ppt March-
April, Gulf of
Maine

Pelagic 10-325 m
(most 30-90 m)

Inshore and shoal
areas, largely an
oceanic nursery
(see Table 3)

Spherical with smooth shell.  Only
Pleuronectid known to have a very
wide perivitelline space, no oil
globule. 11-14 day incubation
duration.

Larvae 3
32.8 ppt March-
April, Gulf of
Maine

30-210 m
(most 50-90 m)

Inshore and shoal
areas, largely an
oceanic nursery
(see Table 3)

Transformation occurs between
18-34 mm (usually > 25 mm SL).

Juveniles 4
32.8 ppt March-
April Gulf of
Maine

Pelagic-shallow
shelf (36-713 m);
NTS Spring 15-200
m (most 50-100 m);
Autumn 50-275 m
(most 100-170 m);
MITS Spring 10-80
m (most 45-60 m);
Autumn 20-80 m
(most 45-60 m)

Inshore and shoal
areas, largely an
oceanic nursery
(see Table 3)

Larval - juvenile migration =
pelagic to shallow shelf.

Adults 5
32.8 ppt March-
April Gulf of
Maine; 30 ppt
Baltic, 34 ppt open
Atlantic, 20-22 ppt
Hamilton Inlet,
Labrador

NTS Spring 15-275
m (most 50-175 m);
Autumn 25-300 m
(most 50-175 m);
MITS Spring 5-80 m
(most 45-75 m);
Autumn 20-80 m
(most 45-55, 70 m)

Inshore and shoal
areas, largely an
oceanic nursery
(see Table 3)

1  Bigelow and Schroeder 1953, Sullivan 1981, Miller et al. 1991
2  Sullivan 1981, Fahay 1983, Miller et al. 1991
3  Smith et al. 1975, Sullivan 1981
4  Sullivan 1981, Miller et al. 1991, Wigley and Gabriel 1991
5  Miller et al. 1991
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Table 3.  Distribution and relative abundance of American plaice in North Atlantic estuaries and rivers by life history
stage (from Jury et al. 1994). (*** = Highly Certain; ** = Moderately Certain; * = Reasonable Inference).

Distribution and Relative Abundance
Estuaries and Rivers Life Stage Mixing Seawater

Months of
Occurrence

Data
Reliability

Passamaquoddy Bay  Adults (A) Common March - Nov **

 Spawning adults (S) Common March - May **

 Juveniles  (J) Common Common March - Nov *

 Larvae  (L) Common April - June **

 Eggs  (E) Common March - May **

Englishman / Machias Bay  A Common March - Nov *

 S Common March - May *

 J Common Common March - Nov *

 L Common April - June *

 E Common March - May *

Narraguagus Bay  A Common March - Nov *

 S Common March - May *

 J Common Common March - Nov *

 L Common April - June *

 E Common March - May *

Blue Hill Bay  A Common March - Nov *

 S Common March - May *

 J Common Common March - Nov *

 L Common April - June *

 E Common March - May *

Penobscot Bay  A Common March - Nov **

 S Common March - May **

 J Common Common March - Nov **

 L Common April - June **

 E Common March - May **

Muscongus Bay  A Abundant March - Nov **

 S Common March - May *

 J Common Highly Abundant March - Nov *

 L Rare Common April - June *

 E Common March - May *

Damariscotta River  A Abundant March - Nov **

 S Common March - May **

 J Common Highly Abundant March - Nov *

 L Rare Common April - June *

 E Common March - May **

Sheepscot River  A Abundant March - Nov ***

 S Common March - May ***

 J Common Highly Abundant March - Nov ***

 L Rare Common April - June ***

 E Common March - May **

Kennebec / Androscoggin Rivers  A Abundant March - Nov **

 S Common March - May *

 J Common Highly Abundant March - Nov *

 L Rare Common April - June *

 E Common March - May *

Casco Bay  A Abundant March - Nov *

 S Common March - May *

 J Common Highly Abundant March - Nov *

 L Rare Common April - June *

 E Common March - May *
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Table 3.  cont’d.

Distribution and Relative Abundance
Estuaries and Rivers Life Stage Mixing Seawater

Months of
Occurrence

Data
Reliability

Saco Bay  A  Abundant March. - Nov. *

 S Common March - May *

 J Common Highly Abundant March. - Nov. *

 L Rare Common April - June *

 E Common March - May *

Wells Harbor  A *

 S **

 J  Rare June - Oct. *

 L Rare April - June *

 E Rare March - May *

Great Bay  A  Rare March - Nov. *

 S **

 J  Rare March - Nov. *

 L Rare April - July *

 E Rare March - June *

Merrimack River  A *

 S **

 J Rare March - Sept. *

 L Rare April - July *

 E Rare March - June *

Massachusetts Bay  A Highly Abundant Jan. - Dec. ***

 S Highly Abundant Feb. - June **

 J Highly Abundant Jan. - Dec. ***

 L Abundant March - July *

 E Abundant Feb. - June *

Boston Harbor  A Abundant Jan. - Dec. **

 S Common Feb. - June *

 J Abundant Jan. - Dec. *

 L Rare Common March - July *

 E Rare Common Feb. - June *

Cape Cod Bay  A Abundant Jan. - Dec. **

 S Highly Abundant Feb. - May **

 J Highly Abundant Jan. - Dec. **

 L Rare Highly Abundant March - July **

 E Rare Highly Abundant Feb. - July **
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Figure 1.  The American plaice, Hippoglossoides platessoides (Fabricius 1780) (from Goode 1884).
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Figure 2.  Distribution and abundance of American plaice from Newfoundland to Cape Hatteras based on research trawl
surveys conducted by Canada (DFO) and the United States (NMFS) from 1975-1994 (http://www-orca.nos.noaa.gov/
projects/ecnasap/ecnasap_table1.html).
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Figure 3.  Abundance (percent occurrence) of the major prey items in the diet of American plaice based on NEFSC trawl
survey data on food habitats during 1973-1980 and 1981-1990.  Methods for sampling, processing, and analysis of
samples differed between the time periods [see Reid et al. (1999) for details].  The category “animal remains” refers to
unidentifiable animal matter.

Echinodermata 25.6%
Annelida 20.5%

Arthropoda 17.7%

Animal Remains 12.3% Mollusca 7.2%

Aschelminths 6.3%

Platyhelminthes 5.1%

Miscellaneous 3.8%

Other Prey 1.5%

Echinodermata 54.7%

Animal Remains 13.7%

Arthropoda 11.6%

Mollusca 7.4%

Annelida 6.3%

Fish 5.3%

Cnidaria 1.1%

a) 1973-1980
n = 764

b) 1981-1990
n = 88
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Figure 4.  Mean water column temperature (to a maximum of 200 m) and bottom depth associated with collections of
American plaice eggs during MARMAP ichthyoplankton surveys, 1978-1987.  Open bars represent the proportion of all
stations which were surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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Figure 5.  Mean water column temperature (to a maximum of 200 m) and bottom depth associated with collections of
American plaice larvae during MARMAP ichthyoplankton surveys, 1977-1987.  Open bars represent the proportion of
all stations which were surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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Figure 6.  Distribution of juvenile and adult American plaice in relation to bottom temperature and depth based on spring
(1968-1997) and autumn (1963-1996) NEFSC bottom trawl surveys.  Open bars represent the proportion of all stations
surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 7.  Distribution of juvenile and adult American plaice in relation to bottom temperature and depth based on spring
and autumn Massachusetts inshore bottom trawl surveys, 1978-1996.  Open bars represent the proportion of all stations
surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 8.  Distribution and abundance of American plaice eggs during MARMAP ichthyoplankton surveys, January to
December, 1978-1987.
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Figure 8.  cont’d.
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Figure 8.  cont’d.
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Figure 8.  cont’d.
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Figure 9.  Distribution and abundance of American plaice larvae during MARMAP ichthyoplankton surveys, March to
August, 1977-1987.
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Figure 9.  cont’d.
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Figure 10.  Distribution and abundance of juvenile and adult American plaice from winter (1964-1997), spring (1968-
1997), summer (1963-1995), and autumn (1963-1996) NEFSC bottom trawl surveys.  Densities are represented by dot
size in spring and autumn plots, while only presence and absence are represented in winter and summer plots [see Reid et
al. (1999) for details].
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Figure 10.  cont’d.
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Figure 11.  Distribution and abundance of juvenile and adult American plaice from the Massachusetts inshore bottom
trawl surveys, 1978-1996.
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Figure 12.  Commercial landings and survey indices for American plaice from the Gulf of Maine-Georges Bank region,
1963-1996.
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Figure 13.  Distribution and abundance of juvenile and adult American plaice during a period of low abundance (1985-
1989) and a period of high abundance (1976-1981), from spring NEFSC bottom trawl surveys.
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

The Atlantic cod (Figure 1) is distributed in the
northwest Atlantic Ocean from Greenland to Cape
Hatteras, North Carolina.  Within the overall distribution,
densities are highest off Newfoundland, in the Gulf of St.
Lawrence and on the Scotian Shelf, while in U.S. waters,
densities are highest on Georges Bank and the western
Gulf of Maine.  Atlantic cod are managed as two stocks in
American waters: (1) Gulf of Maine and (2) Georges
Bank and southward (Mayo 1995).  Little interchange
occurs between the two.  It occurs from nearshore areas to
depths exceeding 400 m (rarely).  The greatest
concentrations off the northeast coast of the U.S. are on
rough bottoms in waters between 10 and 150 m and at
temperatures between 0 and 10oC.

A regular pattern of migrations, associated with
reproduction and seasonal temperature change, has been
observed in the Newfoundland stock (Rose 1993).  Here,
huge schools of cod leave wintering areas in deep oceanic
waters and follow tongues of deep, relatively warm,
oceanic waters ("highways") across the shelf to summer
feeding areas nearshore.  They then move northward along
the Newfoundland coast in late summer, and eventually
return to wintering areas.  Spawning occurs in dense
concentrations (> 1 fish/m3) as they begin this mass
movement, with multiple pairs of spawning fish observed
in "columns" above the mass.  As this huge mass of fish
migrates inshore, it periodically encounters important prey
aggregations (e.g., capelin and shrimp) and disperses.
The mass is led by the largest size class (or "scouts") and
the smallest fish are found at the rear.  The author
postulates that the youngest learn the route from the
oldest, and that loss of the largest fish (through fishery
pressure directed at them) could result in changes in this
migration pattern.  Similar changes have been observed in
Norwegian herring stocks, but observations of such
migrations are lacking in the two U.S. stocks.  Off New
England, Atlantic cod typically move into coastal waters
during the fall and then retreat into deeper waters during
spring.  Another seasonal movement occurs in the Great
South Channel area where they move southwesterly
during autumn, spend the winter in southern New England
and the Mid-Atlantic coast, and then return in the spring.

Atlantic cod attain ages of 20 years, although most
enter fisheries at ages 2-5.  They can grow to lengths of
130 cm and weights of 25-35 kg and average 26 cm by the
end of their first year.  Median age at sexual maturity is
1.7-2.3 years at lengths between 32 and 41 cm (O’Brien et
al. 1993).  Fecundity is high and a large female may
produce between 3 and 9 million eggs.  Spawning occurs
near bottom during winter and early spring, usually in
water temperatures between 5 and 7oC.  Eggs are pelagic
and drift for 2-3 weeks before hatching.  The larvae are
also pelagic until they reach 4-6 cm in about 3 months,
whence they descend to the bottom.  Further details of the
life history of Atlantic cod are summarized in the Final

EIS for Amendment 5 (NEFMC 1993) for the
multispecies complex, and certain data are updated in
Amendment 7, Vol. 1 of the Multispecies FMP (NEFMC
1996).  Generalizations contained in those summaries
suffice to describe most biological and life history traits of
cod occurring off the northeastern coast of the U.S.  The
present document examines dietary requirements and
expands somewhat on spawning patterns, distributions and
habitat characteristics of four life history stages (eggs,
larvae, juveniles, adults).

LIFE HISTORY

EGGS

Atlantic cod eggs are pelagic, buoyant, spherical and
transparent. Their diameter ranges from 1.2-1.7 mm.  The
chorion is smooth (unsculptured) and the yolk is
homogeneous.  There are no oil globules and the
perivitelline space is narrow (Fahay 1983; Markle and
Frost 1985).  Hatching occurs after 8 to 60 days in varying
temperatures (Hardy 1978) and averages 2-3 weeks in
average spring conditions (Lough et al. 1989).
Temperature, more than season, also exerts the most
influence on egg and hatchling sizes (Miller et al. 1995).

LARVAE AND PELAGIC-JUVENILES

Larvae hatch at sizes between 3.3 and 5.7 mm, with
pigmented eyes, but unformed mouth parts.  The body is
long and tapering and the vent opens laterally on the
finfold, rather than at its margin.  The preanus length is <
50% of the total length.  Characteristic pigment includes
pairs of bars on the dorsal and ventral edges of the body
and individual melanophores under the notochord tip.
Pollock (Pollachius virens) larvae are similar, but have
five primary caudal rays on the superior hypural; Atlantic
cod larvae have four (Fahay 1983).  Some studies have
found increased growth rates with warmer temperatures
(e.g., Laurence 1978 ); others have correlated enhanced
growth with concentrations of zooplankton prey (Suthers
et al. 1989).  Several studies have described developing
larvae drifting in a clockwise pattern around Georges
Bank with high concentrations over the southern flank
between 50 and 100 m (e.g., Lough et al. 1989).  Larvae
occur from near-surface to depths of 75 m, and larvae
move deeper with growth (Hardy 1978).

JUVENILES

Transformation to the juvenile stage occurs at sizes
greater than 20 mm, when all fin rays are formed (Fahay
1983).  Descent from the water column to bottom habitats
occurs at sizes of 2.5-6 cm (Fahay 1983; Lough et al.
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1989) or < 7 cm (Bailey 1975).  Most remain on the
bottom after this descent, and there is no evidence of a
subsequent, diel, vertical migration (Bailey 1975).
Coloration during this initial descent mimics the substrate,
reducing predation (Lough et al. 1989).  After descent to
the bottom, juveniles are most dense in the following
areas: off Cape Ann, MA, Massachusetts Bay, Vineyard
Sound, Nantucket Shoals, and the Northeast Peak of
Georges Bank (present report).

ADULTS

Adults are heavy-bodied and have a large head, blunt
snout and a distinct barbel under the lower jaw tip.  Color
varies, but usually includes many small spots and a pale
lateral line.  Color can change depending on bottom
habitats.  There are three distinct dorsal fins and two
distinct anal fins.  Vertebrae number 50-59 and fin ray
counts are: D1: 13-16; D2: 19-24; D3: 18-21; A1: 20-24;
A2: 17-22.  Size averages 2.3-3.6 kg and the largest
recorded was 95.9 kg (Scott and Scott 1988).  They tend
to move in schools, usually on the bottom, although they
may also occur in the water column.

REPRODUCTION

Both size and age at maturity have declined in recent
decades, likely in response to the fishery harvesting older
and larger fish, or to a general decline in stock biomass
due to intense exploitation.  In a Scotian Shelf study
(Beacham 1983), the median age at maturity declined
about 50% between 1959 (when age at 50% maturity was
5.4 years in males, 6.3 years in females) and 1979 (when
age at 50% maturity was 2.8 years in both sexes).  Median
lengths at maturity declined from 51 to 39 cm in males, 54
to 42 cm in females.  This "smaller and younger at
maturity" trend continued between 1972 and 1995 in all
zones between Georges Bank and Labrador (Trippel et al.
1997).  Presently, in U.S. waters, sexual maturity is
reached at ages between 1.7 and 2.3 years (median) and
lengths between 32 and 41 cm (average) (O’Brien et al.
1993).  Age and length at 50% maturity for Georges Bank
and Gulf of Maine stocks are shown in Table 1.  In
preparing the distribution maps for this report, a size of 35
cm was used as the division between juveniles and adults,
based on data in Table 1 and Morse (1979).

On Georges Bank, an analysis of the Marine
Resources Monitoring, Assessment and Prediction
(MARMAP) data set indicates that 60% of spawning
occurs between February 23 and April 6, based on the
abundance of Stage III eggs, back-calculated to spawning
date.  Ninety percent occurs between mid-November and
mid-May, with a median date of mid-March (Page et al.
1998; Colton et al. 1979).  Spawning begins along the
southern flank of Georges Bank and progresses toward the

north and west.  It ends latest in the year on the eastern
side of the bank.  Egg distributions indicate that the most
intense spawning activity occurs on the Northeast Peak of
Georges Bank (Page et al. 1998).  The results of the
present compilation of egg distributions indicate that most
spawning occurs not only on the Northeast Peak of
Georges Bank, but also around the perimeter of the Gulf
of Maine, and over the inner half of the continental shelf
off southern New England.  It occurs year-round, with a
peak in winter and spring.  Peak spawning is related to
environmental conditions.  It is delayed until spring when
winters are severe and peaks in winter when they are mild
(Smith et al. 1979; Smith et al. 1981).  Spawning peaks in
April on Browns Bank (Hurley and Campana 1989).
Reproduction also occurs in nearshore areas, such as
Beverly-Salem Harbor, MA, where eggs are found
November through July (with a peak in April) at
temperatures between -2 and 20oC (Elliott et al. 1979).

FOOD HABITS

The Atlantic cod has a varied diet.  Reported food
items vary by life history stage and study area (Table 2).
During Northeast Fisheries Science Center (NEFSC)
bottom trawl surveys, the most frequently observed food
items were invertebrates, with fishes comprising only a
minor component (Figure 2; Table 3).  In another study,
leading fish (also known as “scouts”) at the head of
migrating shoals were larger, were more successful in
feeding on preferred prey (fishes and pelagic
invertebrates), and had a more varied diet than those
following, which tended to feed mostly on benthic
invertebrates (Deblois and Rose 1996).  Although
cannibalism is not often reported to occur in this species,
recent studies suggest the importance of habitat
segregation of Age 1 cod from older year classes in order
to avoid it (Gotceitas et al. 1995, in prep.).

PREDATION

Yolk sac larvae are vulnerable to zooplankton
predators including Aurelia, Thysanoessa and Euchaeta
(Bailey 1984).  Adults, because of their large size, have
few enemies other than large sharks.  Young stages,
however, are preyed upon by spiny dogfish, winter skate,
silver hake, sea raven, squid (northern shortfin), Atlantic
halibut, fourspot flounder and adult cod.

MIGRATIONS

In the middle part of their range, cod are non-
migratory in the strictest sense, only undertaking minor
seasonal movements in reaction to changing temperatures.
At the extremes of their range, however, cod migrate
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annually (see Introduction).  In the extreme northern
region (east coast of Labrador) cod are only present
during summer and early fall.  In the Middle Atlantic
Bight as far south as Chesapeake Bay, cod only occur
during winter and spring and retreat north and east to
Nantucket Shoals as shallow waters in the southern part of
the Bight exceed 20oC (Heyerdahl and Livingstone 1982).

STOCK STRUCTURE

Several stocks have been recognized in Canadian and
U.S. waters.  In U.S. waters three (or four) stocks occur:
(1) in the Gulf of Maine, north of Provincetown; (2) on
Georges Bank; (3) in southern New England, south and
west of Nantucket Shoals; and (4) along the Middle
Atlantic Bight, although the latter three intermingle.  In
U.S. waters, cod are managed as two stocks, the Gulf of
Maine, and the Georges Bank and southward stocks
(Mayo 1995).

HABITAT CHARACTERISTICS

The results of a literature review directed at habitat
requirements of four life history stages of Atlantic cod are
presented in Appendix 1 and a synthesis of those data are
presented in Table 4.  These tables include data from U.S.
(and certain non-U.S.) western Atlantic stocks, but
excludes data from the eastern Atlantic.  Data from
Canadian waters were included only if the results could
reasonably be applied to U.S. stocks.  Specifics of some
Canadian studies (e.g., distribution relative to
temperatures within a distinct region) were not included
since they have little applicability to U.S. waters.

In general, young stages of Atlantic cod tend to have
restricted distributions near major spawning centers.  With
increasing age, they tend to be more widely distributed
and occur in deeper, colder and more saline water
(Tremblay and Sinclair 1985).

EGGS

An analysis of nearly 50 years of trawl data in
Canadian waters concluded that spawning rarely occurs
beyond the continental shelf, but rather occurs near where
eggs and larvae are likely to be retained (Hutchings et al.
1993).  These authors concluded that inshore spawning
populations contribute more to recruitment than those
farther offshore.  In MARMAP sampling between 1979
and 1987, eggs were collected from virtually all depths
sampled, but primarily from depths < 100 m (Berrien and
Sibunka 1999).  Many reports describe eggs occurring in
the upper 10 m of the water column, although spring
rainfalls can lower the salinity and they will then sink to
lower depths.  Although eggs are collected in a wide range

of temperatures and salinities, several studies have found
optimum conditions for incubation, hatching and
development, depending on study site (Table 4).  The
present compilation of collections indicates that most eggs
are found in water column temperatures of 4-8oC (winter,
spring, summer) or 7-14oC (fall).  A lab study found that
egg mortality was independent of temperature, but that
mortality increased at lower salinities within the range 26-
36 ppt (Laurence and Rogers 1976).

LARVAE AND PELAGIC-JUVENILES

Several studies have found increased recruitment
success when dispersion of larvae from spawning areas by
currents is reduced (Table 4; Cong et al. 1996).  Although
larvae have been collected from a wide range of
temperatures, most are found in temperatures < 8oC,
although growth rates may be enhanced in warmer
temperatures (e.g., Lawrence 1978) and one study found
no increased mortality when larvae were exposed to
higher temperatures (Iversend and Danielssen 1984).
Larvae can survive undercooling to -1.8oC but if in direct
contact with ice they froze at -1.36oC (Valerio et al.
1992).  When larvae are 3-8 days old, they are positively
phototactic and are reported to occur from the surface to
75 m depths, moving deeper in the water column as they
grow older (Hardy 1978).

JUVENILES

Juveniles may tolerate a wider range of temperatures
than adults (Table 4; and Bigelow and Schroeder 1953).
Several studies have stressed the importance of cobble
substrates over finer grained bottoms after settlement
(e.g., Bigelow and Schroeder 1953; Colton 1978), and
some of these studies have related this preference to
avoidance of predation by older year classes of cod (e.g.,
Gotceitas and Brown 1993 and others).  Nearshore
nurseries (including grass beds) may be significantly more
important to survival of juveniles than offshore habitats
(see Table 4).

ADULTS

Adult cod are typically found on or near bottom along
rocky slopes and ledges.  They prefer depths between 40
and 130 m, but are sometimes found in midwater.  Cod
rarely occur deeper than 200 m.  Larger individuals
remain closer to the bottom in deeper water, and many
move to offshore banks during summer (Hardy 1978;
Cohen et al. 1990).  Several studies have ascertained a
preference by adult cod for coarse sediments over finer
mud and silt (Table 4; Scott 1982b).  They engage in diel
vertical migrations, where they make forays off the bottom
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and into the water column at night (several studies; e.g.,
Beamish 1966).  Cod can occur in temperatures from near
freezing to 20oC, and are usually found in temperatures <
10oC, except during fall when they can occur in warmer
temperatures.  Larger fish are generally found in colder
waters (Cohen et al. 1990).

GEOGRAPHICAL DISTRIBUTION

Atlantic cod in the northwest Atlantic are distributed
from Cape Chidley, Labrador to Cape Henry, VA (Figure
3).  The areas of highest abundance are in Canadian
waters and include the eastern coast of Labrador south of
Cape Harrison, off eastern Newfoundland, the Flemish
Cap, the Grand Bank, the Gulf of St. Lawrence, and the
Scotian Shelf.

The estuarine occurrences of early life history stages
between Maine and the Chesapeake Bay are shown in
Table 5.  These are expressed as relative abundance
characterizations, based on the observations of biologists
working in each of the systems listed, but they are not
quantitative measurements and should be considered as
presence or absence value only.  Despite these limitations,
it is apparent that no early life history stages are
commonly collected south of Buzzards Bay, and north of
there they are uncommon in systems comprised mostly of
low salinity zones.

EGGS

During MARMAP sampling between the Gulf of
Maine and Cape Hatteras, 1978-1987, eggs were
distributed throughout the study area, with centers of
abundance in western Gulf of Maine, Georges Bank and
southern New England waters (Berrien and Sibunka
1999).  Although they occurred year-round, densities were
much lower during August and September.  Maximum
average densities of eggs occurred during March on
Georges Bank.  A downward trend in abundance was
observed between 1979 and 1987 in this study area
(Berrien and Sibunka 1999).  Monthly distribution maps
presented here (Figure 4) pertain to the same MARMAP
collections.  In general, eggs were most dense on the
Northeast Peak of Georges Bank and around the perimeter
of the Gulf of Maine, as well as lower densities in
southern New England waters (Figure 4).  Monthly
densities reached a peak in March-April, declined through
the summer, and began to increase again in the fall.  Note
the relative lack of sampling in the Gulf of Maine during
March, when densities might be expected to be high.

Eggs usually occurred at temperatures between 4 and
8oC, although they also occurred at warmer temperatures,
especially during the fall (Figure 5).  Most eggs occurred
over depths of 60-110 m, although they occurred in
shallower waters during the winter (Figure 5).

There is no information on this life history stage from
state surveys.

LARVAE AND PELAGIC-JUVENILES

Larvae also occurred in MARMAP samples year-
round.  They were most abundant in March-May over
Georges Bank and southern New England (Figure 6),
although sampling was light during March in the Gulf of
Maine.  Few larvae were collected between August and
October.  Most larvae were collected in temperatures
between 4 and 10oC and over depths of 30-70 m (Figure
7).

There is no information on this life history stage from
state surveys.

JUVENILES

The distribution of juveniles (< 35 cm) closely
matches that of spawning activity, with centers of
abundance on Georges Bank and the western part of the
Gulf of Maine (Figure 8).  [Also see the distribution of
immature Atlantic cod, < 37 cm, resulting from NEFSC
bottom trawl survey cruises, 1968-1986 in Wigley and
Gabriel (1991)].  During spring trawl surveys, densities
are highest in the area north and south of Cape Ann,
Massachusetts.  During summer (presence or absence data
only) juveniles are mostly found along the western shore
of Gulf of Maine, but also occur on the Northeast Peak of
Georges Bank and on Browns Bank.  Fall densities are
highest in the areas of Massachusetts Bay, Nantucket
Shoals and the Northeast Peak of Georges Bank.  Winter
distributions (presence or absence data only) are similar.
During spring, juveniles are mostly found in temperatures
of 4-7oC and depths of 25-75 m, while during fall, they
occur mostly between 7 and 12oC, but in the same depths
(Figure 9).

Juvenile cod (< 35 cm) occur in nearshore waters of
Massachusetts during spring and fall (Figure 10).  In the
spring they are most dense around Cape Ann and the tip
of Cape Cod, with scattered occurrences in Massachusetts
Bay and Nantucket Sound.  In the fall they occur densely
around Cape Ann and throughout Cape Cod Bay, but are
not found in Nantucket Sound.  During spring surveys,
their occurrences relative to temperature and depth closely
match those sampled, but during fall surveys, they tend to
occur at the coolest and deepest sampling stations (Figure
11).

In a trawl survey of Narragansett Bay undertaken by
the Rhode Island Division of Fish and Wildlife, 1990-
1996, very few juvenile cod were collected.  They were
collected in winter, spring and summer at stations with
bottom temperatures between 5 and 22oC and depths of
10-110 ft.  Too few were collected to draw conclusions
regarding temperature or depth preferences.
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See below for cod occurrences in Long Island Sound,
and Hudson-Raritan Estuary/Sandy Hook Bay.

ADULTS

Spring densities of cod adults closely match those of
the fall, with additional collections made throughout the
central part of the Middle Atlantic Bight (Figure 8).
Temperature and depth preferences are similar to those of
juveniles except that the depth range of adults is greater
than juveniles during the fall (Figure 9).  During summer
(presence or absence data only) adult cod are found
throughout the Gulf of Maine and on Georges and Browns
Banks (Figure 8).  Fall densities are highest in the western
part of Gulf of Maine, Nantucket Shoals and on the
Northeast Peak of Georges Bank.  Winter occurrences
(presence or absence data only) are scattered over
Georges Bank and southern New England with fewer
occurrences in the western part of Gulf of Maine.

Adults occur more frequently in spring surveys than
in fall surveys in nearshore Massachusetts.  During the
spring, they occur abundantly around Cape Ann, the tip of
Cape Cod, and the western part of Cape Cod Bay (Figure
10).  A few adults are found during fall surveys, and these
are restricted to the Cape Ann and Cape Cod tip areas.
Adults occur in the coolest stations sampled during spring
and fall, occur at all depths sampled during spring, but
only in the deepest stations sampled during fall (Figure
11).

Only one adult cod was collected in a survey of
Narragansett Bay by the Rhode Island Division of Fish
and Wildlife, 1990-1996.  Cod do not regularly occur in
Long Island Sound.  In a survey of that body of water by
the State of Connecticut, 1992-1997, only three
(unmeasured) cod were collected, all near the eastern end
of the sound, during the spring, at temperatures of 9-10oC.
A NEFSC trawl survey of the Hudson-Raritan
Estuary/Sandy Hook Bay, 1992-1997, only collected two
cod, both during winter (D. McMillan, National Marine
Fisheries Service, Highlands, NJ, personal
communication).

STATUS OF THE STOCKS

Combined commercial landings of the Gulf of Maine
and Georges Bank stocks of cod are presently at their
lowest level in 25 years (Mayo 1995 and Figure 12).
Annual landings from the Gulf of Maine stock averaged
5,500 tons from 1960-1975; 12,000 tons from 1976-1985.
A record high 18,000 tons was landed in 1991, but
landings have declined since (Murawski et al. 1997).  The
relatively strong 1987 year-class no longer dominates
catches, and recent landings are mostly comprised of
weaker year classes deriving from 1988-1991 (Mayo
1995).  The most recent year-classes have been among the

weakest recorded.  The Gulf of Maine stock is markedly
depressed and remains overexploited.

Annual U.S. landings from the Georges Bank stock
increased from 10,800 tons in 1960 to 40,000 tons in
1980, then declined to 18,000 in 1986 and 9,800 in 1994.
Canadian landings from the same stock peaked at 14,300
tons in 1990, but have declined sharply since.  The stock
is currently dominated by the 1990 year-class.
Subsequent year-classes have been much weaker and
older fish are almost non-existent in this stock.  This stock
is presently at very low abundances, compared to
historical levels (Murawski et al. 1997).

Based on landings (Gulf of Maine stock) or combined
landings and estimates of spawning stock biomass
(Georges Bank stock), 1979-1982 was selected as a period
of relatively high abundance for cod, and 1993-1996 as a
period of low abundance.  The distributions of juveniles
and adults during spring bottom trawl surveys were then
plotted (Figure 13).  Juveniles were relatively less dense
in all areas where they occurred during the low-abundance
period and are absent from certain areas (e.g., Long
Island, Nantucket Shoals, Browns Bank) where they
occurred during high-abundance periods.  Distributions of
adults during the two periods were similar.  During the
low-abundance period, densities were obviously lower
throughout their range, and they did not occur in certain
regions sampled (e.g., Browns Bank, much of southern
New England) where they occurred during high-
abundance periods.

RESEARCH NEEDS

Our knowledge of habitat requirements of Atlantic
cod is scant beyond the distribution and relative
abundance levels (EFH tiers 1 and 2).  Scientists have
only recently begun to investigate the early settlement
stage and its associated substrate preferences (Lough et al.
1989) and the importance of certain bottom habitat types
to the survival of young-of-the-year (e.g., Tupper and
Boutilier 1995).  Associated with these studies are those
equating bottom habitats with the avoidance of predation,
including cannibalism (e.g., Gotceitas et al. 1995, in
prep.) or the importance of habitat segregation between
year classes (e.g., Fraser et al. 1996).  These kinds of
studies are essential to improving our understanding of the
importance of habitat at tiers 3 and 4 (effects of habitat
variables on growth and/or survival).
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Table 1.  Age and length at 50% maturity for two stocks of Atlantic cod, Gadus morhua.  Data are from Mayo (1995).
Similar results were obtained in a Canadian study for zones near U.S. waters (Trippel et al. 1997).

Georges Bank Georges Bank Gulf of Maine Gulf of Maine

Males Females Males Females

Age at 50%
Maturity

1.9 years 1.7 years 2.3 years 2.1 years

Length at 50%
Maturity

41 cm 39 cm 36 cm 32 cm
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Table 2.  Food habits of Atlantic cod, Gadus morhua.

Source Study Area and Food Habits

Marak 1960

LARVAE

Georges Bank, Gulf of Maine:  Larvae eat most abundant prey.  4-18 mm eat mostly larval copepods; 18+
mm eat mostly adult copepods.

Bainbridge and McKay
1968

Greenland:  Larvae (3-10 mm) mostly eat nauplii and copepodites of the copepods Calanus and Temora.
Also euphausiids.

McLaren and Avendano
1995

Scotian Shelf (Western Bank): Larvae predominant prey: 2 species of the copepod Pseudocalanus.

Bowman 1975

JUVENILES AND ADULTS

Gulf of Maine:  Primary item: herring.  Also redfish, mackerel, cod, and red and rock crabs.

Hacunda 1981 Central Maine coast ;  Crustaceans most important, especially amphipods, Unciola, Leptocheirus, and
decapods Crangon, Cancer.

Langton 1982 Northwest Atlantic:  Initially crustaceans, switch to fishes with growth. Overlaps with white hake
(Urophycis tenuis) and, at smaller sizes, with haddock (Melanogrammus aeglefinus).

Bigelow and Schroeder
1953

Gulf of Maine:  Mollusks most important.  Also other invertebrates.

Langton and Bowman
1980

Gulf of Maine:  Diet by weight (%): Pisces 69.5; Clupeidae 23.3; Crustacea 26.1; other decapods 14.1;
Mollusca 0.7; Echinodermata 0.4.

Tyler 1972 Passamaquoddy Bay: Winter - Meganyctiphones, Mysis, Pandalus;  summer - Meganyctiphones, Clupea,
Pandalus.

Keats et al. 1987 Conception Bay, Newfoundland: < 12.5 cm ate mostly small zooplankton; > 12.5 cm ate mostly benthic
organisms, in areas with thick macroalgal cover.  Latter not used as food source, however.

Whitehead et al.  1986 Northeastern Atlantic:  Diet variable: (fishes) herring, capelin, haddock, codling; (invertebrates)
euphausiids, hyperiids, amphipods, polychaetes.

Kohler and Fitzgerald
1969

Gulf of St. Lawrence, offshore Nova Scotian Banks: Small cod ate mostly crustaceans, switch to fish diet as
they grow.  Species taken depends on relative abundance of prey.  Herring most important in GOSL, sand
lance on Nova Scotian Banks.  Some seasonal variation within areas and by depth.

Casas and Paz 1994 Flemish Cap: Invertebrates (crustaceans and polychaetes) dominant in juvenile diets; adults consume
mostly fish, mainly redfish (Sebastes sp.).

Casas et al 1991 Flemish Cap: Hyperiid amphipods main item in juvenile cod; as size increases, shift to fish as food item.
Most important fish prey juvenile redfish (Sebastes sp.).  Rate of cannibalism very low.

Keats and Steele 1992 Newfoundland (eastern): Juveniles (Age 0 and 1) feed mostly during daylight and most prey was
planktonic.

Witman and Sebens
1992

Gulf of Maine: Cod fed heavily on tethered brittle stars in this experiment.

Robichaud et al. 1991 Cape Breton I., Nova Scotia: Cod fed on snow crabs (Chionecetes sp.) and toad crabs (Hyas spp.), with the
latter selected somewhat more often.

Methven and Piatt 1989 Newfoundland: Capelin very important diet item.  When abundance is high, occurrences in cod stomachs
high; when abundance low, occurrences in cod stomachs low.

Lilly and Parsons 1991 Northeast Newfoundland: Northern shrimp (Pandalus borealis) identified as important food item of cod
throughout shrimp’s range.

Minet and Perodou
1978

SW Newfoundland and NE Gulf of St. Lawrence: Capelin and crustaceans most important components. In
some areas, larger cod ate more herring, redfish and plaice.
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Table 3.  Minor diet items of Atlantic cod (Gadus morhua) based on NEFSC Food Habits Study during bottom trawl
surveys.  Listed below are items occurring at 1-5 percent frequency.  See Figure 1 for items occurring more frequently.

1973-1980: Diet Item Percent Frequency 1981-1990: Diet Item Percent Frequency

Polychaeta 4.70 Euphausiidae 4.68

Unciola irrorata 4.70 Decapoda (shrimp) 3.92

Eualus pusiolus 4.50 Paguridae 3.77

Trematoda 4.35 Ophiuroidea 3.64

Pagurus acadianus 3.49 Cancer sp. 3.24

Gastropoda 3.24 Bivalvia 2.81

Decapoda (crab) 3.03 Cancer irroratus 2.54

Ophiopholis aculeata 2.98 Gastropoda 2.26

Pandalidae 2.88 Merluccius bilinearis 2.26

Pandalus montagui 2.53 Gammaridea 2.11

Ammodytes sp. 2.53 Crustacea 1.63

Caprellidae 2.43 Mollusca 1.63

Cancridae 2.43 Cancer borealis 1.61

Decapoda 2.38 Isopoda 1.61

Paguridae 2.33 Crangon septemspinosa 1.56

Cephalapoda 2.22 Rock 1.45

Lysianassidae 2.18 Aphroditidae 1.44

Cancer borealis 2.18 Pectinidae 1.15

Ophiuroidea 2.12

Aphroditidae 2.07

Pagurus sp. 2.07

Sand 2.07

Aeginna longicornis 1.97

Holothuroidea 1.87

Pontogeneia inermis 1.82

Cirolanidae 1.82

Hyas sp. 1.72

Axius serratus 1.52

Bivalvia 1.52

Politolana polita 1.47

Pectinidae 1.47

Pandalus borealis 1.32

Neomysis americana 1.32

Calanoida 1.32

Gastropoda operculum 1.32

Copepoda 1.26

Anonyx sarsi 1.16

Crangonidae 1.11

Mollusca 1.11

Clupeidae 1.11

Syrrhoe crenulata 1.01

Euphausiidae 1.01
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Table 4.  Summary of life history and habitat parameters for Atlantic cod, Gadus morhua.  Based on data contained in
Appendix 1, Table of Habitat Parameters.

Life
History
Stage

Spatial and
Temporal

Distribution
Temperature Salinity

Depth/
Substrate/
Vegetation

Diel/ Light/
Vertical

Predator/ Prey

Eggs 1 Pelagic.  Bays,
harbors, offshore
banks.
Begins fall, peaks
winter and
spring.

Most 2.0-8.5°C
for incubation.
12.0°C upper
limit. Mortality
independent of
temp.

Most 32-33
ppt. Eggs sink
in spring
freshets.
Inverse
relationship
with mortality,
26-36 ppt.

Usually < 70 m Near surface
unless salinities
low.  Eggs in poor
condition may
sink.

--

Larvae 2 Pelagic. Most
over Georges
Bank, perimeter
of Gulf of Maine,
southern New
England,
continental shelf.
Densest in
spring.

Most 4-8°C
(winter-spring), 7-
12°C (summer-
fall).

Most 32-33
ppt.

NA Youngest from
surface to 75 m.
Move deeper with
age. Migrate
vertically in
reaction to light.

Growth
strongly
correlated with
zooplankton
volume. Yolk
sac larvae
vulnerable to
zooplankton
predators.

Juveniles 3 Mostly in shoal
waters, coastal or
offshore banks,
summer. Deeper
water winter.

6-20°C. More
tolerant of
extremes than
adults.  Temp.
preferences differ
winter-summer.

30-35 ppt. ‘Cobble’ preferred
over finer grains.
Uses vegetation
for predator
avoidance.
Survival may be
enhanced in
structurally
complex habitats.

Some changes in
vertical
distribution,
day/night (see
Appendix 1).

Avoid
predation by
seeking refuge
in structured
habitats.

Adults 4 Seasonal
migrations except
in Gulf of Maine.
Most dense
Massachusetts
Bay, NE Georges
Bank, Nantucket
Shoals.

Generally < 10°C.
Varies seasonally.

Wide range of
oceanic
salinities.
Mortality < 2.3
ppt.

Rocky, pebbly,
gravelly. Avoid
finer sediments.

Usually on bottom
during day, may
move up into
water column at
night.

Varied diet.
Predation by
large sharks,
spiny dogfish,
and, as
juveniles, older
cod.

1  Bonnet 1939, Bigelow and Schroeder 1953, Laurence and Rogers 1976, Hardy 1978
2  Rau 1974, Hardy 1978, Bailey 1984, Suthers et al. 1989
3  Bigelow and Schroeder 1953, Hardy 1978, MacDonald et al. 1984, Clark and Green 1990, Gotceitas and Brown 1993
4  Bigelow and Schroeder 1953, Beamish 1966, Odense et al. 1966, Hardy 1978, Scott 1982b, Cohen et al. 1990
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Table 5.  Distribution of life history stages of Atlantic cod (Gadus morhua) in representative estuaries between Maine
and Chesapeake Bay.  Occurrences are not quantitative and may be based on a single, or very few, specimens.  Estimates
of relative abundance after Jury et al. (1994), Stone et al. (1994).

Estuary Eggs Larvae Juveniles Adults

Passamaquoddy Bay None Common Common Common

Englishman, Machias Bays Common Common Abundant Common

Narraguagus Bay Common Common Abundant Common

Blue Hill Bay Common Common Abundant Common

Penobscot Bay None Common Common Common

Muscongus Bay Rare Rare Common Common

Damariscotta Bay Rare Rare Common Common

Sheepscot River Abundant Abundant Common Abundant

Kennebec/Androscoggin
Rivers

None None Common Common

Casco Bay Common Common Common Common

Saco Bay Common Common Common Common

Wells Harbor Rare Rare Rare None

Great Bay Common Common Rare Rare

Merrimack River Rare Rare Rare Rare

Massachusetts Bay Common Common Common Common

Boston Harbor Common Common Common Common

Cape Cod Bay Common Common Common Common

Waquoit Bay Rare Rare Rare None

Buzzards Bay Common Common Common Common

Narragansett Bay Rare Rare Rare Rare

Long Island Sound Rare Rare Rare Rare

Connecticut River None None None None

Gardiners Bay Rare Rare Rare Rare

Great South Bay None None None None

Hudson River/Raritan Bay None Rare None None

Barnegat Bay to Chesapeake
Bay

None None None None
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Figure 1.  The Atlantic cod, Gadus morhua (from Goode 1884).
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Figure 2.  Abundance of the major prey items in the diet of Atlantic cod, based on NEFSC bottom trawl survey data on
food habits collected during 1973-1980 and 1981-1990.  Methods for sampling, processing, and analysis of samples
differed between the time periods [see Reid et al. (1999) for details].  All other diet items less than 5 percent frequency
are listed in Table 3.  The category “animal remains” refers to unidentifiable animal matter.
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Empty
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Trawl Survey 1981-1990
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Amphipoda

Polychaeta

Pandalidae

Ammodytes sp.

Trawl Survey 1973-1980
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Figure 3. Distribution and abundance of Atlantic cod from Newfoundland to Cape Hatteras based on research trawl
surveys conducted by Canada (DFO) and the United States (NMFS) from 1975-1994 (http://www-orca.nos.noaa.
gov/projects/ecnasap/ecnasap_table1.html).
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Figure 4.  Distribution and abundance of Atlantic cod eggs collected during NEFSC MARMAP ichthyoplankton surveys,
January to December, 1978-1987 [see Reid et al. (1999) for details].  Abundance is represented by dot size, and
sampling effort is indicated by small x.
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Figure 4.  cont’d.
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Figure 4.  cont’d.
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Figure 4.  cont’d.
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Figure 5.  Mean water column temperature and bottom depth associated with collections of Atlantic cod eggs during
NEFSC MARMAP ichthyoplankton surveys (1978-1987) by month for all years combined.  Open bars represent the
proportion of all stations which were surveyed, while solid bars represent the proportion of the sum of all standardized
catches (number/10 m2).

January

0

10

20

30
Stations
Egg Catch

April

0
10
20
30
60

70

May

0

10

20

30

June

Pe
rc

en
t

0
10
20
40
50

July

0
10
20
30
40

August

0

10

20

60

October

0

10

20

30

Atlantic Cod Eggs

September

0

10

20
70
80

February

0
10
20
30
40

March

0

10

20
80
90

November

0
10
20
30
40

December

Water-Column Temperature (0-200m, C)
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

0

10

20

30

January

0

10

20

30
Stations
Egg Catch

April

0

10

20

30

October

0
10
20
30
40

Atlantic Cod Eggs

September

0
10
20
30
60
80

May

0

10

20

30

June

P
er

ce
nt 0

10

20

50

July

0
10
20
30
40
50

August

0
10
20
30
40

December

Bottom Depth (m), Interval Midpoint

10 30 50 70 90 11
0

13
0

15
0

17
0

19
0

21
0

23
0

25
0

27
0

29
0

32
5

37
5

45
0

75
0

12
50

17
50

>20
00

0

10

20
40
50

November

0

10

20
50

60

March

0
10
20
30

80
90

February

0
10
20
30
40
50



Page 23

Figure 6.  Distribution and abundance of Atlantic cod larvae collected during NEFSC MARMAP ichthyoplankton
surveys, January to December, 1977-1987 [see Reid et al. (1999) for details].  Abundance is represented by dot size, and
sampling effort is indicated by small x.
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Figure 6.  cont’d.
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Figure 6.  cont’d.
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Figure 6.  cont’d.
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Figure 7.  Mean water column temperature and bottom depth associated with collections of Atlantic cod larvae during
NEFSC MARMAP ichthyoplankton surveys (1977-1987) by month for all years combined.  Open bars represent the
proportion of all stations which were surveyed, while solid bars represent the proportion of the sum of all standardized
catches (number/10 m2).
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Figure 8.  Distribution and abundance of juvenile (< 35 cm) and adult (≥ 35 cm) Atlantic cod from spring (1968-1997),
summer (1963-1995), autumn (1963-1996), and winter (1964-1997) NEFSC bottom trawl surveys.  Densities are
represented by dot size in spring and fall plots, while only presence and absence are represented in winter and summer
plots [see Reid et al. (1999) for details].
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Figure 8.  cont’d.
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Figure 9.  Distribution of juvenile and adult Atlantic cod in relation to bottom temperature and depth based on spring
(1968-1997) and autumn (1963-1996) NEFSC bottom trawl surveys.  Open bars represent the proportion of all stations
which were surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 10.  Distribution and abundance of juvenile (< 35 cm) and adult (≥ 35 cm) Atlantic cod collected during spring
and autumn Massachusetts inshore bottom trawl surveys, 1978-1996 [see Reid et al. (1999) for details].
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Figure 11.  Distribution of juvenile and adult Atlantic cod in relation to bottom temperature and depth based on spring
and autumn Massachusetts inshore bottom trawl surveys, 1978-1996.  Open bars represent the proportion of all stations
which were surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 12.  Annual commercial landings (including recreational catches) and estimates of spawning stock biomass (from
the NEFSC bottom trawl surveys) for the Gulf of Maine and Georges Bank and south stocks of Atlantic cod.
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Figure 13.  Distribution and abundance of juvenile (< 35 cm) and adult (≥ 35 cm) Atlantic cod during a period of
relatively high abundance (1979-1982) and a period of relatively low abundance (1993-1996), from spring NEFSC
bottom trawl surveys.
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Appendix 1.  Table of Habitat Parameters for Atlantic cod, Gadus morhua.  This table is separated into four parts based on life history
stage.  "Present Study" refers to data presented herein.  Abbreviations: GB = Georges Bank; GOM = Gulf of Maine; GOSL = Gulf of
St. Lawrence; Mass Bay = Massachusetts Bay; Nfld. = Newfoundland; SNE = southern New England (Nantucket Shoals to Hudson
Canyon); SS = Scotian Shelf.

SPAWNING/EGGS

Authors Study Area
and Period

Habitat (Spatial and
Temporal)

Temperature Salinity Currents/
Circulation

Light/Vertical

Bigelow &
Schroeder
1953

GOM Pelagic. Spawn Mass Bay 3-10
miles from shore Nov-Apr.;
Ipswich Bay Feb-May; West
coast Maine Mar-May (into
mid-summer).  Also Isles of
Shoals, Casco Bay, Sheepscot
R.  Always < 50 fm.

Bottom temps 0.6-8.9°C
for spawning (2.2-5.6°C
in Mass Bay). 
5.0-8.3°C optimum for
hatching. High
mortalities at 0°C.

Sink in spring
freshets

Drift southwest
following
coastline, 10-30
days

Near surface if salinities
high

Hardy
1978

GB, GOM Pelagic.  Spawn in inlets, bays,
harbors, coastal & offshore
banks. Usually < 73 m.

0-6°C for spawning.
2.0-8.5°C optimum for
incubation

Spawn salinity thru
range: 10.0-35.5
ppt.
Eggs sink in spring
freshets. High
mortality at low
salinites (9.9-12.5
ppt)

--- Upper 10 m. Sink with
age

Fish 1928 Mass Bay,
SW GOM

Peak spawning, Mass Bay,
January

10.1°C (Nov) to 0°C
(January)

--- Advected out of
Mass Bay by
currents.

---

Bonnet
1939

Lab study Ipswich Bay. Spawns at yearly
minimum temp. (March)

0.5-3.0°C.
12°C upper limit for
development

--- Eggs spawned in
Ipswich bay
would drift 120
miles before
larvae settled to
bottom

---

Colton
1978

GOM Spawn Nantucket Shoals and
Mass Bay, January-April (peak
January). Also Georges and
Browns banks, Ipswich Bay,
SW GOM.

--- --- --- ---

Cohen et
al. 1990

North
Atlantic

Most productive area in
western North Atlantic is
eastern half GB & Grand
Banks, followed by SW GOM.

0-12°C with most 0-
6°C. GOM stock
spawns in colder water
than others.

--- --- Spawn near bottom,
unless temperatures
unsuitable, then migrate
into water column.

Rau 1974 Browns
Bank, GB,
Nantucket
Shoals, Feb-
Mar 1973

Most eggs found over central
and northeast GB.

Most collected at 3-5°C Most collected at
32-33 ppt

--- ---

Anderson
and de
Young
1995

Northeastern
Nfld. shelf

Studied vertical distribution
and relative condition of eggs.

Temperature has effect
on vertical distribution

Salinity (water
density) has effect
on vertical
distribution

--- Eggs in poor condition
found deeper in water
column.

Miller et
al. 1995

SS, October-
May, 1991-
1993

Peak spawn during fall. Temperature (more than
season) exerts most
influence on egg size
(and hatchling size).

--- --- ---

Valerio et
al. 1992

Nfld. Studied freeze resistance of
eggs & larvae.  No antifreeze
proteins detected.

If chorion intact,
capable of undercooling
to -4.0°C. Froze at -4.1
to -17.0°C.

--- --- ---

Brander &
Hurley
1992

SS Spring spawning proceeds from
SW to NE along shelf.

--- --- Spawning
matches
production of
copepods.

---
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Appendix 1.  cont’d.

LARVAE

Authors Study Area
and Period

Habitat (Spatial and
Temporal)

Temperature Salinity Currents/
Circulation

Light/
Vertical

Predators/ Prey
(See Tables)

Rau 1974 Browns Bank,
GB, 
Nantucket
Shoals, Feb-
Mar 1973

Most larvae (2-7 mm)
between northeast GB
and Nantucket Shoals.

Most collected
3-5°C

Most
collected
32-33 ppt

--- --- ---

Laurence
1978

Laboratory
study

Growth rates increase
with increasing
temperatures.

4°C:   4.15%/d
7°C:   6.67%/d
10°C:  8.75%/d

--- --- --- ---

Werner et
al. 1993.

GB Examined tidal
currents, wind stress,
Scotian Shelf inflow,
advection and vertical
distribution of larvae
on Northeast Peak. 
Spawning shoalward
of 50-m isobath
enhances eventual
retention  of larvae on
Georges Bank.

--- --- Larvae in
surface layers
subject to off-
shelf
advection via
Ekman
transport. 
Downwelling
near shelf
break allows
larvae to
avoid
advection.

--- ---

Suthers et
al. 1989

SS Recent growth in
presumed inshore
nursery area was less
than in offshore
waters, based on
examination of
birthdate distributions.

Temperature
only rarely
correlated with
growth.

--- --- --- Growth rate
strongly
correlated with
zooplankton
biomass.

Perry &
Neilson
1988

GB Studied diel vertical
distributions of cod
and haddock late
larvae in isothermal
and stratified sites.

Thermocline
may limit
nightly upward
migration.

--- --- Near
bottom
during day,
in midwater
at night.
Migrations
in reaction
to light
levels.

Late larval
haddock did not
change depth as
much as cod
larvae.

Myers &
Drinkwater
1989

Middle
Atlantic
Bight, GB,
Grand Banks

Examined effect of
warm core ring
activity on recruitment
success in 17
groundfish stocks,
1973-1986.

--- --- Increased ring
activity
reduced
recruitment in
all stocks
except GB
cod.

Rings
presumably
entrained
larvae of
most stocks
offshore.

---
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Appendix 1.  cont’d.

JUVENILES

Authors Study Area
and Period

Habitat (Spatial
and Temporal)

Temperature Salinity Substrate/
Vegetation

Currents/
Circulation

Light/
Diel

Predators/
Prey

Gotceitas
et al. 1994

Trinity Bay,
Nfld. and
laboratory
studies, 1993

Nearshore bay,
various
substrates. July-
mid-December.

--- --- Predator
absent:
preferred finer
grains &
avoided
vegetation.
Predator
present:
preferred
cobble & hid 
in vegetation.

--- --- See
Substrate/
Vegetation
column

Gotceitas
& Brown
1993

Laboratory
Study

Studied substrate
preference with
and without a
predator (e.g. a
larger cod)
present.

--- --- Cobble
preferred over
finer grained
substrates
when predator
present. After
predator leaves,
larger juveniles
return to fine
grains, smaller
remain in
cobble.

--- --- Fewer
juveniles
succumb to
predation in
cobble than
in finer
grained
substrates.

Hardy
1978

Northwest
Atlantic

Coastal waters,
rock pools,
shallow inlets,
river mouths,
harbors.  Leave
coastal areas by
mid-June
(Massachusetts).
0+ average 35 m
(range 8-42m);
1+ range 73-274
m.

Range 6-20°C From <
31.3 to
35.0 ppt

--- --- --- ---

Lough et
al. 1989

GB Descend to
bottom @ 4-6
cm.  0+ (newly
settled) fish
dense on
northeastern GB,
70-100 m depth,
during summer.

--- --- Pebble-gravel
deposit

Fall,
transported
southeast-
ward by
gyre

Migrate
into
lower
water
column
at night
to feed
on
inverte-
brates

Coloration
mimics
substrate,
reduces
vulnerability
to predation.

Tatyankin
1972

Barents Sea,
1967-1969
(laboratory
study)

Determined
preferred
temperatures in
gradient tank. In
general, lower
temperatures
selected in
winter, higher in
summer. Older
age classes
preferred colder
temperatures
than younger.

Age 0+,
summer: 7-11
°C.
Age 1, winter: 3-
6°C.
Age 1+, fall: 5-
8°C.
Age 2, winter: 2-
7°C

--- --- --- --- ---
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Appendix 1.  cont’d.

JUVENILES

Authors Study Area and
Period

Habitat (Spatial
and Temporal)

Temperature Salinity Substrate/
Vegetation

Currents/
Circulation

Light/
Diel

Predators/
Prey

MacDonald
et al. 1984

Bay of Fundy
and
Passamaquoddy
Bay

Juveniles in
Passamaquoddy
Bay in winter,
close to beach in
summer. (See
"Adults")

0-6°C
(winter);
8-13°C
(summer)

30-31
ppt
winter;
31-32
ppt
summer

Mud, gravel,
rock (winter);
sand, mud,
rock (summer)

--- --- ---

Clark &
Green 1990

Conception Bay,
Nfld.

Studied diel,
depth, seasonal
movements in
Broad Cove.
Seasonal change
in diel behavior
due to
disappearance of
shallow (< 30m),
summer
thermocline.

Summer: day:
4.1-4.6°C;
night: 10-
12°C. Fall:
stayed in
warmer water.

--- Summer: wide-
ranging (>
3km/day),
between deep,
cold & shallow,
warmer water;
Fall: small
home ranges
over sand in
shallows;
resting areas
over rocks in
shallows.

--- Summer:
day,
inactive;
night,
active.
Fall: day,
active;
night,
inactive.

Active
periods
coincide
with
feeding.

Keats et al.
1987

Conception Bay,
Eastern Nfld.

Observations of
juveniles in
macroalgal
habitat and
adjacent sea-
urchin
dominated
’barrens’.

--- --- More abundant
in macroalgal
areas, used as
cover, than in
’barrens’.

--- Diel not
tested

Epiphytic
food source
not
utilized.

Gotceitas et
al. 1995

Nfld. Studied
reactions of 0+
cod to predator
in combinations
of substrates and
artificial ’kelp’.

--- --- With no
predator, 0+
prefer fine
grain
substrates,
avoid ’kelp’.
When predator
present, ’kelp’
provides
protection from
predation.

--- --- Juveniles
select
refuge type
(cobble or
’kelp’)
when
predator
present.

Gotceitas et
al. 1997

Nfld. Studied
vegetated and
non-vegetated
habitats, plus
several bottom
substrates with
& without
predator using 
SCUBA and
seines.

--- --- Eelgrass used
as nearshore
nursery by 0+
cod.  For refuge
from predation
& when
combined with
cobble, stem
density was
important.

--- --- Predator
absent: 0+
used sand
& gravel.
Predator
present: 0+
hid in
cobble or
eelgrass.
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Appendix 1.  cont’d.

JUVENILES

Authors Study Area and
Period

Habitat (Spatial and
Temporal)

Temperature Salinity Substrate/
Vegetation

Currents/
Circulation

Light/ Diel Predators/
Prey

Fraser et
al. 1996

Laboratory Study Studied interactions of
0+, 1+ and 3+ (predator)
cod and their reactions
to two different
substrate types,
sand/cobble &
sand/gravel.

--- --- Some habitat
segregation
between Age 0+
and Age 1+,
except when
Age 3+ present,
then both hid in
cobble.

--- --- When
predator
present, 0+
and 1+ cod
used same
refuge
(cobble).

Tupper &
Boutilier
1995

St. Margaret’s
Bay, Nova Scotia

Studied survival and 0+
densities in 4 different
bottom habitats (sand,
seagrass, cobble, rock-
reef).

--- --- Settlement equal
among habitats,
but subsequent
densities highest
in structurally
complex habitat
types.

--- --- Higher
survival and
densities
appear to be
related to
shelter
opportunities
and reduced
predation.

Keats 1990 Bonavista Bay,
Nfld.

Examined diel depth
distributions of 
juveniles.

--- --- --- --- Arrive in
shallow
water at
dusk,
remain until
pre-dawn,
then
migrate
into deeper
water.

Murawski
& Finn
1988

GB Evaluated species co-
occurrences relative to
temperature & depth
preferences, spatial
distribution by species
& age.  Overlap with
silver hake, mostly in
fall.
See also “Adults”

YOY Means:
winter: 2.9°C
spring: 5.3°C
summer:
9.9°C
fall: 9.3°C

--- YOY Means:
winter: 56 m
spring: 60 m
summer: 71 m
fall: 71 m

--- ---

Grant &
Brown
1998a

Nfld. Studied diel distribution
in eelgrass habitat and
diet differences between
0+ and 1+ cod.

--- --- After settlement
in grass beds,
Age 0+ change
habits on diel
basis.

--- Age 0+ in
water
column
during day,
disperse to
bottom at
night.
Older yr.
classes do
opposite.

Age 0+ feed
mostly on
zooplankton
during day;
Age 1+
mostly on
benthos and
fish at night.

Grant &
Brown
1998b

Nfld. Studied encounters
between just-settled
juveniles and older cod
(predators) in eelgrass
and no-eelgrass habitats
in Trinity Bay.

--- --- After settlement,
juveniles display
preference for
eelgrass beds,
but remain
localized over
grass and no-
grass habitats
for several
weeks, perhaps
through first
winter.

--- Juveniles
aggregate
in grass
beds during
day,
disperse at
night.
Different
pattern by
older cod
results in
reduced
encounters.

Risk of
cannibalism
high in
coastal
habitats. 
Localized
movements
and
preference
for grass
beds are
mechanisms
to avoid
predation.
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Appendix 1.  cont’d.

ADULTS

Authors Study Area and
Period

Habitat (Spatial
and Temporal)

Temperature Salinity Depth/
Substrate/
Vegetation

Currents/
Circulation

Light/
Diel/

Vertical

Predator/
Prey (See
Tables)

Bigelow &
Schroeder
1953

GOM Non-migratory in
GOM.
Surface to 250 fm,
but few > 100 fm.
Most 5-75 fm. 
Usually within 1
fm of bottom.  As
shallow as 7 fm
(summer), 3 fm
(winter).

0-12.8°C. Prefer
< 10.0 °C

--- Mostly rocky,
pebbly, sandy
or gravelly
bottoms.

--- --- Large
sharks and
spiny
dogfish.

Jean 1965 GOSL; SS GOSL: 35-145 m
(summer);  130-
180 m (winter).
SS: 65-110 m
(summer);
90-135 m (winter).

GOSL: 0-6°C
(summer); 1-3 °C
(winter).
SS: 1-8°C
(summer); 2-4 °C
(winter).

--- --- --- --- ---

Odense et
al. 1966

Bay of Chaleur
(laboratory study)

Studied tolerance
to low salinity

5-6°C (not
manipulated)

First
mortalities
when
reached
2.7 ppt;
complete
mortality
at 2.3 ppt

--- --- --- ---

MacDonald
et al. 1984

Bay of Fundy and
Passamaquoddy
Bay

Adults in
Passamaquoddy
Bay summer,
GOM, SS winter.
(See "Juveniles")

8-13°C (summer);
4-8°C (winter)

31-32 ppt
(summer);
31-32 ppt
(winter)

Mud, rock
(summer)

--- --- ---

Scott 1982a SS, Bay of Fundy Determined
preferred depths,
temperatures &
salinities for
several groundfish
species. Compared
to other gadoids,
cod prefers
shallower, colder
and less saline.

0-13°C (mean
4.9°C). Preferred
temperature
showed increase
NE to SW, means
3.2 to 7.8°C.

31-34 ppt
(mean
32.8 ppt)

27-366 + m,
(mean 95 m).
Preferred
range 37-90
m.

--- --- ---

Colvo-
coresses
and Musick
1984

Middle Atlantic
Bight, continental
shelf

Analyzed faunal
associations, and
zones occupied
seasonally. Occurs
with Pseudo-
pleuronectes
americanus and
Hemitripterus
americanus.

Boreal species,
spring, < 10°C.
"Relatively
absent" during
fall

--- < 100 m --- --- ---
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Appendix 1.  cont’d.

ADULTS

Authors Study Area and
Period

Habitat
(Spatial and
Temporal)

Temperature Salinity Depth/
Substrate/
Vegetation

Currents/
Circulation

Light/
Diel/

Vertical

Predators/
Prey (See
Tables)

Tyler
1971

Passamaquoddy
Bay, compared
to bays south.
Analyzed
regular and
periodic
components in
fish community.

 Cod was
member of
’regular’
community
(present
throughout
year), but most
abundant
March-April. 

As annual
temperature
fluctuations
increase (in
southern bays),
fewer ’regular’
species.

29.5-29.6
ppt in
Mar-Apr.;
32.3 ppt
in
September
.

Sampled
brown mud
bottom,
sloping from
38-55m.

--- --- ---

Rose &
Leggett
1988

GOSL Onshore
movements and
inshore
abundance of
cod were
affected by
winds,
upwellings, and
downwellings.

Cod usually
located where
temps -0.5 to
8.5°C.

--- --- When
alongshore
winds
create
temperature
changes,
cod
numbers
decrease.

--- ---

Rose &
Leggett
1989

GOSL Cod were
aggregated
within narrow
temperature
range, unless
prey present,
then found in
wider range.

Without prey,
usually between
0 & 5°C

--- --- --- --- When capelin
present,
range -0.5 to
8.5°C

Helser &
Brodziak
1996

GOM, GB,
SNE, Middle
Atlantic Bight

Demonstrated
seasonal
differences in
depth and
bottom
temperature
preferences.

Spring: < 4.9 °C
Fall: weaker
association with
temperatures

--- Spring: < 72 m
Fall: weaker
association
with depth

--- --- ---

Murawski
& Finn
1988

GB Evaluated
species co-
occurrences
relative to
temperature &
depth
preferences,
spatial
distribution by
species & age. 
Overlap with
silver hake,
mostly in fall.
Also see
“Juveniles”

Age 1+ Means:
winter: 4.2°C
spring: 5.4°C
summer:
8.0 °C
fall: 9.3°C

--- Age 1+
Means:
winter: 88 m
spring: 67 m
summer: 72 m
fall: 84 m

--- --- ---
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

The Atlantic halibut, Hippoglossus hippoglossus, is
the largest of all flatfish (Figure 1).  It is found on both
sides of the North Atlantic Ocean and in parts of the
Arctic Ocean.  A directed fishery for Atlantic halibut in
U.S. waters began in the early 19th century and peaked
from 1845 to 1900 (A.B. Howe, Massachusetts Division
of Marine Fisheries, personal communication).  By the
1940’s it had collapsed and for many years there was no
directed Atlantic halibut fishery in U.S. waters.
Consequently, no management plan was developed for the
species.

Currently, a small-scale fishery for “chicken” halibut
(3.6-6.8 kg) exists off the coast of Maine.  The September
1997 ‘Status of Fisheries of the United States’ (National
Marine Fisheries Service 1997) reports that the U.S.
Atlantic halibut population is currently in an overfished
condition, and the New England Fishery Management
Council intends to place Atlantic halibut within the
Northeast Multispecies Fishery Management Plan
(NEFMC 1996).

This Essential Fish Habitat Source Document
provides information on the life history and habitat
characteristics of Atlantic halibut.

LIFE HISTORY

A synopsis of the life history of Atlantic halibut is
presented here.  More detailed information is provided in
reviews by Haug (1990), Trumble et al. (1993), and
Collette and Klein-MacPhee (in prep.).

EGGS

The halibut egg is among the largest of planktonic
fish eggs (Russell 1976).  Fertilized halibut eggs in the
western Atlantic have a diameter of 3-4 mm (Fahay 1983;
Scott and Scott 1988; Miller et al. 1991).  In Norway,
eggs range from 2.86-2.98 mm (Trumble et al. 1993) to
3.06-3.49 mm (Haug et al. 1984).

The eggs are bathypelagic, floating not at the surface,
but rather, suspended in the water column at depths
ranging from 54 m (Scott and Scott 1988) to 200 m
(Blaxter et al. 1983).  In the eastern Atlantic, eggs rise for
2-4 days after deposition to a depth of neutral buoyancy
(Haug 1990; Trumble et al. 1993).  Laboratory studies
indicate that eggs are neutrally buoyant at salinities of 35-
37 ppt (Blaxter et al. 1983; Trumble et al. 1993);
however, this is considerably higher than salinities found
on the continental shelves of the North Atlantic.  Thus,
eggs are negatively buoyant due to their high organic
matter content (Riis-Vestergaard 1982) and sink towards
the bottom where development is thought to proceed
(Blaxter et al. 1983).  In northern Norway, eggs were

found at intermediate depths, temperatures of 4.5-7oC, and
salinities of 33.8-35.0 ppt (Haug et al. 1984).  The
incubation period is strongly temperature-dependent,
lasting from 13-20 days at 4.7-7oC (Miller et al. 1991;
Collette and Klein-MacPhee, in prep.).

LARVAE

Information on larvae is scarce since they have been
difficult to catch in sufficient numbers (Haug 1990;
Trumble et al. 1993).  The 6 to 7 mm long larvae
(Lonning et al. 1982; Blaxter et al. 1983) hatch at an early
stage of development, with no pigment, functional eyes or
mouth, and possess a very large yolk sac (Blaxter et al.
1982; Lonning et al. 1982; Haug 1990).  Little
information on the distribution of the pelagic stages is
known, but larvae are thought to remain close to the water
surface until metamorphosis (Nickerson 1978).  Browns
Bank may be a significant rearing area for young Atlantic
halibut (Neilson et al. 1993).

The larval development period is long.  Exogenous
feeding commences 28-35 days after hatching, and the
yolk sac is completely absorbed 50 days after hatching at
5.3oC (Blaxter et al. 1983), at which point the larvae are
11.5-13.0 mm in length (Pittman et al. 1987).
Metamorphosis begins with the migration of the left eye
about 80 days after hatching, at a length of about 20 mm
at 6oC (Pittman et al. 1987).  Settlement occurs at 34-40
mm, prior to completion of eye movement and
metamorphosis is complete by approximately 50 mm
(Haug 1990).  However, Nickerson (1978) reports that the
left eye completes its migration one year after hatching, at
a length of 10 cm, at which point settlement to the bottom
occurs.

JUVENILES

In the western Atlantic, juveniles are known to exist
in distinct nursery grounds (Haug 1990; Miller et al.
1991).  Metamorphosis into the adult stage begins at a
length of approximately 24 mm and, depending on
temperature, after approximately 90 days of development.
Transformation is complete by 4-10 cm, and may take up
to one year (Miller et al. 1991).

ADULTS

Atlantic halibut show considerable sexual
dimorphism in size at length, with females attaining a
substantially larger size than males (McCracken 1958;
Bowering 1986).  Sizes as large as 3 m in length and 300
kg in weight, and ages of 50 years have been documented
(Trumble et al. 1993).  During the height of the halibut
fishery in the 19th century, the average size of females
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was 100 to 150 pounds and males rarely exceeded 50
pounds (Goode 1884).  More recent studies report smaller
sizes: Bowering (1986) reported captures of males up to
189 cm and females up to 229 cm in length off
Newfoundland, and Miller et al. (1991) reported females
up to 220 cm and 35 years of age.  Most halibut caught in
recent years weighed less than 100 kg (Nickerson 1978).

In the northeast Atlantic, adults are thought to leave
spawning areas and disperse randomly, apparently in
search of food (Haug 1990), to shallow and deep waters
as well as inshore and offshore areas (Godø and Haug
1988).  Similar observations have been made in North
American waters (McCracken 1958; Bowering 1986).
Stobo et al. (1988) hypothesized that larger, sexually
mature halibut (i.e., adults) exhibit limited dispersal and
an annual return migration to spawning grounds.

REPRODUCTION

The age and size at maturity of Atlantic halibut vary
considerably; females mature at a much larger size and
older age than males (Table 1).

Atlantic halibut are annual, group-synchronous
spawners (Neilson et al. 1993).  Females are batch
spawners, able to ovulate several batches of eggs in a
single reproductive season (Methven et al. 1992).
Depending on body size, females can produce from 0.5-7
million eggs in a single season (Haug and Gulliksen
1988).  Spawning in the western Atlantic is believed to
occur on the slopes of the continental shelf and on the
offshore banks (McCracken 1958; Nickerson 1978;
Neilson et al. 1993), at depths of at least 183 m (Scott and
Scott 1988), over rough or rocky bottom (Collins 1887).
In Norwegian coastal waters, halibut spawning has been
reported over soft clay or mud bottom, in deepwater (300-
700 m) locations at temperatures ranging from 5-7oC and
salinities of 34.5-34.9 ppt (Haug 1990).

Spawning occurs during late winter and early spring
(McCracken 1958; Scott and Scott 1988; Miller et al.
1991; Methven et al. 1992; Trumble et al. 1993), with
peak spawning having been reported during November to
December (Neilson et al. 1993).  Kohler (1964) reported
that spawning occurred during winter to early spring on
the Scotian Shelf, during February to April in the Gulf of
St. Lawrence, and during winter to late spring off
Newfoundland (Kohler 1964).  In northern Norway,
spawning has been reported during December to March,
with peak spawning at the end of January/beginning of
February (Haug 1990).  However, historical descriptions
of spawning have reported ripe halibut as late as August
(Goode 1884).

FOOD HABITS

The diet of Atlantic halibut changes with increasing
size.  Fish up to 30 cm in length feed almost exclusively
on invertebrates, mainly annelids and crustaceans (crabs,
shrimps); those 30-80 cm in length feed on both
invertebrates (mainly crustaceans, some mollusks) and
fish; and those greater than 80 cm in length feed almost
exclusively on fish (Kohler 1967).  In the Gulf of Maine,
the most important prey of adult halibut during 1977-1980
were squid (Illex), crabs (Cancer), and fish (silver hake,
northern sand lance, ocean pout, and alewife) (Collette
and Klein-MacPhee, in prep.).  Maurer and Bowman
(1975) report that 91% of the stomach contents of juvenile
and adult halibut (by weight) were fish (> 50% were
longhorn sculpin and its eggs, but also cod and other
gadids), and 8% were crustaceans.  Nickerson (1978)
reports that the fish prey of halibut includes cod, cusk,
haddock, ocean perch, sculpins, silver hake, herring,
capelin, skates, flounder and mackerel.

The Northeast Fisheries Science Center (NEFSC)
bottom trawl survey data on food habits [see Reid et al.
(1999) for details] show a similar ontogenetic shift in the
diet of Atlantic halibut (Figure 2).  The 1973-1980 data
clearly illustrate that, while crustaceans dominate the diet
of smaller halibut, fish increase in importance with size to
dominate the diets of larger halibut (Figure 2a).  Halibut
21-30 cm in length fed exclusively on crustaceans,
especially decapods.  Those 31-80 cm in length fed on
crustaceans (45%, mostly decapods), fish (33%, including
gadids and clupeids), and mollusks (6.5%, all
cephalopods).  The occurrence of fish and mollusks
(cephalopods) in the diet of 81-120 cm halibut increased
to 50% and 17% respectively, while the occurrence of
crustaceans decreased to 25%.  The 1981-1990 data show
a similar trend (Figure 2b).  The diet of 31-80 cm halibut
was dominated by crustaceans (66%, mostly decapods);
fish and mollusks comprised 25% and 4% respectively.
The diet of 81-134 cm long halibut was almost exclusively
comprised of fish (80%), but also included decapods
(20%, all Majidae).

MIGRATION

Juveniles start to emigrate from nursery areas when
the fish are 3-4 years old (Haug and Sundby 1987).  They
then undergo a period during which most movement
occurs; juveniles (< 75 cm) undergo greater migrations
than adults (Stobo et al. 1988).  Although most tagging
study recaptures have been made within the same main
region where the juvenile fish were tagged, very long
distance migrations have been documented from Labrador
to the western coast of Greenland (Godø and Haug 1988),
the Gulf of St. Lawrence to Iceland (McCracken and
Martin 1955), the Scotian Shelf to the Grand Bank
(Jensen and Wise 1961; Kohler 1964; Stobo et al. 1988),
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and the western coast of Greenland to the Grand Bank
(Godø and Haug 1988).  Extensive migrations have also
been documented from northern Norway to the White Sea,
Iceland and Greenland, from the Faroe Islands to the
North Sea and Iceland, and from Iceland to the Faroe
Islands, Greenland and Newfoundland (Haug 1990).

HABITAT CHARACTERISTICS

Detailed information on the habitat characteristics of
Atlantic halibut follows and is summarized in Table 2.

EGGS AND LARVAE

The eggs of Atlantic halibut are spawned at
temperatures of 4-7oC (Miller et al. 1991), depths as deep
as 700 m (Blaxter et al. 1983), salinities of # 35 ppt
(Blaxter et al. 1983; Haug et al. 1986), and on harder
substrates of sand, gravel, and clay (Collette and Klein-
MacPhee, in prep.).  The larvae are pelagic, floating
within 50 m of the surface (Nickerson 1978), are buoyant
at salinities of 34.8-36.4 ppt, and prefer salinities in the
30-34 ppt range (Blaxter et al. 1983).

JUVENILES AND ADULTS

Juvenile Atlantic halibut are quite localized, being
found in apparently well-defined nursery grounds and in
coastal areas 20-60 m deep with sandy bottoms (Haug
1990).  Stobo et al. (1988) hypothesize that the area
around Sable Island Gully on the Scotian Shelf may serve
as a nursery area for juveniles before they begin their
dispersive phase.  Juveniles are able to survive sub-zero
temperatures, but prefer temperatures > 2oC (Goff et al.
1989).  Adults are found over sand, gravel or clay
substrates (Collette and Klein-MacPhee, in prep.), at
temperatures ranging from -0.5 to 13.6oC (Mahon 1997).
However, most are caught within 3-9oC, and generally
prefer temperatures > 4oC (McCracken 1958; Bowering
1986).  They are typically found at depths of 100-700 m
(720-900 m is their depth limit) (Bowering 1986, Miller et
al. 1991), and most commercial catches are made at
depths of 200-300 m (Scott and Scott 1988).

Most of the Atlantic halibut taken during the NEFSC
trawl surveys (see Geographical Distribution below) were
at temperatures of 4-13 oC and depths of 25-200 m.

GEOGRAPHICAL DISTRIBUTION

Atlantic halibut in the northwest Atlantic were
distributed from north of Labrador south to Long Island
during 1975-1994 (Figure 3).  The areas of highest
abundance of the species seem to be along the southern

edge of the Grand Bank and on the Scotian Shelf from
Browns Bank to Banquereau Bank.  This corresponds to
their accepted center of abundance (Trumble et al. 1993).
In U.S. waters, halibut are found on the northeast part of
Georges Bank, Nantucket Shoals, Stellwagen Bank, and
off the coast of Maine and Massachusetts.  Although
Atlantic halibut have been taken as far south as Virginia,
these are few and considered stragglers from the main
population (Smith et al. 1975).

In Canadian waters, historical distributions of
Atlantic halibut ranged along the entire coast of Labrador
and Newfoundland, the Gulf of St. Lawrence, the eastern
shores of Nova Scotia, and the Bay of Fundy.  In U.S.
waters, halibut were abundant on Georges Bank,
Nantucket Shoals, and between Gloucester and Cape Cod,
Massachusetts, and were occasionally found as far south
as New Jersey (Goode 1884, 1887).

EGGS AND LARVAE

No Atlantic halibut eggs were captured during the
1977-1991 NEFSC offshore ichthyoplankton surveys.
They are negatively buoyant and thought to develop on or
near the sea bed (Riis-Vestergaard 1982; Blaxter et al.
1983) and thus are not sampled in the ichthyoplankton
surveys.

Larvae were captured at only two of 1,672 stations
sampled during the NEFSC ichthyoplankton surveys [see
Reid et al. (1999) for details], on the northeast part of
Georges Bank, and near Petit Manan Island off the eastern
coast of Maine (Figure 4).  This is not surprising since
very few larvae have ever been captured in the wild (Haug
1990) and since spawning is believed to no longer occur
in the Gulf of Maine (Collette and Klein-MacPhee, in
prep.).

JUVENILES AND ADULTS

NEFSC Bottom Trawl Survey

In the western Atlantic, juveniles are typically found
on the southwestern Scotian Shelf, but rarely off
Newfoundland, supporting the view that the former is an
important rearing or nursery area (Neilson et al. 1993).
Catches of juvenile and adult Atlantic halibut from the
1963-1997 NEFSC bottom trawl surveys [see Reid et al.
(1999) for details] are presented in Figure 5.  Halibut were
caught in low numbers from throughout the Gulf of Maine
area, as far south as Nantucket Shoals; a single halibut
was caught southwest of Cape Cod.  The highest
concentrations were found in Canadian waters, on Browns
Bank and off southwestern Nova Scotia.  In U.S. waters,
lower concentrations were found on the northern slope of
Georges Bank, Nantucket Shoals, Stellwagen Bank, and
off the coast of Maine.  There does not appear to be a
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significant seasonal effect on distribution and abundance
(Figure 5).

There was a definite seasonal effect on the
temperature inhabited by Atlantic halibut (Figure 6).  In
spring, > 70% of halibut were caught at 4-6oC, while in
autumn, > 65% were caught at 9-13oC.  Similarly, Scott
and Scott (1988) found that commercial catches were
most common at 3-9oC.  Halibut were caught at depths
ranging from 25-200 m, with the majority caught between
50-100 m (Figure 6).  In spring, > 65% were found at
75-100 m, whereas in autumn, > 70% were caught at
50-75 m.  Miller et al. (1991) states that Atlantic halibut
in the western North Atlantic have been found over depths
ranging from 37-1000 m.

Massachusetts Inshore Trawl Survey

Only 18 Atlantic halibut (all juveniles, 19-75 cm in
length) have been taken in Massachusetts inshore waters
between 1978 and 1997.

STATUS OF THE STOCKS

Historical landings of Atlantic halibut in the Gulf of
Maine/Georges Bank area are presented in Figure 7.  In
1900, landings had already declined 95% from 1879
levels (A.B. Howe, Massachusetts Division of Marine
Fisheries, personal communication), and catches have
since declined even further.

Prior to 1930, landings were variable, but often
exceeded 600 metric tons (mt) annually, and catches
exceeding 800 mt were common.  Since then, landings
have exceeded 400 mt only twice, and have generally
been well below 200 mt.  Landings averaged 756 mt per
year from 1893 to 1930 (516 mt if the two especially high
years are omitted), compared to only 164 mt annually
from 1931 to the present.  Since 1953 U.S. landings have
been 100 mt or below, and have hit historical lows in
recent years.  Canadian landings in area 5 were more than
twice the U.S. landings in the 1960’s, but have since also
declined considerably.  Currently, the area of highest
exploitation of the species in the northwestern Atlantic is
the Scotian Shelf area (Neilson et al. 1993).

NEFSC survey indices have fluctuated considerably
since the 1960’s (Figure 7), and overall, have declined
considerably.  Mean weight per tow during spring surveys
has remained at an historic low since 1988.  During both
spring and autumn surveys, mean number per tow has
been considerably higher than mean weight per tow,
indicating a decrease in the size of halibut.  In fact, based
on size, almost all halibut caught in the NEFSC surveys
from 1988-1998 were juveniles (Figure 8).

The September 1997 ‘Status of Fisheries of the
United States’ (National Marine Fisheries Service 1997)
reports that the U.S. Atlantic halibut population is

currently in an overfished condition.

RESEARCH NEEDS

• There is very little information in the published
literature on the biology of northwest Atlantic stocks
(relative to European stocks), and almost no
information from U.S. waters.

• Information on the egg and larval stages is very
scarce.  They have proven to be very difficult to catch
in large enough numbers to be useful (Haug 1990).
More directed sampling effort, better sampling
techniques, and better information about the location
of spawning events are required.  Data on these
highly dispersive, pelagic stages are important to
understanding recruitment and stock structure.

• Information on the spawning event and the location of
spawning sites is vague.

• Information on the migratory patterns of juveniles is
lacking.  It is believed that the juvenile stage is highly
dispersive, but no migration patterns have been
shown.

• Mapping of size groups relative to habitat types (e.g.,
bottom type) based on groundfish survey catches
would be of great benefit to defining EFH for the
species.

• Improved information on the onset of maturity and
stock identification (e.g., genetic differentiation of
stocks) is required.
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Table 1.  Age and size at maturity of Atlantic halibut, Hippoglossus hippoglossus.

Location A50 (years) L50 (cm) Reference
male Female male female

Scotian Shelf, Grand Bank - - 66-70 100 Kohler (1967)

Newfoundland, Labrador 8 12 80 125 Bowering (1986)

Western North Atlantic - 7-12 - 105-150 Miller et al. (1991)

Grand Bank, Newfoundland - - 80* 115-120* Methven et al. (1992)

*minimum length at maturity
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Table 2.  Summary of life history and habitat parameters for Atlantic halibut, Hippoglossus hippoglossus.

Life Stage Size and Growth Habitat Substrate Temperature

Eggs 1
Eggs are spherical and large.  Average egg
diameter (post-fertilization) = 3-4 mm.
Average incubation = 18 days at 5oC.
Norwegian studies show eggs achieve higher
specific gravity with age (i.e., become less
buoyant).

Unfertilized eggs are not buoyant, but sink to
bottom where they are fertilized by males.
Norwegian studies show vertical distribution
of eggs associated with hydrography. In areas
with strongly defined pycnocline, vertical
distribution had one clear peak; in areas with
less defined pycnocline and weaker
stratification, vertical distribution less
distinct.  In well-stratified areas, older eggs
found deeper than younger eggs (but not in
more mixed areas).

Optimal temperatures in
lab experiments: 5 and
7oC.
Incubation time to 50%
hatch varies with
temperature: 20 days at
4.7oC, 18 days at 5oC,
and 13 days at 7oC.

Larvae 2
Hatch at an immature stage, with no
pigmentation and mouth closed, and very
large yolk sac, at size of: 6-7 mm length.
Norwegian studies found larvae are able to
feed 28-35 days post-hatch at 5oC (still with
large yolk sac), at a body length of 11 mm;
yolk sac resorption complete after 50 days
post-hatch at 5.3oC; growth 0.1mm/d up to
day 50.  Metamorphosis begins with left eye
migration at ~2 cm.

Larvae are pelagic and tend to rise toward
surface and drift inshore until
metamorphosis. The smallest bottom stages
collected from waters < 50 m.

Juveniles 3
Metamorphosis begins at ~24 mm, at ~90
days. Transformation complete by 4-10 cm
and up to 1 year.

Juveniles are most common in shallow water,
20-60 m, in Atlantic Canada.  Nursery areas
located on the shelf; Sable Island Gully area
may serve as nursery area before juveniles
begin their dispersive phase.

In a Newfoundland
laboratory study,
juveniles were able to
survive extended periods
at subzero winter
temperatures in good
condition. Became
inactive and ceased to
feed at temps < 2.0oC.

Adults 4
Historically halibut caught off US east coast
weighed up to > 300 kg; more recently < 100
kg.
In NF and Labrador males range from 40-189
cm TL (majority 50-79 cm); females range
from 40-229 cm TL (majority 80-89 cm).
Full grown females in the Gulf of Maine
average 45.5-68 kg. Female max. age/size =
35 yrs/220 cm; male max. size = 89% of
female size at same age.
Growth: females grow faster and attain larger
size than males. Halibut older than 10 years
exhibit a more rapid rate of growth than any
other flatfish.
Maturity: males mature at an earlier age than
females. SS: male L50=66-70 cm, female L50=
100 cm; NW Atlantic: female A50=7-12 yrs,
L50=105-150 cm; NF/Labrador: male L50=8
yrs, A50=80 cm, first appeared sexually
mature at 40-59 cm (4 yrs), all mature by
110-119 cm; female A50=12 yrs, L50=125 cm;
first mature at 50-79 cm (6 yrs), all were
mature by 130-149 cm; GrB: males first
mature at 80 cm, females first mature at 115-
120 cm.

Range from Labrador shelf, along edges of
the Grand Bank, outer Scotian Shelf and
Georges Bank, south to Virginia (but very
few south of Long Island). Range from 37-
1000 m; depth limit uncertain.
Gulf of Maine: shift from deeper waters in
winter to shallower in summer, food supply
influences seasonal distribution.
Scotian Shelf: found mainly on banks and in
the head of the BF, in deeper waters, 165-229
m; most abundant in deep water in spring and
early fall, shallower in summer (< 37 m);
commercial catches most common at 200-
300 m.
Newfoundland/Labrador: most abundant in
deepwater channels (100-700 m); absent from
shallower areas and along coastline; peak
numbers caught in Aug.; max. abundance
during Jan-June at 501-600 m, and during
July-Dec at 300-500 m.

Usually found
on sand, gravel
or clay; not on
soft mud or on
rock bottom.

Found at temperatures
ranging from -0.5 to
13.6oC, avoid < 2.5oC.
Most halibut caught
within temperatures of 3-
9oC, average 5-6oC.

1 Nickerson (1978), Blaxter et al. (1983), Haug et al. (1986), Scott and Scott (1988), Miller et al. (1991), Collette and Klein-MacPhee (in prep.)
2 Nickerson (1978), Blaxter et al. (1983), Collette and Klein-MacPhee (in prep.)
3 Nickerson (1978), Scott and Scott (1988), Goff et al. (1989), Miller et al. (1991), Stobo et al. (1993)
4 McCracken (1958), Kohler (1967), Nickerson (1978), Scott (1982), Bowering (1986), Scott and Scott (1988), Miller et al. (1991), Methven et al. (1992), Neilson et al.
  (1993), Stobo et al. (1993), Mahon (1997), Collette and Klein-MacPhee (in prep.)
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Table 2.  cont’d.

Life Stage Salinity Prey Predators Spawning Notes

Eggs 1
Various reports of neutral
buoyancy of eggs at 34.7-36.5
ppt; thus at lower salinities
eggs are negatively buoyant
and thought to develop on or
near the sea bed. Norwegian
studies show negative
buoyancy is due to high
organic matter content of the
egg; older eggs found at
higher salinities (i.e., greater
depths) than earlier egg stages
in well-stratified areas.

High specific density
of eggs is a possible
adaptation to reduce
mortality; i.e.,
sinking eggs are less
vulnerable to
predation near sea
floor than in pelagic
zone.

Spawning occurs at great
depths (see adults section for
details).

Very large eggs are unusual
when compared to most
other marine teleosts.  Eggs
bathypelagic: they’re
buoyant but don’t float at
surface; drift suspended in
water column  (> 54-90 m
in the Gulf of Maine). Tend
to sink toward bottom as
development proceeds.

Larvae 2
Norwegian lab experiments
have shown that salinities of
30-35 ppt are preferred and
that larvae are neutrally
buoyant in 35.8 ppt sea water
at hatching, in 34.8 ppt on
day 12, and in 36.4 ppt on
day 35.

Long time to first
exogenous feeding and in
general long period of
larval development is
unusual compared to other
marine fish larvae in this
part of the Atlantic.

Juveniles 3
The juvenile phase is when
most movement occurs.
The area near BB may
serve as a nursery area for
immature halibut; tagging
data suggests that many NF
fish originated from BB
nursery area.

Adults 4
Scotian Shelf: found at
salinities ranging from 30.4-
35.3 ppt, average ~33 ppt.

Voracious feeders. Diet
changes with size:
1) up to 30 cm: almost
exclusively
invertebrates, mainly
annelids and
crustaceans, also
mollusks;
2) 30-80 cm:
invertebrates, fish or
both;
3) > 80 cm: almost
exclusively fish.
Most important prey in
GM (1977-1980) were
squid (Illex), crabs
(Cancer), silver hake,
northern sand lance,
ocean pout, and
alewife.
Other commonly eaten
fish species: cod, cusk,
haddock, ocean perch,
sculpins, herring,
capelin, skates,
flounder and mackerel.

Halibut are a staple
for Greenland sharks
(Somniosus
microcephalus); also
preyed on by seals
and spiny dogfish
(Squalus acanthus).

Spawning grounds not well
known; various spawning
areas from Georges Bank to
Grand Bank; no longer any
spawning population in the
Gulf of Maine.
Believed to occur on the
slopes of offshore banks as
well as on the continental
slope.
Depths of spawning not
clear but are thought to
spawn in deep waters (> 180
m, to 700 m), on the bottom.
Time of spawning: a)
Scotian Shelf: winter-early
spring (mostly Feb-April); b)
Gulf of St. Lawrence: Feb-
April; c) Newfoundland:
winter-later spring; d)
Browns Bank to Grand
Bank: peaks Nov-Dec.
Large females may produce
up to 2 million eggs; can
spawn numerous batches of
eggs within a single
reproductive season.

Halibut in the GM are
thought to originate from
halibut immigrating from
east and north of Cape
Sable rather than from local
production. Smaller fish
generally exhibit more
extensive movement than
adults.  Typically not highly
migratory; most fish remain
in main shelf areas where
they are tagged.
Recaptures show movement
to east; deepwater crossing
of channels probable.
Some movement from sw
NS to GB and GrB
(distance traveled ranges
from 161-968 km); possible
return to SS for spawning.
Capable of extensive
movement; one fish tagged
in GSL recovered in Iceland
(1600 miles away).

1 Riis-Vestergaard (1982), Blaxter et al. (1983), Haug et al. (1986), Scott and Scott (1988), Collette and Klein-MacPhee (in prep.)
2 Blaxter et al. (1983)
3 Neilson et al. (1993), Stobo et al. (1993)
4 McCracken and Martin (1955), McCracken (1958), Wise and Jensen (1959), Jensen and Wise (1961), Kohler (1964, 1967), Maurer and Bowman (1975), Nickerson (1978),
  Riis-Vestergaard (1982), Scott (1982), Godo and Haug (1988), Scott and Scott (1988), Miller et al. (1991), Methven et al. (1992), Neilson et al. (1993), Stobo et al. (1993),
  Mahon (1997), Collette and Klein-MacPhee (in prep.)
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Figure 1.  The Atlantic halibut, Hippoglossus hippoglossus (from Goode 1884).
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Figure 2.  Abundance (% occurrence) of the major prey items in the diet of Atlantic halibut from NEFSC trawl surveys.
Methods for sampling, processing, and analysis of samples differed between the time periods [see Reid et al. (1999) for
details].  The category “unknown animal remains” refers to unidentifiable animal matter.
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Figure 3. Distribution and abundance of Atlantic halibut from Newfoundland to Cape Hatteras during 1975-1994.  Data
are from the U.S. NOAA/Canada DFO East Coast of North America Strategic Assessment Project (http://www-orca.nos.
noaa.gov/ projects/ecnasap/ecnasap_table1.html).
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Figure 4.  Distribution of Atlantic halibut larvae collected during NEFSC ichthyoplankton surveys, 1977-1991 [see Reid
et al. (1999) for details].  Larval densities are represented by dot size; the 60 and 200 m contour lines are also shown.
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Figure 5.  Distribution of juvenile and adult Atlantic halibut collected during NEFSC bottom trawl surveys (winter,
spring, summer, and autumn, 1963-1997).  Densities (number per tow) are represented by dot size in spring and autumn
plots, while only presence and absence are represented in winter and summer plots [see Reid et al. (1999) for details].
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Figure 6.  Abundance of juvenile and adult Atlantic halibut relative to water temperature and depth based on spring and
autumn NEFSC trawl surveys (1963-1997).  Open bars represent the proportion of all stations surveyed, while solid bars
represent the proportion of the sum of all standardized catches (number/10 m2).



Page 16

Figure 7.  Commercial landings (1893-1997) and survey indices (1963-1997) for Atlantic halibut in the Gulf of Maine
and Georges Bank.
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Figure 8.  Length distribution of Atlantic halibut caught in NEFSC trawl surveys during 1988-1998.
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY
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independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

The Atlantic herring, Clupea harengus (Figure 1), is
a schooling, coastal pelagic species that inhabits both
sides of the North Atlantic Ocean.  In the western North
Atlantic they range from Labrador to Cape Hatteras where
spring and autumn spawning populations support major
commercial fisheries (Messieh 1988).  Juveniles and
adults undergo complex north-south and inshore-offshore
migrations for feeding, spawning, and overwintering.  In
U.S. waters, herring from the Gulf of Maine and Georges
Bank are assessed and managed as a single stock complex
with two major spawning components (Atlantic States
Marine Fisheries Commission 1995; Northeast Fisheries
Science Center 1996).

This report provides information on the life history
and habitat characteristics of Atlantic herring stocks that
inhabit U.S. waters.  This includes spawning populations
of the Gulf of Maine and Georges Bank/Nantucket
Shoals, as well as the southwestern Nova Scotia
population that is believed to mix with the coastal Maine
herring population (Stobo 1983).

LIFE HISTORY

This section provides a brief review of the biology of
Gulf of Maine area Atlantic herring.  More detailed
reviews are provided by Bigelow and Schroeder (1953),
Sindermann (1979), Kelly and Moring 1986, the Atlantic
States Marine Fisheries Commission (1998), Munroe (in
prep.), and Tupper et al. (in prep.).

EGGS

Herring deposit demersal eggs on a variety of
substrates ranging from boulders, rocks, and gravel to
sand, shell fragments, and macrophytes in 20 to 80 m of
water in areas with strong tidal currents.  The eggs are
1.0-1.4 mm in diameter (Bigelow and Schroeder 1953;
Fahay 1983) and adhere to the bottom, forming extensive
egg beds that are often many layers deep (Stevenson and
Knowles 1988).  Gravel is the preferred spawning
substrate (Drapeau 1973), but eggs have been reported on
aquatic macrophytes on Jeffreys Ledge (Cooper et al.
1975) and in the Gulf of St. Lawrence, (Messieh et al.
1985).  The eggs hatch in 10-15 days (Bigelow and
Schroeder 1953).

LARVAE

The larvae are pelagic, free-floating, and 4-9 mm
long (Das 1972; Graham and Chenoweth 1973; Cooper et
al. 1975).  The larval stage of fall-spawned herring in the
Gulf of Maine lasts 4-8 months, depending on the timing

of spawning.  The larval stage is shortest for early-
spawned (August) larvae, and longest for late-spawned
(December) herring.  Currents affect the pelagic larvae;
however, they may or may not disperse randomly from
the spawning grounds.  Some larvae are retained for
several months after hatching on or near the spawning
site, while other larvae are dispersed soon after hatching
and drift with residual currents (Iles and Sinclair 1982;
Townsend et al. 1986; Chenowith et al. 1989; Smith and
Morse 1993).

Larvae from Nantucket Shoals and Georges Bank
tend to drift to the southwest (Lough et al. 1980; Grimm
1983).  Larvae produced off southwestern Nova Scotia
are retained initially near the spawning ground and then
drift up into the Bay of Fundy (Iles 1971; Stephenson and
Power 1988).  Larvae produced in coastal Gulf of Maine
generally remain inshore (Graham 1982; Townsend 1992)
and disperse in a westerly direction and enter bays and
estuaries where they overwinter (Graham et al. 1972;
Chenoweth et al. 1989; Townsend 1992).  In some years,
late-hatched larvae from Jeffreys Ledge and Stellwagen
Bank are transported eastward and overwinter in the
Sheepscot River (Lazzari and Stevenson 1992).  During
the first winter after hatching, herring larvae are exposed
to extremely low temperatures and food levels (Townsend
and Graham 1981; Graham et al. 1990).  It is not clear if
larval survival is enhanced as a result of overwintering in
nearshore and estuarine waters (Graham 1982) or in
coastal waters (Townsend 1992).

Herring are one of the few species that perform
extensive vertical migrations as larvae.  They make diel or
semi-diel vertical migrations throughout the water column
that may be linked to time of day or turbidity (related to
light level), tidal currents, or shifts in prey abundance
(Lough and Cohen 1982).  Vertical movements may be a
larval retention mechanism enabling them to control their
displacement by tidal currents (Graham 1972; Stephenson
and Power 1988).

JUVENILES

Larvae metamorphose into juveniles at 40-50 mm
total length (TL) in early spring (April-May).  Juveniles
form large schools in coastal waters throughout the Gulf
of Maine (Munroe, in prep.) and off southern New
England, where they have been collected in surveys off
Connecticut and southern Massachusetts in May and June
(A.B. Howe, Massachusetts Division of Marine Fisheries,
East Sandwich, MA, personal communication).  In the
summer and fall, juveniles move out of nearshore waters
to overwinter in deep bays or near the bottom in offshore
areas (Boyar 1968).  Two-year old juveniles return
inshore the following spring when they are fully recruited
to the coastal fishery.

Juveniles (and adults) perform vertical migrations
that are linked to changing light intensity, most likely in
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response to movements of their prey (Blaxter 1985).
They move up in the water column at twilight and remain
near the surface when light intensity is low (Johnson
1940; Brawn 1960a); activity is highest just after sunrise
and just before sunset.  Blaxter (1985) suggested that
herring move away from the surface in daylight to avoid
predation by diving birds.

ADULTS

Both males and females generally mature between
25-27 cm (O’Brien et al. 1993).  Mean lengths of herring
on Georges Bank ranged from 23.7-25.6 cm at age 3 to
33.0-33.3 cm at age 7 (Boyar 1968).  Maximum size is
about 39 cm TL and 0.68 kg, and maximum age is 15-18
years (Anthony 1972).  Adults almost invariably occur in
large schools.  Vertical migrations linked to changing
light intensity are pronounced and are probably related to
movements of prey and avoidance of predatory seabirds
(Blaxter 1985).

A reduction in mean weight at age of adults has
occurred since 1983.  The mean weight of fish averaged
across ages 3 to 7 was 247 g in 1983, 160 g in 1988, 137
g in 1994, and 146 g in 1997.  Changes in the seasonal
distribution of fishing and changes in the contribution of
faster-growing Georges Bank fish did not affect the
reductions in mean weight because the fishery has
occurred only in the Gulf of Maine since 1983 (D.K.
Stevenson, Maine Deptartment of Marine Resources,
West Boothbay Harbor, ME, personal communication).

REPRODUCTION

In general, males and females mature at around 3-4
years old. Length at maturity of herring has remained
fairly constant for 40 years (Table 1) in contrast with
other New England marine fish species that have
experienced significant declines in size at maturity in
recent years.  In this report, size at maturity follows
O’Brien et al. (1993) and lengths were rounded to the
nearest whole centimeter.  Thus, herring ≥ 25 cm are
considered adults.

Age at maturity may be density dependent; a higher
percentage of age 3 fish mature when abundance is low
(Tupper et al., in prep.).  Beginning in 1983, coincident
with increasing population size (stock recovery), herring
growth rates decreased and the percentage of fish
maturing at age 3 declined, especially on Georges Bank
and Nantucket Shoals (D.K. Stevenson, Maine
Deptartment of Marine Resources, West Boothbay
Harbor, ME, personal communication). The percent of
mature age 3 fish declined from 50-70% in the mid-1980s
to 10-30% in 1990-1996.

Historically, three herring spawning stocks have been
recognized in the U.S. fishery: southwestern Nova Scotia,

coastal Gulf of Maine, and Georges Bank/Nantucket
Shoals (Figure 2).  Spawning off Nova Scotia occurs in
the Trinity Ledge/Lurcher Shoals/German Bank area
(Stephenson and Power 1988).  In the inshore coastal
areas of the Gulf of Maine, spawning occurs in Scots Bay
in the Bay of Fundy, off eastern Maine and the southwest
shore of Grand Manan Island, off Penobscot Bay, and in
the western gulf off Wood Island, Jeffreys Ledge, and
Stellwagen Bank (Tupper et al., in prep.).  On Georges
Bank, major spawning sites have historically been located
near the Northeast Peak, Cultivator Shoals, and Nantucket
Shoals (Boyar 1968; Anthony and Waring 1980; Grimm
1983; Lough et al. 1985) (Figure 3).

Gulf of Maine herring spawn in the fall, typically
between July and November (Sinclair and Tremblay
1984).  Spawning begins in the northern areas of the Gulf
and occurs progressively later with decreasing latitude;
spawning commences last on Nantucket Shoals (Bigelow
and Schroeder 1953).  Spawning off southwestern Nova
Scotia occurs from July to November and peaks in
September-October (Boyar 1968; Das 1968, 1972).  In the
coastal Gulf of Maine, spawning occurs from August to
October (Kelly and Stevenson 1985), and peaks in mid-
September to mid-October in eastern Maine and in
October in western Maine (Graham et al. 1972).  On
Jeffreys Ledge, spawning occurs from September to
November (Kelly and Stevenson 1985).  On Georges
Bank, spawning occurs from late August to December
(Boyar 1968; Berenbeim and Sigaev 1978; Lough et al.
1980) with a peak in September-October (Boyar 1968;
Pankratov and Sigaev 1973; Grimm 1983).  On Nantucket
Shoals, spawning peaks from October to early November,
1-2 weeks later than on Georges Bank (Lough et al. 1980;
Grimm 1983).

There is some evidence of spring spawning.
Approximately 2% of the fish sampled in the coastal Gulf
of Maine and on the southwestern Scotian Shelf during
spring were in spawning condition (Boyar 1968).

FOOD HABITS

Larvae begin exogenous feeding before the yolk sac
is completely absorbed (Bigelow and Schroeder 1953).
They feed opportunistically on whatever zooplankton of
appropriate size are abundant (Sherman and Perkins
1971). Their primary prey are copepods (Bigelow and
Schroeder 1953; Sherman and Honey 1971), in particular,
Pseudocalanus sp., Paracalanus parvus, and Centropages
typicus (Cohen and Lough 1983).  Juveniles feed on up to
15 different groups of zooplankton; the most common are
copepods, decapod larvae, cirriped larvae, cladocerans,
and pelecypod larvae (Sherman and Perkins 1971).
Adults have a diet dominated by euphausiids,
chaetognaths, and copepods (Bigelow and Schroeder
1953).  Maurer (1976) reported that the most important
prey items of adult herring collected on Georges Bank
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were chaetognaths (Sagitta elegans, 43% by weight),
euphausiids (Meganyctiphanes norvegica, 23%;
Thysanoessa inermis, 6.1%), pteropods (Limacina
retroversa, 6.2%), and copepods (3%).

During 1973-1980, the diets of juveniles and adults
collected in the Gulf of Maine during Northeast Fisheries
Science Center (NEFSC) trawl surveys were dominated
by euphausiids (47% by weight), of which more than 50%
were M. norvegica, and copepods (26%) (Figure 4a). On
the Scotian Shelf, euphausiids composed more than 50%
of the herring diet.  During 1981-1990, amphipods were
the most common prey item on Georges Bank, followed
by mysids (Figure 4b).  Present in smaller amounts were
euphausiids, copepods, chaetognaths, and unidentified
fish larvae.  Herring diets in southern New England and
the Mid-Atlantic during 1981-1990 were more varied.

PREDATION

Juvenile and adult herring are preyed on by many
marine species, including sand lance (Ammodytes
hexapterus), cod (Gadus morhua), pollock (Pollachius
virens), haddock (Melanogrammus aeglefinus), silver
hake, white hake (Urophycis tenuis), striped bass,
mackerel, billfish, tuna, salmon, sculpins, winter flounder
(Pseudopleuronectes americanus), dogfish, porbeagle
shark, and skates (Raja spp.).  Fish predation can be a
significant source of mortality, especially at spawning
time.  Several fish species, as well as American lobster
(Homarus americanus) and starfish, eat herring eggs.
Sand lance may consume large quantities of eggs and
larvae, which are sometimes cannibalized by adult herring
as well.  Jellyfish may also be an important predator on
the early life stages.  Large numbers of herring are also
eaten by marine birds, northern shortfin squid, seals,
porpoises, and whales (Munroe, in prep.).

MIGRATION

Adult herring make extensive feeding, spawning, and
overwintering migrations.  Schooling behavior begins at
metamorphosis (Sindermann 1979).  Schools are usually
composed of fish of similar size (Bigelow and Schroeder
1953), and to a large extent, of the same year class
(Munroe, in prep.).  In the Gulf of Maine, juveniles spend
the summer in inshore areas off Maine and New
Brunswick.  In autumn, they move south to waters off
Massachusetts and Rhode Island; they return to Maine the
following spring (Tupper et al., in prep.).  Some juveniles
spend at least the spring and early summer off southern
New England, especially off southern Massachusetts
(through at least mid-June) before moving into the Gulf of
Maine or offshore, presumably east of Cape Cod.
Juveniles are sometimes abundant in winter and spring in
the Hudson-Raritan estuary and in fall in Long Island

Sound.  Young-of-the-year herring are not effectively
retained by standard resource survey trawls, but in Long
Island Sound, 15-min tows using a trawl with 0.25-inch
codend liner have yielded up to 80,000 herring
(Gottschall et al., in review).

Adult herring are highly migratory and there is
evidence of intermixing of adults from different spawning
groups during the non-spawning phase of their seasonal
cycle (Sinclair and Iles 1985).  Three general migratory
patterns are recognized off the northeast coast of the U.S.
(NAFO regions 4X, 5, and 6) (Sindermann 1979; Figure
5).  Herring that spend the summer and fall in southwest
Nova Scotia overwinter in Chedabucto Bay in northeast
Nova Scotia.  The Georges Bank/Nantucket Shoals stock
overwinters south of Cape Cod and along the mid-
Atlantic coast. The stock moves north onto Georges Bank
and into the Gulf of Maine in the spring before
congregating on spawning grounds southeast of
Nantucket and on Georges Bank in the fall.  The
migrations of coastal adults are less well known.  Adults
in the western Gulf of Maine may migrate southwest
along the coast after spawning and overwinter at the
western extreme of their migratory path, possibly south of
Cape Cod.  Adults in the eastern Gulf of Maine may
migrate southwest and overwinter in Massachusetts Bay
and southern New England.

STOCK STRUCTURE

Atlantic herring may have the most complex stock
structure of any marine fish (Iles and Sinclair 1982) and
attempts to define stock structure have a long history
(Kornfield et al. 1982).  Herring in the Gulf of Maine
region have historically been considered three distinct
spawning stocks: Nova Scotia, coastal Gulf of Maine, and
Georges Bank/Nantucket Shoals (Iles 1972; Atlantic
States Marine Fisheries Commission 1995) (Figure 2).  In
U.S. waters, they are treated as one coastal stock complex
for assessment (Northeast Fisheries Science Center 1996).
Evidence for and against the discreteness of local herring
stocks includes spawning and larval distributions, tagging
studies, morphometrics and meristics, genetics, and
parasites.

Genetic studies indicate that herring spawning groups
are not discrete, genetically distinct stocks.  Safford and
Booke (1992) did not find consistent differences between
herring from two well-separated spawning areas, Jeffreys
Ledge and Trinity Ledge, using traditional enzyme
electrophoresis.  Analysis of mitochondrial DNA also
failed to distinguish between fish from these areas
(Kornfield and Bogdanowicz 1987).  Kornfield et al.
(1982) found low levels of genetic heterogeneity among
fall spawning herring in the Gulf of St. Lawrence and the
Gulf of Maine, and concluded there is only one genetic
population of fall spawners in the northwest Atlantic.
They did, however, find that spring spawning herring
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from the Gulf of St. Lawrence were genetically distinct
from fall spawners in the Gulf of St. Lawrence and the
Gulf of Maine.

There has been speculation that adult herring return
to spawn at the spawning grounds where they were born,
but this has only been demonstrated in one study.  Herring
off Newfoundland were shown to have a homing rate of
66-93% (Wheeler and Winters 1984).  The inability to tag
herring larvae has made it impossible to determine
whether individuals are actually returning to the site
where they were spawned.  Results from an international
herring tagging program and from the Canadian
Department of Fisheries and Oceans (summarized in
Stobo 1983) indicate that stocks are generally mixed
throughout most of the year and that spatial and temporal
isolation occurs chiefly during spawning.  However,
migration patterns of individual stocks persist among
years and there is little straying of fish from a given stock.
Tagging along the Maine and New Hampshire coasts by
the Maine Department of Marine Resources showed
consistency of migration patterns over time (Creaser and
Libby 1988).  Patterns were similar for juveniles and
adults, but adults often covered greater distances; many
adults tagged in summer in eastern Maine overwintered in
Massachusetts Bay.  There was some tendency for adults
tagged in eastern Maine to be recovered in the
southwestern Nova Scotian fishery.

Herring in the Gulf of Maine and on Georges Bank
and the Scotian Shelf spawn in well-defined areas,
although homing to natal spawning grounds has not been
demonstrated.  Distinct and spatially stable larval
retention areas may also promote genetic isolation.  Iles
and Sinclair (1982) stated that larval herring were
concentrated in such areas in the northwest Atlantic and
hypothesized that the number of retention areas
determined the number of genetically distinct stocks.
However, Smith and Morse (1993) discussed evidence for
larval drift in the region and questioned whether stocks
could be separated through larval retention.  Chenoweth
et al. (1989) reported extensive westward transport of
larvae from Gulf of Maine spawning sites and possible
larval retention by a sharp oceanographic front near
Grand Manan Island.

Pectoral fin ray counts were once considered the
most promising meristic character for discriminating
stocks.  The number of pectoral fin rays is related to water
temperatures and is determined at an early age.  Adult
herring from Georges Bank-Cape Cod have lower
pectoral fin ray counts than adults from waters to the
north, presumably due to warmer temperatures.  In the
1958-1963 year-classes, herring from eastern Maine and
Nova Scotia had the highest pectoral fin ray counts and
fish from western Maine were intermediate in fin ray
numbers.  However, juvenile fish from Maine had counts
similar to fish from Georges Bank-Cape Cod, indicating
that they probably came from that area.  It is likely that
some of those juveniles subsequently entered the Georges

Bank fishery (Anthony 1981).
Significant phenotypic differences have been

identified among herring spawning groups, but this may
reflect different environmental histories rather than
genetic differentiation.  Safford and Booke (1992) found
differences in several morphometric characters between
herring from Jeffreys Ledge and Trinity Ledge, but
overall results supported the single-population hypothesis.
They postulate that either sufficient gene flow exists
between spawning groups to prevent the evolution of
genetically distinct stocks, or that genetic isolation is a
recent phenomenon and genetic differences have not had
time to evolve.

Parasites may be useful as biological indicators to
differentiate between fish populations.  Parasites of
Georges Bank and Gulf of Maine herring have apparently
not been studied, but Bay of Fundy, Scotian Shelf, and
Gulf of St. Lawrence fish have been surveyed
(McGladdery and Burt 1985).  Seven of 18 parasite
species identified were potential indicators.  Patterns of
occurrence of the parasites indicated movement of fish to
and from the Bay of Fundy, and extensive mixing of
stocks in feeding and nursery areas.

McQuinn (1997) reviewed arguments for a discrete
versus dynamic balance population concept for Atlantic
herring.  He proposed that the population structure and
dynamics of herring fit well within a metapopulation
model.  This model allows for significant mixing and
gene flow among units that still retain considerable
persistence and discreteness due to behaviorally-induced
homing to spawning grounds.  Although the
metapopulation (or stock complex) is the practical unit for
management, local populations must be conserved to
preserve spawning potential and viable coastal fisheries.
The metapopulation may increase resilience of local
populations because a strong year class may enhance
several local populations (McQuinn 1997).

HABITAT CHARACTERISTICS

Information on the life history and habitat
characteristics of Altantic herring are presented here and
are summarized in Tables 2-5.  This information is limited
to the Georges Bank, coastal Gulf of Maine, and Nova
Scotia stocks, which occur in U.S. waters at some time
during the year.  Information for other stocks in the
northwest and northeast Atlantic were not considered.

EGGS

Herring eggs are usually spawned on horizontal beds
at depths of 40-80 m on Georges Bank, 20-50 m in coastal
Gulf of Maine, and as shallow as 11-13 m off southwest
Nova Scotia.  Eggs are laid on gravel (the preferred
substrate), sand, rocks, shell fragments, aquatic
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macrophytes, and structures such as lobster pots.
Spawning occurs in areas of well-mixed water with tidal
currents of 1.5-3.0 knots.  These high energy
environments provide aeration and reduce siltation and
accumulation of metabolites.  Spawning occurs at
temperatures of 12-15oC on Georges Bank, 6-13oC on
Nantucket Shoals, and 8-12oC near Grand Manan Island,
and at salinities of 31.9-33.0 ppt.  Laboratory studies
found normal egg development and hatching at 10 and
15oC, no development at 0 and 5o, and rapid initial
development followed by 100% mortality at ≥ 20oC.

LARVAE

Larvae occur at temperatures of 9-16oC and salinities
of 32 ppt in the Gulf of Maine.  Survival and growth in
winter may be enhanced in offshore waters, which are up
to 5oC warmer than inshore waters.  Larvae may
acclimate to lower temperatures when the rate of
temperature decline is slow; in the laboratory, survival
was ≤ 30% when the rate of change was 0.1-0.25oC/day,
but up to 70% when the rate of change was < 0.1o/day.
Larvae occur at depths > 50 m on Georges Bank where
they are retained in the clockwise current gyre for several
months.  Light, turbidity, and tidal currents may control
their vertical migrations.

In the NEFSC Marine Resources Monitoring,
Assessment and Prediction (MARMAP) survey, most
larvae were collected at 8-14oC from September to
November; maximum abundance was at 9-12oC (Figure
6).  In December, larvae occurred at 6-11oC with the
majority collected at 8-9oC.  Temperatures at the time of
collection decreased each month from January to March
and increased from April to August.  Larvae were
collected at stations with bottom depths ranging from 10-
250 m, although most were collected at stations with
depths of 50-90 m (Figure 6).

JUVENILES

In the Sheepscot River, juveniles prefer temperatures
of 10-16oC.  They may overwinter in Passamaquoddy Bay
until the temperature drops to 0oC.  In the laboratory, the
upper lethal temperature is 19.5-21.2oC, the lower lethal
temperature is -1.1oC, and the preferred temperature is 8-
12oC.  Juveniles in the Gulf of Maine occur at average
surface salinities of 31-32.4 ppt.  In the Sheepscot River,
they occur at 16-32 ppt, although most occur at 30-32 ppt.
Laboratory studies indicate a general preference for 26-32
ppt.  This salinity preference is temperature dependent;
there is a preference for > 29 ppt at < 10oC.  There is a
tendency to prefer higher salinities and to avoid brackish
conditions with increasing fish age.

Juveniles caught during NEFSC bottom trawl surveys
were most abundant at temperatures of 3-4oC and depths

of 30-90 m in spring, 6-9oC and 15-135 m in summer, 8oC
and 30-60 m in fall, and 2-4oC and 30-60 m in winter
(Figure 7a).  There is a bimodal distribution in occurrence
relative to temperature based on Massachusetts inshore
trawl survey catches; relative abundance was highest at 4-
7oC and 12oC in spring, and 7-12oC and 17oC in the fall
(Figure 8).  The bimodality may be related to temperature
differences north relative to south of Cape Cod.  Relative
abundance was greatest at bottom depths of 5-30 m in
spring and 5-75 m in the fall.  In Narragansett Bay,
juveniles were most abundant at 3-6oC in winter, 10-12oC
in spring, 17-19oC in summer, and 18-20oC in fall (Figure
9a).  Relative abundance was high at bottom depths of
100 ft (30 m) in all seasons and at 30 and 60 ft (9 and 18
m) in spring.  In the Hudson-Raritan Estuary, herring
were found at 2-6oC and 12-22oC but were most abundant
at 4-6oC and at 15-18oC (Figure 10a).  There were few
differences in abundance over the range of depths and
salinities sampled.

ADULTS

In the Gulf of Maine, herring spawn at 7-15oC.
Spawning begins earlier in years when August water
temperatures are warmer.  Adults may overwinter at
temperatures as low as 0oC in Passamaquoddy Bay. They
generally occur at salinities > 28 ppt and spawn at 31.9-
33.0 ppt (never in brackish water).  The distribution of
schools is often related to concentrations of their
euphausiid prey; areas with phytoplankton blooms may be
avoided.

Catches of adult herring in the NEFSC bottom trawl
survey were greatest at 5oC and 30-50 m in spring, 6oC
and 20-130 m in summer, 5-6oC and 60-170 m in fall, and
7-8oC and 70-100 m in winter (Figure 7b).  In the
Massachusetts inshore trawl survey, the largest catches
occurred at 4-6oC in depths of 5-75 m in spring and at 7oC
in depths of 50-80 m in the fall (Figure 8).  Abundance in
Narragansett Bay was highest at 3-6oC and 100 ft (30 m)
in winter, 3-5oC and 100 ft in spring and 7-11oC, and 30 ft
(9 m) in fall; no adults were caught in summer (Figure
9b).  In Long Island Sound, springtime abundance was
highest at 9-10oC, 10-30 m, and salinities of 25-28 ppt.
The largest autumn catches occurred at 17-21oC, 10-18 m,
and 27-28 ppt.  In the Hudson-Raritan estuary, catches
were highest at 3-6oC and 15-45 ft (4.5-13.5 m) (Figure
10b).

GEOGRAPHICAL DISTRIBUTION

EGGS

The eggs of herring are demersal and adhere to the
substrate (Bigelow and Schroeder 1953; Fahay 1983) and
were not usually collected during the NEFSC MARMAP
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survey.  The general location of herring spawning areas in
the northwest Atlantic Ocean is presented in Figure 2.

LARVAE

The NEFSC MARMAP survey collected herring
larvae from New Jersey to the Bay of Fundy inshore to
the seaward limit of the survey (Figure 11).  Larvae were
collected in all months, even though herring in the Gulf of
Maine do not spawn in the spring and larvae undergo
metamorphosis in April and May.  The highest mean
monthly density (351 larvae/10 m2) occurred in
September off southwestern Nova Scotia (Figure 11)
when larvae were restricted to the northeastern Gulf of
Maine.  Larvae were relatively abundant in October (39
larvae/10 m2) and November (49 larvae/10 m2); high
larval densities occurred from the western Gulf of Maine
and Massachusetts Bay to western Georges Bank and
Nantucket Shoals indicating that spawning began earlier
in the northeast (see also Bigelow and Schroeder 1953;
Tupper et al., in prep.).  Mean densities were much lower
(less than 6 larvae/10m2) from December through August.
Herring spawn in the fall (Sinclair and Tremblay 1984)
and with a peak from September to October (Boyar 1968).

The distribution of herring larvae changed
considerably around Georges Bank from 1971 to 1990, a
period of widely fluctuating adult spawning biomass
(Figure 12; Smith and Morse 1993).  In 1971, herring
spawned throughout Georges Bank and Nantucket Shoals;
the principal spawning ground was on the Northeast Peak
of Georges Bank.  Following the collapse of the Georges
Bank fishery, spawning was restricted to Nantucket
Shoals by 1976.  By 1979, larvae were found only around
Stellwagen Bank in Massachusetts Bay.  The
reappearance of larvae on Nantucket Shoals in 1985
indicates an increase in spawning stock distribution.  By
1988, larvae were collected on Cultivator Shoals on
Georges Bank, but were not found on the Northeast Peak
through 1990.

JUVENILES AND ADULTS

NEFSC Bottom Trawl Survey

The seasonal distribution pattern and abundance of
juvenile and adult herring were similar.  Juveniles and
adults range from south of Cape Hatteras to the Bay of
Fundy and Browns Bank (Figure 13).  In spring, juveniles
and adults were most abundant on the inner shelf from
North Carolina to New Jersey, shelf-wide from Long
Island to Cape Cod, and in Massachusetts Bay, and
moderately abundant on Georges Bank.  Juveniles were
also abundant along the coast of Maine.  In summer,
juveniles and adults occurred most frequently in the Gulf
of Maine and to a lesser extent on Georges Bank.

Densities in autumn were highest in Massachusetts Bay,
on northern Georges Bank, and Nantucket Shoals.  In
winter, herring were caught throughout the Middle
Atlantic Bight and on southern Georges Bank; juveniles
also occurred in the Gulf of Maine.  These distributions
show the overwintering migrations to areas south of Cape
Cod (Tupper et al., in prep.).

Massachusetts Inshore Trawl Survey

In spring, juvenile herring were most abundant
northwest of Cape Ann, throughout Cape Cod Bay, along
the northern shore of Nantucket Island and southern shore
of Martha’s Vineyard, and in Buzzards Bay (Figure 14).
In the fall, the largest catches occurred around Cape Ann,
in central and western Cape Cod Bay, off Buzzards Bay,
and off the southern shore of Martha’s Vineyard.  Adults
were most abundant in northern Cape Cod Bay and
around Cape Ann in spring and fall.

Rhode Island Trawl Survey

Catches of juveniles were patchy in Narragansett Bay
(Figure 15).  Catches were highest in summer when the
largest mean catch (254 fish/tow) occurred at the station
farthest offshore and five of the 12 stations in the bay had
> 100 per tow. Abundance was lower during the
remaining seasons. Adults were scarce in winter when the
highest mean catch was 12 per tow.  Catches were smaller
in other months and no adults were caught in summer.

Connecticut Fisheries Division Survey

In spring, herring were abundant in central Long
Island Sound (Figure 16).  Juveniles were not separated
from adults, but most fish were 26-30 cm long (i.e.,
adults). Catches were much smaller in autumn and
occurred mostly along the west-central coast.  Most fish
in autumn were 9-12 cm (Gottschall et al., in review).

Hudson-Raritan Estuary Trawl Survey

Catches of all sizes of herring were distributed fairly
evenly throughout the Hudson-Raritan estuary (Figure
17).  Juveniles were most abundant in winter and spring
throughout the lower estuary.  They were sometimes
common at the mouth of the estuary in summer, and were
rare in fall.  Adults were most common in winter, which
is consistent with the fact that adults from the Gulf of
Maine overwinter south of Cape Cod (Sindermann 1979;
Tupper et al. in prep.).  Adult herring were occasionally
collected throughout the survey area in spring and fall,
however none were caught in summer.
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Estuarine Living Marine Resources

The NOAA Estuarine Living Marine Resources
Program (ELMR) compiled information on the
distribution and abundance of all life stages of Atlantic
herring in estuaries in the New England (Jury et al. 1994)
and the Middle Atlantic (Stone et al. 1994) (Table 6).
Adults and juveniles were ‘highly abundant’ in the
northernmost estuaries (Passamaquoddy Bay through
Penobscot Bay).  Larvae were ‘highly abundant’ from
Englishman-Machias Bays through the Sheepscot River.
Abundance of all life stages was lower in the Middle
Atlantic estuaries; only adults were abundant in
Narragansett Bay (Jan-Apr), Long Island Sound (Nov-
May) and Great South Bay, Long Island (Nov-Feb).
Herring occurred in all major estuaries south to
Chesapeake Bay.

STATUS OF THE STOCKS

Atlantic herring were extremely abundant in
northeastern U.S. waters during the 1960s and were fished
intensively by a large foreign fleet.  The Georges Bank-
Nantucket Shoals fishery extracted a peak of 373,598 mt
in 1968, and an average of 168,750 mt/year over a 16-
year period before the stock collapsed in the early 1970s
(Atlantic States Marine Fisheries Commission 1995).
Landings remained low for about 10 years, but stock
biomass is now high and apparently increasing (Figure
18; Northeast Fisheries Science Center 1996).  The stock
complex is under-utilized (Northeast Fisheries Science
Center 1996), but the Gulf of Maine portion of the
complex may be fully exploited (Atlantic States Marine
Fisheries Commission, unpublished data).

RESEARCH NEEDS

Historically, Atlantic herring in the Gulf of Maine
have supported large, economically important fisheries
(Friedland 1995).  Herring have a complex life history
and many areas still require study.  The Gulf of Maine
Aquarium Development Corporation has identified
several research needs for Gulf of Maine herring (Tupper
et al., in prep.):
• Identify discrete populations/metapopulations and

major and minor spawning components in the Gulf of
Maine/Bay of Fundy region and the degree of
intermixing.  Consider using scales, otolith structure,
and possibly morphometrics.  Concentrate on
spawning grounds and tag ripe and running fish only.
Perhaps combine with acoustic surveys.

• Explore new technologies (e.g., acoustics or laser
illumination) for improving surveys of all life stages.

• Validate the current natural mortality estimate for
Gulf of Maine/Bay of Fundy (18%).  Synthesize

information on mammal, seabird, and other
predation.  Examine size/age-specific natural
mortality.  Identify oceanographic influences on
larval survival, particularly effects of temperature,
climate change, and plankton patch dynamics.

• Conduct surveys to provide an overview of larval
abundance/distribution throughout the Gulf of Maine
for a single year.  Determining the fate of herring
spawned on Jeffreys Ledge is a high priority.

Other research needs that became apparent during
development of this report include:
• Sample the Northeast Peak of Georges Bank for

larvae, which were present there 30 years ago but not
in 1990.

• Conduct experimental studies of temperature and
salinity preferences; most existing information is for
European stocks.

• Prior attempts to discriminate stocks by analyzing
otolith elemental composition have been
unsuccessful, but given recent improvements in
analytical techniques this line of research may now
be more promising.

• Map the distribution of seabed habitat types,
including determining the scale of detail needed for
habitat mapping.

• Continue efforts to locate all significant herring
spawning areas.

• Determine effects of bottom-tending fishing gears
and natural processes on spawning grounds.

• Determine the value of marine protected areas for
conserving and enhancing herring stocks.  Identify
how these areas would function as larval exporters
and collectors.
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Table 1.  Size and age at sexual maturity for Atlantic herring, Clupea harengus.

Period Age at Maturity
(A50, years)

Size at Maturity
(L50, cm)

Reference

male female male female

1987-1989 2.9 3.0 25.3 25.4 O’Brien et al. (1993)

1966-1975 - - 25.4-27.4 Sinclair et al. (1982)

1949-1952 - - 26.9 Scattergood (1952)



Page 13

Table 2.  Summary of life history and habitat parameters for Atlantic herring, Clupea harengus – Georges Bank.

Life Stage Size and Growth Habitat Substrate Temperature Salinity

 Eggs 1
Spawning beds level
and horizontal with
only occasional
shallow depressions or
ridges; at 40-80 m
depth.  Major
spawning site on NE
part of Georges Bank.

Herring spawn found
only on gravel (2-10
mm diameter)
associated with strong
bottom currents.
Although gravel
substrate is extensive,
egg beds are limited to
small region on
western edge of
northeast area of the
Bank.

Temperatures in the
vicinity of the Georges
Bank egg beds tend to
be 12-15oC.  Nantucket
Shoals tends to be
colder (6-13oC).  There
was an increase of 2-
3oC on Georges/Gulf
of Maine from the late
1960s to 1977.

High salinities of 32 ppt
reported in surface
waters around egg beds.

Larvae 2
Recently hatched:
4-9 mm TL, mean = 7
mm.
Total size range:
4-45 mm.
Growth = 0.2 mm/4
days.

Adults 3
(age: avg. length, cm)
III: 23.7 - 25.6
IV: 27.1 - 27.9
V: 28.9 - 29.4
VI: 30.6 - 30.8
VII: 31.4 - 32.1
VIII: 33.0 - 33.3

Spawn on gravel sea
floors; attachment of
eggs to stable material
prevents translocation
by strong currents.

Correlation has been
demonstrated between
summer thermal
regime (i.e.,
temperature in August)
and the date of peak
spawning; a warm
August results in an
earlier spawning peak.

1  Boyar (1968), Caddy and Iles (1973), Drapeau (1973), Graham and Chenoweth (1973), Pankratov and Sigaev (1973), Berenbeim and Sigaev (1978),
Lough et al. (1980, 1985), Grimm (1983), Valentine and Lough (1991)
2 Boyar et al. (1973), Graham and Chenoweth (1973), Lough et al. (1980, 1985), Cohen and Lough (1983), Grimm (1983)
3 Boyar (1968), Drapeau (1973), Pankratov and Sigaev (1973), Maurer (1976), Berenbeim and Sigaev (1978)
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Table 2.  cont’d.

Life Stage Currents Prey Predators Notes

 Eggs 1
High energy environments;
tidal action provides aeration,
prevents siltation and
accumulation of metabolites.

N/A
Increased abundance of other
fish species in areas of
spawn; 4 most common fish:
red hake, sculpin, dogfish,
skate; also increase in
starfish and moon snails.

1-2 cm (7-14 layers) thick
egg mat.  Area of egg bed
ranges from 4500 to 10000
km2.  Egg mortality varies:
on north and south spawning
beds, approx. 8% of spawn
removed within 1-2 days of
hatching.  Surveys on eastern
Georges Bank over 5
spawning seasons (1964-
1970) show year to year
decrease in area occupied by
egg beds.
Spawning time: late Aug -
Oct; peaks in mid/late Sept -
Oct.

Larvae 2
Clockwise current gyre;
larvae generally dispersed in
a SW direction  (2-15 km/d),
towards coastal Gulf of
Maine.

Primary prey: juvenile stages
and adults of seasonally
dominant copepods.
The 3 most important species
were Pseudocalanus sp.,
Paracalanus parvus and
Centropages typicus. Feeding
activity peaked twice daily:
shortly after sunrise and in
mid-afternoon.

Northeast Georges Bank:
highest larval abundance on
Bank; maximum abundance
mid-late Oct.
Nantucket Shoals: maximum
larval abundance late Oct -
early Nov.
> 80% larval production
occurred on Nantucket
Shoals in 1976-1978.
Estimated larval mortality in
NW in 5 day period = 75%
(< 10 mm); winter mortality
on Maine coast much lower.

Adults 3
High energy environments;
tidal currents and storm
waves.

Primary prey: the
chaetognath Sagitta elegans
(43% by weight); the
euphausiids
Meganyctiphanes norvegica
(23.1%) and Thysanoessa
inermis (6.1%), the pteropod
Limacina retroversa (6.2%),
copepods (3%).  May avoid
feeding in areas with
phytoplankton blooms.

Mean size of spawning fish =
29.5 cm; sex ratio 1:1 (Aug -
Sept).

1  Boyar (1968), Caddy and Iles (1973), Drapeau (1973), Graham and Chenoweth (1973), Pankratov and Sigaev (1973), Berenbeim and Sigaev (1978),
Lough et al. (1980, 1985), Grimm (1983), Valentine and Lough (1991)
2 Boyar et al. (1973), Graham and Chenoweth (1973), Lough et al. (1980, 1985), Cohen and Lough (1983), Grimm (1983)
3 Boyar (1968), Drapeau (1973), Pankratov and Sigaev (1973), Maurer (1976), Berenbeim and Sigaev (1978)
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Table 3.  Summary of life history and habitat parameters for Atlantic herring, Clupea harengus – Coastal Gulf of Maine.

Life Stage Size and Growth Habitat Substrate Temperature Salinity

Eggs 1
Depths of egg beds varies
from 20 to 50 m,
averaging 45 m; deeper
beds have been shown to
be more successful: 35%
greater egg density and
2X higher mean egg
abundance.

Preferred substrate is
gravel associated
with strong bottom
currents.  Gravel
often mixed with
shell fragments
and/or sand; can be
almost 100% shell
fragments.
On Jeffreys Ledge,
eggs spawned on
boulders & rocks,
gravel & coarse sand,
and on red alga
Ptilota serrata .

Hatching success
temperature dependent.
Lab results: 10oC and 15oC:
egg development &
hatching normal; 0 and
5oC: no development;  20,
25 and 30oC: rapid
development began but
100% mortality.
Field results: 9.6oC,
average bottom
temperature at spawning .

Larvae 2
Newly hatched:
4-6 mm
autumn:
7-10 mm
winter:
21-30 mm
spring:
31-40 mm

Larvae may be able to
acclimate to lower winter
temps. when T declines
more slowly. Survival <
30% when T changes 0.1-
0.25oC/d; more variable
(20-70%) when < 0.1oC/d.
Low temp. effects may be
avoided through
acclimation & occupancy
of warmer coastal water.

Larvae that
overwinter in
estuaries typically
experience reduced
salinities.

Juveniles 3
4-23 cm Tendency to move to

surface at night results in
increased vulnerability to
fixed gear fishery during
dark phases of the moon.
One study has shown that
juveniles overwinter with
adults in Passamaquoddy
Bay; they remain in the
bay until  temp. reaches
0oC.

Lab: upper lethal = 19.5-
21.2oC, lower = -1.1oC,
preferred = 8-12 oC.  Field:
preference for 10-16oC in
Sheepscot River; Sardine
production positively
correlated to stock size &
temp., but density overrides
temp. when abundance
high.  Highest catches in
the nearshore weir/stop
seine fisheries at 10-13oC;
> 13oC activity declines.
Juvenile schools disappear
in colder months (Nov.-
Mar.).  Effects of temp. on
determination of yr-class
strength occurs during late
larval/early juvenile phase.

Lab: preference for
26-32 ppt, can resist
salinities as low as 5
ppt for brief periods;
at < 10oC a
preference for > 29
ppt; at > 10oC no
salinity preference
seen. Field: present
in 16-32 ppt; highest
abundance at 30-32
ppt.  Older juveniles
generally avoid
brackish conditions.

Adults 4
(age: avg. length,
cm) III: 23 - 26
IV: 27 - 28
V: 29 - 30
VI: 30 - 31
VII: 31.9 - 32
VIII: 33 - 33.4

One study has shown that
adults overwinter (along
with juveniles) in
Passamaquoddy Bay;
remain there down to 0oC.
Spawning in Grand Manan
and northern Gulf primarily
at 8-12oC.

1  MacFarland (1931), Boyar (1968), Graham et al. (1972), Cooper et al. (1975), Kelly and Stevenson (1985), Townsend et al. (1986), Stevenson and
Knowles (1988), Chenoweth et al. (1989), Stevenson (1989)
2  Sherman and Honey (1971), Graham (1972), Boyar et al. (1973), Cooper et al. (1975), Graham and Townsend (1985), Chenoweth et al. (1989),
Graham et al. (1990)
3 Brawn (1960a, b, c), Anthony (1971), Stickney (1969), Sherman and Perkins (1971), Recksiek and McCleave (1973), Sindermann (1979), Anthony
and Fogarty (1985)
4  Bigelow and Schroeder (1953), Boyar (1968), Sherman and Perkins (1971), Cooper et al. (1975), Kelly and Stevenson (1985), Munroe (in prep.)
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Table 3.  cont’d.

Life Stage Currents Prey Predators Notes

Eggs 1
Bottom currents at spawning
beds 0 - 1.0 knots.

N/A Level of egg predation varies.
Most abundant predators on
eggs:
1) cunner, Tautogolabrus
adspersus,
2) cod, Gadus morhua.

1-3 cm thick egg mat (20-
30 eggs deep) and low egg
mortality (< 5%) reported.
Egg beds elliptical to
irregular in shape; 2/3 to 1
1/3 km2

in area.  90% of eggs on
rock-gravel. Not known if
Jeffreys herring spawn
selectively over algal
clumps or if algae function
as egg traps. Hatching
success (excluding
predation) 99%. Spawning
time: mid Aug - Nov;
peaks Sept - Oct.

Larvae 2
Use tidal flows to migrate.
On ebb, majority of larvae
shallow; on flood, majority
deep.  More larvae at
landward end of channel than
seaward.

Seasonal differences in diet;
prey principally on 5 groups
of zooplankton:
copepods, crustacean eggs,
crustacean nauplii, cirriped
larvae, and  tintinnids.  Prey
volume (cc/10m3): summer =
1.1, autumn = 0.5, winter =
0.2, spring = 0.8.

Low temp. may indirectly
increase starvation &
vulnerability to predation.

Selective tidal transport
(larvae retained within
estuary despite seaward
flow).  Mortality avg.
2%/d; growth 0.199 mm/d.
No growth difference in
early vs. late spawned
cohorts. Mortality & G
inversely correlated.
Larvae drift from eastern
Maine spawning ground to
estuaries.

Juveniles 3
Opportunistic feeders. 15
groups of zooplankton eaten;
only 5 by > 20% of fish: (1)
copepods, (2) decapod larvae,
(3) cirriped larvae, (4)
cladocerans, (5) pelecypod
larvae; copepods are the most
important food item year
round.

Diurnal vertical movements
in response to changing
light intensity.
Regardless of year class,
western Maine herring
grow faster through age 3
than eastern Maine; at the
end of age 2 avg. ~3 cm
longer. Plankton less
abundant, water temp.
lower, salinity greater in
eastern Maine than in
central or western Maine.

Adults 4
Selective, opportunistic
feeders.  Primary prey: shrimp
and copepods.  Distribution of
schools of large herring likely
related to presence/absence of
euphausiids.

Spawning adults preyed on by
bluefish and pollock; ranging
from 30-65 cm TL. Predation
mostly at night.

Spawning areas from
Jeffreys Ledge to eastern
Maine should be
considered as a single
spawning  population.

1  MacFarland (1931), Boyar (1968), Graham et al. (1972), Cooper et al. (1975), Kelly and Stevenson (1985), Townsend et al. (1986), Stevenson and
Knowles (1988), Chenoweth et al. (1989), Stevenson (1989)
2  Sherman and Honey (1971), Graham (1972), Boyar et al. (1973), Cooper et al. (1975), Graham and Townsend (1985), Chenoweth et al. (1989),
Graham et al. (1990)
3 Brawn (1960a, b, c), Stickney (1969), Anthony (1971), Sherman and Perkins (1971), Recksiek and McCleave (1973), Sindermann (1979), Anthony
and Fogarty (1985)
4  Bigelow and Schroeder (1953), Boyar (1968), Sherman and Perkins (1971), Cooper et al. (1975), Kelly and Stevenson (1985), Munroe (in prep.)
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Table 4.  Summary of life history and habitat parameters for Atlantic herring, Clupea harengus – Nova Scotia.

Life Stage Size and
Growth

Habitat Substrate Temperature Salinity Currents Prey Predators Notes

Eggs 1 Spawning
bed at Black
Point, NS at
depth of 11-
13 m.

Egg beds on
sand and
small stones.

Temperature of
water column in
spawning area
ranged from
9-15 oC.

Tidal
currents at
egg beds
1.5-2.0
knots.

N/A Haddock is
main egg
predator.

3.25 cm thick
egg bed
reported.
Spawning
time: Aug -
Oct;
peaks late Aug
- Sept.

Larvae 2 Recently
hatched: 5-9
mm TL.
Initial growth
rate =
2 mm/week;
late
autumn/winter
months < 1
mm/week;
spring/early
summer = 2.5
mm/week.

Spawning
site in SW
Nova Scotia
in an area of
well mixed
water.

Temperature of
water column in
spawning area
ranged from
9-15 oC.

Salinity
ranged
very little
from
32.09 -
32.56 ppt.

Semidiel
pattern of
vertical
migration
demonstrated;
possibly linked
to time of day
(light) and/or
tidal currents.

Adults 3 (age: average
length, cm)
III: 23.7
IV: 26.4 - 27.9
V: 28.9 - 29.6
VI: 30.7 - 30.9
VII: 32.0 - 32.1
VIII: 33.0 -
33.4

1  McKenzie (1964),  Boyar (1968), Das (1968, 1972), Stephenson and Power (1988)
2  McKenzie (1964), Das (1972), Stephenson and Power (1988)
3  Boyar (1968)
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Table 5.  Summary of life history and habitat parameters for Atlantic herring, Clupea harengus – No specific location
given in literature.

Life Stage Size and Growth Habitat Substrate Temperature Salinity

Eggs 1
1.0-1.4 mm in
diameter.

All spawning grounds
in high energy
environments, either
nearshore shallows
subject to wave/tidal
flux, or deeper water
with tidal action.

Spawning substrate
varied (stones, gravel);
free of fine sediments
that might prevent
gaseous exchange
between eggs and
environment.

Bottom temp. of
5-15oC required.
Average incubation
time for autumn
spawned eggs is 10-15
days.  Developmental
rate  inversely related
to temp.: 40 d at 4-5oC,
15 d at 6-8oC, 11 d at
10-12oC, 6-8 d at 14.4-
16oC.

Larvae 2
Occur in 9-16oC in the
Gulf of Maine.
Offshore waters in
winter generally have
higher temperatures
than inshore waters (up
to 5oC difference); may
favor a more rapid
development in
offshore waters,
thereby reducing time
of vulnerability to
predation.

Juveniles 3
Preference for higher
salinities with
increasing age.

Adults 4
Spawn on stable
material: small stones,
gravel.

Movements become
sluggish at less than
4oC.
Spawning occurs at
temperatures of 7-
15oC.  Spawning in
western Gulf of Maine
occurs at warmer
temperatures than east.

Enter bays and
estuaries, but 28 ppt is
lower limit of
occurrence.
Spawn at high
salinities, ranging from
31.9 - 33.0 ppt; never
brackish water.

1  Bigelow and Schroeder (1953), Haegele and Schweigert (1985), Munroe (in prep.)
2 Colton and Byron (1977), Munroe (in prep.)
3  Recksiek and McCleave (1973), Munroe (in prep.)
4  Haegele and Schweigert (1985), Munroe (in prep.)
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Table 5.  cont’d.

Life Stage Currents Prey Predators Notes

Eggs 1
Spawning generally occurs
in areas with good tidal
exchange: average 1.5-3
knots tidal current.

N/A Predation by a variety of
bottom predators (Winter
Flounder major egg
predator).  Cannibalism by
adult herring occurs.

Eggs are demersal, adhesive.
Eggs laid in sheets in
successive layers; rarely
exceeds 2 cm in thickness.
Egg mortality is primarily due
to suffocation (from high egg
densities and siltation) and
predation. Spawning time: Sept
- early Nov.

Larvae 2
Begin exogenous feeding
before yolk sac disappears.
Select the most abundant
prey of a suitable size range;
seasonal differences occur.
Primary prey: copepod eggs,
nauplii, copepods, mollusk
larvae.  As larvae grow,
consume larger proportion
of copepods.

Solitary and pelagic;
vulnerable to planktonic
predators: jellyfish,
chaetognaths, larger
copepods, euphausiids and
pelagic fishes.

Larvae exhibit diurnal
migratory behavior.  Possible
controlling mechanisms: light
level, turbidity, shifts in prey
location & tidal effects.

Juveniles 3
Selective, opportunistic
feeders; predominantly
copepod diet.  In darkness:
stop schooling behavior;
swim in tight paths & feed
only by filtering (unable to
feed by biting).  In the light:
can feed by either particle
biting or filtering.

Preyed upon by almost all
pelagic predators, including
fishes, marine birds,
northern shortfin squid, and
marine mammals.

Vertical diurnal movements
occur in all seasons.  Juveniles
often active near/at the surface
at night; generally move up
water column at dusk.

Adults 4
Selective, opportunistic
feeders; predominantly
euphausiid diet, also
chaetognaths and copepods.

Preyed upon by almost all
pelagic predators, including
fishes, marine birds,
northern shortfin squid, and
marine mammals.  Predation
by fish is intense during
spawning.

1  Bigelow and Schroeder (1953), Haegele and Schweigert (1985), Munroe (in prep.)
2 Colton and Byron (1977), Munroe (in prep.)
3  Recksiek and McCleave (1973), Munroe (in prep.)
4  Haegele and Schweigert (1985), Munroe (in prep.)
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Table 6.  Relative abundance of eggs, larvae, and juvenile Atlantic herring (Clupea harengus) in New England and Mid-
Atlantic estuaries by salinity zone, based on Estuarine Living Marine Resources (ELMR) data in Jury et al. (1994) and
Stone et al. (1994).  Salinity zone: T = tidal fresh, M = mixing zone, S = seawater, • = salinity zone not present. Relative
abundance: H = highly abundant, A = abundant, C = common, R = rare, blank = not present.

Eggs Larvae Juveniles

T M S T M S T M S
Passamaquoddy Bay C A A H

Englishman/Machias Bays C A H C H

Narraguagus Bay A H C H

Blue Hill Bay A H C H

Penobscot Bay H H C H

Muscongus Bay A H A A

Damariscotta River A H C A

Sheepscot River A H C A

Kennebec/Androscoggin Rivers C C C C

Casco Bay R A A C A

Saco Bay C A C A

Wells Harbor • • C A • A H

Great Bay C C C C

Merrimack River • C • C •
Massachusetts Bay • • • • A • • A

Boston Harbor • • R A • C A

Cape Cod Bay • R • C • C A

Waquoit Bay R R R

Buzzards Bay R C C

Narragansett Bay C C C

Long Island Sound R R C C

Connecticut River • • R •
Gardiners Bay • • • R C

Great South Bay, NY • • • C

Hudson River/Raritan Bay C C C C

Barnegat Bay, NJ R R C C

New Jersey Inland Bays R R C C

Delaware Bay R R C C

Delaware Inland Bays • • • R

Chincoteague Bay • • • • • • R

Chesapeake Bay Mainstem R

Chester River • • •
Choptank River • • •
Patuxent River • • •
Potomac River • • •
Tangier/Pocomoke Sound • • • • • •
Rappahannock River • • •
York River, VA • • •
James River, VA • • •
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Table 6.  cont’d.  Relative abundance of spawning adult and adult Atlantic herring (Clupea harengus) in New England and
Mid-Atlantic estuaries by salinity zone based on Estuarine Living Marine Resources (ELMR) data in Jury et al. (1994) and
Stone et al. (1994).  Salinity zone: T = tidal fresh, M = mixing zone, S = seawater, • = salinity zone not present.  Relative
abundance: H = highly abundant, A = abundant, C = common, R = rare, blank = not present.

Spawning Adults Adults

T M S T M S
Passamaquoddy Bay A H

Englishman/Machias Bays C C H

Narraguagus Bay C H

Blue Hill Bay C H

Penobscot Bay C H

Muscongus Bay C A

Damariscotta River C A

Sheepscot River C A

Kennebec/Androscoggin Rivers C C

Casco Bay R R

Saco Bay R

Wells Harbor • • R C

Great Bay R C

Merrimack River • R •
Massachusetts Bay • • • • A

Boston Harbor • • C A

Cape Cod Bay • R • C A

Waquoit Bay • • R

Buzzards Bay • • C C

Narragansett Bay C A

Long Island Sound C A

Connecticut River • R •
Gardiners Bay • • R C

Great South Bay, NY • • A

Hudson River/Raritan Bay C C

Barnegat Bay, NJ C C

New Jersey Inland Bays C C

Delaware Bay R C

Delaware Inland Bays • • R

Chincoteague Bay • • • •
Chesapeake Bay Mainstem R C

Chester River • •
Choptank River • •
Patuxent River • •
Potomac River • •
Tangier/Pocomoke Sound • • • •
Rappahannock River • R •
York River, VA • R •
James River, VA • R •
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Figure 1.  The Atlantic herring, Clupea harengus L. (from Goode 1884).
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Figure 2.  Location of Atlantic herring spawning populations within the Gulf of Maine area.  Solid black represents
spawning areas, while hatched lines represent areas of herring catch (from Iles 1972).
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Figure 3.  Principal spawning grounds on Georges Bank, 1964-1971 (excluding 1967), with a comparison of egg patch
sizes among years (from Anthony and Waring 1980).
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Figure 4.  Abundance (percent of total prey volume) of the major prey items in the diet of Atlantic herring from the
Scotian Shelf,  the Gulf of Maine, Georges Bank, southern New England, and the Middle Atlantic based on NEFSC
bottom trawl survey data on food habits, a) 1973-1980 and b) 1981-1990.  Methods for sampling, processing, and
analysis of samples differed between the time periods [see Reid et al. (1999) for details].  The category “animal remains”
refers to unidentifiable animal matter.
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Figure 5.  Hypothesized seasonal movements of three Atlantic herring spawning stocks inhabiting U.S. waters (modified
from Sindermann 1979).
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Figure 6.  Mean water column temperature and bottom depth at stations where Atlantic herring larvae were collected
(solid bars) and at all stations sampled (open bars) during NEFSC MARMAP ichthyoplankton surveys, 1977-1987.
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Figure 7a.  Mean bottom water temperature and depth at stations where juvenile (< 25 cm TL) Atlantic herring were
collected (solid bars) and at all stations sampled (open bars) during NEFSC bottom trawl surveys.
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Figure 7b.  Mean bottom water temperature and depth at stations where adult (≥ 25 cm TL) Atlantic herring were
collected (solid bars) and at all stations (open bars) sampled during NEFSC bottom trawl surveys.
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Figure 8.  Mean bottom water temperature and depth at stations where juvenile and adult Atlantic herring were collected
(solid bars) and at all stations sampled (open bars) during Massachusetts inshore bottom trawl surveys, 1978-1996.
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Figure 9a.  Mean bottom water temperature and depth at stations where juvenile Atlantic herring were collected (solid
bars) and at all stations sampled (open bars) during Rhode Island Narragansett Bay trawl surveys.
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Figure 9b.  Mean bottom water temperature and depth at stations where adult Atlantic herring were collected (solid bars)
and at all stations sampled (open bars) during Rhode Island Narragansett Bay trawl surveys.
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Figure 10a.  Mean water temperature, depth, dissolved oxygen, and salinity at stations where juvenile Atlantic herring
were collected (solid bars) and at all stations (open bars) during Hudson-Raritan trawl surveys.
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Figure 10b.  Mean water temperature, depth, dissolved oxygen, and salinity at stations where adult Atlantic herring were
collected (solid bars) and at all stations (open bars) during Hudson-Raritan trawl surveys.
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Figure 11.  Distribution and abundance of Atlantic herring larvae collected during NEFSC MARMAP ichthyoplankton
surveys, January to December, 1977-1987 [see Reid et al. (1999) for details].
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Figure 11.  cont’d.

$SULO�������WR�����
1XPEHU�RI�7RZV� �������ZLWK�ODUYDH� ���

0RQWKO\�0HDQ�'HQVLW\� ������/DUYDH���P�

76 75 74 73 72 71 70 69 68 67 66 65
35

36

37

38

39

40

41

42

43

44

45

Number of Larvae / 10m2

None
1 to < 10
10 to 28

0D\�������WR�����
1XPEHU�RI�7RZV� �������ZLWK�ODUYDH� ��

0RQWKO\�0HDQ�'HQVLW\� ������/DUYDH���P�

76 75 74 73 72 71 70 69 68 67 66 65
35

36

37

38

39

40

41

42

43

44

45

Number of Larvae / 10m2

None
1 to 6

-XQH�������WR�����
1XPEHU�RI�7RZV� �����ZLWK�ODUYDH� ��

0RQWKO\�0HDQ�'HQVLW\� ������/DUYDH���P�

76 75 74 73 72 71 70 69 68 67 66 65
35

36

37

38

39

40

41

42

43

44

45

Number of Larvae / 10m2

None
1 to 7

-XO\�������WR�����
1XPEHU�RI�7RZV� �����ZLWK�ODUYDH� ��

0RQWKO\�0HDQ�'HQVLW\� ������/DUYDH���P�

76 75 74 73 72 71 70 69 68 67 66 65
35

36

37

38

39

40

41

42

43

44

45

Number of Larvae / 10m2

None
1 to 8



Page 37

Figure 11.  cont’d.
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Figure 11.  cont’d.
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Figure 12.  Changes in abundance of Atlantic herring larvae on Georges Bank, Nantucket Shoals, and in Massachusetts
Bay from 1971-1990 (from Smith and Morse 1993).  Intervals (Int.) denote periods of changing spawning patterns.
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Figure 13.  Distribution and abundance of juvenile (≤ 24 cm) and adult (≥ 25 cm) Atlantic herring collected during
NEFSC bottom trawl surveys, 1963-1997.  Densities are represented by dot size in spring and fall plots, while only
presence and absence are represented in winter and summer plots [see Reid et al. (1999) for details].
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Figure 13.  cont’d.
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Figure 14.  Distribution and abundance of juvenile (< 25 cm) and adult (≥ 25 cm) Atlantic herring collected in spring and
autumn during Massachusetts inshore bottom trawl surveys (1978-1996) [see Reid et al. (1999) for details].

Atlantic Herring
Mass. Inshore Trawl Survey
      Autumn  1978 - 1996
        Juveniles  (<26cm)

Number/Tow

   1  to  <25

   25  to  <50

   50  to  <100

   100  to  <200

   200  to  <512

(<25cm)

Atlantic Herring
Mass. Inshore Trawl Survey
       Spring  1978 - 1996
        Juveniles  (<25cm)

Number/Tow

   1  to  <10

   10  to  <50

   50  to  <200

   200  to  <1000

   1000  to  <3579

Atlantic Herring
Mass. Inshore Trawl Survey
      Autumn  1978 - 1996
        Adults  (>=25cm)

Number/Tow

   1  to  <5

   5  to  <10

   10  to  <25

   25  to  <50

   50  to  <213

Atlantic Herring
Mass. Inshore Trawl Survey
       Spring  1978 - 1996
        Adults  (>=25cm)

Number/Tow

   1  to  <2

   2  to  <5

   5  to  <10

   10  to  <25

   25  to  <58



Page 43

Figure 15.  Distribution and abundance of juvenile (< 25 cm) and adult (≥ 25 cm) Atlantic herring collected in
Narragansett Bay during the Rhode Island bottom trawl survey, 1990-1996.  The numbers shown at each station are the
average catch per tow rounded to one decimal place [see Reid et al. (1999) for details].

83.3

10.8

0.3

0.1

109.3

0.5

0.2
29.4

0.8

34.6

45.6

7.811.5

14.8

0.8

16.8

125.0

58.2

5.0

7.3
1.1

0.1

120.0

25.6

14.17.3

254.0

54.7

101.7

1.2

77.3

48.2

0.1
200.0

103.6

194.8

74.0

62.6122.4

0.2

3.1

11.4

5.0

20.8

0.1

0.0
0.3

1.3

53.8

47.9

11.868.0

Spring

Summer Autumn

Winter

Juveniles (< 25 cm)



Page 44

Figure 15.  cont’d.
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Figure 16.  Distribution and abundance of Atlantic herring collected in Long Island Sound during spring and autumn
Connecticut bottom trawl surveys, 1992-1997 [see Reid et al. (1999) for details].  Histograms show lengths of herring
during spring and autumn from a subset of 1992-1997 and earlier collections.
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Figure 17.  Distribution and abundance of juvenile (< 25 cm) and adult (≥ 25 cm) Atlantic herring collected in the
Hudson-Raritan estuary during Hudson-Raritan trawl surveys, 1992-1997 [see Reid  et al. (1999) for details].
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Figure 17.  cont’d.
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Figure 18.  Commercial landings and estimated stock biomass index (ages 2+) of Atlantic herring, 1967-1992 (Friedland
1995, 1998).
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

The haddock, Melanogrammus aeglefinus, is a
demersal gadoid species found on both sides of the North
Atlantic (Figure 1).  In the western Atlantic, haddock are
distributed from Greenland to Cape Hatteras, North
Carolina.  Five haddock stocks have been identified in the
northwest Atlantic from Newfoundland to Georges Bank
(Cushing 1986).  Haddock are managed under the New
England Fishery Management Council’s Northeast
Multispecies Fishery Management Plan (NEFMC 1993),
which recognizes two principal haddock stocks, Georges
Bank and the Gulf of Maine, partially or wholly in U.S.
waters.  There is evidence, however, that larvae from
Browns Bank, which is in Canadian waters, drift inshore
as far south as Cape Cod (Colton and Temple 1961) and
spend at least a portion of their lives in U.S. coastal
waters.

This Essential Fish Habitat Source Document
provides information on the life history and habitat
requirements of the three haddock stocks inhabiting U.S.
waters in the Gulf of Maine area: (1) Gulf of Maine, (2)
Georges Bank, and (3) Browns Bank.

LIFE HISTORY

A brief synopsis of the life history characteristics of
haddock is provided in Amendment 5 to the Northeast
Multispecies Fishery Management Plan (NEFMC 1993).
More detailed information is provided here and in reviews
by Bigelow and Schroeder (1953), Blacker (1971), Hardy
(1978), Chenoweth et al. (1986), and Collette and Klein-
MacPhee (in prep.).

EGGS

Haddock spawn over pebble gravel substrate,
avoiding ledges, rocks, kelp and soft mud (Bigelow and
Schroeder 1953).  The eggs are spawned at the bottom but
become buoyant after fertilization, rising into the water
column where subsequent development occurs (Hardy
1978; Page et al. 1989).  Depending on water
temperature, eggs hatch in 9-32 days after spawning
(Laurence and Rogers 1976; Hardy 1978).

LARVAE

Larvae range in size from 2.0-4.99 mm in length. Size
varies geographically, and the mean for Georges Bank-
Gulf of Maine fish is 4.08 mm (Collette and Klein-
MacPhee, in prep.).

JUVENILES

Larvae metamorphose into juveniles in 30-42 days
(Laurence 1978) and at a length of 2-3 cm (Fahay 1983).
Juveniles initially remain in the upper part of the water
column, but at 3-5 months and 3-10 cm [or 3-4 cm (Hardy
1978), 4-6 cm (Lough and Bolz 1989), 6-8 cm (Fahay
1983), 7-8 cm (Perry and Neilson 1988), 9-10 cm (Mahon
and Neilson 1987)] they descend toward the bottom and
adopt a demersal lifestyle (Bigelow and Schroeder 1953).

ADULTS

Adult haddock can reach sizes exceeding 110 cm and
16 kg, although commercially caught haddock average
35.5-58.5 cm and 0.5-2 kg.  The maximum age
documented from Northeast Fisheries Science Center
(NEFSC) surveys from 1970-1988 is 14 years (Penttila et
al. 1989), but ages greater than 9 years are uncommon.

REPRODUCTION

Size and age at first maturity vary considerably
among haddock stocks (Table 1), although several trends
are obvious.  First, females mature at a larger size and
older age than males, and second, Georges Bank haddock
mature at a much smaller size and younger age than
haddock from Browns Bank and the Gulf of Maine (also
see Clark 1959).  There is evidence that the age and size
at maturity of Georges Bank haddock have declined in
recent years (O’Brien et al. 1993; Trippel et al. 1997). For
example, the median length of maturity during 1977 to
1983 was 37 cm for males and 40 cm for females,
compared to 26.8 cm and 29.7 cm in recent years
(O’Brien et al. 1993).  Since age and size at maturity in
haddock have been shown to be density-dependent
(Waiwood and Buzeta 1989; Ross and Nelson 1992),
declines in the abundance of the Georges Bank stock (see
Status of Stocks below) may explain these declines in age
and size at maturity.

Georges Bank and Browns Bank are the principal
spawning areas in the Gulf of Maine area.  Generally, the
greatest production is from Georges Bank. Limited
spawning also occurs on Nantucket Shoals (Smith and
Morse 1985) and along the South Channel and the New
England coast (Colton and Temple 1961).  Jeffreys Ledge
and Stellwagen Bank are two major spawning sites along
the coast of New England (Colton 1972).  Ames (1997)
reports many small, relatively isolated spawning areas in
inshore Gulf of Maine waters.  Based on interviews with
retired commercial fishers from Maine and New
Hampshire, 100 haddock spawning sites were identified,
covering a total of 499 square miles, from Ipswich Bay to
Grand Manan Channel.  It is unclear which of these
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spawning areas are historical versus current.
The timing of spawning varies among sites; the

general pattern is for spawning to occur later as one
moves north (Page and Frank 1989).  Presumably, this is
due to decreasing water temperatures with increasing
latitude.  There is considerable inter-annual variation in
spawning time within sites.  On Georges Bank, spawning
occurs from January to June (Smith and Morse 1985),
usually peaking in late-March to early-April (Smith and
Morse 1985; Lough and Bolz 1989; Page and Frank 1989;
Brander and Hurley 1992).  On Browns Bank, spawning
occurs from early March to June (Campana 1989), usually
peaking in late-April to early-May (Page and Frank 1989).
In the Gulf of Maine, spawning occurs from early
February to May, usually peaking in February to April
(Bigelow and Schroeder 1953).  The inter-annual
variation in the onset and peak of spawning can be
explained, at least in part, by environmental conditions,
more specifically the severity (in terms of temperature and
duration) of the preceding autumn and winter (Smith et al.
1981).

FOOD HABITS

Haddock initially inhabit the upper reaches of the
water column, feeding on pelagic prey (zooplankton).
Larvae and early stage (pelagic) juveniles are passive
foragers on less motile prey such as invertebrate eggs,
copepods and phytoplankton (Kane 1984).  Juveniles
undergo a transformation at age 3 to 5 months, after which
they are closely associated with the bottom and feed on
benthic prey.  Juveniles show a distinct transition from
planktonic to benthic feeding (Mahon and Neilson 1987).
Planktonic prey such as copepods and pteropods decrease
in importance after juveniles become demersal, while
ophiuroids and polychaetes increase in importance.
Amphipods remain relatively important through the first
year, but there is a shift from planktonic to benthic
species.  Benthic juveniles and adults are indiscriminant
consumers of invertebrates, feeding primarily on
crustaceans, polychaetes, mollusks, echinoderms and
some fish (Bowman and Michaels 1984; Mahon and
Neilson 1987; Collette and Klein-MacPhee, in prep.).

The 1973-1990 Northeast Fisheries Science Center
(NEFSC) bottom trawl survey data on food habits [see
Reid et al. (1999) for details] for juveniles and adults
combined (1973-1980: 8-87 cm; 1981-1990: 10-88 cm)
reveal that crustaceans, echinoderms, polychaetes and
mollusks are the most important prey items of haddock
(Figure 2).  Crustaceans make up the major part of the diet
of juveniles; amphipods are the most abundant crustacean,
followed by decapods, euphausiids, and mysids.
However, crustaceans are less important (although still the
most common prey type) in the adult diet, while
echinoderms (particularly Ophiuroidea, Ophiopholis

aculeata, and Ophiura sarsi) and polychaetes increase in
importance.  This trend is evident during both sampling
periods.  Mollusks are less abundant in the haddock diet,
but are present in all size classes, as are low numbers of
fish

LARVAL RETENTION

A factor that may be critical to the survival of the egg
and larval stages, and thus to the determination of
haddock year-class strength, is the degree of larval
retention on or near the spawning grounds.  For example,
there is a southerly flow of surface water from the area of
haddock spawning on Georges Bank.  Colton and Temple
(1961) concluded that eggs and larvae in the surface
layers would therefore be carried either into the slope
water zone or the coastal waters southwest of the Bank.
Any larvae drifting into the slope water zone would be
carried in a northeasterly direction away from Georges
Bank and the continental shelf and would be lost to the
fishery.  Thus, strong year-classes may arise in years when
circulation results in retention of larvae on the Bank
(Smith and Morse 1985) or in nursery grounds to the
southwest of the Bank (Colton and Temple 1961;
Polacheck et al. 1992).  Lough and Bolz (1989) found that
the southerly drift of larvae may be slowed, and retention
on the shoals of Georges Bank enhanced, by larvae
residing nearer to the bottom in waters shallower than 70
m.  Ames (1997) suggests that eggs and larvae in the
coastal Gulf of Maine are retained over critical habitat by
tidal currents, and that this serves to enhance survival.

HABITAT CHARACTERISTICS

Detailed information on the life history and habitat
characteristics of haddock is summarized in Table 2.  This
information is limited to stocks inhabiting U.S. waters
(including Browns Bank, see Introduction); information
from other stocks, e.g., Canadian and European, was not
considered.

EGGS AND LARVAE

The egg and larval stages occur in the water column
at depths of 10-50 m below the surface (Marak 1960;
Colton and Temple 1961; Miller et al. 1963; Hardy 1978).
Temperatures of 4-10oC (Laurence and Rogers 1976;
Laurence 1978) and high salinities, 34-36 ppt (Laurence
and Rogers 1976), are preferred.

Most of the haddock eggs taken during Marine
Resources Monitoring, Assessment and Prediction
(MARMAP) surveys (see Geographical Distribution
below) were at temperatures of 4-10oC and depths of 50-
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130 m.  Most larvae were taken at 4-14oC and 30-90 m.

JUVENILES AND ADULTS

After transformation, haddock are almost exclusively
a groundfish, closely associated with pebble gravel bottom
(Bigelow and Schroeder 1953; Lough et al. 1989).
Benthic juveniles and adults are generally found at depths
of 40-150 m (Bigelow and Schroeder 1953; Murawski and
Finn 1988; Perry and Neilson 1988); 50-100 m is the
preferred depth range (Scott 1982; Waiwood and Buzeta
1989)  However, they but can be found as shallow as 10 m
(Blacker 1971) and as deep as 200+ m (Colton 1972;
Hardy 1978), although few are found deeper than 183 m
(Bigelow and Schroeder 1953).

Juveniles are most abundant at temperatures of 4.5-
10oC (Murawski and Finn 1988). Adults are found at
temperatures of 0-13oC (Hardy 1978), but are most
common at 2-9oC (Bigelow and Schroeder 1953; Colton
1972; Waiwood and Buzeta 1989), and salinities of 31-35
ppt, although 32 ppt is optimal (Bigelow and Schroeder
1953; Scott 1982; Waiwood and Buzeta 1989).

Most of the juvenile haddock taken during NEFSC
trawl surveys (see Geographical Distribution below) were
at temperatures of 4-12oC (4-9oC in spring and 7-12oC in
autumn) and depths of 25-125 m.  Most adults were taken
at 4-12oC (4-8oC in spring and 7-12oC in autumn) and 50-
100 m.  Most juveniles taken during Massachusetts trawl
surveys (see Geographical Distribution below) were at 5-
10oC (5-8oC in spring and 8-10oC in autumn) and 30-50
m. Most adults were taken at 5-12oC and 25-60 m.

SUBSTRATE

The distribution of substrate sediments in the Gulf of
Maine area is presented in Figure 3.  There seems to be
considerable amounts of suitable substrate for haddock
(i.e., gravelly sand and gravel) throughout southwestern
Nova Scotia and in patches on Georges Bank; there is
relatively very little in the Gulf of Maine.  Consequently,
haddock are most abundant on Browns and Georges
Banks (see Section 4 below).

The primary haddock spawning sites, the northeast
part of Georges Bank and Browns Bank (Colton and
Temple 1961, Lough and Bolz 1989), are in areas
containing large amount of suitable substrate.  There is
relatively little suitable substrate and spawning in the Gulf
of Maine, however, two areas where haddock spawning
has been reported, Stellwagen Bank and Jeffreys Ledge
(Colton 1972), contain gravelly sand substrate.  As well,
all haddock spawning sites identified by Ames (1997)
occurred in areas of gravel or sandy substrate.  A more
rigorous analysis overlaying groundfish distribution onto
substrate sediment distribution is currently being

performed.

GEOGRAPHICAL DISTRIBUTION

Haddock in the northwest Atlantic were distributed
from Cape Charles, Virginia to Labrador, Canada during
1975-1994 (Figure 4).  Areas of highest abundance
include Georges Bank, the Scotian Shelf (including
Browns Bank), and the southern Grand Bank.

EGGS

The 1978-1987 MARMAP ichthyoplankton surveys
[see Reid et al. (1999) for details] found eggs from New
Jersey to southwest Nova Scotia (Figure 5).  The highest
densities were over southwest Nova Scotia and Georges
Bank, which is expected since Georges and Browns Banks
are the principal haddock spawning areas (Colton and
Temple 1961; Laurence and Rogers 1976; Brander and
Hurley 1992).  Eggs were collected from January through
August, with the highest abundance collected in April,
followed by March and May.  This corresponds with
observations that peak spawning occurs from March to
May (Bigelow and Schroeder 1953; Page and Frank 1989;
Brander and Hurley 1992).  The highest mean density of
eggs occurred in April (77.3 eggs/10 m2), followed by
March (21.1 eggs/10 m2), with high concentrations
spreading to the Gulf of Maine.  By July and August,
mean densities had decreased considerably (< 0.1 eggs/10
m2).

All eggs were collected within a narrow range of
temperatures, 2-10oC; the vast majority occurred within 4-
10oC (Figure 6), which is the temperature range at which
egg survival is highest (Hardy 1978).  In January, the
highest abundance of eggs was found at 6-7oC, while in
February, March and April highest abundance was at 4-
6oC.  Colton (1972) and Hardy (1978) have reported that
the optimum spawning temperature for haddock is 2-7oC.
In May and June the highest abundance of eggs was at 5-
7oC, and during July and August almost all eggs were
found at 8-10oC.

Eggs were collected at depths in the water column
ranging from 10-450 m, however the majority were found
at 50-130 m (Figure 6).  From January to May the highest
abundance of eggs occurred at depths of 70-90 m, while in
June the majority of eggs were deeper, at 110-150 m.  In
July, all eggs were found between 90-110 m, and in
August all eggs were found at 50-70 m.

LARVAE

The 1977-1987 MARMAP ichthyoplankton surveys
[see Reid et al. (1999) for details] found larvae from the



Page 4

Delmarva Peninsula to southwest Nova Scotia, and from
inshore waters to the seaward limits of the surveys (Figure
7).  Larvae were collected from January through July, with
the highest average mean density occurring in May (8.3
larvae/10 m2) and April (8.1 larvae/10 m2).  High
concentrations of larvae were found off southwest Nova
Scotia and Georges Bank spreading southward.  Mean
densities were very low in January and February, and had
declined drastically by July (< 0.1 larvae/10 m2).  These
data concur with previous studies that indicate that
hatching begins in earnest in March and peaks in April
and May (Smith and Morse 1985; Campana 1989).

Larvae were collected within a wider range of
temperatures than eggs, 2-15oC, with the majority
occurring at 4-14oC (Figure 8).  In January, the majority
of larvae were found at 9-10oC, during February to April,
most larvae were at 4-7oC, during May to June at 6-9oC,
and in July the majority of larvae were found at 9-11oC
and 14oC.

Larvae were collected at depths in the water column
ranging from 10-325 m, however the majority were found
at 30-90 m (Figure 8).  The majority of larvae tend to
inhabit the upper 50 m of the water column (Marak 1960;
Hardy 1978).  From January to June, the majority of
larvae were found at 70-90 m, and during July all larvae
were found at 30-90 m, with the highest abundance at 30-
50 m.

JUVENILES AND ADULTS

NEFSC Bottom Trawl Surveys

Catches from the 1963-1997 NEFSC bottom trawl
surveys [see Reid et al. (1999) for details] indicate that
the distribution of juvenile and adult haddock are similar
(Figure 9), although juveniles tend to be distributed
further to the south in summer and autumn.  Juveniles and
adults were caught in all seasons from throughout the Gulf
of Maine, Scotian Shelf and Georges Bank.  More large
catches were made in autumn than spring, presumably
because adults migrate offshore to winter pre-spawning
aggregations (Halliday and McCraken 1970).  The
greatest abundance occurs on Georges and Browns Banks,
followed by the Scotian Shelf off southwest Nova Scotia,
Nantucket Shoals, and Stellwagen Bank.  In the spring,
juveniles and adults were most abundant on Georges Bank
and the Scotian Shelf, particularly Browns Bank.  Winter
and summer distributions are presented as
presence/absence, thus precluding a discussion of
abundances (Reid et al. 1999).

Haddock were caught at a wide range of temperatures
(3-16oC; Figure 10).  The temperature distributions of
juveniles and adults were similar.  There was a definite
seasonal effect on the temperature preferences of both
juveniles and adults, with higher temperatures preferred in

autumn.  In spring, juveniles were found at 3-13oC, with
the majority at 4-9oC, and the highest abundance at 6oC,
while in autumn, juveniles were found at 4-15oC, with the
majority at 7-12oC, and the highest abundance at 9oC.  In
spring, adults were found at 3-13oC, with the highest
abundance at 5-6oC and the majority at 4-8oC, while in
autumn, adults were found at 4-16oC, with the highest
abundance at 8oC and most at 7-12oC. Bigelow and
Schroeder (1953) and Hardy (1978) state that adults are
found between 0-13oC, and rarely < 2oC.

Haddock were caught at depths ranging from 15-350
m (Figure 10).  The depth distributions of adults and
juveniles are very similar, and there is no appreciable
seasonal effect other than a slightly wider range of depths
inhabited in autumn.  Overall, the majority of haddock
were caught between 50-100 m, and the greatest
abundance of both life stages during both autumn and
spring was at 75 m.  In spring, juveniles were found at 25-
200 m, with the majority at 50-125 m, and at 15-250 m,
with the majority at 25-100 m, during autumn.  Adults
were found at 25-225 m with the majority at 50-100 m in
spring, and at 15-350 m with the majority at 50-100 m in
autumn. Adults in the Gulf of Maine have previously been
reported to inhabit depths of 46-137 m (Bigelow and
Schroeder 1953).

Massachusetts Inshore Trawl Surveys

Juveniles were far more abundant in coastal
Massachusetts waters than adults (Figure 11). Juveniles
were more abundant in autumn than spring.  In autumn,
juveniles were most abundant directly north and northeast
of Cape Ann and in northeastern Massachusetts Bay.
They were also found in two aggregations off the east
coast of Cape Cod, and in low numbers throughout Cape
Cod Bay.  In the spring, juveniles were still most abundant
north of Cape Ann, in northeastern Massachusetts Bay,
and in two aggregations off eastern Cape Cod, but were
no longer widespread in Cape Cod Bay.  A fairly large
aggregation was also found northwest of Provincetown,
Cape Cod.

Adults were more abundant in spring than in autumn.
This corresponds to adult migrations with offshore winter
pre-spawning and spawning aggregations (Halliday and
McCraken 1970).  In autumn, they were virtually non-
existent from inshore Massachusetts waters; in spring,
adults were most abundant in northeast Massachusetts
Bay, and were also found northeast of Cape Ann.

Juveniles and adults were found at temperatures
ranging from 4-14oC (Figure 12) and were found at
warmer temperatures in autumn than spring.  Juveniles
were most abundant at 5-8oC in spring and 8-10oC in
autumn.  Adults were most abundant at 5-9oC in spring,
and the few found in autumn were at 11-12oC.  Juveniles
and adults were found at depths of 15-80 m (Figure 12).
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Juveniles were most abundant at 35-50 m in spring and
30-45 m in autumn.  Adults were most abundant at 25-50
m in spring, and the few found in autumn were at 50-60
m.

OFFSHORE VS. INSHORE

No inshore distribution data are available for eggs
and larvae, but the NOAA Estuarine Living Marine
Resources (ELMR) program lists haddock eggs and larvae
as ‘not present’ in the majority of bays and estuaries in
New England and the Mid-Atlantic Bight.  In the few
inshore areas where they have been reported (Great Bay,
Massachusetts Bay, Cape Cod Bay, Buzzards Bay,
Narragansett Bay), they are listed as ‘rare’ (Jury et al.
1994; Stone et al. 1994).

Juveniles were more abundant inshore in autumn than
spring.  They occurred in shallower water and at lower
temperatures inshore than offshore.  Adults were far more
abundant offshore than inshore.  They were more
abundant inshore in spring than autumn, and conversely,
more abundant offshore in autumn than spring.  This most
likely reflects the offshore migration to pre-spawning and
spawning aggregations (Halliday and McCraken 1970).
They occurred at warmer temperatures and shallower
depths inshore than offshore.

STATUS OF THE STOCKS

The total landings (U.S. and Canada) in 1996 from
the Georges Bank and Gulf of Maine haddock stocks were
4226 metric tons (mt), 71% higher than 1995, 54% higher
than 1994, but 8% lower than 1993 and 34% lower than
1992 (Mayo 1995; Brown 1998).

In the Gulf of Maine, commercial landings declined
from a high of about 5000 mt in the mid-1960s to less
than 1000 mt in 1973 (Figure 13).  Total annual landings
increased sharply between 1974 and 1980 and averaged
7000 mt from 1980 to 1983.  Since 1983, catches have
declined to record lows.  The NEFSC autumn survey
biomass index has declined steadily since 1978 and
reached a record low of 0.09 in 1992 (less than 1% of the
peak 1963 survey).  Abundance remains at an all time low
and recruitment has been insufficient to support landings,
resulting in recruitment overfishing and continued stock
depletion (Mayo 1995).

On Georges Bank, total commercial landings
increased from about 50,000 mt annually prior to 1965 to
nearly triple that in 1965 and 1966 (Figure 13).  Landings
declined through 1976, but catches increased between
1977 and 1980 reaching 28000 mt.  Catches declined after
1980 to 4500 mt in 1989 and since 1989 catches have
ranged between 2300 and 6900 mt (Northeast Fisheries
Science Center 1997).  The NEFSC spring and autumn

bottom trawl surveys indicate that the biomass has
declined markedly since the late 1970s (Mayo 1995).  The
1995 and 1996 autumn survey indices are higher than
recent years, but are still extremely low relative to historic
levels (Figure 13; Brown 1998).  The stock remains in a
state of collapse: total stock size declined from 133
million in 1979 to 14 million in 1991 (Mayo 1995).  Total
stock has increased somewhat in 1995 and 1996 (Figure
13).  Spawning stock biomass reached a record low of
11,000 mt in 1993, but has since rebounded to over
32,000 mt in 1996 (Northeast Fisheries Science Center
1997).  This is a sharp increase, but is still far below
historical average levels.

The September 1997 ‘Status of Fisheries of the
United States’ (National Marine Fisheries Service 1997)
reports that the Georges Bank haddock stock is presently
not being overfished, nor is it approaching an overfished
condition.  However, the 24th Stock Assessment
Workshop concludes that the Georges Bank stock is at a
low biomass level and is in an over-exploited state
(Northeast Fisheries Science Center 1997).  The status of
the Gulf of Maine stock is listed as unknown (National
Marine Fisheries Service 1997).

Data from the NEFSC bottom trawl surveys is
presented in Figure 14 to contrast the distribution of
haddock from recent periods of low abundance (1992-
1996) with periods of high abundance (1963-1967).  The
pattern is similar for juveniles and adults, with the
exception that juveniles are distributed further south in
years of low abundance, while adults were not.  In years
of low abundance, juveniles and adults were rare on
Georges Bank (the apparent absence of haddock on
Browns Bank during this period is due to the absence of
sampling effort in this area after 1987).  In years of high
abundance, they were far more abundant on Georges
Bank, Nantucket Shoals, and Stellwagen Bank.

RESEARCH NEEDS

The biology of northwest Atlantic haddock is quite
well-known, as evidenced by the completeness of the
habitat matrix presented in this report (Table 2).
However, there is a need for more detailed information in
certain areas:
• More information on the genetic structure of haddock

stocks is needed.  The present stock definitions are
based on tagging studies, meristic data, age
composition, and growth data (Northeast Fisheries
Science Center 1997).  Few studies of genetic
structure currently exist.  Purcell et al. (1996)
identified significant temporal variation in gene
frequencies on Georges Bank, and suggested that
spawning on the Bank may not be genetically
discrete.  However, Zwanenburg et al. (1992) found
that gene flow among spawning aggregations on five
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banks in the northwestern Atlantic, including Georges
Bank, was restricted and that deep channels can be
significant barriers to gene flow.  They recommend
that additional sampling effort is needed to provide a
clearer understanding of haddock population
structure.

• A better understanding of the factors affecting
recruitment and year-class strength is also needed.
Research into obvious factors such as the effects of
water temperatures, food levels, and predation on the
survival of the early life stages is needed.  Also, the
role of other factors such as hydrographic effects
(e.g., tidal and non-tidal currents) which affect the
retention and transport of eggs and larvae, should be
investigated more thoroughly.

• Interactions with other closely related species (e.g.,
cod) are probably important, and need to be better
understood.

• Detailed information on spawning is needed; our
literature search uncovered very few spawning
details, other than the fact that spawning occurs at the
bottom over gravel substrate.

• Information on growth and survival rates by habitat
type (i.e., Level 4 EFH information) is needed to
accurately designate Essential Fish Habitat for
haddock.

The October 1997 report of the 24th Stock Assessment
Workshop (Northeast Fisheries Science Center 1997) lists
research recommendations for improving haddock stock
assessments:
• Improve biological sampling of commercial landings

and discards.
• Examine effects of large tows on overall and age-

specific abundance indices for haddock, specifically
with reference to closed areas.

• Examine effects of abrupt changes in mean
weight at age during the 1990s, specifically with
respect to the 1989-1991 year-classes in the eastern
part of Georges Bank.

• Investigate factors associated with apparent recent
improvements in survival rations (R/SSB).
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Table 1.  Size and age at maturity of haddock, Melanogrammus aeglefinus.

Stock Time A50 (years) L50 (cm) Reference
Period male female Male female

Georges Bank 1985-1989 1.3 1.5 26.8 29.7 O’Brien et al. 1993
1986-1989 1.1-1.9 1.8-2.6 24-34 33-41 Trippel et al. 1997
1989-1995 1.1-1.4 1.6-2.0 23-30 34-36 Trippel et al. 1997

Browns Bank 1970-1985 - - 36.4 42.6 Waiwood and Buzeta 1989
1979-1985 2.8-3.3 2.8-3.6 33-35 34-38 Trippel et al. 1997

Gulf of Maine 1985-1989 2.1 1.8 35.0 34.5 O’Brien et al. 1993
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Table 2.  Summary of life history and habitat parameters for haddock, Melanogrammus aeglefinus.  Information that
could not be distinguished as either juvenile or adult is listed under ‘Juveniles/Adults’.

Life Stage Size and Growth Habitat Substrate Temperature

Eggs 1
Mean size at hatch is 3.33
mm. Largest size at hatch
occurs at approximately 8oC;
decrease in size at lower and
higher temperatures.

Early stage eggs concentrated near
the surface; later stages are
distributed more uniformly over
depth or have a sub-surface
maximum. One study shows that
stage I, II and III eggs were within
the top 20 m, while the center of
mass of stage IV eggs was 31 m.

Eggs are spawned over pebble
gravel bottom.  After spawning,
eggs become buoyant, rise and
float near the surface where
subsequent development occurs.

Peak spawning occurs when
mean surface temperature is 2-
10oC. Incubation duration varies
with temperature: 20-32 days at
2oC, 11-23 days at 4oC, 11-17
days at 6oC, 9-13 days at 8oC,
and 6-8 days at 11oC. Highest
survival rate occurs at 4-10oC
(mean 6oC).

Larvae 2
Size at hatch ranges from 2 - 5
mm (mean = 4 mm).

Generally pelagic. Maximum
depth approximately 150 m.
Majority found at depths of
10-50 m.

Upper lethal = 10oC; lower
lethal = 4oC.
Time to metamorphosis:
at 9oC = 30 days after hatching;
at 4oC = 36-42 days.
Growth rates: at 4oC = 3.68
%/day, at 7oC = 5.53, at 9oC =
13.36.
On Georges Bank, hatching
occurs in 2-3 weeks at normal
spring temperatures.

Juveniles 3
Metamorphosis of larvae
occurs at approximately
3 cm .

Small juveniles found near the
surface (10-40 m), more or less
stationary in the open sea. Descent
to bottom (35-100 m) occurs at
age 3-5 months and length 5-10
cm (after metamorphosis).
YOY found in nursery area
between Nantucket Shoals &
Hudson Canyon.  Occur on same
grounds as adults.

Pebble gravel bottom. Occur at 4.5-11.0oC. Occur at
colder temperatures in
winter/spring than summer/fall.

Adults 4
Mean size at maturity
(female/male, cm):
Georges Bank: 29.7/26.8
Gulf of Maine: 34.5/35.0
Browns Bank: 42.5/36.5
Size at maturity positively
density dependent.

Occur throughout the Gulf and
offshore banks; greatest
concentration on Georges Bank.
More exclusively a groundfish
than cod. Generally below 10 m,
most in 40-150 m, few deeper than
200 m.
No extreme migrations, only short
inshore/offshore movements.

Selective as to type of substrate:
chiefly broken ground, gravel,
pebbles, smooth hard sand &
smooth areas between rocky
patches.  Avoid ledges, rocks,
kelp or soft mud.

Occur at 0-13oC, but are most
abundant at 2-9oC and prefer 4-
7oC; mortality at < 1oC; avoid >
10oC.
Spawn at 2-7oC, optimum is 4-
6oC.

Juveniles/
Adults 5

Average size at age:
1 - 17.5 cm, 2 - 33.8 cm,
3 - 45.5 cm, 4 - 54.0 cm,
5 - 60.1 cm, 6 - 64.5 cm,
7 - 67.6 cm, 8 - 69.9 cm,
9 - 71.5 cm, 10 - 72.7 cm,
11 - 73. 6cm, 12  - 74.2 cm,
13 - 74.6 cm, 14 - 75.0 cm,
15 - 75.2 cm.

1 Bigelow and Schroeder (1953), Miller et al. (1963), Laurence and Rogers (1976), Hardy (1978), Lough et al. (1989), Page and Frank (1989), Page et al. (1989), Waiwood
  and Buzeta  (1989)
2 Marak (1960), Colton and Temple (1961), Miller et al. (1963), Laurence (1974, 1978), Hardy (1978), Kane (1984), Lough and Bolz (1989)
3 Bigelow and Schroeder (1953), Colton and Temple (1961), Blacker (1971), Colton (1972), Hardy (1978), Mahon and Neilson (1987), Murawski and Finn (1988), Perry and
  Neilson (1988), Lough and Bolz (1989), Lough et al. (1989)
4 Bigelow and Schroeder (1953), Marak and Livingstone (1970), Colton (1972), Hardy (1978), Scott (1982), Waiwood and Buzeta (1989), O’Brien et al. (1993)
5 Penttila et al. (1989)
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Table 2.  cont’d.

Life Stage Salinity Currents Prey

Eggs 1
Highest egg survival occurs at 34-
36 ppt.  Egg mortality below 25
ppt; mortality decreases with
increasing salinity (26-36 ppt).

SW flow of water off Georges Bank
results in a southerly flow of eggs and
larvae from the NE spawning center. NW
flow of water off Browns Bank to
western Nova Scotia, New Brunswick
and New England as far south as Cape
Cod.

Larvae 2
Larvae drift with surface currents.
Georges Bank larvae may be swept off
the Bank to the SW (@ 0.65 cm/s),
otherwise are retained; on Browns Bank
some larvae retained due to the Browns
Bank gyre, others dispersed inshore due
to the Nova Scotia coastal current.

Passive foragers on less motile prey: invertebrate
eggs, copepods and phytoplankton. In general,
ate most abundant species but restricted to prey
of a certain size; for example larvae 4-18 mm
fed on larval copepods, > 18 mm fed on adult
copepods. Feeding peaks shortly before sunset.
Larvae may need prey concentrations of 0.5 -
3.0 plankters/ml for suitable growth.

Juveniles 3
Tidal current weaker near bottom, for
example at Georges Bank, current = 1-5
cm/s at 10 cm above bottom, and 7-24
cm/s at 1 m above bottom.

Indiscriminate consumers of invertebrates.
Distinct transition from planktonic to benthic
feeding. Planktonic prey declines after
becoming demersal: copepods and pteropods
decreased, while ophiuroids & polychaetes
increased.
Major benthic prey items (proportion of diet by
weight) are crustaceans (56.5%), polychaetes
(15.1%), and  fish  (1.4%).

Adults 4
Generally found within 31.5 - 35
ppt;  Spawn at 31.5 - 34 ppt.

Indiscriminate consumers of sedentary or slow
moving invertebrates: crustaceans, annelids,
polychaetes, mollusks and echinoderms. Fish
make up small part of diet. Heaviest feeding in
June; distinct seasonal changes in diet
composition.

Juveniles/
Adults 5

Omnivorous & highly opportunistic. Prey almost
exclusively on benthic invertebrates. Order of
importance (proportion of diet by weight):
echinoderms, 29.9%; polychaetes, 17.6%;
crustaceans, 16.2%; fish eggs, 14.6%; other
polychaetes, 12.7%.
Prey items by area (Gulf of Maine/ Georges
Bank/Scotian Shelf) (% by weight):
fish-2.2/28.4/3.8
polychaetes-14.7/23.5/11.8
crustacean-15.2/16.0/14.4
mollusks-1.6/3.8/3.0
echinoderms-51.9/7.8/49.0.

1 Colton and Temple (1961), Laurence and Rogers (1976), Smith and Morse (1985), Page et al. (1989)
2 Marak (1960), Laurence (1974), Hardy (1978), Kane (1984), Smith and Morse (1985), Campana et al. (1989), Lough and Bolz (1989)
3 Bigelow and Schroeder (1953), Blacker (1971), Bowman and Michaels (1984), Mahon and Neilson (1987), Perry and Neilson (1988), Lough et al. (1989)
4 Bigelow and Schroeder (1953), Wigley and Theroux (1965), Tyler (1972), Hardy (1978), Scott (1982), Bowman and Michaels (1984), Waiwood and Buzeta (1989)
5 Langton and Bowman (1980), Bowman and Michaels (1984)
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Table 2.  cont’d.

Life Stage Predators Spawning Notes

Eggs 1
Preyed upon by a wide range of
pelagic predators.

Georges and Browns Banks are the
principle spawning areas (GB > BB).
Limited spawning along South Channel
and New England coast. Spawning
occurs over all of Georges, but main
spawning center is in NE part of the
bank.
Spawning occurs from January to July;
delay in peak spawning time as one
moves north.
Gulf of Maine: Feb-May, peak varies
Feb-April;
Georges Bank: Jan-June, peak late-
March-April;
Browns Bank: early March-June, peaks
late April-early May.

Egg duration on Georges Bank varied from 10-
20 days over 34 year period; mean egg duration
during peak spawning was 15.5 days.
Egg duration on Browns Bank varied from 10-30
days over the same 34 years; mean egg duration
during peak spawning was 18.6 days.
Haddock embryos less tolerant of
temperature and salinity extremes than cod
embryos

Larvae 2
Preyed upon by a wide range of
pelagic predators.

Nursery grounds lie (a) between Georges
Bank and Nova Scotia and (b) to the
east of Cape Cod.

Young tend to drift under bells of jellyfish
(Cyanea).
Lab results imply that the first weeks after
hatching are a critical period for larvae.
One study estimated daily mortality rate at 7.1%.

Juveniles 3
0+ and 1+ fish primarily preyed
on by cod, pollock and silver
hake.

1-2 yr old fish particularly abundant on Georges
Bank.
Vertical migrations may depend on diel light
cycle, thermal structure, interspecific
competition, prey availability & tidal current
speed.

Adults 4
Preyed upon by seals. Onset of spawning related to

environmental conditions; earlier in
years with moderate autumn-winter
temperatures than in years with cold
autumn/winter.
Eggs released at intervals over a 3 week
period.
Fecundity ranges from 12,000-
3,000,000 eggs; varies with size; year to
year variation may be correlated with
temp.
Median age at maturity (female/male,
years):
Georges Bank: 1.5/1.3
Gulf of Maine: 1.8/2.1;
evidence that median length at maturity
on Georges Bank has decreased (during
1977-1983 was 40/37).

Move into shallower water in spring & summer;
coincides with the inshore fishery. Offshore
fishery occurs during the winter and early spring.
Distribution influenced more by restrictive
spawning area & bottom type conditions than by
temperature variation.

Juveniles/
Adults 5

Stock abundance clearly influenced growth rates:
higher correlations occurred during time periods
of highest stock abundance than at times when
stocks were depleted. Stock size was
significantly correlated with juvenile growth but
not young adult growth.

1 Walford (1950), Colton and Temple (1961), Marak and Livingstone (1970), Laurence and Rogers (1976), Hardy (1978), Smith and Morse (1985), Perry and Neilson (1988),
  Campana (1989), Lough and Bolz (1989), Page and Frank (1989)
2 Laurence (1974), Hardy (1978), Smith et al. (1981), Cushing (1986)
3 Bigelow and Schroeder (1953), Miller et al. (1963), Blacker (1971), Murawski and Finn (1988), Perry and Neilson (1988)
4 Bigelow and Schroeder (1953), Colton (1972), Hardy (1978), Smith et al. (1981), O’Brien et al. (1993)
5 Ross and Nelson (1992)
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Figure 1.  The haddock, Melanogrammus aeglefinus (from Goode 1884).
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Figure 2.  Abundance (% occurrence) of the major prey items of haddock collected during NEFSC bottom trawl surveys
from 1973-1980 and 1981-1990.  Methods for sampling, processing, and analysis of samples differed between the time
periods [see Reid et al. (1999) for details]. (a) 1973-1980, 0-30 cm: n=532, 31-90 cm: n=1356; (b) 1981-1990, 0-30 cm:
n=98, 31-90 cm: n=930.  The 0-30 cm size category corresponds, at least roughly, to the juvenile life stage, and the 31-90
cm size class corresponds to adults.  The category “animal remains” refers to unidentifiable animal matter.
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Figure 3.  Distribution of surficial sediments along the northeast coast of the United States.  Data are from the United
States Geological Survey and NOAA.
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Figure 4.  Distribution and abundance of haddock from Newfoundland to Cape Hatteras during 1975-1994.  Data are
from the U.S. NOAA/Canada DFO East Coast of North America Strategic Assessment Project (http://www-orca.nos.
noaa.gov/projects/ecnasap/ecnasap_table1.html).
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Figure 5.  Distribution of haddock eggs collected during NEFSC MARMAP offshore ichthyoplankton surveys (January
to August, 1978-1987).  Egg densities are represented by dot size [see Reid et al. (1999) for details].
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Figure 5.  cont’d.
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Figure 5. cont’d.
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Figure 6.  Monthly abundance of haddock eggs relative to water column temperature (to a maximum of 200 m) and
bottom depth based on NEFSC MARMAP ichthyoplankton surveys, all years combined (January to August, 1978-1987).
Open bars represent the proportion of all stations which were surveyed; solid bars represent the proportion of the sum of
all standardized catches (number/10 m2).
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Figure 7.  Distribution of haddock larvae collected during NEFSC MARMAP offshore ichthyoplankton surveys (January
to July, 1977-1987).  Larval densities are represented by dot size [see Reid et al. (1999) for details].
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Figure 7.  cont’d
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Figure 7.  cont’d.
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Figure 8.  Monthly abundance of haddock larvae relative to water column temperature (to a maximum of 200 m) and
bottom depth from NEFSC MARMAP ichthyoplankton surveys, all years combined (January to July, 1977-1987).  Open
bars represent the proportion of all stations which were surveyed, while solid bars represent the proportion of the sum of
all standardized catches (number/10 m2).
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Figure 9.  Distribution of juvenile and adult haddock collected during NEFSC bottom trawl surveys, (spring, summer,
autumn and winter, 1963-1997).  Densities are represented by dot size in spring and autumn plots, while only presence
and absence is represented in summer and winter plots [see Reid et al. (1999) for details].
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Figure 9. cont’d.
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Figure 10.  Abundance of juvenile and adult haddock relative to bottom water temperature and depth based on spring and
autumn NEFSC trawl surveys, all years combined (1963-1997).  Open bars represent the proportion of all stations
surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 11.  Distribution of juvenile and adult haddock collected in coastal waters of Massachusetts during Massachusetts
inshore trawl surveys (autumn and spring, 1978-1996) [see Reid et al. (1999) for details].
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Figure 12.  Abundance of juvenile and adult haddock relative to bottom water temperature and depth based on
Massachusetts inshore trawl surveys for all years combined (spring and autumn, 1978-1996).  Open bars represent the
proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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Figure 13.  Commercial landings and survey indices (from the NEFSC bottom trawl surveys) of haddock from the Gulf of
Maine, 1963-1996 (top) and commercial landings and spawning stock biomass (from the NEFSC bottom trawl surveys)
of haddock from Georges Bank, 1930-1996 (bottom).
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Figure 14.  Distribution of juvenile and adult haddock during years of high abundance (1963-1967) and years of low
abundance (1992-1996) from autumn NEFSC bottom trawl surveys.
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Editorial  Production
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page layout.  Other than the four covers (inside and outside, front and back) and first two preliminary pages, all preprinting
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acknowledgees of each issue, as well as those noted below in "Special Acknowledgments."
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Internet Availability

Issues 122-152 are being copublished, i.e., both as paper copies and as web postings.  All web postings are, or will soon
be, available at:  www.nefsc.nmfs.gov/nefsc/habitat/efh.  Also, all web postings will be in "PDF" format.

Information Updating

By federal regulation, all information specific to Issues 122-152 must be updated at least every five years.  All official
updates will appear in the web postings.  Paper copies will be reissued only when and if new information associated with
Issues 122-152 is significant enough to warrant a reprinting of a given issue.  All updated and/or reprinted issues will retain
the original issue number, but bear a "Revised (Month Year)" label.

Species Names

The NMFS Northeast Region�s policy on the use of species names in all technical communications is generally  to follow
the American Fisheries Society�s  lists of scientific and common names for fishes (i.e., Robins et al. 1991a), mollusks (i.e.,
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

Red hake (Urophycis chuss; Walbaum 1792; Figure
1) is a demersal fish that occurs from North Carolina to
Southern Newfoundland and is most abundant between
Georges Bank and New Jersey (Sosebee 1998).  Although
rarely found in the Gulf of St. Lawrence, it is sometimes
caught on the southern Grand Banks (Scott and Scott
1988).  In U.S. waters the species is managed under the
Northeast Multispecies Fishery Management Plan
(NEFMC 1993).

This document provides information on the life
history and habitat characteristics of red hake inhabiting
the Gulf of Maine, Georges Bank, and the Middle Atlantic
Bight.

LIFE HISTORY

Red hake are relatively short-lived, reaching a
maximum age of 14 years and a maximum size of 63 cm
TL for females (Dery 1988), but few are collected that are
over 8 years old and more than 50 cm in length.  Their
growth rate is initially rapid but declines at maturity; the
species does not reach the large size of its congener the
white hake (U. tenuis).

Red hake make seasonal migrations to follow
preferred temperature ranges.  During warmer months,
they are most common in depths less than 100 m; during
colder months, they are most common in depths greater
than 100 m.  Fritz (1965) reported that they range from 30
to 370 m and that they are most common in the fall
between 50 and 210 m.

EGGS

Our understanding of the environmental associations
of the eggs of this species is poor because the eggs of
several species of Urophycis and Phycis hake co-occur
north of Cape Hatteras and presently they are not readily
separable to species in plankton collections (Berrien and
Sibunka 1999) despite the discussion on their tentative
identification in Bigelow and Schroeder (1953).  Based on
eggs taken from spawning red hake, the eggs are about
0.6-1.0 mm in diameter, buoyant, and float near the
surface.  Hatching occurs in 3-7 days at typical spawning
temperatures (Able and Fahay 1998).

LARVAE

Red hake larvae are < 2.0 mm at hatching (Able and
Fahay 1998).  Larval red hake dominate the summer
ichthyoplankton in the Middle Atlantic Bight and were
most abundant at mid- and outer continental shelf stations
(Comyns and Grant 1993).  Few red hake larvae have

been collected in the Gulf of Maine suggesting that
spawning in the Middle Atlantic Bight produces the
majority of recruits to the Gulf of Maine stock.  Larval red
hake have been collected in the upper water column from
May through December (Collette and Klein-MacPhee, in
prep.).

Accurate identification and separation of red and
white hake larvae in the Gulf of Maine was problematic
and records prior to Methven (1985) may be in error or
include mixtures of two or more species (Collette and
Klein-MacPhee, in prep.).  To complicate things further,
post-larval hake in the northern Gulf of Maine and
Canadian waters have morphometric characteristics (e.g.,
scale count and otolith shape) that appear intermediate
between red hake and white hake (Bigelow and Schroeder
1953; Dery 1988).  Although egg identification is
problematic in collections, red hake larvae can be
identified because of artificial spawning and rearing
studies (Miller and Marak 1959).  The larvae were not
confidently identified in Northeast Fishery Science Center
(NEFSC) Marine Resources Monitoring, Assessment and
Prediction (MARMAP) surveys until 1982 (Reid et al.
1999).

JUVENILES

Recently metamorphosed juveniles remain pelagic
until they reach 25-30 mm TL in about two months
(Methven 1985).  They gradually descend to the bottom at
a size of about 35-40 mm TL (Fahay 1983; Able and
Fahay 1998).  Pelagic juvenile red hake gather around
floating debris, under patches of sargassum, and
occasionally within the tentacles of jellyfish (Wicklund
1966).

Demersal settlement generally occurs between
September and December with peaks in October-
November (Collette and Klein-MacPhee, in prep.).
Laboratory studies suggest that a strong thermocline in the
water column can inhibit benthic settlement when cold
water below the thermocline requires descending juveniles
to hesitate and acclimate to cooler bottom temperatures.
Delayed descent to the bottom may expose juveniles to
greater risk of predation within the thermocline while they
acclimate.  Red hake undergo additional changes in body
shape and color upon reaching their benthic habitat
(Steiner and Olla 1985).

Shelter is a critical habitat requirement for red hake
(Steiner et al. 1982).  Newly settled juveniles occur in
depressions on the open seabed (Able and Fahay 1998).
Older juveniles commonly associate with shelter or
structure, often with living sea scallops (Placopecten
magellanicus) where they can be found under the scallops
on the sediment or within their open mantle cavity
(Steiner et al. 1982; Garman 1983; Able and Fahay 1998).
Juveniles maintain this association until they are about 10-
13 cm TL.  Small scallops tend to shelter small juvenile
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red hake and larger scallops shelter a wider range of sizes.
Juveniles also use Atlantic surf clam (Spisula solidissima)
shells, seabed depressions made by larger fish or decapod
crustaceans, moon snail egg case collars, anemone and
polychaete tubes (Wicklund 1966; Ogren et al. 1968;
Stanley 1971; Shepard et al. 1986), submerged man-made
objects, debris, and artificial reefs (Eklund 1988).  Larger
juveniles remain near scallop beds and other structures in
coastal areas and embayments; later they join older fish in
an offshore migration in the Middle Atlantic Bight.  By
the end of the first summer, red hake juveniles are about
10 cm TL.  There is little growth over the winter and at
the end of 12 months they are about 15-17 cm TL (Able
and Fahay 1998).  They occur in larger estuaries,
including the Chesapeake Bay main stem, Delaware Bay,
and Hudson-Raritan estuary, during cooler seasons, and
along coastal New England into Canadian waters from
spring to fall (Jury et al. 1994; Stone et al. 1994; Wilk et
al. 1998).

ADULTS

Adult red hake are common on soft sediments and
much less common on gravel or hard bottoms.  They are
not confined to the bottom and can be found in the water
column (Collette and Klein-MacPhee, in prep.; Gottschall
et al., in review).  Adults are usually found in depressions
in softer sediments or shell beds and not on open sandy
bottom.  They create the depressions or use existing
depressions (Auster et al. 1991).  Adults also inhabit
inshore artificial reefs off New York during the summer
(Ogren et al. 1968), and Eklund (1988) reported that they
were most abundant on natural and artificial reefs off
Delaware-Virginia during April-May.

REPRODUCTION

Major spawning areas occur on the southwest part of
Georges Bank and on the continental shelf off southern
New England and eastern Long Island; however, a nearly
ripe female was collected during April in Chesapeake Bay
(Hildebrand and Schroeder 1928).  Spawning adults and
eggs are also common in the marine parts of most coastal
bays between Narragansett Bay, Rhode Island, and
Massachusetts Bay, but rarely in coastal areas to the south
or north (Jury et al. 1994; Stone et al. 1994).  Based on
condition of the gonads, red hake spawning occurs at
temperatures between 5-10oC from April through
November (Wilk et al. 1990).  In the Gulf of Maine,
spawning may not begin until June with a peak during
July-August (Dery 1988; Scott and Scott 1988).
Spawning red hake are most abundant in May-June in the
New York Bight and on Georges Bank (Collette and
Klein-MacPhee, in prep.).  Eklund (1988) reported a peak

in their gonadosomatic index (GSI) during May-July and
the presence of ripe eggs in June-July off Delaware.  Their
fecundity is unknown.

Female red hake are generally larger and live longer
than males (Dery 1988).  O’Brien et al. (1993) reported
that for the northern stock, 50% of females are mature at
an age of 1.8 years and 26.9 cm TL, and 50 % of males
are mature at 1.4 years and 22.2 cm TL.  For the southern
stock, size at 50% maturity is 25.1 cm TL for females and
23.8 cm TL for males; both sexes reach maturity at 1.7-
1.8 years.  Size and age at maturity may increase near the
southern limits of the range.

FOOD HABITS

Larvae prey mainly on copepods and other micro-
crustaceans, and are sometimes found under floating
eelgrass or algae looking for prey.

Juvenile red hake leave shelter at night and
commonly prey on small benthic and pelagic crustaceans,
including larval and small decapod shrimp and crabs,
mysids, euphausiids, and amphipods (Steiner et al. 1982;
Garman 1983; Bowman et al. 1987) (Figure 2).  In the
Hudson-Raritan estuary, Crangon shrimp, the mysid
Neomysis americana and other small epibenthic
crustaceans are the dominant prey (Steimle et al., in
prep.). Night feeding is possible because their pelvic fins
and chin barbels are chemo-sensitive to presence of prey
(Pearson et al. 1980).  Amphipods, small decapods (e.g.,
Crangon shrimp), and polychaetes are important prey in
the Middle Atlantic Bight, but dominant prey can change
seasonally and include copepods and chaetognaths
(Bowman 1981; Luczkovich and Olla 1983; Sedberry
1983; Bowman et al. 1987).  In the laboratory, red hake
feed day and night and can eat up to 7.4 % of their body
weight per day; feeding rates in the wild may be higher
(Luczkovich and Olla 1983; Collette and Klein-MacPhee,
in prep.).

Adult red hake, like juveniles, prey upon crustaceans,
but also consume a variety of demersal and pelagic fish
and squid (Langton and Bowman 1980; Bowman and
Michaels 1984; Vinogradov 1984; Steimle 1985) (Figure
2).  Rachlin and Warkentine (1988) showed that the diet
of red hake overlaps the diet of the two other Urophycis
spp. in the New York Bight.

PREDATION

Red hake (presumably mostly juveniles) are eaten by
larger predators such as striped bass (Morone saxatilus),
spiny dogfish (Squalus acanthias), goosefish (Lophius
americanus), white hake (Urophycis tenuis), silver hake
(Merluccius bilinearis), sea raven (Hemitripterus
americanus), harbor porpoise (Phocoena phocoena) and
other predators (Schaefer 1960; Bowman et al. 1984;
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Gannon et al. 1997).  Adult red hake are also cannibalistic
on their young.

Despres-Patanjo et al. (1982) reported that red hake
were found with fin rot and skin ulcers, but at a relatively
low incidence (about 1%).  These diseases are often
associated with degraded environmental conditions.

MIGRATION

Red hake make extensive seasonal, depth- and
temperature-related migrations.  They are most common
in depths < 100 m during warmer months and in depths >
100 m during colder months.

Red hake are summer migrants into coastal waters
and estuaries of the Gulf of Maine and southern New
England where they commonly occur in coastal bays and
estuaries < 10 m deep (Tyler 1971; Jury et al. 1994; Stone
et al. 1994).  Juveniles commonly occur in some coastal
bays south to the main stem of the Chesapeake Bay in the
winter-spring, but less so in the summer (Hildebrand and
Schroeder 1928; Stone et al. 1994; Murdy et al. 1997).
Red hake migrate into deeper waters (to 980 m) during the
winter in the Gulf of Maine, the outer continental shelf
south of Georges Bank (Bigelow and Schroeder 1953;
Murawski and Finn 1988), and into the submerged
Hudson Shelf Valley south of Long Island.

In the Gulf of Maine, red hake move inshore in the
autumn and winter as the coastal waters cool; if
temperatures drop too low, red hake will move offshore.
They move into Passamaquoddy Bay, Canada, in the
summer and leave in the autumn, possibly because
temperatures remain cooler in the summer and become too
cold in the winter (Bigelow and Schroeder 1953).

In the Middle Atlantic Bight, red hake occur most
frequently in coastal waters in the spring and fall; they
move offshore to avoid the warm summer temperatures
(Bigelow and Schroeder 1953), although juveniles are
found in deep holes and channels in coastal bays during
the summer.  In the winter, most of the population moves
offshore, but the degree of movement probably depends
on the severity of the winter.  Winter migrants return
inshore the following spring (Able and Fahay 1998).

STOCK STRUCTURE

Red hake are managed as two U.S. stocks: a northern
stock, from the Gulf of Maine to northern Georges Bank
and a southern stock, from southern Georges Bank into
the Middle Atlantic Bight.  The stocks are divided along
the central east-west axis of Georges Bank (Sosebee
1998).

HABITAT CHARACTERISTICS

The hydrographic and physical characteristics of the
habitat associated with the occurrence of red hake are
presented in Table 1.

EGGS

The pelagic eggs of red hake are not separated from
eggs of similar species in field collections, thus the
characteristics of the habitat in which red hake eggs are
commonly found are poorly known.  Spawning occurs in
the summer on the continental shelf in the Middle Atlantic
Bight and is concentrated off southern New England
(Able and Fahay 1998).

LARVAE

Red hake larvae were collected on the middle to outer
continental shelf of the Middle Atlantic Bight at
temperatures between 8 and 23oC (most were collected
between 11-19oC) within water depths between 10 and
200 m, with a few deeper occurrences (Figure 3).  Few
larvae were collected in the Gulf of Maine.

JUVENILES

Bigelow and Schroeder (1953) report that the
"youngest fry" were observed swimming at the surface in
the west-central Gulf of Maine during the summer at a
temperature of about 20oC.  In the bays and estuaries
south of Cape Cod during the summer, juveniles (< 24 cm
TL) usually avoid shallow waters that are warmer than
about 22oC, but they do inhabit deeper bays such as
Narragansett Bay, Rhode Island (Figure 4).  North of
Cape Cod where waters are cooler, juveniles can remain
inshore throughout the summer; they were abundant in
spring (May) and in early autumn (September) (Figure 5).

In the NEFSC bottom trawl survey, juvenile red hake
were collected at a wide range of temperatures (2-20oC)
and depths (5 m to > 100 m), but they were most abundant
at temperatures of 3-16oC and at depths < 120 m; there
were seasonal shifts in apparent preferences (Figure 6).

In the inshore waters off southern New England,
juvenile red hake were collected at temperatures of 2-
22oC, in depths from 5 m  to > 50 m, and at salinities of
24-32 ppt (Figures 4 and 5).  In Long Island Sound, they
were found mostly on mud substrates (Gottschall et al., in
review).  Comparing red hake distribution in the
Connecticut trawl survey to the sediment distribution in
Reid et al. (1979) suggests that red hake prefer silty, fine
sand sediments.  In the Hudson-Raritan estuary, juveniles
were collected at similar temperature and depth ranges as
in southern New England when salinities were above
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about 22 ppt, but collection frequency declined above 28
ppt (Figure 7).

Age 0+ fish are sensitive to DO levels < 4.2 mg/L; in
laboratory experiments, they left their bottom shelter and
ascended into the water column, which increases their risk
to predation (Bejda et al. 1987).  This DO preference is
reflected in their distribution in the Hudson-Raritan
estuary (Figure 7).  Older fish were less sensitive to low
DO.

ADULTS

In general, adults are found at temperatures of 2-22oC
and at depths of about 5 m to > 300 m (Figures 5, 6, 8,
and 9; Fritz 1965).  In the Massachusetts, Rhode Island,
and Long Island Sound surveys, adults were generally
found in waters > 25 m deep, especially during the
summer and fall (Figures 5 and 8).  Adult red hake were
usually found at a salinity range of 20-33 ppt in Long
Island Sound and the Hudson-Raritan estuary (Figure 9).
They appear to be sensitive to hypoxia; mortalities were
noted during the 1976 anoxia episode off New Jersey
(Azarovitz et al. 1979).  In the Hudson-Raritan estuary
they prefer DO concentrations > 6 mg/L (Figure 9).  In
Long Island Sound, they were found mostly on mud
substrates (Gottschall et al., in review).  Even in deep
water they have been observed using various types of
shelter (Collette and Klein-MacPhee, in prep.).

GEOGRAPHICAL DISTRIBUTION

In the northwest Atlantic Ocean, red hake occur from
Nova Scotia to Cape Hatteras, North Carolina.  They are
most abundant on Georges Bank, in the Gulf of Maine off
Cape Cod, and in the northern Middle Atlantic Bight off
Long Island (Figure 10).

EGGS

During cooler months (Dec-Apr), the undifferentiated
Urophycis-Phycis hake spp. eggs were collected mostly at
the edge of the continental shelf on southern Georges
Bank and the Middle Atlantic Bight.  During warmer
months, hake eggs were collected across the entire shelf in
this area.  Relatively few hake eggs occur in the Gulf of
Maine (Bigelow and Schroeder 1953; Berrien and
Sibunka 1999).  During the NEFSC MARMAP
ichthyoplankton survey (1978-1987), Urophycis-Phycis
spp. eggs were collected across the continental shelf in the
Middle Atlantic Bight, on Georges Bank, and to a lesser
degree in the Gulf of Maine (Figure 11).

LARVAE

In the NEFSC MARMAP ichthyoplankton survey
(1982-1987), identified red hake larvae were collected on
southern Georges Bank and on the mid- to outer
continental shelf throughout the Middle Atlantic Bight
(Figure 12); few larvae were collected in the Gulf of
Maine.  Larvae were collected most abundantly during
surveys in the early fall, September-October.  Red hake
larvae dominate the summer ichthyoplankton in the
Middle Atlantic Bight and were most abundant at middle
and outer continental shelf stations (Comyns and Grant
1993).  Few red hake larvae have been collected in the
Gulf of Maine suggesting that spawning in the Middle
Atlantic Bight supplies the majority of recruits to the Gulf
of Maine stock.

Larvae have been also reported in the marine parts of
several bays and estuaries in the Middle Atlantic Bight,
including the Hudson-Raritan estuary, Narragansett Bay,
Buzzards Bay, and in bays north of Cape Cod to about the
Merrimack River, New Hampshire (Jury et al. 1994;
Stone et al. 1994).

JUVENILES

In the NEFSC bottom trawl survey, juveniles were
collected offshore primarily in the New York Bight,
southern New England, and Georges Bank during the
winter; in coastal waters of the Middle Atlantic Bight, and
were widespread across the continental shelf east of Long
Island, in the spring and summer; and off southern New
England and on Georges Bank in the fall (Figure 13).
Juveniles were common in the main stem of Chesapeake
Bay (Hildebrand and Schroeder 1928), in the channels of
the Hudson-Raritan estuary (Figure 14), in central Long
Island Sound, especially in the spring (Figure 15), and in
other southern and northern New England bays and
estuaries (Figures 16 and 17).  Red hake were rare or not
reported in most other Middle Atlantic Bight bays and
estuaries (Jury et al. 1994; Stone et al. 1994).

The distribution of juveniles varies with season.  In
the winter, juveniles were collected on the continental
shelf from southern Georges Bank into the Middle
Atlantic Bight.  In spring-summer, they were collected
mostly from coastal waters of the Middle Atlantic Bight to
northern Georges Bank and into the Gulf of Maine.  In
summer-fall, there is an apparent return movement
offshore; notable concentrations of juveniles occurred off
southern New England and on Georges Bank (Figure 13).
Juveniles were relatively common throughout the year in
the Hudson-Raritan estuary and Narragansett Bay, and
most abundant in Long Island Sound in the summer
(Figures 14-16).  Juvenile red hake were common south
and north of Cape Cod in the spring, but in the fall they
were common only north of the Cape (Figure 17).
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ADULTS

Adult red hake (northern stock) were collected in the
deeper basins of the Gulf of Maine and along the northern
edge of Georges Bank in all seasons; they were also
collected in inshore waters and on Georges Bank during
the summer and autumn (Figure 13).  In the Middle
Atlantic Bight, adult red hake (southern stock) were
collected most commonly offshore and along the deeper
southern edge of Georges Bank during the winter and
spring (Figure 13).  They were also collected inshore near
Martha’s Vineyard, Massachusetts.  In summer-fall, adult
red hake were collected on Georges Bank, in coastal
waters from ~10 m deep across the continental shelf to
around 300 m; they were especially abundant off southern
New England (Figure 13).  They occur in larger estuaries,
including the Chesapeake Bay main stem, Delaware Bay,
and the Hudson-Raritan estuary, during cooler seasons,
and along coastal New England into Canadian waters
from spring to fall (Jury et al. 1994; Stone et al. 1994).
They were abundant in Long Island Sound and
Narragansett Bay (Figures 15 and 16), but not off
southern Cape Cod in the fall (Figure 17) or in the
Hudson-Raritan estuary during any season (Figure 14).

STATUS OF THE STOCKS

The NEFSC has monitored and assessed red hake as
two stocks, northern and southern, separated by the central
axis of Georges Bank.  The bottom trawl survey
abundance index for the northern stock was relatively low
in the 1960s and early 1970s, increased until about 1990,
and has since declined slightly (Figure 18).  The southern
stock index was relatively stable from the mid-1960s until
the 1980s when it declined with a short period of increase
about 1990-1991.  The northern and southern stocks were
considered under exploited until recently (Sosebee 1998).
The red hake population is considered overfished because
the abundance index is below the lowest quartile of the
monitoring time series (National Marine Fisheries Service
1997), but only the southern stock (or overall stock) is
currently considered overfished (Sosebee 1998).

RESEARCH NEEDS

• Red hake spawning grounds and the habitat
characteristics of the grounds need to be identified.

• A cost-effective way to separate and identify the eggs
of various Urophycis spp. is needed to better define
what habitats support the eggs of each species (Fahay
1983).

• The use by and relative importance to juveniles of
shelter habits other than scallop and clam shells needs
to be determined.

• What are the effects of sea scallop dredging on

juvenile red hake habitat (Steiner et al. 1982)?
• Is the degree of cannibalism associated with larval

and/or juvenile red hake habitat quality or quantity
(shelter availability) (Luczkovich 1982)?

• More information is needed about the construction of
sediment depressions by adult red hake for shelter or
ambush-feeding, the use of these depressions by other
species, and the effects of trawling and scallop
dredging on the use of these shelters.

• More information is needed about the occurrence and
use of shallow coastal habitats in the Gulf of Maine
by red hake larvae (K. Sosebee, NMFS, Northeast
Fisheries Science Center, Woods Hole, MA, personal
communication).

• Better estimates of the fecundity are needed for
females from the northern and southern stocks.

• The occurrence of morphometric characteristics that
are intermediate between red and white hake in the
northern Gulf of Maine and Canada suggests further
studies should be made on possible environmental or
genetic causes.
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Table 1.  Summary of life history and habitat characteristics for red hake, Urophycis chuss. (NS = northern stock; SS =
southern stock; MAB = Middle Atlantic Bight; NYB = New York Bight; SNE = southern New England; GB = Georges
Bank; GOM = Gulf of Maine)

Life Stage Time of Year Size and Growth Geographic Location Habitat Substrate

Spawning NS: May-Nov.;
peak Jul.-Aug.;
SS: Apr.- Oct.;
peak: May-
June.

Mature at ~22-30
cm

Southwest GB to
SNE; peak in SNE.

< 110 m, to
coastal bays

Unknown

Eggs a Dec.-Nov.;
peak: June-July

0.6-1.0 mm MAB, Dec.- Apr. off-
shore; May-Oct.
widespread.

Water column,
inner shelf.

Buoyant in upper
water column.

Larvae NS: May-Dec.;
peak: Sept.-Oct.
SS: May -Nov.;
peak Aug.-Sept.

Hatch at ~2.0 mm;
after 2 months
begin descent to
bottom.

Mainly western GB,
mid-shelf in SNE and
NYB; few in GOM.

Coastal, < 200
m; pelagic
followed by a
benthic phase.

Newly settled larvae
need shelter,
including live sea
scallops.

Juveniles Throughout Settle at 23-49 mm
TL; can grow ~16
mm/month; reach
10 cm by end of
first fall and 15-17
cm by 1 year.

Estuaries-outer shelf;
NS: offshore in
winter; inshore in
summer;
SS: inshore in spring-
fall; offshore in
summer and winter.

Mostly < 120
m to low tide
line.

< 14 cm TL fish use
shells or live scallops
for shelter; > 14 cm
use various sediment
types and shelter.

Adults Throughout NS: females mature
at 1.8 yrs and 27
cm TL; males at 1.4
yrs and 22 cm;
SS: females mature
at 25 cm TL and
males at 24 cm.

Same as juveniles;
center of abundance is
in SNE.

5-300+ m;
prefer 30-130
m

Sand-mud, and in
holes and depressions.

a The eggs of this species are not reliably separated from other Urophycis or Phycis species in this area.
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Table 1.  cont’d.

Life Stage Temperature Salinity Dissolved
Oxygen

Prey Predators Notes

Spawning 10-12oC

Eggs a Hatch in 3-7 days.

Larvae 8-23oC; most
abundant at
11-19oC;
acclimation to
lower bottom
temperatures
needed in
summer.

Copepods,
micro-
crustaceans;
feeding is
usually
nocturnal.

Larvae and pelagic
juveniles use
floating or
midwater objects
for shelter.

Juveniles 2-22oC, most
abundant at 3-
16oC; avoid <
3oC and >
22oC.

Usually > 22
ppt; most
abundant at
31-33 ppt.

Avoid < 4.2
ppm

Mainly
crustaceans
such as
Crangon, but
also amphipods
and
polychaetes.

Dogfish,
striped bass,
goosefish,
white, red
and silver
hakes, and
sea raven.

Primarily active at
night; avoid
hypoxic conditions;
on- and offshore
movements are
temperature
dependent.

Adults 2-22oC; most
abundant at 8-
10oC; avoid <
5oC

> 20 ppt; most
abundant at
33-34 ppt

Avoid < 3.0
ppm; most
abundant >
6.0

Fish and
crustaceans.

Probably
striped bass,
goosefish,
and other
larger fish.

Same as juveniles.

a The eggs of this species are not reliably separated from other Urophycis or Phycis species in this area.
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Figure 1.  The red hake, Urophycis chuss (from Goode 1884).
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Figure 2.  Abundance of the major prey items of red hake collected during NEFSC bottom trawl surveys from 1973-1980
and 1981-1990.  Abundance in the 1973-1980 samples is defined by mean percent prey weights, and in the 1981-1990
samples as mean percent prey volume.  The category “unknown animal remains” refers to unidentifiable animal matter.
Methods for sampling, processing, and analysis of samples differed between the time periods [see Reid et al. (1999) for
details].  The use of 30 cm as the segregation size between juveniles and adults differs from the actual size generally
used (26 cm) and is an artifact of the diet database that summarized results in 10 cm length intervals.
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Unknown Animal Remains 6.7%
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Figure 3.  Abundance of red hake larvae relative to water column temperature (to a maximum of 200 m) and bottom
depth from NEFSC MARMAP ichthyoplankton surveys (1982-1987) by month for all years combined.  Open bars
represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized
catches (number/10 m2).
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Figure 4.  Seasonal abundance of juvenile red hake relative to mean bottom water temperature and bottom depth from
Rhode Island Narragansett Bay trawl surveys, 1990-1996.  Open bars represent the proportion of all stations surveyed,
while solid bars represent the proportion of the sum of all catches.
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Figure 5.  Abundance of juvenile and adult red hake relative to mean bottom water temperature and bottom depth from
Massachusetts inshore bottom trawl surveys, spring and autumn 1978-1996.  Open bars represent the proportion of all
stations surveyed, while solid bars represent the proportion of the sum of all catches.
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Figure 6.  Abundance of juvenile and adult red hake relative to bottom water temperature and depth based on spring and
fall NEFSC bottom trawl surveys (1963-1997, all years combined).  Open bars represent the proportion of all stations
surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 7.  Abundance of juvenile (< 25 cm) red hake relative to mean bottom water temperature, dissolved oxygen,
depth, and salinity from Hudson-Raritan estuary trawl surveys, January 1992-June 1997 (all years combined).  Open bars
represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all catches.
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Figure 8.  Seasonal abundance of adult red hake (≥ 26 cm) relative to mean bottom water temperature and bottom depth
from Rhode Island Narragansett Bay trawl surveys, 1990-1996.  Open bars represent the proportion of all stations
surveyed, while solid bars represent the proportion of the sum of all catches.
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Figure 9.  Abundance of adult (> 24 cm) red hake relative to mean bottom water temperature, dissolved oxygen, depth,
and salinity from Hudson-Raritan estuary trawl surveys, January 1992-June 1997 (all years combined).  Open bars
represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all catches.
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Figure 10.  Distribution and abundance of red hake from Newfoundland to Cape Hatteras during 1975-1994.  Data are
from the U.S. NOAA/Canada DFO East Coast of North America Strategic Assessment Project (http://www-orca.nos.
noaa.gov/projects/ecnasap/ecnasap_table1.html).
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Figure 11.  Distribution of hake (Urophycis and Physcis spp.) eggs collected during NEFSC MARMAP ichthyoplankton
surveys from January to December, 1978-1987 [see Reid et al. (1999) for details].
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Figure 11.  cont’d.
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Figure 11.  cont’d.
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Figure 11.  cont’d.
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Figure 12.  Distribution of red hake larvae collected during NEFSC MARMAP ichthyoplankton surveys, July through
December 1982-1987 [see Reid et al. (1999) for details].  Urophycis larvae are difficult to identify to species, and
misidentification was a problem until 1982.  Due to the short period of reliable identifications, the distribution presented
in this figure probably represents a minimum occurrence.
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Figure 12.  cont’d.
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Figure 13.  Distribution of juvenile (< 26 cm) and adult (≥ 26 cm) red hake collected during NEFSC bottom trawl
surveys during all seasons, 1963-1997.  Densities are represented by dot size in spring and fall plots, while only presence
and absence are represented in winter and summer plots [see Reid et al. (1999) for details].
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Figure 13.  cont’d.
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Figure 14.  Distribution of juvenile (< 25 cm) and adult (> 24 cm) red hake collected in the Hudson-Raritan estuary,
based on Hudson-Raritan trawl surveys during winter (January-March), spring (April and June), summer (July–August),
and fall (October-December) from January 1992 to June 1997 [see Reid et al. (1999) for details].
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Figure 14.  cont’d.
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Figure 15.  Abundance, distribution and size frequency distribution of red hake in Long Island Sound in spring and
autumn, from the Connecticut bottom trawl surveys, 1992-1997 [see Reid et al. (1999) for details].
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Figure 16.  Seasonal distribution of juvenile (< 26 cm) and adult (≥ 26 cm) red hake collected in Narragansett Bay during
1990-1996 Rhode Island bottom trawl surveys.  The numbers shown at each station are the average catch per tow
rounded to one decimal place [see Reid et al. (1999) for details].
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Figure 16.  cont’d.
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Figure 17.  Distribution of juvenile (< 26 cm) and adult (≥ 26 cm) red hake in Massachusetts coastal waters during spring
and autumn Massachusetts trawl surveys, 1978-1996 [see Reid et al. (1999) for details].
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Figure 18.  Commercial landings and abundance indices (from the NEFSC bottom trawl surveys) for northern and
southern red hake populations.
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international commitments."  Results of NEFSC research are largely reported in primary scientific media (e.g.,
anonymously-peer-reviewed scientific journals).  However, to assist itself in providing data, information, and advice to
its constituents, the NEFSC occasionally releases its results in its own media.  Those media are in three categories:

Publications and Reports
of the

Northeast Fisheries Science Center

To obtain a copy of a technical memorandum or a reference document, or to subscribe to the fishermen's report,
write:  Research Communications Unit, Northeast Fisheries Science Center, 166 Water St., Woods Hole, MA
02543-1026.  An annual list of NEFSC publications and reports is available upon request at the above address.
Any use of trade names in any NEFSC publication or report does not imply endorsement.
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

The windowpane, Scophthalmus aquosus, is an
eurythemal, euryhaline, and fast-growing fish with a thin
body (Figure 1).  It inhabits estuaries, near-shore waters,
and the continental shelf in the northwest Atlantic.
Windowpane is not a target of the commercial fishing
industry, but is mainly caught as bycatch in bottom trawl
fisheries.  It is managed by the New England Fishery
Management Council under the Multispecies Fishery
Management Plan (NEFMC 1993).  This Essential Fish
Habitat source document provides information on the life
history and habitat characteristics of windowpane.

LIFE HISTORY

The windowpane is a left-eyed flounder with a thin
body and nearly round outline.  It occurs from the Gulf of
Saint Lawrence to Florida (Scott and Scott 1988), but is
most abundant from Georges Bank to Chesapeake Bay
(Figures 2 and 3; Bigelow and Schroeder 1953; Dery and
Livingstone 1982; Chang 1990).  Windowpane generally
inhabit shallow waters (< 110 m) with sand to sand/silt or
mud substrates; they are most abundant from depths of 1-2
m (Warfel and Merriman 1944) to depths < 56 m (Thorpe
1991).  They occur in most of the bays and estuaries south
of Cape Cod, including Chesapeake Bay (Hildebrand and
Schroeder 1928), Delaware Bay (de Sylva et al. 1962),
Sandy Hook Bay (Wilk and Silverman 1976), Raritan Bay
(Wilk et al. 1996), Long Island Sound (Moore 1947;
Gottschall et al., in review), and Narragansett Bay
(Jefferies and Johnson 1973).  North of Cape Cod,
windowpane inhabit nearshore waters, but their
occurrence in estuaries is not well documented.  Table 1
presents a qualitative summary of the distribution and
relative abundance of windowpane life history stages in
estuaries from Maine to Virginia (Jury et al. 1994; Stone
et al. 1994).

EGGS

The eggs are buoyant and spherical, with a diameter
of 0.9-1.4 mm), and a single oil globule 0.2-0.3 mm in
diameter (Wheatland 1956).  At a typical spawning
temperature of 11oC, hatching occurs in eight days (Miller
et al. 1991).

LARVAE

At hatching, windowpane larvae are approximately 2
mm long (Fahay 1983; Able and Fahay 1998). Flexion
begins at about 5.5 mm TL (Fahay 1983); eye
transformation during metamorphosis begins at about 6.5
mm TL (Colton and Marak 1969; Fahay 1983). The body

is darkly pigmented over most of its length. As
development proceeds, the body becomes deeper and
more laterally compressed.  Fin ray formation is complete
at about 11.5 mm TL.  Details of larval development are
provided by Moore (1947).

JUVENILES

The body is oval and wider (60-70% SL) than in
other left-eyed flounders.  The body and fins are heavily
pigmented in larger young-of-the-year; smaller individuals
are characterized by broad alternating dark and light
bands.  The mouth is large, extending to the eye or beyond
and the lateral line is arched over the pectoral fin (Figure
1; Able and Fahay 1998).  The growth patterns of young
juveniles in estuaries and on the shelf vary with the timing
of spawning.  Fish spawned in the spring grow quickly
and reach sizes of 11-19 cm TL by September, about four
months after spawning.  By the following spring, most fish
of this cohort are larger than 16 cm TL.  Fish spawned in
the autumn are 4-7 cm TL in December and reach 18-21
cm TL by the following October (Morse and Able 1995;
Able and Fahay 1998).

ADULTS

Windowpane attain a maximum total length of about
46 cm (Scott and Scott 1988).  Few age and growth
studies of windowpane have been conducted (Moore
1947; Shelton 1979; Thorpe, 1991).  It is a fast growing
species and spring and summer is the period of greatest
growth (Moore 1947).

REPRODUCTION

Gonadal development indices (Wilk et al. 1990) and
egg and larval distributions (Colton and St. Onge 1974;
Smith et al. 1975; Colton et al. 1979; Morse et al. 1987)
indicate that spawning occurs throughout most of the year.
Spawning begins in February or March in inner shelf
waters, peaks in the Middle Atlantic Bight in May, and
extends onto Georges Bank during the summer (Able and
Fahay 1998).  Spawning also occurs in the southern
portion of the Middle Atlantic Bight in the autumn (Smith
et al. 1975).  There is a split spawning season in the
central Middle Atlantic Bight with peaks in the spring and
autumn (Morse and Able 1995; Able and Fahay 1998).
Evidence for a split spawning season is available for
Virginia and North Carolina (Smith et al. 1975), for Long
Island Sound, New York (Wheatland 1956), and for Great
South Bay, New York (Dugay et al. 1989; Monteleone
1992).  Gonad development indicated that split spawning
off New Jersey and New York peaks in May and in
September (Wilk et al. 1990).  However, neither
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Perlmutter (1939) nor Smith et al. (1975) found evidence
for a split spawning season in Long Island Sound or in
oceanic waters north of Virginia.  Colton and St. Onge
(1974) collected larvae on Georges Bank from July to
November but found no indication of a split spawning
season.

Some spawning may occur in the high salinity
portions of estuaries in the Middle Atlantic Bight,
including Great South Bay, New York (Monteleone
1992), Sandy Hook Bay, New Jersey (Croker 1965),
inside Hereford Inlet, New Jersey (Allen et al. 1978), and
in the coastal habitats of the Carolinas (Wenner and
Sedberry 1989).  Windowpane spawn in the evening or at
night (Ferraro 1980) on or near bottom at temperatures
ranging from 6-21oC (Bigelow and Schroeder 1953;
Wheatland 1956; Smith et al. 1975).  Most spawning
(70%) was found at bottom water temperatures between
8.5-13.5oC; spawning stopped off Virginia and North
Carolina when water temperatures exceeded 15oC (Smith
et al. 1975).

Sexual maturity occurs at 3-4 years of age when about
50% of females that are 22 cm TL are sexually mature.
Females grow larger and faster than males after sexual
maturity (O’Brien et al. 1993).

FOOD HABITS

Juvenile and adult windowpane feed exclusively on
mysid shrimps in Johns Bay, Maine (Hacunda 1981).
Stomach content data collected during Northeast Fisheries
Science Center (NEFSC) bottom trawl surveys indicate
windowpane feed on small crustaceans (e.g., mysids and
decapod shrimp) and various fish larvae including hakes
and tomcod, as well as their own species (Langton and
Bowman 1981; Figure 4).

PREDATION

Spiny dogfish, thorny skate, goosefish, Atlantic cod,
black sea bass, weakfish and summer flounder are major
predator of windowpane, primarily juveniles.

MIGRATION

Juveniles that settle in shallow inshore waters move
to deeper offshore waters as they grow (Klein-MacPhee,
in prep.).  Juveniles and adults may migrate to nearshore
or estuarine habitats in the southern Middle Atlantic Bight
in the autumn (Figures 2 and 3), however, juveniles are
probably not adequately sampled by standard Northeast
Fisheries Science Center trawl gear (Morse and Able
1995).  Juveniles inhabiting Georges Bank (< 60 m)
undergo seasonal movements to deeper waters along the
southern flank of the Bank occur during late autumn, as

bottom temperatures drop, and overwintering occurs in
deeper areas until late spring (Figure 2).

STOCK STRUCTURE

Fish stocks are generally defined as having a fixed
spawning ground, a definite spawning season, and a
consistent migratory or movement pattern.  Nonetheless,
spawning in windowpane occurs throughout most of the
year (April-December) and is closely linked to bottom
temperature (Colton and St. Onge 1974; Smith et al.
1975; Colton et al. 1979; Morse et al. 1987).  Thus, stock
structure of windowpane could not clearly be identified.
However, the species is managed as two stocks: a northern
stock, Gulf of Maine-Georges Bank region, and a southern
stock, southern New England-Middle Atlantic Bight
region.

HABITAT CHARACTERISTICS

The habitat characteristics and preferences of
windowpane are summarized in Table 2.  The methods
used to collect the fishery-independent survey data used in
this characterization are summarized in Reid et al. (1999).

EGGS

Windowpane eggs were collected at integrated water
column temperatures of 5-20oC.  Most eggs were
collected at 4-16oC in spring (March-May), 10-16oC in
summer (June-August) and 14-20oC in autumn
(September-November) in depths < 70 m (Figure 5).

LARVAE

Larvae settle to the bottom at approximately 10 mm
TL (Bigelow and Schroeder 1953).  However, individuals
collected on Georges Bank may be planktonic up to 20
mm (Morse and Able 1995).  Based on collections from
southern New Jersey, it appears that settlement of spring-
spawned individuals occurs in estuaries and on the shelf,
while settlement of autumn-spawned individuals occurs
primarily on the shelf.  Larvae are found throughout the
polyhaline portion of estuaries in the spring, but primarily
on the shelf in the autumn (Morse and Able 1995).

The maximum abundance of small larvae (< 5 mm
TL) occurred from 15-19oC in areas south of Georges
Bank and at 14-15oC on Georges Bank.  Windowpane
larvae were collected during the NEFSC Marine
Resources Monitoring, Assessment and Prediction
(MARMAP) ichthyoplankton survey at integrated water
column temperatures of 5-20oC, but mostly at 3-14oC in
spring, 10-17oC in summer, and 13-19oC in autumn in
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water < 70 m deep (Figure 6).

JUVENILES

Juveniles were collected on the continental shelf
throughout the year during NEFSC bottom trawl surveys
(Figure 2) at a wide range of bottom temperatures (3-
25oC) and depths (5-125 m).  Juveniles were most
abundant at bottom temperatures of 4-7oC in spring and
14-16oC in autumn at depths < 50 m (Figure 7).

Juveniles inhabiting Massachusetts inshore waters
(Figure 8) were most abundant at 5-12oC in spring and 12-
19oC in autumn, and at depths < 20 m (Figure 9).

Windowpane were common in the Rhode Island
bottom trawl survey in Narragansett Bay; juveniles were
caught throughout the bay in all seasons with no
indication of seasonal differences.  Juveniles were
captured at most bottom depths but showed a preference
for depths < 30 m in warmer bottom water temperature
periods (9-25oC), and depths > 30 m in colder water
temperatures (1-8oC).  They occurred at a wide range of
bottom water temperatures: winter (1-8oC), spring (1-
15oC), summer (13-25oC), and autumn (10-21oC).

The bottom trawl survey in the Hudson-Raritan
estuary showed that juveniles were fairly evenly
distributed throughout the estuary, but they were most
abundant in the deeper channels in winter and summer
(Figure 10; Wilk et al. 1996).  For all seasons combined,
juveniles were collected at bottom temperatures of 0-
24oC, at depths < 25 m with salinities of 15-33 ppt, and
dissolved oxygen (DO) levels of 2-13 mg/l (Figure 11;
Wilk et al. 1996).  Juvenile windowpane were most
abundant at bottom water temperatures of 5-23oC, at
depths of 7-17 m, at salinities of 22-30 ppt, and DO levels
of 7-11 mg/l (Figure 11; Wilk et al. 1996).

ADULTS

The windowpane is a year-round resident off southern
New Jersey and probably in the Gulf of Maine (Klein-
MacPhee, in prep.).  Adult windowpane tolerate a wide
range of temperatures (0-26.8oC) and temperature may
control the northern extent of the species as well as its
local abundance (Moore 1947).  In the Northeast Fisheries
Science Center bottom trawl survey (Figure 3), adults
were caught at bottom temperatures of 4-8oC and depths <
75 m in spring and at 12-18oC and depths < 50 m in
autumn (Figure 7).

Data from the Massachusetts inshore trawl survey
(Figure 8) indicated that most adults were caught south of
Cape Cod during spring at bottom temperatures of 9-13oC
and at depths < 15 m.  In autumn, adults were more
widely distributed and were caught at bottom temperatures
of 9-19oC and depths < 30 m (Figure 9).

Adults were caught throughout Narragansett Bay in

all seasons with no apparent seasonal shift in abundance.
Adults preferred deeper waters (> 30 m) in cold bottom
water temperature periods (1-8oC) and remained in a
shallow water (< 30 m) in the warmer bottom water
temperature periods (9-23oC).

The bottom trawl survey in Long Island Sound found
that juvenile and adult windowpane were most abundant
in spring (April-June) (Figure 12; Gottschall et al., in
review).  In spring, they were caught at bottom
temperatures of 3-18oC, at salinities of 21-31 ppt, and at
depths < 60 m.  The distribution pattern in autumn
(September-November) was similar to the pattern in
spring, but abundance was reduced (Figure 12).  In
autumn, windowpane adults were caught at bottom
temperatures of 8-23oC, at salinities of 18-32 ppt, and at
depths < 50 m (Gottschall et al., in review).

Adults were fairly evenly distributed throughout the
Hudson-Raritan estuary, but they were more abundant in
deeper channels in the summer (Figure 10; Wilk et al.
1996).  For all seasons combined, adults were collected at
bottom temperatures of 0-24oC, at depths < 25 m, at
salinities of 15-33 ppt, and DO levels of 2-13 mg/l (Figure
11; Wilk et al. 1996).

Adult windowpane occur primarily on sand substrates
off southern New England and the Middle Atlantic Bight,
but are frequently caught on mud grounds in the Gulf of
Maine (Langton et al. 1994).  Adults are euryhaline; they
occur at salinities of 5.5-36.0 ppt (Tagatz 1967).
Windowpane are sensitive to hypoxic conditions; few
were collected where DO concentrations were < 3 mg/l,
presumably because they avoid such conditions (Howell
and Simpson 1994).

Adult windowpane may travel along the coast for
considerable distances; in one case, they moved 129 km in
three months (Moore 1947).  These movements may play
an important role in the intermingling of local populations
(Klein-MacPhee, in prep.).

In a species association study using NEFSC
groundfish survey bottom trawl data, windowpane
commonly occurred with yellowtail flounder (Limanda
ferruginea), ocean pout (Macrozoarces americanus), and
little skate (Raja erinacea) during spring (Colvocoresses
and Musick 1984).  In autumn, windowpane were more
widely distributed across the shelf and occurred with
yellowtail flounder, little skate, northern searobin
(Prionotus carolinus), and spiny dogfish (Squalus
acanthias).

GEOGRAPHICAL DISTRIBUTION

The windowpane is distributed from the Gulf of St.
Lawrence to Cape Hatteras, North Carolina, but it is most
common south of Nova Scotia (Figure 13).  The largest
catches occur on Georges Bank.
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EGGS

Windowpane eggs have been collected in several
studies (Colton and St. Onge 1974; Smith et al. 1975;
Colton et al. 1979; Morse et al. 1987; Berrien and
Sibunka 1999).  Windowpane egg distributions from
NEFSC MARMAP ichthyoplankton surveys are
summarized in Figure 14.  Eggs were collected at 16% of
the stations sampled; primarily at depths < 40 m between
Georges Bank and Cape Hatteras.  Eggs densities were
generally low in the Gulf of Maine.  Eggs were collected
in nearshore shelf waters in the Middle Atlantic Bight
from February to November.  Egg densities peaked in
May and October.  Eggs were present on Georges Bank
from April through October and density peaked during
July-August.

LARVAE

The spatial distribution of windowpane larvae
collected in NEFSC MARMAP ichthyoplankton surveys
is summarized in Figure 15.  More than 99% of the larvae
collected were 2-10 mm TL.  Peak densities of recently-
spawned larvae (2-4 mm TL) occurred in the southern
Middle Atlantic Bight in May and November, and on
Georges Bank in July-October (Morse and Able 1995;
Figure 15).  The larval distribution mirrors that of the eggs
in space and time.

JUVENILES

The spatial pattern of abundance for juvenile
windowpane on the continental shelf in the Middle
Atlantic Bight is similar to the spatial pattern for larvae
(Morse and Able 1995).  Juveniles occur nearshore in the
Middle Atlantic Bight  (< 40 m) and off southern New
England (< 50 m) throughout the year (Figure 2). On
Georges Bank, the spatial distribution of densities of
juveniles differs between spring and autumn (Wigley and
Gabriel 1991), and adults migration is similar to juveniles.
Spatial distribution of juveniles in the Gulf of Maine
shows low densities in nearshore areas in spring and
autumn.

In the Hudson-Raritan estuary, juveniles were fairly
evenly distributed throughout the estuary, but juveniles
were most abundant in the deeper channels in winter and
summer (Figure 10; Wilk et al. 1996).

ADULTS

The spatial distribution of adults on the continental
shelf (Figure 3) is similar to the distribution of juveniles
(Figure 2).  Adults may migrate to nearshore or estuarine
habitats in the southern Middle Atlantic Bight during

spring through autumn.  Adults on Georges Bank also
show seasonal movements to deeper waters from late
autumn through spring similar to juveniles. Adults in the
Gulf of Maine use nearshore waters during the spring and
autumn.  The spring aggregation of adult windowpane in
Nantucket Sound and on Nantucket Shoals is evident in
the Massachusetts trawl survey (Figure 8).  This
aggregation suggests spawning or feeding activities;
however, there is no supporting information on the
densities of eggs, larvae, or prey organisms.

STATUS OF THE STOCKS

The NEFSC autumn bottom trawl survey has been
used to estimate the relative abundance and biomass of
windowpane (Hendrickson 1998). The abundance index
for the Gulf of Maine-Georges Bank region generally
increased from the mid-1960s to a peak in 1984 and then
declined (Figure 16).  The abundance index for the
southern New England-Middle Atlantic Bight region
declined sharply from 1963 to 1975 and has remained
relatively low since then (Figure 16).

The windowpane is managed by the New England
Fishery Management Council under the Multispecies
Fishery Management Plan (NEFMC 1993).  This plan
defines overfishing for windowpane when the 3-year
moving average of the autumn stock abundance index falls
below the lowest quartile of the time series.  Accordingly,
windowpane stock in the Gulf of Maine-Georges Bank is
considered to be fully exploited (Hendrickson 1998) while
southern New England-Middle Atlantic Bight stock is
overfished (National Marine Fisheries Service 1997;
Hendrickson 1998).

The distributions of windowpane were compared
between a period of high abundance (1984-1988) and a
period of low abundance (1992-1996) based on the
autumn Northeast Fisheries Science Center bottom trawl
survey (Figure 17).  The spatial extent of adults and
juveniles was similar between the two periods.

RESEARCH NEEDS

• Studies to determine if the windowpane population is
a unit stock or multiple stocks (e.g., genetics, otolith,
cohort analysis).

• Windowpane spawning times and locations, and
spawning habitat requirements (e.g., high salinity).

• Studies (tagging, more efficient gear to catch younger
fish) to determine seasonal use of estuaries (residency
during colder months) and nearshore waters.

• Habitat requirements for windowpane eggs, larvae,
and juveniles.

• Growth rate studies.
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Table 1.  Summary of the distribution and abundance of windowpane in North Atlantic and Mid-Atlantic estuaries based
on Jury et al. (1994) and Stone et al. (1994).

Estuary Adults Spawning
Adults

Juveniles Larvae Eggs

T M S T M S T M S T M S T M S

  Passamaquoddy Bay c c c c c c c c c c
  Englishman/Machias Bays c c c c c c c c c c

  Narragaugus Bay c c c c c c c c c c
  Blue Hill Bay c c c c c c c c c c
  Penobscot Bay c a c a c a c a c a
  Muscongus Bay c c c c c c c c c c
  Damariscotta Bay c c c c c c c c c c
  Sheepscot Bay c c c c c c c c c c

  Kennebec/Androscoggin Rivers c c c c c c c c c c
  Casco Bay c c c c c c c c c c

  Saco Bay c c c c c c c c c c
  Wells Harbor nz c c nz c c nz c c nz c c nz c c
  Great Bay r c r c r c r c r c
  Merrimack River r nz r nz r nz r nz r nz
  Massachusetts Bay nz nz c nz nz c nz nz c nz nz c nz nz c
  Boston Harbor nz c c nz c c nz c c nz c c nz c c
  Cape Cod Bay nz a a nz c c nz a a nz c c nz c c
  Waquoit Bay nz c c nz c c nz c c nz c c nz c c
  Buzzards Bay nz a a nz c c nz a a nz c c nz c c
  Narragansett Bay r a a c c r a a c c c c
  Long Island Sound r h h h h r h h c c h h
  Connecticut River h nz h nz h nz c nz h nz
  Gardiners Bay nz c c nz c c nz c c nz c c nz c c
  Great South Bay nz a a nz a a nz a a nz c c nz a a
  Hudson River/Raritan Bay r c c r c r c c r c c r r c
  Barnegat Bay h h h h h h h h h h
  New Jersey Inland Bays h h h h h h h h h h
  Delaware Bay a a a a
  Delaware Inland Bays nz c c nz c c nz c c nz c c nz c c
  Chincoteague Bay nz nz c nz nz nz nz c nz nz nz nz
  Chesapeake Bay mainstream c c c c r
  Chester River nz nz nz nz nz
  Choptank River nz nz nz nz nz
  Patuxent River nz nz nz nz nz
  Potomac River nz nz nz nz nz
  Tangier/Pocomoke Sounds nz c nz nz nz nz c nz nz nz nz nz
  Rappahannock River nz nz nz nz nz
  York River nz nz r nz nz nz
  James River r nz nz r nz nz nz

Relative Abundance
h = highly abundant, a = abundant,
c = common, r = rare, blank = not
present, n = no data presented,
* = no data available, nz = particular
zone not present

Data Reliability for Life Stages
Highly Certain = Bold and Underlined Text
Moderately Certain = Bold Text
Reasonable Inference = Normal Text

Tidal Zones
T = Tidal Fresh 0.0-0.5 ppt
M= Mixing Zone 0.5-25 ppt
S = Seawater Zone > 25 ppt
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Table 2.  Summary of life history and habitat parameters for windowpane.

Life
Stage

Size and
Growth

Geographic
Location

Time of Year Habitat Substrate Temperature,
Salinity and DO

Prey/Predators

Eggs 1 0.9-1.4 mm Middle Atlantic
Bight

Georges Bank

Feb-July
Sept-Nov

May-Oct

Planktonic; less than
70 m

Not applicable Water column temp:
6-14oC spring
10-16oC summer
14-20oC autumn

Eaten by adults of
own and other
species.

Larvae 2 2-10 mm Middle Atlantic
Bight

Georges Bank

Feb-July
Sept-Nov

May-Oct

Planktonic; less than
70 m

Not applicable Water column temp:
3-14oC spring
10-17oC summer
13-19oC autumn

Prey on copepods
and other
zooplankton.
Eaten by adults of
own and other
species.

Juveniles 3 < 22 cm TL Gulf of Maine

Georges Bank

Middle Atlantic
Bight

June-Oct

June-Oct

May-July
Oct-Nov

Nearshore bays and
estuaries; less than
50 m

Less than 50 m
(summer/autumn);
less than 75 m
(winter/spring)

Nearshore bays and
estuaries; less than
75 m

Muddy sediment in
the Gulf of Maine

Fine sandy
sediment in
Georges Bank

Fine sandy
sediment in New
England & Middle
Atlantic Bight

Bottom temp:
Offshore:
4-7oC in spring;
14-16oC in autumn

Inshore off MA:
5-12oC in spring
1 2-19oC in autumn

Hudson-Raritan Bay
0-24oC
(15-33 ppt - Salinity)
(2-13 mg/l - DO)

Prey on polychaetes
and small
crustaceans,
especially mysids.
Eaten by adults of
own and other
species (spiny
dogfish, thorny
skate, goosefish,
cod).

Adults 4 ≥ 22 cm TL Gulf of Maine

Georges Bank

Middle Atlantic
Bight

Year-round Nearshore bays and
estuaries; less than
75 m

Less than 50 m
(summer and
autumn);
less than 75 m
(winter and spring)

Nearshore bays and
estuaries; less than
75 m

Muddy sediment in
the Gulf of Maine

Fine sandy
sediment on
Georges Bank

Fine sandy
sediment
in New England
and Middle
Atlantic Bight

Bottom temp:
Offshore:
4-8oC in spring
12-18oC in autumn

Inshore off MA
9-13oC in spring
9-19oC in autumn

Hudson-Raritan Bay
0-24oC
(15-33 ppt - Salinity)
(2-13 mg/l - DO)

Prey on polychaetes,
small crustaceans
(mysids, decapod
shrimp) various
small fishes (hakes,
tomcod).
Eaten by adults of
various fishes (spiny
dogfish, thorny
skate, goosefish,
cod).

1 Colton and St. Onge (1974), Smith et al. (1975), Colton et al. (1979), Morse et al. (1987), Berrien and Sibunka (1999)
2 Moore (1947), Colton and Marak (1969), Morse and Able (1995)
3 Moore (1947), Thorpe (1991), Morse and Able (1995), Wilk et al. (1996), Able and Fahay (1998), Klein-MacPhee (in prep.)
4 Colvocoresses and Musick (1984), Morse and Able (1995), Wilk et al. (1996), Able and Fahay (1998), Gottschall et al. (in review), Klein-MacPhee (in prep.)
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Figure 1.  The windowpane, Scophthalmus aquosus (from Bigelow and Schroeder 1953).
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Figure 2.  Distribution and relative abundance of juvenile windowpane (< 22 cm) from NEFSC bottom trawl surveys,
spring (1968-1997), summer (1963-1995), autumn (1963-1996), and winter (1964-1997).  Densities are represented by
dot size in spring and fall plots, while only presence and absence are represented in winter and summer plots [see Reid et
al. (1999) for details].
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Figure 3.  Distribution and relative abundance of adult windowpane (≥ 22 cm) from NEFSC bottom trawl surveys, spring
(1968-1997), summer (1963-1995), autumn (1963-1996), and winter (1964-1997).  Densities are represented by dot size
in spring and fall plots, while only presence and absence are represented in winter and summer plots [see Reid et al.
(1999) for details].
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Figure 4.  Abundance (percent occurrence) of the major types of prey identified in the stomachs of juvenile and adult
windowpane collected during NEFSC bottom trawl surveys during 1973-1980 and 1981-1990.  Note that the use of 20
cm as the segregation size between juvenile and adults differs from the actual size generally used (22 cm); this is an
artifact of the diet database that summarizes results in 10 cm length intervals.  The category “animal remains” refers to
unidentifiable animal matter.  Methods for sampling, processing, and analysis of samples differed between the time
periods [see Reid et al. (1999) for details].
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Figure 5.  Percentage of windowpane eggs in relation to water column temperature (0-200 m, oC) and bottom depth (m)
from NEFSC MARMAP ichthyoplankton surveys, February to November, 1978-1987 (all years combined).  Open bars
represent the proportion of all stations which were surveyed, while solid bars represent the proportion of the sum of all
standardized catches (number/10 m2).
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Figure 6.  Percentage of windowpane larvae in relation to water column temperature (0-200 m, oC) and bottom depth (m)
from NEFSC MARMAP ichthyoplankton surveys, January to December, 1977-1987 (all years combined).  Open bars
represent the proportion of all stations which were surveyed, while solid bars represent the proportion of the sum of all
standardized catches (number/10 m2).
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Figure 7.  Percentage of juvenile and adult windowpane in relation to bottom water temperature and depth, based on
spring (1968-1997) and autumn (1963-1996) NEFSC bottom trawl surveys (all years combined).  Open bars represent
the proportion of all stations which were surveyed, while solid bars represent the proportion of the sum of all
standardized catches (number/10 m2).
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Figure 8.  The distribution and relative abundance of juvenile and adult windowpane from Massachusetts inshore trawl
surveys, spring and autumn 1978-1996 [see Reid et al. (1999) for details].
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Figure 9.  Percentage of juvenile and adult windowpane in relation to bottom water temperature and depth from the
spring and autumn Massachusetts inshore bottom trawl surveys (spring and autumn 1978-1996) for all years combined.
Open bars represent the proportion of all stations which were surveyed, while solid bars represent the proportion of the
sum of all standardized catches (number/10 m2).
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Figure 10.  Distribution and relative abundance of juvenile (< 22 cm) and adult (> 21 cm) windowpane collected during
spring, summer, autumn and winter in the Hudson-Raritan estuary from January 1992 to June 1997 [see Reid et al.
(1999) for details].
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Figure 10.  cont’d.
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Figure 11.  Percent frequency of juvenile and adult windowpane in relation to bottom water temperature, depth,
dissolved oxygen, and salinity in the Hudson-Raritan estuary, January 1992 to June 1997 (all years combined).
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Figure 12.  Abundance and length frequency distributions of windowpane in Long Island Sound during spring and
autumn, from the Connecticut bottom trawl surveys, 1992-1997 [see Reid et al. (1999) for details].
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Figure 13.  Distribution and abundance of windowpane from Newfoundland to Cape Hatteras during 1975-1994.  Data
are from the U.S. NOAA/Canada DFO East Coast of North America Strategic Assessment Project (http://www-orca.nos.
noaa.gov/projects/ecnasap/ecnasap_table1.html).
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Figure 14.  The distribution and abundance of windowpane eggs collected from February to November, 1978-1987
during NEFSC MARMAP ichthyoplankton surveys [see Reid et al. (1999) for details].
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Figure 14.  cont’d.
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Figure 14.  cont’d.
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Figure 15.  The distribution and abundance of windowpane larvae collected from January to December, 1977-1987
during NEFSC MARMAP ichthyoplankton surveys [see Reid et al. (1999) for details].
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Figure 15.  cont’d.
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Figure 15.  cont’d.
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Figure 15.  cont’d.

76 75 74 73 72 71 70 69 68 67 66 65
35

36

37

38

39

40

41

42

43

44

45

December  (1977 to 1987)
Number of Tows = 603, with larvae = 24

Number of Larvae / 10m2

None
1 to < 10
10 to 47



Page 31

Figure 16.  Commercial landings (mt), bottom trawl survey indices (stratified mean catch per tow), and smoothed survey
indices (3 year moving average of first order autoregression model to compensate for inter-year variability) for
windowpane in the Gulf of Maine-Georges Bank region and the southern New England-Middle Atlantic Bight region.
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Figure 17.  Distribution and abundance of juvenile (< 22 cm) and adult (≥ 22 cm) windowpane during a period of
relatively low abundance (1992-1996) and a period of relatively high abundance (1984-1988) from autumn NEFSC
bottom trawl surveys.
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

The winter flounder, Pseudopleuronectes
americanus, a small-mouthed, right-eyed flounder (Figure
1), is a valuable commercial and recreational species.  It is
distributed along the northwest Atlantic coast as far north
as Labrador (Kendall 1909; Backus 1957) and as far south
as North Carolina and Georgia (Hildebrand and Schroeder
1928; Klein-MacPhee, in prep.).  One of the more familiar
fishes in the Gulf of Maine (Klein-MacPhee, in prep.),
winter flounder are common on Georges Bank and in
shelf waters as far south as Chesapeake Bay and are
ubiquitous in inshore areas from Massachusetts to New
Jersey.

The species is managed as three separate stocks: the
Gulf of Maine, southern New England and the Middle
Atlantic, and Georges Bank (Brown and Gabriel 1998).
However, there have been questions as to whether the
population on Georges Bank, where fish tend to grow
larger and have different meristic characteristics and
movement patterns than those residing inshore (Lux et al.
1970; Howe and Coates 1975; Pierce and Howe 1977), is
in fact a separate species.  It has been concluded that
many of these differences could be attributed to
temperature (Lux et al. 1970).

Except for the Georges Bank population, adult winter
flounder migrate inshore in the fall and early winter and
spawn in late winter and early spring throughout most of
their range (Perlmutter 1947; Bigelow and Schroeder
1953; Pearcy 1962; Dovel 1967; Scarlett 1991).  In
northern waters, spawning occurs somewhat later: April
in Passamaquoddy Bay (Tyler 1971a) and May and June
in Newfoundland (Kennedy and Steele 1971; Van
Guelpen and Davis 1979).  After spawning, adults
typically leave inshore areas although some remain
inshore year-round.

This Essential Fish Habitat source document will
focus on specific habitat requirements of the various life
history stages of winter flounder as well as their historical
and current geographical distributions.

LIFE HISTORY

The life history of winter flounder has been well
studied (see Howell et al. 1992) and only a brief outline
will be given here.  Howell et al. (1992) also includes an
excellent review of diseases and effects of pollutants.
Further information on pollution effects is provided by
Gould et al. (1994).

EGGS

The eggs of winter flounder are demersal, adhesive,
and stick together in clusters.  They range in size from
0.74-0.85 mm in diameter.  Although Breder (1923)

reported that winter flounder eggs develop a “small
sphere similar to oil globules in pelagic ova” which
disappears with further development, Martin and Drewry
(1978) make no mention of this structure.  It is possible
that the structure reported by Breder (1923) was an
artifact.  Hatching occurs in 2 to 3 weeks, depending on
temperature, and at sizes as small as 2.4 mm in the
northwest Atlantic (Fahay 1983) and up to 3.0-3.5 mm in
the Gulf of Maine (Bigelow and Schroeder 1953).

LARVAE

Larvae are initially planktonic but become
increasingly bottom-oriented as metamorphosis
approaches. Settlement occurs at 9-13 mm standard length
(SL) (Pearcy 1962; Witting 1995).  Metamorphosis, when
the left eye migrates to the right side of the body and the
larvae become “flounder-like”, begins around 5 to 6
weeks after hatching, and is completed by the time the
larvae are 8-9 mm in length at about 8 weeks after
hatching (Bigelow and Schroeder 1953).  Variation in age
at metamorphosis is greater than for size (Chambers and
Leggett 1987), with age variation influenced by
temperature (Laurence 1975; see also Able and Fahay
1998).

JUVENILES

Off southern New England, newly metamorphosed
young-of-the-year (YOY) winter flounder take up
residence in shallow water where they may grow to about
100 mm within the first year (Bigelow and Schroeder
1953).  Growth rates in the Mystic River, Connecticut
estuary averaged 0.28-0.35 mm per day in summer and
fall with monthly mortality during the first year averaging
31% and total mortality during larval (and juvenile stages)
reaching over 99% (Pearcy 1962).  Average density of
settled juveniles in this system was higher than 1/m2

(Pearcy 1962).
Growth rates may be somewhat faster in more

southern waters (Chesapeake Bay) where fish up to 110-
180 mm are collected in late winter.  In a southern New
Jersey system, growth ranged from 0.23-0.47 mm per day
(Witting 1995).  In this system, settlement appeared to be
localized in a small cove, with very high densities
(averages reaching as high as 4.1 individuals/m2) (Witting
1995).  In several caging studies at other coastal New
Jersey locations, growth rates ranged even higher (Sogard
1992, 0.95 mm per day; Phelan et al., in press, 0.68 mm
per day) and settlement appeared more widespread (B.A.
Phelan, National Marine Fisheries Service, Highlands, NJ,
unpublished data).  Although juveniles presumably
overwinter in the estuary (Bigelow and Schroeder 1953),
large numbers are also found on the shelf (Phelan 1992)
and outside southern New Jersey estuaries (Able and
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Hagan 1995; Able and Fahay 1998).

ADULTS

Winter flounder may grow up to 58 cm total length
(TL) and attain 15+ years of age.  Growth varies among
geographical areas, with slower growth in the north than
in the south.  Growth in the Gulf of Maine (k = 0.41, L∞
= 39.8 cm for males, k = 0.27, L∞ = 49.0 cm for females)
was somewhat lower than on Georges Bank (k = 0.37, L∞
= 55.0 cm for males, k = 0.31, L∞ = 63.0 for females)
(see Mayo 1994).

REPRODUCTION

Winter flounder spawn from winter through spring,
with peak spawning occurring during February and March
in Massachusetts Bay and south of Cape Cod and
somewhat later along the coast of Maine continuing into
May (Bigelow and Schroeder 1953).  Spawning occurs
earlier (November to April) in the southern part of the
range (Klein-MacPhee, in prep.).  Major egg production
occurs in New England waters before temperatures reach
3.3oC with an upper limit of about 4.4-5.6oC in the inner
parts of the Gulf of Maine (Bigelow and Schroeder 1953).
Spawning can occur at depths of less than 5 m to more
than 45 m on Georges Bank, and at salinities of 11 ppt
inshore near Woods Hole to 31-33 ppt offshore.

Winter flounder maturity comparisons are
complicated by the complex stock structure of this species
(O’Brien et al. 1993).  Based on the Northeast Fisheries
Science Center (NEFSC) trawl surveys, the median length
at maturity (L50) for male and female winter flounder
from Georges Bank was 25.6 and 24.9 cm respectively;
median age at maturity (A50) was 1.9 years for both males
and females (O’Brien et al. 1993).  For inshore stocks
north of Cape Cod, values of L50 were 29.7 cm for
females and 27.6 cm for males; for stocks south of Cape
Cod, L50 was 27.6 cm for females and 29.0 cm for males.
Median age at maturity was 3.5 years for females and 3.3
years for males north of Cape Cod; 3.0 years for females
and 3.3 years for males south of the Cape (O’Brien et al.
1993).

Other studies report different values.  In Long Island
Sound, maturity occurred at 2 to 3 years and 20 to 25 cm
(Perlmutter 1947); in Newfoundland, L50 was 25 cm for
females, 21 cm for males, with ages for full maturity
reaching 7 years for females and 6 years for males
(Kennedy and Steele 1971) indicating that maturity was
related to size, not age.  However, Beacham (1982) found
that maturity of fish from the Scotian Shelf and southern
Gulf of St. Lawrence was highly variable from year to
year.  Burton and Idler (1984) found a 2 to 3 year cycle in
oocyte maturation and large numbers of non-reproductive
individuals in any given year.  Thus, interpretations of

winter flounder maturity data should be treated cautiously
(O’Brien et al. 1993).

Fecundity measurements indicate that in
Newfoundland, 220-440 mm females produced from
99,000 to over 2 million eggs (Kennedy and Steele 1971);
in Rhode Island, 250-450 mm females produced from
93,000 to over 1.3 million eggs (Saila 1962); and in
coastal Massachusetts, 300-450 mm females produced
from 435,000 to over 3.3 million eggs (Topp 1968).

Recent laboratory studies have shown that when held
at 4oC, winter flounder spawned over a two month period
with females and males averaging 40 and 147 spawns,
respectively (Stoner et al. 1999).  Spawning was
concentrated between sunset and midnight, with the
majority of spawning events involving more than one
male, which potentially maximizes fertilization success.

FOOD HABITS

Pearcy (1962) investigated the food habits of winter
flounder larvae from hatching through metamorphosis.  A
large percentage of the stomach contents were
unidentifiable but nauplii, harpacticoids, calanoids,
polychaetes, invertebrate eggs, and phytoplankton were
all present.  Food item preference changed with larval
size: smaller larvae (3-6 mm) ate more invertebrate eggs
and nauplii while larger larvae (6-8 mm) preferred
polychaetes and copepods.  Plant material was found in
larval stomachs but usually with other food items and was
probably incidentally ingested (Pearcy 1962).

Pearcy (1962) found that copepods and harpacticoids
were important foods for metamorphosing and recently
metamorphosed winter flounder.  Amphipods and
polychaetes gradually become more important for both
YOY and yearling flounder (Pearcy 1962).  Franz and
Tanacredi (1992) found that the amphipod, Ampelisca
abdita, made up the majority of the diet of young flounder
in Jamaica Bay, New York.  Stehlik and Meise (in press)
found clear ontogenetic patterns in diet, with calanoid
copepods disappearing from the diet as fish grew > 50
mm TL and an increase in the number of taxa in diet with
growth.

Winter flounder have been described as omnivorous
or opportunistic feeders, consuming a wide variety of
prey (see Figure 2).  Polychaetes and crustaceans (mostly
amphipods) generally make up the bulk of the diet
(Hacunda 1981; Macdonald 1983; Steimle et al. 1993;
Martell and McClelland 1994; Carlson et al. 1997).
Linton (1921) examined the stomachs of 398 winter
flounder ranging in size from 25-225 mm.  Annelids and
amphipods dominate the diet in almost all size classes
(Linton 1921).  Winter flounder may modify their diet
based on availability of prey.  They feed on bivalves
(Medcoff and MacPhail 1952; Macdonald and Green
1986; Stehlik and Meise, in press), capelin eggs (Kennedy
and Steele 1971; Frank and Leggett 1983) and fish
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(Kennedy and Steele 1971).
Adult winter flounder are sight feeders, using their

dorsal fins to raise their heads off the bottom with eye
turrets extended for a better view (Olla et al. 1969).  Prey
are then taken in a 10 to 15 cm lunge. (Olla et al. 1969).
If no prey are spotted, the fish change location and
resume the feeding posture.  A fish might change location
and direction four to five times a minute.  These
movements involve a combination of swimming and
“shambling” (Kruuk 1963; Macdonald 1983) or literally
crawling across the bottom on the tips of the fin rays.
Fish were able to maintain this feeding posture in currents
exceeding 20 cm/sec by pushing the edges of the fins into
the substrate (Olla et al. 1969).  This same feeding
method is used by young-of-the-year and juvenile
flounder as well (J. Pereira, National Marine Fisheries
Service, Milford, CT, unpublished observation).
Increases in turbidity or current speed could interfere with
feeding success.

The importance of adequate light for feeding in
flounder is demonstrated in a study by Able et al. (1999)
and Duffy-Anderson and Able (1999).  Young-of-the-year
flounder held in cages underneath piers in the lower
Hudson River lost weight when compared to fish caged in
open areas between the piers.  One of the contributing
factors could have been an inability to feed due to lack of
light (Able et al. 1999; Duffy-Anderson and Able 1999).
Macdonald (1983) noted that flounder were more
attracted to moving rather than stationary prey and
reemphasized the flounder’s dependence on sight for
feeding.  Frame (1971) noted that the amount and
duration of feeding behavior varied with light levels,
being reduced on cloudy and winter days and increased
on sunny days.  Van Guelpen and Davis (1979) found that
winter flounder moved out of shallow water during storm
events to avoid turbulence.  They noted that Gibson
(1973) observed similar behavior in other flatfish species
particularly for plaice, Pleuronectes platessa.  It is
possible that the suspended sediment caused by
turbulence interferes with feeding.

Field observations by Olla et al. (1969) show that
adult winter flounder are inactive at night.  Stomach
samples taken from fish during the day almost always
contained food while those taken before sunrise were
almost always empty indicating that adult flounder do not
feed at night (Olla et al. 1969).  However, fish in the
laboratory were nocturnal during the reproductive season,
only becoming active during the day during the post-
spawning periods under increasing temperature and
photoperiod (Stoner et al. 1999).  Young-of-the-year
winter flounder are also more nocturnal during the
summer (Manderson et al., in review; B.A. Phelan,
National Marine Fisheries Service, Highlands, NJ,
unpublished observation).

Winter flounder have been reported to cease feeding
during the winter months (Kennedy and Steele 1971; Van
Guelpen and Davis 1979; Martell and McClelland 1994).

Other authors simply report a reduction in feeding in the
winter (Frame 1971; Levings 1974).  Recent field studies
in a New Jersey estuary before, during and after the
spawning season indicated that females began feeding,
primarily on siphons of the clam, Mya arenaria, and
ampeliscid amphipods earlier than males (Stoner et al.
1999).  In the laboratory, males fed only after most
spawning had ended (Stoner et al. 1999).

Degradation or improvement of environmental
conditions causing shifts in benthic invertebrate
populations may also cause shifts in prey selection such
as eating the pollution-tolerant annelid Capitella
(Haedrich and Haedrich 1974; Steimle et al. 1993) or
eating the pollution-sensitive amphipod, Unciola irrorata,
once environmental conditions have improved (Steimle et
al. 1993).

PREDATION

Pearcy (1962) reported that the small medusae,
Sarsia tubulosa, prey upon winter flounder larvae, and
that all other potential predators of larvae were
numerically unimportant when compared to Sarsia
medusae.  The predatory amphipod, Calliopius
laeviusculus, was shown to prey upon larval winter
flounder in the laboratory (Williams and Brown 1992).
Klein-MacPhee et al. (1993) suggests the mud anemone,
Ceriantheopsis americana, as a potential predator on
winter flounder larvae.  Pepin et al. (1987) reported that
Atlantic mackerel, Scomber scombrus, selectively prey on
larval fish between 3 and 10 mm in length. Mackerel
would co-occur with winter flounder larvae in early
spring.  Since winter flounder are 3.5 mm in length at
hatch they are certainly vulnerable to predation by
mackerel.

Howe et al. (1976) found that injured juvenile winter
flounder were more common when large numbers of
“snapper” bluefish, Pomatomus saltatrix, were present in
their study area, suggesting that young bluefish are an
important predator on young winter flounder.  Gulls and
cormorants were also suggested as important predators
(Howe et al. 1976).  Witting and Able (1995) have
documented in the laboratory the ability of the sevenspine
bay shrimp, Crangon septemspinosa, to prey on YOY
winter flounder ranging in length from newly settled, 10
mm individuals to those up to 20 mm long.  Juvenile
winter flounder, particularly as they get larger, are
probably also preyed upon by the same predators that
prey on adults.  Summer flounder, Paralicthys dentatus,
sea robins (Prionotus evolans), and windowpane
(Scophthalmus aquosus) also prey on YOY and juvenile
winter flounder (Poole 1964; Richards et al. 1979;
Manderson et al. 1999, in review).  As many as 12 winter
flounder have been found in a single searobin stomach
(P.E. Clark, National Marine Fisheries Service, Milford,
CT, unpublished observation).
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Adult winter flounder are preyed upon by a wide
variety of predators including striped bass (Morone
saxatilis), bluefish, spiny dogfish (Squalus acanthias),
goosefish (Lophius americanus), oyster toadfish (Opsanus
tau), and sea raven (Hemitripterus americanus), (Lux and
Mahoney 1972; Azarovitz 1982).  Cormorants, blue
herons, seals, and ospreys have also been cited as
predators (Pearcy 1962; Tyler 1971b).  Payne and Selzer
(1989) found that seals ate 5 different species of flounder
including winter flounder, but that the flounder group as a
whole made up only 10 % of the diet.

MIGRATION

With the exception of the Georges Bank population,
adult winter flounder migrate inshore in the fall and early
winter and spawn in late winter and early spring.
Following spawning, adults typically leave inshore areas
when water temperatures exceed 15oC (McCracken 1963;
Howe and Coates 1975); however, these movements may
not be totally controlled by temperature.  Winter flounder
may remain inshore year-round if temperatures remain at
15oC or lower and if enough food is available (Kennedy
and Steele 1971).  In the more northern latitudes, they
may be driven out by turbulence or ice formation (Van
Guelpen and Davis 1979).

Powell (1989) reviewed tagging studies of winter
flounder conducted by Perlmutter (1947), Saila (1961,
1962), McCracken (1963), Poole (1969), Howe and
Coates (1975), Van Guelpen and Davis (1979), Danila
and Kennish (1982), Scarlett (1983), Weber and Zawacki
(1983), Northeast Utilities Service Company (1984), and
Weber (1984), and compared them to his own studies in
Rhode Island.  He concluded that, with the exception of
Georges Bank, there were two distinctive patterns of
movement.  While all studies showed a winter
congregation on inshore, shoal spawning grounds and
summer dispersal to deeper cooler waters, the extent and
the timing of these movements varied with location.
Winter flounder distributions in NEFSC bottom trawl
surveys (Figure 3), Massachusetts inshore trawl surveys
(Figure 4), and Hudson-Raritan trawl surveys (Figure 5)
confirm this general pattern of movement.

Howe and Coates (1975) tagged fish during the
winter and early spring while they were concentrated near
spawning grounds in areas both north and south of Cape
Cod and on Georges Bank.  Fish tagged north of Cape
Cod tended to make shorter post-spawn migrations
(average distance traveled from tagging location = 14.3
km or less) probably because of the close proximity of
cooler bottom temperatures (Howe and Coates 1975).
Studies conducted even further to the north in Nova
Scotia (McCracken 1963) and Newfoundland (Van
Guelpen and Davis 1979) also showed short onshore-
offshore migrations associated with spawning.  Most fish
tagged on Georges Bank tended to stay on the Bank and

there was very little exchange (less than 1% in either
direction) with fish on Nantucket Shoals (Howe and
Coates 1975).  Fish tagged south of Cape Cod migrated
farther than their counterparts north of the Cape (average
distance traveled up to 61.2 km).  Mixing was minimal;
only nine fish (0.66% of the tag recoveries) tagged north
of the Cape were recovered south and east of the
peninsula and only 61 fish (2.50% of recovered tags)
tagged south of Cape Cod were recaptured to the north.
Tag returns in the fall showed return of fish to inshore,
shoal areas when water temperatures had reached 15oC
(Howe and Coates 1975).

Studies conducted further south in Connecticut
(Northeast Utilities Service Company 1984), New York
(Poole 1969; Weber and Zawacki 1983; Weber 1984),
and New Jersey (Danila and Kennish 1982; Scarlett 1983)
also showed longer onshore-offshore migrations.  Powell
(1989) also noted that in the tagging studies south of Cape
Cod, all post-spawn, summer migrations were to the east,
i.e., offshore.  This adult migration is shown by seasonal
trawl survey catches, especially off New Jersey and
southern New England (Figures 3 and 4) as well as by
more recent studies.  For example, Pereira et al. (1994)
found that some fish move as far as 113 km to the east
during the post-spawn period.  Phelan (1992) tagged fish
in the New York Bight area and recovered one fish from
Nantucket, a distance of 328 km from the tagging site.
Timing of these spawning and post-spawning movements
varied along the coast, occurring earlier farther south and
later farther north.

There are exceptions to these general patterns, and
migrations may also be related to food availaility.
Kennedy and Steele (1971) reported that winter flounder
left Long Pond, Canada and were found in Conception
Bay, Canada even though water temperatures in both
locations were around 11oC.  They attribute the exodus to
a lack of food in Long Pond.  Van Guelpen and Davis
(1979) reported emigration from the study area in July
even though water temperatures remained within the
winter flounder’s acceptable range.  They believe this was
a feeding migration similar to that reported by Kennedy
and Steele (1971).  When winter flounder disappeared
from study areas again in August, they were found in
nearby Horse Cove where they had been feeding heavily
on capelin eggs (Van Guelpen and Davis 1979).  Feeding
migrations by winter flounder have also been documented
by Tyler (1971b) who found that adult winter flounder
move into the intertidal zone on the high tide to feed.  It
would seem that if water temperatures are not limiting
over a wide area, winter flounder will move in response to
availability of food.  Howe and Coates (1975), who noted
similar movements in the Cape Cod area, doubt that these
movements are solely in response to availability of food.
Howe et al. 1976 and studies in Raritan Bay (Figure 5)
provide evidence that some adult fish may remain inshore
throughout the summer.
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STOCK STRUCTURE

This species is currently managed as three stocks
(one north of Cape Cod, one south of the Cape and the
third on Georges Bank) which were first differentiated
based on differences in fin ray counts and movement
patterns (Lux et al. 1970; Howe and Coates 1975; Pierce
and Howe 1977).  The Georges Bank stock not only
differed in fin ray count, but has a much higher growth
rate (Lux 1973).  Some researchers feel that three “stock
complexes” are being managed and that there may be one
or more stocks in Canadian waters, based on differences
in age at maturity (Kennedy and Steele 1971) and
migratory habits (Van Guelpen and Davis 1979).  Other
stocks may exist north of the Massachusetts border along
the coast of New Hampshire and Maine.

HABITAT CHARACTERISTICS

A summary of the habitat characteristics of the
various life history stages of winter flounder is provided
in Table 1.

EGGS

Collection of winter flounder eggs from the wild is
difficult because of their adhesive and demersal nature.  It
is these same characteristics, however, that make them
valuable in pinpointing spawning grounds. With the
exception of Georges Bank and Nantucket Shoals, winter
flounder eggs are generally collected from very shallow
waters (less than about 5 m), at water temperatures of
10oC or less, and salinities ranging from 10 to 30 ppt.
These shallow water, nearshore habitats are of critical
importance because they are most likely to be impacted
by human activities.  The type of substrate where eggs are
found varies, having been reported as sand, muddy sand,
mud and gravel, although sand seems to be the most
common.  Vegetation may or may not be a factor.
Spawning areas also occur where hydrodynamics function
to keep the hatched larvae from being dispersed (Pearcy
1962; Crawford and Carey 1985; Monteleone 1992).  This
is true even on Georges Bank where different water
masses function to keep larvae on the Bank (Backus and
Bourne 1987).

Scott (1929) collected winter flounder eggs near St.
Andrews, New Brunswick, with a plankton net in one foot
of water along the flats on mud bottom.  Surface
temperatures in the area ranged from 9.25-10.0oC, but
bottom temperatures to which the eggs were exposed
were probably lower.

Pearcy (1962) working in the Mystic River,
Connecticut, began his sampling in February when water
temperatures were around 2-5oC.  Specific gravity of
seawater where eggs were collected was reported to be

1.01-1.024 (corresponding roughly to a salinity range of
10 to 25 ppt) at 5oC.  Crawford and Carey (1985)
collected winter flounder eggs using a benthic sled in
Point Judith Pond, Rhode Island.  The greatest
concentration of eggs was found in the vicinity of a tidally
submerged gravel bar with eggs clumped on the gravel
substrate or attached to fronds of algae.  Crawford and
Carey (1985) began their sampling only after water
temperatures had reached 3oC.  It has also been reported
that winter flounder eggs collected by divers were
attached to vegetation (Anonymous 1972).  Scarlett and
Allen (1989) found that winter flounder eggs constituted
the vast majority of all the eggs found in collections made
in the Manasquan River in New Jersey in February and
March of 1985.  Eggs were found at salinities ranging
from 14 to 32 ppt, temperatures of 0.9 to 10oC, and depths
of 2-4.5 m.  In a subsequent study, Scarlett (1991) used an
epibenthic sled for sampling winter flounder eggs in the
Shrewsbury and Navesink rivers in New Jersey to identify
spawning areas.  He collected eggs in water temperatures
ranging from 4 to 7.5oC, at salinities of 14 to 22 ppt, and
at depths of 2 to 4 m.

More recently, Monteleone (1992) collected winter
flounder eggs in a plankton net towed horizontally just
under the surface of the water in a relatively shallow
(average depth 1.3 m).  The turbulence caused by the
sampling gear was probably responsible for these
demersal eggs finding their way into the net.  Like Scott
(1929), Monteleone (1992) reported a surface water
temperature of 9.1oC during the collection of winter
flounder eggs.

Hughes (in prep.) used a benthic sled to collect
winter flounder eggs in Point Judith and Ninigret coastal
salt ponds in Rhode Island in the vicinity of the North
Cape oil spill.  Samples were taken in March.  Depths in
the sample areas ranged from 1 to 3 m.  Lee et al. (1997)
measured temperature and salinity near Hughes (in prep.)
sample sites at various times between 1985 and 1994.
Samples taken in March of various years showed a mean
temperature of 6±1.94oC and a mean salinity of 23±8.01
ppt.

Temperature and depth measurements taken in
conjunction with the plankton samplings conducted by the
NEFSC Marine Resources Monitoring, Assessment and
Prediction (MARMAP) program on Georges Bank
showed that the eggs were collected at water temperatures
between 3 and 8oC and at depths of 90 m or less  (Figure
6).  These results confirmed the report by Bigelow and
Schroeder (1953) that winter flounder spawn on sandy
bottom, often in water as shallow as one to three fathoms
but as deep as 25 to 40 fathoms (13-22 m) on Georges
Bank and, most probably, on Nantucket Shoals.

While evidence from eggs collected in the field
provides information about the conditions under which
winter flounder prefer to spawn, laboratory studies
provide information about how winter flounder eggs
might fare in marginal environments.  One parameter
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typically studied in the laboratory is the number of days
required for hatching.  Time to hatch is controlled by
temperature.  Human activities could change ambient
temperatures directly by discharge of heated cooling
water or indirectly by changing the hydrodynamics and
therefore, the water turnover rate of an area.

Scott (1929) collected winter flounder eggs in the
field, and in the laboratory determined the number of days
for all the eggs to hatch or die, as well as hatching
success.  He found that 4-5oC produced the best hatch
success, averaging 73%.  The average time for all the
eggs to hatch or die was 26 days.  At 0oC, only 50% of the
eggs had hatched or died in an average of 21 days and the
hatch success was poor, averaging only about 9%.
Williams (1975) reported an average of 38.6 days to hatch
or die for eggs held at 0oC.  Williams (1975) also reported
an average hatch time of 21.5 days for eggs held at 3.5oC,
very close to the value reported by Scott (1929) for eggs
held at 4–5oC.  Eggs held at 12 to 17oC hatched sooner
(mean 18 days), but the percent hatch only averaged about
52%.  An earlier, similar study by Brice (1898) found that
eggs hatched in 17-18 days at 3oC.  Neither Brice (1898)
nor Scott (1929) determined the developmental stage of
the field-collected embryos when they were brought into
the laboratory or what percent were even fertilized.  This
may explain some of the variability apparent in the
reported time to hatch in these studies.

Rogers (1976) tested the effects of various
combinations of temperature (3-15oC) and salinity (0.5 to
45 ppt) on the viability and incubation times of winter
flounder embryos and she concluded that winter flounder
embryos are euryhaline and hatch at salinities of 5 to 40
ppt.  Salinity extremes tended to induce abnormal
development, however, and the best survival occurred
between 10 and 30 ppt.  She concluded that optimal
conditions for winter flounder embryo development and
survival appear to be 15 to 35 ppt salinity at 3oC and 15 to
25 ppt for temperatures above 3oC.  These results agree
well with the results of Williams (1975), who reported a
minimum mortality range of 0 to 10oC and an upper lethal
limit of 15oC.

Rogers (1976) also found that incubation times (days
for 50% of the embryos to hatch) were inversely related to
temperature: 19 to 31 days at 3oC and 10 ppt salinity, and
5 to 10 days at 14oC, regardless of salinity tested.
Buckley (1982) also reported similar results, noting that
the time required for 50% hatch of embryos held in the
laboratory was 8 days at 10oC and 23 days at 2oC.
Increased mortality was noted in developing embryos
held at 2oC.  These results agreed more closely with the
statements of Bigelow and Schroeder (1953), who report
that hatching occurred in 12-15 days at a temperature of
2.8 to 3.3oC.

This inverse relationship between incubation time
and temperature may provide a mechanism for the
phenomenon observed by Frank and Leggett (1983).
They found that several species of fish which laid

demersal eggs  (capelin, sea snail, radiated shanny, and
winter flounder) seemed to time their hatching to the
advent of favorable environmental conditions. Hatching
occurs simultaneous to the onset of onshore winds which
cause the replacement of cooler, predator-laden, food-
poor, up-welling waters with warmer, predator-poor,
food-rich, surface water over the shallow spawning areas.
The synchronous hatching is thought to have the effect of
swamping predators and enhancing survival of winter
flounder because the capelin are so much more numerous
than the other species.  Crawford and Carey (1985)
described a similar phenomenon when they reported that a
mid-February pulse of warm weather seemed to stimulate
winter flounder spawning in Point Judith Pond, Rhode
Island.

LARVAE

Pearcy (1962) concluded that because winter
flounder spawn in coves and inlets and the young stages
are non-dispersive, breeding and nursery grounds would
be close together.  This view had been previously
expressed by Perlmutter (1947).  Thus, larvae (and later
juveniles) may offer an important clue to the location of
spawning grounds, and are the link between spawning
grounds and nursery areas.  Data from the NEFSC
MARMAP ichthyoplankton surveys show that, with the
exception of Georges Bank and Nantucket Shoals, most
winter flounder larvae are found inshore and that
spawning progresses from the southern end of its range
northward (see Geographical Distribution below).

Pearcy (1962) collected winter flounder larvae from
the Mystic River, Connecticut.  Comparing the number of
larvae in surface tows to those collected by bottom tows
he found that the bottom tows contained the majority of
the larvae.  He also knew from laboratory observations
that winter flounder larvae are negatively buoyant and
sink when they stop swimming.  His hydrographic survey
of the estuary revealed that in the surface waters the net
movement over a tidal cycle was seaward while in the
bottom waters it was landward.  The natural tendency of
the larvae to sink would explain why most were caught
near the bottom and would also function to retain the
larvae within the estuary rather than get washed out in the
surface waters.  In fact, he calculated that only about 3%
of the larval population was dispersed seaward per tidal
cycle.

Crawford and Carey (1985) believe that spawning
areas and nursery areas are close together, after locating
both eggs and larvae in Point Judith Pond in Rhode
Island.  They concluded that winter flounder larvae could
have been retained in the estuary by the mechanism
proposed by Pearcy (1962) but that the hydrodynamics of
the area also played a role.  They further suggested that
winter flounder, when they spawn, take advantage of the
hydrodynamic characteristics of small, narrow estuaries
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that restrict water flow in order to help retain the larvae in
suitable nursery areas.  Monteleone (1992) noted the
highest concentrations of winter flounder larvae in Great
South Bay, New York at stations with low current speeds
and turnover rates.

Winter flounder larvae were collected in the higher
salinity regions of Miramichi Bay (New Brunswick,
Canada) in early to mid-June where bottom salinities
ranged from 6 to 26 ppt, and temperatures ranged from
12.5 to 20.5oC (Locke and Courtenay 1995).  Scarlett
(1991) collected winter flounder larvae in the Navesink
and Shrewsbury Rivers in New Jersey from February
through April where bottom salinities ranged from 10 to
22 ppt, bottom temperatures ranged from 2 to 19.5oC and
depths ranged from 2 to 6 m.  Pearcy (1962) found that
winter flounder larvae were common in the upper Mystic
River Estuary from May to June when temperatures
ranged from 3 to 15oC.  Average bottom salinities for the
upper estuary ranged from 18 to 22 ppt.  Scarlett and
Allen (1989) collected winter flounder larvae in the
Manasquan River in New Jersey at salinities ranging from
4 to 30 ppt and temperatures ranging from 0.9 to 15oC.
NEFSC MARMAP surveys collected larvae from March
through July, and in September (Figure 7).  Most were
caught at temperatures of 6-10oC (those caught in
September were at 18oC) and depths of 10-70 m.

Winter flounder larvae are surprisingly tolerant of
short-term temperature shock.  In laboratory studies,
Itzkowitz and Schubel (1983) found that mortality in five-
day-old winter flounder larvae was minimal when the
temperature was increased from the acclimation
temperature of 5 to 27oC (a change in temperature of
22oC) so long as the duration was kept to less than 32
minutes. At longer durations, mortality increased rapidly.
Similar results were obtained for changes in temperature
of 24oC if duration was 16 minutes or less.  At changes in
temperature ≥ 28oC mortality was virtually total and
immediate (Itzkowitz and Schubel 1983).

YOUNG-OF-THE-YEAR, YEARLINGS
AND JUVENILES

Winter flounder less than one year old (or young-of-
the-year, YOY) are treated separately here because their
habitat requirements are so different from that of the
larger juveniles (fish 1 year old or more).  Yearling is a
term used for fish which are between one and two years
of age; their behavior being transitional between YOY
and older juveniles.

Winter flounder spend their first year in very shallow
inshore waters.  Although temperature tolerance of YOY
is higher than for yearlings or adults, Pearcy (1962)
concluded that temperatures of 30oC might be too high.
He found that an area that had produced fish previously
failed to do so when the temperature reached 30oC, but
that the fish returned when temperatures were lower.  This

upper limit is in agreement with studies by Huntsman and
Sparks (1924) and Battle (1926) who also noted higher
lethal temperatures for smaller flounder than for larger
ones, and with McCracken (1963) who determined an
upper incipient lethal temperature of 27oC.  Pearcy (1962)
reported a minimum lethal temperature between -1.5 and -
1.0oC.  Juvenile winter flounder captured in offshore areas
by NEFSC bottom trawl surveys were found at
temperatures well outside of these lethal limits.  The
majority of juveniles were at 4-7oC in the spring and 11-
15oC in autumn (Figure 8).

Laboratory studies by Casterlin and Reynolds (1982)
on yearling flounder indicated that flounder selected
temperatures in the range of 8-27oC, with a mode of
18.5oC.  They also noted that in the laboratory, these fish
were more active at night.

Young-of-the-year flounder also tolerate lower
salinities (5 ppt) than do yearling flounder (10 ppt)
(Reynolds and Thomson 1974).  Pearcy (1962) reported
that the minimum salinity tolerance varied between 1 and
5 ppt for flounder as small as 7-10 mm.  Bigelow and
Schroeder (1953) reported that winter flounder are
commonly found in salinities ranging from 35 ppt to
water that was fresh enough to drink.  They were
probably including all life history stages in that statement.

Ziskowski et al. (1991) investigated low dissolved
oxygen tolerance and behavior of yearling winter flounder
in the laboratory.  Mortality occurred when flounder were
exposed to 1.1 to 1.5 mg/l dissolved oxygen.  Flounder
were able to withstand an 8-hr exposure to dissolved
oxygen levels in the 1.2 to 1.4 mg/l range.  Low oxygen
tolerance is not without a price, however.  Bejda et al.
(1992) found that growth of juvenile winter flounder was
significantly reduced when dissolved oxygen levels were
maintained at 2.2 mg/l or varied diurnally between 2.5
and 6.4 mg/l for periods of up to 11 weeks.

Pearcy (1962) conducted tag-recapture studies that
indicate a relatively stable population of juvenile winter
flounder within the Mystic River estuary over the summer
and much lower numbers of juveniles beyond the mouth.
Other investigations confirm that YOY winter flounder
remain in the nearshore zone and migrate very little
during their first summer (McCracken 1963; Saucerman
1990; Saucerman and Deegan 1991).  In winter however,
Pearcy (1962) found that catches increased outside of the
estuary while densities within the estuary dropped,
implying an outward winter migration. Warfel and
Merriman (1944) made similar observations.  Richards
(1963) found increased numbers of juveniles in offshore
locations in the winter.  Laboratory experiments by
McCracken (1963) and Pearcy (1962) showed that YOY
winter flounder were less photonegative than yearling
flounder.  Pearcy (1962) further showed that YOY winter
flounder became more photonegative in the winter.  Thus
it seems that photoresponse and temperature preferences
drive the YOY flounder from the shallows in the late fall
and early winter of their first year and keep older
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juveniles in deeper, cooler water much of the year.
Several investigators have reported that the highest

densities of newly settled winter flounder are found on
muddy substrates (Saucerman 1990; Howell and Molnar
1995; O’Connor 1997; Phelan et al., in prep.).
Paradoxically, Saucerman (1990) also found that growth
rates were slowest in these areas.  She attributed this
difference to increased competition for food caused by the
high density of fish and possibly the detrimental effects of
low oxygen levels later in the summer.  Both Saucerman
(1990) and O’Connor (1997) felt that smaller juveniles
prefer finer sediments to bury into as was suggested by
Gibson and Robb (1992) for the European flounder,
Pleuronectes platessa.  In laboratory experiments, young-
of-the-year winter flounder < 40 mm SL consistently
preferred fine-grained sediments (Phelan et al., in prep.).

Since winter flounder metamorphose at a smaller size
than other flatfishes (Bigelow and Schroeder 1953), it
seems unlikely that a newly metamorphosed, 8 to 9 mm
long flounder actively seeks out these soft muddy areas.
It is more likely that they are simply deposited there by
currents.  Howell and Molnar (1995) reported that the
highest catches of YOY winter flounder occurred on
muddy substrates or muddy substrates covered by leaf
litter or bivalve beds.

Witting (1995) and Able and Fahay (1998) have
shown that specific areas, i.e., small coves inside Little
Egg Inlet in New Jersey, by virtue of location, proximity
to currents or other factors, may serve as critical habitat,
supporting high densities of recently settled individuals.
What these areas have in common is that they are
depositional areas probably with low current speeds.  We
have already seen that spawning winter flounder take
advantage of areas of appropriate hydrodynamics and
current speeds to insure that larvae are retained in the
nursery areas.  Perlmutter (1947) and Pearcy (1962) both
concluded that because eggs and larvae are non-dispersive
that the nursery grounds will be close to the spawning
grounds.  In a sense, it is the spawning adults that choose
the habitat for YOY winter flounder.  Recent studies by
Pereira et al. (1994) and Curran et al. (1996) support this
idea.

Sogard and Able (1991) and Sogard (1992) found
that YOY winter flounder in Great Bay-Little Egg Harbor
in New Jersey were more abundant on unvegetated
substrates.  Their ability to bury in the sediment and
change color to match it frees them from dependence on
vegetation for refuge from predators.  In this system, Able
and Fahay (1998) indicate that juveniles larger than 25
mm are found in a variety of habitats types, regardless of
sediment and structure.  These habitats include
macroalgae (Able et al. 1989), marsh creeks (Rountree
and Able 1992) and to a lesser extent eelgrass (Goldberg
et al., in prep.).  Recent comparisons of habitat-specific
patterns of abundance and distribution of YOY winter
flounder in this system, as well in the Hudson-Raritan
estuary and Long Island Sound, support the conclusion

that habitat utilization by YOY winter flounder is not
consistent across habitat types and is highly variable
among systems and from year to year (Goldberg et al., in
prep.).

The shallow inshore areas where YOY flounder
spend their first 5 or 6 months of life are susceptible to
anthropogenic impacts.  Briggs and O’Connor (1971)
compared the abundance of 40 different species of fish
collected from undisturbed areas with natural vegetation
with those collected where dredge spoil material (mostly
sand) had been deposited.  Species diversity was
consistently higher over the undisturbed bottoms.  Most
species, including winter flounder, preferred the
undisturbed bottom.

There have been a few attempts to relate juvenile
habitat area to winter flounder production.  Saila et al.
(1965) calculated the theoretical biomass of juveniles
needed to support the adult fishery.  His studies led him to
conclude that about 30% of the equilibrium yield weight
is present in juveniles at 5 months of age and that efforts
to enhance the fishery would be better aimed at culture
and release of juveniles rather than larvae (Saila et al.
1965).

Howe et al. (1976) used tagging methodologies to
investigate the contribution of the Waquoit Bay-Eel Pond
spawning/nursery areas to the offshore trawl fishery.  This
fishery includes NMFS statistical subareas number 538
(southern Massachusetts), 521 (west side of South
Channel), and 526 (Nantucket Shoals and Lightship
Grounds).  By accounting for natural mortality and
calculating the number of new recruits emigrating from
these nursery areas and becoming available to the
offshore fishery, they were able to calculate that Waquoit
Bay-Eel Pond contributed 0.16% of the recruitment
required to maintain an equilibrium catch.

ADULTS

Laboratory experiments by Reynolds (1977)
established a preferred habitat temperature for adult
winter flounder of 13.5oC.  This concurs with the findings
of McCracken (1963) who concluded, based on a review
of field studies of winter flounder distribution and water
temperatures, that adults have a preferred temperature
range of 12-15oC.  Results from several experimental
trawl surveys tend to agree with these results.  NEFSC
trawl surveys captured adults at temperatures of 4-6oC in
spring and 10-15oC in the fall (Figure 8).  In the inshore
waters of Massachusetts, adults were captured at 5-13oC
in spring and 9-13oC in the fall (Figure 9).  In the
Hudson-Raritan estuary, most adults were captured at 4-
12oC (Figure 10).

In contrast, Olla et al. (1969) observed actively
feeding winter flounder where bottom temperatures
always exceeded 17.2oC.  They found active feeding at
temperatures up to 22.2oC; but at 23oC feeding ceased and
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the flounder buried themselves in the substrate, where
temperatures 5 or 6 cm below the surface of the sediment
were 19.8 to 20oC.  They concluded that winter flounder
escape short-term thermal stress by burying in the cooler
sediments.  Although this research seems to be at odds
with the findings of McCracken (1963) and Reynolds
(1977), Olla et al. (1969) did not report the size of the
flounder they observed at these high temperatures.  In
another part of the study these authors reported stomach
contents of fish ranging in size from 15 to 36 cm.  If the
fish observed during the high temperature period were
toward the smaller end of the range reported for the
feeding portion of their study (i.e., closer to the 15 cm end
of the range of fish studied), that would likely make them
yearlings.  Reynolds (1977) determined that yearlings
prefer a temperature of 18.5oC and may be able to tolerate
these higher temperatures.  Larger fish may have left the
area because many have a lower temperature tolerance
than smaller fish (McCracken 1963).

Acclimation is another important factor in
determining temperature tolerance.  Laboratory
manipulation of acclimation temperature from 4 to 23oC
increased the critical thermal maximum from 26 to 32oC
(Everich and González 1977).  If the temperature increase
was gradual enough, acclimation could have occurred in
the fish studied by Olla et al. (1969), thereby resulting in
a higher temperature tolerance.

Pearcy (1962) reported that catches of adults in the
upper estuary of the Mystic River, Connecticut, increased
in February, peaked in March, and continued to be
relatively high into April.  Bottom temperatures during
this period range from 1-10oC.  He reported that peak
spawning occurred when temperatures were between 2
and 5oC.  Kennedy and Steele (1971) reported that peak
spawning of winter flounder in Long Pond, Conception
Bay, Canada occurred in May and early June.  Water
temperatures in May when the bulk of the spawning
occurred were 8oC (Kennedy and Steele 1971).  Van
Guelpen and Davis (1979) reported that peak spawning in
Conception Bay occurred in June in 1979 when water
temperatures were 6oC.

McCracken (1963) found that winter flounder
survived in salinities as low as 15 ppt, confirming earlier
work done by Sumner (1907).  Although Bigelow and
Schroeder (1953) reported that winter flounder commonly
live in areas where salinities are so low that the water was
fresh enough to drink to areas where salinity was 35 ppt,
McCracken (1963) found that winter flounder died in 72
to 96 hours when exposed to salinities of 8 ppt.  It is
difficult to assess the significance of these studies by
McCracken (1963) since he did not always make it clear
what size fish he used in these experiments.  Bigelow and
Schroeder (1953) probably are including all age groups in
the salinity range that they cite and salinity tolerance is
known to be age dependent.  Adults captured in the
Hudson-Raritan estuary were found at salinities as low as
15 ppt, although most were found at > 22 ppt (Figure 10).

Since adult winter flounder prefer to live in cooler
waters, they do not often encounter low oxygen events.
However, these do occur from time to time in response to
high nutrient loading.  Howell and Simpson (1994)
described the distribution and abundance of finfish and
lobsters in Long Island Sound in relation to near-bottom
dissolved oxygen levels.  Winter flounder abundance was
significantly lower when dissolved oxygen was below 2.0
to 2.9 mg/l.  Also significant was the decline in mean
length of winter flounder as dissolved oxygen levels
declined.  Since the catch included fish ranging in size
from 7 to 35 cm, it is probable that the decline in size of
fish results from larger fish leaving the area before
smaller fish which are more tolerant of low dissolved
oxygen conditions (see above).  Howell and Simpson
(1994) also raised the possibility that the mean length
difference was caused by slower growth rates caused by
low dissolved oxygen (Bejda et al. 1992).  This may be
possible if low oxygen events are of long duration or
periodic in nature.

With the exception of Georges Bank and Nantucket
Shoals (see Figure 3), mature winter flounder are found in
very shallow waters during the spawning season.
Bigelow and Schroeder (1953) reported that winter
flounder spawn on sandy bottom, often in water as shoal
as one to three fathoms but as deep as 25 to 40 fathoms on
Georges Bank.  Kennedy and Steele (1971), working in
Conception Bay, Newfoundland found that winter
flounder spawn in May and June on sandy bottoms at
depths less than 6 m.  McCracken (1963) reported that
spawning in Passamaquoddy Bay, New Brunswick
occurred at depths of 0 to 9 m.  Pearcy (1962) reported
that winter flounder spawn in the Mystic River,
Connecticut at depths of 5 m or less.

After spawning, adults may remain in the spawning
areas before moving to deeper waters when water
temperatures reach 15oC (McCracken 1963).  Kennedy
and Steele (1971) found them at depths of 7-10 m in the
post-spawning period.  McCracken (1963) found that
winter flounder remained in Passamaquoddy Bay after
spawning, but in deeper water (around 20 m).  Trawl
surveys conducted by NEFSC show the bulk of the adult
catch occurred in water 25 m or less in the spring (during
and just after spawning) and 25 m or deeper in the fall
(prior to spawning) (Figure 8).  The Massachusetts survey
shows similar results (Figure 9).  Post-spawning
migrations of winter flounder along the New Jersey coast
appear to be limited by the 40 m contour (Danila and
Kennish 1982; Scarlett 1983).  Migration of flounder
from shoal areas south and east of Cape Cod appears to be
limited by the 55 m contour (Howe and Coates 1975).

Laboratory experiments by McCracken (1963)
demonstrated that adult winter flounder are less sensitive
to light than YOY and juvenile winter flounder.  Small
flounder (6-9 cm) tended to be photophilic while
intermediate fish (12-18 cm) were photophobic.  Large
fish (28-33 cm) responded negatively to bright lights but
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not to lower levels of illumination.  Casterlin and
Reynolds (1982) showed that the locomotor activity
patterns of sixteen 12 to 13 cm flounder they examined in
the laboratory were decidedly nocturnal.  The spatial
distribution of flounder observed in the field (YOY in the
nearshore zone, older juveniles further offshore) may in
part be due to these differences.

GEOGRAPHICAL DISTRIBUTION

Winter flounder are distributed from the Strait of
Belle Isle, off northwest Newfoundland, to Cape Charles,
Virginia (Figure 11).  The area of highest abundance is
the Gulf of St. Lawrence, off New Brunswick and
northern Nova Scotia.

EGGS AND LARVAE

The geographical distribution of winter flounder eggs
and larvae matches that reported for the adults.  Eggs and
larvae have been collected from Canadian waters (Scott
1929; Locke and Courtenay 1995) to Chesapeake Bay
(Dovel 1967).  Govoni (1973) studied the icthyoplankton
communities of the Acushnet and Westport Rivers in
Massachusetts and found winter flounder larvae in his
collections.  Collection of winter flounder eggs in benthic
sled samples show that coastal salt ponds in Rhode Island
play host to much of the spawning activity in Rhode
Island waters (Crawford and Carey 1985; Hughes, in
prep.).  The Pettaquamscut River and Narragansett Bay
also support winter flounder spawning (Anonymous 1972;
Bourne and Govoni 1988).

Collection of eggs and larvae by Pearcy (1962) and
Monteleone (1992) confirm that the waters of Connecticut
and Great South Bay, New York also serve as spawning
areas for winter flounder.  Winter flounder were the most
common larva collected by Croker (1965) in the Sandy
Hook estuary in New Jersey.  The Navesink, the
Shrewsbury, (Scarlett 1991), and the Manasquan rivers
(Scarlett and Allen 1989) in New Jersey all harbor winter
flounder larvae during the spawning season.  Both the
Indian River and Rehoboth Bay in Delaware also serve as
spawning areas for winter flounder (Daiber et al. 1976).

Eggs and larvae of winter flounder have been
reported from several areas (the Magothy and Patuxent
Rivers and the upper bay near the Susquehanna River) at
the northern end of Chesapeake Bay (Dovel 1967, 1971).
It seems unlikely, at first, to find winter flounder
spawning so far south, in Chesapeake Bay.  However,
Chesapeake Bay runs almost north and south, and the
Magothy River is located at the same latitude as the
important spawning areas mentioned above in Delaware
Bay, the Indian River and Rehoboth bays located a short
distance to the east.

Winter flounder eggs and larvae have also been

collected in standard plankton tows utilizing bongo nets
by the NEFSC MARMAP survey (Figures 12 and 13).  In
some cases this was probably due to the nets accidentally
hitting the bottom, but this explanation is not sufficient to
explain the large numbers of eggs collected on Georges
Bank and Nantucket Shoals.  The large numbers of eggs
collected on Georges Bank are probably due to the unique
hydrodynamic conditions found there.  The water mass on
central Georges Bank is characterized by lack of
stratification at any time of year due to good vertical
mixing (Backus and Bourne 1987).  These same forces
probably lift demersal eggs up into the water column and
make them available to sampling by bongo net.

YOUNG-OF-THE-YEAR AND JUVENILES

Young winter flounder are ubiquitous along the east
coast of the United States from Canada (McCracken
1963) to Virginia’s eastern shore where Richards and
Castagna (1970) found that of seventy species collected,
winter flounder was the tenth most numerous.  Saco Bay
in Maine has young winter flounder (Casterlin and
Reynolds 1982) and there was a hatchery for winter
flounder for many years in Boothbay (Bigelow and
Schroeder 1953).  Massachusetts (Pierce and Howe 1977;
Heck et al. 1989; Saucerman 1990), Rhode Island (Saila
et al. 1965; Oviatt and Nixon 1977) and Connecticut
(Pearcy 1962; Richards 1963; Howell and Simpson 1994;
Carlson et al. 1997; Gottschall et al., in review) are all
home to young winter flounder.  Briggs and O’Connor
(1971) documented the presence of young winter flounder
on the south shore of Long Island, New York, while Franz
and Tanacredi (1992) described the food habits of young
winter flounder in Jamaica Bay, New York.  Juvenile
winter flounder are a year-round resident of the New
York Bight (Figure 5).  Juveniles are common in the
inshore waters of New Jersey (Rountree and Able 1992;
Sogard 1992) and Delaware (Daiber et al. 1976).
Offshore, the presence of winter flounder juveniles has
been demonstrated by numerous surveys conducted by the
Northeast Fisheries Science Center (Figure 3).

ADULTS

Winter flounder have been captured as far north as
Ungava Bay in Labrador (Kendall 1909) and as far south
as Georgia (Hildebrand and Schroeder 1928).  In bottom-
trawl surveys conducted by the NEFSC, winter flounder
adults and juveniles are common on Georges Bank and in
shelf waters as far south as the mouth of Chesapeake Bay
during all seasons (Figure 3).  Inshore trawl surveys in
Massachusetts (Figure 4), Rhode Island (Saila 1961;
Jeffries and Terceiro 1985) and Long Island Sound
(Simpson et al. 1994) show them to be ubiquitous in those
areas as well.  Winter flounder are also common in the
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lower reaches of the Hudson River (Boyce Thompson
Institute for Plant Research, Estuarine Study Group 1977;
Able et al. 1999) and the New York Bight/Hudson-
Raritan estuary (Phelan 1992; Figure 5).  They also use
other protected bays and coastal ponds along the New
Jersey coast (Tatham et al. 1984).

STATUS OF THE STOCKS

HISTORICAL PERSPECTIVE

Commercial fisheries for winter flounder flourished
prior to 1980, even in the southern end of the range.
Winter flounder was one of the dominant species in the
Indian River and Rehoboth Bays in Delaware in the
1960’s, but catches have since declined (Daiber et al.
1976).  The commercial landings of winter flounder in
1970 in Delaware totaled only 2,300 pounds, but a
moderate sport fishing effort persisted at that time
especially in Indian River Bay (Daiber et al. 1976).
Hildebrand and Schroeder (1928) reported the existence
of a winter commercial fishery for winter flounder in
Chesapeake Bay in the 1920s; it was the principal fish
caught in fyke nets in the winter (Hildebrand and
Schroeder 1928).  The bulk of the landings were in
Maryland, and the rest in Virginia.  The Maryland
landings would seem to support the statement made by
Hildebrand and Schroeder (1928) that winter flounder are
more common in Maryland waters than in the lower
(more southern) areas of Chesapeake Bay.  Although
Hildebrand and Schroeder (1928) reported the presence of
winter flounder as far south as Georgia, they also note
that they were not taken in commercial numbers south of
Chesapeake Bay.  Commercial landings of winter
flounder peaked in the 1980s throughout its range (Brown
and Gabriel 1998) and have since declined.

CURRENT STATUS OF THE STOCKS

Winter flounder are currently managed as three
stocks, Gulf of Maine, southern New England-Middle
Atlantic, and Georges Bank (Brown and Gabriel 1998).
Both the Gulf of Maine Stock and the southern New
England-Middle Atlantic stocks are considered over-
exploited.  Although there is some evidence that stock
rebuilding has begun on Georges Bank, stock levels
remain well below the historic average (Brown and
Gabriel 1998).

Biomass in the Gulf of Maine stock declined from
19,600 mt in 1979 to a low of 6,000 mt in 1991 (Brown
and Gabriel 1998) (Figure 14).  The current biomass
estimate for 1997 stands at 8,900 mt less than half of the
1979 value (Brown and Gabriel 1998).  In the southern
New England-Middle Atlantic stock, stock biomass
declined from 39,000 mt in 1981 to a record low of 8,500

mt in 1992 (Brown and Gabriel 1998; Figure 14).
Contributions from strong year classes in 1992 and 1994
have rebuilt the stock biomass to 18,000 mt in 1996 but
the stock remains overexploited (Brown and Gabriel
1998).  The NEFSC autumn bottom trawl survey biomass
index declined from the mid-1970's until 1991 when it
reached a record low of 0.14 kg per tow (Brown and
Gabriel 1998; Figure 14).  Although it has increased
somewhat since then (1.76 kg per tow in 1996) it remains
significantly below former levels (Brown and Gabriel
1998).

RESEARCH NEEDS

Although we know more about winter flounder than
many other species, there are many more questions
waiting to be answered.  The driving forces behind winter
flounder movements are still poorly understood.
Temperature certainly plays a role, but does not explain
all movements. The role of light intensity, food
availability, and predators needs further attention.

Although we speak about spawning habitat and
juvenile habitat as if they are separate things it is clear
that they must be linked somehow.  If spawning habitat is
lost through man’s activities, is the adjacent juvenile
habitat lost as well for lack of juveniles to fill it?
Pinpointing and mapping of habitats through the use of
GIS technology on a large scale and over different
ontogenetic stages will help us to maintain a more holistic
outlook on habitat.

The utilization of shallow bays and estuaries by
winter flounder for spawning and nursery areas has been
well documented.  Less well studied is the utilization of
nearby coastal waters.  Lux and Kelly (1982) found
winter flounder eggs at 13 coastal stations and 3 offshore
stations and larvae at 17 coastal stations and 7 offshore
stations between Provincetown to Cape Ann.  A similar
study by Howe (1973) also collected winter flounder eggs
and larvae. Both studies generally collected relatively low
densities of eggs and larvae but Howe (1973) showed that
larval densities were highest at the mouths of estuaries.
These collections probably represent eggs and larvae
washed out of the estuaries by tidal flushing.  Subsequent
beam trawling in these areas failed to collect substantial
numbers of YOY flounder indicating a low survival rate.

In contrast, Marine Research, Inc. (1986) reported
good growth in winter flounder larvae that had been
washed out of the Plymouth Harbor-Duxbury Bay
estuary.  Epibenthic sled collections of winter flounder
eggs outside the estuary along the coast showed that
spawning occurred there as well.  The relative
contribution of this coastal spawning to winter flounder
recruitment needs further study.

The different components of these “stock complexes”
need to be better described and their habitat preferences
and needs documented.  An attempt was made in 1980 to
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separate stocks using eye lens proteins (Schenck and Saila
1982) but this effort only covered a small area near the
Millstone Point area.  The study showed that even in this
small area there was a significant mixing of different
stocks.  A more comprehensive effort, spanning the entire
range of the species needs to be done utilizing more
modern techniques such as mitochondrial DNA.
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Table 1.  Summary of life history and habitat parameters for winter flounder, Pseudopleuronectes americanus.

Life Stage Temperature Salinity Dissolved Oxygen

Eggs 1
Spawning initiated at
about 3oC;
highest percent hatch
at 3-5oC;
18oC lethal.

Found from 10-32 ppt;
salinity has little effect on
survival or hatch.

Found at 11.1-14.2 mg/l.

Larvae 2
No feeding or
metamorphosis at 2oC;
hatch from 1-12oC;
larvae most abundant at 2-
15oC.

Found at 3.2-30 ppt; higher
on Georges Bank.

Found at 10.0-16.1 mg/l.

YOY 3
Found at 2-29.4oC;
Laboratory study suggests
preferred temperature is
19.5oC;
30oC may be lethal.

Found at 23-33 ppt;
5 ppt suggested by
laboratory study as lower
avoidance salinity.

Constant 2.2 mg/l or diurnal variation
from 2.6-6.4 mg/l adversely affects
growth.

Juveniles 4
Commonly found at 10-
25oC during summer and
fall.

Collected 19-21 ppt;
10 ppt suggested as lower
avoidance level.

Adults 5
0.6-23oC;
12-15oC suggested as
preferred;
upper incipient lethal limit
is 27oC.

Found at 15-33 ppt. Lower dissolved oxygen associated with
lower mean length of catch suggesting
avoidance by larger fish or reduced
growth.

1 Breder 1923; Scott 1929; Bigelow and Schroeder 1953; Pearcy 1962; Williams 1975; Rogers 1976; Buckley 1982; Crawford and Carey 1985; Scarlett
  and Allen 1989; Monteleone 1992
2 Bigelow and Schroeder 1953; Pearcy 1962; Dovel 1967, 1971; Buckley 1982; Frank and Leggett 1983; Scarlett and Allen 1989; Monteleone 1992
3 Pearcy 1962; Richards and Castagna 1970; Briggs and O’Connor 1971; Oviatt and Nixon 1977; Pierce and Howe 1977; Reynolds and Casterlin 1985;
  Heck et al. 1989; Bejda et al. 1992; Rountree and Able 1992
4 Pearcy 1962; Oviatt and Nixon 1977; Casterlin and Reynolds 1982; Reynolds and Casterlin 1985; Carlson et al. 1997
5 Breder 1923; McCracken 1963; Olla et al. 1969; Richards and Castagna 1970; Haedrich and Haedrich 1974; Howe and Coates 1975; Tyler and Dunn
  1976; Oviatt and Nixon 1977; Van Guelpen and Davis 1979; Jeffries and Terceiro 1985; Reynolds and Casterlin 1985; Howell and Simpson 1994;
  Carlson et al. 1997
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Table 1.  cont’d.

Life Stage Depth Substrate Vegetation Currents

Eggs 1
Found at 0.3-4.5 m (inshore);
90 m or less on Georges
Bank.

Mud to sand or
gravel.

Diatom mats,
drifting macroalgae.

Larvae 2
1-4.5 m inshore. Fine sand, gravel. Hydrodynamics

work to retain larvae
in nursery areas.

YOY 3
0.5-12 m inshore. Mud to sand with

shell or leaf litter.
Ulva, eelgrass and
unvegetated adjacent
areas.

Juveniles 4
Peak abundance of flounder
less than 200 mm occurs in
18-27 m of water in Long
Island Sound in April and
May.  In Canadian waters,
juveniles were most
abundant at 11-18 m.
Less than 100 m offshore.

Equally abundant on
mud or sand shell.

Adults 5
Most 1-30 m inshore,
shallowest during spawning;
less than 100 m offshore.

Mud, sand, cobble,
rocks, boulders.

1 Scott 1929; Bigelow and Schroeder 1953; Pearcy 1962; Anonymous 1972; Crawford and Carey 1985; Scarlett and Allen 1989; Monteleone 1992
2 Pearcy 1962; Frank and Leggett 1983; Crawford and Carey 1985; Scarlett and Allen 1989; Monteleone 1992
3 Briggs and O’Connor 1971; Heck et al. 1989; Saucerman 1990; Sogard 1992; Howell and Molnar 1995; Gottschall et al., in review
4 McCracken 1963; Richards 1963
5 Breder 1923; Mansueti 1962; McCracken 1963; Olla et al. 1969; Kennedy and Steele 1971; Van Guelpen and Davis 1979; Macdonald and Green 1986;
  Steimle et al. 1993
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Table 1.  cont’d.

Life Stage Predators Prey Migration

Eggs 1

Larvae 2
Mackerel,
Sarsia tubulosa

Nauplii,
invertebrate eggs,
protozoans,
polychaetes

YOY 3
Crangon sp.,
summer flounder,
striped searobin
(Prionotus evolans)

Amphipods,
copepods,
polychaetes,
bivalve siphons

Limited;
deeper for first winter.

Juveniles 4
Cormorants,
snapper bluefish,
gulls

Sand dollars,
bivalve siphons,
polychaetes,
amphipods,
Crangon sp.

Movement to deeper waters as size
increases.

Adults 5
Goosefish,
spiny dogfish,
sea ravens,
striped bass,
seals,
sculpins

Amphipods,
polychaetes,
bivalves or siphons,
capelin eggs,
crustaceans

Inshore in fall;
offshore in spring; long post-spawn
migrations in some fish.

2 Pearcy 1962; Dovel 1971; Frank and Leggett 1983
3 Linton 1921; Poole 1964; Saucerman 1990; Saucerman and Deegan 1991; Witting and Able 1993; Howell and Molnar 1995; Witting and Able 1995;
   Manderson et al. 1999; Stehlik and Meise, in press
4 Linton 1921; Howe et al. 1976; Reynolds and Casterlin 1985; Franz and Tanacredi 1992; Carlson et al. 1997; Stehlik and Meise, in press
5 Medcoff and MacPhail 1952; Bigelow and Schroeder 1953; Dickie and McCracken 1955; Fisher and Mackenzie 1955; Saila 1961; Mansfield 1967; Olla
  et al. 1969; Kennedy and Steele 1971; Tyler 1971a; Haedrich and Haedrich 1974; Howe and Coates 1975; Tyler and  Dunn 1976; Van Guelpen and
  Davis 1979; Azarovitz 1982; Macdonald 1983; Jeffries and Terceiro 1985; Macdonald and Green 1986; Phelan 1992; Martell and McClelland 1994;
  Steimle et al. 1993; Carlson et al. 1997



Page 21

Figure 1.  The winter flounder, Pseudopleuronectes americanus (Walbaum) (from Goode 1884).
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Figure 2.  Abundance (percent occurrence of 10 most common prey items) of the major prey items of winter flounder, by
size class, collected during NEFSC bottom trawl surveys from 1973-1980 and 1981-1990.  The category “animal
remains” refers to unidentifiable animal matter.  Methods for sampling, processing, and analysis of samples differed
between the time periods [see Reid et al. (1999) for details].
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Figure 2.  cont’d.
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Figure 3.  Distribution and abundance of juvenile and adult winter flounder collected during NEFSC bottom trawl
surveys during all seasons from 1963-1997.  Densities are represented by dot size in spring and fall plots, while only
presence and absence are represented in winter and summer plots [see Reid et al. (1999) for details].
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Figure 3.  cont’d.
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Figure 4.  Distribution and abundance of juvenile and adult winter flounder in Massachusetts coastal waters collected
during the spring and autumn Massachusetts trawl surveys, 1978-1996 [see Reid et al. (1999) for details].
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Figure 5.  Distribution and abundance of juvenile and adult winter flounder collected in the Hudson-Raritan estuary,
based on Hudson-Raritan trawl surveys during winter (January-March), spring (April and June), summer (July–August),
and fall (October-December) from January 1992 to June 1997 [see Reid et al. (1999) for details].
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Figure 5.  cont’d.
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Figure 6.  Abundance of winter flounder eggs relative to water column temperature (to a maximum of 200 m) and
bottom depth from NEFSC MARMAP ichthyoplankton surveys, February to June, 1978-1987 (all years combined.
Open bars represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all
standardized catches (number/10 m2).
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Figure 7.  Abundance of winter flounder larvae relative to water column temperature (to a maximum of 200 m) and
bottom depth from NEFSC MARMAP ichthyoplankton surveys, March to September, 1977-1987 (all years combined.
Open bars represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all
standardized catches (number/10 m2).
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Figure 8.  Abundance of juvenile and adult winter flounder relative to bottom water temperature and depth based on
spring and autumn NEFSC bottom trawl surveys.  Open bars represent the proportion of all stations surveyed, while
solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 9.  Abundance of juvenile and adult winter flounder relative to bottom water temperature and depth based on
Massachusetts inshore bottom trawl surveys (spring and autumn 1978-1996, all years combined).  Open bars represent
the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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Figure 10.  Abundance of juvenile and adult winter flounder relative to bottom water temperature, dissolved oxygen,
depth, and salinity from Hudson-Raritan estuary trawl surveys (January 1992 - June 1997, all years combined).
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Figure 11.  Distribution and abundance of winter flounder from Newfoundland to Cape Hatteras based on research trawl
surveys conducted by Canada (DFO) and the United States (NMFS) from 1975-1994 (http://www-orca.nos.noaa.gov/
projects/ecnasap/ecnasap_table1.html).
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Figure 12.  Distribution and abundance of winter flounder eggs collected during NEFSC MARMAP ichthyoplankton
surveys from February to June, 1978-1987 [see Reid et al. (1999) for details].

76 75 74 73 72 71 70 69 68 67 66 65
35

36

37

38

39

40

41

42

43

44

45

Winter Flounder
Eggs

MARMAP Ichthyoplankton Surveys

61-cm Bongo Net; 0.505-mm mesh

February to June; 1978 to 1987
Number of tows = 4126;  with eggs = 110

Eggs / 10m2

1 to <10

10 to <100

100 to 124

76 75 74 73 72 71 70 69 68 67 66 65
35

36

37

38

39

40

41

42

43

44

45

Winter Flounder
Eggs

MARMAP Ichthyoplankton Surveys

61-cm Bongo Net; 0.505-mm mesh

February; 1978 to 1987

Number of tows = 459,  with eggs = 3

None
1 to <10

10 to 34

Eggs / 10m2

76 75 74 73 72 71 70 69 68 67 66 65
35

36

37

38

39

40

41

42

43

44

45

Winter Flounder
Eggs

MARMAP Ichthyoplankton Surveys

61-cm Bongo Net; 0.505-mm mesh

March; 1978 to 1987

Number of tows = 853,  with eggs = 15

None
1 to <10

10 to 21

Eggs / 10m2

76 75 74 73 72 71 70 69 68 67 66 65
35

36

37

38

39

40

41

42

43

44

45

Winter Flounder
Eggs

MARMAP Ichthyoplankton Surveys

61-cm Bongo Net; 0.505-mm mesh

April; 1978 to 1987

Number of tows = 1020,  with eggs = 71

None
1 to <10

10 to <100

100 to 124

Eggs / 10m2



Page 36

Figure 12.  cont’d.
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Figure 13.  Distribution and abundance of winter flounder larvae collected during NEFSC MARMAP ichthyoplankton
surveys from March to July, and September, 1977-1987 [see Reid et al. (1999) for details].
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Figure 13.  cont’d.
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Figure 14.  Commercial landings and survey indices (from the NEFSC bottom trawl surveys) for winter flounder stocks
from Georges Bank, the Gulf of Maine, and southern New England-Middle Atlantic Bight.
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing loss
of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources depends
on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized and
amended by the Sustainable Fisheries Act (1996), requires
the eight regional fishery management councils to describe
and identify essential fish habitat (EFH) in their respective
regions, to specify actions to conserve and enhance that
EFH, and to minimize the adverse effects of fishing on EFH.
Congress defined EFH as “those waters and substrate
necessary to fish for spawning, breeding, feeding or growth
to maturity.”  The MSFCMA requires NMFS to assist the
regional fishery management councils in the implementation
of EFH in their respective fishery management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat for
spawning, feeding, nursery, migration, and shelter, but most
habitats provide only a subset of these functions.  Fish may
change habitats with changes in life history stage, seasonal
and geographic distributions, abundance, and interactions
with other species.  The type of habitat, as well as its
attributes and functions, are important for sustaining the
production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by the
New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of 30
EFH species reports (plus one consolidated methods report).
The EFH species reports comprise a survey of the important
literature as well as original analyses of fishery-independent

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

data sets from NMFS and several coastal states.  The species
reports are also the source for the current EFH designations
by the New England and Mid-Atlantic Fishery Management
Councils, and have understandably begun to be referred to
as the “EFH source documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH of
their managed species.  Consistent with this guidance, the
species reports present information on current and historic
stock sizes, geographic range, and the period and location of
major life history stages.  The habitats of managed species
are described by the physical, chemical, and biological
components of the ecosystem where the species occur.
Information on the habitat requirements is provided for each
life history stage, and it includes, where available, habitat
and environmental variables that control or limit
distribution, abundance, growth, reproduction, mortality,
and productivity.

Identifying and describing EFH are the first steps in the
process of protecting, conserving, and enhancing essential
habitats of the managed species.  Ultimately, NMFS, the
regional fishery management councils, fishing participants,
Federal and state agencies, and other organizations will have
to cooperate to achieve the habitat goals established by the
MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally known
as the James J. Howard Marine Sciences Laboratory) from
1977 to 1982.  These reports, which were formally labeled
as Sandy Hook Laboratory Technical Series Reports, but
informally known as “Sandy Hook Bluebooks,” summarized
biological and fisheries data for 18 economically important
species.  The fact that the bluebooks continue to be used two
decades after their publication persuaded us to make their
successors – the 30 EFH source documents – available to
the public through publication in the NOAA Technical
Memorandum NMFS-NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

Atlantic mackerel, Scomber scombrus L. (Figure 1), is
a fast swimming, pelagic schooling species distributed in the
northwest Atlantic from the Gulf of St. Lawrence to Cape
Lookout, North Carolina (Sette 1943, 1950; Anderson 1976;
MAFMC 1994).  While there are two separate spawning
contingents in the northwest Atlantic (Sette 1950), since
1975 all mackerel in this area have been assessed as a unit
stock (Anderson 1982) and are considered one stock for
management purposes (MAFMC 1994).  Atlantic mackerel
are managed under the Mid-Atlantic Fishery Management
Plan for Atlantic mackerel, squid and butterfish (MAFMC
1994).  This EFH source document provides information on
the distribution, life history and habitat characteristics of
Atlantic mackerel in the northwest Atlantic extending from
Cape Hatteras to Georges Bank and the Gulf of Maine.

LIFE HISTORY

A brief synopsis of the life history of Atlantic mackerel
is provided in Amendment #5 to the Fishery Management
Plan for Atlantic Mackerel, Squid and Butterfish Fisheries
(MAFMC 1994).  More specific information is provided
here and in other reviews (see Sette 1943, 1950; Bigelow
and Schroeder 1953; Collette, in prep.). Since there is an
important winter fishery on Atlantic mackerel on the eastern
continental shelf where they occur (Maguire et al. 1987), the
two major spawning contingents (see below) are managed as
a single transboundary stock.  Thus, where appropriate,
information will be provided on both northern and southern
groups.

EGGS

The eggs of Atlantic mackerel are pelagic and spherical,
ranging in size from 1.01-1.28 mm (avg. = 1.3 mm) in
diameter, and have one oil globule ranging from 0.22-0.38
mm (avg. = 0.29 mm) in diameter (Berrien 1975).  Sampling
in the Gulf of St. Lawrence indicates that egg size decreased
over time and in relation to ambient temperatures (Ware
1977).

LARVAE

Larvae average about 3.1-3.3 mm standard length (SL)
at hatching and have a large yolk sac; the eyes are large and
unpigmented (Sette 1943; Bigelow and Schroeder 1953;
Colton and Marak 1969; Berrien 1975; Ware and Lambert
1985; Scott and Scott 1988).  Hatching occurs at 90-120 h
post-fertilization at an average temperature of 13.8°C
(Berrien 1975).  The 50% threshold for the onset of feeding
is 3.8 mm (Ware and Lambert 1985).  At about 4-6 mm the
yolk sac is absorbed by which time there is a considerable

change in body pigmentation and by 192 h, teeth are present
(Berrien 1975).  Larvae undergo major changes in body
form and Sette (1943) describes a transition stage between
the larval and post-larval stages (~ 9-10 mm) where fins are
in various stages of development.  This probably enhances
successful prey capture as well as predator avoidance (Ware
and Lambert 1985).  To maintain rapid growth rates, with
average digestive times of 1-2 h, Peterson and Ausubel
(1984) concluded that the larvae must feed constantly.

JUVENILES

Post-larvae gradually transform from planktonic to
swimming and schooling behavior at about 30-50 mm (Sette
1943).  Fish reach a length of about 50 mm in approximately
two months at which time they closely resemble adults and
reach 20 cm in December after about one year of growth
(Sette 1943; Bigelow and Schroeder 1953; Anderson and
Paciorkowski 1980; Berrien 1982; Collette, in prep.).
Kendall and Gordon (1981) show somewhat faster larval
and juvenile growth rates based on daily growth increments
from otoliths taken from fish collected in the Middle
Atlantic Bight; i.e., approximately 70-80 mm in two months;
however, these were not verified by comparison with fish of
known age.  Ware and Lambert (1985) found that in St.
Georges Bay, Nova Scotia, at 15-17°C, growth rates of
juveniles (> 15 mm) averaged 0.73 mm/d from birth to
metamorphosis, similar to the estimates by Kendall and
Gordon (1981).  Using daily growth rings, D’Amours et al.
(1990) estimated that young mackerel from the northern
contingent would grow faster earlier in their first growing
season which would be consistent with Sette’s (1950)
conclusions.  However, Simard et al. (1992) calculated that
growth curves of juvenile Atlantic mackerel, based on
otolith samples from the northern and southern spawning
groups were not significantly different at least up to 90 days
in age.

ADULTS

By the end of their second year, Atlantic mackerel
attain a size of about 26 cm and after five years about 33 cm
(Anderson 1973; Isakov 1973; Stobo and Hunt 1974).  Fish
that are 6 years old can reach a length of 39-40 cm.  Based
on studies of Canadian mackerel, MacKay (1967) theorized
that growth is population density dependent; i.e., that
abundant year classes grow more slowly than less abundant
year classes, although Moores et al. (1975) did not find this
to be true for Newfoundland fish.  Overholtz (1989) found
the 1982 cohort to be one of the slowest growing on record;
it is one of the largest recruiting year-classes recorded.
Large differences in mackerel growth suggest that year-class
size partially influences the initial pattern of growth during
a cohort’s first years (Overholtz et al. 1991b).  Thus, early
growth may be related to year-class size, while stock size
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may be more influential after the juveniles join the offshore
adults (Overholtz et al. 1991b; Collette, in prep.).

The adults are highly mobile and school.  They are
obligate swimmers due to the absence of a swimbladder and
the necessity for ram gill ventilation to meet blood
oxygenation demands (Roberts 1975).  Nevertheless this
species exhibits diurnal changes in activity, swimming faster
during the day than at night (Olla et al. 1975, 1976).  Under
laboratory conditions, at temperatures ranging from 7.3-
15.8°C (within their preferred range), swimming speed of
adults averaged 36 cm/s during the day and 29 cm/s at night
(Olla et al. 1975, 1976).  The fish continued to school both
day and night although there were diurnal changes in
cohesiveness of the group.

REPRODUCTION

There is some variation in estimates of size and age at
maturity.  Based on samples of Atlantic mackerel collected
from 1987-1989 by the Northeast Fisheries Science Center
(NEFSC) groundfish surveys, median length at maturity
(L50) was 25.7 cm for females and 26.0 cm for males;
median age (A50) was 1.9 years for both (O’Brien et al.
1993).  By age 3, 99% of the females and 97% of the males
were mature (O’Brien et al. 1993).  Fish collected in
Newfoundland waters from June-September 1970-1973 had
higher values for L50 of 34 cm and 35 cm for females and
males respectively (Moores et al. 1975).  MacKay (1967)
reported first spawning for mackerel occurred at age 2 and
at lengths > 30 cm for fish collected in May-July 1965-1966
from the Gulf of St Lawrence and coastal Nova Scotia and
Massachusetts.  These differences in median maturity may
be due to the slower growth of larger year classes that may
delay spawning from one to three years (MacKay 1973;
Overholtz 1989).  Consequently, both year-class size and
adult stock size may be important factors regulating growth
in Atlantic mackerel (Overholtz 1989; Overholtz et al.
1991b).

Spawning occurs during spring and summer and
progresses from south to north as the surface waters warm
and fish migrate (Sette 1943).  There are two spawning
contingents; a southern group that spawns primarily in the
Mid-Atlantic Bight and Gulf of Maine from mid-April to
June and a northern contingent that spawns in the southern
Gulf of St. Lawrence from the end of May to mid-August
(Berrien 1982).  The southern contingent begins the spring
spawning migration by moving inshore between Delaware
Bay and Cape Hatteras, usually between mid-March and
mid-April depending to some extent on water temperature
(Berrien 1982).  The northern contingent begins to move
inshore off southern New England usually in late May,
mixing temporarily with part of the southern contingent
before migrating eastward along the coast of Nova Scotia.
Here other mackerel schools from offshore join the fish
before moving into the Gulf of St. Lawrence to spawn

(Berrien 1982).  Small fish (< 30 cm) lag behind larger fish
and spawn later (Berrien 1982).

Most of the spawning occurs in the shoreward half of
continental shelf waters, although there is some spawning on
the shelf edge and beyond (Berrien 1982; Collette, in prep.).
Sette (1943) described the area bordered by southern New
England and the Middle Atlantic states as the most
important spawning grounds for mackerel.  Current
information indicates that the oceanic bight between
Chesapeake Bay and southern New England is the most
productive area.  The Gulf of St. Lawrence is somewhat less
so although the southern side is considered extremely
productive for the northern contingent (MacKay 1973) while
the Gulf of Maine and coast of outer Nova Scotia are the
least (Sette 1950; Collette, in prep.).  Some open bays; i.e.,
Cape Cod Bay and Massachusetts Bay, are sites of some
importance with spawning fish abundant or common from
May to July and August (Table 1).  While according to
Wheatland (1956), spawning occurs rarely in Gardiner’s
Bay and Long Island Sound, recent assessments of relative
abundance of eggs and larvae in these areas show that both
life stages are highly abundant and abundant in April and
May (Table 2).  Well-enclosed bays, especially those
receiving considerable river inflow such as Chesapeake Bay
and Delaware Bay show little evidence of spawning (Table
2).

Atlantic mackerel are serial, or batch spawners, with
estimates of total fecundity ranging from 285,000 to 1.98
million eggs for southern contingent mackerel between 31
and 44 cm fork length (FL) (Morse 1980).  Based on a very
limited sample of northern contingent mackerel, fecundity
estimates ranged from 211,000 to 397,000 eggs for 35 and
40 cm females respectively (MacKay 1973).  Analysis of
egg diameter frequencies indicate that five to seven egg
batches are spawned by each female (Morse 1980).

FOOD HABITS

Atlantic mackerel are opportunistic feeders that can
ingest prey either by individual selection of organisms or by
passive filter feeding (Pepin et al. 1988).  Filter feeding
occurs when small plankton are abundant and mackerel
swim through patches with mouth slightly agape, filtering
food through their gill rakers (MacKay 1979).  According to
MacKay (1979), particulate feeding is the principal feeding
mode in the spring and fall, while filter feeding
predominates in the summer in the Gulf of St. Lawrence.
Moores et al. (1975) maintain that the diet of fish from
Newfoundland suggests that particulate feeding occurs there
throughout the season.

Larvae feed primarily on zooplankton (Collette, in
prep.).  First-feeding larvae (3.5 mm) collected from Long
Island Sound were found to be phytophagous while slightly
larger individuals (> 4.4 mm) fed on copepod nauplii
(Peterson and Ausubel 1984; Ware and Lambert 1985).
Fish > 5 mm fed on copepodites of Acartia and Temora
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while diets of fish > 6 mm contained adult copepods
(Peterson and Ausubel 1984).  Larvae > 6.4 mm were also
cannibalistic, feeding on 3.5-4.5 mm conspecifics (Peterson
and Ausubel 1984; Fortier and Villeneuve 1996).
Consumption rates of larvae average between 25 and 75%
body weight per day and they probably feed continuously.
Larvae feed selectively, primarily on the basis of prey
visibility (Peterson and Ausubel 1984).  Fortier and
Villeneuve (1996), studying larval mackerel from the
Scotian Shelf, found that with increasing larval length, the
diet shifted from copepod nauplii to copepod and fish
larvae; the fish larvae included yellowtail flounder, silver
hake, redfish and a large proportion of conspecifics.
Predation was stage-specific; only the newly hatched larvae
of a given species were ingested.  However, piscivory was
limited at densities of fish larvae < 0.1/m3 and declined with
increasing density of nauplii and with increasing number of
alternative copepod prey ingested.

Juveniles eat mostly small crustaceans such as
copepods, amphipods, mysid shrimp and decapod larvae
(Collette, in prep.).  They also feed on small pelagic
mollusks (Spiratella and Clione) when available (Collette,
in prep.).  Adults feed on the same food as juveniles but
diets also include a wider assortment of organisms and
larger prey items.  For example, euphausiid, pandalid and
crangonid shrimp are common prey; chaetognaths,
larvaceans, pelagic polychaetes and larvae of many marine
species have been identified in mackerel stomachs (Collette,
in prep.).  Bigelow and Schroeder (1953) found many Gulf
of Maine mackerel feeding on Calanus as well as other
copepods.  Larger prey such as squids (Loligo) and fishes
(silver and other hakes, sand lance, herring, and sculpins)
are not uncommon, especially for large mackerel (Bowman
et al. 1984).  Under laboratory conditions, mackerel also fed
on Aglantha digitale, a small transparent medusa common
in temperate and boreal waters (Runge et al. 1987).  The
1973 -1990 NEFSC bottom trawl survey data on food habits
for two size classes of mackerel (11-30 cm; 30-50 cm) for
1973-1980 and 1981-1990 reflects this diversity (Figure 2).
While there is variability between the two size classes and
between the two survey periods, copepods, euphausiids and
various crustaceans could be considered relative staples in
the diet.

Immature mackerel begin feeding in the spring; older
fish feed until gonadal development begins, stop feeding
until spent and then resume prey consumption (Berrien
1982; Collette, in prep.).  Under experimental conditions in
which larval fish (3-10 mm in length) were presented as part
of natural zooplankton assemblages, prey preference by
mackerel was positively size selective and predation rates
were not influenced by larval fish density (Pepin et al.
1987).  Subsequent studies indicated that mackerel may
achieve a higher rate of energy intake by switching to larger
prey and increasing search rate as prey size and total
abundance increase (Pepin et al. 1988).  Filter feeding
activity also increased with increasing prey density and
Pepin et al. (1988) suggest that feeding rates under natural

conditions of prey abundance (0.1 g wet weight/m3) indicate
that mackerel would not be satiated if foraging were
restricted only to daylight.

PREDATION

Predation has a major influence on the dynamics of
northwest Atlantic mackerel (Overholtz et al. 1991b).  In
fact, predation mortality is probably the largest component
of natural mortality on this stock, and based on model
predictions, may be higher than previously thought
(Overholtz et al. 1991b).  Atlantic mackerel serve as prey
for a wide variety of predators including other mackerel,
dogfish, tunas, bonito, and striped bass (Collette, in prep.).
Small mackerel are prey for Atlantic cod and squid, which
feed on fish < 10 to 13 cm in length (Collette, in prep.).
Pilot whales, common dolphins, harbor seals, porpoises and
seabirds are also significant predators (Smith and Gaskin
1974; Payne and Selzer 1983; Overholtz and Waring 1991;
Montevecchi and Myers 1995).  Other predators include
swordfish, bigeye thresher, thresher, shortfin mako, tiger
shark, blue shark, spiny dogfish, dusky shark, king mackerel,
thorny skate, silver hake, red hake, bluefish, pollock, white
hake, goosefish and weakfish (Scott and Tibbo 1968;
Maurer and Bowman 1975; Stillwell and Kohler 1982,
1985; Bowman and Michaels 1984; Collette, in prep.).

MIGRATION/STOCK STRUCTURE

As stated previously, the two major spawning
contingents are managed as a single transboundary stock.
Sette (1950) described northern and southern population
contingents of Atlantic mackerel in the northwest Atlantic
with different spring and autumn migration patterns and
summer distributions. Various methods have attempted to
discriminate the two contingents in the northwest Atlantic,
including meristic analyses (MacKay and Garside 1969),
comparison of parasitic fauna (Isakov 1976), genetic
variability (Maguire et al. 1987) and differences in otoliths
(Gregoire and Castonguay 1989; Castonguay et al. 1991).
While there were some significant differences, overlaps in
character distributions have prevented the development of a
useful discrimination method.

During the winter, Atlantic mackerel apparently
overwinter in deep water of the continental shelf from Sable
Island Bank, off Nova Scotia to the Chesapeake Bay region
and in spring move inshore and northeast; this pattern is
reversed in the fall (Sette 1950; Leim and Scott 1966;
MacKay 1967; Berrien 1982).  In April and early May the
fish form the two spawning aggregations; i.e., a southern
contingent that spawns off New Jersey and New York, and
a northern contingent that spawns in the Gulf of St.
Lawrence.

As fish from the southern contingent move northeast
along the coast, they are joined by the schools from the
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northern contingent which are also moving inshore.  The
overwintering area and timing of migration varies annually,
probably influenced by meteorological events or regional
conditions with low spring temperatures significantly
delaying the timing, extent and duration (Murray et al. 1983;
Murray 1984).  In fact, the seasonal cycle in temperature in
the waters of the Mid-Atlantic and southern New England
[well-mixed water column in winter with temperatures < 4oC
near the coast to > 8oC near the shelf edge; warming surface
layers in spring and gradual warming from south (to 25oC)
to north (to about 18°C) and subsequent fall cooling] is
certainly an important environmental factor influencing
migration and distribution (Overholtz et al. 1991a).  This is
supported by field studies that have shown that mackerel are
intolerant of temperatures < 5-6oC or > 15-16oC (Overholtz
and Anderson 1976) and laboratory studies that have
confirmed that as temperatures departed from preferred
ranges (7.3-15.8oC) swimming speeds of adult mackerel
increased, reflecting thermal avoidance (Olla et al. 1975,
1976).  By late April and May, the southern contingent is
distributed off New Jersey and Long Island moving into the
western side of the Gulf of Maine by June and July, and
returning to the shelf edge probably between Long Island
and Chesapeake Bay by October (Sette 1950; Berrien 1982).

The northern contingent, by late spring, has moved
inshore off southern New England, mixing temporarily with
the southern contingent before migrating eastward along the
coast of Nova Scotia, and moving into the Gulf of St.
Lawrence where they spawn in June and July.  Some fish
however, remain along the coasts of Maine and Nova Scotia
throughout the summer.  These fish again mix with fish from
the southern group in late fall in the Gulf of Maine before
moving to the outer shelf between Sable Island Bank and
Long Island to overwinter (Sette 1950; Parsons and Moores
1974; Moores et al. 1975).  Temperature may not be as
limiting for this contingent since D’Amours and Castonguay
(1992) found that mackerel occurred in June in the Cabot
Strait off of eastern Cape Breton Island at 2.8oC, 4oC colder
than the 7oC isotherm proposed by Sette (1950) as the
thermal barrier to northern migration.

HABITAT CHARACTERISTICS

An extensive literature review and synthesis has
provided detailed information on the life history and habitat
requirements of Atlantic mackerel (Table 3).  The review is
primarily limited to U.S. waters; however, due to the
intermixing of the two contingents, some information also
relates to fish in Canadian waters.

EGGS

The eggs are pelagic in water over 34 ppt (Fritzsche
1978), floating in surface waters above the thermocline or in
the upper 10-15 m (Sette 1943; Berrien 1982).  Incubation

time depends primarily on temperature: at 11oC, 7.5 days; at
13oC, 5.5 days and at 16oC, 3.6 days (Worley 1933).
Lanctot (1980) had similar results: at 11oC, 8 days; at 13oC,
5.8 days and at 16oC, 3.9 days.

Based on the NEFSC Marine Resources Monitoring,
Assessment, and Prediction (MARMAP) offshore
ichthyoplankton surveys, eggs were collected at near surface
temperatures ranging from 5-23oC with the largest
proportion between ~ 7oC and 16oC (Figure 3).  In April, the
highest abundances were collected from 7-9oC; in May, from
9-12oC; in June, from 10-12oC; while the few collected in
July and August were at a wide range of temperatures (11-
23oC) (Figure 3).  This is consistent with findings by Berrien
(1978) who reported that for May 1966, the weighted mean
surface temperature for all eggs collected from Martha’s
Vineyard to Chesapeake Bay was 11.0oC (range 6.3-16.9oC)
with 97% collected at 8.7-13.8oC.  Sette (1943), for eggs
collected in 1932, reported a weighted mean of 10.9oC
surface temperature with 98% occurring from 9.0-13.5oC.

Mortality may be influenced by acclimation
temperatures of adult fish (Lanctot 1980).  Worley (1933)
found minimal mortality at 16oC which corresponded to
capture temperature of the adults.  Lockwood et al. (1977)
found mortalities < 20% between 9.4 and 15.1oC.  Ware and
Lambert (1985) also found that egg mortality rates of
mackerel from St. Georges Bay, Nova Scotia were highly
correlated with the rate of warming during the spawning
season.

Salinities may also affect survival.  Peterson and
Ausubel (1984) attributed high egg mortality to unusually
low salinities (23 ppt) in Long Island Sound as compared
with usual values of 25-27 ppt.

Eggs were collected at depths in the water column
ranging from 10-325 m; the majority were collected from
30-70 m (Figure 3).  In April, the highest numbers of eggs
were collected at depths of 10-30 m; in May from 30-50 m;
in June, July and August, at depths of 30-70 m (Figure 3).
Ware and Lambert (1985) found that mackerel eggs in St.
Georges Bay tended to concentrate near the surface,
particularly under light winds and declined exponentially
with depth with the rate of decline a function of egg
diameter and temperature gradient in the top 5 m.

LARVAE

Based on the NEFSC MARMAP ichthyoplankton
surveys, larvae are found at water column temperatures
ranging from 6-22oC with the largest proportion between
about 8oC and 13oC (Figure 4).  In May, the majority of
larvae were found at 8-10oC; in June at 8-11oC; in July at
8oC and 10-11oC; and in August at 9oC and 12-13oC (Figure
4).  For larvae collected during May, June and August 1966,
Berrien (1978) indicated that surface water temperatures
ranged from 12.3-20.7oC with 96% occurring from 13.7-
16.8oC.  Ware and Lambert (1985) found that larval
mortality rates (~ 42 %/d) were positively correlated with
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temperature.
Larvae were collected at depths ranging from 10-130 m

(Figure 4).  With the exception of July when 50% were
collected at a depth of 70 m, larvae were primarily
distributed at depths ≤ 50 m (Figure 4).  Sette (1943) reports
that larvae vertically migrate diurnally from the surface at
night to the thermocline during the day.  Ware and Lambert
(1985) found that in St. Georges Bay, recently-hatched
larvae were collected at depths of 5-10 m and as they grew,
moved progressively closer to the surface during the day; at
sizes ranging from 3-8 mm, median depth increased at a rate
of 0.7 m/d.

JUVENILES

Based on the 1963-1997 NEFSC bottom trawl surveys,
juveniles in the fall were caught at temperatures ranging
from 4-22oC, with the majority (> 55%) occurring at 10oC.
In the winter 90% were collected at 5-6oC (range: 3-12°C)
(Figure 5).  The temperatures at which juveniles were found
were a little broader in spring (4-17oC) and summer (4-
19oC).  Although the majority of juveniles (> 60%) were still
found at 5-6oC in the spring, by summer they wee found at
higher temperatures with > 40% collected at 8oC and 40%
at 13oC (Figure 5).

In the fall, the majority of juveniles (> 77%) were at
depths of 20-40 m (range: surface to 320 m); in the winter >
60% were at slightly deeper depths (50-70 m) while by
spring they were widely dispersed through the water column
(surface to 340 m) but concentrated (> 75%) at depths
ranging from 30-90 m (Figure 5).  By summer, fish were
higher in the water column (surface to 210 m) with ~ 94%
distributed from 20-50 m in two peaks (Figure 5).

Based on collections from the 1978-1996
Massachusetts inshore bottom trawl surveys, juveniles were
most abundant at 11oC in spring and 9 and 13oC in autumn,
and at depths of 10 and 50 m in the spring and 25 and 60 m
in the autumn (Figure 6).

Based on collections from the 1990-1996 Rhode Island
Narragansett Bay bottom trawl surveys, juveniles were
captured in summer at bottom depths between 6.1-15.2 m
(20-50 ft) and were most abundant at 12.2-15.2 m (40-50 ft)
(Figure 7).  They were caught at bottom temperatures of
19oC in summer and at 11 and 15oC in autumn (Figure 7).

Juveniles collected in otter trawl surveys in the Hudson-
Raritan estuary (New York and New Jersey) during July
1997 were found at depths ranging from 4.9-9.8 m.
Salinities ranged from 26.1-28.9 ppt, dissolved oxygen from
7.3-8.0 mg/l and temperatures from 17.6-21.7oC (S. Wilk,
NMFS, NEFSC, James J. Howard Marine Sciences
Laboratory, Highlands, NJ, personal communication).

ADULTS

Based on the NEFSC bottom trawl surveys, adults in

the fall were found at a slightly narrower range of
temperatures (4-16oC) with > 80% caught from 9-12°C
(Figure 8).  Winter distribution was similar to that of the
juveniles with nearly 70% at 5-6oC (range: 3-13oC) (Figure
8).  In the spring, temperature ranges were similar (2-14oC),
but adults were distributed more evenly through a
temperature band of 5-13oC with > 25% at 13oC (Figure 8).
By summer, fish were found at temperatures ranging from
4-14oC with > 30% at 10-11oC and > 35% at 14oC (Figure
8).  These temperatures are within the ranges previously
reported for mackerel.  In addition, Bigelow and Schroeder
(1953) indicate that the highest temperature at which
mackerel are commonly found is 20oC while commercial
catches are sometimes taken at 7oC.  In the northern Gulf of
St. Lawrence, concentrations of mackerel were found at 4oC;
however, the overall probability of occurrence inshore was
higher when near-bottom temperatures were ≥ 7oC
(Castonguay et al. 1992).

As stated previously in the migration section, field
studies have shown that mackerel are intolerant of
temperatures < 5-6oC or > 15-16oC (Overholtz and
Anderson 1976) and laboratory studies have confirmed that
as temperatures departed from preferred ranges (7.3-
15.8oC), swimming speeds of adult mackerel increased,
reflecting thermal avoidance (Olla et al.1975, 1976).  Again,
temperature may not be as limiting for the northern
contingent since D’Amours and Castonguay (1992) found
that mackerel occurred in June off of eastern Cape Breton
Island at 2.8oC, 4oC colder than the 7oC isotherm proposed
by Sette (1950) as the thermal barrier to northern migration.

Based on the NEFSC bottom trawl surveys, adults in
the fall were spread from 10-340 m; however > 50% were
caught at 60-80 m (Figure 8).  By winter, while fish were
still found at depths of 10-270 m, ~ 50% were found at
depths of 20-30 m (Figure 8).  By spring fish were broadly
dispersed from the surface to as deep as 380 m; however,
around 25% were at depths of 160-170 m (Figure 8).  By
summer, schools had again moved upward in the water
column, swimming at depths of 10-180 m with > 60% at
depths of 50-70 m (Figure 8).  This depth range is broader
than reported by Bigelow and Schroeder (1953) who stated
that while mackerel can swim as deep as 183 m, in spring,
summer and into fall they swim at depths of 46-55 m or less.
According to Sette (1950) larger fish tend to swim deeper
than smaller ones.

In the northern Gulf of St. Lawrence, vertical
distribution was greatest at 15 and 35 m with mackerel
occurrences positively correlated with downwelling events
and the onshore advection of warm surface waters
(Castonguay et al. 1992).

Based on Massachusetts inshore bottom trawl surveys,
adults were most abundant at 14°C in spring with the few
found in autumn at 10 and 15oC. They were also found at
depths of 10 m in the spring while the few found in the
autumn were at 50 m (Figure 6).

Based on Rhode Island Narragansett Bay bottom trawl
surveys, a single adult was caught in winter at a depth of
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30.5 m and at a bottom temperature of 5oC.
Factors controlling spawning time are unclear.  Morse

(1980) indicated that the regularity in spawning shown by
Ware (1977) points to an internal control or constant
external stimulus; e.g., photoperiod changes, which ensures
that peak hatching occurs at the time of maximum
zooplankton abundance.  Based on field investigations
(Nichols and Warnes 1993) and laboratory observations
(Walsh and Johnstone 1992), there appears to be no diel
periodicity in spawning and no significant peaks either
during the day or night.  Sette (1943) noted that temperature
< 7oC is a limiting factor in migration which subsequently
affects timing of spawning in specific locations.  Based on
the NEFSC MARMAP ichthyoplankton surveys, spawning
does not begin until temperatures reach ~ 7-8oC, with most
occurring between 9 and 14oC (Berrien 1982; Collette, in
prep.).  Sette (1943) stated that peak spawning occurs within
that range at around 10-12oC at salinities > 30 ppt.  These
temperatures were in the preferred range (7-16oC)
determined for adult mackerel in the laboratory (Olla et al.
1975, 1976).  Thus the spawning season is progressively
later as water temperatures warm and fish migrate from
south to north.

GEOGRAPHICAL DISTRIBUTION

Northwest Atlantic mackerel are primarily found in the
open sea (although rarely beyond the continental shelf) from
Black Island, Labrador (Parsons 1970) to Cape Lookout,
North Carolina (Collette and Nauen 1983). Eggs, larvae and
juveniles also found at varying levels of abundance in bays
and estuarine areas from New Jersey north through New
England and into Canadian waters (see also Sette 1950;
Tables 1, 2).

EGGS

The NEFSC MARMAP ichthyoplankton surveys found
eggs from offshore waters off Chesapeake Bay to Georges
Bank and the Gulf of Maine (Figure 9).  Egg production
progressed northward from April through May, June and
July as would be expected based on the spawning/migratory
patterns of adults.  For example, egg production in April
extended from Chesapeake Bay to coastal New Jersey and
along the south shore of Long Island. In May, egg
production extended from the shelf waters off New Jersey to
Nantucket, the southern edge of Georges Bank and the
western Gulf of Maine; in June production extended off
southern Rhode Island, in the region of Massachusetts Bay
and the western Gulf of Maine (Figure 9).  By July, some
eggs were collected along Georges Bank, while by August,
few, if any, eggs were found.  Highest densities (eggs/10 m2)
were in May (> 39,000) and June (> 53,000).  This pattern
of production and distribution is consistent with previous
reports (Sette 1943; Bigelow and Schroeder 1953; Collette,

in prep.).  Eggs have been collected from early June to mid-
August on the southern side of the Gulf of St. Lawrence
(Sette 1943) and this area is considered an extremely
productive spawning ground (Collette, in prep.).

LARVAE

The NEFSC MARMAP ichthyoplankton surveys also
found larvae (< 13 mm) from waters off Chesapeake Bay to
the Gulf of Maine, although more were concentrated
offshore of Delaware Bay to Massachusetts Bay from
inshore waters to the seaward limits of the survey (Figure
10).  Larvae were collected from May through August with
the highest average mean density (> 10,000/10 m2)
occurring in June and ranging from inshore to offshore from
southern New England to the Hudson Canyon with
considerable numbers collected north of Cape Cod.  This
was north of where larvae were most abundant (> 2000/10
m2) in May.  Mean densities were low in July (≤ 102/10 m2)
with few, if any, (≤ 32/10 m2) collected in August (Figure
10).  Berrien (1978) reported that in May 1966, larvae were
caught between Chesapeake Bay and Oregon Inlet, North
Carolina across the continental shelf, while by June larvae
had spread from Martha’s Vineyard to Currituck Beach,
North Carolina.  The highest abundance was off Montauk
Point, New York.  By June, most larvae occurred to the
north, while in August few were caught.  This pattern also
corresponds with previous reports by Sette (1943).

JUVENILES AND ADULTS

Collections of Atlantic mackerel from the NEFSC
bottom trawl surveys show that the distributions of juveniles
(≤ 25 cm) and adults (≥ 26 cm) ranged from Cape Hatteras
to Georges Bank, and southwestern Nova Scotia and the
Gulf of Maine (Figure 11).  The distribution of both life
stages was generally similar although in spring adults tended
to be distributed further offshore than the juveniles, along
the outer edge of the Continental Shelf.  In the fall, a few
juveniles were collected in the near coastal waters of the
Mid-Atlantic Bight and southern New England, particularly
eastern Long Island, while adults were absent.  The mean
number of fish caught was highest in winter for adults
(106/station) and in summer for juveniles (351/station), with
more collected in the spring than in the fall reflecting the
movements of the southern spawning contingent inshore.
The highest abundance in spring occurs in the oceanic
waters between Chesapeake Bay and southern New England,
as the fish move north.  Winter and summer distributions are
presented as presence/absence data, precluding a discussion
of abundances.

Based on the Massachusetts inshore bottom trawl
surveys, occurrences of Atlantic mackerel were higher for
juveniles in the autumn and for adults in the spring (Figure
12).  In the autumn, most juveniles (10 to < 1391 fish/tow)
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were caught in and around the waters off Cape Ann although
small numbers (1 to < 500 fish/tow) were collected in Cape
Cod Bay, primarily off Race Point.  In the spring, the catch
was highest (100 to < 101 fish/tow) along Vineyard Sound.
In the fall, only two adults were collected (one in Cape Cod
Bay, one off Cape Ann).  In spring, the greatest numbers of
fish (25 to < 37 fish/tow) were found in Nantucket Sound
with lesser numbers (5 to < 25 fish /tow) also collected there
and south of Cape Ann in the northern end of Massachusetts
Bay.  From 1 to < 5 fish/tow were also caught at several
stations in and around Cape Cod in the spring.  This would
correspond with the spawning and migration patterns
described above.

From 1960-1970, 112 species of fishes were collected
in coastal Massachusetts waters as part of the Massachusetts
coastal zone survey (Clayton et al. 1978).  Indices were
prepared on percent frequency of occurrence of various life
stages with the term “random” used to designate marine
species which may randomly occur in the estuary and
percentages based on the total number of fish (all species)
collected in the whole survey.  The following list indicates
areas where Atlantic mackerel were recorded, the life stage,
and relative frequency.

Location Life stage Frequency of
Occurrence

Annisquam/
Gloucester

Adults Random; < 1% of
collection

Salem Harbor Eggs Random; < 1% of
collection

Lynn/Saugus Adults Random; < 1% of
collection

Rocky Point/
Plymouth

Eggs/larvae Common; 1-4.99%
of collection

Cape Cod
Canal

Eggs/larvae No information

Taunton River/
Mount Hope
Bay

Adults Random; < 1% of
collection

A total of 92 Atlantic mackerel were caught during the
Rhode Island Narragansett Bay bottom trawl surveys.  They
were captured in low numbers at all but four stations and in
all years except 1990 and 1995.  Juveniles were present in
summer and autumn and a single adult was caught in winter.
The length frequencies by season show juveniles from 7-17
cm total length (TL) occurred in summer and from 18-23 cm
TL occurred in winter.  Juveniles were caught throughout
much of the Bay but the highest catch was made at the ocean
station in autumn (2.3 fish/tow; Figure 13).  The single adult
was caught farther up the Bay near Newport.

Survey data from the Connecticut bottom trawl surveys
in Long Island Sound indicated that although few Atlantic
mackerel were collected, analysis of length-frequency data
indicated that both juveniles and adults were present at
different times and distributed differently (Gottschall et al.,

in review).  This is confirmed by recent analysis of the 1992-
1997 survey results (Figure 14).  Adults (> 28 cm; range 36-
49 cm) were present in the spring and according to
Gottschall et al. (in review) into midsummer and distributed
throughout the sound.  In contrast, juveniles ranging from
12-24 cm were collected in the autumn (primarily September
and October) at depths < 18 m from Norwalk to the
Housatonic River along the Connecticut shore (Gottschall et
al., in review).

Few (n=12) Atlantic mackerel were collected in otter
trawl surveys in the Hudson-Raritan estuary from 1992 to
1997.  All were juveniles ranging from 7-8 cm and were
collected during one survey in July 1997; most were
collected on the eastern edge of Staten Island (S. Wilk,
personal communication).

Estuarine Distribution (ELMR)

The NOAA/National Ocean Service (NOS) Estuarine
Living Marine Resources (ELMR) program reviewed the
distribution and relative abundances of mackerel in estuaries
from Waquoit Bay, Massachusetts to the Cape Fear River,
North Carolina.  The data were based on three salinity
zones, i.e., tidal (0.0-0.5 ppt), mixed (0.5-25 ppt) and
seawater (> 25 ppt).  Summaries of these distributions are
presented in Table 1 for northwestern Atlantic estuaries
(Jury et al. 1994) and in Table 2 for southern New England
and Mid-Atlantic estuaries (Stone et al. 1994).

STATUS OF THE STOCKS

Total domestic landings, including commercial and
recreational, of Atlantic mackerel in the northwest Atlantic
were 32,100 metric tons (mt) in 1993, 16% less than 1992
landings (Anderson 1995; Figure 15).  Canadian landings
totaled 26,900 mt in 1993, a record since 1986, whereas
United States commercial and recreational landings in 1993
were only 4,500 and 500 mt, respectively (Anderson 1995).
Recent improvements in recruitment and reduced average
annual landings enabled the Atlantic mackerel stock to
recover from low biomass levels in the late 1970's
(Anderson 1995; Figure 15).

From 1973-1977, Total Allowable Catches (TAC) were
set for the southern spawning contingent in Northwest
Atlantic Fisheries Organization (NAFO) Subareas 5 and 6
and for the northern contingent.  However, there is no
evidence for genetic differences between the contingents
(MacKay 1967) and distinctions have not been made to
determine individual contingent contributions to the total
population (Garrod 1975).  As a result, Atlantic mackerel
have been managed as a unit stock since 1975 (Anderson
1982).

Atlantic mackerel landings reached a peak in the early
1970s of approximately 400,000 mt but were drastically
reduced to 30,000 mt in the late 1970s (Anderson 1995;
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Figure 15).  Throughout 1980-1988, landings increased to
an average 82,700 mt until Total Allowable Level of
Foreign Fishing (TALFF) regulations for distant water fleet
fishing activities in the northwest Atlantic were eliminated
in 1992 and landings subsequently decreased to 32,000 mt
in 1993 (Anderson 1995).

Northeast Fisheries Science Center fall and spring trawl
survey data and assessment analyses indicate Atlantic
mackerel stock biomass levels increased from 300,000 mt to
1.6 million mt in the years 1962-1969; however, levels
decreased to an average 776,000 mt during 1977-1981
(Anderson 1995; Figure 15).  Stock biomass increased
steadily throughout the 1980s and in 1990 to approximately
3 million mt, which is the current estimated biomass level
(Anderson 1995; Figure 15).  Spawning stock biomass (50%
of age 2 and 100% of age 3 and older mackerel) increased
from 600,000 mt in 1982 to more than 2 million mt in 1990,
and has remained at or above that level since that time.

Regulations on landings of Atlantic mackerel were
enforced in 1976 in hopes of reducing fishing effort so as to
ensure reproductive success in the population by keeping
spawning stock levels above devastating levels.
Recruitment has increased since 1976-1980 and strong year
classes were evident in 1982, 1987, 1988, and 1990-1993
(Northeast Fisheries Science Center 1996).  The northwest
Atlantic mackerel stock is currently at a high level of
biomass and is underexploited (Northeast Fisheries Science
Center 1996).

RESEARCH NEEDS

As stated by Overholtz et al. (1991b) and based on the
results of model projections, unless the impacts of
compensatory mechanisms are accounted for, evaluations of
current stock status using the current standard assessment
methodology may in fact be optimistic and risky if catches
are increased to high levels.  These authors indicate that two
advances would help to improve assessments: (1) an
MSVPA to provide correctly scaled estimates of
recruitment, and (2) a general prediction mortality model
that would provide useful estimates of M2’s for forecasting
purposes.  Other data that will be important include
monitoring weights of individual fish to assess future
changes, annual tracking of sexual maturity of age 2 and age
3 fish, additional food habits sampling at critical times and
places and information on predation mortality of age-0
mackerel.  Improved predation models that account for
predator preference and prey abundance would allow for
more accurate predictions of the impacts of these factors.

In addition, even though Atlantic mackerel is managed
and assessed as one stock throughout the U.S. EEZ, the
question of multiple stocks still needs to be settled from a
scientific standpoint.  This could be addressed via new
technologies such as microconstituent analysis of otoliths
using inductively coupled plasma mass-spectrometry
(ICPMS).
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Table 1.  Summary of the distribution and abundance of Atlantic mackerel in northwestern Atlantic estuaries based on
Jury et al. (1994).  Data reliability: *** = Highly Certain, ** = Moderately Certain, * = Reasonable Inference.  Relative
abundance: H = highly abundant, A = abundant, C = common, R = rare, 0 = not present, N = no data presented, NI = no
data available, NZ = zone not present.

Relative Abundance and Distribution (months)
months shown as (1)-(12); i.e., January = (1)Estuaries and Rivers Life Stage

Tidal Fresh
0.0-0.5 ppt

Mixing Zone
0.5-25 ppt

Seawater Zone
> 25 ppt

Data
Reliability

 Passamaquoddy Bay  Adults (A) 0 C(6-9), R(10) C(6-9), R(10) **
 Spawning adults  (S) 0 0 0 **
 Eggs  (E) 0 0 NI *
 Larvae  (L) 0 0 NI *
 Juveniles (J) 0 C(6-9), R(10) C(6-9), R(10) **

 Englishman/Machias Bay  A 0 C(6-9), R(10) C(6-9), R(10) *

 S 0 0 0 *

 E 0 0 NI *
 L 0 0 NI *
 J 0 R(6-10) R(6-10) *

 Narraguagus Bay  A 0 C(6-9), R(10) C(6-9), R(10) *
 S 0 0 0 *
 E 0 0 NI *
 L 0 0 NI *
 J 0 R(6-10) R(6-10) *

 Blue Hill Bay  A 0 C(6-9), R(10) C(6-9), R(10) *
 S 0 0 0 *
 E 0 0 NI *
 L 0 0 NI *
 J 0 R(6-10) R(6-10) *

 Penobscot Bay  A 0 C(6-9), R(10) C(6-9), R(10) **
 S 0 0 0 **
 E 0 0 R(6-7) **
 L 0 0 R(6-7) **
 J 0 C(6-9), R(10) C(6-9), R(10) **

 Muscongus Bay  A 0 C(6-9), R(10) C(6, 8-9), A(7), R(10) *
 S 0 0 0 **
 E 0 0 0 **
 L 0 0 0 **
 J 0 C(6-9), R(10) C(6, 8-9), A(7), R(10) *

 Damariscotta River  A 0 C(6-9), R(10) C(6, 8-9), A(7), R(10) **
 S 0 0 0 **
 E 0 0 0 **
 L 0 0 0 **
 J 0 C(6-9), R(10) C(6, 8-9), A(7), R(10) **

 Sheepscot River  A 0 C(6-9), R(10) C(6, 8-9), A(7), R(10) ***
 S 0 0 0 **
 E 0 0 0 **
 L 0 0 0 **
 J 0 C(6-9), R(10) C(6, 8-9), A(7), R(10) ***

 Kennebec/Androscoggin Rivers  A 0 C(6-9), R(10) C(6, 8-9), A(7), R(10) **
 S 0 0 0 **
 E 0 0 0 **
 L 0 0 0 **
 J 0 C(6-9), R(10) C(6, 8-9), A(7), R(10) **
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Table 1.  cont’d.

Relative Abundance and Distribution (months)
months shown as (1)-(12); i.e., January = (1)Estuaries and Rivers Life Stage

Tidal Fresh
0.0-0.5 ppt

Mixing Zone
0.5-25 ppt

Seawater Zone
> 25 ppt

Data Reliability

 Casco Bay  A 0 C(6-9), R(10) C(6-9), R(10) *
 S 0 0 0 **
 E 0 0 NI *
 L 0 0 NI *
 J 0 C(6-9), R(10) C(6-9), R(10) *

 Saco Bay  A 0 C(6-9), R(10) C(6-9), R(10) *
 S 0 0 0 **
 E 0 0 0 *
 L 0 0 0 *
 J 0 C(6-9), R(10) C(6-9), R(10) *

 Wells Harbor  A NZ R(6-10) R(6-10) *
 S NZ 0 0 **
 E NZ 0 0 *
 L NZ 0 0 *
 J NZ R(6-10) R(6-10) *

 Great Bay  A 0 0 R(5-11) *
 S 0 0 0 ***
 E 0 C(5-7) C(5), A(6-7) *
 L 0 C(5-7), R(8) C(5-7), R(8) *
 J 0 0 C(5-11) *

 Merrimack River  A 0 R(5-10) NZ **
 S 0 0 NZ **
 E 0 H(5-6), C(7) NZ **
 L 0 C(5-8) NZ **
 J 0 R(5-10) NZ **

 Massachusetts Bay  A NZ NZ C(5-10), R(11) ***
 S NZ NZ C(5-8) *
 E NZ NZ C(5), A(6,7), R(8) *
 L NZ NZ C(5), A(6,7), R(8) *
 J NZ NZ C(5-10) ***

 Boston Harbor  A NZ R(5), C(6-9) R(5), C(6-9) **
 S NZ 0 0 *
 E NZ R(5, 8), C(6,7) C(5,8), A(6,7) *
 L NZ R(5), C(6-8) C(5), A(6,7) R(8) *
 J NZ R(5), C(6-10) R(5), C(6-10) **

 Cape Cod Bay  A NZ C(5-8), R(9) A(5-7), C(8-11) **
 S NZ 0 A(5-7) *
 E NZ C(5-8) H(5,6), A(7), C(8) **
 L NZ C(5-8) H(5,6), A(7), C(8) **
 J NZ C(5-10) A(5-8), C(9-11) **
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Table 2.  Summary of the distribution and abundance of Atlantic mackerel in southern New England and Mid-Atlantic
estuaries based on Stone et al. (1994).  Data reliability: *** = Highly Certain, ** = Moderately Certain, * = Reasonable
Inference.  Relative abundance: H = highly abundant, A = abundant, C = common, R = rare, 0 = not present, N = no data
presented, NI = no data available, NZ = zone not present.

Relative Abundance and Distribution (months)
months shown as (1)-(12); i.e., January = (1)Estuaries and Rivers Life Stage

Tidal Fresh
0.0-0.5 ppt

Mixing Zone
0.5-25 ppt

Seawater Zone
> 25 ppt

Data
Reliability

 Waquoit Bay Adults (A) NZ 0 R(5,6), C(7-9) *
 Spawning adults (S) NZ 0 0 **
 Eggs (E) NZ 0 R(5-8) *
 Larvae (L) NZ 0 R(5-8) *
 Juveniles (J) NZ 0 R(5-9) *

 Buzzards Bay  A NZ 0 C(3,4,11,12), R(5-9) **
 S NZ 0 0 **
 E NZ R(5-8) A(5,6), C(7), R(8) *
 L NZ R(6-8) R(5-8) *
 J NZ R(5-9) R(5-9) *

 Narragansett Bay  A 0 0 C(5-9) *
 S 0 0 0 **
 E 0 R(5-7) A(5,6), C(7) **
 L 0 R(5-7) C(5,6), R(7) *
 J 0 R(5-9) C(5-9) *

 Long Island Sound  A 0 0 C(4-11) *
 S 0 0 R(4-6) ***
 E 0 0 C(4,6), A(5) ***
 L 0 0 C(5), R(6) ***
 J 0 R(4,5) C(4-11) *

 Connecticut River  A 0 0 NZ **
 S 0 0 NZ ***
 E 0 0 NZ **
 L 0 0 NZ **
 J 0 0 NZ **

 Gardiners Bay  A NZ 0 C(4,5), R(6-11) *
 S NZ 0 R(4-6) *
 E NZ 0 H(4), A(5), C(6) **
 L NZ 0 H(4), A(5), C(6) **
 J NZ 0 C(4-11) **

 Great South Bay  A NZ 0 C(4,5), R(6-11) *
 S NZ 0 0 **
 E NZ 0 C(4) **
 L NZ 0 C(5) **
 J NZ 0 C(4-11) *

 Hudson/Raritan River  A 0 0 C(4,5,10,11), R(6,9,12) *
 S 0 0 0 *
 E 0 0 0 *
 L 0 0 0 *
 J 0 R(4-6,10-12) C(4-6,10,11), R(7-9,12) *

 Barnegat Bay  A 0 0 0 ***
 S 0 0 0 ***
 E 0 0 R(4-6) **
 L 0 0 R(4-6) **
 J 0 0 R(5-9) **

 NJ Inland Bays  A 0 0 0 ***
 S 0 0 0 ***
 E 0 0 R(4-6) **
 L 0 0 R(4-6) **
 J 0 0 R(5-9) **

 Delaware Bay  A 0 0 R(3-5) **
 S 0 0 0 ***
 E 0 0 0 ***
 L 0 0 0 ***
 J 0 0 0 ***
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Table 2.  cont’d.

Relative Abundance and Distribution (months)
months shown as (1)-(12); i.e., January = (1)Estuaries and Rivers Life Stage

Tidal Fresh
0.0-0.5 ppt

Mixing Zone
0.5-25 ppt

Seawater Zone
> 25 ppt

Data Reliability

 Delaware Inland Bays A NZ 0 R(3-5) **
 S NZ 0 0 ***
 E NZ 0 0 ***
 L NZ 0 0 **
 J NZ 0 0 **

 Chincoteague  A NZ NZ 0 ***
 S NZ NZ 0 ***
 E NZ NZ 0 ***
 L NZ NZ 0 ***
 J NZ NZ 0 ***

 Chesapeake Bay  A 0 R(1-3) R(1-3) **
 S 0 0 0 ***
 E 0 0 0/NI(4-5) **
 L 0 0 R(5) **
 J 0 R(1-4,11,12) R(1-4,11,12) **

 Chester River  A 0 0 NZ ***
 S 0 0 NZ ***
 E 0 0 NZ ***
 L 0 0 NZ ***
 J 0 0 NZ ***

 Choptank River  A 0 0 NZ ***
 S 0 0 NZ ***
 E 0 0 NZ ***
 L 0 0 NZ ***
 J 0 0 NZ ***

 Patuxent River  A 0 0 NZ ***
 S 0 0 NZ ***
 E 0 0 NZ ***
 L 0 0 NZ ***
 J 0 0 NZ ***

 Potomac River  A 0 0 NZ ***
 S 0 0 NZ ***
 E 0 0 NZ ***
 L 0 0 NZ ***
 J 0 0 NZ ***

 Tangier/Pocomoke  A NZ 0 NZ ***
 S NZ 0 NZ ***
 E NZ 0 NZ ***
 L NZ 0 NZ ***
 J NZ 0 NZ ***

 Rappahannock River  A 0 R(1-3) NZ **
 S 0 0 NZ ***
 E 0 0 NZ ***
 L 0 0 NZ ***
 J 0 R(1-4,11,12) NZ **

 York River  A 0 R(1-3) NZ **
 S 0 0 NZ ***
 E 0 0 NZ ***
 L 0 0 NZ ***
 J 0 R(1-4,11,12) NZ **

 James River  A 0 R(1-3) NZ **
 S 0 0 NZ ***
 E 0 0 NZ ***
 L 0 0 NZ ***
 J 0 R(1-4,11,12) NZ **
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Table 3.  Summary of life history and habitat parameters for Atlantic mackerel, Scomber scombrus.

Life Stage Size and Growth Geographic Location Habitat Temperature

Eggs 1
Diameter: 1-1.3 mm, avg. = 1.1
mm. 1 oil globule, avg. 0.3 mm
diameter. In Gulf of St.
Lawrence egg size decreased
over time and in relation to
ambient temperature (avg.
diam. = 1.3 mm in June, 1.1
mm in August).

Offshore waters of Chesapeake Bay to
southern side of Gulf of St. Lawrence
with majority on shoreward side of
continental shelf. Varying abundances
in bays and estuaries from New Jersey
to Canada. Highest abundances in May,
June in southern New England - Mid-
Atlantic region.

Eggs pelagic, distributed at
depths ranging from 10-
325 m, majority from 30-
70 m; depth varies with
season, egg diameter,
thermocline.

Eggs collected at 5-23oC, highest abundance
from ~ 7-16oC with range related to season. In
May, weighted mean surface temperature =
11oC for eggs from Martha’s Vineyard. Egg
mortality rates (~ 41%/d) correlated with rate of
warming during spawning season since
acclimation temperature of adults related to egg
mortality. Mortality < 20% from 9.4-15.1oC.
Incubation temperature dependent: 7.5 d at 11oC
to ~ 3 d at 20oC. Temperatures must be > ~ 7oC
for development.

Larvae 2
Larvae average 3.1-3.3 mm SL
with large yolk sac. Postlarvae
are 11-50 mm. Teeth present at
192 h after hatching.

Larvae (< 13 mm) occur primarily in
offshore waters from Chesapeake Bay
to southern Gulf of St. Lawrence.
Similar to distribution of eggs, some
larvae also collected in open bays and
estuaries. Highest abundances in May
offshore from Delaware Bay to Hudson
Canyon; by June, highest abundance
ranges from Hudson Canyon north to
southern New England and north of
Cape Cod.

Most distributed at depths
from 10-130 m, usually at
< 50 m. Depth varies
diurnally, also with age
and with thermocline; i.e.,
newly hatched larvae
found between 5-10 m
during the day, however,
as they grow they’re at
depths closer to the
surface.

Hatching occurs ~ 90-120 h at average
temperature of 13.8oC. Yolk sac stage complete
by 137 h at this temperature. Larvae collected at
6-22oC; highest abundance at 8-13oC. Changes
in abundance at different temperature ranges
related to season; i.e., increasing from May
through August. Larval mortality rates (~ 35-
42%/d) may be partially correlated with
temperature.

Juveniles 3
Postlarvae transform from
planktonic to swimming and
schooling behavior at ~ 30-50
mm; reach 50 mm in ~ 2
months; 20 cm after 1 y (rates
may be faster in mid-Atlantic: ~
70-80 mm in 2 months).
Northern contingent fish may
grow faster in 1st year than
southern contingent, but may
not be significantly different for
first 90 days.

Southwestern Nova Scotia, Gulf of
Maine, Georges Bank to Cape Hatteras
- distribution changes seasonally. Late
summer/fall primarily along western
shores of Gulf of Maine, around Cape
Ann, inshore areas of New England
(includes estuaries in Rhode Island,
Connecticut), eastern Long Island. In
spring, although common offshore,
some are further inshore than adults
and found in some Mid-Atlantic
estuaries until fall.

Depth varies seasonally.
Offshore in fall, most
abundant at ~ 20-40 m,
range from 0-320 m. In
winter, 50-70 m. Spring,
although dispersed through
water column,
concentrated 30-90 m.
Move higher in summer to
20-50 m, range from 0-210
m.

At 15-17oC growth rates of fish > 15 mm
averaged 0.73 mm/d. Juveniles found from 4-
22oC, most at 10oC. Temperature distribution
offshore changes seasonally as average
temperature ranges increase: in winter/spring,
most found 5-6o, in summer at 8-13oC. Similar
associations inshore: Massachusetts, 11o in
spring, 9 and 13o in fall; Rhode Island, 19o in
summer, 11 and 15oC in fall.

Adults 4
Males/females grow at same
rate, reaching maximum age of
~ 20 y, with maximum fork
length of ~ 47 cm. Reach 26 cm
by second year, 33 cm by fifth
year. By age 6, may be 39-40
cm. Spring weight for 35 cm
fish is ~ 0.5 kg; fall is 0.6 kg.
Growth may be population
density dependent; year class
size partially influences initial
growth during cohort’s first
years.

Two major contingents in NW Atlantic.
Fish overwinter in deep water of shelf
from Nova Scotia to Cape Hatteras. In
spring, two groups formed: fish from
southern group move inshore and
northward along coast, joined by
northern group moving inshore. By late
Apr./May southern group found off
New Jersey, Long Island, moving to
western Gulf of Maine by summer,
returns to shelf edge between Long
Island - Chesapeake Bay in Oct.
Northern group mixes briefly with
southern group late spring off New
England, migrates east along Nova
Scotia into Gulf of St. Lawrence; some
fish remain along Maine/Nova Scotia
coast. By late fall, this contingent
mixes with southern group in Gulf of
Maine before returning to outer shelf.

Depth changes seasonally,
perhaps influenced by prey
availability. Fall: 10-340
m, > 50% at 60-80 m.
Winter: ~ 50% at 20-30 m.
Spring: down to 380 m, ~
25% at 60-170 m.
Summer: > 60% at 50-70
m. Larger fish deeper than
smaller ones. Distribution
may also be correlated
with downwelling events
and onshore advection of
warm surface water.

Seasonal temperature cycles influence
migration/distribution. Field studies: intolerant
of temperatures < 5-6oC or > 15-16oC. Lab:
prefer 7-16o, lethal at < 2o or > 28.5o. Offshore
distribution varies with seasonal temperature
changes. Fall: > 80% at 9-12o. Winter: ~ 70% at
5-6o. Spring > 25% at 13o. Summer: > 30% at
10-11o, > 35% at 14o. Massachusetts: spring
most at 14o, fall at 10o and 15o. In northern Gulf
of St. Lawrence, adults in colder temperatures
(4o); however, probability of occurrence higher
when temperatures ≥ 7oC.

Spawning
Adults 5

L50 for females = 25.7 cm,
males = 26.0; A50 for both = 1.9
y. By age 3, 99% of females,
97% of males mature.
Newfoundland fish have higher
L50 values: females = 34 cm,
males = 35 cm. Gulf of St.
Lawrence, coastal Nova Scotia,
Massachusetts fish spawn first
at age 2, lengths > 30 cm.
Differences in median maturity
may be due to slower growth of
larger year classes that may
delay spawning from one to
three years.

Spawning progresses from south to
north. Southern contingent spawns in
Mid-Atlantic Bight and Gulf of Maine
mid-Apr.-June, northern in southern
Gulf of St. Lawrence May-Aug. Most
spawning in shoreward half of
continental shelf, some on shelf edge
and beyond. Most productive between
Chesapeake Bay/southern New
England, less in Gulf of St. Lawrence,
Gulf of Maine, Nova Scotia coast.
Some spawning in open bays; e.g.,
Cape Cod, Massachusetts Bays. Less in
enclosed bays; e.g., Chesapeake,
Delaware Bays.

Spawning begins when temperatures are ≥ 7oC
(peak 9-14oC) and progresses from southern to
northern waters during adult migration.

References on next page
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Table 3.  cont’d.

Life Stage Salinity Prey Predators Notes

Eggs 1
Although eggs are collected
in waters ranging from
estuaries (18-25 ppt) to full
seawater (> 30 ppt),
mortality is higher at lower
salinities (< 25 ppt).

Larvae 2
Although larvae are
occasionally collected in
open bays and estuaries at
salinities < 25 ppt, the
largest abundances are
found in higher salinities of
> 30 ppt in offshore waters.
Mortality may be related to
salinities of ≤ 23 ppt.

50% threshold for first feeding is 3.8 mm, all
larvae feeding by 4.5 mm. Diet related to
larval size: first feeding larvae may be
phytophagous; individuals > 4.4 mm feed on
copepod nauplii; > 5 mm, copepodites; > 6
mm adult copepods. Diets of larger larvae shift
to include fish larvae: yellowtail flounder,
silver hake, redfish; > 6 mm are cannibalistic
on smaller conspecifics which may make up as
much as 20% of larval fish consumed.
However, piscivory is density dependent; i.e.,
limited at densities of fish larvae < 0.1 m3 and
declines with increasing density of nauplii,
switching to copepods.

Mackerel > 6 mm are
cannibalistic on smaller
conspecifics of 3.5-4.5 mm.

Calculated mean digestive times ~
1-2 h; to maintain rapid growth rates
larvae must feed continually for
about 15 h/d. Diet may reflect most
abundant food items capable of
being ingested due to width of
mouth gape. Factors influencing
mortality include zooplankton
abundance, wind driven surface
currents, epizootics in addition to
temperature and appropriate food
supply.

Juveniles 3
Juveniles found in some
inshore bays and estuaries
as well as offshore at
salinities > 25 ppt.

Principal prey include small crustaceans, such
as copepods, euphausiids, amphipods, mysid
shrimp, decapod larvae. Also small pelagic
mollusks, chaetognaths, nematodes,
ammodytes, other larval fish.

Same as for adults, but for
juveniles specifically: Atlantic
cod, squid, seabirds.

Atlantic mackerel are opportunistic
feeders that can ingest prey either by
individual selection of organisms or
by filter feeding (see adults, below).

Adults 4
Found in open sea although
occasionally in open bays
with lower salinity limits of
~ 25 ppt.

Opportunist feeders. Filter feeding or
individual selection. Diet similar to juveniles,
but wider range and larger prey items. Includes
euphausid, pandalid, and crangonid shrimps;
chaetognaths, larvaceans, pelagic polychaetes,
squids. Calanus and other copepods,
amphipods, other planktonic organisms.
Fishes: sand lances, herring, silver and other
hakes, sculpins. Lab studies: small medusae
common to temperate waters; also, where prey
abundance is only 0.1 g wet weight/m3,
mackerel may not be satiated if feeding was
restricted to daylight.

Mortality from predation may
be the most important source of
natural mortality. Predators
include conspecifics, tunas,
bonito, striped bass, pilot
whales, common dolphins,
harbor seals, porpoises,
seabirds, swordfish. Sharks:
shortfin mako, tiger, blue,
bigeye thresher, spiny dogfish.
Other predators: king mackerel,
thorny skate, silver hake, red
hake, bluefish, pollock, white
hake, goosefish, weakfish.

Although there are two major
contingents of the population they
are managed as a single
transboundary stock. Shifts in
feeding mode may be related to
season for fish in the Gulf of St.
Lawrence while diet of fish in
Newfoundland indicates that
particulate feeding may occur
throughout the season.

Spawning
Adults 5

Peak spawning occurs at
salinities > 30 ppt.

Fish feed until gonadal development begins,
then stop feeding until spent, feeding then
resumes.

Same as for adults in general. Mackerel are serial, or batch,
spawners. Fecundity of southern
contingent: 285,000-1.98 million
eggs for 31-44 cm fish. Northern
contingent: 211,000 to 397,000 eggs
for 35 and 40 cm females,
respectively, with 5-7 batches.
Control of spawning time is unclear
although there may be both
endogenous and exogenous factors
which ensures peak hatching at the
time of maximum zooplankton
abundance. No evidence of diel
periodicity in spawning.

1 Worley (1933), Jury et al. (1994), Sette (1943), Berrien (1975, 1978), Ware (1977), Fritzsche (1978), Lanctot (1980), Peterson and Ausubel (1984), Ware and
  Lambert (1985), Stone et al. (1994), Collette (in prep.)
2 Sette (1943), Bigelow and Schroeder (1953), Colton and Marak (1969), Berrien (1975, 1978, 1982), Peterson and Ausubel (1984), Ware and Lambert (1985),
  Scott and Scott (1988), Jury et al. (1994), Stone et al. (1994), Fortier and Villeneuve (1996), Collette (in prep.)
3 Sette (1943, 1950), Bigelow and Schroeder (1953), Anderson and Paciorkwski (1980), Kendall and Gordon (1981), Berrien (1982), Ware and Lambert (1985),
  Pepin et al. (1988), D’Amours et al. (1990), Simard et al. (1992), Jury et al. (1994), Stone et al. (1994), Collette (in prep.)
4 Sette (1950), Leim and Scott (1966), MacKay (1967), Scott and Tibbo (1968), Anderson (1973), Isakov (1973), Parsons and Moores (1974), Stobo and Hunt
  (1974), Maurer and Bowman (1975), Moores et al. (1975), Olla et al. (1975), Overholtz and Anderson (1976), MacKay (1979), Berrien (1982), Stillwell and
  Kohler (1982, 1985), Murray et al. (1983), Bowman and Michaels (1984), Bowman et al. (1984), Murray (1984), Runge et al. (1987), Dery (1988), Pepin et al.
  (1988), Overholtz et al. (1991b), Castonguay et al. (1992), Collette (in prep.)
5 Sette (1943), MacKay (1967, 1973), Ware (1977), Morse (1980), Berrien (1982), Overholtz (1989), Overholtz et al. (1991b), Walsh and Johnstone (1992),
  Nichols and Warne (1993), O’Brien et al. (1993), Jury et al. (1994), Stone et al. (1994), Collette (in prep.)
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Figure 1.  The Atlantic mackerel, Scomber scombrus (from Goode 1884).
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Figure 2.  Abundance (percent occurrence) of the major prey items in the diet of Atlantic mackerel collected during
NEFSC bottom trawl surveys from 1973-1980 and 1981-1990.  The 11-30 cm size range corresponds, at least roughly, to
juveniles, and the 30-50 cm size class corresponds to adults.  The category “animal remains” refers to unidentifiable
animal matter.  Methods for sampling, processing, and analysis of samples differed between the time periods [see Reid et
al. (1999) for details].
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Figure 3.  Abundance of Atlantic mackerel eggs relative to surface water temperature (0-15 m) and bottom depth based
on NEFSC MARMAP ichthyoplankton surveys (April to August 1978-1987; all years combined).  Open bars represent
the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).

April

0
10
20
30
40

Stations
Egg Catch

May

0

10

20

June

Pe
rc

en
t

0
10
20
30
40
50

July

0

10

20

August

Near-surface Water Temperature (0-15m, C)
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

0

10

60
70

Atlantic mackerel Eggs

April

0

20

40

60

Stations
Egg catch

May

0
10
20
30
40

June

Pe
rc

en
t

0
10
20
30
40

July

0
10
20
30
40

August

Bottom Depth (m), Interval Midpoint

10 30 50 70 90 11
0

13
0

15
0

17
0

19
0

21
0

23
0

25
0

27
0

29
0

32
5

37
5

45
0

75
0

12
50

17
50

>20
00

0

10

20
60

65



Page 21

Figure 4.  Abundance of Atlantic mackerel larvae (< 13 mm) relative to water column temperature (to a maximum of 200
m) and bottom depth based on NEFSC MARMAP ichthyoplankton surveys (May to August 1977-1987; all years
combined).  Open bars represent the proportion of all stations surveyed, while solid bars represent the proportion of the
sum of all standardized catches (number/10 m2).
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Figure 5.  Seasonal abundance of juvenile Atlantic mackerel relative to bottom water temperature and depth based on
NEFSC bottom trawl surveys (1963-1997; all years combined).  Open bars represent the proportion of all stations
surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 6.  Abundance of juvenile (≤ 25 cm) and adult (≥ 26 cm) Atlantic mackerel relative to bottom water temperature
and depth based on spring and autumn Massachusetts inshore bottom trawl surveys (1978-1996; all years combined).
Open bars represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all
standardized catches (number/10 m2).

1 3 5 7 9 11 13 15 17 19 21 23
0

20

40

60

80

100

1 3 5 7 9 11 13 15 17 19 21 23
0

20

40

60

0

10

20

30

40

0

20

40

60

80

0

20

40

60

80

100

0

20

40

60

80

100

1 3 5 7 9 11 13 15 17 19 21 23
0

20

40

60

80

1 3 5 7 9 11 13 15 17 19 21 23
0

20

40

60

80
Juveniles Adults

Stations

Catches

Spring Spring

Spring Spring

Autumn Autumn

AutumnAutumn

Bottom Depth (m) Bottom Depth (m)

Bottom Depth (m)Bottom Depth (m)

Bottom Temperature (C) Bottom Temperature (C)

Bottom Temperature (C)Bottom Temperature (C)

Mass. Inshore Trawl Surveys
Atlantic Mackerel



Page 24

Figure 7.  Seasonal abundance of juvenile Atlantic mackerel (< 26 cm) relative to bottom depth and bottom water
temperature based on Rhode Island Narragansett Bay trawl surveys (1990-1996; all years combined).  Open bars
represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all catches.
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Figure 8.  Seasonal abundance of adult Atlantic mackerel relative to bottom water temperature and depth based on
NEFSC bottom trawl surveys (1963-1997; all years combined).  Open bars represent the proportion of all stations
surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 9.  Distribution and abundance of Atlantic mackerel eggs collected during NEFSC MARMAP ichthyoplankton
surveys from April to August, 1977-1987 [all years combined; see Reid et al. (1999) for details].  Egg densities are
represented by dot size.
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Figure 9.  cont’d.
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Figure 10.  Distribution and abundance of Atlantic mackerel larvae collected during NEFSC MARMAP ichthyoplankton
surveys from May to August, 1977-1987 [all years combined; see Reid et al. (1999) for details].  Larval densities are
represented by dot size.
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Figure 10.  cont’d.
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Figure 11.  Seasonal distribution and abundance of juvenile (≤ 25 cm) and adult (≥ 26 cm) Atlantic mackerel collected
during NEFSC bottom trawl surveys, 1963-1997 (all years combined).  Densities are represented by dot size in spring
and fall plots, while only presence and absence are represented in summer and winter plots [see Reid et al. (1999) for
details].
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Figure 11.  cont’d.
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Figure 12.  Distribution and abundance of juvenile (< 26 cm) and adult (≥ 26 cm) Atlantic mackerel in Massachusetts
coastal waters collected during the spring and autumn Massachusetts inshore trawl surveys [1978-1996, all years
combined; see Reid et al. (1999) for details].
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Figure 13.  Seasonal distribution and relative abundance of juvenile (< 26 cm) Atlantic mackerel collected in
Narragansett Bay during Rhode Island bottom trawl surveys (1990-1996; all years combined).  The numbers shown at
each station are the average catch per tow rounded to one decimal place [see Reid et al. (1999) for details].
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Figure 14.  Distribution, abundance, and length frequency distribution of juvenile and adult Atlantic mackerel collected
in Long Island Sound during spring and autumn Connecticut bottom trawl surveys [1992-1997, all years combined; see
Reid et al. (1999) for details].
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Figure 15.  Commercial landings and stock biomass for Atlantic mackerel from Labrador to North Carolina.
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

The Atlantic surfclam, Spisula solidissima (Figure 1),
is a bivalve mollusk that inhabits sandy continental shelf
habitats from the southern Gulf of St. Lawrence to Cape
Hatteras, North Carolina (Merrill and Ropes 1969).
Atlantic surfclams are managed under the Mid-Atlantic
Fishery Management Council Atlantic Surfclam and
Ocean Quahog Fishery Management Plan (MAFMC
1997).

This Essential Fish Habitat source document provides
information on the life history and habitat requirements of
Atlantic surfclams inhabiting United States waters in the
Gulf of Maine, Georges Bank, and the Mid-Atlantic
Bight.

LIFE HISTORY

A brief synopsis of the life history characteristics of
Atlantic surfclams is provided in Amendment #10 of the
Fishery Management Plan for Atlantic Surfclam and
Ocean Quahog Fisheries (MAFMC 1997).  More detailed
information is provided here and in reviews by Ropes
(1980) and Fay et al. (1983).

EGGS

Unfertilized Atlantic surfclam eggs are 56 µm in
diameter, unpigmented, and relatively free of yolk (Allen
1951, 1953) -- characters that are generally associated
with planktotrophic eggs.  Fertilization occurs in the water
column above the beds of spawning clams (Ropes 1980).
In the laboratory, the optimal concentration of gametes for
fertilization is 0.8-4 x 106 sperm/ml and 5-30 x 103

eggs/ml (Clotteau and Dubé 1993).  No information on
fecundity in S. solidissima is available (Fay et al. 1983),
however, fecundity of the southern subspecies S.
solidissima similis ranges from 0.14-13 million eggs in
individuals 26-50 mm shell height (Walker et al. 1996).

LARVAE

Fertilized eggs develop into pyramid-shaped,
planktonic trochophore larvae approximately 9 h after
fertilization at 21.7oC (Ropes 1980) and 40 h at 14oC
(Loosanoff and Davis 1963).  Veliger larvae, the first
larval stage to possess a bivalved shell, appear in 72 h at
14oC and 28 h at 22oC (Loosanoff and Davis 1963).  The
pediveliger stage, a transitional “swimming-crawling”
larval stage with development of a foot for burrowing
(Fay et al. 1983), occurs 18 d after fertilization at 21.7oC
(Ropes 1980).  Metamorphosis to juveniles, which
consists of complete absorption of the velum and
settlement to the substrate, occurs anywhere from 19 to 35

d after fertilization depending on temperature (Fay et al.
1983).  Size at metamorphosis is 230-250 µm shell length;
however Ropes (1980) noted that larvae metamorphosed
at 303 µm.

JUVENILES AND ADULTS

The size and age of sexual maturity is variable.  Off
New Jersey, Atlantic surfclams may reach maturity as
early as 3 months after settlement and at lengths of less
than 5 mm (Chintala and Grassle 1995; Chintala 1997).
At the other extreme, clams from Prince Edward Island,
Canada, may not reach maturity until 4 yrs of age and 80-
95 mm shell length (Sephton 1987; Sephton and Bryan
1990).  In Virginia, the minimum length at maturity is 45
mm; size rather than age is more important in determining
sexual maturity (Ropes 1979).  Because of the wide
variability in age at maturity, juveniles and adults will be
discussed together in this report.

Atlantic surfclams may reach a maximum size of 226
mm (Ropes 1980) and a maximum age of 31 yrs (Jones et
al. 1978).  Growth appears to be similar among different
localities during the first 3-5 yrs of life (Ambrose et al.
1980; Sephton and Bryan 1990).  However, after the first
5 yrs, clams offshore grow faster and attain a larger
maximum size than clams inshore (Jones et al. 1978;
Ambrose et al. 1980; Jones 1980; Wagner 1984).  High
clam density may negatively affect growth rate and
maximum size (Fogarty and Murawski 1986; Cerrato and
Keith 1992); density effects on growth have been detected
at relatively low densities (> 50 clams per 352 m2)
(Weinberg 1998b).  Growth lines in Atlantic surfclams are
deposited at times of spawning and high temperature, but
there is a question as to whether lines are annual (Jones et
al. 1978; Jones 1980; Wagner 1984; Walker and
Heffernan 1994).  Growth is not uniform over the year;
temperature significantly affects Atlantic surfclam growth,
physiology, and behavior (Ambrose et al. 1980; Davis et
al. 1997).

Atlantic surfclams are susceptible to several parasites,
including the thigmotrich Sphenophyra dosinae, the
cyclopoid copepod Myocheres major, a cestode of the
genus Echeneribothrium, a nematode tentatively identified
as Paranisakiopsis pectinis, and the hyperparasite
haplosporidian Urosporidium spisuli (Ropes 1980; see
also Perkins et al. 1975 and Payne et al. 1980).  Payne et
al. (1980) found an anisakine nematode of the genus
Sulcascaris in clams from New Jersey to Virginia.
Yancey and Welch (1968) noted the presence of
trematodes in Atlantic surfclams, but their effects are
unclear.

REPRODUCTION

Atlantic surfclams spawn in the summer and early
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fall.  In New Jersey, spawning occurs from late June to
early August (Ropes 1968a), although spawning may
begin as early as late May or early June closer inshore
(Tarnowski 1982; J.P. Grassle, Rutgers University, New
Brunswick, NJ, unpublished data).  Spawning begins and
ends earlier in the south; in Virginia, it may begin in May
and end in July (Ropes 1979).  The southern subspecies
Spisula solidissima similis spawns in the spring to early
summer (Kanti et al. 1993).

Spawning is not associated with a particular
temperature or abrupt temperature changes (Ropes
1968a), but usually occurs when temperatures are greater
than 15oC.  There may be a second, minor spawning in
October, caused by breakdown of the thermocline; in
extremely cold years, this second spawning may not occur
(Ropes 1968a).  Little is known about the effects of other
environmental factors, such as salinity and dissolved
oxygen, on Atlantic surfclam spawning.

FOOD HABITS

Atlantic surfclams are planktivorous siphon feeders.
Leidy (1878) noted the presence of many genera and
species of diatoms in Atlantic surfclam guts.  Ciliates were
also a common component of the diet in the field.
Riisgård (1988) showed that Atlantic surfclams retained
particles as small as 4 µm in diameter.  High
concentrations of suspended clay particles may decrease
the amount of algae ingested and digested (Robinson et al.
1984).

PREDATION

Atlantic surfclams have many predators, including the
naticid snails Euspira heros and Neverita duplicata (Franz
1977; Dietl and Alexander 1997), the sea star Asterias
forbesi (Meyer et al. 1981), lady crabs (Ovalipes
ocellatus), Jonah crabs (Cancer borealis) (Stehlik 1993),
and horseshoe crabs (Limulus polyphemus) (Botton and
Haskin 1984).  Fish predators include haddock
(Melanogrammus aeglefinus) and Atlantic cod (Gadus
morhua) (Ropes 1980). The sevenspine bay shrimp,
(Crangon septemspinosa) preys on recently settled clams
(Viscido 1994).  In the New York Bight, crabs accounted
for 48.3-100% of Atlantic surfclam mortality while naticid
moon snails accounted for 2.1% of mortality (MacKenzie
et al. 1985).

HABITAT CHARACTERISTICS

Information on the habitat characteristics of the
Atlantic surfclam is summarized in Table 1.  This
information focuses primarily on Atlantic surfclam beds in
U.S. waters; most of the information is from the Middle

Atlantic Bight.

EGGS

Fertilization of Atlantic surfclam eggs is optimal at 6-
24oC, 20-35 ppt salinity, and a pH of 7.8-10 (Allen 1953;
Castagna and Chanley 1973; Clotteau and Dubé 1993).
Eggs and sperm can withstand salinities as low as
seawater diluted to 40% for 2-3 h (Schechter 1956).

LARVAE

Larvae tolerate temperatures of 14-30oC, with an
optimum at 22oC (Fay et al. 1983).  High temperatures
can be lethal to developing larvae.  Substantial mortality
occurs in early cleavage stages exposed to 29.5oC water
for 10 min, in trochophores exposed to 31.5oC water for 1
hr, and in straight-hinge veligers exposed to 34oC for 3 h
(Wright et al. 1983; Roosenberg et al. 1984).  Larvae are
capable of growing in salinities as low as 16 ppt (Castagna
and Chanley 1973), and can survive in salinities of 8 ppt
at 7.7oC (Yancey and Welch 1968).  In the laboratory,
larvae did not cross salinity discontinuities greater than 15
ppt, and remained in the high-salinity end of a salinity
gradient (Mann et al. 1991).

Few studies have examined Atlantic surfclam larvae
in the field.  In New England, Mann (1985) reported high
larval concentrations (up to 823 larvae/m3) associated
with 14-18oC water masses and relatively low chlorophyll
a concentrations.  In New Jersey, Tarnowski (1982) noted
high concentrations of Atlantic surfclam larvae in the
spring and fall.  Spring larvae were derived from inshore
clams, while fall larvae were from offshore clams.
Dispersal by currents occurs during the larval stage (Fay
et al. 1983) and larval settlement may coincide with the
relaxation of upwelling events (Ma 1997).  Franz (1976)
hypothesized that a convergence of tidal and longshore
currents trap Atlantic surfclam larvae off western Long
Island, although this theory is based on juvenile and adult
distributions rather than larval samples.

JUVENILES AND ADULTS

The greatest concentrations of Atlantic surfclams are
usually found in well-sorted, medium sand (Dames and
Moore 1993), but they may also occur in fine sand
(MacKenzie et al. 1985) and silty-fine sand (Meyer et al.
1981).  Ambrose et al. (1980) noted a positive correlation
between growth rate and mean sediment grain size when
other variables were controlled, although Goldberg and
Walker (1990) found that substrate type did not affect the
growth rate of clams in the laboratory and field, although
clams did not burrow in mud.  Atlantic surfclams are most
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common at depths of 8-66 m in the turbulent areas beyond
the breaker zone (Fay et al. 1983).

Henderson (1929) determined the upper lethal
temperature of Atlantic surfclams to be 37oC, however,
this was based on only five individuals.  Mid-Atlantic
surfclams reared in a laboratory in Georgia did not survive
temperatures above 28oC (Spruck et al. 1995).  Atlantic
surfclams rarely encounter such temperatures in the wild
and are usually found in areas where the bottom
temperature rarely exceeds 25oC.  The minimum
temperatures experienced by Atlantic surfclams are
probably not < 1oC.  Spawning in nature occurs at
temperatures > 15oC and is typically heaviest when
temperatures are at their highest (Jones 1981b; Sephton
1987).

Growth is not uniform over the year.  Ambrose et al.
(1980) noted that growth of Atlantic surfclams in the
Middle Atlantic Bight was positively correlated with
temperature and negatively correlated with variation in
temperature.  Davis et al. (1997) found that growth in the
coastal Gulf of Maine was higher at warmer temperatures
and at higher chlorophyll a concentrations.  Stable oxygen
isotopes revealed that shell growth in New Jersey waters
reflects seawater temperature; growth is most rapid in
spring and early summer, slow in late-summer and fall,
and extremely slow or non-existent in winter (Jones et al.
1983).  In Delaware waters, Atlantic surfclam production
is highest in August and September when temperatures are
high (Howe et al. 1988).  In the laboratory, Atlantic
surfclam heart rate increased with increasing temperature
from 5-15oC (deFur and Mangum 1979).  Savage (1976)
found that clams burrowed fastest at 16-26oC, and were
unable to burrow at 30oC.  Prior et al. (1979) noted no
uniform effect of temperature on the leaping escape
response of Atlantic surfclams, but did note that clams
seemed to be more active above 15oC.

Although Atlantic surfclams are found only at
salinities higher than 28 ppt in the field, they are capable
of surviving salinities as low as 12.5 ppt for 2 d (Castagna
and Chanley 1973).  This suggests that something other
than salinity is controlling the distribution of Atlantic
surfclams.  In the laboratory, Atlantic surfclam heart rate
increased as salinity dropped from 30 ppt to 20 ppt (deFur
and Mangum 1979).

Atlantic surfclams are susceptible to low levels of
dissolved oxygen (DO).  Severe hypoxic events (DO < 3
ppm) in New Jersey have killed Atlantic surfclams several
times (Ogren and Chess 1969; Garlo et al. 1979; Ropes et
al. 1979).  Weinberg and Helser (1996) showed spatial
and temporal changes in growth rate and maximum size
and hypothesized these changes may be related to low
dissolved oxygen levels.  Positive effects of hypoxia
include the decimation of Atlantic surfclam predators,
allowing successful recruitment of recently-settled clams
(Garlo 1982).  In the laboratory, Thurberg and Goodlett
(1979) noted that a dissolved oxygen level < 1.4 ml/L was
nearly always fatal, although clams could survive at levels

as low as 0.7 ml/L if acclimated slowly.  Atlantic surfclam
heart rate remained relatively constant over a wide range
of oxygen concentrations (deFur and Mangum 1979).
Supersaturation of oxygen may also negatively affect
clams.  In the laboratory, significant Atlantic surfclam
mortality occurred at 114% O2 saturation (Goldberg
1978).  Sublethal effects at lower O2 levels included tissue
blisters and secretion of shell material surrounding air
bubbles.

There has been little work on the effects of currents
on Atlantic surfclams, particularly on feeding and bedload
transport of small clams.  The dynamic environments in
which Atlantic surfclams live may substantially affect flux
of food and population distribution.  For example, oceanic
storms can displace adults a considerable distance from
their burrows (Fay et al. 1983).

GEOGRAPHICAL DISTRIBUTION

Atlantic surfclams are distributed in western North
Atlantic continental shelf waters from the southern Gulf of
St. Lawrence to Cape Hatteras, North Carolina (Merrill
and Ropes 1969; Weinberg 1998a).  In United States
waters, major concentrations of Atlantic surfclams are
found on Georges Bank, south of Cape Cod, off Long
Island, southern New Jersey, and the Delmarva Peninsula
(Merrill and Ropes 1969; Ropes 1978).  Although
Atlantic surfclams can inhabit waters from the surf zone to
a depth of 128 m, most are found at depths of less than 73
m (Ropes 1978).  Along Long Island and New Jersey, the
highest concentrations occur at < 18 m, whereas off the
Delmarva Peninsula, the greatest concentrations occur
from 18 to 36 m (Ropes 1978).

A southern subspecies, Spisula solidissima similis,
occurs south of Cape Hatteras (Walker and Heffernan
1994).  Spisula raveneli occurs in the southern part of the
range of S. solidissima.  The distinction of the species,
based on distribution and morphology (Jacobson and Old
1966; Porter and Schwartz 1981), is controversial
(Vecchione and Griffis 1996).

EGGS AND LARVAE

The eggs and larvae of Atlantic surfclam were not
counted during the Northeast Fisheries Science Center
(NEFSC) Marine Resources Monitoring, Assessment and
Prediction (MARMAP) program (P. Berrien, NMFS,
NEFSC, James J. Howard Marine Sciences Laboratory,
Highlands, NJ, personal communication).

PRE-RECRUITS AND RECRUITS

The terms pre-recruit and recruit are used here to
describe Atlantic surfclam distribution.  They refer to the
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exploited and unexploited portions of the stock.  Atlantic
surfclams are exploited at a minimum size of 12 cm; pre-
recruits are ≤ 11 cm and recruits are ≥ 12 cm.

The NEFSC clam surveys [see Reid et al. (1999) for
survey methods] collected Atlantic surfclams from
Georges Bank to just north of Cape Hatteras (Figure 2).
Pre-recruits and recruits had similar distributions,
although recruits were not collected quite as far to the
south.  The greatest number of catches of pre-recruits and
recruits were made from the Hudson Canyon to Cape
Hatteras inshore of the 60 m contour.  The Gulf of Maine
was not surveyed, although Atlantic surfclams are found
there in areas containing suitable substrate (sand).

STATUS OF THE STOCKS

The total commercial landings of Atlantic surfclam
peaked during 1973-1975, with an average meat weight of
40,100 metric tons (mt).  This was followed by a decline
to an historic low of 15,800 mt by 1979.  Landings
increased to more than 30,000 mt in 1984 and have
remained at comparable levels ever since.  Landings in
1996 were 28,800 mt, almost identical to 1995 and 7%
below landings in 1994 (Figure 3; Weinberg 1998a).
Biomass indices from research vessel surveys generally
parallel trends in landings.  The results of the 1997
surveys indicate that the majority of the Atlantic surfclam
resource is concentrated in northern New Jersey, the
Delmarva Peninsula, and Georges Bank (Northeast
Fisheries Science Center 1998).  Gulf of Maine Atlantic
surfclams are currently not harvested commercially (Davis
et al. 1997).

The EEZ Atlantic surfclam resource is currently at a
medium level of biomass and appears under-exploited
overall (Northeast Fisheries Science Center 1998).  The
September 1997 report to Congress, ‘Status of Fisheries
of the United States’ (National Marine Fisheries Service
1997), states that Atlantic surfclams are presently not
overfished, nor approaching an overfished condition.

RESEARCH NEEDS

• Accurate estimates of population sizes are needed.
Efforts to refine estimates of population abundance in
different regions, and to understand factors affecting
dredge efficiency, need to be continued.  In addition
to assessment surveys, total population densities and
age structure should be assessed using depletion
experiments by commercial vessels, complemented
by quantitative techniques.

• The implications of density effects on growth and size
for harvesting and optimal yield should be
determined.  High population density may negatively
affect growth rate, size at age, and meat weight, but
there is insufficient information to determine optimal

densities for management purposes.  Region-specific
studies on the effects of population density on age-
specific growth are needed.

• The genetic structure of populations of Spisula
solidissima over the geographic range of the species
should be determined.  Molecular techniques can be
used to determine the relationship between S.
solidissima, the southern subspecies S. s. similis, and
the named species S. raveneli, whose systematic
status is uncertain.  If the Atlantic surfclam
population consists of independent genetic units, this
would have important implications for management.

• The effects of dredging on settlement and recently
settled clams needs to be examined.  While the effects
of dredging on juvenile and adult clams have been
studied, there are no data on the effects of dredging
on the youngest clams.  Because of their small size,
settling and recently settled clams may be adversely
affected by dredging.

• Region-specific studies on the correlation between
environmental parameters (e.g., bottom temperature),
spawning, and recruitment are needed.  Physical data
are often available from other research programs on
the continental shelf, and these can be correlated with
yearly changes in spawning times and subsequent
settlement intensity and recruitment.
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Table 1.  Summary of life history and habitat characteristics for the Atlantic surfclam, Spisula solidissima.

Life Stage Size and Growth Habitat Substrate Temperature Salinity

Eggs 1
Unfertilized eggs are
56 µm in diameter.

6-24oC optimal for
fertilization.

Sperm and eggs can
withstand salinities as low as
40% diluted seawater for 2-3
h. 20-35 ppt optimal for
fertilization; fertilized eggs do
not develop at 22 ppt or
lower. Hypo- or hypertonicity
may cause parthenogenesis
(hermaphroditism).

Larvae 2
At 22oC: 28 hr to straight
hinge veligers. At
21.7oC: trochophore
larvae 9 h post-
fertilization, veligers 19-
20 h, pediveligers at 18
d. At 14oC: 40 hr to
trochophore, 72 hr to
straight hinge veligers.
Metamorphosis: 35 d at
14oC, 19 d at 22oC. Most
larvae metamorphose at
230-250 µm, although
one study reports 303
µm.

One study in
Massachusetts found
the highest
concentration of larvae
(823 larvae/m3) at 30
m in early October.
High concentrations of
larvae in NJ occur from
May-June and Sept-
Oct; minor peaks
sometimes occur in
July. Spring larvae
were derived from
inshore clams, while
fall larvae were derived
from offshore clams.

Larvae tolerate 14-30oC;
optimum 22oC, mortality >
30oC. Larvae reared at lower
temperatures were smaller
than those at warmer
temperatures. In New
England, high larval
concentrations are associated
with 14-18oC water.

Larvae in the lab can survive
and grow at 16 ppt; with
acclimation as low as 8 ppt.
Larvae starting at 30 ppt
crossed a salinity gradient of
5 ppt and 10 ppt, but not 15
ppt. Upward swimming rate
increased with salinity, larvae
stayed in high salinity.

Juveniles/
Adults 3

Growth rates are similar
for the first 3-5 years of
life, then offshore clams
grow more rapidly than
inshore clams. High
population density
reduces growth rate and
maximum length. Clams
may reach lengths of 226
mm and 37 yrs of age.

Range from the Gulf of
Maine south to Cape
Hatteras, NC. Oceanic,
most common in
turbulent areas beyond
breaker zone, from 8-
66 m. Distribution of
beds ranges from even
aggregations to
localized or patchy
dense beds.

Adults burrow in
medium to coarse
sand and gravel
substrates, also
found in silty to
fine sand, do not
burrow in mud.
Substrate type
does not affect
growth rate.

37oC is lethal in the lab.
Clams survive temperatures
as low as 2oC in the field;
clams more active > 15oC.
Burrowing is fastest at 16-
26oC; inhibited ≥ 30oC.
Growth rate is positively
correlated with temperature,
growth most rapid in
spring/early summer.

Adults in lab tolerated 14-52
ppt. Atlantic surfclams at 28
ppt in the field survived in the
lab at 12.5 ppt for several
days, suggesting that a
variable other than salinity
controls distribution.

Spawning
Adults 4

Spawning occurs from 19.5-
30oC; detrimental > 30oC.
Laboratory: burrowing
increased up to 20oC, but
decreased > 20oC.
Temperature important for
initiation and timing of both
gonadal development and
spawning. Off NJ, spawning
heaviest in summer/fall when
temperatures are at their
highest; may be a minor Oct
spawning, brought about by
breakdown of thermocline.
Delayed spawning and single
annual cycle may be related to
cold temperatures. Abrupt
temperature changes not a
clear cause of spawning in
nature.

1   Allen (1953), Schechter (1956), Yancey and Welch (1968), Castagna and Chanley (1973), Wright et al. (1983), Roosenberg et al. (1984), Clotteau and Dubé (1993)
2   Loosanoff and Davis (1963), Yancey and Welch (1968), Ropes (1980), Tarnowski (1982), Fay et al. (1983), Wright et al. (1983), Roosenberg et al. (1984), Mann (1985),

Mann et al. (1991), Ma (1997)
3   Henderson (1929), Clarke (1954), Yancey and Welch (1968), Merrill and Ropes (1969), Ogren and Chess (1969), Ropes and Merrill (1970), Castagna and Chanley (1973),

Flowers (1973), Franz (1976), Savage (1976), Loesch and Ropes (1977), Ropes and Ward (1977), Goldberg (1978), Jones et al. (1978, 1983), Ropes (1978, 1980), Boesch
(1979), Prior et al. (1979), Ambrose et al. (1980), Garlo (1980), Jones (1980, 1981a), Meyer et al. (1981), Fay et al. (1983), Wagner (1984), MacKenzie et al. (1985),
Fogarty and Murawski (1986), Howe et al. (1988), Murawski and Serchuk (1989), Goldberg and Walker (1990), Sephton and Bryan (1990), Walker and Heffernan (1990,
1994), Cerrato and Keith (1992), Dames and Moore (1993), Weinberg and Helser (1996), Chintala (1997), Weinberg (1998a, b)

4   Loosanoff and Davis (1963), Ropes (1968a, b, 1980, 1982), Jones (1981b), Fay et al. (1983), Sephton (1987), Kanti et al. (1993), Chintala and Grassle (1995)
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Table 1.  cont’d.

Life Stage Dissolved Oxygen Currents Prey Predators Spawning Notes

Eggs 1
see spawning

adults
Fertilization occurs
in water column
above spawning
beds; pH 7.8-10
optimal for
fertilization.

Larvae 2
Larval settlement
coincides with
relaxation of
upwelling events.
Dispersal via water
currents, swimming
and crawling occur
during larval stages.
Convergence of tidal
and longshore
currents may trap
larvae off western
Long Island.

Larvae are
planktotrophic.

Larval stages:
trochophore
(planktonic), veliger
(bivalve shell
present), pediveliger
(transitional
swimming-crawling
stage).

Juveniles/
Adults 3

Hypoxia may be lethal,
or lower growth rate
and maximum size in
the field. In the lab,
burrowing time was
slower at 1.45 mg/L
than at higher DO
levels. Clams died after
5 d at a DO of 0.9
mg/L. Anoxic event in
1976 off NJ and Long
Island killed 62% of NJ
Atlantic surfclam
resource; lower lethal
limit of 2 ppm DO
assumed.

Currents important
in determining
eventual patterns of
distribution and
settlement of
developing juveniles.
Oceanic storms and
currents may
displace adults
considerable
distance from
burrows; survivors
reburrow at new site.

Planktivorous
siphon feeders.
Food varies with
season, geographic
location and depth
of bed; feed
primarily on
phytoplankton,
especially diatoms
and ciliates. Retain
particles ≥ 4µm
diameter.

Primarily moon snails,
also sea stars,
horseshoe crabs, lady
crabs, Jonah crabs, sea
gulls, and shrimp.
Predation rate of moon
snails lowered by low
temperatures and
salinities, ceased
feeding at
< 2 and 5oC
respectively, and < 10
and 6 ppt salinity
respectively. Haddock
and cod prey on
injured clams after
storms.

Metamorphosis to
juveniles and
settlement to
substrate ranges
from 18-35 d (varies
with temperature).
The age of maturity
ranges from 3
months to 4 years
post-settlement.
Without examining
the gonads of small
clams, one can't
assume level of
maturity. Longevity
up to 25 years;
largest individual
recorded 226 mm.

Spawning
Adults 4

Atlantic surfclams
can reach sexual
maturity and
spawn as early as
3 months post-
settlement. Off NJ:
major spawning
early July to mid-
Aug; in some
years second
minor spawning
occurs mid-Oct.
Spawning is
earlier in more
southern areas.

Rate of temperature
change may be a
more important
stimulus for
spawning than
ambient temperature.

1   Allen (1953), Fay et al. (1983), Clotteau and Dubé (1993)
2   Ropes (1980), Mann (1985), Ma (1997)
3   Leidy (1878), Ropes and Merrill (1966, 1973), Yancey and Welch (1968), Ogren and Chess (1969), Jacobson (1972), Savage (1976), Franz (1977), Goldberg (1978), Garlo

et al. (1979), Prior et al. (1979), Ropes et al. (1979), Thurberg and Goodlett (1979), Garlo (1980, 1982), Ropes (1980), Fay et al. (1983), Botton and Haskin (1984),
Robinson et al. (1984), MacKenzie et al. (1985), Howe et al. (1988), Riisgård (1988), Walker and Heffernan (1990), Stehlik (1993), Viscido (1994), Chintala and Grassle
(1995), Weinberg and Helser (1996), Dietl and Alexander (1997)

4  Allen (1951), Loosanoff and Davis (1963), Ropes (1968a, b, 1979, 1980, 1982), Yancey and Welch (1968), Jones (1981b), Meyer et al. (1981), Tarnowski (1982), Fay et al.
(1983), Mann (1985), Sephton (1987), Kanti et al. (1993), Chintala and Grassle (1995)
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Figure 1.  The Atlantic surfclam, Spisula solidissima (from Goode 1884).



Page 11

Figure 2.  Distribution of Atlantic surfclam pre-recruits (≤ 11 cm) and recruits (≥ 12 cm) collected during NEFSC
summer clam surveys from 1980-1997 [see Reid et al. (1999) for details].  Black dots represent stations where Atlantic
surfclams were taken.
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Figure 2.  cont’d.
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Figure 3.  Commercial landings and survey indices (from the NEFSC surveys) for Atlantic surfclam from the Gulf of
Maine and Middle Atlantic Bight regions.
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

The black sea bass (Centropristis striata Linnaeus
1758) (Figure 1), is a warm temperate species that is usually
associated with structured habitats, such as reefs and
shipwrecks, on the continental shelf.  It occurs from
southern Nova Scotia and the Bay of Fundy (Scott and Scott
1988) to southern Florida (Bowen and Avise 1990) and into
the Gulf of Mexico (Figure 2). The summer migrant fish
assemblage, with which the black sea bass is associated, has
been reported from scattered sites on the Grand Banks of
Canada (Brown et al. 1996); however, it is uncommon or
occurs irregularly in the cool waters north of Cape Cod
(Scattergood 1952; DeWitt et al. 1981; Short 1992).
According to Beebe and Tee-Van (1933), black sea bass
were introduced to Bermuda, however this was unsuccessful
(B. Collette, National Systematics Laboratory, Smithsonian
Institution, Washington, DC, personal communication).

The species exists as three populations or stocks –
northern, southern, and Gulf of Mexico.  The northern stock,
that occurs north of Cape Hatteras, is the focus of this
review.  The life histories and habitats of the southern and
Gulf of Mexico populations are covered in the South
Atlantic Fishery Management Council Snapper Grouper
Fishery Management Plan.

The eggs and larvae are generally collected from late
spring to late summer from mid-shelf into coastal waters.
Larvae are believed to settle in coastal waters and move into
estuarine or sheltered coastal nursery areas as early
juveniles.  This can be a two-step process involving
nearshore accumulation and estuarine passage (Boehlert and
Mundy 1988).  During warmer months, juveniles are found
in estuaries and coastal areas, often near shelter, between
North Carolina and Massachusetts.  Adults are found
slightly deeper than juveniles and summer in coastal areas,
usually near structured habitat, from the Middle Atlantic
Bight into the Gulf of Maine.  Temperature, not the
availability of structured habitat, appears to limit black sea
bass distribution north of Cape Cod.  In the Middle Atlantic
Bight, black sea bass are usually the most common fish on
structured habitats, especially south of New Jersey where the
abundance of cunner  (Tautogolabrus adspersus) declines.
These structured habitats include shellfish (oyster and
mussel) beds, rocky areas, shipwrecks, and artificial reefs
(Verrill 1873; Bigelow and Schroeder 1953; Musick and
Mercer 1977; Steimle and Figley 1996).

As coastal waters cool below 14oC in the fall, the
Middle Atlantic Bight population begins to migrate south
and offshore to wintering areas in deeper waters between
central New Jersey and North Carolina.  As bottom waters
warm above about 7oC in the spring, the population migrates
inshore into coastal areas and bays in southern New England
and the Middle Atlantic Bight.  The southern population of
black sea bass is not known to make an extensive migration,
but may move away from shallow coastal areas during cold
winters, especially in the Carolinas.  Larger fish are
commonly found in deeper waters and usually associated

with rough bottom (Smith 1907; Hildebrand and Schroeder
1928; Bigelow and Schroeder 1953).

Black sea bass usually mature as a female and with
increasing size, change sex to male.  In the Middle Atlantic
Bight, they grow to over 60 cm TL, weigh over 3.5 kg, and
live up to 20 years; the largest and oldest fish are almost
always males (Bigelow and Schroeder 1953).

LIFE HISTORY

EGGS

The northern population spawns buoyant, pelagic eggs
on the continental shelf from spring through fall (Able and
Fahay 1998; Reiss and McConaugha 1999).  Spawning
begins in the spring in the southern part of their range (North
Carolina and Virginia) and progresses north into southern
New England waters from summer through fall. In the
Middle Atlantic Bight, the incubation period of the eggs is
five days (approximately 120 hrs) at 15oC (Kendall 1972).
Able and Fahay (1998) give an incubation period of 35-75
hrs depending on water temperature.  Little else is known of
this stage.

LARVAE

Larvae are 1.5-2.1 mm SL at hatching (Fahay 1983).
The duration of the pelagic larval stage is unknown.  Tucker
(1989) reported that larval black sea bass can grow for two
days before their yolk is exhausted and will die within three
days thereafter if they can not acquire enough planktonic
food.  Cowen et al. (1993) classified black sea bass larvae
in a New York Bight (bounded by Long Island and New
Jersey coasts) mid-summer assemblage, which usually
included cusk-eel (Ophidion sp.).  Larvae settle and become
demersal in coastal areas at 10-16 mm TL (Able and Fahay
1998).  However, Kendall (1972) reported that settlement
might be delayed until 25 mm TL.  Allen et al. (1978) found
15-17 mm black sea bass larvae (transition to juveniles) in
epibenthic sled collections off the oceanic side of the Cape
May peninsula (New Jersey) in late July.  Larval black sea
bass were collected by plankton nets in the surf zone during
June-July 1995-1996 off northern New Jersey (D. Clark,
U.S. Army Corps Engineers, Vicksburg, MS, personal
communication).

JUVENILES (< 19 CM TL)

Most juvenile settlement does not occur in estuaries, but
in coastal areas.  Recently settled juveniles then find their
way to estuarine nurseries.  Adams (1993) reported a "major
settlement" of juvenile black sea bass (< 3.0 cm) in August
1992 near an artificial reef about 15 km off the Virginia-
North Carolina border.  He did not observe a large
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settlement in 1991.  The fish were observed by diving and
occurred singly and in small groups near shelter on the
artificial reef or in depressions containing shell fragments in
the surrounding sand.  The transport mechanism and fish
behavior that move these early juveniles into estuaries are
unknown (Able and Fahay 1998).

Young-of-the-year (YOY) black sea bass enter Middle
Atlantic Bight estuaries from July to September (Able et al.
1995b; Able and Hales 1997).  This occurs earliest in the
south.  Kimmel (1973) collected 30-146 mm juveniles in
Magothy Bay, Virginia as early as March; they occur later
elsewhere in Chesapeake Bay (Chesapeake Bay Program
1996).  Richards (1963a, b) did not find them in central
Long Island Sound until September and October; this was
confirmed by more recent surveys (1992-1997) of the
Sound, (Gottschall et al., in review).  Older juveniles return
to estuaries in late spring and early summer, and may follow
the migration routes of adults into coastal waters.  Bean
(1902) reported that juveniles were "very common" in Great
South Bay (New York) and Great Egg Harbor Bay (New
Jersey).  Sherwood and Edwards (1902) noted that, at that
time, black sea bass were decreasing in abundance in
Vineyard Sound (Massachusetts).

The seasonal recruitment of YOY black sea bass to
estuaries is temporally and spatially variable.  Juvenile black
sea bass were collected in relatively high abundance (1.2-5.5
per tow) from trawls in Raritan Bay (New Jersey) during late
summer 1997 (D. McMillan, NMFS, NEFSC, James J.
Howard Marine Sciences Laboratory, Highlands, NJ,
unpublished data), but they were rarely collected in surveys
during the previous five years.  Based on trap collections,
juvenile black sea bass were a dominant species within and
near shoreline pilings in New York Harbor in late summer
1993 (Able et al. 1995b).  Black sea bass were rare in the
Arthur Kill, a tributary to the Hudson-Raritan estuary
(Howells and Brundage 1977) and in Raritan and Sandy
Hook Bays (Breder 1922; Wilk et al. 1996).  They were not
collected in Newark Bay in the early 1990s (Wilk et al.
1997).   Black sea bass are rare in Barnegat Bay (New
Jersey) (Marcellus 1972; Vouglitois 1983; Tatham et al.
1984).  However, Allen et al. (1978) reported that Hereford
Estuary (New Jersey), about 60 km south, was an important
black sea bass nursery area during several years of
monitoring; they also reported significant fluctuations in
annual abundance.

Juvenile black sea bass grow relatively fast in estuaries
during the summer.  Schwartz (1961) found 30-37 mm TL
juveniles in east shore bays of Virginia as early as April;
they grew to 98-182 mm by November.  Able and Fahay
(1998) noted that YOY grow to 100 mm by the fall.  Able
and Hales (1997) reported mean growth rates of 0.45
mm/day from spring to fall, with a peak rate 0.74 mm/day in
the summer, for age 0+ and 1+ juveniles in coastal southern
New Jersey.  In a previous study, age 1+ fish grew an
average of 0.77 mm/day (Able et al. 1995a).   In contrast,
Allen et al. (1978) reported that postlarvae (early juveniles)
that enter the Hereford Estuary in July at about 18 mm leave
at > 40 mm TL in the fall; they also reported that 1 year old

fish arrive in this estuary at about 60 mm and leave at about
100 mm TL.

Kim (1987) found that juvenile growth in the laboratory
was affected by food type, consumption rates, and fish size.
Juvenile growth was increased 4-5 times on an enriched
artificial diet.  Laboratory studies indicated that temporary
hypoxic conditions in estuaries in the summer could inhibit
the growth of young-of-the-year fish (Hales and Able 1995).
Growth of juveniles was clearly evident in otoliths and
showed annulus formation in May or June (Dery and Mayo
1988).

ADULTS (≥ 19 CM TL)

Growth is sexually dimorphic in mature black sea bass;
females grow faster but reach a lower maximum size
(Lavenda 1949; Mercer 1978; Wilk et al. 1978).  Shepherd
and Idoine (1993) suggest that the species can have three
sex-related growth rates: female, male, and transitional.
Males grew faster than females off New York based on
otolith annuli analyses of year 1 and older fish (Alexander
1981).  Black sea bass from Massachusetts had growth rates
almost double those reported for New York and Virginia,
but different growth estimators were used (Dery and Mayo
1988; Kolek 1990; Caruso 1995).  Fish from the Middle
Atlantic Bight were larger at age and grew faster than fish
from the South Atlantic Bight (Mercer 1978;  Wenner et al.
1986).  Growth is linear to about age 6, then slows; the
Middle Atlantic Bight population is larger at age than the
South Atlantic Bight population (Wenner et al. 1986).

During warm months, black sea bass share the coastal
habitat with several other species, including tautog (Tautoga
onitis), spotted hake (Urophycis regia), red hake (U. chuss),
conger eel (Conger oceanicus), ocean pout (Macrozoarces
americanus), pinfish (Lagodon rhomboides), northern
searobin (Prionotus carolinus), and transients such as gray
triggerfish (Balistes capriscus) (Chee 1977; Musick and
Mercer 1977; Eklund and Targett 1991).  Inshore trawl
surveys included butterfish (Peprilus triacanthus), smooth
dogfish (Mustelus canis), round herring (Etrumeus teres),
and windowpane (Scophthalmus aquosus) in the summer
group containing black sea bass (Phoel 1985; Gabriel 1992;
Brown et al. 1996).  North of Maryland, cunner is a
dominant member of the reef ichthyofauna.  In estuaries,
black sea bass co-occur on oyster shell plantings with
summer flounder (Paralichthys dentatus), spot (Leiostomus
xanthurus), oyster toadfish (Opsanus tau), and other species
(Arve 1960).

REPRODUCTION

Like most of the Serranidae, the black sea bass is a
protogynous hermaphrodite; most fish mature as females and
change to males with additional growth (Lavenda 1949).  In
the Middle Atlantic Bight, individuals begin to mature at age
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1 (8-17 cm TL) and 50% are mature at about 19 cm SL and
2-3 years of age (O’Brien et al. 1993).  The majority of fish
in this size group are females (Mercer 1978).  The average
size of transformation from female to male occurs at 23.9-
33.7 cm  TL (Chesapeake Bay Program 1996).  In the South
Atlantic Bight, Cupka et al. (1973) reported that both sexes
mature at smaller sizes (14-18 cm SL).  Wenner et al. (1986)
and Alexander (1981) found mature fish at about 10-11 cm
(age 1+) off South Carolina and New York; a majority of
fish were mature at about 19 cm TL and at an age of about
2-3 years.  Alexander (1981) reported a decrease in the age
and size of sex change since the 1940s with fewer mature
males in the New York population; he associated this
decrease with increasing fishing pressure.  Mercer (1978)
reported that 2-5 year old females release between 191,000
and 369,500 eggs.

Based on collections of ripe fish and distributions of
egg, black sea bass spawn primarily on the inner continental
shelf between Chesapeake Bay and Montauk Pt., Long
Island at depths of about 20-50 m (Breder 1932; Kendall
1972, 1977; Musick and Mercer 1977; Wilk et al. 1990;
Eklund and Targett 1990; Berrien and Sibunka 1999).
Spawning has been reported as far north as Buzzards Bay
and Nantucket Sound, Massachusetts (Wilson 1891;
Sherwood and Edwards 1902; Kolek 1990).  Gravid females
are not generally found in estuaries (Allen et al. 1978).
Larvae have been collected in Cape Cod Bay, but these were
probably stragglers swept from Buzzards Bay through the
Cape Cod Canal and not the product of local spawning
(MAFMC 1996).

Spawning in the Middle Atlantic Bight population
occurs from May to July (Kendall 1972, 1977; Musick and
Mercer 1977; Feigenbaum et al. 1989; Wilk et al. 1990;
Eklund and Targett 1990) during inshore migrations, but can
extend to October-November (Fahay 1983; Berrien and
Sibunka 1999).  Larval distributions presented in Able et al.
(1995a) suggest spawning occurs earliest off Virginia and
North Carolina (in the vicinity of the wintering grounds) and
progresses northerly and inshore as inner shelf waters warm.

In Massachusetts coastal waters, spawning fish
aggregate on sand bottoms broken by ledges; after
spawning, the fish disperse to ledges and rocks in deeper
water (Kolek 1990; MAFMC 1996).  Kolek (1990) reported
evidence from tagging studies of homing to spawning
grounds.  Some tagged adult black sea bass returned to the
spawning grounds in northwestern Nantucket Sound where
they were tagged.  Kolek (1990) also reported this local
spawning group spawned earlier and in shallower waters
than generally reported by Kendall (1977).

The complex social hierarchy of reef fishes, such as
black sea bass, during spawning implies that the number of
males may be an important factor limiting reproductive
potential (Shepherd and Idoine 1993).  They noted that
theoretical studies suggest that, to the degree that non-
dominant males participate in spawning, the current relative
abundance of males may not be limiting in the black sea bass
population.  Although nothing is known of the mating of this
species, pairing is characteristic of the family (Breder and

Rosen 1966).

FOOD HABITS

The diet of larval black sea bass are poorly known, but
probably consists of zooplankton.  Tucker (1989) reported
that black sea bass larvae are capable of surviving and
growing at lower prey densities, and resist prey abundance
fluctuations better, than bay anchovy  (Anchoa mitchilli)
larvae.

Juvenile black sea bass are diurnal, visual predators and
often prey on small benthic crustaceans (isopods,
amphipods, small crabs, sand shrimp, copepods) and other
epibenthic estuarine and coastal organisms, such as mysids
and small fish (Richards 1963a; Kimmel 1973; Allen et al.
1978; Werme 1981; Figure 3).  Kimmel (1973) found that
polychaete worms were significant in the diet and reported
a shift from mysids (55%) and amphipods (15%) at 3.0-9.0
cm SL to xanthid and other crabs (35%), mysids (19%), and
polychaetes (14%) at 9.1-14.6 cm SL.  Orth and Heck
(1980) reported that sub-adults (14.0-16.5 cm TL) feed in
eelgrass beds in lower Chesapeake Bay; their prey included
juvenile blue crabs (Callinectes sapidus), eelgrass (Zostera
marina) fragments, isopods, caprellid amphipods, shrimp,
and pipefish (Syngnathus sp.).  Festa (1979) reported lady
(Ovalipes sp.), blue, and mud (xanthid) crabs, and caridean
shrimp as major diet items in a small sample of fish from a
central New Jersey estuary.  Allen et al. (1978) reported an
increase in the occurrence of anchovies, silversides (Menidia
sp.), and plant detritus in the diets of 11-18 cm black sea
bass from southern New Jersey coastal and estuarine areas;
crustaceans were the most common prey.

During the summer, adult black sea bass feed on a
variety of infaunal and epibenthic invertebrates [especially
crustaceans, including juvenile American lobster (Homarus
americanus)], small fish, and pelagic squid and baitfish
(Bigelow and Schroeder 1953; Miller 1959; Richards 1963a;
Mack and Bowman 1983; Steimle and Figley 1996; Figure
3).  Feeding was heaviest after spawning (Hoff 1970).

The diets and feeding of the offshore wintering
population are poorly known.  The potential benthic
invertebrate prey in the wintering area can be dominated by
echinoderms [e.g., sand dollars (Echinarachnius parma) and
sea stars], mollusks [e.g., razor clams (Ensis directus)], and
polychaetes; average benthic biomasses are 50-75 g/m2 wet
weight (Wigley and Theroux 1981; Steimle 1990).  Some
co-wintering guild species, e.g. scup (Stenotomus chrysops)
(Austen et al. 1994), may be competitors for habitat or food.
Other guild species, such as butterfish and squid (Loligo sp.
and Illex sp.), can be prey for adult black sea bass.

PREDATION AND MORTALITY

There are  many potential predators on larval black sea
bass. "Jellyfish" can be a significant source of larval



Page 4

mortality when they are abundant in the coastal zone (Arai
1988).

Hartman and Brandt (1995) found black sea bass,
presumably juveniles, in the summer diets of one year old
weakfish (Cynoscion regalis) and other predators in
Chesapeake Bay.  Summer flounder, smooth dogfish, and
oyster toadfish are potential demersal predators of juvenile
black sea bass, and juveniles in exposed areas can also be
preyed upon by bluefish (Pomatomus saltatrix), striped bass
(Morone saxatilus), weakfish, and other predators that use
the water column, including diving birds.  Steimle
(unpublished data) found juvenile black sea bass in the
stomachs of the following predators from Raritan Bay (New
Jersey) during the summer 1997: clearnose skate (Raja
eglanteria), northern and striped searobin (Prionotus
evolans), summer flounder, and spot.  Weakfish, bluefish,
oyster toadfish, smooth dogfish, and fourspot flounder
(Paralichthys oblongus) contained small, partially digested
fish similar to juvenile black sea bass.

The Northeast Fisheries Science Center (NEFSC) food
habits database lists the following species as predators of
black sea bass: spiny dogfish (Squalus acanthias), Atlantic
angel shark (Squatina dumeril), clearnose skate, little skate
(Raja erinacea), spotted hake, summer flounder,
windowpane, and goosefish (Lophius americanus).  [See
Reid et al. (1999) for food habits database methods.]

An extensive hypoxia/anoxia event in the New York
Bight in the summer of 1976 resulted in fish mortalities,
avoidance of the area by fish (including black sea bass), and
extensive loss of benthic invertebrates (Azarovitz et al.
1979; Steimle and Radosh 1979).  Commercial pot
fishermen reported black sea bass mortality and sport divers
reported the disappearance of black sea bass and other fish
from shipwrecks and artificial reefs along the north-central
New Jersey coast.  The cause of the condition was the
oxygen demand created by the decay of an unusually
massive dinoflagellate bloom on the Middle Atlantic Bight
continental shelf.  This occurred during a period of unusual
wind patterns and climate that caused early and strong water
column stratification.  Anthropogenic influences, such as
nutrient exports from urban estuaries to offshore areas, were
not confirmed or eliminated as causative factors.  Earlier
episodes of anoxia/hypoxia in the area caused mortalities or
severe stress in fish (ocean pout and cunner) and shellfish
(lobster and crabs), but not in black sea bass, tautog, or
flounder (Ogren and Chess 1969).  The June 25, 1997
Asbury Park Press (New Jersey) newspaper reported black
sea bass as one of the fish observed dead in an hypoxic area
off the New Jersey coast (dissolved oxygen < 2 ppm).

MIGRATION

Black sea bass belong to a group of warm temperate,
migrating species that do not tolerate cold, inshore winter
conditions; these include scup, summer flounder, northern
searobin, spotted hake, butterfish, and smooth dogfish

(Musick and Mercer 1977; Colvocoresses and Musick
1984).  The composition of this group varies between
spring, summer and fall (Phoel 1985).

The summer coastal population migrates in scattered
aggregates in the fall by generally unknown routes from
inshore areas across the continental shelf to outer shelf
wintering areas south of New Jersey as bottom temperatures
decline (Musick and Mercer 1977).  Returns from adult fish
tagged in Nantucket Sound (Massachusetts) suggest that the
fish migrate directly south to the outer shelf near Block
Canyon (south of Rhode Island), move southwest along this
outer shelf zone to the vicinity of Norfolk Canyon (off
Virginia), and return along the same route (Kolek 1990).
Offshore migrations are stimulated in the fall as coastal
bottom water temperatures approach 7oC and the return
inshore migration begins in the spring (about April) as
inshore bottom water temperatures rise above 7°C (Nesbit
and Neville 1935; June and Reintjes 1957; Colvocoresses
and Musick 1984; Chang 1990; Shepherd and Terceiro
1994).  Larger fish (a high proportion of which are males)
begin migrating offshore sooner than smaller fish (Kendall
1977).

STOCK STRUCTURE

The black sea bass population from Cape Hatteras to
Cape Kennedy (Florida) is considered a distinct population
(Mercer 1978; Shepherd 1991; Collette and Klein-MacPhee,
in prep.) and the Gulf of Mexico population is considered a
distinct subspecies (C. s. melanus) (Link 1980; Bowen and
Avise 1990).  Subpopulations have not been identified
within the northern population, although the evidence for a
putative local population in Nantucket Sound suggested by
Kolek (1990) bears further consideration.

HABITAT CHARACTERISTICS

Black sea bass is a warm temperate, demersal species
that uses benthic habitats in open water to structured areas
for feeding and shelter.  Their distribution changes
seasonally as fish migrate from coastal areas to the outer
continental shelf while water temperatures decline in the fall
and from the outer shelf to inshore areas as water
temperatures rise in the spring.  Information on the habitat
use, characteristics, and preferences for the major life stages
of the black sea bass population north of Cape Hatteras,
North Carolina is summarized in Table 1.

EGGS

The habitat requirements of the planktonic stages of
temperate reef fishes are thought to be little different from
many tropical species.  These requirements involve highly
complex biological, physical, and chemical interactions such
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as predation, oceanographic processes, and food availability
(Richards and Lindeman 1987).

Based on the NEFSC Marine Resources Monitoring,
Assessment and Prediction (MARMAP) ichthyoplankton
survey [see Reid et al. (1999) for details], black sea bass
eggs were collected most frequently at average water
column temperatures of 12-24oC with a mode at about 15-
18oC, except in January and August-September when there
was a secondary mode at 20-22oC (Figure 4).  The buoyant
eggs were collected mostly in < 50 m water depths, but >
5% of the eggs were collected in waters > 240 m in May and
October.  This wide range undoubtedly reflects the relatively
long spawning period, which begins in the spring and
extends into the fall, and the seasonal migration of the adult
population (from offshore to inshore).

Laboratory spawned C. striata melanus eggs and larvae
are sensitive to high salinity, low pH, high nitrite-nitrate
concentrations, and temperature extremes (Hoff 1970).
Similar data are not known for C. striata, although
comparable sensitivities can reasonably be expected.

LARVAE

Based on NEFSC MARMAP survey data, larvae were
collected at average water column temperatures of 11-26oC
and were most abundant between 13-21oC (Figure 5), which
is a slightly wider range than found for eggs.  Larvae were
generally collected at depths of < 100 m, but several
collections during May-July and October occurred over
deeper (> 200 m) water.  These deep water occurrences
could reflect off-shelf transport effects of Gulf Stream gyres
(or other oceanographic processes) and possibly reduce their
opportunity to settle inshore and find their way into
estuarine nurseries.

JUVENILES

The distribution and abundance data for reef fish based
on towed nets probably do not represent all of the benthic
habitats occupied.  The NEFSC and state trawl surveys may
avoid excessively rough bottom, shipwrecks, and reefs, or
tow over them with roller gear that does not sample fish that
seek shelter in holes.   This potentially under estimates the
association of fish like the black sea bass with rough bottom
habitats and areas with steep depth gradients.  The draft of
survey vessels limits sampling in shallow waters and
potentially underestimates the association with shallow,
coastal habitats.  The survey results presented herein are
based on trawling and may bias the interpretation of habitat
use by black sea bass.

Hydrographic data from the NEFSC groundfish surveys
indicate that juvenile black sea bass occurred at bottom
water temperatures > 5oC and the largest catches occurred at
11-12oC in the winter and spring (Figure 6).  Juveniles were
collected from about 20-240 m with a mode at 90-100 m.

There were temperature modes at about 17o and about 25oC
in the summer suggesting use of different habitats or
geographic areas; most fish were collected in shallow
(around 10-20 m) water.  In the fall, the temperature
distribution was wide (9-27°C) with a mode at about 14-
15oC; inshore waters < 50 m were preferred. [See Reid et al.
(1999) for NEFSC survey methods.]

Hydrographic data from the Massachusetts spring and
fall trawl surveys reflected warmer conditions in shallow
coastal areas and were mostly consistent with the NEFSC
data (Figure 7).  In Narragansett Bay (Rhode Island),
juveniles (3-13 cm TL) were rarely collected (average of
0.08 individuals/tow) and only from spring through fall at
bottom temperatures of 11-22°C and depths < 24 m (80 ft)
(Figure 8).  In Long Island Sound during the fall, black sea
bass (juveniles and adults) were collected at bottom
temperatures of 14-19oC, at depths of 5-50 m, and salinities
of 23-32 ppt.  In the Hudson-Raritan estuary, juveniles were
collected at 6-23°C, around 10 m, at salinities > 20 ppt, and
dissolved oxygen levels < 4 mg/L (ppm), although some fish
were collected at 2 mg/L (Figure 9).  [See Reid et al. (1999)
for state survey methods.]

Data for juvenile black sea bass in smaller estuaries are
scarce; available data are mostly estimates of extremes in
tolerance or based on laboratory results (e.g., Hales and
Able 1995; Able and Fahay 1998).  Within smaller estuaries,
natural coastal geological processes can alter the suitability
of potential nursery habitat.  For example, the natural
opening and closing of inlets in barrier islands along the
eastern shore of Virginia can change salinity and
temperature regimes in lagoons, which changes the
distribution of acceptable nursery habitat and juvenile fish,
such as black sea bass (Schwartz 1961).

In many studies of reef fish, such as black sea bass, the
availability of shelter limits successful postlarval and/or
juvenile recruitment (Huntsman et al. 1982; Richards and
Lindeman 1987).  The estuarine nursery habitat of black sea
bass is shallow, hard bottom with structure (refuge).  These
include shellfish (oyster and mussel), sponge, amphipod
(Ampelisca abdita) tubes, and sea grass beds (especially
Ruppia sp.), as well as wharves, pilings, wrecks, artificial
reefs, crab and conch pots; and cobble and shoal grounds
(southern New England to Cape Cod) at salinities > 8 ppt
(Bean 1888; Moore 1892; Sherwood and Edwards 1902;
Arve 1960; Hildebrand and Schroeder 1928; Kendall 1972;
Derickson and Price 1973; Musick and Mercer 1977;
Clayton et al. 1978; Weinstein and Brooks 1983;
Feigenbaum et al. 1989; Able et al. 1995a).  They also occur
at the mouths of salt marsh creeks (Werme 1981; Hales and
Able 1994; Szedlmayer and Able 1996; Able and Hales
1997).  Able et al. (1995a) reported little use of eelgrass in
New Jersey.  Juveniles were not common on open,
unvegetated sandy intertidal flats or beaches (Allen et al.
1978), or deeper, muddy bottoms (Richards 1963b).  Bean
(1888) and Allen et al. (1978) reported that larger juveniles
used deeper estuarine channels.  In some urbanized areas,
there were early reports of juvenile black sea bass using
habitats that were formerly common but are now rare, such



Page 6

as oyster beds near Staten Island (Nichols and Breder 1927)
and eelgrass beds in Gravesend Bay, Brooklyn  (Bean
1902).  Recent surveys in the Hudson-Raritan estuary
collected YOY black sea bass usually only where beds of
red beard sponge (Microciona prolifera) were common
(Steimle, unpublished data).

In estuarine nurseries, YOY and older juveniles can use
different habitats.  Older juveniles tend to stay in shallower
waters (< 10 m) (Musick and Mercer 1977), but not in the
shallow shoals and marsh fringe favored by YOY.  Older
juveniles use channels (Bean 1888; de Sylva et al. 1962;
Richards and Castagna 1970; Zawacki and Briggs 1976;
Szedlmayer and Able 1996), jetties (Schwartz 1964), and
bridge abutments (Allen et al. 1978).  Werme (1981)
reported that juvenile black sea bass (3.0-7.5 cm TL)
occupied a sandy, saltmarsh creek in southern Massachusetts
during August and September with juvenile tautog and
winter flounder (Pseudopleuronectes americanus).  There
were differences in diets among these species that would
limit competition.

Within structured nursery habitats, YOY black sea bass
display high habitat fidelity; they move very little and may
be territorial (Werme 1981; Able and Hales 1997).  Able
and Fahay (1998) observed YOY black sea bass defending
a small shell used for shelter from others of its cohort.

There is a lack of information about winter habitats of
YOY and yearling black sea bass (M. Dixon, NMFS,
NEFSC, Milford Laboratory, Milford, CT, personal
communication).  Yearlings winter on the continental shelf
and return to the estuaries the following spring (as early as
March in Chesapeake and other bays); more specific winter
habitat information is not available.  Some individuals may
spend the warmer months along the coast in accumulations
of surf clam and ocean quahog shells, or in irregularities or
holes in exposed clay (Able et al. 1995a).  When
temperatures drop below 14oC, the juveniles gradually
migrate to deeper and warmer water; few are collected
below 6oC (Able and Fahay 1998; Collette and Klein-
MacPhee, in prep.).  At temperatures below 6oC in
laboratory studies, juveniles bury in the sand; below 4oC
they cease feeding and mortality increases (Hales and Able
1995).  Juveniles that overwinter in shallow estuaries in New
Jersey can experience thermal stress and mortalities (Able
and Hales 1997).  A sudden cold spell resulted in mortalities
in shallow nursery areas off southeastern New England
(Baird 1873).  In warmer winters, juveniles overwinter
successfully in deeper waters of Chesapeake Bay (MAFMC
1996; Chesapeake Bay Program 1996).  Able et al. (1995a)
reported that windrows, patches, or beds of empty, hinged
surf clam and ocean quahog shells may be important coastal
habitat for juvenile and sub-adult black sea bass.

ADULTS

Adult black sea bass orient to structures, especially
during their summer residency in coastal waters.  Unlike

juveniles, adults tend to enter only larger estuaries and are
most abundant along the coast.  Larger fish are found in
deeper water than smaller fish.  They occur on shipwrecks,
rocky and artificial reefs, mussel beds, and other objects on
the bottom.  They are usually observed by divers hovering
near or above these shelters and retreat into them if
threatened.  They remain near structures during the day, but
can move away at dawn and dusk to feed on open bottom
(Steimle and Figley 1996).

A characteristic of the northern population of black sea
bass is their seasonal migration to southerly and offshore
wintering grounds.  In the Middle Atlantic Bight, black sea
bass adults spend the winter on the middle to outer
continental shelf between 30-240 m (with some as deep as
410 m, but most between 60-150 m) generally south of the
Hudson Canyon off central New Jersey (Musick and Mercer
1977).  Based on commercial catches, some fish spend the
winter in deep water (> 80 m) off southern New England
(Chang 1990; Kolek 1990; Bigelow and Schroeder 1953).
Water mass movements on the continental shelf influence
fish winter distribution.   The distribution of bottom
temperatures > 7.5°C may define the potential winter
distribution of the species and its associates (Neville and
Talbot 1964).  Larger fish (mostly males) tend to occur in
deeper water (Nesbit and Neville 1935; Musick and Mercer
1977; Able et al. 1995a).  Off Virginia, artificial reefs and
wrecks are populated with active resident adult black sea
bass during most winters and support commercial and
recreational fisheries (Chee 1977; Adams 1993).  Adams
(1993) observed that when bottom water temperatures were
near 6oC on inshore artificial reefs, adult fish became
inactive and were often found resting in holes and crevices.
Schwartz (1964) reported adult black sea bass in aquaria at
15 ppt salinity stopped feeding at water temperatures below
8oC and died at temperatures below about 2oC.

The offshore habitats occupied by adult black sea bass
during the winter are poorly known.  There are speculative
and anecdotal reports that the northern population is
associated with rough bottom during the winter (Pearson
1932; June and Reintjes 1957; Neville and Talbot 1964).
The existence of significant amounts of rough bottom in
wintering areas has not been confirmed.  Wigley and
Theroux (1981) characterized the wintering area as flat
sandy-silt with occasional areas of relict and active sand
waves of varying size, without hard bottom. There are
reports of hard bottom (consolidated clay or rock) near the
head of submarine canyons at the shelf edge and in a few
other isolated places (Emory and Uchupi 1972; Stanley et
al. 1972; Grimes et al. 1987).  Scattered shipwrecks and
man-made debris are also available as offshore wintering
habitat.  Shellfish beds (current and relict) and shallow pits
on the mid to outer shelf (possibly created by large crabs,
lobsters, or fish) could be used as sheltering habitat (Emory
and Uchupi 1972; Folger et al. 1979; Shepard et al. 1986;
Able et al. 1995a).  Parker (1990) reports that black sea bass
burrow into sediments during cold spells off the Carolinas.
This behavior can explain how structure-associated black
sea bass accommodate themselves during the winter on the
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relatively featureless offshore continental shelf of the
Middle Atlantic Bight.  However, burrowing in open, soft
sediments may not protect them from trawls or the possible
harm from suspended sediments (Churchill 1989).  Several
other resource species use the same habitat as black sea bass
in the winter, including scup, summer flounder, butterfish,
squid, and American lobster (Chang 1990; Able and Kaiser
1994).

During the warmer months, adult black sea bass are
usually found inshore associated with structured habitats,
including eelgrass, oyster, and mussel beds, rocky reefs,
cobble and rock fields, stone coral patches, and exposed stiff
clay. Man-made structures include artificial reefs,
shipwrecks, bridge abutments, piers, pilings, jetties, groins,
submerged pipes and culverts, navigation aids, anchorages,
rip-rap barriers, fish and lobster traps, and rough bottom
along the sides of navigation channels.  Towed nets do not
adequately sample these habitats.  Richards (1963a, b) and
others reported that black sea bass in Long Island Sound are
usually found in structured habitats within areas of sandy
sediments and rarely in muddy areas.  A continual supply of
shipwrecks and anthropogenic debris, and state-supervised
artificial reef programs, are increasing the quantity of habitat
available to this and associated species.

For adult black sea bass, bottom temperatures about 6-
7.5oC or above are a critical factor in habitat use and
distribution (Colvocoresses and Musick 1984).  In the
NEFSC groundfish survey, adults were most commonly
collected at water temperatures of 9-12oC in the winter and
spring (Figure 6).  The temperature distribution in the
summer when black sea bass occurred in shallow (10-20 m)
coastal areas was bimodal with peaks at about 10oC and
25oC (Figure 6).  During the fall, adults were collected at 7-
27oC; most fish were collected at 13-21oC with a secondary
peak at about 25-27oC; fish were collected mostly in
relatively shallow water (< 50 m) (Figure 6).

In the spring Massachusetts surveys, black sea bass
were collected at bottom temperatures between 6-17oC and
at depths < 35 m; most were in 11-14oC and very shallow,
around 5 m (Figure 7).  In the fall Massachusetts surveys,
they were collected at bottom temperatures between 14-23oC
and at depths between 5-25 m, most were at depths of < 15
m (Figure 7).  In Narragansett Bay, adult black sea bass 21-
41 cm TL were rarely caught in trawls (average catch of
0.036 individuals/tow).  They were collected mainly in the
summer and fall at bottom temperatures between 13-20oC
and at depths between 6-38 m (20-110 ft) (Figure 8).  Adult
black sea bass dominated spring catches in central Long
Island Sound; a few were collected in the fall.  Black sea
bass were collected at bottom temperatures of 6-18oC, from
7-47 m, and at salinities between 25-30 ppt.  Black sea bass
collected in the Hudson-Raritan estuary had similar
temperature and depth ranges; adult black sea bass were
collected at dissolved oxygen levels of > 5 mg/L (Figure 9).

GEOGRAPHICAL DISTRIBUTION

EGGS

Black sea bass eggs were collected during NEFSC
MARMAP surveys in the water column across most of the
continental shelf from North Carolina to Delaware, and in
the New York Bight  (Figure 10; Berrien and Sibunka
1999), and have been reported in Buzzards Bay (Stone et al.
1994).  The highest egg concentrations in Buzzards Bay
occurred between May and October, although they were also
collected in January and April (there were no surveys during
February).  Eggs were collected inconsistently in Long
Island Sound (Merriman and Sclar 1952; Wheatland 1956;
Richards 1959) and were not collected in Delaware Bay
(Wang and Kernehan 1979) or Narragansett Bay (Bourne
and Govoni 1988).  Eggs collected as early as January and
April off Cape Hatteras were probably the result of
spawning in the South Atlantic Bight and transport north by
the Gulf Stream, which flows close to the coast off Cape
Hatteras (Mercer 1978).

LARVAE

During the NEFSC MARMAP surveys, larvae were
collected from January to November from Cape Hatteras to
southern New England (Figure 11).  Larvae first appeared
near Cape Hatteras and were collected progressively north
and shoreward mostly from June through October; a few
larvae were collected in November (Kendall 1972; Able et
al. 1995a).  According to Pearson (1941), black sea bass
larvae were more commonly collected by plankton nets in
subsurface tows than by surface tows in June-July 1929-
1930 at the mouth of and in the lower Chesapeake Bay.

Larvae are rarely reported in estuaries. Pacheco and
Grant (1965) found black sea bass larvae in the Indian River
estuary (Delaware) in one of three survey years; a later two-
year survey found none in this estuary (Scotton 1970;
Derickson and Price 1973).  Larvae were not reported in
Delaware Bay (Wang and Kernehan 1979), Great Bay (New
Jersey) (Able and Fahay 1998), or the Hudson-Raritan
estuary (Croker 1965; Dovel 1981).  Few larvae were
collected in Cape Cod Bay (Scherer 1984), Narragansett
Bay (Herman 1962; Bourne and Govoni 1988), and other
southern New England estuaries (Stone et al. 1994).  Neither
eggs nor larvae were collected in Mystic River estuary
(Connecticut) (Pearcy and Richards 1962).  Larvae have
been reported in high salinity coastal areas of southern New
England in August and September (Stone et al. 1994;
Collette and Klein-MacPhee, in prep.).  Able et al. (1995a),
discussing Kendall’s (1972) note about the absence of larvae
in many estuarine surveys, believe that larval settlement
occurs in nearshore marine waters, but usually not in
estuaries.
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JUVENILES

Recently settled juveniles occur in high salinity areas of
most estuaries from North Carolina to southern Cape Cod,
and occasionally into the southern Gulf of Maine, during the
warmer months.  Juvenile black sea bass abundance varied
seasonally in the NEFSC fall groundfish surveys (Figure
12).  In recent winter surveys, they were collected mostly
along the outer continental shelf south of Long Island.  As
the continental shelf water warms in the spring, they were
collected inshore in the Chesapeake Bight.  There were few
summer surveys, but juveniles were collected in several
coastal areas mostly south of New Jersey.  However, during
this season many juveniles inhabit estuaries or submerged
coastal reefs, wrecks, and other structures that are outside of
the NEFSC survey area or are poorly sampled by trawl.  In
the fall, juveniles were common along the coast from
southern New England to Maryland, and across the shelf off
Virginia-North Carolina; this probably reflects their
migration out of shallow coastal areas as these waters
cooled.

Only a few juvenile black sea bass were collected in the
spring in Massachusetts trawl surveys (Figure 13).  They
were abundant in the fall south and west of Cape Cod and a
few were collected in Cape Cod Bay (Figures 12, 13).  In
Narragansett Bay, juvenile black sea bass were uncommon
but they occurred in most areas (Figure 14); the largest mean
catch (1.3 individuals/tow) came from Mount Hope Bay
during the summer.  Juveniles and adults were widespread
in the fall in Long Island Sound (Figure 15).  In the Hudson-
Raritan estuary, juvenile black sea bass were collected from
spring through fall (Figure 16); they were more abundant in
1997 than in the other years of the survey (1992-1997).
Mansueti (1955) reported that juvenile black sea bass were
common in the lower Potomac River (Maryland-Virginia).

ADULTS

The geographic distribution of the northern population
of adult black sea bass is similar to the distribution of
juveniles, although adults tend to prefer deeper bays and
coastal waters over estuaries.  Briggs (1979) suggested that
once black sea bass find suitable summer habitat in New
York waters, they remain until the fall migration; adult
habitat fidelity is consistent with juvenile behavior (Able
and Hales 1997).

Black sea bass is normally considered a reef fish.  In the
warmer months, they are usually closely associated with
sheltering habitat in estuarine and coastal waters, generally
at depths < 40 m, but they have a wider distribution in the
Chesapeake Bight (Figure 12).  Bigelow and Schroeder
(1953) and Collette and Hartel (1988) reported occurrences
of black sea bass in Massachusetts Bay at the turn of the
century and occasionally since then (e.g., Figure 13), but
they are rarely caught off New Hampshire and largely absent
off Maine and on Georges Bank (Figure 12).  At one time,

they were captured by gill net over rocky bottom in Maine
(Ojeda and Dearborn 1989).  Adults were relatively
common in the spring in the Massachusetts trawl surveys
(Figure 13).  In Narragansett Bay adults were rare, but they
were collected from a wide range of sites from spring to fall
(Figure 14).  In Long Island Sound, adults were most
common in the spring survey in the central sound (Figure
15).  Adult black sea bass were never common in the
Hudson-Raritan estuary (Figure 16).

STATUS OF THE STOCKS

The black sea bass population in the Middle Atlantic
Bight is presently overexploited (National Marine Fisheries
Service 1997).  Recent CPUE and survey indices have been
moderate to low compared to levels in the mid-1970s
(Figure 17) and before 1965.  Juvenile recruitment was poor
in 1992-1993 and above average in 1994 (Shepherd 1998;
MAFMC 1996; Northeast Fisheries Science Center 1997).
Spawning stock estimates suggest that the population has
been relatively stable since 1984 (Northeast Fisheries
Science Center 1997). There were no apparent differences
in the distributions of juvenile and adult black sea bass
between periods of high (1975-1979) and low (1990-1997)
abundance (Northeast Fisheries Science Center, unpublished
data).  Arve (1960) attributed declining black sea bass
catches in the late 1950s (compared to the relatively high
levels of the early 1950s) to a decline in oyster beds.

RESEARCH NEEDS

More information is needed on the use of artificial reefs
by black sea bass. The following ideas were discussed in
several papers in Fisheries (American Fisheries Society,
April 1997, Volume 22, Number 4), a special issue on
artificial reef management.
• What mechanisms or processes enhance black sea bass

production on reefs (e.g., reducing habitat limitation,
enhancing larval settlement, alleviating post-settlement
demographic bottlenecks, enhancing reef and near-reef
food webs)?

• How can artificial reefs and habitats be designed to
enhance survival and growth of juvenile and adult black
sea bass?

• Are black sea bass habitat limited such that habitat
restoration or enhancement is required?

More general research needs include:
• What habitats are used during the winter on the

continental shelf in the Middle Atlantic Bight?  Where
do 1-2 year old juveniles spend the winter?  Some may
remain in estuaries while others may move to coastal or
inner shelf shell beds (Able et al. 1995a; M. Dixon,
personal communication).

• What are the winter diets of juveniles?  Feeding may be
reduced at low temperatures.
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• Clam shell beds nearshore may provide important
habitat at all times of the year, but little is known of
distributions of dead shells or spatial and temporal
trends in shell beds.

• Do young-of-the-year black sea bass that overwinter
offshore return to their natal estuary the following
spring (Able and Fahay 1998)?

Adams (1993) identified the following information needs:
• Tagging studies to track seasonal migration patterns and

identify habitats.
• Dietary studies to evaluate the value of specific habitats.
• The relationship between habitat structural complexity,

black sea bass abundance, and fish community
composition.

• Suitable habitats for juvenile black sea bass in coastal
areas.

• If black sea bass are territorial.
• Spawning areas, behaviors, and feeding during

spawning.
The Chesapeake Bay Program (1996) Black Sea Bass
Fishery Management Plan lists the following research needs:
• Seasonal distribution and migration studies to determine

size distribution and sex ratios in various areas.
• Identify spawning areas, determine spawning

production, and estimate optimum size for female
maximum viable egg production.

• Quantify the diet and seasonal changes in the diet [i.e.,
seasonal importance of blue mussels (Mytilus) and other
reef fauna].

• Determine the optimum size of submerged aquatic
vegetation beds and oyster reefs necessary for nursery
and refuge grounds for juveniles.

• Investigate the transport mechanism of newly settled
juveniles from the coastal zone to estuarine nurseries
(Able and Fahay 1998).
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Table 1.  Summary of life history and habitat characteristics for black sea bass, Centropristis striata.  (YOY = young-of-
the-year; SNE = southern New England; MAB = Middle Atlantic Bight; GOM = Gulf of Maine).

Life Stage Time of Year Size and
Growth

Geographic
Location

Habitat Substrate

Eggs May-Oct;
appear earlier
in south and
later in north

0.9-1.0 mm;
incubation 2-5
days

Coastal MAB;
rarely in
estuaries

Upper water
column, shore to
> 200 m depth off
Virginia

Buoyant in upper water
column

Larvae May-Nov; peak
June-July;
appear earlier
in south and
later in north

Hatch at ~2.1
mm; stage lasts
to ~15 mm
transition

MAB, near
shore, mouths
of some
estuaries, but
rarely in them

As for eggs, < 100
m until transition
to juveniles

Upper water column
until transition to
juveniles

Juveniles
YOY

April-Dec;
most settle
June-Nov

~10-16 mm to
100 mm TL by
Nov

MAB into
GOM, inshore
and into
estuaries mid-
late summer

Estuarine -
coastal; ~1-38 m;
salt marsh edges
& channels; high
habitat fidelity

Rough bottom,
shellfish, sponge, and
eelgrass beds,
nearshore shell patches,
man-made objects

Juveniles
Winter

Dec-April ~2-12 cm;
growth rate
reduced

MAB:  Most
move offshore
and south of
New Jersey to
warmer, deeper
waters

Mostly deeper
than 38 m; may
prefer 90-100 m;
mid and outer
continental shelf
and Chesapeake
Bay

Nearshore shell patches
and other shelter on
sandy bottoms

Adults
Summer

April-Dec > 19 cm FL;
growth
sexually
dimorphic

Coastal: MAB
into GOM

~2-38 m; larger
fish stay in deeper
waters

Mussel beds, rock,
artificial reefs, wrecks
and other structures

Adults
Winter

Nov-March > 19 cm FL Most move
offshore and
south of New
Jersey to
warmer (>
6°C) waters.

30-240 m depths;
mostly 60-150 m
mid/outer
continental shelf;
otherwise poorly
known

Poorly known, possibly
available shelter on
offshore silty sand
(e.g., pits)

Spawning
Adults

May-Oct, peak
in June; begins
in the south
and progresses
north

> 19 cm FL;
mature at age
1+

Inshore MAB,
south to north,
during
migration

~20-50 m Over sand, sand with
rock, and reefs
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Table 1.  cont’d.

Life Stage Temperature Salinity Prey Predators Notes

Eggs Sensitive to
extremes

Sensitive to
extremes

Most planktivores
where the eggs
are found

Lab studies suggest eggs
sensitive to high nitrate-
nitrite concentrations and
low pH

Larvae 11-26°C, mostly
14-23°C;
sensitive to
extremes

30-35 ppt;
sensitive to
extremes

Use yolk
reserves in a
few days;
feeding begins
on zooplankton
at ~6 mm

Most planktivores
where the larvae
are found

Benthic settlement and
transition to juvenile occurs
at ~10-16 mm FL, July to
October

Juveniles YOY 6-30°C, prefer
17-25°C

8-38 ppt, prefer
~18-20 ppt

Small
epibenthic
invertebrates,
especially
crustaceans
and mollusks

Sharks, dogfish,
skates, hakes,
searobins,
summer flounder,
and others

Most migrate to warmer
offshore or more southerly
waters in winter. Hypoxia
can inhibit growth

Juveniles
Winter

> 5°C; sudden
drops < 4°C
inshore can cause
mortality

12-38 ppt,
prefer > 18 ppt.

Small
epibenthic
invertebrates,
fish, but
feeding may be
reduced

Sharks, dogfish,
skates, hakes,
searobins,
summer flounder,
and others

Migrate inshore and
northerly as waters warm >
6°C; over-wintering
juveniles return to coastal
estuarine areas

Adults
Summer

~6-28°C, mostly
13-21°C

> 20 ppt Benthic and
near-bottom
invertebrates
and small fish

Sharks, dogfish,
skates, hakes,
searobins,
summer flounder,
and others

Mortality and avoidance at
dissolved oxygen levels < 2
ppm

Adults Winter > 6°C, prefer 9-
12°C

~30-35 ppt Poorly known;
benthic and
near-bottom
invertebrates,
small fish,
butterfish, and
squid; feeding
may be
reduced

Sharks, dogfish,
and others

The 6-7.5°C isothermal
boundary greatly influences
distribution; activity and
survival reduced below this
temperature

Spawning
Adults

> 10°C, peak at ~
18-20°C

> 15 ppt Poorly known;
benthic and
near-bottom
invertebrates,
small fish,
butterfish, and
squid; feeding
may be
reduced

Sharks, dogfish,
and others

Spawn in coastal bays but
not in estuaries; mature
mostly as females, most
change sex to males with
growth
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Figure 1.  The black sea bass, Centropristis striata (from Goode 1884).
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Figure 2. Distribution and abundance of black sea bass in the Northwest Atlantic during 1975-1994.  Data are from the
U.S. NOAA/Canada DFO East Coast of North America Strategic Assessment Project (http://www-orca.nos.noaa.gov/
projects/ecnasap/ecnasap_table1.html).
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Figure 3.  Abundance of the major prey items in the diets of juvenile (≤ 20 cm) and adult (> 20 cm) black sea bass
collected during NEFSC bottom trawl surveys from 1973-1980 and 1981-1990.  Abundance in the 1973-1980 samples is
defined by mean percent prey weights, and in the 1981-1990 samples as mean percent prey volume.  The category
“unknown animal remains” refers to unidentifiable animal matter.  Methods for sampling, processing, and analysis of
samples differed between the time periods [see Reid et al. (1999) for details].
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Figure 4.  Abundance of black sea bass eggs relative to water column temperature (to a maximum of 200 m) and bottom
depth from NEFSC MARMAP ichthyoplankton surveys (1978-1987) by month for all years combined.  Open bars
represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized
catches (number/10 m2).
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Figure 5.  Abundance of black sea bass larvae relative to water column temperature (to a maximum of 200 m) and
bottom depth from NEFSC MARMAP ichthyoplankton surveys (1977-1987) by month for all years combined.  Open
bars represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all
standardized catches (number/10 m2).
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Figure 6.  Seasonal abundance of juvenile (< 19 cm) and adult (≥ 20 cm) black sea bass relative to bottom water
temperature and depth based on NEFSC bottom trawl surveys (1963-1997, all years combined).  Open bars represent the
proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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Figure 6.  cont’d.
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Figure 7.  Abundance of juvenile and adult black sea bass relative to bottom water temperature and depth based on
Massachusetts inshore bottom trawl surveys (spring and autumn 1978-1996, all years combined).  Open bars represent
the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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Figure 8.  Seasonal abundance of juvenile and adult black sea bass relative to bottom water temperature and depth from
Rhode Island Narragansett Bay trawl surveys, 1990-1996.  Open bars represent the proportion of all stations surveyed,
while solid bars represent the proportion of the sum of all catches.
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Figure 8.  cont’d.
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Figure 9.  Abundance of juvenile and adult black sea bass relative to bottom water temperature, dissolved oxygen, depth,
and salinity from Hudson-Raritan estuary trawl surveys (January 1992 - June 1997, all years combined).
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Figure 10.  Distribution and abundance of black sea bass eggs collected during NEFSC MARMAP ichthyoplankton
surveys, 1978-1987 [see Reid et al. (1999) for details].  The upper left figure is all months and all years combined, the
remaining figures are individual months for all years combined.
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Figure 10.  cont’d.
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Figure 10.  cont’d.
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Figure 11.  Distribution and abundance of black sea bass larvae (< 13 mm) collected during NEFSC MARMAP
ichthyoplankton surveys, 1977-1987 [see Reid et al. (1999) for details]. The upper left figure is all months and all years
combined, the remaining figures are individual months for all years combined.
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Figure 11.  cont’d.
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Figure 11.  cont’d.
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Figure 12.  Seasonal distribution and abundance of juvenile and adult black sea bass collected during NEFSC bottom
trawl surveys, 1963-1997 (all years combined).  Densities are represented by dot size in spring and fall plots, while only
presence and absence are represented in winter and summer plots [see Reid et al. (1999) for details].
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Figure 12.  cont’d.
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Figure 13.  Distribution and abundance of juvenile and adult black sea bass collected in Massachusetts coastal waters
during spring and autumn Massachusetts trawl surveys, 1978-1996 [see Reid et al. (1999) for details].
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Figure 14.  Distribution and abundance of juvenile and adult black sea bass collected in Narragansett Bay during 1990-
1996 Rhode Island bottom trawl surveys.  The numbers shown at each station are the average catch per tow rounded to
one decimal place [see Reid et al. (1999) for details].

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.0

0.0

0.0

0.0

0.00.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.1

0.0

0.0

0.0

0.10.0

0.0

0.0

0.0

0.0

0.0

1.3

0.1
0.0

0.5

0.0

0.0

0.00.0

0.0

0.1

0.1

0.0

0.0

0.1

0.4
0.2

0.1

0.4

0.0

0.20.1

Spring

Summer Autumn

Winter

Black Sea Bass Juveniles (< 19 cm)



Page 38

Figure 14.  cont’d.
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Figure 15.  Distribution, abundance, and size frequency distribution of black sea bass collected in Long Island Sound
during spring and autumn Connecticut bottom trawl surveys, 1992-1997 [see Reid et al. (1999) for details].
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Figure 16.  Seasonal distribution and abundance of juvenile and adult black sea bass in the Hudson-Raritan estuary
collected during Hudson-Raritan estuary trawl surveys, 1992–1997 [see Reid et al. (1999) for details].
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Figure 16.  cont’d.
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Figure 17.  Commercial landings and NEFSC bottom trawl survey indices for black sea bass in the Gulf of Maine and
Middle Atlantic Bight.
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

The bluefish, Pomatomus saltatrix (Figure 1), ranges
in the western North Atlantic from Nova Scotia and
Bermuda to Argentina, but it is rare between southern
Florida and northern South America (Robins et al. 1986).
They travel in schools of like-sized individuals and
undertake seasonal migrations, moving into the Middle
Atlantic Bight (MAB) during spring and south or farther
offshore during fall.  Within the MAB they occur in large
bays and estuaries as well as across the entire continental
shelf.  Juvenile stages have been recorded from all
estuaries surveyed within the MAB, but eggs and larvae
occur in oceanic waters (Able and Fahay 1998).  Bluefish
growth rates are fast and they may reach a length of 1.1 m
(3.5 ft) and a weight of 12.3 kg (27 lbs) (Bigelow and
Schroeder 1953).  They may live to age 12.

A bimodal size distribution of young-of-the-year
(YOY) bluefish during the summer in the New York Bight
suggests that there are two spawning events along the east
coast.  Recent studies suggest that spawning is a single,
continuous event, but that young are lost from the middle
portion resulting in the appearance of a split season.  As a
result of the bimodal size distribution of juveniles, young
are referred to as the spring-spawned cohort or summer-
spawned cohort in the habitat discussion and distribution
maps presented below.

LIFE HISTORY

EGGS

Eggs from the MAB are pelagic and spherical with a
diameter of 0.95-1.00 mm.  They have a smooth,
transparent shell and a homogeneous yolk.  The single oil
globule is 0.26-0.29 mm in diameter and the perivitelline
space is narrow (Fahay 1983).  Incubation times depend
on temperature.  At 18.0-22.2oC, hatching occurs after 46-
48 h (Deuel et al. 1966).  Eggs from the South Atlantic
Bight (SAB) have not been described.

LARVAE AND PELAGIC-JUVENILES

Larvae are 2.0-2.4 mm long when they hatch; the eyes
are unpigmented and the mouth parts are undeveloped.
Characteristic pigment includes parallel lines of
melanophores along the dorsal fin base, body midline, and
anal fin base.  Teeth are well developed at 4.3 mm and fin
rays are complete at a size of about 13-14 mm (Fahay
1983).  Larvae rarely occur deeper in the water column
than 15 m; most are concentrated at a depth of about 4 m
during the day, but they are about equally distributed
between that depth and the surface at night (Kendall and
Naplin 1981).  The bluefish transforms from a larva to a
"pelagic-juvenile" stage that is specially adapted for an

oceanic, near-surface existence after completion of fin ray
development (Figure 2).  This specialized stage is
characterized by a silvery, laterally compressed body, with
dark blue counter-coloration on the dorsum.  This
transition occurs at an age of 18-25 d and at a size of 10-
12 mm SL (Hare and Cowen 1994).  Scales begin to form
at about 12 mm on the posterior part of the lateral line
region, then proceed forward, until the head is completely
scaled at about 37 mm (Silverman 1975).  Swimming
ability in many fish species dramatically improves during
this transformation (e.g. Hunter 1981; Stobutzki and
Bellwood 1994; Leis et al. 1996) and this improvement
presumably applies to bluefish as well.  It is during this
stage that bluefish arrive at nursery areas in the central
part of the MAB, after advection via the Gulf Stream from
spawning areas in the SAB and after crossing the Slope
Sea (Hare and Cowen 1996; Hare et al., in prep.) and the
continental shelf (Cowen et al. 1993).  This transport
(active or passive) is crucial to the recruitment of these
progeny to vital estuarine nursery areas, and therefore this
life history stage might be considered a critical bottleneck.

JUVENILES (INCLUDING YOUNG-OF-
THE-YEAR)

Juveniles have a usual fish shape without unusual
features.  The caudal fin is forked and the body is
somewhat laterally compressed, with a silvery,
unpatterned color.  The mouth is large and oblique and all
fin spines are strong.  Two distinct dorsal fins touch at
their bases; the second dorsal fin is about the same length
as the anal fin base (Able and Fahay 1998).  The spring-
spawned cohort is 60-76 d old with a mean size of 60 mm
when they recruit to estuarine habitats in the MAB in late
May to mid-June (McBride and Conover 1991; Cowen et
al. 1993).  The summer-spawned cohort either remains in
coastal nursery areas (Kendall and Walford 1979; Able
and Fahay 1998) or enters estuarine nurseries in mid- to
late August when they are 33-47 d old with a mean length
of 46 mm (McBride and Conover 1991).  Juveniles of
both cohorts depart MAB estuaries and coastal areas in
October and migrate to waters south of Cape Hatteras,
North Carolina.  At this time, members of both cohorts
range from 4 to 24 cm long (Able and Fahay 1998).
During most years, the spring-spawned cohort dominates
in the emigrating young-of-the-year.

ADULTS

Adult bluefish are blue-green above, silvery below,
moderately stout-bodied, and armed with stout teeth along
both jaws.  The snout is pointed and the mouth is large
and oblique.  The caudal fin is large and forked.  The fin
ray formulae are first dorsal: 7-9 spines; second dorsal: 1
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spine and 23-26 rays; anal: 2-3 spines and 25-28 rays.
Vertebrae number 26.  The maximum length is about 115
cm and maximum weights are 4.5-6.8 kg, although an
occasional heavier fish has been taken.  The maximum age
is 12 years.  The sex ratio is 1:1 for all age groups
(Boreman 1982), although Lassiter (1962) reported a ratio
of two females per male in North Carolina and Hamer
(1959) found a ratio of three females to two males in New
Jersey.

REPRODUCTION

A seminal study, based largely on the distribution of
eggs and larvae, concluded that there were two discrete
spawning events in western Atlantic bluefish.  The first
occurs during March-May near the edge of the continental
shelf of the SAB.  The second occurs between June and
August in the MAB (Kendall and Walford 1979).  Recent
studies have re-examined this conclusion and refined our
knowledge of a complex reproductive pattern, and support
the concept of a single, migratory spawning stock (Hare
and Cowen 1993; Smith et al. 1994).

Sexual maturity and gonad ripening occur in early
spring off Florida, early summer off North Carolina, and
late summer off New York (Hare and Cowen 1993).  In
the New York Bight, gonadosomatic studies indicate that
both sexes are ripe or ripening between June and
September with a strong peak in July (Chiarella and
Conover 1990).  Larvae re-occur in the SAB in the fall
(Collins and Stender 1987) and there are also indications
that gonads reach a second peak in ripeness in fishes off
Florida in September.  Most bluefish are mature by age 2
(Deuel 1964).  It is not known whether individuals spawn
serially or what the contributions of individuals are to
observed spawning patterns of the population.  In South
Africa, individuals may spawn repeatedly over a period of
5-6 months (Van der Elst 1976), but there is no
comparable information for the U.S. population.

FOOD HABITS

During their oceanic larval stage, bluefish primarily
consume copepods.  Fishes begin to be included in their
diet at sizes of 30 mm, and by 40 mm, fishes are the major
diet item.  Soon after this shift in diet, juveniles migrate
inshore to occupy estuarine habitats (Marks and Conover
1993).

The results of several studies suggest that bluefish
juveniles and adults eat whatever taxa are locally
abundant (Table 1).  The components of young-of-the-
year bluefish diet in Sandy Hook Bay, New Jersey and the
effects of those components on condition were studied
over a three-year period (Friedland et al. 1988).  Fishes
dominated the diet during 1981, while crustaceans and
polychaetes were more important during 1983 and 1984.

Weight-length relationships indicated that weight at length
was significantly greater in 1981 than in the other two
years.  Thus, not only does the quality of diet differ
between estuaries, but the method of foraging may also
differ; more benthic foraging was evident in bluefish from
Sandy Hook Bay than in bluefish sampled in estuaries in
Delaware (Grant 1962) and North Carolina (Lassiter
1962).  Depending on age class, diets might change
through a season.  In Chesapeake Bay, diets of three age
classes differed through the summer (Table 1), but all
three concentrated on Brevoortia tyrannus in the fall
(Hartman and Brandt 1995a, b).

PREDATION

Sharks, tunas, and billfishes are the only predators
large and fast enough to prey on adult bluefish.  They are
a major component in the diet of shortfin mako shark,
composing 77.5% of the diet by volume (Stillwell and
Kohler 1982).  This study estimated that this shark may
consume between 4.3 and 14.5% of the bluefish resource
between Georges Bank and Cape Hatteras.  Bluefish also
ranked fourth in number and occurrence and third in
volume in swordfish diets, especially off the Carolinas
(Stillwell and Kohler 1985).  Blue sharks and sandbar
sharks also prey on bluefish (Kohler 1988; Medved et al.
1985).  Young-of-the-year are preyed upon by four
oceanic bird species, the Atlantic puffin, Arctic tern,
common tern, and roseate tern (Creaser and Perkins 1994;
Safina et al. 1990).  Cannibalism has only rarely been
reported, but occurs in age 1 and older year classes in
North Carolina (Lassiter 1962), and bluefish compose a
minor component of the diet of larger bluefish collected
during Northeast Fisheries Science Center (NEFSC)
bottom trawl surveys on the continental shelf (NEFSC,
unpublished data).

MIGRATIONS

Bluefish are warm water migrants and do not occur in
MAB waters at temperatures < 14-16°C (Bigelow and
Schroeder 1953).  They generally move north in spring-
summer to centers of abundance in the New York Bight
and southern New England and south in autumn-winter to
the waters in the SAB as far as southeastern Florida.
There is a trend for larger individuals to occur farther
north during the summer (Wilk 1977).  Anecdotal reports
suggest that larger adults truncate their southward
migration and spend the winter on the outer part of the
continental shelf of the MAB.  One report witnessed a
single fish landed from about 100 m deep off Martha’s
Vineyard during mid-January 1950 and several hauls of
80-640 kg from the vicinity of Hudson Canyon during
early February of the same year (Bigelow and Schroeder
1953).  Another study simply reported “boats engaged in
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the winter trawl fishery for fluke and scup along the outer
margin of the continental shelf often bring in a few
bluefish” (Hamer 1959).  These reports have been
perpetuated since (Lund 1961; Miller 1969; Lund and
Maltezos 1970; Hardy 1978). However, recent winter
trawl surveys do not indicate, nor are fisheries or other
data available to support, the presence of bluefish in the
MAB during winter, except for a few occurrences near the
shelf edge off Cape Hatteras (see Geographical
Distribution).

STOCK STRUCTURE

The bluefish is presently managed as a single stock
(MAFMC 1997).  Although there is evidence of separate
spawning events (see Reproduction), fish from these
spawning groups mix extensively during their lives, and
recent conclusions have ascertained that bluefish year
classes are composed of seasonal cohorts (Chiarella and
Conover 1990).  Recent studies have re-examined this
conclusion and refined our knowledge of a complex
reproductive pattern, supporting the concept of a single,
migratory spawning stock (Hare and Cowen 1993; Smith
et al. 1994).  A mitochondrial DNA study of spring- and
summer-spawned bluefish also concluded that bluefish
along the east coast of the United States comprise a single
genetic stock (Graves et al. 1992).

HABITAT CHARACTERISTICS

The habitat characteristics for eggs, larvae, pelagic-
juveniles, juveniles, and adults based on results of this
compendium and pertinent published reports are presented
in Table 2.  Included are observations of habitat use by
young-of-the-year in estuaries.  When studies of juvenile
abundance have been related to environmental variables,
such as eelgrass presence/absence or a substrate type, they
have usually been conducted with seines where catch-per-
unit-of-effort is difficult to establish.  Comparing the
results of these studies between locations is usually not
possible, and further details of essential habitats are
therefore not yet available.  Appendix 1 contains more
complete data from various studies reported in the
literature.

EGGS

In the MAB, bluefish eggs are found in the open
ocean at temperatures 18-22oC and salinities > 31.0 ppt.
Peak spawning occurs in the evening (Norcross et al.
1974).  Eggs in the southern part of the MAB may be
advected south and offshore (Norcross et al. 1974).

LARVAE AND PELAGIC-JUVENILES

Larvae in the MAB occur in open oceanic waters,
near the edge of the continental shelf in the southern Bight
and over mid-shelf depths farther north (Norcross et al.
1974; Kendall and Walford 1979).  Most larvae occur in
temperatures of 18-24oC and salinities of 30-32 ppt.  They
migrate vertically in the water column, occurring near the
surface at night, but centered at about 4 m during daylight
(Kendall and Naplin 1981).  Larvae spawned in the SAB
(spring-spawned cohort) are subject to advection north
via the Gulf Stream (Hare and Cowen 1996; Kendall and
Walford 1979), but some recruit successfully to estuaries
in the SAB (Collins and Stender 1987; McBride et al.
1993).

The transport of pelagic-juveniles was outlined by
Kendall and Walford (1979) and elaborated by Hare and
Cowen (1996).  Many are found in the vicinity of Cape
Hatteras as early as April.  In May, several have been
collected on the shelf in the SAB (Fahay 1975; Kendall
and Walford 1979).  By June, they occur in the MAB
between the shore and the shelf/slope front, actively
crossing the shelf (Hare and Cowen 1996).  In both the
SAB and MAB, there is a strong negative correlation
between fish size and depth indicating an offshore origin
and onshore migration with growth.

JUVENILES (INCLUDING YOUNG-OF-
THE-YEAR)

Juveniles occur in estuaries, bays, and the coastal
ocean of the MAB and SAB, where they are less common.
They occur in many habitats, but do not use the marsh
surface.  The range of physical and structural conditions in
which they are found is summarized in Table 2.  Juveniles
begin to depart MAB estuaries in October and migrate
south to spend the winter months south of Cape Hatteras.

ADULTS

Adult bluefish occur in the open ocean, large
embayments, and most estuarine systems within their
range.  Although they occur in a wide range of
hydrographic conditions, they prefer warmer temperatures
and are not found in the MAB when temperatures decline
below 14-16oC.  See Table 2 for a summary of habitat
requirements of adult bluefish.

GEOGRAPHICAL DISTRIBUTION

EGGS

Spring-spawned cohort: The spring spawning
occurs near the edge of the continental shelf in the SAB.
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However, bluefish eggs have not been collected or
identified from this region.

Summer-spawned cohort: Eggs were collected from
May to August over the MAB continental shelf during the
NEFSC Marine Resources Monitoring, Assessment and
Prediction (MARMAP) program surveys [see Reid et al.
(1999) for methods].  Bluefish eggs were most abundant
in July (Figure 3).  Eggs were distributed near Cape
Hatteras in May and their occurrences expanded rapidly
northward during the summer.  In July, eggs were
distributed as far as southern New England waters with a
center of abundance off Delaware Bay and New Jersey
(Berrien and Sibunka 1999).  Eggs were not collected
after August.  Bluefish eggs do not occur in estuarine
waters.  During the NEFSC MARMAP surveys, eggs
occurred across the entire shelf, but were most
concentrated in mid-shelf depths (Berrien and Sibunka
1999).  In another study, most (80%) eggs collected off
the Chesapeake Bay mouth were > 55 km from shore
(Norcross et al. 1974).  Most eggs were collected at
surface temperatures between 17 and 23oC, and over
depths of 30 to 70 m (Figure 4).

LARVAE

The distribution of all larvae collected in the MAB
and SAB is shown in Figure 5.  There has been a critical
lack of sampling in the area immediately south of Cape
Hatteras.

Spring-spawned cohort: Our understanding of the
distribution of larvae in the SAB (corresponding to the
spring-spawned cohort) is limited.  The NEFSC
MARMAP ichthyoplankton program sampled there from
1973 through 1980; bluefish larvae generally were
collected in low densities, both in water column sampling
with bongo nets (Figure 6) or Isaacs-Kidd midwater trawls
(Table 3), and at the surface with two types of neuston net
(Figure 7).  Most larvae occurred near the 200 m depth
contour, placing them close to the Gulf Stream and
presumably enhancing their chances of advection to the
north as proposed by Kendall and Walford (1979), Powles
(1981), and Hare and Cowen (1993, 1996).  The
collection of bluefish eggs in April and May is consistent
with back-calculated birth dates determined from
estuarine recruits in the New York Bight (NYB) (see
Juveniles).  The densest concentrations of larvae in
NEFSC MARMAP cruises in the SAB occurred over the
outer half of the continental shelf during April and May.
Currents there flow toward the northeast and are affected
by the Gulf Stream (Lee and Atkinson 1983), while on the
inner shelf, wind-driven currents are important in affecting
the drift of larvae (Powles 1981; Lee and Atkinson 1983).
A secondary concentration of larvae was detected during
late summer/early fall of one year (1976) and may indicate
the existence of an isolated spawning event (Figure 6).
During 1979, all sampling was done by Isaacs-Kidd

midwater trawl and was restricted to the shelf area near
Charleston, South Carolina between February and August
(Table 3).  Larvae were collected with this gear in low
densities between February and mid-May; two tows in
April yielded somewhat higher densities.

Summer-spawned cohort: The distribution of larvae
in the MAB is similar to that of the eggs (Figure 8).
Larvae < 11 mm (the size when they become pelagic-
juveniles) first occur near Cape Hatteras and along the
shelf edge in the Wilmington Canyon area during May,
and are present through the summer in increasing numbers
throughout the southern and central parts of the MAB.
Although larvae are only rarely collected in estuarine
waters, they have been reported from a few large systems
in the MAB, including one larva, one occurrence in
Narragansett Bay (Herman 1963) and several estuaries in
New York/New Jersey (Table 4).  During June, peak
larval abundance occurs between Cape Hatteras and
Chesapeake Bay and off New Jersey.  Larvae are most
dense in the central part of the MAB in July and remain
dense during August.  Few larvae occur in the MAB
during September.  Larvae rarely occur deeper in the
water column than 15 m and most are concentrated at a
depth of about 4 m during the day, but are about equally
distributed between that depth and the surface at night.
Neuston sampling, therefore, is likely to drastically
undersample bluefish when done during the day.  In
NEFSC MARMAP sampling, larvae occurred across the
entire shelf but were most concentrated in mid-shelf
depths.  Most larvae were collected at surface
temperatures between 17° and 26°C and over water depths
of 30 to 70 m (Figure 9).

PELAGIC-JUVENILES (LARVAL TO
JUVENILE TRANSITION)

There are no available data that adequately describe
the distribution of this transformation stage in bluefish life
history, however, limited observations have been made in
the NYB (Shima 1989; Hare and Cowen 1996).  These
observations support the view that temperatures below 13-
15oC impede the progress of this stage into MAB
estuaries.  In early June, these pelagic-juveniles mass at
the shelf-slope temperature front, and resume their inshore
migration when that front dissipates (Hare and Cowen
1996).

JUVENILES

It is presently unknown if bluefish are "estuarine
dependant" since the distribution of juveniles over the
continental shelf has not been described.  The distribution
and relative abundance of juveniles has been documented
for estuaries along the east coast of the United States
(Table 4) and for estuaries in Maine (Table 5).
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A survey of juvenile bluefish published in the early
1970s (Clark 1973) noted that their distribution differed
from historical observations (Figure 10).  Bluefish were
not observed south of Daytona Beach through the 1970s,
although juveniles were reported from estuaries as far
south as Palm Beach, Florida in the early part of the
century (Evermann and Bean 1898; Nichols 1913).  This
author also suggested that the apparent high densities of
juveniles in certain regions (e.g., New Jersey and South
Carolina) were due to greater sampling effort.  Remaining
enigmatic occurrences include those in the freshwaters of
the upper Chesapeake Bay (Mansueti 1955; Lund 1961),
although the Chesapeake and Delaware Canal may play a
role in their presence there.

Several young-of-the-year surveys (or surveys that
adequately sample young stages) are conducted within
MAB states (Figure 11).  Several caveats pertaining to
these results prevent these state data from being compared
directly.  Some surveys are conducted throughout the
year, while others are limited in their seasonal extent, and
the resultant densities are therefore unequal.  Although all
results are expressed as "number per tow," tow lengths
and gear characteristics vary between states, and thus the
basis for this number can be unequal.  Finally, the
definition of "juvenile" can vary between states; in some
cases, it is based solely on length frequency distributions,
in some cases it is based on an arbitrary length cutoff.  In
most states, all fish < 30 cm are considered juveniles,
although in the Chesapeake Bay region, some of these
could be age 1+ if they were collected early in the year
(Munch 1997).

Despite these caveats, certain trends are evident in the
data.  There are signs of strong year classes in each state
data set, but these do not necessarily match temporally.  In
general, abundances are greater in states between Rhode
Island and New Jersey, and considerably lower in states in
the southern part of the MAB, further emphasizing the
importance of the former.

Massachusetts Trawl Survey

Juvenile bluefish are collected in twice-yearly otter
trawl sampling in nearshore waters of Massachusetts [see
Reid et al. (1999) for details].  Juveniles are not found
during spring, but are more abundant during fall (Figure
12); most positive collections occur in embayments south
of Cape Cod.  In the fall, juveniles occur in the warmest
bottom water temperatures and occur most commonly at
the shallowest stations (Figure 13).

Rhode Island Trawl Survey,
Narragansett Bay

Juveniles were collected during summer and autumn
in a survey of Narragansett Bay (Figures 14, 15) [see Reid

et al. (1999) for details].  Most were collected in depths of
6-15 m and at bottom water temperatures of 17-22oC
(Figure 16).

Connecticut Trawl Survey, Long Island
Sound

Young-of-the-year appear during June and by mid-
August, they compose 93% of the bluefish catches in
Long Island Sound (Figure 17) [see Reid et al. (1999) for
details].  Abundance is highest during mid-summer on the
Connecticut side of the sound in depths < 18 m, but adults
are more widespread than juveniles (Figure 18).  Peak
abundance is reached during September when bluefish
(94% juveniles) are found throughout the sound.  Juvenile
abundance is highest in depths of 9-27 m over mud
bottoms in three areas: 1) the Connecticut side from New
Haven to Norwalk; 2) across the Western Basin into
Smithtown Bay; and 3) across the Central Basin from
New Haven to Mattituck.  Abundance decreases rapidly
after September and juveniles appear to depart before
adults.

NEFSC Hudson-Raritan Trawl Survey

Most bluefish collected in the Hudson-Raritan estuary
and Sandy Hook Bay trawl survey are juveniles (< 35 cm)
[see Reid et al. (1999) for details].  There are no
occurrences during winter and only a few adults are
collected during spring (Figure 19).  During summer and
fall, juveniles occur throughout the area in all depths
sampled, at bottom temperatures between 12 and 24oC
(Figure 20).  The largest collections were made near
navigation channels or in a basin near Graves End Bay.

SEAMAP Trawl Survey, South Atlantic
Bight

The Southeast Area Monitoring and Assessment
Program (SEAMAP) surveys sampled the coastal region
between Cape Hatteras, North Carolina and Cape
Canaveral, Florida [see Reid et al. (1999) for details].
After an initial several years when gear and methods were
not standardized, methodology became synoptic and
standardized between 1990 and 1996  (Beatty and Boylan
1997; Boylan et al. 1998).  Bluefish collected during the
latter survey period are shown in Figure 21.  Length
frequencies of these collections indicate most were young-
of-the-year or age 1 (Figure 22).  Information on
distributions over the offshore portions of the SAB shelf
are lacking for any size class.  Monthly occurrences of
these bluefish are shown in Figure 23.  Occurrences
decrease during spring, are at low levels during summer,
and increase during October beginning in the northern



Page 6

part of the bight, which suggests an influx of migrating
young-of-the-year from the MAB.

ADULTS

Massachusetts Trawl Survey

Adult bluefish are collected in twice-yearly otter trawl
sampling in nearshore waters of Massachusetts.  During
spring, a few large adults are sometimes found in the
vicinity of Nantucket and Vineyard sounds, when
juveniles are not found (Figure 12).  Both juveniles and
adults are more abundant during fall when most
collections occurred in embayments south of Cape Cod
(Figure 12).  Adults in spring and fall occur over the
warmest bottom water temperatures and most commonly
in the shallowest stations (Figure 13).

Rhode Island Trawl Survey,
Narragansett Bay

Adults were rarely collected during summer and
autumn in a survey of Narragansett Bay (Figures 14, 15).
Most were collected in depths of 6-21 m (summer) and 9-
43 m (autumn) and at bottom water temperatures of 15-
26oC (summer) and 17-21oC (autumn) (Figure 16).

Connecticut Trawl Survey, Long Island
Sound

Bluefish adults begin to appear in Long Island Sound
during May (Figure 17) when temperature preferences are
9-18oC (Figure 18).  Abundance is highest during mid-
summer on the Connecticut side of the sound in depths <
18 m and adults are more widespread than juveniles.  Peak
abundance is reached during September when bluefish
(94% juveniles) are found throughout the sound.
Abundance decreases rapidly after September and
juveniles appear to depart before adults.

NEFSC Hudson-Raritan Trawl Survey

Most bluefish collected in Hudson-Raritan estuary
and Sandy Hook Bay are juveniles (< 35 cm).  There are
no occurrences during winter and only a few adults are
collected during spring (Figure 19).  Their collections
relative to bottom temperature, depth, dissolved oxygen,
and salinity are shown in Figure 20.

JUVENILES AND ADULTS

NEFSC Trawl Surveys

Bluefish are migratory and their distribution varies
seasonally and according to age and size of individuals
composing schools.  Length frequencies of trawl-collected
bluefish were examined to determine age and size
composition of catches in the NEFSC bottom trawl survey
(Figure 24).  Modes were separable into spawning cohorts
and year classes based on published studies and are the
bases for the distribution maps (Figures 25-32).

The distribution of all lengths during all seasons
(Figure 25) indicates that bluefish occur most densely
along the coast of the MAB and through the central part of
Georges Bank, although these results may reflect the
increased efficiency of the trawl in shallower waters.
Winter occurrences are limited to the outer continental
shelf near Cape Hatteras and these few occurrences are
larger fish (Figures 26, 27).  Spring collections include
spring-spawned young-of-the-year off North Carolina,
spring-spawned age 1 restricted to coastal areas south of
Cape Hatteras, age 2 individuals along the continental
shelf edge off North Carolina, and older year classes
distributed between Cape Hatteras and the offing of the
Delmarva Peninsula (Figure 28).  The distributions of <
30 cm and > 30 cm bluefish relative to depths and
temperatures sampled during these spring surveys are
shown in Figure 29.

Summer surveys collected several age classes,
including summer-spawned young-of-the-year in the New
York Bight; spring-spawned young-of-the-year widely
distributed along the coast between New York and Cape
Hatteras; age 1 fish, especially off North Carolina, but
also in the Chesapeake Bay region; and older year classes,
mostly over Georges Bank (Figure 30).

Fall surveys are most important for measuring relative
year-class strength.  Young-of-the-year of both spring-
and summer-spawned cohorts and age 1 individuals are
abundant along the coast between Long Island and Cape
Hatteras.  Older year-classes are more abundant in
southern New England and Georges Bank waters (Figure
31).  When all lengths are considered, there is a trend for
bluefish to occur on the warmest stations sampled (Figure
32).  However, this trend is most pronounced for young-
of-the-year when they are separated from older year
classes.  The relative occurrences of all year classes by
bottom depths closely mirror the distribution of depths
sampled (Figure 32).

All age classes, in combined spring and fall surveys,
were collected mostly over depths < 20 m.  They were
collected at warmer temperatures during spring surveys,
but showed little preference for temperatures during fall
surveys.
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STATUS OF THE STOCK

Population fluctuations have been common in the
western Atlantic bluefish population since colonial times.
Wide swings in abundance occurred between the 1600s
and the 1950s (Bigelow and Schroeder 1953).  In recent
years, the total catch of bluefish (commercial landings
plus recreational catches) peaked in the late 1970s and
early 1980s and has declined since (Figure 33).
Commercial landings decreased about 22% between 1994
and 1995.  During 1982-1996, age 1 fishing mortality
increased approximately fourfold, recruitment has
declined from an estimated 75 million fish at age 0 to
about 14 million fish, and estimates of the spawning stock
biomass have decreased from about 300,000 mt to 100+
mt (Stock Assessment Review Committee, Coastal Pelagic
Subcommittee 1996).

There is little difference in the distribution of adults
between a period of relatively high population abundance
(1980-1982) and a period of low abundance (1994-1996)
(Figure 34).  However, the same comparison of the
distribution of young-of-the-year indicates a decline in
abundance in the southern part of the MAB.  Whether this
is due to year-class failure in estuaries of that region, or
reflects a lack of pelagic-juvenile recruitment to those
estuaries, is unknown.

RESEARCH NEEDS

LIFE HISTORY AND BIOLOGY

We lack information on the reproductive biology of
bluefish.  Observed patterns of spawning may be based on
the population level rather than on information on
individual reproductive traits.  We presently do not know
whether individuals spawn serially, and if so, how many
times they are capable of spawning in a year.  We also do
not know if these reproductive characteristics vary with
age.  It is apparent that more study of the distribution of
older stages needs to be correlated with spawning events.
Since bluefish school in like-sized (and supposedly like-
aged) groups, we need to know what groups are where and
when, and how those aggregations are associated with the
observed densities of eggs.  Simply describing how many
spawning events are occurring can not solve the issue of
the number of manageable stocks.

Our understanding of the "pelagic-juvenile" stage is
limited despite its obvious importance.  We need to better
understand the details of transport mechanisms that
provide progeny of reproduction in the SAB to nurseries
in the MAB.  Increased sampling of the neuston or near-
surface layers of the ocean between production areas and
estuarine nursery areas, associated with appropriate
oceanographic observations, would provide much-needed
insight into factors affecting transport and estuarine
recruitment.

There has been a tight correlation between population
size and the contribution of the spring-spawned cohort to
fall trawl collections in the last three decades.  Yet our
knowledge of reproduction in the SAB is limited to a
brief, under-sampled period in the 1970s when the
population was at a relatively low level of abundance.
Furthermore, larvae produced in June in the southern part
of the MAB appear not to survive [unless recruits to
Maine estuaries result from this output, see Creaser and
Perkins (1994)], the fate of the remaining MAB summer
offspring remains enigmatic, and the relative contribution
of this summer-spawned cohort to year-class success
would seem to be negligible.

There is some evidence for spawning during the fall
in the Cape Canaveral region of Florida that appears to be
discrete, rather than a continuation of spawning in the
MAB.  This evidence has been demonstrated in this
document with larval occurrences and a disjunct autumn
distribution of fishes between 26 and 40 cm. Hare and
Cowen (1993) present gonadosomatic data that suggest
the same thing.  Admittedly, some of this evidence is
weak and based on incomplete sampling, and should be
improved to determine the origin of these spawning fish,
the magnitude of spawning, and the fate of any progeny.

HABITAT REQUIREMENTS

It is obvious from a review of the literature that we
lack data to address the habitat issue at Tier 3 (habitat-
specific growth, reproduction, and survival rates).
Assessing how characteristics of habitat might affect the
quality of young-of-the-year is therefore not feasible.
Results of biological sampling, in estuaries or continental
shelf waters, only rarely report specific characteristics of
sampling sites.  Therefore, data accruing from these
studies are likely to be limited to “presence/absence”
value only.  According to Miller (1984): “We need a
reasonable schema of estuaries, emphasizing the factors
that have the most significance to the fish.  Unfortunately,
the necessary physical data are often lacking for an
accurate characterization.  Many are also temporally
unstable.  Not even our attempts to classify estuaries
recognize their dynamic nature…we need more complete
descriptions of how biologically relevant abiotic factors
within estuaries affect biologically relevant scales of time
and space.  Without this, we cannot hope to untangle the
biological processes or to compare results from different
estuaries.  Biologists need to involve more physical
oceanographers and meteorologists in our research.”
Clearly, in the future, more attention to details of
collecting sites needs to be paid, and habitat research
supported, such that the linkages between habitat quality
and year class success can be made.

There are lingering conclusions that the summer-
spawned cohort in the MAB uses nearshore coastal zones
as nurseries, more so than estuaries.  To some extent, this
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view may be based on the relative paucity of this cohort
compared to the spring-spawned cohort in estuaries.
Increased sampling of the near-coastal environment with
appropriate gear should be encouraged to assess the
relative value of this region.
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Table 1.  Dietary items of bluefish from several study areas.

Source Life History Stage and
Study Location

Diet Items (in order of importance)

Texas
Instruments
Incorporated
1976

Young-of-the-year,
Hudson River (tidal)

Anchoa mitchilli (dominated diet through summer),
Clupeidae, Microgadus tomcod, Alosa sapidissima,
Notropis hudsonius, Cyprinodontidae

Festa 1979 11-20 cm, Little Egg
Harbor estuary, NJ

Fundulus spp., Atherinidae, Anchoa spp., Callinectes
sapidus, Brevoortia tyrannus, Crangon septemspinosa

Friedland et al.
1988

Juvenile, Sandy Hook,
NJ

1981: Teleosts, Crustacea, Polychaeta
1982: Crustacea, Teleostei, Polychaeta
1983: Crustacea, Teleostei, Polychaeta
(weight at length significantly greater in 1981)

Hartman and
Brandt 1995a, b

Age 0, Age 1, and Age 2,
Chesapeake Bay

(Diets of all age classes
changed through season)

Age 0: Anchoa mitchilli, Menidia menidia, Brevoortia
tyrannus
Age 1: Leiostomus xanthurus, A. mitchilli, M. menidia,
B. tyrannus
Age 2: Micropogonias undulatus, A. mitchilli, B.
tyrannus
(B. tyrannus becomes important in diets of all age
classes in Sep-Oct.)

Buckel and
Conover 1997

Young-of-the-year,
Hudson River estuary

Unidentified fish, Anchoa mitchilli, Alosa spp., Morone
saxatilis, Morone americana

NEFSC, Trawl
Survey Diet
Data

All ages (mean size 35.6
mm FL), continental
shelf, Georges Bank and
Middle Atlantic Bight

1973-1980: Unidentified fishes, Illex spp., Etrumeus
teres, Loligo spp., Peprilus triacanthus, Cephalopoda

1981-1990: Unidentified fishes, Ammodytes dubius,
Peprilus triacanthus, Loligo spp., Clupea harengus
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Table 2.  Summary of life history and habitat characteristics for bluefish, Pomatomus saltatrix.  See Appendix 1 for a
more complete listing of habitat variables.

Life
History
Stage

Habitat (Spatial
and Temporal)

Temperature Salinity Light/Vertical
Distribution

Currents/
Circulation

Prey Estuarine
Use

Eggs 1

spring cohort:
unknown.
summer cohort:
occurs across
continental shelf,
southern New
England to Cape
Hatteras. Most in
mid-shelf waters.

spring cohort:
unknown.
summer cohort:
most in 18-22°C.

spring cohort:
unknown.
summer cohort:
31.0 ppt or more
(minimum 26.0
ppt).

spring cohort:
unknown.
summer cohort:
peak spawning
in the evening
(1900-2100
hrs).

spring cohort:
unknown.
summer cohort:
in southern MAB,
surface currents
transport eggs
south and
offshore.

-- None

Larvae 2 spring cohort:
near edge of
continental shelf,
Cape Hatteras-
Cape Canaveral,
FL. Peak April-
May.
summer cohort:
most 30-70 m
depths, May-Sept,
peak in July.

spring cohort:
smallest larvae in >
24°C.
summer cohort:
near Cape Hatteras
22.1-22.4°C; in
MAB 18-26°C.

spring cohort:
smallest larvae in >
35 ppt.
summer cohort: in
MAB in 30-32 ppt.

spring cohort: >
4 mm strongly
associate with
surface.
summer cohort:
near surface at
night, mostly at
about 4 m
during day.

spring cohort:
subject to
northward
advection by Gulf
Stream. Some
retained in SAB
by southerly
counter-current.
summer cohort:
southwest winds
in MAB may
facilitate cross-
shelf transport.

summer
cohort:
mostly
copepod life
history
stages. Guts
full during
day.

None

Pelagic
Juveniles 3

spring cohort:
smallest near 180
m contour; larger
near shore. April-
May.
summer cohort:
cross MAB shelf
from Slope Sea to
shore, early- to
mid-June.

spring cohort:
19.0-24.0°C (or
higher well
offshore).
summer cohort: in
MAB 15.0-20.0°C
(most > 18.0°C).
As low as 13.0°C
when cross shelf.

spring cohort:
Near 180 m
contour, > 35.0
ppt.
summer cohort:
During June, range
36.0-31.0 ppt.

both cohorts:
strongly
associated with
the surface.

spring cohort:
shoreward
movement with
growth unless
advected north.
summer cohort:
move shoreward
with growth.
Currents
important, but
active swimming
indicated.

-- both
cohorts:
enter
estuarine
nurseries
during this
stage

Juveniles 4

(summer
cohort
only)

Several estuarine
study areas
between
Narragansett Bay,
RI and Delaware
Bay and
Delaware River.

In most studies,
arrive > 20°C,
remain in
temperatures up to
30°C, emigrate
when declines to
15°C. Can not
survive below
10°C or above
34°C. Fall
migration in 18-
22°C on inner
continental shelf.

Usually 23.0-33.0
ppt but can intrude
to as low as 3.0
ppt.

Day: usually
near shorelines
or in tidal
creeks.
Night: usually in
open bay or
channel waters.

Can occur in surf
zone or clear to
turbid back-
estuarine zones.

Atlantic
silversides,
clupeids,
striped
bass, bay
anchovy,
others.

Mostly
sand, but
some mud,
silt, clay.
Also uses
Ulva,
Zostera
beds, and
Spartina or
Fucus.

Adults 5 Generally
oceanic,
nearshore to well
offshore over
continental shelf.

Warm water,
usually > 14-16°C.
Can tolerate 11.8-
30.4°C but are
stressed at either
extreme.

Oceanic salinities. -- -- Sight
feeders,
prey on
other fishes
almost
exclusively.

Not
uncommon
in bays,
larger
estuaries, as
well as
coastal
waters.

1 Norcross et al. 1974; Berrien and Sibunka 1999; Data from present report
2 Norcross et al. 1974; Kendall and Walford 1979; Kendall and Naplin 1981; Powles 1981; Collins and Stender 1987; Hare and Cowen 1996; Data from
   present report
3 Fahay 1975; Kendall and Walford 1979; Powles 1981; Collins and Stender 1987; Hare and Cowen 1996
4 Lund and Maltezos 1970; Olla et al. 1975; Milstein et al. 1977; Nyman and Conover 1988; Rountree and Able 1992a, b; McBride et al. 1995; Able et al.
  1996; Buckel and Conover 1997
5 Bigelow and Schroeder 1953; Olla and Studholme 1971
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Table 3. Sampling in 1979 ("Southern MARMAP") for bluefish larvae in the Charleston Bump area (32°37’ N - 32°80’ N
x 78°42’ W - 79°00’ W).  Isaacs Kidd MWT only.

Date Sampling Depth Sampling Duration Volume Sampled Bluefish No./10m2

February 9 15 5 308

      “ 37 27 641

      “ 84 33 816

February 28 31 26 693 0.89

      “ 54 25 1085

      “ 110 35 1052

March 13 30 22 580

      “ 74 29 995

March 17 114 38 1258 0.91

March 18 28 20 700

March 27 18 20 742 1.16

      “ 58 27 1002 0.78

      “ 98 34 1261

March 28 30 26 965

April 6 32 25 875 0.71

      “ 62 25 875 41.48

      “ 132 40 1400 0.38

April 18 27 20 700

      “ 38 21 735 2.22

      “ 128 33 1155

April 19 42 22 770 1.45

April 30 28 22 770 36.99

May 1 76 27 945 21.16

      “ 134 38 1330

      “ 50 25 875 3.97

May 16 34 22 770 2.65

      “ 58 25 875 9.55

      “ 130 35 1225 0.36

June 5 28 22 770

      “ 58 31 1085

June 30 37 26 910

July 1 58 29 1015

      “ 124 47 1645

August 12 42 24 890

August 13 127 31 1150

      “ 50 22 816

      “ 22 20 742
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Table 4.  Distribution of early life history stages of bluefish, Pomatomus saltatrix, in estuaries from Maine to Florida.
Occurrences are not quantitative and may be based on one or very few specimens.  Estimates of relative abundance after
Nelson and Monaco (1994), Jury et al. (1994), Stone et al. (1994).  Some Middle Atlantic Bight estuaries after Able and
Fahay (1998).

Estuary Eggs Larvae Juveniles

Passamaquoddy Bay, ME None None Rare

Englishman/Machias Bay, ME None None Rare

Narraguagus Bay, ME None None Rare

Blue Hill Bay, ME None None Rare

Penobscot Bay, ME None None Common

Muscongus Bay, ME None None Common

Damariscotta River, ME None None Common

Sheepscot River, ME None None Common

Kennebec/Androscoggin Rivers, ME None None Common

Casco Bay, ME None None Common

Saco Bay, ME None None Common

Wells Harbor, ME None None Common

Great Bay, ME/NH None None Common

Merrimack River, NH None None Rare

Massachusetts Bay, MA None None Common

Boston Harbor, MA None None Common

Cape Cod Bay, MA None None Common

Nauset Marsh, MA None None None

Buzzards Bay, MA None Rare Abundant

Narragansett Bay, RI None Rare/common Abundant

Connecticut River, CT None None Abundant

Long Island Sound, NY None None Abundant

Gardiners Bay, NY Rare Rare Abundant

Great South Bay, NY None None Abundant

Hudson River, Raritan/Sandy Hook Bays, NY/NJ Rare Rare Abundant

Barnegat Bay, NJ None Rare Abundant

Great Bay, NJ None Rare Common

Southern Inland bays, NJ None Rare Abundant

Delaware Bay, NJ/DE None rare Abundant

Delaware Inland bays, DE None None Common

Eastern Shore, MD/VA None Rare Common

Chesapeake Bay mainstem, MD/VA None None Abundant

Chester River, MD None None Common

Choptank River, MD None None Common
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Table 4.  cont’d.

Estuary Eggs Larvae Juveniles

Patuxent River, MD None None Common

Potomac River, MD/VA None None Abundant

Tangier/Pocomoke Sound, VA None None Abundant

Rappahannock River, VA None None Abundant

York River, VA None None Abundant

James River, VA None None Abundant

Albemarle Sound, NC None None Common

Pamlico Sound, NC None None Abundant

Pungo River, NC None None Common

Neuse River, NC None None Common

Bogue Sound, NC None None Common

New River, NC None None Common

Cape Fear River, NC None None Abundant

Winyah Bay, SC None None Common

Santee Rivers (N&S), SC None None Common

Charleston Harbor, SC None None Common

St. Helena Sound, SC None None Common

Broad River, SC None None Common

Savannah River, SC/GA None None Common

Ossabow Sound, GA None None Common

Sapelo Sound/ St. Catherine, GA None None Common

Altamaha River, GA None None Common

St. Andrew/St. Simon Sound, GA None None Common

St. Johns River, FL None None Common

Indian River, FL None None Rare

Biscayne Bay, FL None None Rare
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Table 5.  Unpublished records of juvenile bluefish in waters of coastal Maine.  Collection locations are ordered from
north to south (after Creaser and Perkins 1994).

Location Date of Collection O/E1 Number
Collected

Size (mm TL) Method2

Marston Pt. August 25, 1983 O 3 100-130 HW

Seal Island July 1991 O 1 50 AT

Matinicus Rock July 24-30, 1991 O 4 50-60 RT

         " July 9-17, 1991 O 14 40-50 AT

         " Mid-July 1990 O 2 30-40 AT

         " July 5, 1989 O 2 85-90 AP

         " July 18, 1986 O 1 77 AP

Foot Bridge (Boothbay
Harbor)

Summer 1970-1974 O --- Juveniles (2 modes) HS

DMR Dock July 4, 1984 O 3 40-50 HL

         " August 25, 1978 O 1 86 DN

         " September 14, 1971 O 5 95-105 ---

Townsend Gut September 5, 1985 O 1 Juvenile HL

Lobster Cove August 11, 1991 O 4 162-192 HL

         " August 30, 1990 O 1 145 HL

Sheepscot River August 2, 1989 E 1 140 HL

Sheepscot Falls August 1967 E --- 150-200 HL

Marsh River July 17-Sept 17, 1991 E 60 101-217 GN

         " August 1-Sept 26, 1990 E 149 89-218 GN

         " August 8-28, 1989 E 102 92-194 GN

         " August 26, 1987 E 6 129-163 GN

         " August 14, 1986 E 28 93-121 GN

The Eddy July 9, 1991 E 3 80-85 HS

Cross River August 8, 1991 E 1 115 HS

Berry Island September 8, 1974 E 4 125-140 HS

         " August 29, 1973 E 2 132-141 HS

         " August 30, 1972 E 1 112 HS

Kennebec Pt. August 10-22, 1990 O 29 39-70 HS
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Table 5.  cont’d.

Location Date of Collection O/E1 Number
Collected

Size (mm TL) Method2

Mouth of Abagadasset
River

July 18, 1991 E 2 84-94 HS

         " July 3, 1991 E 6 112-115 HS

         " August 3, 1989 E 8 52-76 HS

         " September 11, 1987 E 2 142-150 HS

         " July 17, 1986 E 5 70-77 HS

Mouth of Androscoggin
River

August 5, 1983 E 2 82-86 HS

Bath Bridge Summer 1982 E 90 < 100 OT

Winnegance Bay Summer 1988-1990 E --- 50-150 HL

Atkins Bay Summer 1981 E --- 80-90 HS

Howard Point August 1988 E 3 70-130 FK

Jenny Island July 16, 1991 E 1 40 CT

Merepoint Bay September 26, 1991 E 97 150-174 GN

Royal River Summer 1988 E --- Juvenile ---

SMVTI Dock September 1986 O --- 130-150 HL

Union Wharf September 1984 O 6 150-200 HL

Dunston, Libby,
Nonesuch Rivers
(confluence)

Summer 1987 E --- Juvenile HL

1 mi. off amusement pier,
Old Orchard Beach

Summer 1961-1964 O --- Juvenile HL

Wells Harbor August 1991 E 1 68 FN

1 O = oceanic; E = estuarine
2 Collection methods: OT = otter trawl; FN = fyke net; HL = hook and line; HS = haul seine; AP = Atlantic puffin;
  GN = gill net; AT = Arctic tern; DN = dip net; CT = common tern; HW = herring weir; RT = roseate tern
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Figure 1.  The adult bluefish, Pomatomus saltatrix (from Goode 1884).
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Figure 2.  The pelagic juvenile bluefish, 24.3 mm SL (from Able and Fahay 1998).
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Figure 3.  Distribution and abundance of bluefish eggs collected during NEFSC MARMAP ichthyoplankton surveys in
the Mid-Atlantic Bight from 1978-1987 [survey also covered the Gulf of Maine and Georges Bank; see Reid et al.
(1999) for details].
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Figure 3.  cont’d.
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Figure 4.  Abundance of bluefish eggs relative to near-surface water column temperature and depth based on NEFSC
MARMAP ichthyoplankton surveys in the Mid-Atlantic Bight (May- August 1978-1987, all years combined).
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Figure 5.  Distribution and abundance of bluefish larvae collected during NEFSC MARMAP ichthyoplankton surveys of
both the Mid-Atlantic Bight (1977-1987) and South Atlantic Bight (1973-1978) [survey also covered the Gulf of Maine
and Georges Bank; see Reid et al. (1999) for details].
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Figure 6.  Distribution and abundance of bluefish larvae collected with a bongo net in the South Atlantic Bight during
NEFSC MARMAP ichthyoplankton surveys [see Reid et al. (1999) for details].
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Figure 6.  cont’d.
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Figure 7.  Distribution and abundance of bluefish larvae collected in a neuston net in the South Atlantic Bight during
NEFSC MARMAP ichthyoplankton surveys [see Reid et al. (1999) for details].
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Figure 7.  cont’d.
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Figure 8.  Distribution and abundance of bluefish larvae collected during NEFSC MARMAP ichthyoplankton surveys in
the Mid-Atlantic Bight from 1977-1987 [survey also covered the Gulf of Maine and Georges Bank; see Reid et al.
(1999) for details].
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 Figure 8.  cont’d.
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Figure 8.  cont’d.
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Figure 9.  Abundance of bluefish larvae relative to near-surface water column temperature and depth based on NEFSC
MARMAP ichthyoplankton surveys in the Mid-Atlantic Bight (May-September 1977-1987, all years combined).
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Figure 10.  Reported occurrences of juvenile bluefish along the east coast of the United States (Clark 1973).
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Figure 11.  Abundance (number/tow) of young-of-the-year bluefish in seine and trawl surveys by state and by year.
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Figure 12.  Distribution and abundance of juvenile and adult bluefish collected in Massachusetts coastal waters during
spring (adults only) and autumn (both juveniles and adults) Massachusetts inshore trawl surveys [1978-1996, all years
combined; see Reid et al. (1999) for details].

Bluefish
Mass. Inshore Trawl Survey
     Autumn  1978 - 1996
        Juveniles  (<35cm)

Number/Tow

   1  to  10

   10  to  25

   25  to  50

   50  to  100

   100  to  212



Page 36

Figure 12.  cont’d.
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Figure 13.  Abundance of juvenile and adult bluefish relative to bottom water temperature and depth based on
Massachusetts inshore bottom trawl surveys (spring and autumn 1978-1996, all years combined).
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Figure 14.  Distribution and abundance of juvenile and adult bluefish collected in Narragansett Bay during 1990-1996
Rhode Island bottom trawl surveys.  The numbers shown at each station are the average catch per tow rounded to one
decimal place [see Reid et al. (1999) for details].
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Figure 14.  cont’d.
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Figure 15.  Seasonal length frequency distributions of bluefish collected in Narragansett Bay during 1990-1996 Rhode
Island bottom trawl surveys [all years combined; see Reid et al. (1999) for details].
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Figure 16. Seasonal abundance of juvenile and adult bluefish relative to bottom water temperature and depth based on
Rhode Island Narragansett Bay trawl surveys (1990-1996, all years combined).
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Figure 16.  cont’d.

-1 1 3 5 7 9 11 13 15 17 19 21 23 25 27
0

10

20

30

40

-1 1 3 5 7 9 11 13 15 17 19 21 23 25 27
0

10

20

30

-1 1 3 5 7 9 11 13 15 17 19 21 23 25 27
0

4

8

12

16

20

-1 1 3 5 7 9 11 13 15 17 19 21 23 25 27
0

4

8

12

16

20

Bottom Temperature (C)

Winter

Spring

Summer

Autumn

Bluefish
Adults  ($ 35 cm) Stations

Catches

10 20 30 40 50 60 70 80 90 100 110 120
0

10

20

30

10 20 30 40 50 60 70 80 90 100 110 120
0

5

10

15

20

25

10 20 30 40 50 60 70 80 90 100 110 120
0

10

20

30

10 20 30 40 50 60 70 80 90 100 110 120
0

10

20

30

Bottom Depth (ft)

Winter

Spring

Summer

Autumn

Bluefish
Adults  ($ 35 cm) Stations

Catches



Page 43

Figure 17.  Distribution, abundance, and length frequency distributions of bluefish in Long Island Sound collected during
spring and autumn Connecticut bottom trawl surveys [1992-1997, all years combined; see Reid et al. (1999) for details].
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Figure 18.  Abundance of bluefish relative to bottom water temperature based on spring and autumn Connecticut bottom
trawl surveys in Long Island Sound (1992-1997, all years combined).
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Figure 19.  Seasonal distribution and abundance of juvenile and adult bluefish collected in the Hudson-Raritan estuary
during Hudson-Raritan trawl surveys [1992-1997, all years combined; see Reid et al. (1999) for details].
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Figure 19.  cont’d.

NEW
YORK

NEW
JERSEY

Staten
Island

No/Tow
 1 - 4

10 - 24
25 - 49

  5 - 9

 50 - 110

Bluefish

>Adults (   35 cm)

Hudson-Raritan Estuary
Fall 1992 - 1996

No/Tow
 1 - 4

10 - 24
25 - 49

  5 - 9

Bluefish
Hudson-Raritan Estuary

Winter 1992 - 1997
Adults (   35 cm)>

 50 - 110

No Catches

NEW
JERSEY

NEW
YORK

Staten
Island

No/Tow
 1 - 4

10 - 24
25 - 49

  5 - 9

 50 - 110

Bluefish

>Adults (   35 cm)

Hudson-Raritan Estuary
Spring 1992 - 1997

NEW
YORK

NEW
JERSEY

Staten
Island

NEW
YORK

NEW
JERSEY

Staten
Island

No/Tow
 1 - 4

10 - 24
25 - 49

  5 - 9

 50 - 110

Bluefish

>Adults (   35 cm)

Hudson-Raritan Estuary
Summer 1992 - 1996



Page 47

Figure 20. Abundance of juvenile and adult bluefish relative to bottom water temperature, depth, dissolved oxygen, and
salinity based on Hudson-Raritan estuary trawl surveys (1992-1997, all years combined).
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Figure 21.  Distribution and abundance of bluefish in the South Atlantic Bight collected during SEAMAP bottom trawl
surveys [1990-1996, all years combined; see Reid et al. (1999) for details].
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Figure 22.  Length frequency distribution of bluefish in the South Atlantic Bight collected during SEAMAP bottom trawl
surveys (1990-1996, all years combined).
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Figure 23.  Monthly distribution, abundance, and length frequency distribution of bluefish in the South Atlantic Bight
collected during SEAMAP bottom trawl surveys (1990-1996, all years combined).
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Figure  23.  cont’d.
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Figure 24.  Seasonal length frequency distributions used to determine bluefish size and age cutoffs in NEFSC bottom
trawl surveys.
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Figure 25.  Distribution and abundance of bluefish (all sizes combined) collected off the east coast of the United States
during NEFSC bottom trawl surveys [all years and seasons combined; see Reid et al. (1999) for details].
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Figure 26.  Distribution and abundance of bluefish (all lengths combined) collected off the east coast of the United States
during winter NEFSC bottom trawl surveys [1964-1997, all years combined; see Reid et al. (1999) for details].
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Figure 27.  Length frequency distribution of bluefish caught in the winter off North Carolina during winter NEFSC
bottom trawl surveys.
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Figure 28.  Distribution and abundance of four size classes of bluefish collected off the east coast of the United States
during spring NEFSC bottom trawl surveys [1968-1997, all years combined; see Reid et al. (1999) for details].

Number / Tow

   1  to  7

82 80 78 76 74 72 70 68 66
32

34

36

38

40

42

44 (Pomatomus saltatrix)

Length 3 to 9 cm FL

NMFS Spring Trawl Surveys

All Years (1968 - 1997)

Bluefish

YOY, Spring-spawned

200m 200m

82 80 78 76 74 72 70 68 66
32

34

36

38

40

42

44 (Pomatomus saltatrix)

Length 12 to 29 cm FL

NMFS Spring Trawl Surveys

All Years (1968 - 1997)

Bluefish

Age 1, Spring-spawned

Number / Tow

1 to 9

10 to 90

200m

82 80 78 76 74 72 70 68 66
32

34

36

38

40

42

44 (Pomatomus saltatrix)

Length 30 to 50 cm FL

NMFS Spring Trawl Surveys

All Years (1968 - 1997)

Bluefish

Age 2

Number / Tow

1 to 9

10 to 22

82 80 78 76 74 72 70 68 66
32

34

36

38

40

42

44
(Pomatomus saltatrix)

Length 51 to 87 cm FL

NMFS Spring Trawl Surveys

All Years (1968 - 1997)

Bluefish

Age >= 3

Number / Tow

1 to 9

10 to 45

200m



Page 57

Figure 29.  Abundance of large (> 30 cm) and small (< 30 cm) bluefish relative to bottom water temperature and depth
based on spring east coast NEFSC bottom trawl surveys.
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Figure 29.  cont’d.
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Figure 30.  Distribution and abundance of four size classes of bluefish collected off the east coast of the United States
during summer NEFSC bottom trawl surveys [1963-1995, all years combined; see Reid et al. (1999) for details].
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Figure 31.  Distribution and abundance of four size classes of bluefish collected off the east coast of the United States
during fall NEFSC bottom trawl surveys [1963-1996, all years combined; see Reid et al. (1999) for details].
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Figure 32.  Abundance of young-of-the-year (YOY, < 26 cm) and age 1+ (> 26 cm) bluefish relative to bottom water
temperature and depth based on fall east coast NEFSC bottom trawl surveys.
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Figure 32.  cont’d.
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Figure 33.  Commercial landings, spawning stock biomass, and catch per unit effort (CPUE) for bluefish along the east
coast of the United States (NEFSC, unpublished data).
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Figure 34.  Distribution and abundance of juvenile (< 30 cm) and adult (≥ 30 cm) bluefish during a period of high
abundance (1980-1982) and during a period of low abundance (1994-1996) based on autumn NEFSC bottom trawl
surveys.
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Appendix 1.  Bluefish habitat characteristics.  MAB = Middle Atlantic Bight; SAB = South Atlantic Bight.

Eggs

Authors Study Period
and Area

Habitat (Spatial
and Temporal)

Temperature Salinity Dissolved
Oxygen

Currents Light Prey

Berrien
and
Sibunka
1999

1977-1987,
Continental
Shelf waters,
Gulf of Maine
to Cape
Hatteras

Occur southern
New England to
Cape Hatteras
across entire shelf.
Most in mid-shelf
waters of MAB,
especially off New
Jersey and
Delaware Bay.
May-August.

--- --- --- --- --- ---

Present
Study

1973-1980,
SAB;
1977-1987,
MAB

SAB: No data;
MAB: most found
over depths of 20-
40 m, May-August,
peak in July.

SAB: No
data;
MAB: Most
in 18-22°C

--- --- --- --- ---

Norcross et
al. 1974

1960-1962,
Continental
Shelf waters off
Virginia

Across shelf, from
nearshore to shelf
edge, but most in
outer half of shelf.
June through
August, peak July.

22°C or more.
(Minimum
18°C)

31 ppt or
more.
(Minimum
26.6 ppt)

--- Prevailing
surface
currents
transport eggs
south and
offshore.

Peak
spawning
evening
(1900-2100
hrs.)

---
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Appendix 1.  cont’d.

Larvae

Authors Study
Period and

Area

Habitat (Spatial
and Temporal)

Temperature Salinity Dissolved
Oxygen

Currents Light/Vertical
Distribution

Prey

Norcross
et al. 1974

1960-1962,
Continental
Shelf waters
off Virginia

Surface waters,
most near edge of
shelf.

--- --- --- --- --- ---

Kendall
and
Walford
1979

1965-1967,
Continental
Shelf waters
between
Cape Cod
and Palm
Beach,
Florida

Late April: in and
near Gulf Stream
off Cape
Hatteras; May:
near edge of shelf
off Carolinas;
August: mid-
shelf depths off
New Jersey;
September: few
in New York
Bight;  October:
concentration
near shelf edge
off Georgia.

C. Hatteras:
22.1-22.4°C;
MAB: 18-
26°C SAB:
20-26°C

MAB:
30-32 ppt
SAB: 35-
38 ppt

--- Larvae from
spring spawn
advected
north via Gulf
Stream.

--- ---

Kendall
and
Naplin
1981

July 1974,
outer
Continental
Shelf off
Delaware
Bay

Vertical
distribution
study. Most
larvae within 4 m
of surface.

Surface 23°C Surface
33 ppt

--- --- Near surface at
night; mostly at
4 m during
daylight.

Mostly
copepod
life history
stages.
Guts full
during day;
empty
during
night.

Collins
and
Stender
1987

1973-1980,
Cape
Hatteras to
Cape
Canaveral,
Florida.

Mostly in waters
> 40 m, primarily
in spring,
secondarily in
late summer.

--- --- --- Southerly
counter-
current retains
larvae in
SAB.

> 4 mm
strongly
associated with
surface.

---

Powles
1981

1973-1976,
Cape Fear,
North
Carolina to
Cape
Canaveral,
Florida

Peaked April-
May; smallest
near edge of
shelf; larger
closer to shore or
advected north.

Smallest
larvae > 24°C

Smallest
larvae >
35 ppt

--- Ekman drift
would impede
inshore
migration.

Predominately
neustonic.

---

Present
Study

SAB: 1973-
1980;
MAB: 1977-
1987

SAB: Most April-
May near edge of
shelf;
MAB: May-
September, peak
July, mostly
between depths
of 30-70 m.

SAB: No data
MAB: Most
18-24°C

--- --- SAB: subject
to northward
advection by
Gulf Stream.

--- ---

Hare and
Cowen
1996

March 1990,
1991; April
1989; June
1991; Water
masses off
Cape
Hatteras

Larvae occurred
March through
June; different
sizes occurred in
different water
masses.

March: 20-
25°C; April:
18-25°C;
June: 21-25°C

March:
36+ ppt;
April:
34.5-36.5
ppt; June:
31-36 ppt

--- SW winds in
MAB may
facilitate
cross-shelf
transport of
larvae.

--- ---
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Appendix 1.  cont’d.

Pelagic-Juveniles

Authors Study Period
and Area

Habitat (Spatial and
Temporal)

Temperature Salinity Dissolved
Oxygen

Currents Light/Vertical
Distribution

Prey

Hare
and
Cowen
1996

1988, MAB
shelf edge

Cross shelf from Slope
Sea to shore early to
mid-June.

13.0-15.0°C --- --- Wind-driven
flow may be
important, but
active
swimming
probably more
important.

Surface
oriented

---

Kendall
and
Walford
1979

1965-1972,
East Coast
U.S. (MAB
and SAB
Continental
Shelf into
Slope Sea)

April (late): many near
Cape Hatteras;
May: shelf in SAB,
largest nearshore;
June: MAB between
shore and shelf/slope
front;
Fall: few between
Delaware Bay and
Cape Hatteras;
Winter: few between
St. Johns River and
Cape Canaveral.

April-May:
22.1-24.0°C
Jun: 15.0-
20.0°C (most
> 18.0°C)
Fall: 15.0-
18.0°C
Winter: 13.0-
15.0°C

--- --- Migrate across
shelf from
shelf/slope
front to shore
as shelf waters
warm.

All collected in
near-surface
samplers.

---

Collins
and
Stender
1987

1973-1980,
SAB Cape
Fear-Cape
Canaveral

Seaward of 40 m
isobath, mostly spring,
some fall occurrences.

--- --- --- Strong negative
correlation of
size and depth
during spring,
indicates
shoreward
movement with
growth.

Strongly
associated with
the surface.

---

Fahay
1975

Seasonal,
May 1967-
Feb. 1968.
SAB
Continental
Shelf

14 collected between
North Carolina and
Cape Canaveral,
various depths
between nearshore and
shelf edge.  All during
May.

19.0-24.0°C --- --- --- --- ---

Powles
1981

1973-1976;
SAB Cape
fear-Cape
Canaveral

Smallest collected
near 180 m contour;
larger near shore.

180 m
contour: >
24.0°C

180 m
contour:
> 35.0
ppt

--- Weak
association of
size with
proximity to
coast. Most
probably
advected north.

Strongly
associated with
the surface.

---
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Appendix 1.  cont’d.

Juveniles and Older

Authors Study Period
and Area

Habitat (Spatial and
Temporal)

Temperature Salinity Dissolved
Oxygen

Currents/
Tide

Substrate/
Vegetation

Light/ Diel Prey

Nyman
and
Conover
1988

1985-1986, both
shores of Long
Island, New
York

Occur in embayments,
between late May and
October.

Arrive > 20°C;
emigrate ca.
15°C

--- --- --- --- --- ---

Rountree
and Able
1992a, b

1988-1989,
Great South
Bay, New
Jersey

Occur in polyhaline
subtidal marsh creeks
during summer.

> 20.0°C 23.0-30.0
ppt

--- --- --- Day: tidal
creeks
Night: open
bay

Menidia
menidia

Able et
al. 1996

Great Bay, New
Jersey

Most bluefish in
subtidal creeks.

19.0-28.0°C 25.0-33.0
ppt

--- --- 0.3-1.2 m
depth; Ulva
lactuca

--- ---

Milstein
et al.
1977

1972-1974,
Great Bay, New
Jersey

Several distinct
habitats studied;
bluefish most abundant
in mud-sand, high
salinity sites; also
sandy beaches.

--- --- --- Slow to
moderate,
swept by
waves.

Mostly sand,
some gravel,
silt, clay;
Ulva
lactuca,
Spartina
alterniflora,
Fucus
(sometimes).

--- ---

Smith
1971

1969-1970, four
low-salinity
creeks, upper
Delaware Bay

Six YOY occurred in
two of the creeks, June
and July.

24.5-30.0°C 0-5.2 ppt 4.5-7.3 Ebb/flood Sand/gravel Day ---

Pristas
and Trent
1977

1972, St.
Andrews Bay,
Florida

Range of depths
sampled with gill nets,
24 hrs.  Bluefish most
dense in shallowest
zone (0.7-1.1 m).

11.4-27.0°C 25.3-34.6
ppt

--- --- > 80% sand;
vegetation
most dense
in shallow
zone.

Bluefish
most
abundant at
night in
shallowest
zone.

---

McBride
et al.
1995

Narragansett
Bay, Rhode
Island

June-October, shallow
beaches.

18.0-28.0°C 25.0-34.0
ppt

--- --- Cobble,
gravel, shell,
sand; Ulva
and some
Zostera

Day
sampling
only.

---

de Sylva
et al.
1962

1958-1960,
Delaware Bay
and River

July and August,
mostly in shore zone of
lower estuary.

--- usually
high, but as
low as 3.0
ppt

--- Surf zone,
clear to
turbid.

Sand --- Collected
with small
clupeids
and
anchovies

Buckel
and
Conover
1997

1992-1993,
Hudson River
estuary

Mid-channel and
nearshore day-night
occurrence and feeding
study.

--- --- --- --- --- Most
abundant
nearshore
during
daylight;
mid-
channel at
night and
twilight.

Gut
fullness
highest
twilight
and day,
usually
low at
night.
Prey:
striped
bass, bay
anchovy,
clupeids.

Present
Study

1964-1997,
Continental
shelf MAB,
south to Cape
Fear, Cape
Canaveral

Inner shelf (over
depths < 20 m) during
summer and fall.

Most 18-22°C --- --- --- --- ---
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Editorial Notes on Issues 122-152
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Editorial  Production

For Issues 122-152, staff of the Northeast Fisheries Science Center's (NEFSC's) Ecosystems Processes Division have
largely assumed the role of staff of the NEFSC's Editorial Office for technical and copy editing, type composition, and
page layout.  Other than the four covers (inside and outside, front and back) and first two preliminary pages, all preprinting
editorial production has been performed by, and all credit for such production rightfully belongs to, the authors and
acknowledgees of each issue, as well as those noted below in "Special Acknowledgments."
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Internet Availability

Issues 122-152 are being copublished, i.e., both as paper copies and as web postings.  All web postings are, or will soon
be, available at:  www.nefsc.nmfs.gov/nefsc/habitat/efh.  Also, all web postings will be in "PDF" format.

Information Updating

By federal regulation, all information specific to Issues 122-152 must be updated at least every five years.  All official
updates will appear in the web postings.  Paper copies will be reissued only when and if new information associated with
Issues 122-152 is significant enough to warrant a reprinting of a given issue.  All updated and/or reprinted issues will retain
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

Butterfish, Peprilus triacanthus (Figure 1), range
from Newfoundland and the Gulf of St. Lawrence to the
Atlantic and Gulf coasts of Florida (Figure 2), but they
are most abundant from the Gulf of Maine to Cape
Hatteras (Bigelow and Schroeder 1953; Haedrich 1967;
Horn 1970a; Powell et al. 1972; Cooley 1978; Scott and
Scott 1988; Brodziak 1995; Klein-MacPhee, in review).
Butterfish are fast-growing, short-lived, pelagic fishes that
form loose schools, often near the surface (Schreiber
1973; Dery 1988; Brodziak 1995).  They winter near the
edge of the continental shelf in the Middle Atlantic Bight
and migrate inshore in the spring into southern New
England and Gulf of Maine waters.  During the summer,
butterfish occur over the entire mid-Atlantic shelf from
sheltered bays and estuaries out to about 200 m.  In late
fall, butterfish move southward and offshore in response
to falling water temperatures (Fritz 1965; Horn 1970a;
Schreiber 1973; Waring 1975; Azarovitz et al. 1980;
Klein-MacPhee, in review).

LIFE HISTORY

Butterfish are short-lived and grow rapidly; few
individuals live beyond 3 years and most are sexually
mature at 1-2 years of age.  The maximum age reported is
3+ years (DuPaul and McEachran 1973; Waring 1975;
Kawahara 1977a) and 6 years (Draganik and Zukowski
1966).  Butterfish are eurythermal (4.4-21.6ºC; Fritz
1965; Schaefer 1967; Horn 1970a) and euryhaline (5-32
ppt; Musick 1972).

EGGS

Butterfish eggs are buoyant, transparent, and
spherical (0.68-0.82 mm diameter; Wheatland 1956;
Colton and Marak 1969; Martin and Drewry 1978; Elliott
and Jiminez 1981).  The incubation period is about 48 hrs
at 18ºC; 50% of eggs hatched at 72 hrs at about 15ºC
(Martin and Drewry 1978; Colton and Honey 1963).
Eggs have been collected between 12.8-22.5ºC and 78-
100% seawater (Martin and Drewry 1978).  At hatching,
butterfish are 1.68-1.75 mm; yolk absorption is complete
by 2.48-2.64 mm (Colton and Honey 1963; Colton and
Marak 1969).

LARVAE

Butterfish larvae range from 2.6 to 16 mm standard
length (SL) (Martin and Drewry 1978).  By 6 mm they
have the thin, deep body that is characteristic of adults
and by 15-16 mm they have a forked tail (Horn 1970a;
Ditty and Truesdale 1983).  At 10-15 mm, larvae are more

nektonic than planktonic (Martin and Drewry 1978) and
are caught in neuston nets (Powles and Stender 1976; Lux
and Wheeler 1992).  They begin to associate with
jellyfish, Sargassum, and other flotsam at this size
(Mansueti 1963; Haedrich 1967; Horn 1970b; Thomas
and Milstein 1973; Lippson and Lippson 1984).  Larvae
may undertake diel vertical migrations; more butterfish
larvae were collected between 0-4 m at night than during
the day (Kendall and Naplin 1981).  Metamorphosis is
gradual as the larvae progressively assume juvenile
characters (Able and Fahay 1998).  Rotunno (1992)
reported growth rates of 0.227 mm/day for fish 6.0-28.0
mm SL based on otolith analyses.

JUVENILES

Juvenile butterfish range from 16 mm to about 120
mm SL (Martin and Drewry 1978).  During their first
year, they grow to 76-127 mm, or about half their adult
size (Hildebrand and Schroeder 1928; Klein-MacPhee, in
review).  Early-spawned individuals are 76-102 mm in the
fall; late-spawned individuals are 51-76 mm in the fall
and 76-127 mm the following spring (Martin and Drewry
1978).  Young butterfish (< 30 mm) often live in the
shelter of large jellyfishes during their first summer.
Although this commensal association is not essential, it is
a source of food and provides young butterfish some
protection from their predators (Mansueti 1963; Horn
1970b, 1975).

ADULTS

Adult butterfish range from about 120 mm to 305
mm SL (Hildebrand and Schroeder 1928) with an average
length of 150-230 mm (Klein-MacPhee, in review). The
median length at maturity (L50) for butterfish collected on
the northeast shelf (1986-1989) was 12.0 cm total length
(TL) for females and 11.4 cm TL for males (O’Brien et
al. 1993), which corresponds to an age of about 1 year
(Horn 1970a; DuPaul and McEachran 1973).  In
Chesapeake Bay, butterfish begin to mature during their
second summer (age 1) and most individuals are mature
by their third summer (DuPaul and McEachran 1973).  In
the New York Bight, ripe females 124-242 mm FL were
collected in 3-145 m of water from May through August;
less than 5% of the ripe females were collected in the
Hudson-Raritan estuary (Wilk et al. 1990).  At 2+ years
of age, butterfish are about 17 cm and at 3+, they are
about 19 cm (Waring and Murawski 1982).

REPRODUCTION

Butterfish are broadcast spawners (Horn 1970a) and
spawn primarily in the evening or at night (Ferraro 1980;



Page 2

Kendall and Naplin 1981), but no direct observations
have been made (Klein-MacPhee, in review).  Butterfish
may spawn in the upper part of the water column during
the evening; more eggs were collected between 0-4 m at
night in the Middle Atlantic Bight than during the day
(Kendall and Naplin 1981).

Butterfish are usually reported to spawn offshore
(e.g., Wang and Kernehan 1979).  Butterfish may spawn a
few miles out to sea off Woods Hole, MA and return
inshore when they are spent (Klein-MacPhee, in review).
However, eggs and larvae have been collected in coastal
waters and most estuaries in the northern part of the
Middle Atlantic Bight (Hildebrand and Schroeder 1928;
Herman 1963; Martin and Drewry 1978; Lux and
Wheeler 1992; Able and Fahay 1998).  Early stage eggs
have been collected in Narragansett Bay and Salem
Harbor (Herman 1963; Bourne and Govoni 1988; Elliott
and Jiminez 1981), Raritan Bay, NJ (Croker 1965), and in
the lower portions of Chesapeake Bay (Lippson and
Moran 1974), but not in Delaware Bay (Wang and
Kernehan 1979).

Water temperatures appear to regulate butterfish
reproduction as spawning dates are progressively later in
the year in the northern part of its range (Murawski et al.
1978; Rotunno and Cowen 1997; Able and Fahay 1998).
Spawning may occur year round in the South Atlantic
Bight with a peak in spring (Fahay 1975; Able and Fahay
1998). Spawning probably does not occur below 15ºC
(Colton 1972).

Butterfish begin spawning in Chesapeake Bay as
early as late May with a peak in activity in June and July
(Hildebrand and Schroeder 1928; Pearson 1941).
Spawning in the Middle Atlantic Bight occurs from May
through October (Smith et al. 1980); the gonad weight of
fish > 15 cm increases in March and April, reaches its
maximum during June and July, and decreases in the fall
(Kawahara 1977b). In Long Island Sound, spawning
occurs from June through late August with a peak in late
July; the principal spawning areas are in the eastern part
of the sound  (Perlmutter 1939). In Narragansett Bay,
butterfish eggs are found from June to August (Herman
1963).  In Massachusetts Bay, butterfish spawn from June
to August (Bigelow and Schroeder 1953).  In the Gulf of
Maine, spawning begins in May-June, peaks in July, and
ends in August (Bigelow and Schroeder 1953; Smith et al.
1980).  On the Scotian Shelf, spawning occurs from July
to October (Markle and Frost 1985).

The spawning period may be more protracted in the
Middle Atlantic Bight than previously thought.  Rotunno
(1992) and Rotunno and Cowen (1997) estimated
spawning times from a birthdate analysis of otoliths from
butterfish up to about 50 mm SL collected in the Middle
Atlantic and South Atlantic bights.  Spawning began in
February and continued through at least late July.  It
began in the south and progressed northward over time,
which is consistent with the temporal and spatial
distribution of larvae, and suggests that butterfish spawn

as they migrate north and inshore on their annual
migration in association with seasonal warming of waters
on the northeast shelf.

FOOD HABITS

Butterfish feed mainly on planktonic prey including
thaliaceans (primarily Larvacea and Hemimyaria),
mollusks (primarily squids), crustaceans (copepods,
amphipods, and decapods), coelenterates (primarily
hydrozoans), polychaetes (primarily Tomopteridae and
Goniadidae), small fishes, and ctenophores (Fritz 1965;
Leim and Scott 1966; Haedrich 1967; Horn 1970a, b;
Schreiber 1973; Mauer and Bowman 1975; Oviatt and
Kremer 1977; Tibbets 1977; Murawski et al. 1978;
Bowman and Michaels 1984; Klein-MacPhee, in review).

The food habits of butterfish collected during the
northeast shelf during Northeast Fisheries Science Center
(NEFSC) bottom trawl surveys [see Reid et al. (1999) for
details] were similar to diets reported in the literature
(Figure 3).  The stomach contents were dominated by
unidentifiable animal remains.  Arthropods dominated the
identifiable items, followed by urochordates (thaliaceans
and larvaceans), unidentified plankton, annelids (probably
polychaetes), chaetognaths (arrowworms), mollusks
(probably squids), cnidarians (coelenterates, probably
jellyfish), and fishes.

PREDATION

Butterfish are preyed on by many species including
haddock, silver hake, goosefish, weakfish, bluefish,
swordfish, sharks (hammerhead), and longfin inshore
squid (Bigelow and Schroeder 1953; Scott and Tibbo
1968; Horn 1970a; Maurer and Bowman 1975; Tibbets
1977; Stillwell and Kohler 1985; Brodziak 1995; Klein-
MacPhee, in review).

MIGRATION

North of Cape Hatteras, butterfish have a seasonal
inshore-offshore north-south migration in response to
changing water temperatures.  There is a limited seasonal
inshore-offshore migration south of Cape Hatteras
(Caldwell 1961; Fritz 1965; Horn 1970a; Klein-MacPhee,
in review).  During the summer, butterfish move north
and inshore to feed on planktonic fish, squid, crustaceans,
and jellyfish, and to reproduce.  They remain near the
surface at depths of 22-55 m and often come close
inshore; schools are frequently seen on shallow flats and
in sheltered bays and estuaries (Bigelow and Schroeder
1953; Klein-MacPhee, in review).

Butterfish are common in the lower Chesapeake Bay
from March through November (Geer and Austin 1997;
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Murdy et al. 1997).  They occur in Great Bay, NJ and
nearby coastal waters from June through November (Able
and Fahay 1998) and in the surf zone off Long Island
from June through October (Schaefer 1967).  They appear
off Rhode Island by the last half of April and off Woods
Hole, MA by mid-May, although they are not abundant
there until June.  Butterfish appear on Georges Bank in
early June, but are not abundant until late June or early
July.  They occur in the Gulf of Maine from late June-
early July through the fall (Bigelow and Schroeder 1953;
Overholtz and Tyler 1985; Klein-MacPhee, in review).
They are found in New Hampshire waters from July to
October with a peak in abundance in September
(MAFMC 1995).  Butterfish are common along the coast
of Maine and, in some years, they are common along the
coast of Nova Scotia bordering the Gulf of Maine
(Bigelow and Schroeder 1953).

During the winter, the stock moves south and
offshore.  Butterfish are found near the bottom over sand,
mud, and rock bottoms.  They have been caught to about
200 m deep in the northwest Atlantic (Bigelow and
Schroeder 1953; Klein-MacPhee, in review) and over 350
m in the South Atlantic Bight (Barans and Burrell 1976).
Butterfish are absent from nearshore waters off New
Jersey from January through late April (Milstein 1974;
Milstein and Hamer 1976).  South of Delaware Bay, the
winter offshore movement is not so extensive and some
individuals move south in shallow water (Waring and
Murawski 1982).

STOCK STRUCTURE

Butterfish range from Newfoundland to Florida and
are considered a unit stock (Brodziak 1995; Klein-
MacPhee, in review).  There may be two stocks south of
Cape Hatteras that are isolated by depth, although the
shallow stock (< 20 m) may be a Peprilus triacanthus-
Peprilus burti hybrid (Caldwell 1961; Horn 1970a; Klein-
MacPhee, in review) or P. burti, a Gulf of Mexico species
(Pershbacher et al. 1979).

HABITAT CHARACTERISTICS

Butterfish are pelagic fishes that form loose schools,
often near the surface (Schreiber 1973; Dery 1988;
Brodziak 1995).  They winter near the edge of the
continental shelf in the Middle Atlantic Bight and migrate
inshore in the spring into southern New England and Gulf
of Maine waters.  During the summer, butterfish occur
over the entire Mid-Atlantic shelf from sheltered bays and
estuaries out to about 200 m.  In late fall, butterfish move
southward and offshore in response to falling water
temperatures (Fritz 1965; Horn 1970a; Schreiber 1973;
Waring 1975; Azarovitz et al. 1980; Klein-MacPhee, in
review).

Table 1 summarizes the environmental conditions
where butterfish eggs, larvae, juveniles, and adults have
been collected based on a literature survey and analyses
of several fishery-independent databases [see Reid et al.
(1999) for survey methods and location maps].

EGGS AND LARVAE

Butterfish eggs and larvae are pelagic and occur from
the outer continental shelf to the lower, high salinity parts
of estuaries in Middle Atlantic Bight.  Eggs have been
collected between 12-23ºC and larvae have been collected
between 4-28ºC; eggs and larvae occur at salinities that
range from estuarine to full strength seawater (Table 1).
Larvae may undertake diel vertical migrations (Kendall
and Naplin 1981).  Larger larvae (10-15 mm) are more
nektonic than planktonic; larger larvae and pelagic
juveniles (< 30 mm) often associate with jellyfish,
Sargassum, and other flotsam (Mansueti 1963; Haedrich
1967; Horn 1970b; Thomas and Milstein 1973; Lippson
and Lippson 1984).

Eggs were collected during the NEFSC Marine
Resources Monitoring, Assessment and Prediction
program (MARMAP) ichthyoplankton survey at water
temperatures ranging from 6º to 26ºC; most eggs were
collected between 11-17ºC (Figure 4).  Eggs were
collected in surface waters (upper 200 m or within 5 m of
bottom where station depths were < 200 m) in depths
ranging from 10 to 1250 m (Figure 4).  Most eggs were
collected in water depths < 200 m.

Larvae were collected during the MARMAP
ichthyoplankton survey at water temperatures ranging
from 7-26ºC; most larvae were collected at 9-19ºC
(Figure 5).  Larvae were collected in surface waters in
depths ranging from 10 to 1750 m; most larvae were
collected in water depths < 120 m (Figure 5).

Eggs and larvae are common in the high salinity
zones of some estuaries in southern New England and the
Middle Atlantic Bight and in the mixing zone in
Chesapeake Bay (Table 2a).

JUVENILES AND ADULTS

Juvenile and adult butterfish are pelagic fishes that
form loose schools, often near the surface (Schreiber
1973; Dery 1988; Brodziak 1995).  They are eurythermal
(4.4-21.6ºC) and euryhaline (5-32 ppt) and are frequently
found over sand, mud, and mixed substrates (Table 1).  In
Long Island Sound, butterfish were collected less
frequently at low dissolved oxygen levels (2.0-2.9ml/l)
(Howell and Simpson 1994).

During the summer, butterfish occur inshore where
they remain near the surface; schools are frequently seen
on shallow flats and in sheltered bays, estuaries, and the
surf zone (Bigelow and Schroeder 1953; Leim and Scott



Page 4

1966; Schaefer 1967; Klein-MacPhee, in review).
Smaller juveniles often aggregate under floating objects
including the bells of coelenterates (Pearson 1941;
Bigelow and Schroeder 1953; Mansueti 1963; Haedrich
1967; Horn 1970b, 1975; Lippson and Moran 1974;
Milstein 1974; Scott and Scott 1988).  Larger juveniles
are pelagic schooling fishes that may congregate near the
bottom during the day and disperse upwards at night
(Waring 1975).

Juvenile and adult butterfish are common to abundant
in the high salinity and mixing zones of estuaries from
Massachusetts Bay to the mid-Atlantic; they are rare to
uncommon in the high salinity and mixing zones of
estuaries in the central and northern Gulf of Maine and in
the South Atlantic Bight (Tables 2a, b).  In the Gulf of
Maine and Middle Atlantic Bight, butterfish move
offshore during the winter; fish are found near the bottom
over sand, mud, and rock substrates (Bigelow and
Schroeder 1953; Klein-MacPhee, in review).  The
offshore migration is not as pronounced south of
Delaware Bay where winter water temperatures are
warmer (Waring and Murawski 1982).  In the South
Atlantic Bight, butterfish are present throughout most of
the year in nearshore waters (Keiser 1976).

In the NEFSC bottom trawl survey (1963-1997),
juvenile and adult butterfish were collected on the
continental shelf from 10 m of water nearshore out to
about 360 m of water offshore; most juveniles and adults
were collected in water depths < 180 m (Figure 6).
Adults were distributed somewhat deeper than juveniles
in all seasons.  Bottom-water temperatures where
juveniles and adults were captured ranged from 3º to
28ºC; most fish were collected between 7-20ºC (Figure
6).  Modal water temperatures during spring and fall
surveys were 10-14ºC for juveniles and adults.

In the Massachusetts trawl survey (1978-1996),
juvenile and adult butterfish were collected at depths
ranging from 5 to 80 m; most juveniles were collected
between 10-35 m and most adults between 10-50 m
(Figure 7).  Bottom water temperatures ranged from 9-
15ºC in the spring and 7-22ºC in the fall (Figure 7).
Adults were caught deeper than juveniles in the fall when
water temperatures were lower.

In the Rhode Island Narragansett Bay/Coastal trawl
survey, juvenile and adult butterfish were collected at
depths between 10-120 ft (3-37 m); most juveniles and
adults were collected between 30-110 ft (10-34 m).
Bottom water temperatures for juveniles and adults at the
time of collection ranged from 9-24ºC in the summer and
fall and 5-15ºC in the winter and spring.

In the Connecticut Long Island Sound trawl survey,
juvenile and adult butterfish were collected at depths
between 6-60 m; most fish were collected between 10-30
m.  Bottom water temperatures for juveniles and adults at
the time of collection ranged from 7-18ºC in the spring
and 8-23ºC in the fall; most fish were captured at 9-15ºC
in the spring and 16-21ºC in the fall.  Bottom water

salinities at the time of collection ranged from 18-32 ppt;
most fish were captured at 26-29 ppt.

In the Hudson-Raritan trawl survey, juvenile and
adult butterfish were collected at depths ranging from 10-
75 ft (3-23 m) (Figure 8).  Bottom water temperatures
ranged from 8-26ºC, salinities ranged from 19-32 ppt, and
dissolved oxygen ranged from 3-10 mg/l (Figure 8).

GEOGRAPHICAL DISTRIBUTION

Butterfish range from Newfoundland and the Gulf of
St. Lawrence to the Atlantic and Gulf coasts of Florida
(Figure 2), but they are most abundant from the Gulf of
Maine to Cape Hatteras (Haedrich 1967; Horn 1970a;
Powell et al. 1972; Cooley 1978; Scott and Scott 1988;
Brodziak 1995; Klein-MacPhee, in review).  Butterfish
spend the winter near the edge of the continental shelf in
the Middle Atlantic Bight and migrate inshore in spring to
waters off southern New England and into the Gulf of
Maine.  During the summer, butterfish range from the
Gulf of Maine to the South Atlantic Bight where they are
found from sheltered bays and estuaries (Table 3) across
the shelf to depths of 200 m and greater.  In late fall,
butterfish move southward and offshore in response to
falling water temperatures (Fritz 1965; Horn 1970a;
Schreiber 1973; Waring 1975; Azarovitz et al. 1980;
Klein-MacPhee, in review).  During the winter, they are
largely absent from bays and estuaries in the Middle
Atlantic Bight and Gulf of Maine (Table 3).

EGGS

Butterfish eggs have been reported in the Gulf of
Maine, on Georges Bank, in the Middle Atlantic Bight,
and off North Carolina (Smith et al. 1980; Rotunno 1992;
MAFMC 1995; Rotunno and Cowen 1997).  They have
also been collected in Salem Harbor, MA and
Narragansett Bay, RI (Herman 1963; Bourne and Govoni
1988; Elliott and Jiminez 1981), Block Island Sound
(Merriman and Sclar 1952), Long Island Sound
(Wheatland 1956), Peconic Bay, NY (Ferraro 1980),
Raritan Bay, NJ (Croker 1965), and Chesapeake Bay
(Lippson and Moran 1974).

During the MARMAP ichthyoplankton survey,
butterfish eggs were collected from Cape Hatteras to the
northern Gulf of Maine from April through September
(Figure 9).  Eggs first appeared in ichthyoplankton
collections in April; by May, eggs were distributed along
the edge of the continental shelf between Cape Hatteras
and Georges Bank and inshore in the southern and middle
Mid-Atlantic Bight.  As water temperatures increased on
the shelf, eggs were found progressively closer to the
coast from south to north.  Eggs were most abundant and
most frequently encountered in July; they were most
abundant in the Gulf of Maine in August.  By September,
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egg abundance declined dramatically; no eggs were
collected from October to March.

In coastal bays and estuaries, butterfish eggs were
recorded as far north as Penobscot Bay and as far south as
Chesapeake Bay (Stone et al. 1994).  Eggs were abundant
in Narragansett Bay and common in Massachusetts Bay,
Cape Cod Bay, Waquoit Bay, Buzzards Bay, Long Island
Sound, Gardiners Bay, Great South Bay, and Chesapeake
Bay (Table 2a).

LARVAE

Butterfish larvae have been reported from the New
York Bight and Georges Bank (Smith et al. 1980; Wilk et
al. 1990; Rotunno 1992; MAFMC 1995; Rotunno and
Cowen 1997), in Buzzards Bay, MA (Lux and Wheeler
1992), Narragansett Bay, RI (Herman 1963; Bourne and
Govoni 1988; Elliott and Jiminez 1981), Raritan Bay, NJ
(Croker 1965), Great Bay, NJ (Able and Fahay 1998),
Chesapeake Bay (Lippson and Moran 1974), and in the
South Atlantic Bight as far south as Cape Kennedy, FL
(Fahay 1975; Powles and Stender 1976; Rotunno 1992;
Rotunno and Cowen 1997).  Larvae were not abundant in
the South Atlantic Bight (< 0.5% of total
ichthyoplankton) and did not occur frequently (< 10% of
stations in a survey of 73 coastal stations) (Fahay 1975).

During the MARMAP ichthyoplankton survey,
butterfish larvae were collected from Cape Hatteras into
the Gulf of Maine in every month except December
(Figure 10).  Larvae first appeared in ichthyoplankton
collections in January.  From January through April,
larvae were collected primarily off Cape Hatteras.  In
May and June, larvae began to appear along the edge of
the continental shelf between Cape Hatteras and Georges
Bank and inshore in the southern portion of the Middle
Atlantic Bight.  As water temperatures increased on the
shelf, larvae were found progressively closer to the coast
from south to north.  Larvae were most abundant and
most frequently encountered in July and August across
the continental shelf in the Middle Atlantic Bight
northward to Georges Bank.  The abundance of larvae
declined sharply from September through November.

In the coastal bays and estuaries of New England and
the mid-Atlantic, butterfish larvae were recorded as far
north as Penobscot Bay and as far south as Chesapeake
Bay (Stone et al. 1994).  Larvae were common in Boston
Harbor, Waquoit Bay, Buzzards Bay, Narragansett Bay,
Long Island Sound, Gardiners Bay, Great South Bay,
Great South Bay, and Chesapeake Bay (Table 2a).

JUVENILES

Juvenile butterfish occur from Nova Scotia to the
Atlantic and Gulf coasts of Florida, but they are most
abundant from the Gulf of Maine to Cape Hatteras

(Bigelow and Schroeder 1953; Haedrich 1967; Horn
1970a; Powell et al. 1972; Cooley 1978; Scott and Scott
1988; Brodziak 1995; Klein-MacPhee, in review).  They
occur in the high salinity and mixed salinity zones of most
estuaries from the Gulf of Maine to Florida (Table 2a)
(Jury et al. 1994; Stone et al. 1994; Geer and Austin
1997; Murdy et al. 1997).

During the NEFSC Bottom trawl survey, juvenile
butterfish were collected from the northern Gulf of Maine
south to Cape Lookout, South Carolina (Figure 11).
During the winter and spring, juveniles were collected
along the outer continental shelf from southern New
England to Cape Hatteras and along the coast near Cape
Hatteras.  During the summer, juvenile butterfish were
collected near the coast throughout the Middle Atlantic
Bight and on Georges Bank.  During the fall, they were
abundant across the shelf throughout the Middle Atlantic
Bight and on Georges Bank.

Juvenile butterfish were collected in spring and fall
by the Massachusetts Trawl Survey, but catches were 1-2
orders of magnitude greater in the fall (Figure 12).
During the Southeast Area Monitoring and Assessment
Program-South Atlantic (SEAMAP-SA) bottom trawl
survey, juvenile butterfish were collected from Cape
Lookout, South Carolina to Cape Kennedy, Florida
(Figure 13).  Catches were smallest during the winter and
largest during the summer.

In the coastal bays and estuaries of New England and
the mid-Atlantic, juvenile butterfish were recorded from
Passamaquoddy Bay, Maine south to the James River in
Virginia (Table 2a) (Stone et al. 1994).  South of Cape
Hatteras, juveniles occurred in bays and estuaries in South
Carolina, Georgia, and Florida (Table 2a).  Juveniles were
abundant in Buzzards Bay, Narragansett Bay, and Long
Island Sound, and common in most of the remaining bays
and estuaries between Massachusetts Bay and Chesapeake
Bay.

In Narragansett Bay, juvenile butterfish were
collected in all seasons, but they were rare in winter and
spring; they were most abundant in summer when they
occurred throughout the bay (Figure 14).  In Long Island
Sound, butterfish appeared in May; abundance peaked in
September-October and declined in November (Figure
15).  Juveniles composed 17% of all butterfish caught in
May, 91% in September-October, and 73% in November.
Juveniles appear in surf zone off Long Island in July and
are common from August through October (Schaefer
1967).  In the Hudson-Raritan estuary, juveniles were
caught in trawls from spring through fall (Figure 16).

ADULTS

Adult butterfish have been reported from
Newfoundland to the Atlantic and Gulf coasts of Florida,
but they are most abundant from the Gulf of Maine to
Cape Hatteras (Bigelow and Schroeder 1953; Haedrich
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1967; Horn 1970a; Powell et al. 1972; Cooley 1978; Scott
and Scott 1988; Brodziak 1995; Klein-MacPhee, in
review).  They have been collected in high salinity and
mixed salinity zones of most estuaries from the Gulf of
Maine to Florida (Tables 2a, b) (Hildebrand and
Schroeder 1928; DuPaul and McEachran 1973; Wilk and
Silverman 1976b; Jury et al. 1994; Stone et al. 1994; Geer
and Austin 1997; Murdy et al. 1997).

During the NEFSC bottom trawl survey, adult
butterfish were collected from the northern Gulf of Maine
south to below Cape Lookout, South Carolina (Figure 11).
During the winter and spring, they were distributed along
the outer continental shelf from southern New England to
Cape Hatteras; they occurred along the coast from Cape
Hatteras to Maryland.  During the summer, adult
butterfish were collected across the shelf throughout the
Middle Atlantic Bight, on Georges Bank, and in the
coastal Gulf of Maine.  During the fall, they were
abundant on the shelf throughout the Middle Atlantic
Bight, on Georges Bank, and in Massachusetts Bay.

In the Massachusetts Trawl Survey, adult butterfish
were collected in the spring primarily south of Cape Cod
and in Buzzards Bay, and in the fall primarily in Buzzards
Bay, Massachusetts Bay, and around Cape Ann (Figure
12).  During the SEAMAP-SA bottom trawl survey, adult
butterfish were collected from Cape Lookout, South
Carolina to Cape Kennedy, Florida (Figure 13).  The size
of the catches was similar throughout the year.  Butterfish
are present in nearshore waters off South Carolina
throughout most of the year (Keiser 1976).

In the coastal bays and estuaries of New England and
the mid-Atlantic, adult butterfish were recorded from
Passamaquoddy Bay in Maine south to the James River in
Virginia (Jury et al. 1994; Stone et al. 1994).  South of
Cape Hatteras, adults occurred in bays and estuaries in
South Carolina, Georgia, and Florida (Table 2a, b).
Adults were abundant in Buzzards Bay, Narragansett Bay,
and Long Island Sound, and common in most of the
remaining bays and estuaries between Massachusetts Bay
and Chesapeake Bay (Table 2b).  Spawning adults were
recorded from Massachusetts Bay south to the
Chesapeake Bay, but were common only in Long Island
Sound, Gardiners Bay, Great South Bay, and Chesapeake
Bay (Table 2b).

In Narragansett Bay, adult butterfish were collected
in all seasons, but they were rare in winter and spring;
they were most abundant in summer when they occurred
throughout the bay (Figure 14).  In Long Island Sound,
butterfish appeared in May; abundance peaked in
September-October and declined in November (Figure 15;
Wheatland 1956).  Adults composed 83% of all butterfish
caught in May, 9% in September-October, and 27% in
November.  Adults appear in the surf zone off Long
Island in May and are common from June through
October (Schaefer 1967).  Butterfish were among the
most abundant species in both of these Long Island
surveys.  In the Hudson-Raritan estuary, adults were

caught from spring through fall (Figure 16).

STATUS OF THE STOCKS

A fishery for butterfish has existed since the late
1800s (Murawski and Waring 1979); from 1920 to 1962,
the average annual landings in US waters were 3,000 mt
(Waring 1975).  In 1963, distant water fleets from Japan,
Poland, and the USSR began targeting butterfish from late
autumn through early spring when the fish were
concentrated offshore (Murawski and Waring 1979;
MAFMC 1995).  Annual landings increased to a record
19,500 mt in 1973 (Figure 17) (Brodziak 1995).
Restrictions were placed on the foreign fisheries and
landings subsequently decreased to an average of 6,100
mt from 1977 to 1987.  Directed foreign fishing was
halted in 1987 and landings continued to decline to an
average 2,500 mt in the domestic fishery from 1987 to
1992 (Brodziak 1995; MAFMC 1995).  The domestic
fishery targeted butterfish from late spring through fall in
inshore areas (Murawski and Waring 1979).  Butterfish
landings totaled 4,500 mt in 1993 and came primarily
from southern New England (79% in Rhode Island ports)
and the New York Bight.  These landings were 60%
higher than landings in 1992 and were comparable with
record domestic catches in 1987 (Brodziak 1995).

Butterfish biomass estimated from the Northeast
Fisheries Science Center bottom trawl surveys has made
several record lows and near record highs in the last
decade (Figure 17).  Despite seasonal increases in
biomass and pre-recruit indices, butterfish stock size has
decreased and commercial landings remain low
(Northeast Fisheries Science Center 1994).  Although the
demand for butterfish has declined in recent years, the
capacity for increased landings remains in an under-
exploited fishery (Brodziak 1995).  The butterfish stock is
not overfished nor approaching an overfished condition
(National Marine Fisheries Service 1997).
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Table 1.  Summary of life history and habitat characteristics for butterfish, Peprilus triacanthus. *

Life Stage Geographic Location Habitat Substrate Temperature Salinity

Eggs

(0.68-0.82 mm
diameter)

Cape Sable, Nova Scotia to Florida;
in spring along edge of continental
shelf from Georges Bank to Cape
Hatteras; found progressively closer
to coast from south to north as water
temperatures increase. Commonly
occur in the saline parts of bays and
estuaries from MA to NY and
Chesapeake Bay in spring and
summer.

Surface waters from continental
shelf into estuaries and bays;
collected to about 60 m deep in shelf
waters. Common in high salinity
zone of estuaries and bays from MA
through VA. MARMAP Survey:
collected in surface waters in 10-
1250 m of water.

Literature: 12.8-
22.5ºC;
MARMAP
Survey: 6-26ºC;
most eggs
collected between
11-17ºC

Estuarine to full
seawater; about
25-33 ppt

Larvae

(2.6-16 mm SL)

Cape Sable, Nova Scotia to Cape
Kennedy, FL; most abundant in
central Middle Atlantic Bight in
summer, but absent in the winter.
Commonly occur in bays and
estuaries from MA to NY and
Chesapeake Bay in summer and fall.

Surface waters from continental
shelf into estuaries and bays;
collected to about 60 m deep in shelf
waters; common in high salinity
zone of estuaries and bays; may
spend day deeper in the water
column and migrate to the surface at
night. MARMAP Survey: collected
in surface waters in water 10-1750 m
deep.

Literature: 4.4-
27.9ºC.
MARMAP
Survey: 7-26ºC;
most eggs
collected between
9-19ºC

6.4-37.4 ppt

Juveniles

(16 mm SL-
120 mm FL)

Cape Sable, Nova Scotia to Florida;
most abundant in Middle Atlantic
Bight in summer and near the edge
of continental shelf in winter.
Commonly occur in bays and
estuaries from MA to VA from
spring through fall; less abundant in
bays and estuaries in the Gulf of
Maine and in the South Atlantic
Bight.

From surface waters to depth on
continental shelf; into coastal bays
and estuaries; common in inshore
areas, including the surf zone, and in
high salinity and mixed salinity
zones of bays and estuaries. NEFSC
Trawl Survey: collected on
continental shelf in 10-330 m of
water; most collected in < 120 m

Larger
individuals
found over
sandy and
muddy
substrates.

4.4-29.7ºC;
survival reduced
below 10ºC

3.0-37.4 ppt

Adults

(> 120 mm FL)

Cape Sable, Nova Scotia to Florida;
most abundant inshore in Middle
Atlantic Bight in summer and near
the edge of continental shelf in
winter; most abundant north of Cape
Cod in summer and fall; commonly
occur in bays and estuaries from MA
to VA from spring through fall; less
abundant in bays and estuaries in the
Gulf of Maine and in the South
Atlantic Bight; do not migrate far
offshore in South Atlantic Bight.

From surface waters to depths of
270-420 m on continental shelf; into
coastal bays and estuaries; common
in inshore areas, including the surf
zone, and in high salinity and mixed
salinity zones of bays and estuaries.
NEFSC Trawl Survey: collected on
continental shelf in 10-360 m of
water; most collected in < 180 m.

Schools found
over sandy,
sandy-silt, and
muddy
substrates.

4.4-26.0ºC;
survival reduced
below 10ºC

3.8-33.0 ppt

Spawning
Adults

At least the Gulf of Maine to the
South Atlantic Bight (SAB); most
abundant in Middle Atlantic Bight;
in SAB between Cape Hatteras and
Cape Kennedy. Common in Long
Island Sound, some Long Island
bays, and Chesapeake Bay in spring
and summer.  In NY Bight, caught
from May-August.

Spawning occurs on continental
shelf, inshore areas, and in bays and
estuaries (rarely in bays and
estuaries north of Cape Cod).
Spawning adults common in Long
Island Sound and bays and estuaries
of Long Island. In NY Bight, caught
between 3-145 m.

Spawning does not
occur at < 15ºC
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Table 1.  cont’d.

Life Stage Dissolved
Oxygen

Light Currents Prey Predators Notes

Eggs

(0.68-0.82 mm
diameter)

Incubation period 2-3 days.
Salinity range based on 78-
100% seawater (Martin and
Drewry, 1978) assuming
seawater at 33 ppt.

Larvae

(2.6-16 mm SL)

More nektonic than
planktonic by 10-15 mm.

Juveniles

(16 mm SL-
120 mm FL)

Hudson-
Raritan Bay:
3-9 mg/l; most
5-8 mg/l

Larger juveniles
are pelagic
schoolers; may
congregate near
bottom during
day and disperse
upward at night.

Feed mainly on
planktonic prey,
including thaliaceans,
squids, copepods,
amphipods, decapods,
coelenterates,
polychaetes, small
fishes, and
ctenophores.

Preyed on by
haddock, silver hake,
bluefish, swordfish,
weakfish, goosefish,
sharks, and long-
finned squid

Smaller juveniles may
associate with floating objects
including jellyfish and
inanimate objects.

Adults

(> 120 mm FL)

Abundance
declines in
Long Island
Sound at 2.0-
2.9 mg/l.
Hudson-
Raritan Bay:
3-10 mg/l;
most 6-9 mg/l.

Feed mainly on
planktonic prey,
including thaliaceans,
squids, copepods,
amphipods, decapods,
coelenterates,
polychaetes, small
fishes, and
ctenophores.

Preyed on by
haddock, silver hake,
bluefish, swordfish,
weakfish, goosefish,
sharks, skates, and
long-finned squid

Median size of sexual
maturity 120 mm FL based on
O’Brien et al. (1993).

Spawning
Adults

Spawning occurs July-
October on Scotian Shelf,
May-August in Gulf of
Maine, May-October in
Middle Atlantic Bight (peak
June-August), January-April
off Cape Hatteras (peak in
March), and year round in
South Atlantic Bight (peak in
spring).

*In addition to the citations mentioned in the text, the following references were used to compile Table 1: Austin 1973,
1976; Berrien et al. 1978; Colton et al. 1979; Edwards et al. 1962; Lang 1974; Lessard 1974; Obenchain 1981; Wilk
and Silverman 1976a; Wilk et al. 1977.
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Table 2a.  Relative abundance of eggs, larvae, and juvenile butterfish (Peprilus triacanthus) in New England and Mid-
Atlantic estuaries by salinity zone [based on Estuarine Living Marine Resources (ELMR) data in Stone et al. 1994].
Salinity zone: T = tidal fresh, M = mixing zone, S = seawater, • = salinity zone not present. Relative abundance: H =
highly abundant, A = abundant, C = common, R = rare, blank = not present, na = no data available.

Eggs Larvae Juveniles
T M S T M S T M S

Passamaquoddy Bay na na na na R R

Englishman/Machias Bays R R

Narraguagus Bay R R

Blue Hill Bay R R

Penobscot Bay R R R R R R

Muscongus Bay R R

Damariscotta River R R

Sheepscot River R R

Kennebec/Androscoggin Rivers R R

Casco Bay R R

Saco Bay R R

Wells Harbor • • •

Great Bay R R R R R R

Merrimack River R • R • R •

Massachusetts Bay • • C • • R • • C

Boston Harbor • C • C • R

Cape Cod Bay • C • R • C C

Waquoit Bay R C R C R C

Buzzards Bay R C R C C H

Narragansett Bay R H R C C H

Long Island Sound C C R H A

Connecticut River C

Gardiners Bay C C C

Great South Bay, NY C C R C

Hudson River/Raritan Bay R R C R R C C

Barnegat Bay, NJ R C C

New Jersey Inland Bays R C C
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Table 2a cont’d.

Eggs Larvae Juveniles
T M S T M S T M S

Delaware Bay R C C C

Delaware Inland Bays C

Chincoteague Bay

Chesapeake Bay Mainstream C C C C C C

Chester River

Coptank River R

Patuxent River R

Potomac River R

Tangier/Pocomoke Sound R

Rappahannock River R

York River, VA C

James River, VA C

South Atlantic estuaries – see below

Butterfish occur in estuaries between North Carolina and Florida, but this species was not included in the
ELMR survey of the southeast estuaries (Nelson et al. 1991).  Information on their occurrence in South
Atlantic estuaries is presented below.

North Carolina
• Cape Fear River estuary: butterfish < 0.05% of all fishes caught (Schwartz et al. 1979)
South Carolina
• Winyah Bay estuary: butterfish (50-110 mm TL) collected in lower and middle estuary; < 1% of all fishes

caught (Wenner et al. 1981)
• Charleston Harbor estuary system: occur in Charleston Harbor and lower reaches of Ashley, Cooper, and

Wando rivers; < 0.05% of all fishes collected (Stender and Martore 1990)
Georgia
• Sapelo Sound: butterfish collected “occasionally” on ocean beaches and in the lower and middle reaches

of estuary; did not occur at salinities < 19.5 ppt (Dahlberg 1972).
Florida
• Pensacola Bay: juveniles present in winter, spring, summer; rare to uncommon (Cooley 1978).
• Santa Rosa Sound: juveniles collected in winter, spring, summer; rare to uncommon (Cooley 1978).
• Escambia Bay: juveniles collected in winter, spring, fall; rare to uncommon (Cooley 1978).
• Butterfish recorded from ocean beaches on Atlantic and Gulf coasts (to Mississippi) and in Tampa Bay

(Powell et al. 1972).
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Table 2b.  Relative abundance of spawning adult and adult butterfish (Peprilus triacanthus) in New England and Mid-
Atlantic estuaries by salinity zone [based on Estuarine Living Marine Resources (ELMR) data in Stone et al. 1994].
Salinity zone: T = tidal fresh, M = mixing zone, S = seawater, • = salinity zone not present. Relative abundance: H =
highly abundant, A = abundant, C = common, R = rare, blank = not present, na = no data available.

Spawning Adults Adults
T M S T M S

Passamaquoddy Bay R R

Englishman/Machias Bays R R

Narraguagus Bay R R

Blue Hill Bay R R

Penobscot Bay R R

Muscongus Bay R R

Damariscotta River R R

Sheepscot River R R

Kennebec/Androscoggin Rivers R R

Casco Bay R R

Saco Bay R R

Wells Harbor • •

Great Bay R R

Merrimack River • • R

Massachusetts Bay • • R • • C

Boston Harbor • • R R

Cape Cod Bay • • C C

Waquoit Bay • R • R C

Buzzards Bay • R • C H

Narragansett Bay R C A

Long Island Sound C A H

Connecticut River • C •

Gardiners Bay • C • C C

Great South Bay, NY • C • R C

Hudson River/Raritan Bay C C

Barnegat Bay, NJ R R

New Jersey Inland Bays R



Page 16

Table 2b cont’d.

Spawning Adults Adults
T M S T M S

Delaware Bay R R C

Delaware Inland Bays • • C

Chincoteague Bay • • • •

Chesapeake Bay Mainstream C C C C

Chester River • •

Coptank River • R •

Patuxent River • R •

Potomac River • R •

Tangier/Pocomoke Sound • • • R •

Rappahannock River • R •

York River, VA • C •

James River, VA • C •

South Atlantic estuaries1

1See note at bottom of Table 2a.
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Table 3.  Abundance of butterfish eggs, larvae, juveniles, adults, and spawning adults in New England and Mid-Atlantic
estuaries by month summarized across salinity zones [based on Estuarine Living Marine Resources (ELMR) data in
Stone et al. 1994].  Maximum abundance: A = abundant, C = common, R = rare, blank = not present.

Eggs Larvae Juveniles Adults Spawning Adults

Estuary months
present

max.
abun.

months present max.
abun.

months
present

max.
abun.

months
present

max.
abun.

months present max.
abun.

Passamaquoddy Bay ------------ ------------ -----JJASO-- R -----JJASO-- R ------------

Englishman/Machias Bays ------------ ------------ -----JJASO-- R -----JJASO-- R ------------

Narraguagus Bay ------------ ------------ -----JJASO-- R -----JJASO-- R ------------

Blue Hill Bay ------------ ------------ -----JJASO-- R -----JJASO-- R ------------

Penobscot Bay ------JAS--- R ------JAS--- R -----JJASO-- R -----JJASO-- R ------------

Muscongus Bay ------------ ------------ -----JJASO-- R -----JJASO-- R ------------

Damariscotta River ------------ ------------ -----JJASO-- R -----JJASO-- R ------------

Sheepscot River ------------ ------------ -----JJASO-- R -----JJASO-- R ------------

Kennebec/Androscoggin Rivers ------------ ------------ -----JJASO-- R -----JJASO-- R ------------

Casco Bay ------------ ------------ -----JJASO-- R -----JJASO-- R ------------

Saco Bay ------------ ------------ -----JJASO-- R -----JJASO-- R ------------

Wells Harbor ------------ ------------ ------------ ------------ ------------

Great Bay -----JJAS--- R -----JJAS--- R -----JJASO-- R -----JJASO-- R ------------

Merrimack River -----JJA---- R -----JJA---- R -----JJAS--- R -----JJAS--- R ------------

Massachusetts Bay -----JJAS--- C -----JJAS--- R -----JJASO-- C -----JJASO-- C -----JJAS--- R

Boston Harbor -----JJAS--- C ------JAS--- C -----JJASO-- R -----JJASO-- R ------------

Cape Cod Bay -----JJASO-- C ------JASO-- R -----JJASO-- C -----JJASO-- C ------------

Waquoit Bay ----MJJA---- C -----JJASO-- C ----MJJASO-- C ----MJJASO-- C ----MJJAS--- R

Buzzards Bay ----MJJAS--- C -----JJASO-- C ---AMJJASOND A ---AMJJASOND A -----JJAS--- R

Narragansett Bay ----MJJA---- A -----JJASO-- C ---AMJJASOND A ---AMJJASOND A ----MJJA---- R

Gardiners Bay ----MJJ----- C ----MJJ----- C ----MJJASOND C ----MJJASOND C ----MJJ----- C

Long Island Sound -----JJAS--- C -----JJASON- C ----MJJASOND A ----MJJASOND A -----JJAS--- C

Connecticut River ------------ ------------ ----MJJASOND C ----MJJASOND C ------------

Great South Bay ----MJJ----- C ----MJJA---- C ----MJJASOND C ----MJJASOND C ----MJJ----- C

Hudson River/Raritan Bay -----JJA---- R ----MJJASON- C ---AMJJASON- C ---AMJJASON- C ------------

Barnegat Bay ------------ -----JJA---- R -----JJASO-- C ----MJJASO-- R ------------

New Jersey Inland Bays ------------ -----JJA---- R -----JJASO-- C ------JAS--- R ------------

Delaware Bay ----MJJ----- R ----MJJ----- C ------JASOND C ----MJJASO-- C ----MJJ----- R

Delaware Inland Bays ------------ ------------ ----MJJASON- C ----MJJASON- C ------------

Chincoteague Bay ------------ ------------ ------------ ------------ ------------

Chesapeake Bay ----MJJ----- C -----JJA---- C ------JASO-- C ---AMJJASON- C ----MJJ----- C

Potomac River ------------ ------------ -----JJASO-- R ----MJJASO-- R ------------

Rappahannock River ------------ ------------ ------JASON- R ---AMJJASON- R ------------

York River ------------ ------------ ------JASON- C ---AMJJASON- C ------------

James River ------------ ------------ ------JASON- C ---AMJJASON- C ------------

Patuxent River ------------ ------------ ------JAS--- R -----JJAS--- R ------------

Chester River ------------ ------------ ------------ ------------ ------------

Choptank River ------------ ------------ ------JAS--- R -----JJAS--- R ------------

Tangier/Pocomoke Sound ------------ ------------ ------JASO-- R ----MJJASO-- R ------------
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Figure 1.  The adult butterfish, Peprilus triacanthus (from Goode 1884).
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Figure 2.  The distribution of butterfish from Newfoundland to Cape Hatteras.  Data are from the U.S. NOAA/Canada
DFO East Coast of North America Strategic Assessment Project (http://www-orca.nos.noaa.gov/projects/ecnasap/
ecnasap_table1.html).
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Figure 3.  Abundance (percent occurrence) of the major prey items of butterfish collected during NEFSC bottom trawl
surveys from 1973-1980 and 1981-1990.  The 1-10 cm size range corresponds, at least roughly, to juveniles, and the 11-
30 cm size class corresponds to adults.  The category “animal remains” refers to unidentifiable animal matter.  Methods
for sampling, processing, and analysis of samples differed between the time periods [see Reid et al. (1999) for details].
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Figure 4.  Abundance of butterfish eggs relative to water column temperature (to a maximum of 200 m) and bottom
depth from NEFSC MARMAP ichthyoplankton surveys (1978-1987) by month for all years combined.  Open bars
represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized
catches (number/10 m2).
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Figure 5.  Abundance of butterfish larvae (< 14 mm) relative to water column temperature (to a maximum of 200 m) and
bottom depth from NEFSC MARMAP ichthyoplankton surveys (1977-1987) by month for all years combined.  Open
bars represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all
standardized catches (number/10 m2).

January

0
10
20
30
90

100

Stations
Larva Catch

April

0

10

20

30

May

0

10

20

June

Pe
rc

en
t

0
10
20
30
40

July

0

10

20

30

August

0

10

20

November

Water-Column Temperature (0-200m, C)
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

0

20

40

60

Butterfish Larvae (<14.0 mm Length)

September

0

10

20

30

March

0
10
20
30
40

October

0

10

20

February

0

20

40

60

January

0
10
20

90
100

Stations
Larva Catch

April

0
10
20
30
40

Butterfish Larvae (<14.0 mm Length)

September

0
10
20
30
40

May

0

10

20

30

June

Pe
rc

en
t

0
10
20
30
40

July

0
10
20
30
40
50

August

0
10
20
30
40

October

0

10

20

30

March

0
10
20
30
70
80

February

0

20

40

60

November

Bottom Depth (m), Interval Midpoint

10 30 50 70 90 11
0

13
0

15
0

17
0

19
0

21
0

23
0

25
0

27
0

29
0

32
5

37
5

45
0

75
0

12
50

17
50

>20
00

0
10
20
30
40
60
70



Page 23

Figure 6.  Abundance of juvenile (< 12 cm) and adult (≥ 12 cm) butterfish relative to bottom water temperature and
depth based on NEFSC bottom trawl surveys (1963-1997) by season for all years combined.  Open bars represent the
proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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Figure 6.  cont’d.
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Figure 7.  Abundance of juvenile and adult butterfish relative to bottom water temperature and depth based on
Massachusetts inshore bottom trawl surveys (spring and autumn 1978-1996, all years combined).  Open bars represent
the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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Figure 8.  Abundance of juvenile and adult butterfish relative to bottom water temperature, depth, dissolved oxygen and
salinity from Hudson-Raritan estuary trawl surveys (1992-1997) for all years combined.
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Figure 9.  Distribution of butterfish eggs based on NEFSC MARMAP ichthyoplankton surveys from April to September,
1978-1987 [see Reid et al. (1999) for details].
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Figure 9.  cont’d.
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Figure 10.  Distribution of butterfish larvae (< 14 mm) collected during NEFSC MARMAP ichthyoplankton surveys
from January through November, 1977-1987 [see Reid et al. (1999) for details].
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Figure 10.  cont’d.
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Figure 10.  cont’d.
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Figure 11.  Distribution of juvenile and adult butterfish collected during NEFSC bottom trawl surveys during all seasons
during 1963-1997.  Densities are represented by dot size in spring and fall plots, while only presence and absence are
represented in winter and summer plots [see Reid et al. (1999) for details].
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Figure 11.  cont’d.
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Figure 12.  Distribution of juvenile and adult butterfish in Massachusetts coastal waters during spring and autumn
Massachusetts trawl surveys, 1978-1996 [see Reid et al. (1999) for details].
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Figure 13.  Distribution of juvenile and adult butterfish in the SEAMAP bottom trawl surveys in all seasons for all years
combined (1986-1996).
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Figure 13.  cont’d.
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Figure 14.  Distribution of juvenile and adult butterfish collected in Narragansett Bay during 1990-1996 Rhode Island
bottom trawl surveys.  The numbers shown at each station are the average catch per tow rounded to one decimal place
[see Reid et al. (1999) for details].
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Figure 14.  cont’d.
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Figure 15.  Distribution of juvenile and adult butterfish in Long Island Sound in spring and autumn, from the
Connecticut bottom trawl surveys, 1992-1997 [see Reid et al. (1999) for details].
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Figure 16.  Distribution of juvenile and adult butterfish in the Hudson-Raritan estuary based on Hudson-Raritan trawl
surveys, 1992-1997 [see Reid et al. (1999) for details].
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Figure 16.  cont’d.
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Figure 17.  Commercial landings and abundance indices (from the NEFSC bottom trawl surveys) for butterfish from the
Gulf of Maine to the Middle Atlantic.
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

The longfin inshore squid, Loligo pealeii, is a pelagic
schooling species of the molluscan family Loliginidae
(Figure 1).  It is distributed in continental shelf and slope
waters from Newfoundland to the Gulf of Venezuela; it
occurs in  commercial abundance from southern Georges
Bank to Cape Hatteras.  Exploitation of the species is
currently managed by the Mid-Atlantic Fishery
Management Council under the Atlantic Mackerel, Squid
and Butterfish Fishery Management Plan (MAFMC
1996).  Within the range of commercial exploitation, the
population is considered to be a single stock unit.  This
Essential Fish Habitat Source Document provides
information on the life history and habitat characteristics
of longfin inshore squid inhabiting the Gulf of Maine,
Georges Bank, and the Middle Atlantic Bight.

LIFE HISTORY

A brief synopsis of the life history characteristics of
the longfin inshore squid is provided by Brodziak (1995)
and Amendment #6 to the Fishery Management Plan for
the Atlantic Mackerel, Squid and Butterfish Fisheries
(MAFMC 1996).  More detailed information is provided
here.

EGGS AND LARVAE

The 1 mm x 1.6 mm eggs are encased in a gelatinous
capsule as they pass through the female oviduct during
mating.  Each capsule contains 150-200 eggs (Arnold et
al. 1974; Gosner 1978; MAFMC 1996) and is about 50-
80 mm long and 1 cm in diameter (Gosner 1978; Lange
1982; MAFMC 1996).  During spawning, the male
cements bundles of spermatophores into the mantle cavity
of the female; as the capsule of eggs passes out through
the oviduct, the jelly is penetrated by the sperm (Black et
al. 1987).  The egg capsules are laid on the bottom in
clusters 50-60 cm wide composed of hundreds of capsules
(Gosner 1978; Griswold and Prezioso 1981).  Each female
lays 20-30 capsules (Lange 1982).  The number of eggs
spawned per female has been reported as 950-8,500
(Haefner 1959), 3,500-6,000 (Summers 1971), 2,500-
15,900 (Vovk 1972b), and 3,000-6,000 (MAFMC 1996).
Development time varies from 257 to 642 hrs depending
on water temperature; 26.7 days to hatching at 12-18oC,
18.5 days at 15.5-21.3oC, and 10.7 days at 15.5-23.0oC
(Summers 1971).

Little is known about the larval stages of the longfin
inshore squid (MAFMC 1996) because they are not often
found in the spawning areas.  Larvae are pelagic in near
surface waters (McMahon and Summers 1971) and are
referred to as paralarvae (Young and Harman 1988).

Larvae 2-4 mm in length have been caught in the Gulf of
Maine (Bigelow 1924).

JUVENILES AND SUBADULTS

There are two juvenile stages; ‘juvenile’ is the stage
after the paralarval stage and before the subadult stage;
‘subadult’ is the stage before maturity when the
morphological characteristics of adults are attained
(Young and Harman 1988).  The shift from inhabiting
surface waters to a demersal lifestyle occurs at 45 mm
(Vecchione 1981).  Off Martha’s Vineyard, the juvenile
life stage lasts about 1 month; by November subadults
migrate to the outer shelf areas where they remain until
March (Summers 1968a, b).  Subadults are thought to
overwinter in deeper waters along the edge of the
continental shelf (Black et al. 1987).  Young-of-the-year
(subadults) are found with adults in mid-summer trawls
(Summers 1968a, b).  Sexual maturity is first reached at 8-
12 cm, although most mature individuals are > 10 cm
(Macy 1980; Brodziak and Hendrickson 1999).  The
length at which 50% of individuals are sexually mature
(L50) is 16 cm (Brodziak 1995).

ADULTS

Historically, the lifespan of longfin inshore squid was
believed to be 1-2 years (Summers 1971; Lange 1982).
However, recent studies using statolith aging
demonstrated exponential growth and a lifespan of less
than 1 year (Brodziak and Macy 1996).

Longfin inshore squid reach sizes greater than 40-50
cm mantle length (ML), although most are less than 30 cm
(Vecchione et al. 1989; Brodziak 1995).  They are
sexually dimorphic – males grow more rapidly and reach
larger size at age than females (Brodziak 1995). Longfin
inshore squid migrate offshore during late autumn and
overwinter in warmer waters along the edge of the
continental shelf; they return inshore during the spring and
early summer (MAFMC 1996).  Mature individuals enter
inshore waters before immature ones (Macy 1982).  Off
Massachusetts, larger individuals migrate inshore in April-
May while smaller individuals move inshore in the
summer (Lange 1982).  Longfin inshore squid form large
schools based on size prior to feeding (Macy 1980) and
make diurnal vertical migrations up into the water column
at night (MAFMC 1996).  This movement may be
associated with the pursuit of food organisms such as
euphausiids.

REPRODUCTION

Historically, longfin inshore squid were believed to



Page 2

spawn from summer to early fall (Lange and Sissenwine
1980), although this varied among years and geographic
areas.  Brodziak and Macy (1996), however, recently
reported that longfin inshore squid can spawn year round.
Most eggs are spawned in May and hatching occurs in
July (Summers 1971).  Spawning has been reported from
August to September in the Bay of Fundy (Stevenson
1934), from May to August in New England waters (Macy
1980; Summers 1971), and from late spring to early
summer in the Middle Atlantic (Lange and Sissenwine
1983; Black et al. 1987).  Mesnil (1977) reported that
spawning on the Scotian Shelf and Georges Bank occurs
during early spring and late summer.

Spawning has been reported in the Gulf of Maine in
Cobequid Bay and Massachusetts Bay (Bigelow 1924),
the Bay of Fundy (Stevenson 1934), Minas Basin (Cohen
1976), along the eastern coast of Nova Scotia in St.
Margaret’s and Terrence bays (Dawe et al. 1990), on
Georges Bank (Mesnil 1977), and in the Middle Atlantic
in Narragansett and Delaware bays (Haefner 1959;
Griswold and Prezioso 1981).

FOOD HABITS

The diet of the longfin inshore squid changes with
size; small immature individuals feed on planktonic
organisms (Vovk 1972b; Tibbetts 1977) while larger
individuals feed on crustaceans and small fish
(Vinogradov and Noskov 1979).  Cannibalism is observed
in individuals larger than 5 cm (Whitacker 1978).  Studies
by Vovk and Khvichiya (1980) and Vovk (1985) showed
that juveniles 4.1-6 cm long fed on euphausiids and arrow
worms, while those 6.1-10 cm fed mostly on small crabs,
but also on polychaetes and shrimp.  Adults 12.1-16 cm
long fed on fish (clupeids, myctophids) and squid
larvae/juveniles, and those > 16 cm fed on fish and squid
(Vovk and Khvichiya 1980; Vovk 1985).  Fish species
preyed on by longfin inshore squid include silver hake,
mackerel, herring, menhaden (Langton and Bowman
1977), sand lance, bay anchovy, menhaden, weakfish, and
silversides (Kier 1982).  Maurer and Bowman (1985)
demonstrated the following seasonal and inshore/offshore
differences in diet: in offshore waters in the spring, the
diet is composed of crustaceans (mainly euphausiids) and
fish; in inshore waters in the fall, the diet is composed
almost exclusively of fish; and in offshore waters in the
fall, the diet is composed of fish and squid.

The Northeast Fisheries Science Center (NEFSC)
bottom trawl survey data on food habits [see Reid et al.
(1999) for details] show a similar ontogenetic shift in the
diet of longfin inshore squid (Figure 2).  During 1973-
1980, the diet of squid 1-10 cm was composed primarily
of crustaceans (23%), while fish were the most important
prey item in the diet of squid 11-40 cm.  During 1981-
1990, the diet of squid 1-10 cm was composed of 42%
cephalopods (i.e., squid), 26% fish, and 21% crustaceans,

while the diet of squid 11-40 cm was dominated by fish
(39%) and cephalopods (22%).

PREDATION

Juvenile and adult longfin inshore squid are preyed
upon by many pelagic and demersal fish species, as well
as marine mammals and diving birds (Lange and
Sissenwine 1980; Vovk and Khvichiya 1980; Summers
1983).  Marine mammal predators include longfin pilot
whale, Globicephala melas, and common dolphin,
Delphinus delphis (Waring et al. 1990; Overholtz and
Waring 1991; Gannon et al. 1997).  Fish predators
include bluefish, sea bass, mackerel, cod, haddock,
pollock, silver hake, red hake, sea raven, spiny dogfish,
angel shark, goosefish, dogfish, and flounder (Maurer
1975; Langton and Bowman 1977; Gosner 1978; Lange
1980).

HABITAT CHARACTERISTICS

The terms pre-recruit and recruit are used here in the
description of the habitat characteristics and geographical
distributions.  These terms refer to the exploited and
unexploited portions of the stock.  Longfin inshore squid
are exploited at a minimum mantle length of 9 cm; thus,
pre-recruits are ≤ 8 cm and recruits are ≥ 9 cm.
Information on the habitat characteristics and preferences
of the longfin inshore squid is summarized in Table 1.

EGGS AND LARVAE

Egg masses are commonly found attached to rocks
and small boulders on sandy/muddy bottom and on
aquatic vegetation, such as Fucus sp., Ulva lactuca,
Laminaria sp. and Porphyra sp. (Arnold et al. 1974;
Griswold and Prezioso, 1981; Summers 1983).  The eggs
are demersal, are generally laid in waters < 50 m deep
(Bigelow 1924; Griswold and Prezioso 1981; Lange
1982), and are found at temperatures of 10-23oC
(McMahon and Summers 1971) and salinities of 30-32
ppt (McMahon and Summers 1971).

The larvae are pelagic near the surface (McMahon
and Summers 1971; McConathy et al. 1980) and occur at
temperatures of 10-26oC and salinities of 31.5-34.0 ppt
(Vecchione 1981).  Surface waters are important to
hatchlings and larvae move deeper as they grow older
(Vecchione 1981).

JUVENILES

Juveniles inhabit the upper 10 m of the water column
over water 50-150 m deep (Mercer 1969; Vovk and
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Khvichiya 1980; Brodziak and Hendrickson 1999).  They
are found at surface water temperatures of 10-26oC
(Vecchione 1981; Brodziak and Hendrickson 1999) and
salinities of 31.5-34.0 ppt (Vecchione 1981).

Longfin inshore squid pre-recruits (≤ 8 cm ML)
caught during NEFSC trawl surveys were taken at depths
ranging from 0-210 m (Figure 4).  However, depth of
occurrence varied seasonally in accordance with known
inshore-offshore migrations.  Most pre-recruits were taken
at 70-120 m and 8-12oC in winter, 20-130 m and 10-13oC
in spring, 10 m and 13-18oC in summer, and 10-40 m and
11-17oC in winter.

Off Massachusetts, most pre-recruits were found in
10-15 m of water at temperatures of 10-13oC in spring and
15-20oC in autumn (Figure 6).  In Narragansett Bay, pre-
recruits were found at depths of 3-34 m (27 m in winter,
6-12 m in spring, 30-34 m and summer, and 30 m in
autumn) and temperatures of 9-25oC (10oC in winter, 9-
16oC in spring, 11-25oC with most at 19oC in summer, and
13-23oC with most at 20oC in autumn) (Figure 8).  In the
Hudson-Raritan estuary, most pre-recruits were found at
temperatures of 16-20oC, depths of 30 and 45-50 ft (~9
and 14-15 m), salinities of 30 ppt, and dissolved oxygen
levels of 7-8 mg/L (Figure 10).

ADULTS

Adult longfin inshore squid inhabit the continental
shelf and upper continental slope to depths of 400 m
(Vecchione et al. 1989), but depth varies seasonally.  In
spring they occur at depths of 110-200 m (Serchuk and
Rathjen 1974; Lange and Sissenwine 1980), in summer
and autumn they inhabit inshore waters as shallow as 6-28
m (Summers 1968a, b; Serchuk and Rathjen 1974; Gosner
1978; Howell and Simpson 1994), and in winter they
inhabit offshore waters to depths of 365 m (Lange 1982).
They are found on mud or sand/mud substrate (Howell
and Simpson 1994), at surface temperatures ranging from
9-21oC, and bottom temperatures ranging from 8-16oC
(Summers 1969; Lux et al. 1974; Serchuck and Rathjen
1974; Lange and Sissenwine 1980; Macy 1980; Brodziak
and Hendrickson 1999).

Longfin inshore squid recruits (≥ 9 cm) caught during
NEFSC trawl surveys were taken at depths ranging from
0-300 m.  However, depth of occurrence varied seasonally
in accordance with known inshore-offshore migrations.
Most recruits were collected at 50-120 m and 7-12oC in
winter, 100-150 m and 10-12oC in spring, 10-20 m and
11-16oC in summer, and 20-70 m and 10-14oC in fall
(Figure 4).

Off Massachusetts, most recruits were collected at
10-15 m and 10-13oC in spring, and 10-30 m and 16-20oC
in autumn (Figure 6).  In Narragansett Bay, recruits were
found at depths of 3-37 m.  Seasonally, in winter they
were found at 27-30 m, in spring and summer at 3-37 m
with most at 30-34 m, and in autumn 27-30 m.  They were

also found at temperatures of 7-26oC. Seasonally, in
winter they were found at 7-10oC, in spring 9-16oC with
most at 11oC, in summer 9-26oC with most at 17-21oC,
and in autumn 11-23oC with most at 15oC (Figure 8).  In
the Hudson-Raritan estuary, most recruits were found at
temperatures of 16-17oC, depths of 50 and 60 ft (15 and
18 m), salinities of 30 ppt, and dissolved oxygen levels of
7-8 mg/L (Figure 10).

GEOGRAPHICAL DISTRIBUTION

Longfin inshore squid occur from Newfoundland to
the Gulf of Venezuela, however, the principal
concentrations occur from Georges Bank to Cape Hatteras
(Brodziak 1995).  Longfin inshore squid are generally
found at water temperatures of at least 9oC (Lange and
Sissenwine 1980).  The population makes seasonal
migrations that appear to be related to bottom water
temperatures; they move offshore during late autumn to
overwinter along the edge of the continental shelf and
return inshore during the spring and early summer
(MAFMC 1996).  During winter and early spring when
inshore waters are coldest, the population concentrates
along the outer edge of the continental shelf where waters
are 9-13oC.  The inshore movement to the shelf areas
takes place when water temperatures are rising (Black et
al. 1987) and begins in the south and proceeds north along
the coast (MAFMC 1996).  A northerly extension of the
range has been noted in summer (Black et al. 1987).

EGGS AND LARVAE

The egg and larval stages of longfin inshore squid
were not sampled by the NEFSC Marine Resources
Monitoring, Assessment and Prediction program
(MARMAP) offshore ichthyoplankton surveys.

PRE-RECRUITS

NEFSC Bottom Trawl Surveys

The NEFSC bottom trawl surveys [see Reid et al.
(1999) for details] captured longfin inshore squid pre-
recruits (≤ 8 cm ML) during all seasons (Figure 3).  In
winter, pre-recruits were captured from Cape Hatteras to
Nantucket Shoals, although most were found south of
Long Island.  They were generally found offshore of the
55 m (30 f) depth contour, with highest concentrations in
the vicinity of the 183 m (100 f) contour.  They were
distributed farther inshore in the southern part of the
range, presumably due to warmer water temperatures.  In
the spring, the distribution extended farther to the south,
with high concentrations south of Cape Hatteras, and
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farther to the north, with catches on Georges Bank and the
Scotian Shelf.  Although the highest concentrations were
still found near the 183 m contour, concentrations inshore
of the 55 m contour were much higher than in winter,
indicating that the spring inshore migration had
commenced.  In summer, the highest concentrations
occurred nearshore; a number of extremely dense schools
(> 10,000 squid/tow) were found nearshore from the
Delmarva Peninsula to Buzzards Bay, Massachusetts.
Very few were caught on Georges Bank and in the Gulf of
Maine.  In autumn, longfin inshore squid were distributed
throughout the continental shelf from the shore to the 183
m contour, although the highest concentrations were found
nearshore.  This presumably indicates the beginning of the
offshore migration.

Pre-recruits were caught at a wide range of
temperatures (Figure 4).  In winter, they were found at 5-
13oC, although most were caught at 8-12oC.  In spring,
they were at 6-20oC, with most caught at 10-13oC.  In
summer, they were found at 7-26oC, but most were caught
at 13-18oC, with the highest catch at 18oC.  In autumn,
temperatures ranged from 7-27oC, with most caught at 11-
17oC.

Pre-recruits were caught at depths ranging from 0-210
m, although this varied seasonally and in accordance with
inshore-offshore migrations (Figure 4).  In winter, depths
ranged from 20-200 m, but most were caught between 70-
120 m.  In spring, depths ranged from 10-210 m, although
most were caught at 20-130 m, and the highest catch was
at 40 m.  In summer, depths were much less variable,
ranging from 0-110 m, and 70% were found at 10 m.  In
autumn, depths ranged from 10-150 m, but most were
caught at 10-40 m, with the highest catch at 20 m.

Massachusetts Inshore Trawl Survey

Pre-recruits were collected in greater abundance in
autumn than in spring in waters off Massachusetts (Figure
5).  In the spring, high concentrations occurred in
Buzzards Bay and around Martha’s Vineyard and
Nantucket islands.  Low numbers were found in and
around Cape Cod Bay, and none were captured north of
Cape Cod.  In the autumn, high concentrations were found
in Buzzards Bay, around Martha’s Vineyard and
Nantucket, throughout Cape Cod Bay, in Massachusetts
Bay, and north and south of Cape Ann.  The lower
numbers of pre-recruits in inshore waters in the spring was
most likely due to the survey occurring prior to the main
part of the inshore migration.

Pre-recruits were found at warmer temperatures in
autumn than in spring (Figure 6).  In spring, most were
found at 10-13oC while in autumn most were found at 15-
20oC.  There was little difference in depth distribution in
spring and autumn, with most found at 10-15 m (Figure
6).  However, pre-recruits inhabited a wider range of
temperatures in autumn.

Rhode Island Trawl Survey

Longfin inshore squid pre-recruits (≤ 8 cm ML) were
caught during all seasons in Narragansett Bay (Figure 7).
Catches were low in winter, increased slightly in spring,
and were highest during summer and autumn.  This
pattern corresponds to inshore migrations beginning in
early spring.  Pre-recruits were found at depths ranging
from 10 to 110 feet (3 to 34 m) (Figure 8).  In winter the
few pre-recruits caught were taken at 90 feet (27 m), in
summer and spring most were caught at 20-40 feet (6-12
m) and 100-110 feet (30-34 m), and in autumn most were
caught at 100 feet (30 m).  Pre-recruits were collected at
temperatures ranging from 9-25oC.  They were collected
at temperatures of 10oC in winter, from 9-16oC in spring,
from 11-25oC with most at 19oC in summer, and from 13-
23oC with most at 20oC in autumn.

Hudson-Raritan Estuary Trawl Survey

Longfin inshore squid pre-recruits (≤ 8 cm ML) were
captured in the Hudson-Raritan estuary during spring,
summer, and fall (Figure 9).  They were found almost
exclusively in the eastern portion of the bay and were
collected in the highest numbers in the summer and
autumn.  Pre-recruits were collected at temperatures
ranging from 9-24oC, but most were taken at 16-20oC.
They were also collected at depths of 15-75 ft (~5-23 m),
with most at 45-50 ft (~14-15 m), and salinities of 20-33
ppt, with the highest catch at 30 ppt.  They were found at
dissolved oxygen levels of 5-10 mg/L, with most at 7-8
mg/L (Figure 10).  Longfin inshore squid require oxygen
concentrations greater than 4 mg/L (Howell and Simpson
1994).

RECRUITS

NEFSC Bottom Trawl Surveys

The NEFSC bottom trawl surveys [see Reid et al.
(1999) for details] captured longfin inshore squid recruits
(≥ 9 cm ML) during all seasons.  Their seasonal
distributions are identical to that of pre-recruits and
illustrate the spring and summer inshore and the autumn
offshore migrations (Figure 3).

Recruits were caught at a wide range of temperatures
(Figure 4).  In winter, they were found at 4-13oC, although
most were at 7-12oC.  In spring, they were found at 5-
17oC, with > 60% found at 10-12oC.  In summer, they
were caught at 6-26oC, but most were at 11-16oC, with the
highest catch at 16oC.  In autumn, temperatures ranged
from 7-27oC, with most at 10-14oC.

Recruits were caught at depths ranging from 0-300 m,
although this varied seasonally and in accordance with
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inshore-offshore migrations (Figure 4).  In winter, depths
ranged from 20-290 m, although most were caught
between 50-120 m.  In spring, depths ranged from 0-270
m, but most were caught at 100-150 m, and the highest
catch was at 120 m.  In summer, depths were less variable,
ranging from 0-110 m, and > 80% were caught at 10-20
m.  In autumn, depths ranged from 10-300 m, but most
were caught between 20-70 m.

Massachusetts Inshore Trawl Survey

The distribution of longfin inshore squid recruits (≥ 9
cm) in waters off Massachusetts was almost identical to
that of pre-recruits, although the overall number of
recruits was much lower (Figure 5).  Recruits were also
found at similar temperatures and depths as pre-recruits
(Figure 6).  Most were found at 10-13oC and 10-15 m in
spring and 16-20oC and 10-30 m in autumn.

Rhode Island Trawl Survey

Longfin inshore squid recruits (≥ 9 cm) were caught
during all seasons in Narragansett Bay (Figure 7).
Catches were low in winter, increased somewhat in spring,
and were highest during summer and autumn.  This
pattern corresponds to inshore migrations beginning in
spring.  Recruits were found at depths ranging from 10 to
120 feet (3-37 m) (Figure 8).  In winter the few recruits
caught were taken at 90-100 feet (27-30 m).  In summer
and spring they were taken at depths ranging from 10-120
feet (3-37 m), but most were caught at 100-110 feet (30-
34 m).  In autumn most were caught at 90-100 feet (27-30
m).  Recruits were taken at temperatures ranging from 7-
26oC (Figure 8).  Seasonally they were collected at 7-10oC
in winter, from 9-16oC with most at 11oC in spring, from
9-26oC with most at 17-21oC in summer, and from 11-
23oC with most at 15oC in autumn.

Connecticut Trawl Survey

Longfin inshore squid were captured from throughout
Long Island Sound in surveys conducted from 1992-1997
(Figure 11).  A total of 70,930 were captured in all
seasons, although they were much less abundant in winter
and spring than in summer and autumn.  The highest
catches occurred in September-October; these were
dominated by small squid ranging from about 2 to 12 cm
(Gottschall et al., in review).  By November, abundance
dropped dramatically, most likely due to the migration to
offshore overwintering areas.

Squid taken in the surveys ranged from 2-40 cm ML.
Recruits dominated the catches in winter and spring and
pre-recruits were caught in high numbers in summer and
fall (Figure 11).  The largest squid were present in May

and June when 65% were adults; by September, most
ranged from 4 to 9 cm, and only 1% were 16 cm or
greater (Gottschall et al., in review).

Hudson-Raritan Estuary Survey

Longfin inshore squid recruits (≥ 8 cm ML) were
captured in the Hudson-Raritan estuary during spring,
summer, and fall (Figure 9).  They were found mostly in
the eastern portion of the bay; the highest catches
occurred in summer and autumn.  Recruits were collected
at temperatures ranging from 9-24oC, but most were at 16-
17oC. They were also collected at depths of 15-75 ft (~5-
23 m), with most at 50-60 ft (~15-18 m), and salinities of
20-33 ppt, with the highest catch at 30 ppt.  They were
found at dissolved oxygen levels of 5-10 mg/L, with most
at 7-8 mg/L (Figure 10).  Longfin inshore squid require
oxygen concentrations greater than 4 mg/L (Howell and
Simpson 1994).

STATUS OF THE STOCKS

The northwest Atlantic (Cape Hatteras to the Gulf of
Maine) commercial landings of longfin inshore squid,
Loligo pealeii, were 12,459 metric tons (mt) in 1996, a
33% decrease over the 1995 landings of 18,500 mt, and a
45% decrease from the 1994 landings of 22,500 mt
(Figure 12; Northeast Fisheries Science Center 1996).  Of
the 1993 landings of 22,300 mt, 56% were caught in the
Middle Atlantic Bight between Hudson Canyon and
Baltimore Canyon and 50% were caught in the winter
from January through March (Northeast Fisheries Science
Center 1996).

Annual landings of Loligo pealeii from North
Carolina to Maine by the distant water fleet were highest
from 1972-1976 with a peak of 37,600 mt in 1973 (Lange
1982).  Foreign fishing regulations were enforced in 1977
(MAFMC 1996); during the following three years,
landings decreased to an average of 15,000 mt, then
increased slightly in 1980-1984, but fell again to 15,000
mt in 1985-1987 (Northeast Fisheries Science Center
1996).  Directed foreign fishing was eliminated in 1987
and commercial landings continued to fluctuate
throughout the late 1980s and early 1990s.  Annual
domestic landings of Loligo averaged 17,800 mt in 1987-
1992 (Brodziak 1995) and were taken primarily in the
winter fishery in offshore waters of the New York Bight
(Northeast Fisheries Science Center 1996).

Long-term data from the Northeast Fisheries Science
Center fall and spring bottom trawl surveys indicate
fluctuations in seasonal biomass as well.  In the fall, 1973-
1976, Loligo pealeii stock biomass averaged 62,000 mt
(Northeast Fisheries Science Center 1996).  The peak of
37,600 mt was landed in the commercial fisheries during
this period.  Stock biomass in the spring, 1972-1976, was
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also above average with estimates of 22,000 mt.
However, biomass decreased in the spring and fall, 1977-
1982, to 10,000 and 33,000 mt, respectively, and during
this time, commercial landings also declined (Northeast
Fisheries Science Center 1996).  During the next nine
years, spring and fall biomass levels remained relatively
above average with few periods of low abundance.
Throughout 1992-1994, biomass decreased to
considerably lower levels than during 1989-1991.
Average biomass levels in 1992-1994 were 12,000 mt in
spring and 45,000 mt in autumn; the spring 1994 level
was almost a record low (Northeast Fisheries Science
Center 1996).  Stock biomass levels in the fall of 1992
and spring of 1993 were estimated to be 35-50% below
the historical average even though the number of pre-
recruits per tow was the highest ever in the fall of 1992
(Brodziak 1995).  The Loligo pealeii stock in the
northwest Atlantic from Cape Hatteras to the Gulf of
Maine has a medium biomass level that is almost fully
exploited (Northeast Fisheries Science Center 1996).

RESEARCH NEEDS

• There is little biological information on the egg and
larval stages.  There is a need for more information
on the location of spawning beds and the movement
of larvae.

• More information on growth rates and maturity are
needed.  For example, Brodziak and Macy (1996)
demonstrated that growth rates are exponential,
lifespans are less than one year, and spawning occurs
throughout the year.  More data from geographically
and temporally diverse studies are needed to confirm
these findings.

• The commercially exploited population from Cape
Hatteras to Georges Bank is considered a single stock
unit.  More information is needed on stock structure,
including gene flow and levels of genetic
differentiation among geographic areas.
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Table 1.  Summary of life history and habitat characteristics for longfin inshore squid, Loligo pealeii.

Life Stage Size and Growth Habitat Substrate Temperature Salinity

Eggs 1 Incubation time varies
with temperature: 26.7 d
at 12-18oC, 18.5 d at
15.5-21.3oC, and 10.7 d
at 15.5-23.0oC.

Eggs generally in shallow
waters, < 50 m.

Egg masses are
commonly found on
sandy/mud bottom;
usually attached to
rocks/boulders, pilings,
or algae such as Fucus,
Ulva lactuca, Laminaria
and Porphyra sp.

Eggs found in waters 10-
23oC; usually > 8oC.
Optimal development at
12oC.

Found at 30-32 ppt.

Larvae 2 Paralarvae range in size
from 1.4-15 mm ML
(mantle length).
Growth rates slower for
winter-hatched animals
than spring-hatched.

Found in coastal, surface
waters in spring, summer and
fall.  Hatchlings found in
surface waters day and night.
Move deeper in water column
as they grow larger.

Found at 10-26oC (at
lower temperatures found
at higher salinities).

Found at 31.5-34.0
ppt.

Juveniles 3 Size ranges from approx.
15 mm - 8 cm.
At 6-8 cm sexual size
dimorphism is evident,
before offshore
migrations occur.
Growth rates of young-
of-the-year are 12-38
mm/month.

Inhabit upper 10 m at depths
of 50-100 m on continental
shelf.  Found in coastal
inshore waters in spring/fall,
offshore in winter.  Migrate to
surface at night.
Ontogenetic descent: at 45
mm, chromatophores are
concentrated on dorsal rather
than ventral surface,
indicating a change from
inhabiting surface waters to
demersal lifestyle.

Found at 10-26oC (at
lower temperatures found
at higher salinities).
Juveniles prefer warmer
bottom temperatures and
shallower depths in fall
than adults.

Found at 31.5-34.0
ppt.

Adults 4 Smallest size at maturity
8 cm ML; most are > 10
cm ML.
Males grow faster than
females and attain larger
sizes; larger sizes at
higher latitudes.
Growth is rapid, faster in
warm months (1.5-2.0
cm/month) than in cold
months (0.4-0.6
cm/month).  Life span is
< 1 year. Maximum size
and age are ~50 cm ML,
3 yrs.

Range from Newfoundland
south to Cape Hatteras, on
continental shelf and upper
slope.  Most abundant from
Gulf of Maine to Hatteras.
Mar-Oct: inshore, shallow
waters up to 180 m.
Winter: offshore deeper
waters, up to 400 m on shelf
edge.
Most abundant at bottom
during the day; move upwards
at night.  Generally found at
greater depths and cooler
bottom temperatures in the
fall than juveniles.

Mud or sandy mud. Found at surface
temperatures ranging
from 9-21oC and bottom
temperatures ranging
from 8-16oC.

1  Bigelow (1924), McMahon and Summers (1971), Arnold et al. (1974), Griswold and Prezioso (1981), Lange (1982), Summers (1983), Dawe et al. (1990)
2  McMahon and Summers (1971), McConathy et al. (1980), Vecchione (1981), Nesis (1982), Vovk (1983), Young and Hartman (1988)
3  Summers (1968a, b), Mercer (1969), Macy (1980), Vovk and Khvichiya (1980), Vecchione (1981), Young and Hartman (1988), Brodziak and Henderson (1999)
4  Haefner (1964), Summers (1968a, b, 1969, 1971, 1983), Rathjen (1973), Lux et al. (1974), Serchuk and Rathjen (1974), Cohen (1976), Mesnil (1977), Gosner (1978),

Sissenwine and Bowman (1978), Lange (1980, 1982), Lange and Sissenwine (1980), Macy (1980), Nesis (1982), Vecchione et al. (1989), Dawe et al. (1990), Howell and
Simpson (1994), Brodziak and Macy (1996), Brodziak and Henderson (1999)
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Table 1.  cont’d.

Life Stage Prey Predators Spawning Notes

Eggs 1 N/A Most eggs are spawned in May,
hatching occurs in July.
Fecundity ranges from
950-15,900 eggs per female.

Eggs are demersal. Enclosed in
a gelatinous capsule containing
up to 200 eggs.  Each female
lays 20-30 capsules.  Laid in
masses made up of hundreds of
egg capsules from different
females.

Larvae 2 Primary prey are copepods. "Paralarvae" defined as stage
after hatching when
cephalopods are pelagic.
Tentacles are non-functional at
≤ 15 mm.

Juveniles 3 Primary prey varies with size:
< 4.0 cm: plankton,
copepods;
4.1-6.0 cm: euphausiids,
arrow worms;
6.1-10.0 cm: crabs,
polychaetes, shrimp.
Cannibalism observed in
specimens larger than 5 cm
ML (small Illex illecebrosus
were found in 49 of 322
Loligo stomachs).

Many pelagic and demersal fish
species as well as marine
mammals and birds.

Changes in habitat as the squid
grows are indicated by changes
in the diet.

Adults 4 Fish prey includes silver hake,
mackerel, herring, menhaden,
sand lance, bay anchovy,
menhaden, weakfish and
silversides.  Invertebrate prey
include crustaceans
(Crangon, Palaeomonetes
sp.) and squid.
15 cm adults can eat fish up
to half their mantle length. At
16-25 cm, consume more fish
and less crustaceans as
growth increases; > 25 cm,
more squid than fish eaten;
and > 30 cm, almost
exclusively squid.

Predators include many fishes
(bluefish, sea bass, mackerel,
cod, haddock, pollock, hakes,
sea raven, goosefish, flounder,
dogfish, angel sharks, skates),
pilot whale (Globicephala
melas) and common dolphin
(Delphinus delphis), and diving
birds.

Spawning occurs on Scotian
Shelf, Georges Bank, Gulf of
Maine and from Nantucket
Shoals to Cape Hatteras in
shallow waters, 10-90 m, from
April-Nov (New England: May-
Aug; Bay of Fundy: Aug-Sept).
Georges Bank: two broods -
early spring and late summer.
Spring spawn: hatch in June,
mature over winter. Summer
spawn: hatch in fall, mature in
2nd winter. Mating occurs
during inshore migration in
spring. Mortality occurs after
first spawning.

Loligo form schools according
to size class prior to feeding.
Oxygen requirement > 4 ml/l.
Larger individuals migrate
earlier (April-May) than smaller
ones.

1  Haefner (1959), Summers (1971), Vovk (1972b), Arnold et al. (1974), Gosner (1978), Griswold and Prezioso (1981), Lange (1982), Nesis (1982), Lange and Sissenwine
(1983)

2  Vecchione (1981), Vovk (1983), Young and Hartman (1988)
3  Vovk (1972b, 1985), Tibbetts (1977), Whitaker (1978), Vinogradov and Noskov (1979), Vovk and Khvichiya (1980), Vecchione (1981)
4  Stevenson (1934), Summers (1969, 1971), Vovk (1972a, 1985), Rathjen (1973), Maurer (1975), Cohen (1976), Langton and Bowman (1977), Mesnil (1977), Tibbetts

(1977), Gosner (1978), Vinogradov and Noskov (1979), Lange (1980, 1982), Lange and Sissenwine (1980, 1983), Macy (1980), Griswold and Prezioso (1981), Kier
(1982), Summers (1983), Maurer and Bowman (1985), Dawe et al. (1990), Waring et al. (1990), Overholtz and Waring (1991), Howell and Simpson (1994), Brodziak and
Macy (1996), Gannon et al. (1997)
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Figure 1.  The longfin inshore squid, Loligo pealeii (from Goode 1884).
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Figure 2.  Abundance (percent occurrence) of the major prey items in the diet of longfin inshore squid collected during
1973-1980 and 1981-1990 NEFSC bottom trawl surveys.  The 1-10 cm size range corresponds, at least roughly, to pre-
recruits or juveniles, and the 11-30 cm size class corresponds to recruits or adults.  The category “animal remains” refers
to unidentifiable animal matter.  Methods for sampling, processing, and analysis of samples differed between the time
periods [see Reid et al. (1999) for details].
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Figure 3.  Distribution and abundance of longfin inshore squid pre-recruits (≤ 8 cm) and recruits (≥ 9 cm) collected
during NEFSC bottom trawl surveys in winter (1967-1997), spring (1967-1997), summer (1967-1995) and autumn
(1967-1996).  Densities (number per tow) are represented by dot size [see Reid et al. (1999) for details].
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Figure 3.  cont’d.
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Figure 4.  Seasonal abundance of longfin inshore squid pre-recruits (≤ 8 cm) and recruits (≥ 9 cm) relative to bottom
water temperature and depth based on NEFSC bottom trawl surveys, all years combined.  Open bars represent the
proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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 Figure 4.  cont’d.
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Figure 5.  Distribution and abundance of longfin inshore squid pre-recruits (≤ 8 cm) and recruits (≥ 9 cm) in
Massachusetts coastal waters during spring and autumn Massachusetts trawl surveys, 1978-1996 [see Reid et al. (1999)
for details].
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Figure 6.  Abundance of longfin inshore squid pre-recruits and recruits relative to bottom water temperature and depth
based on Massachusetts inshore bottom trawl surveys (spring and autumn 1978-1996, all years combined).  Open bars
represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized
catches (number/10 m2).
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Figure 7.  Distribution and abundance of longfin inshore squid pre-recruits (≤ 8 cm) and recruits (≥ 9 cm) in Narragansett
Bay during 1990-1996 Rhode Island bottom trawl surveys.  The numbers shown at each station are the average catch per
tow rounded to one decimal place [see Reid et al. (1999) for details].
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Figure 7.  cont’d.
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Figure 8.  Seasonal abundance of longfin inshore squid pre-recruits (≤ 8 cm) and recruits (≥ 9 cm) relative to mean
bottom water temperature and bottom depth from Rhode Island Narragansett Bay trawl surveys, 1990-1996.  Open bars
represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all catches.
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Figure 8.  cont’d.
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Figure 9.  Seasonal distribution and abundance of longfin inshore squid pre-recruits (≤ 8 cm) and recruits (≥ 9 cm)
collected in the Hudson-Raritan estuary during NEFSC Hudson-Raritan trawl surveys, 1992 – 1997 [see Reid et al.
(1999) for details].
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Figure 9.  cont’d.
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Figure 10.  Abundance of longfin inshore squid pre-recruits (≤ 8 cm) and recruits (≥ 9 cm) relative to bottom water
temperature, depth, dissolved oxygen, and salinity based on Hudson-Raritan estuary trawl surveys, 1992 – 1997, all
seasons and years combined.  Open bars represent the proportion of all stations surveyed, solid bars represent the
proportion of the sum of all standardized catches.
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Figure 11.  Distribution, abundance, and size frequency distribution of longfin inshore squid captured in Long Island
Sound during spring and autumn Connecticut bottom trawl surveys, 1992-1997 [see Reid et al. (1999) for details].
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Figure 12.  Commercial landings and population abundance indices (from the NEFSC bottom trawl surveys) for longfin
inshore squid in the Gulf of Maine and Middle Atlantic Bight, 1963-1996.
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-
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independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

Scup (Stenotomus chrysops Linnaeus 1766) (Figure
1), is a temperate species that occurs primarily from
Massachusetts to South Carolina, although it has been
reported as far north as the Bay of Fundy and Sable Island
Bank, Canada (Bigelow and Schroeder 1953; Fritz 1965;
Scott and Scott 1988) and as far south as Florida (Morse
1978; Manooch 1984).

The ‘southern porgy’ (S. aculeatus) is referred to in a
number of South Atlantic Bight studies and reviews (e.g.,
Morse 1978; Powles and Barans 1980; Sedberry and Van
Dolah 1984), but is not considered a separate species by
the American Fisheries Society (Robins et al. 1991)
leading to some taxonomic confusion (T. Munroe,
National Systematics Laboratory, Smithsonian Institution,
Washington, DC, personal communication).  For
example, Miller and Richards (1980) list S. chrysops and
S. aculeatus as reef dwellers in the South Atlantic Bight.

Although there can be some mixing of the Middle
and South Atlantic Bight scup populations off North
Carolina, the Middle Atlantic Bight population is treated
separately here, because only this population appears to
make extensive seasonal migrations and few fish tagged
off New England or New York have been caught south of
Cape Hatteras (Nesbit and Neville 1935; Finkelstein
1971).  Scup in the Middle Atlantic Bight population are
commonly found during the summer in larger estuaries
and in coastal waters; during the winter, they occur along
the outer continental shelf to about 200 m (656 ft) and
occasionally deeper.  Beebe and Tee-Van (1933) reported
that scup were introduced to Bermuda, but the status of
that introduction is unknown and probably unsuccessful
(B. Collette, National Systematics Laboratory,
Smithsonian Institution, Washington, DC, personal
communication).  Archeological evidence suggests scup
have been common in southern New England waters for
several thousand years and were used as food by native
Americans (Waters 1967).

The scup population in the Middle Atlantic Bight
spawns along the inner continental shelf off southern New
England from May through August with a peak in June to
July.  Larvae occur in coastal waters during the warmer
seasons, feed upon small zooplankton, and are prey to a
variety of planktivores, including medusae, crustaceans
and fish.  Larvae settle to the seafloor in coastal and
estuarine waters when they are about 25 mm total length
(TL), but this event is poorly documented.  During the
summer and early fall, juveniles and adults are common
in most larger estuaries and coastal areas in open and
structured habitats where they feed on a variety of small
benthic invertebrates.  Scup begin to mature at 2 years of
age (Finkelstein 1969b) at about 15.5 cm fork length (FL)
(O'Brien et al. 1993).  Most fish are mature at 3 years and
at 21 cm FL (Gabriel 1998).  In the last century, scup ≥ 45
cm FL were reported (Baird 1873) living to about 20
years and weighing about 2 kg (Bigelow and Schroeder

1953).  Currently, the population in the Middle Atlantic
Bight is composed primarily of fish ≤ 7 years and ≤ 33 cm
FL (Northeast Fisheries Science Center 1997). Since the
1930s, there has been a significant decline in the average
size of scup; small scup have slightly different habitat and
prey requirements than larger scup (Smith and Norcross
1968).

LIFE HISTORY

The life history of scup is typical of most demersal
fishes, with pelagic eggs and larvae, and a gradual
transition to the demersal adult stage.  As a temperate
species, scup is at the northern limits of its range in the
northeastern United States and migrates south in the
winter to warmer waters south of New Jersey.

EGGS

Scup eggs are small, 0.8-1.0 mm in diameter, and
buoyant (Kuntz and Radcliffe 1918; Wheatland 1956).
They require two to three days (40-75 hrs) to hatch
depending on temperature (Griswold and McKenney
1984).  Little else is known of this ephemeral stage.

LARVAE

The newly hatched larvae are about 2.0 mm TL,
pelagic, and depend on their yolk for about three days
until they are about 2.8 mm TL (Bigelow and Schroeder
1953) when active feeding begins.  After reaching 15-30
mm TL in early July, the larvae become demersal in shoal
waters (Lux and Nichy 1971; Johnson 1978; MAFMC
1996; Able and Fahay 1998).  Griswold and McKenney
(1984) considered the larvae as juveniles when they grow
to about 18-19 mm TL.  There is no information available
on habitat use or requirements during this transition
period.

JUVENILES

Able and Fahay (1998) noted that the smallest,
young-of-the-year (YOY) individuals appeared in
estuaries in June.  In southern New England, juvenile
scup grew to 5 to 10 cm FL by November (Bigelow and
Schroeder 1953; Gottschall et al., in review).  Returning
juveniles in the spring were about 10-13 cm FL
(Michelman 1988; Able and Fahay 1998).  Growth of
YOY scup is considered relatively slow (Able and Fahay
1998).  Michelman (1988) estimated daily growth of
juveniles to be 0.84% of its dry wt/day using a length
frequency method and 0.93% of its dry wt/day using a
bioenergetics method.  The growth production rates were
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between 0.15 and 0.40 g of its dry wt/m2 with a growth
efficiency of about 24%.  Growth rates and curves for
juvenile scup were reported in several studies, see
MAFMC (1996).

ADULTS

Adult scup are common residents in the Middle
Atlantic Bight from spring to fall and are generally found
in schools on a variety of habitats, from open sandy
bottom to structured habitats such as mussel beds, reefs or
rough bottom.  Smaller-sized adult scup are common in
larger bays and estuaries but larger sizes tend to be in
deeper waters.  Schools are reported to be size-structured
(Morse 1978). Scup mature at about 2 years of age and
50% of both sexes are reported to be mature when they
achieve a length of 15.5 cm FL (O’Brien et al. 1993).
Examining growth of male and female scup from the New
York Bight (the continental shelf bounded by southern
Long Island and the New Jersey coast), Wilk et al. (1978)
found no significant difference in the length-weight
relationships between sexes within the 113-361 mm FL
range.  The relationship for a larger sample of unsexed
fish, 27-380 mm FL, was log W = log (-5.022) + 3.169
log FL, where W is weight in grams and fork length (FL)
is in mm; similar relationships have been reported in
MAFMC (1996).  Growth in length is curvilinear between
10-38 cm FL corresponding to ages of about 1 to 13
years; growth is relatively rapid at 10-15 cm FL and
declines with increasing size (Penttila et al. 1989).

Scup are members of an offshore-wintering guild of
fishes whose movements, habitats, and food habits
generally coincide (Musick and Mercer 1977;
Colvocoresses and Musick 1984; Austen et al. 1994;
Brown et al. 1996).  This guild includes summer flounder
(Paralichthys dentatus), black sea bass (Centropristis
striata), northern searobin (Prionotus carolinus), and
smooth dogfish (Mustelus canis) (Gabriel 1992; Shepherd
and Terceiro 1994).  Although biological interactions
among guild members can occur, slight differences exist
in their environmental tolerances and habitat preferences
(Neville and Talbot 1964).

REPRODUCTION

The mean fecundity of scup, 17.5-23.0 cm FL, is
about 7,000 (±4,860 SD) eggs per female (Gray 1990).
Scup spawn once a year beginning in the spring during
the inshore migration (Kendall 1973) when water
temperatures are >10°C.  In eastern Long Island bays
(New York) and Raritan Bay (New York-New Jersey),
spawning occurs in May and June (Breder 1922;
Finkelstein 1969a).  Along coastal Rhode Island,
spawning peaks in June (O’Brien et al. 1993) and extends
to August at temperatures of about 24°C (Herman 1963).

In southern Massachusetts, spawning fish occur in shoal
waters < 10 m deep until late June, when they move into
deeper waters (MAFMC 1996). Most spawning occurs in
southern New England from Massachusetts Bay south to
the New York Bight, including eastern Long Island
Sound, Peconic and Gardiners Bays, and Raritan Bay
(Goode 1884; Kuntz and Radcliffe 1918; Breder 1922;
Nichols and Breder 1927; Permutter 1939; Bigelow and
Schroeder 1953; Wheatland 1956; Richards 1959;
Finkelstein 1969a; Sisson 1974; Morse 1978; Clayton et
al. 1978).

Able and Fahay (1998) noted that there has been no
reported evidence of spawning in Block Island Sound
(Rhode Island), Great South Bay (New York), the Hudson
River estuary, and Great Bay (New Jersey).  Although
Breder (1922) reported ripe scup in the Hudson-Raritan
estuary, more recent studies do not report the collection of
scup eggs or larvae (Croker 1965; Berg and Levinton
1985).  Esser's (1982) note on scup spawning in the
estuary was not referenced and is probably based on
Breder (1922).

Spawning has not been reported south of New Jersey
(Morse 1982); e.g., off Chesapeake Bay (Hildebrand and
Schroeder 1928; Pearson 1932).  However, Berrien and
Sibunka (1999) found eggs in this area between 1978 and
1987, although they were not abundant or widespread.
Although scup are common in the spring off Maryland
and Virginia, Eklund and Targett (1990) did not observe
spawning over hard-bottom reef habitat.  The scup they
observed appeared to be migrants since few remained as
summer residents in the study area.

Ferraro (1980) suggested that scup spawn in the
morning in Peconic Bay, Long Island, unlike most fish
that generally spawn in the evening or at night.  Scup
usually spawn over weedy or sandy areas and fertilization
is external with no parental care (Morse 1978).  Scup
appear to refrain from feeding during spawning (Baird
1873; Bigelow and Schroeder 1953; Morse 1978).

Spawning can fail in some years, e.g., 1958 (Edwards
et al. 1962), even though, based on landings data,
spawning stocks are near peak abundance (MAFMC
1996).  The relationship of this apparent spawning failure
to environmental or habitat variables is unknown.  Scup
spawning coincides temporally with that of several other
fish, including weakfish (Cynoscion regalis), tautog
(Tautoga onitis), and northern searobin (Morse 1978).

FOOD HABITS

Although food habits data for scup larvae are not
available, rearing experiments suggest that the larvae feed
on small zooplankton (Griswold and McKenney 1984).

In Long Island Sound, juvenile scup feed during the
day, principally on polychaetes (e.g., maldanids,
nephthids, nereids, and flabelligerids), epibenthic
amphipods and other small crustaceans, mollusks, and
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fish eggs and larvae (Bowman et al. 1987).  Copepods
and mysids are important to post-larvae and early
juveniles, while bivalve mollusks are more commonly
eaten by larger fish (Richards 1963b; Bowman et al.
1987; Michelman 1988).  Allen et al. (1978) reported
amphipods, polychaetes, copepods, and other small
crustaceans were eaten by a small sample of juvenile scup
in southern New Jersey, which is consistent with
Northeast Fisheries Science Center (NEFSC) data [Figure
2; see Reid et al. (1999) for a discussion of NEFSC food
habitats data].  Michelman (1988) reported that scup only
eat when they are in a school and the relative importance
of major prey taxa varies seasonally.  Baird (1873)
reported prey were "rooted out of the sand or mud."
Juvenile and adult scup near an artificial reef in lower
Delaware Bay ate a mix of hard-surface epifauna and
sand bottom infaunal prey, including amphipods
(caprellids and others), razor clams (Ensis directus),
hydroids, blue mussels (Mytilus edulis), anemones, and
mysids (F. Steimle, unpublished data).  In Raritan Bay,
scup 9-12 cm FL ate a variety of benthic infaunal and
epifaunal invertebrates including polychaetes, copepods,
small mollusks, and hydroids; dietary composition varied
among areas within the bay (Steimle et al., in review).
Michelman (1988) estimated that juvenile scup in
Narragansett Bay (Rhode Island) consumed 0.6-1.7 g dry
wt/m2 of benthic prey between June 1 and September 30.
The daily food ration of juvenile scup was 3.49-3.99% of
dry body weight (depending on method used), or about
5% of their body weight per day.

Adult scup are also benthic feeders and forage on a
variety of prey, including small crustaceans (including
zooplankton), polychaetes, mollusks, small squid,
vegetable detritus, insect larvae, hydroids, sand dollars,
and small fish (Goode 1884; Nichols and Breder 1927;
Hildebrand and Schroeder 1928; Bigelow and Schroeder
1953; Oviatt and Nixon 1973; Maurer and Bowman 1975;
Morse 1978; Sedberry 1983; Figure 2).  As scup grow,
their diets include larger prey.  Bowman et al. (1976)
found that polychaetes were more important in the diets
of scup off southern New England and anthozoans were
more important in the Middle Atlantic Bight.  Sedberry
(1983) reported that during the fall migration off New
Jersey scup fed mainly on amphipods, polychaetes, and to
a lesser extent on decapod crustaceans, copepods, snails,
and other small invertebrates.  Adults also prey on small
benthic invertebrates, although feeding and growth appear
to be reduced during the winter.

At times and in certain areas, scup diets overlap those
of red hake (Urophycis chuss) and, depending on scup
size, those of silver hake (Merluccius bilinearis) and Gulf
Stream flounder (Citharichthys arctifrons) (Sedberry
1983).  Langton (1982) found that although the diets of
scup overlapped those of several other demersal species,
there was little prey overlap with cod (Gadus morhua) or
silver hake off New England, even though they have
similar benthic diets.  Jeffries and Terceiro (1985)

hypothesized that an expanding scup population in
Narragansett Bay seemed to replace the winter flounder
(Pseudopleuronectes americanus) because both species
have similar diets; if abundance of winter flounder were
reduced, more prey could be available for benthic-feeding
species such as scup.  This dietary similarity was also
found in a recent fish food habit study in Hudson-Raritan
Bay (Steimle et al., in review).

During inshore residency, scup gradually accumulate
food reserves from the spring into the fall.  The mean
caloric content increases from 24.2 kj/g ash-free dry
weight of whole scup in the spring to 28.1 kj/g ash-free
dry weight in the fall (Steimle and Terranova 1985).  This
stored energy can support the extra demands of migration,
reduced feeding in winter, and gonadal development.
Feeding may be minimal during the winter because there
is so little growth (Bigelow and Schroeder 1953).

PREDATION AND MORTALITY

Larvae are probably preyed on by a variety of
planktivores, including medusae, crustaceans, and fishes.
Small or juvenile scup are heavily preyed on by bluefish
(Pomatomus saltatrix), Atlantic halibut (Hippoglossus
hippoglossus), cod, various sharks, striped bass (Morone
saxitilus), weakfish, goosefish (Lophius americanus),
silver hake, and other coastal fish predators (Baird 1873;
Smith 1898; Jensen and Fritz 1960; Schaefer 1970; Morse
1978; Sedberry 1983).  Baird (1873) reported that cod ate
large numbers of small scup on Nantucket Shoals in late
November. Wading and diving shorebirds are also
potential predators during the summer.

The NEFSC bottom trawl survey data on food habits
lists the following species as predators of scup: dusky
shark (Carcharhinus obscurus), sandbar shark (C.
plumbeus), smooth dogfish, spiny dogfish (Squalus
acanthias), Atlantic sharpnose shark (Rhizoprionodon
terraenovae), Atlantic angel shark (Squatina dumeril),
Atlantic torpedo (Torpedo nobiliana), bluntnose stingray
(Dasyatis say), silver hake, bluefish, summer flounder,
black sea bass, weakfish, northern stargazer (Astroscopus
guttatus), goosefish, inshore lizardfish (Synodus foetens),
and king mackerel (Scomberomorus cavalla).

Another potential source of mortality is disease.
Disease can be initiated by direct epidermal exposure or
through feeding on contaminated prey.  Scup had fin rot
in the degraded inner New York Bight and Hudson-
Raritan estuary (Mahoney et al. 1975).  Benthic
invertebrate prey commonly eaten in the New York Bight
were contaminated with several toxic heavy metals
(Steimle et al. 1994).

MIGRATION

As inshore water temperatures decline to < 8-9oC in
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the winter, scup leave inshore waters and move to warmer
waters on the outer continental shelf south of the Hudson
Canyon off New Jersey and along the coast from south of
Long Island to North Carolina in depths ranging from 75-
185 m (Morse 1978; Bowman et al. 1987).  Juveniles
follow adults to wintering areas on the mid to outer
continental shelf south of Long Island, although some
remain in larger and deeper estuaries during warmer
winters.  During migration, scup move south along the
coast (within the 18 m isobath) and offshore (Hamer
1970) as coastal bottom water temperature declines below
10oC.  Phoel (1985) reported that scup migrated south of
Cape Hatteras to about Cape Fear (North Carolina) in the
winter and spring (he assumed one species and no
population mixing).

With rising water temperatures in the spring, scup
return inshore.  Larger fish arrive first followed by
schools of subadults, which have been reported to appear
off southern New England slightly later (Sisson 1974).
The fish reach Chesapeake Bay by April (Hildebrand and
Schroeder 1928) and southern New England by early May
(Baird 1873; Perlmutter 1939; Neville and Talbot 1964;
Finkelstein 1971).  It has been suggested that the
population moves in schools of similarly-sized individuals
during migration and perhaps at other times as well (Baird
1873; Hildebrand and Schroeder 1928; Neville and Talbot
1964; Sisson 1974; Morse 1978).  Fish that arrive inshore
early can be caught in pockets of residual cold water and
can become inactive or dormant (Kessler 1966).

STOCK STRUCTURE

Although the Middle Atlantic Bight population was
once considered to be two stocks, i.e., southern New
England and New Jersey (Edwards et al. 1962; Neville
and Talbot 1964; Hamer 1970; Morse 1978).  More recent
analysis found that the evidence for this segregation was
weak.  Pierce (1981) suggested that the apparent
segregation of two stocks in the Middle Atlantic Bight
could be an artifact of the temporary location of separate
winter water masses containing temperatures acceptable
to scup; in most years this water mass separation is
lacking or less influential.  Scup is presently considered a
single stock in the Middle Atlantic Bight (Pierce 1981;
Mayo 1982).

HABITAT CHARACTERISTICS

Scup are a temperate, demersal species that use
several benthic habitats from open water to structured
areas for feeding and possibly for shelter (Table 1).  Their
distribution changes seasonally as fish migrate from
estuaries to the edge of the continental shelf as water
temperatures decline in the winter and return from the
edge of the continental shelf to inshore areas as water

temperatures rise in the spring.  Some reports on scup
habitat use and distribution may be biased by the type of
collection gear used and the habitats in which they can be
deployed effectively.  For example, most surveys use
towed nets that are appropriate for open bottom but not
for rough, structured habitats that scup are known to use
such as mussel beds, rock rubble, or reefs.

EGGS

Scup eggs are commonly found in larger bodies of
coastal waters such as bays and sounds in and near
southern New England during spring and summer.
Lebida (1969) reported eggs were relatively abundant in
Buzzards Bay (Massachusetts) from May through June at
water temperatures of 8.5o to 23.7oC, which is similar to
their distribution in Connecticut and Rhode Island
estuaries (Herman 1963).  Eggs hatched in about 70-75
hrs at 18oC and 40-54 hrs at 21-22oC (Griswold and
McKenney 1984); they may not develop normally at
temperatures below 10oC (Bigelow and Schroeder 1953).

Few scup eggs were collected in the NEFSC Marine
Resources Monitoring, Assessment and Prediction
(MARMAP) ichthyoplankton survey [see Reid et al.
(1999) for survey methods].  The few survey tows that
collected eggs were made during May-August when
integrated water column temperatures were between 11o

and 23oC (Figure 3).  Their occurrence at 23oC probably
represents eggs collected off Maryland-Virginia during
the summer.  Most eggs were collected in generally < 50
m (Figure 3).

LARVAE

Larval scup are pelagic and occur in coastal waters
during warmer months.  Larvae were collected in the
more saline parts of Long Island Sound and eastern Long
Island bays, Narragansett Bay, Buzzards Bay, Vineyard
Sound, and Cape Cod Bay from May through September
at water temperatures of 14-22oC; the greatest densities
occurred at 15-20oC (Fish 1925; Wheatland 1956; Pearcy
and Richards 1962; Herman 1963; Scherer 1984;
MAFMC 1996).  Herman (1963) found larvae when water
temperatures were 20.0-23.5oC. The optimum for rearing
larvae in the laboratory is 18oC (Lawrence 1979).  The
NEFSC MARMAP larval data indicate a peak in
abundance at 17oC at depths < 50 m (Figure 4).

JUVENILES

During warmer months, juvenile scup live inshore in
a variety of coastal habitats and can dominate the overall
fish population in most larger estuarine areas during that
period.  In Rhode Island, YOY scup have been collected
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in intertidal and subtidal habitats, over sand, silty-sand,
shell, mud, mussel beds and eelgrass (Zosteria marina)
(Baird 1873).  Although Gottschall et al. (in review)
noted that 1 year old scup were found on various types of
sediment during warmer months in Long Island Sound,
Richards (1963a) reported collecting more juvenile scup
in a sandy habitat 9 m deep than at a 17 m deep muddy
area of the sound.  Scup were also collected in the smaller
coastal bays of Delaware (Derickson and Price 1973).
However, scup were not common in shoreline seine or
throw-trap surveys in vegetated and unvegetated habitats
in Chesapeake Bay, Long Island Sound, or New Jersey
estuaries (Greeley 1939; Warfel and Merriman 1944;
Briggs and O’Connor 1971; Himchak 1982; Weinstein
and Brooks 1983; Sogard 1989; Sogard and Able 1991).

While little is known about the specific habitats
occupied in winter when juvenile scup reside offshore,
their winter-spring distributions indicate that they occur in
habitats ranging from relatively flat, open, sandy-silty
bottoms to the head of submarine canyons, and other
areas with topographical relief and varying sediments
(Wigley and Theroux 1981).

The presence of structure can be important to scup.
Gray (1990) and Auster et al. (1991, 1995) noted that
juveniles use biogenic depressions in the sediments off
southern New England in the fall; the size of the
depression was directly related to the size of the fish.
Juveniles can use biogenic depressions, sand wave
troughs, and possibly mollusk shell fields for shelter in
winter.  Their poor growth during colder months
(Bigelow and Schroeder 1953) suggests inactivity and
possibly an increased need for shelter.

Juvenile scup have been collected at water
temperatures ranging from 5-27oC [Figures 5-8; see Reid
et al. (1999) for survey methods].  This is slightly below
the thermal maximum of 30.2-35.6oC (depending on
acclimation) reported by Everich and Gonzalez (1977).
The modes of highest relative abundance shift from about
10oC in the spring to peaks at 16oC and 22oC from
summer to fall, except in Narragansett Bay (Figure 8) and
Long Island Sound where the bimodality was unclear.  In
Long Island Sound, where juveniles dominate the
population, they were collected at bottom temperatures of
7-18oC in the spring and 15-22oC in the fall at salinities of
25-31 ppt.  Subadults, which usually follow the
migrations of adults south during the fall, have been killed
by sudden cold spells in shallow New England bays
(Baird 1873; Sherwood and Edwards 1902; Morse 1978).
However, from 1971 to 1975, juveniles over-wintered in
Long Island Sound (Thomson et al. 1978).  In the
Hudson-Raritan estuary, juveniles were collected at
temperatures ranging from 9o to 26oC, at salinities ranging
from 18 to 33 ppt, and dissolved oxygen (DO) levels > 4
mg/l (Figure 6).

From summer through fall, YOY and age 1+ scup
were found in many tidal bays, sounds, and coastal areas
primarily north of Maryland at depths within the 38 m (<

125 ft) contour (Morse 1978; Figures 6-8).  In Raritan
Bay, juvenile scup were most commonly collected at
depths between about 5 and 12 m (15 to 35 ft) (Figure 6).

ADULTS

Adult habitats are similar to those used by juveniles,
including soft, sandy bottoms, on or near structures, such
as rocky ledges, wrecks, artificial reefs, and mussel beds
in euryhaline areas (Briggs 1975a; Eklund 1988;
MAFMC 1996).  In Long Island Sound, scup exhibit a
strong preference for mixed sand and mud sediments
(Gottschall et al., in review), which are probably rich in
small benthic prey (Reid et al. 1979).  Similar to
juveniles, the specific habitats used by adult scup during
the winter or during migration are not known.  The areas
in which they have been found can include a variety of
habitat types that differ in sediment composition,
availability of food, and structure or relief (Wigley and
Theroux 1981; Steimle 1990).

Adult scup also occurred at bottom water
temperatures of 6-27oC (Figures 5-8).  Their winter
distribution appears to be mostly limited by the 7oC
isotherm, their lower preferred limit (Neville and Talbot
1964).  Magnuson et al. (1981) reported that scup may
aggregate north of transient Gulf Stream frontal
boundaries off Cape Hatteras, at least in the fall when the
temperature differential was about 8oC (25.6o vs. 17.1oC).
However, there are taxonomic uncertainties about the
species of Stenotomus involved.

Although scup are considered a demersal species,
they have been observed at the water surface (Bigelow
and Schroeder 1953).  Off Massachusetts (Figure 7) and
in Narragansett Bay (Figure 8), most adults were
collected in spring through fall at depths < 30 m (100 ft).
In New Jersey, they were reported to aggregate within the
20 m depth coastal zone as they began their offshore
southerly movements (MAFMC 1996).

Adult scup in the Hudson-Raritan estuary were
collected at salinities ranging primarily from 20 to 31 ppt
(Figure 6), which is consistent with salinity associations
in Long Island Sound (Gottschall et al., in review).
Similar to juveniles in the Hudson-Raritan estuary, most
adults were collected at DO levels ≥ 4mg/l (Figure 6).

GEOGRAPHICAL DISTRIBUTION

Scup is a temperate species and north of Cape
Hatteras the population is restricted to water temperatures
above 6oC (Figure 9).  Postlarval scup migrate to stay
within acceptable thermal limits as bottom water
temperatures in the northeast decline in winter.
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EGGS

Scup eggs have been collected primarily in coastal
waters off southern New England where abundance can
range up to 1000 eggs/10 m2 of sea surface (Berrien and
Sibunka 1999) but samples containing > 100 eggs/10 m2

were rare during the NEFSC MARMAP survey (Figure
10) when stock abundance was relatively low (MAFMC
1996).  Eggs were collected primarily during June and
July from inshore waters off southern New England; few
eggs were collected on the continental shelf from May to
August (Berrien and Sibunka 1999).  Patchy occurrences
were recorded from mid-shelf in the Chesapeake Bight
from May through August (Figure 10).

Since the NEFSC MARMAP surveys did not sample
waters < 10 m and excluded most coastal bays, it is
probable that eggs are more abundant and widely
distributed in nearshore areas.  Wheatland (1956) reported
that in eastern Long Island Sound and nearby bays, eggs
were variably abundant from year to year from May to
August with peaks in June and July.  According to Stone
et al. (1994), scup eggs were common or abundant in the
saline parts of coastal bays from southern Cape Cod to
Long Island Sound, eastern Long Island, and the Hudson-
Raritan estuary.  In contrast, Merriman and Sclar (1952)
did not find eggs in Block Island Sound, along the south
shore of Long Island, or in coastal waters or bays to the
south.  Interestingly, Able and Fahay (1998) note that
there has not been a verified collection of scup eggs
within southern New England estuaries since Sisson
(1974).

North of Cape Cod, scup eggs have been recorded in
southern Cape Cod Bay from June to August (1974-
1976), possibly transported from Buzzards Bay through
the Cape Cod Canal (Scherer 1984).  There have been
other reports of eggs in Massachusetts Bay suggesting
that spawning occurs there (MAFMC 1996).

LARVAE

Larval distribution is also limited and even more
conjectural than for eggs.  Although Kendall (1973) noted
the offshore occurrence of larvae from Virginia to Cape
Cod and in estuaries from Delaware Bay to Buzzards Bay,
the NEFSC MARMAP surveys collected < 5 larvae/tow,
mostly inshore (about 30 m) off Rhode Island in July
(Figure 11).  However, larvae can be more abundant in
shallow, nearshore waters since Stone et al. (1994)
reported them in the same areas as eggs; i.e., from
southern Cape Cod to Long Island Sound and in the
Hudson-Raritan estuary.

Despite these reports, Able and Fahay (1998) noted
that like the eggs there has been no verified collection of
scup larvae in southern New England estuaries since
Sisson (1974).  Cowen et al. (1993) did not collect scup
larvae in coastal or shelf waters of the New York Bight

during July and August 1988, nor were they common in
bays or estuaries south of Long Island (Pearson 1932;
Massman et al. 1961; de Sylva et al. 1962; Dovel 1967,
1981; Scotton 1970; Pacheco and Grant 1973; Himchak
1982; Morse 1982; Olney 1983; Berg and Levinton 1985;
Monteleone 1992; Stone et al. 1994) or in the surf zone
(D. Clark, U.S. Army Corps Engineers, Vicksburg, MS,
personal communication).  This is surprising since some
of these areas; e.g., Delaware Bay, are important juvenile
nurseries (de Sylva et al. 1962).

Clayton et al. (1978) reported the occurrence of
larvae in Rocky Point in northwestern Cape Cod Bay,
which, as with eggs, could have been transported through
the Cape Cod Canal from Buzzards Bay (Scherer 1984).
Based on the presence of eggs and larvae, there is a
possibility that scup can spawn in Massachusetts Bay
(MAFMC 1996).

JUVENILES

In contrast with the conflicting reports and
uncertainty in the spatial extent and abundance of scup
eggs and larvae, juveniles have been collected inshore and
offshore from New England to the Chesapeake Bay area.
In fact, the saline areas of Narragansett Bay, Long Island
Sound, Raritan Bay, and Delaware Bay are important
nursery areas (Richards 1963a; Abbe 1967; Oviatt and
Nixon 1973; Werme et al. 1983; Michelman 1988; Gray
1990; MAFMC 1996; Wilk et al. 1997; Gottschall et al.,
in review).

Reports of the coastal occurrence of juvenile scup
date back to the last century. Smith (1894) reported that
they were abundant from Hyannis, Massachusetts to
Barnegat, New Jersey in 1891 and Moore (1894)
indicated they were common only as far south as New
Jersey.  More recent reports indicate that during warmer
months, juvenile scup were common from the intertidal
zone to about 30 m in more saline (> 15 ppt) portions of
bays and estuaries and along the inner continental shelf of
the Middle Atlantic Bight from about May to November
(Smith 1898; Breder 1922; Kendall 1973; Werme et al.
1983; Bowman et al. 1987; Szedlmayer and Able 1996;
Gottschall et al., in review).

The changes in seasonal distribution are reflected in
the results of the NEFSC bottom trawl surveys in which
juveniles occurred offshore in winter and spring, inshore
in summer, and were concentrated in near-coastal waters
through fall (Figure 12).  Young-of-the-year fish are
locally abundant north of Cape Cod (Clayton et al. 1978),
especially in the fall (Lux and Kelly 1982).  However, this
is not reflected in the Massachusetts trawl survey that
indicated higher concentrations south of the Cape in
spring and fall (Figure 13).  Juveniles were common in
Narragansett Bay (Figure 14) and Long Island Sound
(Figure 16) in summer and fall.  Zawacki and Briggs
(1976) routinely seined juveniles on the north shore of
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Long Island from July through October. Gottschall et al.
(in review) reported that YOY scup (approximately 4 cm
FL) were first collected in Long Island Sound in August
and became numerically dominant in the catch by
September; 1 year old juveniles were collected in April.
However, other surveys of Long Island estuaries or surf
zones did not support these findings (Schaefer 1967;
Briggs 1975b).

The occurrence of juveniles in coastal bays and
estuaries south of Long Island is temporally and spatially
variable.  In Raritan Bay, juveniles were abundant in
spring and summer; a few were collected in the fall and
were not collected in winter (Figure 17).  While juveniles
occur in the larger bays; e.g., Raritan and Delaware Bays
(de Sylva et al. 1962; Werme et al. 1983), they seldom
occur in smaller coastal lagoons such as Barnegat Bay
(New Jersey), tributaries of the Hudson-Raritan estuary,
or the ocean surf zone (Marcellus 1972; Howells and
Brundage III 1977; Vouglitois 1983; Wilk et al. 1997; D.
Clark, personal communication).

Varying numbers have been collected in New Jersey
estuaries south of Barnegat Bay; i.e. within Hereford Inlet
(Allen et al. 1978).  Although formerly relatively
abundant, juvenile scup have not occurred in large
numbers in vegetated sites in lower Chesapeake Bay
(Orth and Heck 1980; MAFMC 1996).  However, in fall
they are still collected in relatively large numbers by the
NEFSC trawl surveys at the mouth of the bay (Figure 12).
While juveniles do not occur to any great extent in seaside
bays of Maryland and Virginia (Arve 1960; Schwartz
1961, 1964), Richards and Castagna (1970) did find them
in their survey of Virginia’s seaside bays.

The NEFSC groundfish surveys (1963-1997) mostly
post-date the last period of high scup abundance,
approximately 1950-1965 (Northeast Fisheries Science
Center 1997).  The NEFSC bottom trawl survey results
for 1963-1964 (not shown) indicated that juveniles were
widespread and distribution was similar to the present.
The only apparent change in this general coastal
distribution pattern was in the late 1960s (during the
period of relatively low abundance) when the largest
collections of juveniles were clustered off southern New
England, Virginia, and North Carolina.  This distribution
pattern raised the question of whether there were two
stocks in the Middle Atlantic Bight (Hamer 1970).

ADULTS

Adults have been reported as far north as the Bay of
Fundy, southern Nova Scotia, and Sable Island Bank (east
of Nova Scotia) as summer visitors (Scott and Scott 1988)
and at least as far south as Cape Hatteras.  As part of a
temperate, migrant guild, scup have even been collected
occasionally on the southern Grand Banks (Brown et al.
1996).

Scup occur primarily in the Middle Atlantic Bight.

They migrate from offshore winter habitats into coastal
waters from Chesapeake Bay to southern New England
where they reside from spring to fall (Bigelow and
Schroeder 1953; Richards 1963a; Scott and Scott 1988;
Morse 1978; Chang 1990).  These migration patterns are
reflected in the results of the NEFSC bottom trawl
surveys (Figure 12) and in the Massachusetts inshore
survey (Figure 13).  During warm months, larger scup
occur in or near the mouths of larger bays, such as
Narragansett Bay (Figures 14, 15) and Long Island Sound
(Figure 16), and along the coast within the 38 m contour
(Morse 1978).

Distribution and abundance of adult scup off New
England is temperature dependent (Mayo 1982; Gabriel
1992).  Smaller fish are found in more saline (> 15 ppt)
shallow bays and parts of estuaries including the Hudson-
Raritan estuary and Hereford Inlet (New Jersey) (Figures
6, 17; Allen et al. 1978; Morse 1978; Werme et al. 1983;
Wilk et al. 1997).  However, they may not be abundant in
all bays; e.g., they have not been reported in Barnegat
Bay (Marcellus 1972; Vouglitois 1983; Tatham et al.
1984), Maryland bays (MAFMC 1996), or in New York
Harbor (Stoecker et al. 1992; Will and Houston 1992).

Adult scup usually arrive offshore in December and
winter in deeper water from Nantucket Shoals to Cape
Hatteras to depths of about 240 m (Figures 5 and 12;
Pearson 1932; Neville and Talbot 1964; Morse 1978).
Scup density and distribution during the winter are related
to the location of the 7oC bottom isotherm, their lower
preferred limit (Neville and Talbot 1964).  Nesbit and
Neville (1935) indicated that this band of warmer, outer
continental shelf water is influenced mainly by the Gulf
Stream just off the shelf.  During warm winters, scup can
be found across most of the continental shelf south of
New Jersey (Nesbit and Neville 1935).  As coastal waters
warm above the 7oC threshold in spring, scup return
inshore and to the north.

STATUS OF THE STOCKS

Commercial landings of scup in the Middle Atlantic
Bight have declined substantially since peak landings in
the 1950s and early 1960s; although there was a minor
peak in landings in the early 1980s (Figure 18; Northeast
Fisheries Science Center 1997).  Recreational landings
have also declined (MAFMC 1996).

Groundfish surveys by the NEFSC indicated cycles
in abundance of scup of about 3-4 years and an overall
decline since the 1950-1960s (Figure 18; Gabriel 1998).
Currently, the stock is composed primarily of fish < 3
years old and the age distribution is truncated (MAFMC
1996).  The abundance of scup eggs off southern New
England has been low recently (Gray 1990; Able and
Fahay 1998).  According to Jeffries and Terceiro (1985),
slightly warmer average summer temperatures (+1°C) in
coastal waters off southern New England are related to an
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increase in scup abundance.
The Middle Atlantic Bight stock is currently

considered overfished because the stock is near record
low abundance levels and catches exceed Fmax (Gabriel
1998; National Marine Fisheries Service 1997; Northeast
Fisheries Science Center 1997).

RESEARCH NEEDS

• The taxonomic status of scup and “southern porgy”
should be resolved.

• The degree of mixing between populations in the
Middle Atlantic and South Atlantic Bights across
Cape Hatteras should be determined.

• Better characterization of spawning sites and egg and
larval habitats is needed.

• Offshore winter habitats in the Middle Atlantic Bight
need to be identified and described.

• The relative importance of larger estuaries (e.g.,
Chesapeake, Delaware, and Raritan Bays, Long
Island Sound) compared to smaller estuaries and
inshore areas (e.g., Barnegat Bay, seaside bays from
Maryland to Virginia) as primary nurseries should be
examined.

• Determine whether the patchy, inconsistent
occurrence of juveniles results from inadequate
monitoring or highly variable recruitment.

• The habitat factors that result in the patchy
distributions of juvenile and adult scup in space and
time need to be identified.

• The role of natural and artificial structured habitats in
the life history, productivity, and fishery management
of scup should be determined.

• Research should be conducted on the trophic
relationships of scup, including the factors that
control the production and distribution of their prey
(Kline 1997).

• The effects of altering the population age structure on
habitat requirements should be examined.

• The effects of the winter trawl fishery in the southern
Middle Atlantic Bight on spawning stock, juvenile
survival, and habitat should be determined.

• Information is needed on the direct and indirect
effects of degraded environments on feeding, growth,
fecundity, survival, and distribution of scup; indirect
effects should include food web alterations.

• The long-term, synergistic effects of combinations of
environmental variables (e.g., pH and toxins) on
survival, reproduction, and genetic changes should be
investigated (Kline 1997).
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Table 1.  Summary of life history and habitat characteristics for scup, Stenotomus chrysops.  MAB = Middle Atlantic
Bight, SNE = southern New England, GOM = Gulf of Maine.

Life
Stage

Time of Year Size and
Growth

Geographic
Location

Habitat Substrate Temperature

Eggs May-Aug,
south to north
progression

0.8-1.0 mm Coastal Virginia
- SNE, southern
GOM

Water
column, < 30
m in depth

Buoyant in
water column

11-23°C; most
common 12-14°C

Larvae May-Sept,
south to north

Hatch at ~2.0
mm; stage
lasts to ~15-
30 mm

MAB and
southern GOM,
near shore;
mostly SNE

Water
column, < 20
m until
juvenile
transition

In water
column until
transition

14-22°C; peak
densities at 15-
20°C

YOY and
older
juveniles

May-Nov,
south to north

YOY: 15-30
mm to 10 cm
by Nov;
juveniles: to
16 cm by end
of 1+ yr

MAB-GOM;
in estuaries
spring to fall

Estuarine and
coastal; from
intertidal to
about 38 m

Sand, mud,
mussel, and
eel grass beds

Greater than ~9-
27°C; mostly 16-
22°C

Winter
juveniles

Nov-Apr/
May

~10-13 cm;
growth rate
reduced

Most move
offshore and
south of New
Jersey to
warmer, deeper
waters; some
overwinter in
Long Island
Sound

Mostly > 38
m depth; mid
and outer
continental
shelf;
sometime in
deep estuaries

Poorly
known, found
over various
sand
substrates

Greater than ~7°C

Summer
adults

Apr-Dec > 15.5 cm FL Coastal from
Delaware to
GOM

~2-38 m Fine to silty-
sand, mud,
mussel beds,
rock, artificial
reefs, wrecks,
and other
structures

~7-25°C; can
acclimate to
35.6°C

Winter
adults

Jan-Mar > 15.5 cm FL Most move
offshore and
south of New
Jersey to
warmer, deeper
waters.

Mostly 38-
185 m depths;
mid/outer
continental
shelf.

Poorly
known, found
over various
sands.

> 7°C

Spawning
adults

May-Aug,
peak in June

> 15.5 cm
FL; mature at
about age 2

Inshore from
Delaware Bay
north to SNE;
mostly in SNE

< 30 m,
during
inshore
migration

Weedy to
sandy

> 9-24°C
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Table 1.  cont’d.

Life
Stage

Salinity Prey Predators Notes

Eggs > 15 ppt Most planktivores
where the eggs are
found.

Eggs hatch in 70-
75 hrs at 18°C,
and in 40-54 hrs at
21°C

Larvae > 15 ppt Can use yolk
for ~3 days;
at ~2.8 mm
feeding on
zooplankton
must begin

Most planktivores
where the larvae
are found.

Benthic settlement
and juvenile
transition occurs
at ~15-30 mm FL

YOY and
older
juveniles

> 15 ppt Small benthic
invertebrates,
fish eggs and
larvae

Bluefish, cod,
hake, summer
flounder,
weakfish, striped
bass, and others

Diurnal schooling
feeders.  Most
migrate to
deeper/warmer
waters to the
south in winter

Winter
juveniles

Mostly > 30
ppt, except in
estuaries

Poorly
known;
possibly
small benthic
invertebrates,
but feeding
may be
reduced

Cod during SNE
migration

Migrate offshore
as temperatures
fall below 8-9°C
and inshore and
north as water
warms to > 7°C;
early arrivals can
be affected by late
cold spell

Summer
adults

> 15 ppt Benthic and
near bottom
invertebrates,
and small fish

Sharks, stingrays,
dogfish, bluefish,
silver hake, black
sea bass, and
others

Usually found in
schools of
similarly sized
individuals.
Possibly tolerant
or avoid hypoxic
conditions

Winter
adults

> 30 ppt Poorly
known, but
feeding may
be reduced

Sharks, stingrays,
dogfish, bluefish,
silver hake, black
sea bass, and
others

7°C isotherm
greatly influences
distribution

Spawning
adults

> 15 ppt Poorly
known, but
feeding may
be reduced

Sharks, stingrays,
dogfish, bluefish,
silver hake, black
sea bass, and
others

Spawning is often
in AM; fish may
avoid hypoxic
areas
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Figure 1.  The scup, Stenotomus chrysops (from Goode 1884).



Page 17

Figure 2.  Abundance of the major items in the diet of juvenile (1-10 cm) and adult (11-40 cm) scup collected during
NEFSC bottom trawl surveys from 1973-1980 and 1981-1990.  Abundance in the 1973-1980 samples is defined by mean
percent prey weights, and in the 1981-1990 samples as mean percent prey volume.  The “Arthropoda” are almost entirely
crustacea; see text for discussion of specific taxa involved.  The category “animal remains” refers to unidentifiable
animal matter.  Methods for sampling, processing, and analysis of samples differed between the time periods [see Reid et
al. (1999) for details].
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Figure 3.  Abundance of scup eggs relative to water column temperature (to a maximum of 200 m) and bottom depth
from NEFSC MARMAP ichthyoplankton surveys (May to August 1978-1987, all years combined).  Open bars represent
the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).

Eggs vs. Temperature

Mean Water-Column Temperature (0-200m, C)
4 6 8 10 12 14 16 18 20 22 24 26 28

0

10

20

50

60

Stations
Catch

Eggs vs. Depth

Depth Interval (m), Midpoint

10 30 50 70 90 11
0

13
0

15
0

17
0

19
0

21
0

23
0

25
0

27
0

29
0

32
5

37
5

45
0

75
0

12
50

17
50

>20
00

Pe
rc

en
t

0

10

20

90

100

Scup Eggs, May to August



Page 19

Figure 4.  Abundance of scup larvae relative to water column temperature (to a maximum of 200 m) and bottom depth
from NEFSC MARMAP ichthyoplankton surveys (July and August 1977-1987, all years combined).  Open bars
represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized
catches (number/10 m2).
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Figure 5.  Seasonal abundance of juvenile and adult scup relative to bottom water temperature and depth based on
NEFSC bottom trawl surveys (1963-1997, all years combined).  Open bars represent the proportion of all stations
surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 5.  cont’d.
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Figure 6.  Abundance of juvenile and adult scup relative to bottom water temperature, depth, dissolved oxygen, and
salinity based on Hudson-Raritan estuary trawl surveys (1992–1997, all years combined).
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Figure 7.  Abundance of juvenile and adult scup relative to bottom water temperature and depth based on Massachusetts
inshore bottom trawl surveys (spring and autumn 1978-1996, all years combined).  Open bars represent the proportion of
all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 8.  Seasonal abundance of juvenile and adult scup relative to mean bottom water temperature and bottom depth
from Rhode Island Narragansett Bay trawl surveys, 1990-1996.  Open bars represent the proportion of all stations
surveyed, while solid bars represent the proportion of the sum of all catches.
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Figure 8.  cont’d.
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Figure 9.  The distribution of scup from Newfoundland to Cape Hatteras.  Data are from the U.S. NOAA/Canada DFO
East Coast of North America Strategic Assessment Project (http//:www-orca.nos.noaa.gov/projects/ecnasap/
ecnasap_table1. html).
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Figure 10.  Distribution and abundance of scup eggs collected during NEFSC MARMAP ichthyoplankton surveys, 1978-
1987 [see Reid et al. (1999) for details].  The upper left figure is a summary of all months and years; the remaining
figures are by individual month (May, June, July and August) for all years combined.
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Figure 10.  cont’d.
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Figure 11.  Distribution and abundance of scup larvae collected during NEFSC MARMAP ichthyoplankton surveys,
1977-1987 [see Reid et al. (1999) for details].  The upper left figure is a summary of all months and years; the remaining
figures are by individual month (July and August) for all years combined.
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Figure 12.  Distribution and abundance of juvenile and adult scup collected during NEFSC bottom trawl surveys (1963-
1997, all years combined).  Densities are represented by dot size in spring and fall plots, while only presence and
absence are represented in winter and summer plots [see Reid et al. (1999) for details].
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Figure 12.  cont’d.
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Figure 13.  Distribution and abundance of juvenile and adult scup in Massachusetts coastal waters collected during
spring and autumn Massachusetts inshore bottom trawl surveys, 1978-1996 [see Reid et al. (1999) for details].
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Figure 14.  Seasonal distribution and abundance of juvenile and adult scup collected in Narragansett Bay during 1990-
1996 Rhode Island bottom trawl surveys.  The numbers shown at each station are the average catch per tow rounded to
one decimal place [see Reid et al. (1999) for details].
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Figure 14.  cont’d.
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Figure 15.  Size frequency distribution of scup collected in Narragansett Bay during 1990-1996 Rhode Island bottom
trawl surveys.
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Figure 16.  Distribution, abundance, and size frequency of scup in Long Island Sound in spring and autumn, from the
Connecticut bottom trawl surveys, 1992-1997 [see Reid et al. (1999) for details].
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Figure 17.  Seasonal distribution and abundance of juvenile and adult scup in the Hudson-Raritan estuary collected
during Hudson-Raritan estuary trawl surveys, 1992–1997 [see Reid et al. (1999) for details].
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Figure 17.  cont’d.
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Figure 18.  Commercial landings (metric tons, mt) and NEFSC bottom trawl survey indices (stratified mean catch per
tow, kg) for scup in southern New England and the Middle Atlantic Bight.
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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries
Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of
fishing on EFH.  Congress defined EFH as “those waters
and substrate necessary to fish for spawning, breeding,
feeding or growth to maturity.”  The MSFCMA requires
NMFS to assist the regional fishery management councils
in the implementation of EFH in their respective fishery
management plans.

NMFS has taken a broad view of habitat as the area
used by fish throughout their life cycle.  Fish use habitat
for spawning, feeding, nursery, migration, and shelter, but
most habitats provide only a subset of these functions.
Fish may change habitats with changes in life history
stage, seasonal and geographic distributions, abundance,
and interactions with other species.  The type of habitat,
as well as its attributes and functions, are important for
sustaining the production of managed species.

The Northeast Fisheries Science Center compiled the
available information on the distribution, abundance, and
habitat requirements for each of the species managed by
the New England and Mid-Atlantic Fishery Management
Councils.  That information is presented in this series of
30 EFH species reports (plus one consolidated methods
report).  The EFH species reports comprise a survey of the
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY

HIGHLANDS, NEW JERSEY

SEPTEMBER 1999

independent data sets from NMFS and several coastal
states.  The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species.  Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages.  The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur.  Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,
mortality, and productivity.

Identifying and describing EFH are the first steps in
the process of protecting, conserving, and enhancing
essential habitats of the managed species.  Ultimately,
NMFS, the regional fishery management councils, fishing
participants, Federal and state agencies, and other
organizations will have to cooperate to achieve the habitat
goals established by the MSFCMA.

A historical note: the EFH species reports effectively
recommence a series of reports published by the NMFS
Sandy Hook (New Jersey) Laboratory (now formally
known as the James J. Howard Marine Sciences
Laboratory) from 1977 to 1982.  These reports, which
were formally labeled as Sandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy
Hook Bluebooks,” summarized biological and fisheries
data for 18 economically important species.  The fact that
the bluebooks continue to be used two decades after their
publication persuaded us to make their successors – the 30
EFH source documents – available to the public through
publication in the NOAA Technical Memorandum NMFS-
NE series.

JEFFREY N. CROSS, CHIEF

ECOSYSTEMS PROCESSES DIVISION

NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

The geographical range of the summer flounder or
fluke, Paralichthys dentatus (Figure 1), encompasses the
shallow estuarine waters and outer continental shelf from
Nova Scotia to Florida (Ginsburg 1952; Bigelow and
Schroeder 1953; Anderson and Gehringer 1965; Leim and
Scott 1966; Gutherz 1967; Gilbert 1986; Grimes et al.
1989), although Briggs (1958) gives their southern range as
extending into the northern Gulf of Mexico.  The center of
its abundance lies within the Middle Atlantic Bight from
Cape Cod, Massachusetts, to Cape Hatteras, North Carolina
(Figure 2; Hildebrand and Schroeder 1928).  North of Cape
Cod and south of Cape Fear, North Carolina, summer
flounder numbers begin to diminish rapidly (Grosslein and
Azarovitz 1982).  South of Virginia, two closely related
species, the southern flounder (Paralichthys lethostigma)
and the gulf flounder (Paralichthys albigutta) occur and
sometimes are not distinguished from summer flounder
(Hildebrand and Cable 1930; Byrne and Azarovitz 1982).
For more detailed discussions of the summer flounder’s
distribution on the shelf and in the various estuaries, see the
Life History and Geographical Distribution section.

Summer flounder exhibit strong seasonal inshore-
offshore movements, although their movements are often not
as extensive as compared to other highly migratory species.
Adult and juvenile summer flounder normally inhabit
shallow coastal and estuarine waters during the warmer
months of the year and remain offshore during the fall and
winter (Figure 3).  Complete descriptions of the inshore-
offshore migratory patterns of the summer flounder are in
the Life History and Geographical Distribution section of
this paper.

LIFE HISTORY AND
GEOGRAPHICAL DISTRIBUTION

STOCK STRUCTURE

Several stocks of summer flounder may exist throughout
its range, and numerous attempts have been made to identify
them.  Since a genetically distinct stock can have unique
rates of recruitment, growth, and mortality (Cushing 1981),
identification of the various stocks or subpopulations of
summer flounder and their stock-specific biological traits, as
well as their habitat distribution and overlap, is necessary for
proper management.  Previous stock identification studies
suggested that significant differences exist between summer
flounder north and south of Cape Hatteras; i.e., between
those in the Mid-Atlantic Bight and South Atlantic Bight
(Wilk et al. 1980; Fogarty et al. 1983; Able et al. 1990;
Wenner et al. 1990a).  Summer flounder north and south of
the Cape were statistically separable on the basis of
morphometric characters, with apparent intermixing of
northern and southern contingents in the vicinity of Cape
Hatteras [tagging studies by Desfosse (1995) also indicated

that there was some exchange of summer flounder between
the north and south of Cape Hatteras during winter].  Thus,
it was suggested that the Cape Hatteras region may form a
zoogeographical barrier between the Middle and South
Atlantic Bights which results in the reproductive isolation of
the adjacent stocks of summer flounder (Wilk et al. 1980;
Fogarty et al. 1983).  This was also suggested by tagging
studies in the nearshore waters and sounds north of North
Carolina which showed that fish tagged north of Cape
Hatteras moved northward, while fish tagged south of
Hatteras moved southward (Monaghan 1992, 1996).  An
alternative hypothesis by Wenner et al. (1990a) suggested
that, rather than two separate populations, the South Atlantic
Bight may serve as a nursery area for summer flounder in
the Mid-Atlantic Bight.

However, Jones and Quattro (1999) analyzed the
genetic diversity revealed in the mitochondrial DNA
(mtDNA) in samples of juveniles and adult summer flounder
collected from coastal sites from Buzzard’s Bay,
Massachusetts to Charleston, South Carolina during 1992 to
1996.  In contrast to the previous morphological studies,
analyses of mtDNA variation revealed no significant
population subdivision centered around Cape Hatteras; i.e.,
summer flounder populations are not genetically different
north and south of Cape Hatteras.  Jones and Quattro (1999)
suggest that the phenotypic divergence seen among
geographic samples of summer flounder (Wilk et al. 1980;
Fogarty et al. 1983) may reflect differential environmental
influences.

Within the Middle Atlantic Bight, Fogarty et al. (1983)
reported that a summer flounder discrimination workshop
was unable to examine adequately the hypothesis of multiple
stocks.  Although Smith (1973) identified concentrations of
summer flounder eggs off Long Island, Delaware-Virginia,
and North Carolina, the workshop concluded that the
distribution of summer flounder eggs and larvae was
continuous throughout the Middle Atlantic Bight and that
the apparent concentrations identified by Smith (1973) were
not the result of multiple stocks, but may have been due to
sampling variability.  However, Jones and Quattro (1999)
did detect population genetic structure in their samples of
summer flounder from the northern portion of its range; i.e.,
a small but significant portion of the total genetic variance
could be attributed to differences between their
Massachusetts and Rhode Island samples and all the other
samples.  Furthermore, tagging studies by Desfosse et al.
(1988) and Desfosse (1995) indicate that there may be two
subpopulations of summer flounder in Virginia inshore
waters, and studies by Van Housen (1984), Delaney (1986),
and Holland (1991), as well as such supplemental
observations as by Ross et al. (1990) off of North Carolina,
suggest that inshore populations from Virginia to North
Carolina may form a separate population from those to the
north and offshore (a trans-Hatteras stock).  Further studies
from these regions will be necessary to confirm these
observations.

Nonetheless, it is important to note that throughout the
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U.S. EEZ, summer flounder is managed and assessed as a
single stock by the Mid-Atlantic Fishery Management
Council (NMFS 1997).

ADULTS

As stated above, summer flounder exhibit strong
seasonal inshore-offshore movements (Figure 3).  Adult
flounder normally inhabit shallow coastal and estuarine
waters during the warmer months of the year and remain
offshore during the colder months on the outer continental
shelf at depths down to 150 m (Figure 4; Bigelow and
Schroeder 1953; Grosslein and Azarovitz 1982).  Some
evidence suggests that older adults may remain offshore all
year (Festa 1977).  However, due to overfishing, most of the
adults are ≤ 3 years of age and they return to the inner
continental shelf and estuaries during the summer [Able and
Kaiser 1994; Terceiro 1995; Northeast Fisheries Science
Center 1997; in addition, Desfosse’s (1995) study in
Virginia waters notes that the majority of fish sampled from
1987-1989 were from 0-3 years of age, and over 90% of the
summer flounder survey catch in Delaware Bay for 1996
was also less than age 3 (Michels 1997)].  The southern
population may undertake less extensive offshore migrations
(Fogarty et al. 1983).  Tagging studies indicate that fish
which spend their summer in a particular bay tend largely to
return to the same bay in the subsequent year or to move to
the north and east (Westman and Neville 1946; Hamer and
Lux 1962; Poole 1962; Murawski 1970; Lux and Nichy
1981; Monaghan 1992; Desfosse 1995).  For example,
tagging studies indicate that the majority of summer
flounder from inshore New Jersey return to inshore New
Jersey the following year.  This homing is also evident in
summer flounder which return to New York waters, with
some movement to waters off Connecticut, Rhode Island and
Massachusetts (Poole 1962).  Once inshore during the
summer months, there appears to be very little movement of
inshore fish to offshore waters (Westman and Neville 1946;
Poole 1962; Desfosse 1995).

Tagging studies conducted by Poole (1962) and Lux
and Nichy (1981) on flounder released off Long Island and
southern New England revealed that fish usually began
seaward migrations in September or October.  Their
wintering grounds are located primarily between Norfolk
and Veatch Canyons east of Virginia and Rhode Island,
respectively, although they are known to migrate as far
northeastward as Georges Bank.  Fish that move as far north
as the wintering grounds north of Hudson Canyon may
become rather permanent residents of the northern segment
of the Mid-Atlantic Bight (Lux and Nichy 1981).  New York
and New Jersey fish may move farther south in the winter
months and generally may not move as far north in the
summer as New England flounder (Poole 1962).

The presence, distribution, and abundance of the adults
nearshore and in the estuaries has been documented by both
fishery dependent and independent data and each States’

flounder experts (Table 1).  For example, summer flounder
in Massachusetts migrate inshore in early May and occur
along the entire shoal area south of Cape Cod and Buzzards
Bay, Vineyard Sound, Nantucket Sound, and the coastal
waters around Martha's Vineyard (Figure 5; Howe et al.
1997).  They also occur in the shoal waters in Cape Cod Bay
(A.B. Howe, Massachusetts Div. of Mar. Fish., Sandwich,
MA, personal communication).  In some years summer
flounder are found along the eastern side of Cape Cod and
as far north as Provincetown by early May.  The
Massachusetts Division of Marine Fisheries considers the
shoal waters of Cape Cod Bay and the region east and south
of Cape Cod, including all estuaries, bays and harbors
thereof, as critically important habitat (Howe, personal
communication).  Summer flounder begin moving offshore
in late September and October and Howe (personal
communication) believes that spawning occurs within
territorial waters south of Cape Cod because occasional ripe
and running fish have been taken there.  Summer flounder
are regularly taken in southern Massachusetts waters as late
as December, presumably as fish are dispersing to offshore
wintering grounds, which, in most years are well out on the
continental shelf from approximately Veatch Canyon to
Baltimore Canyon.

T.R. Lynch (Rhode Island Dept. of Environ. Mgmt.,
Wickford, RI, personal communication) states that the
coastal waters of Rhode Island, the immediate waters
surrounding Block Island, and the waters of Little
Narragansett Bay and all of Narragansett Bay are habitat for
both adults and juveniles.  Based on collections from the
1990-1996 Rhode Island Narragansett Bay survey, adults
were distributed throughout the Bay and captured in all
seasons except winter and most were caught in summer and
autumn (Figure 6).  The length frequencies show that similar
sizes were captured in each season and lengths ranged from
about 25-71 cm with most occurring from 30-50 cm (Figure
7).  Abundance in relation to bottom depth shows a
preference for depths greater than 12.2-15.2 m (40-50 ft)
and that few were captured in depths less than 9.1 m (30 ft)
(Figure 8).

In Connecticut, E. Smith (Connecticut Dept. of
Environ. Prot., Hartford, CT, personal communication)
states that the flounder migrate to inshore waters in late
April and early May, and are present in Long Island Sound
throughout the April-November trawl survey period, and
probably occur in limited numbers in winter as well (Figure
9 -- these figures include juveniles and adults, see Figure
10).  August through October are often the months of
highest relative abundance (Simpson et al. 1990a, b, 1991;
Gottschall et al., in review).  Although they occur on all
bottom types, their abundance does vary by area and depth
(Gottschall et al., in review).  In April, abundance is similar
at all depths, but from May through August abundance is
highest in shallow water, especially in depths less than 9 m
along the Connecticut shore from New Haven to Niantic
Bay, and near Mattituck, New York (Figure 9; Gottschall et
al., in review).  In September, when abundance peaks,
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summer flounder are again distributed in all depths
throughout the sound.  After September, their abundance
decreases, and the remaining fish are more common in
deeper water.  Abundance is highest in depths between 18-
27 m in October and depths > 27 m in November (Gottschall
et al., in review).  Abundance indices within the Sound are
generally highest in the central Sound (Connecticut to
Housatonic Rivers) and lowest west of the Housatonic River
(Simpson et al. 1990a, b, 1991).  Salinity range appears to
be at least 15 ppt and greater.  The trawl survey usually
takes 400-700 fish in 320 tows per year.  In 1989, only 47
fish were taken (D.G. Simpson, Connecticut Dept. of
Environ. Prot., Waterford, CT, personal communication).
From the Marine Angler Survey, about two-thirds of the
sport flounder catch is from east of the Connecticut River,
while the trawl survey catches indicate that the greater New
Haven area is also important.

In the Hudson-Raritan estuary, New York and New
Jersey, summer flounder was the 13th most abundant species
in the Wilk et al. (1977) survey and it occurred in 21% of all
trawls and had a mean annual density in the Lower Bay
complex of 1.2/15 min tow (see also reviews by Gaertner
1976 and Berg and Levinton 1985).  The 1992-1997
Hudson-Raritan surveys show the adults to be present in
moderate numbers throughout the estuary in all seasons
except winter (Figure 11).  In the fall, they tend to be found
in greater numbers in the deeper waters of the Raritan
Channel (Figure 11).  In the spring, the greatest numbers
occurred in Sandy Hook Bay.  The greatest densities of
summer flounder adults occurred in the summer, particularly
in the deeper Raritan and Chapel Hill channels and Raritan
and Sandy Hook Bays.  This species was not reported in any
trawls in the Arthur Kill-Hackensack River estuary.
However, it has been collected in Newark Bay from April-
October (Wilk et al. 1997; Figure 12).  Great South Bay, on
the south shore of Long Island, supports an important
recreational fishery, particularly around Fire Island inlet
(Neville et al. 1939; Schreiber 1973).

Tagging studies by Murawski (1970) provided
recaptured summer flounder from the entire New Jersey
coastline.  Summer flounder overwinter offshore of New
Jersey in 30-183 m of water.  Allen et al. (1978) collected
both adult and juvenile summer flounder in Hereford Inlet
near Cape May.  They occurred in all of the major
waterways, but were more abundant in the upper embayment
from May to July and in the lower embayment from August
to October.  The majority were 200-400 mm and were
caught on the slopes of the channels.  In Barnegat Bay, an
ichthyofauna survey by Vouglitois (1983) from 1976-1980
found a wide range of sizes of summer flounder, but in low
numbers.  This study was conducted along the western
shoreline of the Bay, where muddy sediments predominate,
and Vouglitois (1983) suggests that the scarcity of summer
flounder is due to their apparent preference for sandy
substrates.  A hard sandy bottom does predominate in the
eastern portion of the Bay and this is where most summer
flounder have been caught.

Delaware Bay is an important nursery and summering
area for adults as well as a nursery area for juveniles (R.
Smith, Delaware Dept. of Nat. Res. and Environ. Control,
Dover, DE, personal communication).  They are abundant in
the lower and middle portions of the estuary, and rare in the
upper estuary (Ichthyological Associates, Inc. 1980;
Seagraves 1981; Weisberg et al. 1996; Michels 1997).
Smith and Daiber (1977) caught adults from the shoreline to
a maximum depth of 25 m, mostly from May through
September, while R. Smith (personal communication) states
that adults have been captured in Delaware Bay during all
months of the year, but appear to be most common from
April to November.  The Delaware Bay Coastal Finfish
Assessment Survey for 1996 found adults throughout the
April to December sampling period, with the highest catch
rate in April and greatest occurrences at mid-bay stations
(Michels 1997).  Delaware’s coastal bays are also used by
summer flounder as nursery and summering areas [e.g.,
Indian River and Rehobeth Bays (Michels 1997)].

In Virginia adult flounder use the Eastern Shore seaside
lagoons and inlets and the lower Chesapeake Bay as summer
feeding areas (Schwartz 1961; J.A. Musick, Virginia Inst.
Mar. Sci., Gloucester Point, VA, personal communication).
These fish usually concentrate in shallow warm water at the
upper reaches of the channels and larger tidal creeks on the
Eastern Shore in April, then move toward the inlets as spring
and summer progress.  They are most abundant in the ocean
near inlets by July and August.  Tagging studies by Desfosse
(1995) revealed that fall migration begins out of Chesapeake
Bay in October and is completed by December where most
recaptures of fish were from the nearshore fishery from Cape
Henry south to Cape Hatteras.  The majority of tagged
returns during January through March came from offshore
from the Cigar north to Wilmington Canyon, and were
concentrated east of Cape Henry from the Cigar to Norfolk
Canyon.  A second group came from inshore waters near
Oregon Inlet, south to Cape Hatteras.  Movement inshore
started in March or perhaps as early as February, and
continued from April till June.

Virginia’s artificial reefs also provide additional habitat
for summer flounder (J. Travelstead, Virginia Mar. Res.
Comm., Hampton, VA, personal communication; see also
Lucy and Barr 1994).  Reef materials include discarded
vessels, automobile tires, and fabricated concrete structures.

Both adults and juveniles occur in Pamlico Sound and
adjacent estuaries (Figure 13), although it appears that
juveniles are usually the more abundant, confirming the
significant role of these estuaries as a nursery area for this
species (Powell and Schwartz 1977).  They occur in areas of
intermediate or high salinities, often close to inlets, and
prefer a sandy or sand/shell substrate (Powell and Schwartz
1977).

Several surveys have shown that both adult and juvenile
summer flounder occur in small numbers in the waters of
South Carolina (e.g., Bearden and Farmer 1972; Hicks
1972; Wenner et al. 1981, 1986; Stender and Martore 1990;
Wenner et al. 1990a, b).  Artificial reefs also provide habitat
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for summer flounder off of South Carolina (Parker et al.
1979).

Dahlberg (1972) surveyed the North and South
Newport Rivers, Sapelo Sound, and the St. Catherines
Sound estuarine complex in Georgia.  Adult and juvenile
summer flounder were most abundant in the lower reaches
of the estuaries and were rarely trawled in the middle
reaches.

REPRODUCTION

In the Middle Atlantic Bight, Morse (1981) estimated
the length at which 50% of the fish are mature (L50) is 24.6
cm for males and 32.2 cm for females.  The smallest mature
male was 19.1 cm and the largest immature male was 39.9
cm.  Females began maturing at 24.9 cm and the largest
immature female was 43.9 cm.  The range of L50 for males
and females indicates sexual maturity is attained by age 2
(Morse 1981; however see below).  Adult females are 60
mm total length (TL) longer on average than males at first
attainment of sexual maturity.  The L50 also varied during
the six years of Morse’s (1981) study.  No consistent general
trend in L50 was evident as males and females appeared to
exhibit independent changes.  Murawski and Festa (1976)
reported that the minimum size at maturity of female
summer flounder sampled from off New Jersey during 1963-
1964 was 37.0 cm TL, while Smith and Daiber (1977)
reported that the minimum size at maturity of fish from
Delaware Bay was 30.5 cm and 36.0 cm TL for males and
females, respectively.  Desfosse (1995) reported the
minimum size at maturity of fish sampled from 1987-1989
in Virginia waters was 22-23 cm TL for males and 23-24 cm
TL for females.  The L50 for males was 26.1-27.0 cm TL and
36.1-37.0 cm TL for females.  Powell (1974) noted that the
minimum size at maturity of summer flounder from Pamlico
Sound, North Carolina was 35.0 cm TL.  In the South
Atlantic Bight, Wenner et al. (1990a) estimated the L50 to be
28.9 cm TL for males and 30.7 cm TL for females,
corresponding to fish approaching age 2.  Based on the
study by O’Brien et al. (1993) on the L50 of summer
flounder sampled from 1985-1989 from Nova Scotia to
Cape Hatteras, this report will use the female size of 28 cm
(age 2.5) as the divide between all juvenile and adult
individuals.  The median length at maturity for males in the
O’Brien et al. (1993) study was 24.9 cm (age 2).  However,
as O’Brien et al. (1993) notes, a revision to aging
convention (Smith et al. 1981; Almeida et al. 1992) has
resulted in median lengths being attained a year earlier than
those reported above; thus, for example, the ages of O'Brien
et al. (1993) are also off by a year (i.e., the age 2.5 female
fish are now age 1.5).  These conclusions have been
supported by more recent growth studies (Able et al. 1990;
Szedlmayer et al. 1992).

Fecundity and length exhibit a curvilinear relationship,
but with logarithmic transformations, Morse (1981)
expressed the relationship as:

log10 Fecundity = log10 a + b (log10 length)

where the intercept (a) = -3.098 and the slope (b) = 3.402.
The relationship between fecundity and weight and ovary
weight were expressed by Morse (1981) as:

Fecundity = a + bX

where the intercept (aweight) = -101,865.5 and the slope
(bweight) = 908.864, and the intercept (aovary weight) =
52,515.161 and the slope (bovary weight) = 10,998.048.

Powell (1974) estimated that females ranging from
50.6-68.2 cm TL have 1.67-1.70 million ova per fish, while
Morse (1981) reported fish between 36.6 and 68.0 cm TL
have 0.46-4.19 million ova.  The relative fecundity, number
of eggs produced per gram of total weight of spawning
female, ranged from 1,077-1,265 in Morse's (1981) study.
The increase in variability in fecundity estimates as weight
increases tends to obscure the true relationship.  The high
egg production to body weight is maintained by serial
spawning.  In fact, the weight of annual egg production,
assuming an average egg diameter of 0.98 mm and 1.0
specific gravity, equals approximately 40-50% of the
biomass of spawning females (Morse 1981).

Morse (1981) calculated the percent of ovary weight to
total fish weight as an index for maturity.  The mean
maturity index increased rapidly from August to September,
peaked in October-November, then gradually decreased to
a low in July.  The wide range in the maturity indices during
the spawning season indicates nonsynchronous maturation
of females and a relatively extended spawning season.  The
length and peak spawning time as indicated by the maturity
index agree with results determined by egg and larval
occurrence (Herman 1963; Smith 1973).

Spawning occurs over the open ocean areas of the shelf
(Figure 14).  Summer flounder spawn during the fall and
winter while the fish are moving offshore or onto their
wintering grounds; the offshore migration is presumably
keyed to declining water temperature and decreasing
photoperiod during the autumn.  The spawning migration
begins near the peak of the summer flounder`s gonadal
development cycle, with the oldest and largest fish migrating
first each year (Smith 1973).

The seasonal migratory/spawning pattern varies with
latitude (Smith 1973); i.e., gonadal development, spawning
and offshore movements occur earlier in the northern part of
their range (Rogers and Van Den Avyle 1983).  For
example, in Delaware Bay, gonads of summer flounder
appear to ripen from mid-August through November (Smith
and Daiber 1977), while peak gonadal development occurs
during December and January for fish around Cape Hatteras
(Powell 1974). Spawning begins in September in the inshore
waters of southern New England and the Mid-Atlantic.  As
the season progresses, spawning moves onto Georges Bank
as well as southward and eastward into deeper waters across
the entire breadth of the shelf (Berrien and Sibunka 1999).
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Spawning continues through December in the northern
sections of the Middle Atlantic Bight, and through
February/March in the southern sections (Smith 1973;
Morse 1981; Almeida et al. 1992).  Spawning peaks in
October north of Chesapeake Bay and November south of
the Bay (Smith 1973; Able et al. 1990; note that the latter
statement on spawning south of the Bay in November
appears to contradict the published information above
concerning peak gonadal development occurring December-
January near Cape Hatteras).  The half year spawning season
reduces larval crowding and decreases the impact of
predators and adverse environmental conditions on egg and
larval survival (Morse 1981).  In the South Atlantic Bight,
maturity observations by Wenner et al. (1990a) suggest that
spawning begins as early as October, and may continue
through February and possibly early March.

EGGS

Eggs of summer flounder are pelagic and buoyant. They
are spherical with a transparent, rigid shell; yolk occupies
about 95% of the egg volume.  Mean diameter of mature
unfertilized eggs is 0.98 mm.

Eggs are most abundant between Cape Cod/Long Island
and Cape Hatteras (Figures 14 and 15); the heaviest
concentrations have been reported within 45 km of shore off
New Jersey and New York during 1965-1966 (Smith 1973),
and from New York to Massachusetts during 1980-1986
(Able et al. 1990). Able et al. (1990) discovered that the
highest frequency of occurrence and greatest abundances of
eggs in the northwest Atlantic occurs in October and
November (Figure 15), although, due to limited sampling in
December south of New England, December could be under
represented.  Festa (1974) also notes an October-November
spawning period off New Jersey.  Keller et al. (1999) found
eggs (maximum density 19.5/100 m3) from February to June
in Narragansett Bay during a December 1989 to November
1990 sampling period.  In southern areas, eggs have been
collected as late as January-May (Figure 14; Smith 1973;
Able et al. 1990).

The eggs have been collected mostly at depths of 30-70
m in the fall, as far down as 110 m in the winter, and from
10-30 m in the spring (Figure 16).

LARVAE

Planktonic larvae (2-13 mm) are often most abundant
19-83 km from shore at depths of around 10-70 m, and are
found in the northern part of the Middle Atlantic Bight from
September to February, and in the southern part from
November to May, with peak abundances occurring in
November (Smith 1973; Able et al. 1990; Figures 17, 18,
19).  The smallest larvae (< 6 mm) were most abundant in
the Mid-Atlantic Bight from October-December, while the
largest larvae (≥ 11 mm) were abundant November-May

with peaks in November-December and March-May (Able
et al. 1990).  Off eastern Long Island and Georges Bank, the
earliest spawning and subsequent larval development occurs
as early as September (Able and Kaiser 1994).  By October,
the larvae are primarily found on the inner continental shelf
between Chesapeake Bay and Georges Bank.  During
November and December they are evenly distributed over
both the inner and outer portions of the shelf.  By January
and February the remaining larvae are primarily found on
the middle and outer portions of the shelf.  By April, the
remaining larvae are concentrated off North Carolina (Able
and Kaiser 1994).

From October to May larvae and postlarvae migrate
inshore, entering coastal and estuarine nursery areas to
complete transformation (Table 1; Merriman and Sclar
1952; Olney 1983; Olney and Boehlert 1988; Able et al.
1990; Szedlmayer et al. 1992).  Larval to juvenile
metamorphosis, which involves the migration of the right
eye across the top of the head, occurs over the approximate
range of 8-18 mm SL (Burke et al. 1991; Keefe and Able
1993; Able and Kaiser 1994; Figure 20).  They then leave
the water column and settle to the bottom where they begin
to bury in the sediment and complete development to the
juvenile stage, although they may not exhibit complete
burial behavior until mid-late metamorphosis when eye
migration is complete, often at sizes as large as 27 mm SL
(Keefe and Able 1993, 1994).  However, burying behavior
of metamorphic summer flounder is also significantly
affected by substrate type, water temperature, time of day,
tide, salinity, and presence and types of predators and prey
(Keefe and Able 1994).

Keller et al. (1999) found larvae (maximum density
1.4/100 m3) from September to December in Narragansett
Bay during a December 1989 to November 1990 sampling
period.  Able et al. (1990) and Keefe and Able (1993)
discovered that some transforming larvae (10-16 mm)
entered New Jersey estuaries primarily during October-
December, with continued ingress through April; Allen et al.
(1978) collected larvae (12-15 mm) in February and April
in Hereford Inlet near Cape May.  Dovel (1981) recorded 9
larvae in the lower Hudson River estuary, New York in
1972.  In North Carolina, the highest densities of larvae are
found in Oregon Inlet in April, while farther south in
Ocracoke Inlet, the highest densities occur in February
(Hettler and Barker 1993).  J.P. Monaghan, Jr. (North
Carolina Dept. of Nat. Res. and Commer. Dev., Morehead
City, NC, personal communication) mentions that for the
years 1986-1988, peak immigration periods of larvae
through Beaufort Inlet and into North Carolina estuaries
were from late February through March.  In the Cape Fear
River Estuary, North Carolina, it has been reported that
postlarvae first enter the marshes in March and April and are
9-16 mm SL during peak recruitment (Weinstein 1979;
Weinstein et al. 1980b).  Schwartz et al. (1979a, b) also
notes that age 0 flounder appear in the Cape Fear River
between March and May, depending on the year.  Warlen
and Burke (1990) found larvae (mean 13.1 mm SL) in the



Page 6

Newport River estuary just inside Beaufort Inlet from
February-April, 1986, with peak abundance in early March.
Powell and Robbins (1998) reported larval summer flounder
adjacent to live-bottom habitats (rock outcroppings
containing rich invertebrate communities and many species
of tropical and subtropical fishes) in Onslow Bay (near Cape
Lookout) in November (at stations of 17-22 m depth),
February (28-30 m depth), and May (14-16 m and 17-22 m
depth).  Burke et al. (1998) conducted night-time sampling
for transforming larvae and juveniles in Onslow Bay,
Beaufort Inlet, and the Newport River estuary in February-
March 1995. Although flounders were captured both in
Onslow Bay and in the surf zone during the immigration
period, densities were low and all were transforming larvae
(7-15 mm SL). After the immigration period, flounders were
absent, as juveniles were not caught. Within the Newport
River estuary, flounders were locally very abundant as
compared to within Onslow Bay and initial settlement was
concentrated in the intertidal zone. During February most
were transforming larvae, in March some were completely
settled juveniles (11-21 mm SL).  In South Carolina, Burns
(1974) captured summer flounder larvae (14.9-17.5 mm) in
New Bridge Creek, North Inlet estuary in February-March,
while Bearden and Farmer (1972) recorded larvae and
postlarvae in Port Royal Sound estuary from January-March.
During 1986-1988, Wenner et al. (1990a) found that ingress
of recently transformed larval and juvenile summer flounder
(10-20 mm TL) into Charleston Harbor, South Carolina
estuarine marsh creeks began in January and continued
through April (Figure 21).  Larvae and postlarvae were also
found during this period in the Chainey Creek area (Wenner
et al. 1986).

JUVENILES

As stated above, juveniles are distributed inshore (e.g.,
Figure 22) and in many estuaries throughout the range of the
species during spring, summer, and fall (Table 1; Deubler
1958; Pearcy and Richards 1962; Poole 1966; Miller and
Jorgenson 1969; Powell and Schwartz 1977; Fogarty 1981;
Rountree and Able 1992a, b, 1997; Able and Kaiser 1994;
Walsh et al. 1999).  During the colder months in the north
there is some movement to deeper waters offshore with the
adults (Figure 3; Figure 23), although many juvenile summer
flounder will remain inshore through the winter months
while some juveniles in southern waters may generally
overwinter in bays and sounds (Smith and Daiber 1977;
Wilk et al. 1977; Able and Kaiser 1994).  In estuaries north
of Chesapeake Bay, some juveniles remain in their estuarine
habitat for about 10 to 12 months before migrating offshore
their second fall and winter; in North Carolina sounds, they
often remain for 18 to 20 months (Powell and Schwartz
1977).  The offshore juveniles return to the coast and bays
in the spring and generally stay the entire summer.

Fogarty (1981) examined the distribution patterns of
prerecruit (≤ 30.5 cm) summer flounder caught during the

1968-1979 spring surveys and found a striking absence of
small fish in northern areas.  Both spring and autumn bottom
trawl survey data indicated that the concentration of young-
of-year summer flounder was south of 39o latitude.  The
importance of the Chesapeake Bight to this species is
demonstrated by the fact that almost all of the young-of-year
caught during those spring surveys were from this area.

In Mid-Atlantic estuaries, first year summer flounder
can grow rapidly and attain lengths of up to at least 30.0 cm
(Poole 1961; Almeida et al. 1992; Szedlmayer et al. 1992).
Young-of-the-year summer flounder in New Jersey marsh
creeks have average growth rates of 1.3-1.9 mm/d, and
increase from about 16.0 cm TL at first appearance in late
July to around 26.0 cm by September (Rountree and Able
1992b; Szedlmayer et al. 1992).  First year fish from
Pamlico Sound, North Carolina obtained mean lengths of
16.7 cm for males and 17.1 cm for females (Powell 1982).
In Charleston Harbor and other South Carolina estuaries
from 1986-1988, Wenner et al. (1990a) found transforming
larvae were recruited into the estuarine creeks when 1-2 cm
TL.  Growth accelerated in May and June when they reached
modal sizes of 8 and 14 cm TL, respectively.  By
September, modal size was 16 cm TL and reached from 23-
25 cm TL through October and November.  Modal lengths
of yearlings ranged from 23-25 cm in January through June
and generally reached 28 cm by October.  In Georgia, lab
studies by Reichert and van der Veer (1991) found that
juveniles from Duplin River of 28-46 mm SL had a
maximum growth rate of about 1.3-1.4 mm/d at laboratory
temperatures of 23.7-24.8°C.

Juvenile summer flounder make use of several different
estuarine habitats.  Estuarine marsh creeks are important as
nursery habitat, as has been shown in New Jersey (Rountree
and Able 1992b, 1997; Szedlmayer et al. 1992; Szedlmayer
and Able 1993), Delaware (Malloy and Targett 1991),
Virginia (Wyanski 1990), North Carolina (Burke et al.
1991) and South Carolina (Bozeman and Dean 1980;
McGovern and Wenner 1990; Wenner et al. 1990a, b).
Other portions of the estuary that are used include seagrass
beds, mud flats and open bay areas (Lascara 1981; Wyanski
1990; Szedlmayer et al. 1992; Walsh et al. 1999).

Patterns of estuarine use by the juveniles can vary with
latitude.  In New Jersey, nursery habitat includes estuaries
and marsh creeks from Sandy Hook to Delaware Bay (Allen
et al. 1978; Rountree and Able 1992a, b, 1997; Szedlmayer
et al. 1992; Szedlmayer and Able 1993; B.L. Freeman, New
Jersey Dept. of Environ. Prot., Trenton, NJ, personal
communication).  The juveniles often make extensive use of
creek mouths (Szedlmayer et al. 1992; Szedlmayer and Able
1993; Rountree and Able 1997).  In the Hudson-Raritan
estuary, New York and New Jersey, 1992-1997 surveys
show the juveniles to be present in small numbers
throughout the estuary in all seasons, with slightly higher
numbers seen in the spring (Figure 24).  In Great Bay,
young-of-the-year stay for most of the summer, leaving as
early as August and continuing until November-December
(Able et al. 1990; Rountree and Able 1992a; Szedlmayer
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and Able 1992; Szedlmayer et al. 1992).  As stated
previously, Allen et al. (1978) collected both adult and
juvenile summer flounder (200-400 mm) in Hereford Inlet
near Cape May where they occurred in all of the major
waterways, but were more abundant in the upper embayment
from May to July and in the lower embayment from August
to October.  Most were caught on the channel slopes.

Smith and Daiber (1977) report that in Delaware Bay,
most summer flounder were collected May through
September but a few juveniles have been caught in the
deeper parts of the Bay in every winter month.  The
Delaware Bay Coastal Finfish Assessment Survey for 1996
found juveniles throughout their April to October sampling
period (Michels 1997).

In Maryland, J.F. Casey (Maryland Dept. of Nat. Res.,
Ocean City, MD, personal communication) indicated that
although the coastal bays are excellent habitat for both
adults and juveniles (Schwartz 1961), in areas of significant
pollution, a lack of proper food sources precludes the
presence of summer flounder.  Other areas which lack
sufficient water circulation also appear to have considerably
reduced populations.  Shore-side development and resultant
runoff also appear to have reduced some local populations
(Casey, personal communication).  Since the 1970’s,
Maryland has been conducting trawl and seine surveys
around Ocean City inlet. Casey (personal communication)
reported sharp declines in young-of-the-year flounder in the
coastal bay trawl samples.  The majority of the summer
flounder taken in this sampling were between 76 and 102
mm, with larger fish basically absent.  Summer flounder
were also sometimes found in Maryland’s portion of the
Chesapeake Bay with the majority of these fish in the 200-
300 mm range.

In Virginia, Musick (personal communication) states
that the most important nursery areas for summer flounder
appear to be in the lagoon system behind the barrier islands
on the seaside of the Eastern Shore (Schwartz 1961), and the
shoal water flat areas of higher salinity (> 18 ppt) in lower
Chesapeake Bay. Young-of-the-year enter these nursery
areas in early spring (March and April) and remain there
until fall when water temperatures drop.  Then these
yearlings move into the deeper channel areas and down to
the lower Bay and coastal areas.  In most winters these age
1+ fish migrate out in the ocean but in warmer winters some
may remain in deep water in lower Chesapeake Bay
(Musick, personal communication).  However, the Virginia
Institute of Marine Science juvenile finfish survey for 1995
shows juvenile (as well as some adult) flounder occurring
throughout most of the main stem of Chesapeake Bay and
the major Virginia tributaries (Rappahannock, York, and
James Rivers) over most of the year (Geer and Austin 1996;
Figure 25; see also Wagner and Austin 1999).  Lower
numbers occurred from December-March (Figure 26).
Wyanski (1990) found recruitment to occur from November
to April on both sides of Virginia’s Eastern Shore and from
February to April on the western side of Chesapeake Bay.
Peak recruitment occurred in November-December on the

Eastern Shore, compared to March-April on the western side
of the Bay.  Wyanski (1990) and Norcross and Wyanski
(1988) also found that young-of-the-year occur in a variety
of habitats, including shallow, mud bottomed marsh creeks,
shallow sand substrates (including seagrass beds), deep sand
substrate, and deep fine-sand substrates.

Tagged summer flounder have been recaptured from
inshore areas to the northeast of their release sites in
subsequent summers, leading to the hypothesis that their
major nursery areas are the inshore waters of Virginia and
North Carolina, and as they grow older and larger, they
would return inshore to areas farther north and east of these
nursery grounds (Poole 1966; Murawski 1970; Lux and
Nichy 1981).  However, tagging studies by Desfosse (1995)
indicate that it is not the older and larger fish, but rather the
smaller fish (length at tagging) which return to inshore areas
north of Virginia.  Summer flounder that were recaptured
north of their release site in subsequent years were smaller
(length at tagging) than those recaptured at their release
sites, or to the south, in later years.  Desfosse (1995)
suggests that while Virginia waters do indeed form part of
the nursery grounds for fish which move north in subsequent
years, they are primarily a nursery area for fish which will
return to these same waters as they grow older and larger.

The estuarine waters of North Carolina, particularly
those west and northwest of Cape Hatteras (Monaghan
1996) and in high salinity bays and tidal creeks of Core
Sound (Noble and Monroe 1991), provide substantial
habitat and serve as significant nursery areas for juvenile
Mid-Atlantic Bight summer flounder.  Powell and Schwartz
(1977) found that juvenile summer flounder were most
abundant in the relatively high salinities of the eastern and
central parts of Pamlico Sound, all of Croatan Sound (Figure
13), and around inlets.  Young-of-the-year disappeared from
the catch during late summer, suggesting that the fish are
leaving the estuaries at that time (Powell and Schwartz
1977).  Upon leaving the estuaries, the juveniles enter the
north-south, inshore-offshore migration of Mid-Atlantic
Bight summer flounder (Monaghan 1996).  Although North
Carolina also provides habitat for summer flounder from the
South Atlantic Bight, these fish do not exhibit the same
inshore-offshore and north-south migration patterns as do
Mid-Atlantic Bight fish (Monaghan 1996).  Summer
flounder > 30 cm are rarely found in the estuaries of North
Carolina, although larger fish are found around inlets and
along coastal beaches.  Powell and Schwartz (1977) also
noted that juvenile summer flounder were most abundant in
areas with a predominantly sandy or sand/shell substrate, or
where there was a transition from fine sand to silt and clay.

Surveys by Hoffman (1991) in marsh creeks in
Charleston Harbor, South Carolina showed that recently
settled summer flounder were abundant over a wide variety
of substrates including mud, sand, shell hash, and oyster
bars.
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HABITAT CHARACTERISTICS

EGGS

Temperature

Smith (1973) found that eggs were most abundant in the
water column where bottom temperatures were between 12
and 19oC; however, eggs were found in temperatures as cold
as 9oC and as warm as 23oC.  The Northeast Fisheries
Science Center (NEFSC) Marine Resources Monitoring,
Assessment, and Prediction (MARMAP) ichthyoplankton
data from 1978-1987 also shows that the eggs occur at water
column temperatures around 11-23oC with peak abundances
in the fall at temperatures of around 14-17oC (Figure 27).  A
temperature increase of 20oC above an acclimation
temperature of about 15oC caused no mortality in early
embryo stage eggs, but an increase of 16oC for 16 minutes
or an increase of 18oC for 2 minutes caused mortality in late
embryo stage eggs (Itzkowitz et al. 1983).  The rate of
development is dependent on temperature, with development
rate increasing as temperature increases.  Embryos held at
16oC developed slower than those at 21oC (Johns and
Howell 1980).  The incubation period from fertilization to
hatching was estimated by Smith (1973) and Smith and
Fahay (1970) to vary with temperature as follows: about 142
hours at 9oC; 72-75 hours at 18oC; and 56 hours at 23oC.
Other incubation times under experimental conditions were
48-72 hours at 16-21oC and 216 hours at 5oC (Johns and
Howell 1980; Johns et al. 1981).  In another study, summer
flounder eggs required 72-96 hours to hatch while incubated
at temperatures ranging from 15-18oC (Smigielski 1975).
Eggs from Narragansett Bay and Long Island Sound
broodstocks incubated at 12.5oC started hatching 85 hours
after fertilization, while those incubated at 21oC hatched 60
hours after fertilization (Bisbal and Bengtson 1995c).

Watanabe et al. (1999) studied the combined effects of
temperature and salinity on eggs from captive summer
flounder broodstock in the laboratory, and also showed that
higher temperatures and salinities accelerated the rate of
embryonic development through hatching.  At 16oC and
20oC, the hatching rate was moderate to high at all
experimental salinities (22, 27, and 33 ppt).  At a higher
temperature of 24 oC, hatching rate was high at 33 ppt, but
at lower salinities of 22 and 27 ppt, embryonic development
and hatching was impaired, indicating a high-temperature–
low-salinity inhibition.

Salinity

The studies of Watanabe et al. (1998, 1999; see also
previous section) suggest that whereas temperature produces
marked differences in developmental rates and median
hatching time of summer flounder embryos, the effects of
salinity on median hatching time are relatively small.

Dissolved Oxygen

No information is available.

Light

Watanabe et al. (1998) studied the effects of light on
eggs from captive summer flounder broodstock in the
laboratory.  Although the rate of embryonic development
appeared to be faster at higher light intensities, hatching rate
was not influenced by light intensity within the range of 0-
2,000 lx.

Water Currents

No information is available.

Predation

No information is available.

LARVAE/JUVENILES

Temperature

Larvae have been found in temperatures ranging from
0-23oC, but are most abundant between 9 and 18oC.  NEFSC
MARMAP ichthyoplankton data from 1977-1987 shows a
seasonal shift in offshore larval occurrence with water
column temperatures (Figure 28): most larvae are caught at
temperatures ≥ 12oC in the fall, from 4-10oC in the winter
and from 9-14oC in the spring.  Sissenwine et al. (1979)
found prerecruit summer flounder in the Mid-Atlantic Bight
are often most abundant at temperatures in excess of 15oC
during the spring, summer and fall, and usually at depths of
40-60 m.  Larval flounder have been collected inshore
earlier in years with mild winters than in years with severe
winters (Cain and Dean 1976; Bozeman and Dean 1980).  In
the estuaries, transforming larvae (11-17 mm TL) have been
collected over a temperature range from -2.0-14oC in Great
Bay/Little Egg Harbor in New Jersey (Szedlmayer et al.
1992; Able and Kaiser 1994); from 2.1-17.6oC in the lower
Chesapeake and Eastern Shore, Virginia (Wyanski 1990);
from 2-22oC in North Carolina (Williams and Deubler
1968b); and from 8.4-23.4oC in South Carolina (McGovern
and Wenner 1990).  Hettler et al. (1997) also reported an
increase in summer larval abundance with increasing
temperatures (7-18oC) in Beaufort Inlet, North Carolina;
however, they suggest that unknown factors are probably
more important in causing peaks in the abundances of
immigrating larvae (see also Hettler and Hare 1998).

Johns and Howell (1980) and Johns et al. (1981)
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performed experiments on yolk utilization and growth to
yolk-sac absorption in summer flounder embryos and larvae.
Notochord lengths at hatching were 2.83-3.16 mm SL, with
yolk-sac absorption completed at about 3.6 mm SL.  For
embryos and larvae reared at 21oC, total yolk-sac absorption
was complete by 120 h post-fertilization, at 16oC, complete
absorption did not occur until 168-182 h, while at 11oC
absorption did not occur until 287 h post-fertilization; these
development times are similar to those reported by
Watanabe et al. (1998) for larvae at 19oC.  After hatching,
total yolk-absorption at 21oC was complete in 67 h, at 16oC
it took 105 h, and at 11oC it took 137 h.  Larvae reared in
cyclic temperature regimes exhibited development rates
intermediate to those at temperature extremes of the cycle.
All larvae reared at 5oC and in the 5-11oC cycle regime died
prior to total yolk-sac absorption.  Although incubation
temperature had a significant effect on the larval length at
hatching, there were no significant differences in the
notochord length or yolk utilization efficiency of the larvae
at the time of yolk-sac absorption.  The similarity in growth
and yolk utilization efficiency for larvae reared under these
temperature regimes suggests that the physiological
mechanisms involved are able to compensate for
temperature changes encountered in nature.  Larvae are able
to acclimate to new temperatures in less than one day
(Clements and Hoss 1977).

Watanabe et al. (1999), using larvae hatched from eggs
obtained from captive broodstock in the laboratory, also
showed that development of yolk-sac larvae through first
feeding was accelerated by higher temperatures within the
range of 16-24oC, consistent with what was previously
reported by Johns and Howell (1980) and Johns et al.
(1981).  In all three studies the rate of yolk disappearance
(yolk utilization efficiency) was faster at higher
temperatures.  Watanabe et al. (1999) showed that the
average time from the first-feeding to when 97% of the yolk-
sac was absorbed in unfed larvae ranged from 2.4 to 4.3
times longer at 16oC (18.3 h) than at 20oC (4.3 h) or 24oC
(7.7 h).  Thus, larvae in 16oC waters may have considerably
more time to initiate exogenous feeding before yolk reserves
are exhausted [see also the discussion of the Bisbal and
Bengtson’s (1995c) study, below].

However, contrary to the Johns and Howell (1980) and
Johns et al. (1981) studies, lower temperatures in the
Watanabe et al. (1999) study produced larger larvae at the
first-feeding and 97% yolk-sac absorption stages.  Watanabe
et al. (1999) state that these dissimilar results are
attributable to the modifying influence of salinity, which
differed between these studies (see the Salinity section,
below).  In their study, Watanabe et al. (1999) noted a high-
temperature–low-salinity inhibition on growth and yolk
utilization efficiency, but at a salinity of 33 ppt, there were
no temperature-related differences in yolk utilization
efficiency.  Watanabe et al. (1999) suggest this may be
consistent with what was observed in the Johns and Howell
(1980) and Johns et al. (1981) studies, which used seawater
of an unspecified salinity.

Further interactions of temperature and salinity in the
Watanabe et al. (1999) study will be discussed in the
Salinity section, below.

Bisbal and Bengtson (1995c) show the interdependence
of temperature and food availability (i.e., delay of initial
feeding) and their effects on survival and growth of summer
flounder larvae hatched from Narragansett Bay and Long
Island Sound broodstock.  Their laboratory observations
occurred from the time of hatching throughout the period of
feeding on rotifers.  The larvae withstood starvation for
longer times at lower temperatures.  They possessed
sufficient reserves to survive starvation for 11 to 12 days
when temperatures were maintained close to the
experimentally determined lower tolerance limit (12.5oC;
Johns et al. 1981).  At temperatures close to the highest
thermal limit reported to occur in their environment (21oC;
Smith 1973), larvae only survived for 6 to 7 days.  At either
temperature, best survival occurred when the larvae began
to feed at the time of mouth opening, thus survival is also
significantly affected by the time at which they first have
access to exogenous food.  At 12.5oC, every treatment group
was represented by a low number of survivors which did not
grow significantly from the initial figures at mouth opening.
Growth of the larvae at 21oC was inversely proportional to
the duration of early starvation; the size distribution of the
survivors of the 21oC experiment showed an increase in
mean size and weight when the initial feeding delay was
shorter.

The prevailing temperature conditions influence the
duration of metamorphosis of pelagic larvae, with increasing
temperatures resulting in a shorter metamorphic period.  For
example, Keefe and Able (1993) found the time to
completion of metamorphosis in wild-caught New Jersey
flounder maintained in the laboratory was clearly
temperature dependent.  While laboratory-reared summer
flounder averaged 24.5 days (range 20-32 days) to complete
metamorphosis (stage F- to stage I) at ambient spring
temperatures of around 16.6oC, wild-caught flounder held in
heated water (daily average 14.5oC) advanced
metamorphosis over controls kept at ambient winter
temperatures (daily average 6.6oC).  Total time required to
complete metamorphosis in the heated water averaged 46.5
days (range 31-62 days); ambient winter temperature
treatments resulted in delayed metamorphosis such that
partial metamorphosis (stage H- to stage I) required as much
as 92.9 days (range 67-99 days).  Burke (1991) found that
settling behavior of fish raised at 18-20oC occurred 28 days
after hatching, although some took as long as 70 days.

Keefe and Able (1993) also found that mortality during
metamorphosis in the laboratory ranged from 17-83%
among treatment groups, and was significantly greater in
flounder maintained at approximately 4oC relative to those
maintained at ambient New Jersey estuarine temperatures of
around 10.1oC.  They found no apparent effect of starvation
on either mortality or time to completion of metamorphosis
at cool water temperatures (< 10oC).  Szedlmayer et al.
(1992) examined the temperature-induced mortality of
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young-of-the-year, early postmetamorphic (11-15 mm TL)
summer flounder collected in New Jersey estuaries from
November to May over a temperature range of 0-13oC.
Survival of metamorphosing larvae in the laboratory
decreased drastically relative to controls when temperatures
dropped below 2oC.  In trial 1, temperatures dropped
steadily from 15-1oC over a 14-day period.  Relatively little
mortality (2%) occurred up to day 12.  However, on days 13
and 14, temperatures dropped below 2oC causing 58%
mortality.  Temperatures then increased and fluctuated
around 5°C but did not drop below 3oC, and during this
period, mortality was lower (14%), for a total ambient
temperature mortality of 74%.  Only 3% total mortality
occurred due to rearing environment in the control group,
heated to 15oC.  During trial 2, in which controls were
absent and ambient temperatures did not drop below 2oC,
overall mortalities were lower (31% total) and these
occurred sporadically.

Malloy and Targett (1991) conducted laboratory
experiments on juvenile summer flounder (41-80 mm TL)
collected from Delaware to determine low temperature
tolerance (2-3oC) and to measure feeding rate, assimilation
efficiency, growth rate and growth efficiency at various
temperatures.  Above 3oC, all the juveniles survived.
Mortality was 42% after 16 days at 2-3oC, and was highest
in fish < 50 mm TL (1g).  Mean specific growth rates were
not significantly different between 2 and 10oC, and these
rates were not significantly different from zero.  Additional
mortality probably resulted from low growth rates caused by
sub-optimal temperatures (< 10oC).  Malloy and Targett
(1994a) also demonstrate that mortality of juveniles depends
more on the rate of temperature decline than on the final
exposure temperature: increased rate of temperature decline
leads to decreased survival (lower LT50’s).  Their study
showed that juveniles from Delaware had greater tolerances
for low temperatures (1-4oC) than juveniles from North
Carolina.

Malloy and Targett (1994a) showed that under
maximum-feeding conditions, juvenile summer flounder
(18-80 mm TL) from both Delaware and North Carolina do
not exhibit positive growth rates at temperatures < 7-9oC.
[They consider this a more precise estimate of maintenance
temperature than that reported in their earlier study (Malloy
and Targett 1991).]  Similarly, Peters and Angelovic (1971)
in their laboratory studies of North Carolina juveniles
reported predicted growth rates of close to zero at 10oC.
Growth rates of juvenile flounder at temperatures above
10oC are similar in studies on Delaware fish by Malloy and
Targett (1991) and on North Carolina fish by Peters and
Angelovic (1971).  Malloy and Targett (1991) showed that
mean growth rate increased to 2.4% per day at 14oC and
3.8% per day at 18oC and Peters and Angelovic (1971)
demonstrated that specific growth rates of North Carolina
juveniles were 5% and 10% per day, at 15 and 20oC,
respectively.  Both studies showed that feeding rates
increased with temperature, ranging from 1.04% body
weight per day at 2oC to 23-24% body weight per day at

18oC.  Peters and Angelovic (1971) reported an increase in
feeding and growth efficiency rates with increasing
temperatures to an optimum; beyond that optimum
increasing temperatures are detrimental.  The optimal
temperature in their experiments was 21oC.  Mean
assimilation efficiency (60.1%) was not affected by
temperature in the Malloy and Targett (1991) study.  Mean
growth efficiency (K1) for Delaware juveniles was
significantly lower at 6oC (-23.1%) than at 14 and 18oC
(18.4 and 22.1% respectively) and was highly variable.
Malloy and Targett (1994a, b) conclude that North Carolina
juveniles had higher maximum growth rates and gross
growth efficiencies than Delaware juveniles at temperatures
between 6 and 18oC.  Growth efficiency accounted for most
of these differences in growth rates, because there were no
differences in feeding rate or assimilation efficiency.  Newly
settled juveniles likely remain at settlement sizes for up to 6
months until temperatures are conducive for positive growth
(Able et al. 1990; Malloy and Targett 1991, 1994b).

Malloy and Targett (1994a) also reported that juveniles
from North Carolina and Delaware can survive at least 14 d
without food at the 10-16oC temperatures typically found
after settlement.  However, growth rates are dependent on
feeding rate at all temperatures they examined.  Growth rates
under starvation conditions and maintenance rations do not
change between 10-16oC; however, scope for growth
increases with temperature.  Scope for growth of the North
Carolina juveniles was higher than that of the Delaware
juveniles between 10-16oC.  In another study, Malloy and
Targett (1994b) showed that juveniles (18-80 mm TL) from
both Delaware and a North Carolina sandy marsh were
severely growth limited (< 20% of maximum growth) in
May and June when temperatures were 13-20oC.  Malloy
and Targett (1994a, b) conclude that prey availability is very
important to the growth and condition of early juveniles
during the months immediately following settlement, and
changes in prey abundance may explain the patterns in
growth limitation.

Mortality resulting from acute exposure to low
temperatures in Mid-Atlantic Bight estuaries probably
occurs during a 2 to 4 week period each winter.  Szedlmayer
et al. (1992) hypothesized that year class strength may be
affected by winter temperature in New Jersey estuaries, as
has been suggested for juveniles by Malloy and Targett
(1991) for the Mid-Atlantic Bight as a whole.  Recruitment
success may be lower in years with late winter cold periods
(i.e., March vs. December) due to increased numbers of fish
inshore at that time of the year being exposed to lethal low
temperatures (Malloy and Targett 1991).  Thus, the timing
of ingress is critical.  However, because Malloy and Targett
(1991) found that there was 100% survival at temperatures
above 3oC, juveniles are probably able to survive most
winter water temperatures encountered throughout Mid-
Atlantic Bight estuaries.  However, Malloy and Targett
(1994a) state that the magnitude of the variability in low
temperatures may also be more important to prerecruit
mortality than the magnitude of the temperature itself.  The
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low feeding rates observed at low temperatures in the
laboratory and the apparent lack of a starvation effect on
low-temperature tolerance suggest that food limitation
during winter is less important than the magnitude and
variability of temperature minima.  They conclude that
although low temperatures may contribute to prerecruit
mortality south of Cape Hatteras, they are probably more
important in more northern nurseries because they persist
longer there.  In New Jersey, the most probable factors
affecting survival of metamorphic summer flounder are the
prevailing environmental conditions, especially the timing
of ingress relative to estuarine water temperatures and
predation (Szedlmayer et al. 1992; Keefe and Able 1993;
Witting and Able 1993).

Tracking studies by Szedlmayer and Able (1993) in
Schooner Creek, near Great Bay and Little Egg Inlet, New
Jersey, suggest that tidal movements of juveniles (210-254
mm TL) may be in response to a preferred range of
environmental parameters.  Although they were collected in
a wide range of habitats during their first year (Szedlmayer
et al. 1992), during the August to September study period,
they were found within a narrow range of water temperature
(mean 23.5oC) and also dissolved oxygen. Small changes in
these parameters may force the fish to move.

Several studies indicate that juvenile summer flounder
in Chesapeake Bay may succumb to infections of the
hemoflagellate Trypanoplasma bullocki at low temperatures
(Burreson and Zwerner 1982, 1984; Sypek and Burreson
1983).  Effective immune response to the parasite was not
noted in natural infections below 10oC (Sypek and Burreson
1983).  Therefore, because T. bullocki causes mortality of
juvenile summer flounder during winter, suggesting that this
mortality is temperature dependent, and since no fish with
symptoms of the disease have been observed south of Cape
Hatteras, Burreson and Zwerner (1984) hypothesize that the
presence of the symptoms of this disease in juvenile summer
flounder can be used as a measure of mortality north of Cape
Hatteras.  In addition, increased antibody production in early
spring eliminates the infection in the flounder and the
recovered fish are immune for at least one year, even if
challenged at temperatures as low as 9oC (Burreson and
Frizzell 1986).

NEFSC groundfish data shows a seasonal shift in
offshore juvenile summer flounder occurrence with bottom
temperatures (Figure 29): most juveniles are caught over a
range of temperatures from 10-27oC in the fall, from 3-13oC
in the winter, from 3-17oC in the spring, and from 10-27oC
in the summer.  Massachusetts inshore trawl survey data also
shows a seasonal shift in juvenile occurrence with bottom
temperature (Figure 30).  In the spring, most juveniles occur
at a range of temperatures from 9-14oC, while in the fall they
occur at temperatures from 15-21oC.

Salinity

Watanabe et al. (1998) studied the effects of salinity
and light intensity on yolk-sac larvae hatched from captive
summer flounder broodstock in the laboratory.  Significant
effects of both salinity and light intensity on larval size were
evident at hatching: larvae hatched under 500 lx and
salinities of approximately 35 ppt showed maximum values,
a trend observed at the first feeding stage.  However, in a
later study by Watanabe et al. (1999), salinity did not
influence development and growth rates of yolk sac larvae
through the first feeding stage.  Watanabe et al. (1998)
suggest that the differences among the two studies may be
attributed to the lower salinity range (22-33 ppt) used in this
later study.

Also in the Watanabe et al. (1999) study, a high
temperature of 24oC, although not greatly influencing larval
survival at 33 ppt, markedly impaired survival at the 97%
yolk-sac absorption stage when salinities were at 22 and 27
ppt, indicating high-temperature–low-salinity inhibition.
Conversely, a low temperature of 16oC enhanced larval
survival at these reduced salinities, indicating a low-
temperature–low salinity synergistic effect.  Watanabe et al.
(1999) therefore hypothesize that moderate to high survival
under all salinities at 16oC reflects an adaptability of the
yolk sac larvae to inshore movement during the pelagic
larval phase, whereas simultaneous exposure to higher
temperatures and reduced salinities may increase mortality
and affect year-class strength.

Transforming larvae and juveniles are most often
captured in the higher salinity portions of estuaries.  In New
Jersey, Festa (1974) captured larval summer flounder in
salinities of 26.6-35.6 ppt, while in two marsh creeks, larvae
occurred at salinities ranging from 20-33 ppt (Able and
Kaiser 1994).  In the lower Chesapeake Bay, Virginia,
young-of-the-year were common in creeks with salinities >
15 ppt and were most abundant at the highest salinities, but
were absent in a small tributary of the Poropotank River
with salinities 3-11 ppt (Able and Kaiser 1994).  In North
Carolina, Williams and Deubler (1968a) found postlarval
summer flounder in waters ranging from 0.02-35 ppt, with
optimal conditions at 18 ppt.  In addition, postlarval summer
flounder (10-18 mm SL) were captured most frequently at
salinities exceeding 7.4 ppt in the Cape Fear River Estuary,
North Carolina (Weinstein et al. 1980b).  However, Turner
and Johnson (1973) reported that summer flounder of all
ages occurred in the Newport River, North Carolina, at
salinities of 3-33 ppt.  Data from 1987-1991 trawl surveys
from Pamlico Sound show that almost all individuals were
collected in the sound while few were found in the adjacent
subestuaries with lower salinities such as the Pamlico and
Neuse Rivers (Able and Kaiser 1994).  M. Street (North
Carolina Dept. of Nat. Res. and Commer. Dev., Morehead
City, NC, personal communication) mentioned that summer
flounder distribution in Pamlico Sound varied in response to
salinity changes.  In dry years the area of higher salinity
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greatly expands in Pamlico Sound, and nursery areas
similarly expand.  In South Carolina, larvae have been
collected at salinities from 0-24.7 ppt (McGovern and
Wenner 1990).  Recently settled individuals (< 50 cm TL)
in the Charleston Harbor estuary occur at both very low and
very high salinities from February to March (Figure 31).
However by May, individuals 20-100 mm TL are found at
higher salinities of > 10 ppt.  This suggests that as the
flounder disperse in this estuary, they may move up into
nearly fresh water, but as they grow they concentrate in the
higher salinities of the lower estuary (Wenner et al. 1990a;
Hoffman 1991; Able and Kaiser 1994).

In an estuarine complex in Georgia, Dahlberg (1972)
noted that adult and juvenile summer flounder were most
abundant in the higher salinity zones.

Malloy and Targett (1991) found that salinities of 10-30
ppt had no significant effect on feeding, growth, or survival
of juvenile summer flounder (41-80 mm TL) in Delaware.
However, there was a slight interaction of temperature and
salinity on growth rate, suggesting that fish have higher
growth rates at high salinities and at high temperatures.  This
agrees with other laboratory studies which show that larval
and juvenile growth rate and growth efficiency are greatest
at salinities > 10 ppt (Deubler and White 1962; Peters and
Angelovic 1971; Watanabe et al. 1998, 1999), although
Malloy and Targett (1991) suggest that there appears to be
no significant physiological advantage or greater capacity
for growth in waters of higher salinities, except at high
temperatures.  In other laboratory experiments, however,
summer flounder grew best at higher salinities and more
moderate temperatures, typical of habitats close to the
mouths of estuaries (Peters 1971).  This could explain why
Powell and Schwartz (1977) captured juveniles in the central
portions and around inlets of North Carolina estuaries at
intermediate to high salinities of 12-35 ppt.  Burke (1991)
and Burke et al. (1991) also found newly settled summer
flounder concentrated on tidal flats in the middle reaches of
a North Carolina estuary.  In the spring, older juveniles
moved to high salinity salt marsh habitats.  Young-of-the-
year in spring were also significantly correlated with salinity
(around 22-23 ppt) in eelgrass (Zostera marina) beds in the
shallow water (1.2 m), high salinity area near Hog Island in
Pamlico Sound (Ross and Epperly 1985; it is unclear if this
applies to the larger juveniles and adults caught in the study
with sizes up to 320 mm).  Walsh et al. (1999), sampling in
the Newport River and Back Sound estuaries adjacent to
Beaufort Inlet from April-October 1994, also found that
during the spring, larger juveniles (e.g.; 57, 60, 78 mm mean
SL) occurred in the high salinities of the lower estuary on
sand flats and in channels and along marsh edges.

But Burke (1991) and Burke et al. (1991) make it clear
that the summer flounder’s distribution is due to substrate
preference and is not affected by salinity.  Malloy and
Targett (1991) also suggest that reported distributions of
juvenile summer flounder at salinities > 12 ppt are probably
the result of substrate and prey availability.  In addition, the
data of Walsh et al. (1999) from the Newport River and

Back Sound estuaries suggest that temperature, salinity,
turbidity, and substrate type are related to juvenile summer
flounder distribution and area of settlement, though they
were unable to separate the independent effect of these
variables.

Dissolved Oxygen

Klein-MacPhee (1979) measured oxygen consumption
rhythms in juvenile summer flounder over a 24 hour period
in a flow-through metabolic chamber.  The flounder showed
a standard metabolic rate cycle, as manifested by oxygen
consumption, with maximum consumption occurring
between the hours of 2300 and 0100, and a minimum
between 1130 and 1300.  Oxygen consumption varied
inversely with the size of the fish.  Mean oxygen
consumption was 33.5 mg/kg body weight per hour for 120
g fish; 31.1 mg/kg body weight per hour for 165 g fish; and
22.9 mg/kg per hour for 250 g fish.  Comparisons of
metabolic rate cycles with activity cycles showed that the
pattern was the same (high activity, high oxygen
consumption in the dark) but the peaks of the two cycles did
not always coincide, and there was less day to day variation
in the oxygen consumption cycle.

As reported previously under the temperature section,
tracking studies by Szedlmayer and Able (1993) in Schooner
Creek, near Great Bay and Little Egg Inlet, New Jersey
suggest that tidal movements of juveniles (210-254 mm TL)
may be in response to a preferred range of environmental
parameters.  They were found within a narrow range of
water temperature and dissolved oxygen (mean 6.4 ppm),
and small changes in these parameters may force the fish to
move.

Postlarvae of the closely related southern flounder
(Paralichthys lethostigma) responded negatively to water
with dissolved oxygen concentrations < 3.7 ml/l (or 5.3
mg/l) (Deubler and Posner 1963).  The southern flounders
also showed no difference in sensitivity to oxygen depletion
when subjected to temperatures of 6.1, 14.4 and 25.3oC.
Growth rates of young-of-the-year winter flounder
(Pseudopleuronectes americanus) were significantly
reduced for fish exposed to low (2.3 ppm) and diurnally
fluctuating (2.5-6.5 ppm; avg. 5.1 ppm) levels of dissolved
oxygen (Bejda et al. 1992).

Light

As stated previously, Watanabe et al. (1998) studied the
effects of light intensity and salinity on yolk-sac larvae
hatched from captive summer flounder broodstock in the
laboratory.  Significant effects of both salinity and light
intensity on larval size were evident at hatching: larvae
hatched under 500 lx and salinities of approximately 35 ppt
showed maximum values, a trend observed at the first
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feeding stage.  Shorter notochord lengths of larvae grown
under a light intensity of 2,000 lx compared with 0-1,000 lx
is presumably related to higher light-induced activity and
energy metabolism.  500 lx appears to be the optimal
intensity for culture of eggs and yolk-sac larvae.

Hettler et al. (1997) found that larvae inside Beaufort
Inlet, North Carolina were more abundant in catches made
later in the night, suggesting that they disperse into the water
column from the edges and bottom.  Night-time sampling by
Rountree and Able (1997) at the mouths of marsh creeks in
Little Egg Harbor estuary, New Jersey, suggests that young-
of-the-year (range 138-390 mm SL) summer flounder make
extensive use of these shallow habitats during night-time
hours.

White and Stickney (1973) found that late larval and
early postlarval summer flounder reared in the laboratory
feed well with a surface light intensity of 300-500 foot
candles (1 foot candle = 10.76 meter candles).  Other
laboratory studies by Keefe and Able (1994) in New Jersey
suggest that metamorphic flounder exhibit a diel pattern in
burying behavior with a higher incidence of burying
occurring during the day, with swimming in the water
column at night.  Klein-MacPhee (1979) showed that, under
12 h light/12 h dark photoperiods, maximum activity by
juveniles occurred in the dark and had a bimodal
distribution.  Peaks occurred at 1900 and 0400 h.  Under
constant dark regimes, peak activity occurred at 2000 and
0100 with a minor peak at 1200.  The free running period
was 26 hours.  In natural light, major activity occurred at
0300 with minor peaks at 1200 and 1800 h.  In constant
light, activity was reduced and found to be acyclic.  Activity
patterns of laboratory juveniles were different from wild
adults, the latter being light active.  Laboratory studies by
Lascara (1981) on juveniles and adults from lower
Chesapeake Bay showed that peak feeding activity (search-
pursuits/unit time) generally occurred during daylight hours
between 0800 and 1200.

Grover (1998) studied the incidence of feeding of
oceanic larval summer flounder collected north and east of
Hudson Canyon.  The incidence of feeding was defined as
the percentage of frequency of larvae with prey in their guts,
in relation to the total number of specimens examined in a
time block.  Pelagic larvae began feeding near sunrise; the
presence of prey in the guts reached its lowest point at 0400-
0599, then dramatically increased at 0600-0759.  At 0800-
0959, the incidence of feeding was 100%, and throughout
daylight remained high until 2000.  Full guts were not
observed until 1200-1359.  Maximum gut fullness was at
1200-1559 and 2000-2159.  The only time block in which
all larvae contained prey in their guts was at 0800-0959.
These observations confirm the visual nature of oceanic
larval feeding.  The incidence of feeding in estuarine larvae
was significantly lower than oceanic larvae at 1800-1959
and 2000-2159.

Surveys in the lower Chesapeake Bay, Virginia (Orth
and Heck 1980; see also Lascara 1981) and near Beaufort
Inlet, North Carolina (Adams 1976a) show that during

daylight hours, juveniles tend to occupy areas in the
estuaries that have submerged aquatic vegetation.

Water Currents

Smith (1973) found that larvae did not drift far from
spawning areas, and were taken near the eggs.  Williams and
Deubler (1968a) stated that larvae shorter than 7 mm SL
depend on currents for dispersal; however, there are no data
that describe relationships between recruitment to nursery
areas and wind-driven (Ekman) transport or prevailing
directions of water flow.  Greater densities of young fish
were found in or near inlets, and greater numbers were
captured during periods of the full moon (Williams and
Deubler 1968a).  Young-of-the-year summer flounder have
been found in high concentrations around the mouths of tidal
creeks (Szedlmayer et al. 1992; Szedlmayer and Able 1993;
Rountree and Able 1997).  This could serve to maximize
energy efficiency, as the creek mouths are often areas of
reduced current speed.

Laboratory experiments by Keefe and Able (1994) in
New Jersey indicated an increase in burying behavior by
early metamorphic summer flounder on a flood tide.
Although this may represent a mechanism that allows the
flounder to remain in favorable habitats, field studies by
Burke et al. (1998) showed that during flood tides in
Beaufort Inlet, North Carolina, the highest densities of
transforming larvae occurred at mid-depths within the water
column, while during ebb tide, the highest densities were at
the bottom. Their position in the water column was
dependent on tidal stage, and there was a shift in their
distribution and abundance which was associated with the
shift in tidal stage. However, the increase in the numbers of
flounders in the water column occurred around slack tide,
and preceded the rise in salinity which followed the onset of
flood tide (Burke et al. 1998).

Dispersal in areas having strong tidal currents may be
accomplished by diel vertical migrations that result in tidal
transport (Weinstein et al. 1980a; Burke 1991; Burke et al.
1991; Burke et al. 1998). The shift in vertical distribution
with tidal stage observed by Burke et al. (1998) in Beaufort
Inlet indicates that flounders in Onslow Bay enter the
estuary by tidal stream transport. In the laboratory, Burke et
al. (1998) discovered that wild-caught G-H stage larvae had
a regular pattern of activity correlated with the tidal cycle,
and peak activity was associated with the time of ebb tide.
Interestingly, laboratory-reared flounder had no clear pattern
of activity. The observed tidal rhythm of activity of the wild-
caught flounder, coupled with field observations that they
appear to make the vertical shift into the water column
during slack tide (see previous paragraph) when current
velocities are low, suggests that there is a behavioral
component to their tidal stream transport (Burke et al.
1998). The high activity during ebb tide seen in the
laboratory suggests that the most active behavioral
component of tidal stream transport involves avoidance of
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advection by the ebbing tide rather than movement into the
water column and transport by the flood tide (Burke et al.
1998). Burke et al. (1998) also hypothesize that a change in
behavior necessary for development of a tidal rhythm occurs
during the eye migration phase of metamorphosis. The lack
of a tidal activity pattern seen in laboratory-reared flounder
suggests that development of a tidal rhythm is dependent on
exposure to physical variables that are correlated with the
tide.

Tidal transport of young-of-year summer flounder has
also been shown to occur in a New Jersey marsh creek
(Szedlmayer and Able 1993). Fish moved up the creek on
flood tides and down the creek with ebb tides. Rountree and
Able (1992b) and Szedlmayer and Able (1993) hypothesize
that tidal movements of summer flounder in marsh creeks
are the result of both foraging behavior and behavioral
homeostasis (e.g., behavioral thermoregulation). Stomach
fullness of fish captured leaving the creeks on ebb tides was
significantly greater than that of fish captured entering the
creeks on flood tides, suggesting that summer flounder
undergo tidal movements to take advantage of high
concentrations of prey available in the creeks. Although the
flounder were found in a wide range of temperatures,
salinities and dissolved oxygen concentrations, they
generally stayed within narrow limits of these parameters.
Thus, movements may be related to the avoidance of
environmental extremes.

Substrate/Shelter

Powell and Schwartz (1977) state that benthic substrate
appears to influence juvenile summer flounder and southern
flounder distributions in Pamlico Sound and adjacent
estuaries, North Carolina.  Summer flounder were dominant
in sandy substrates or where there was a transition from fine
sand to silt and clay, while southern flounder were dominant
in muddy substrates.  Turner and Johnson (1973) also note
juvenile summer flounder occur more frequently over sandy
substrates than mud or silt bottoms in Pamlico Sound.
Burke (1991) and Burke et al. (1991) demonstrated in their
North Carolina study that it is salinity which affects the
distribution of southern flounder while the most important
factor affecting the distribution of summer flounder is
substrate type.  Their data indicated that the highest
probability of encountering juvenile summer flounder
occurred on mixed to sandy substrates.

Walsh et al. (1999), who collected juveniles only
during the spring and summer in estuaries adjacent to
Beaufort Inlet from April-October 1994, also noted the same
species-specific preferences in the type of marsh edge
habitat occupied.  Juvenile southern flounder were more
abundant in the low salinity upper estuary on muddier
substrates, while summer flounder juveniles were more
abundant at higher salinities and on sandier substrates.
However, regarding juvenile summer flounder abundances
alone, they found no significant differences across the

various habitat types within the estuaries.  Indeed, during
both seasons, but particularly in the spring, higher
abundances of recently recruited juveniles were found along
marsh edges in mud substrate.  Lower numbers were found
on sand flats and channels in the lower estuary.  There was,
however, evidence of size-specific habitat segregation
during the spring, with the larger juveniles (e.g.; 57, 60, 78
mm mean SL) occurring in those sand flats and channels in
the lower estuary.  As stated above, although the data of
Walsh et al. (1999) suggest substrate type, along with
temperature, salinity, and turbidity are related to juvenile
distribution and area of settlement, they were unable to
separate the independent effect of these variables.

Juveniles make extensive use of marsh creeks (Wyanski
1990; Burke et al. 1991; Malloy and Targett 1991; Rountree
and Able 1992b, 1997; Szedlmayer et al. 1992; Szedlmayer
and Able 1993) as well as other estuarine habitats.  For
example, as stated previously, surveys by Hoffman (1991)
in marsh creeks in Charleston Harbor, South Carolina also
showed that recently settled summer flounder were abundant
over a wide variety of substrates including mud, sand, shell
hash, and oyster bars.  In Virginia, Wyanski (1990) and
Norcross and Wyanski (1988) found newly recruited
juvenile summer flounder in shallow, mud bottomed marsh
creek habitat until they were 60-80 mm TL in late spring, at
which time they were on shallow sand substrates (including
seagrass beds), deep sand substrate, and deep fine-sand
substrates.  Although Keefe and Able (1994) found that
metamorphic and juvenile summer flounder collected from
Great Bay-Little Egg Harbor estuary in southern New Jersey
showed a preference for sandy substrates in the laboratory,
studies by Szedlmayer et al. (1992) and Rountree and Able
(1992a, 1997) show that in southern New Jersey they also
occur abundantly in marsh creeks with soft mud bottoms and
shell hash.

Substrate preferences of metamorphic and juvenile
summer flounder, as well as burying behavior, may be
correlated to the presence and types of predators and prey
(Keefe and Able 1994).  For example, in North Carolina
estuaries, Burke (1991) suggests the preferred habitat of
summer flounder appears to be in the mid-estuary, which
also appears to correspond to high densities of their
principal prey.  This in spite of the fact that Burke (1991)
also demonstrated that metamorphosing larvae raised in the
lab exhibit substrate preferences that correspond to the
habitat of older flounders in the wild, preferring sand
whether benthic prey species were present or excluded from
test substrates.  Timmons (1995) also reported a preference
for sand by juvenile (7.6-24.9 cm TL) summer flounder
from the south shores of Rehobeth and Indian River Bays,
Delaware, but in addition the flounder were captured near
large aggregations of the macroalgae Agardhiella tenera
only when large numbers of their principal prey, the grass
shrimp Palaemonetes vulgaris, were present.  Timmons
(1995) suggests that the summer flounder are attracted to the
algae because of the presence of the shrimp, but remain near
the sand to avoid predation (“edge effect”).  Indeed, in her
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laboratory experiments, the juvenile summer flounder did
not show a preference for the macroalgae, and in caging
experiments, blue crabs were least able to prey on the
flounder in cages with sand bottoms only, but had an
advantage in capturing the flounder in cages containing
macroalgae.  Similar results have been reported in
laboratory experiments by Lascara (1981) on larger
juveniles and adults from lower Chesapeake Bay.  Flounder
appeared to utilize submerged aquatic vegetation (eelgrass)
as a “blind”, they lie-in-wait along the vegetative perimeter,
effectively capturing prey (in this case, juvenile spot,
Leiostomus xanthurus) which moved from within the grass.
In the absence of the eelgrass, the spot visually detected and
avoided the flounder; the flounder therefore consumed fewer
spot on average in the non-vegetated treatment than in the
vegetated treatments.  Therefore, Lascara (1981) concludes
that the ambush tactics of summer flounder are especially
effective when the flounder are in patchy habitats where they
remain in the bare substrate (sand) between eelgrass patches.
Lascara (1981) also noted that if flounder remained within
densely vegetated areas, they would probably be
conspicuous to prey.  As the flounder moved through the
vegetation in his laboratory experiments, the grass blades
were matted down and essentially “traced out” their body
shape.  The flounder might also be conspicuous to potential
predators as well, again suggesting the “edge effect”
hypothesis of Timmons (1995).  Thus, flounder remain near
the sand to both avoid predation and conceal themselves
from prey.

Other studies have shown that summer flounder use
vegetated habitats.  Adams (1976a) reported the occurrence
of juvenile summer flounder in eelgrass meadows near
Beaufort, North Carolina during the summer; YOY juveniles
in spring also appeared to favor the eelgrass beds in the
shallow water (1.2 m), high salinity (means 22-28 ppt) area
near Hog Island in Pamlico Sound (Ross and Epperly 1985).
Paralichthys spp. in the eelgrass communities near Beaufort,
North Carolina collectively accounted for about 1% of the
annual production and respiration of the fish assemblage
(Thayer and Adams 1975; Adams 1976b).  Hettler (1989)
also reported juveniles in North Carolina salt marsh
cordgrass habitat during flood tides.  Orth and Heck (1980)
and Heck and Thoman (1984) indicated that summer
flounder used similar shallow vegetated areas during
daylight in Chesapeake Bay; Lascara (1981) reports that
juvenile and adult flounder entered and fed in these same
areas.  In a Virginia tidal marsh creek prior to late summer,
juveniles were randomly distributed, but in late summer and
early fall, they were more abundant in the adjacent seagrass
beds (Weinstein and Brooks 1983).  These data indicate that
grass bed habitats are important to summer flounder, and
any loss of these areas along the Atlantic seaboard may
affect flounder stocks (Rogers and Van Den Avyle 1983).
In the inland bays of Delaware, Timmons (1995) suggests
that macroalgal systems appear to act as ecological
surrogates to seagrass beds and seagrass/macroalgal systems
as described by various authors.  As with seagrass systems

that attract juveniles when the submerged aquatic vegetation
(SAV) increases from June to September, so does the
macroalgae attract summer flounder, because, as stated
previously, the macroalgae attracts their prey.  This may also
be true for Great Bay and Little Egg Harbor in southern
New Jersey.  Szedlmayer and Able (1996) report that
juvenile and adult summer flounder (140-416 mm SL) were
associated with the station considered to be a sea lettuce
(Ulva lactuca) macroalgae habitat.

Conversely, also in Great Bay-Little Egg Harbor, Keefe
and Able (1992) determined habitat quality as measured by
relative growth of juvenile summer flounder (17-41 mm SL).
Growth did not appear to be related to the habitats tested,
including eelgrass and adjacent unvegetated substrate,
macroalgae (Ulva) and adjacent unvegetated substrate, and
marsh creek.  The fastest growth occurred in shallow bays
and marsh creeks.  However, Malloy and Targett (1994b)
suggest that juvenile growth is related to substrate or habitat
in the Newport River estuary, North Carolina because of the
presence of specific prey items.  The growth limitation of
juveniles (18-80 mm TL) in one sandy-marsh habitat could
be explained by the low abundance of mysids from May into
summer, while the increasing abundance of other prey
(polychaetes and amphipods) during that same month at a
muddier site may account for favorable growth seen there.
Other diet studies in this estuary (Burke 1991, 1995; Burke
et al. 1991) suggest that polychaetes are actually the
preferred prey for juveniles of this size (see the Food Habits
section below).

Food Habits

The timing of peak spawning in October/November
coincides with the breakdown of thermal stratification on the
continental shelf and the maximum production of autumn
plankton which is characteristic of temperate ocean waters
of the northern hemisphere, thus assuring a high probability
of adequate larval food supply (Morse 1981).

Initiation of feeding is a function of the rate and
efficiency at which yolk-sac material is consumed, which in
turn is dependent on incubation temperature.  As reported
previously by Johns and Howell (1980) and Johns et al.
(1981), total yolk-absorption was complete in 67 h and 105
h at 21oC and 16oC, respectively.  Within those 3 to 4 days
from hatching, summer flounder larvae complete the
morphological differentiation of the digestive tract, jaw
suspension, and accessory organs necessary for independent
exogeneous feeding (Bisbal and Bengtson 1995b).

To repeat the results of the Bisbal and Bengtson
(1995c) study: they show the interdependence of
temperature and food availability (i.e., delay of initial
feeding) and their effects on survival and growth of summer
flounder larvae hatched from Narragansett Bay and Long
Island Sound broodstock.  Their laboratory observations
occurred from the time of hatching throughout the period of
feeding on rotifers.  The larvae withstood starvation for
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longer times at lower temperatures.  They possessed
sufficient reserves to survive starvation for 11 to 12 days
when temperatures were maintained close to the
experimentally determined lower tolerance limit (12.5oC;
Johns et al. 1981).  At temperatures close to the highest
thermal limit reported to occur in their environment (21oC;
Smith 1973), larvae only survived for 6 to 7 days.  At either
temperature, best survival occurred when the larvae began
to feed at the time of mouth opening, thus survival is also
significantly affected by the time at which they first have
access to exogenous food.  At 12.5oC, every treatment group
was represented by a low number of survivors which did not
grow significantly from the initial figures at mouth opening.
Growth of the larvae at 21oC was inversely proportional to
the duration of early starvation; the size distribution of the
survivors of the 21oC experiment showed an increase in
mean size and weight when the initial feeding delay was
shorter.

Bisbal and Bengtson (1995a) also determined the
nutritional status of lab raised larvae and juveniles from the
same areas.  Mortality due to starvation occurs later in the
older ontogenetic states; i.e., 60 h in 6 day old larvae, 72 h
in 16 day old larvae, 8 d in 33 day old larvae, and 10 d in 60
day old juveniles at a temperature of around 19oC.

In the laboratory, Peters and Angelovic (1971) reared
postlarvae on a diet of zooplankton (mostly copepods) and
Artemia nauplii; Buckley and Dillmann (1982) also used
Artemia for their larval feeding experiments.  The larvae
exhibited an exponential increase in daily ration with age
and a linear increase with weight (Buckley and Dillmann
1982).  Other investigators have raised larvae on rotifers
(e.g., Bisbal and Bengtson 1995c).

Previous studies have inferred that larval and postlarval
summer flounder initially feed on zooplankton and small
crustaceans (Peters and Angelovic 1971; Powell 1974;
Morse 1981; Timmons 1995).  Grover (1998) studied the
food habits of oceanic larval flounder collected north and
east of Hudson Canyon.  The diets of all stages of larvae
were dominated by immature copepodites.  The size of other
prey was directly related to larval size.  Preflexion larvae
(1.9-6.9 mm SL) fed on, in order of importance: immature
copepodites, copepod nauplii, and tintinnids, as well as
bivalve larvae and copepod eggs.  Flexion larvae (3.7-7.2
mm SL) fed on immature copepodites (mostly calanoids)
and adult calanoid copepods.  Premetamorphic (4.8-7.6 mm
SL) and metamorphic (5.8-9.0 mm SL) larvae also fed on
immature copepodites, but adult calanoid copepods (mostly
Centropages typicus) and appendicularians were also prey
items.

Studies on the food habits of late larval and juvenile
estuarine summer flounder reveal that while they are
opportunistic feeders and differences in diet are often related
to the availability of prey, there also appears to be
ontogenetic changes in diet.  Smaller flounder (usually <
100 mm) seem to focus on crustaceans and polychaetes
while fish become a little more important in the diets of the
larger juveniles.  In Great Bay-Little Egg Harbor estuary,

New Jersey, Grover (1998) found that the primary prey of
metamorphic (8.1-14.6 mm SL) summer flounder was the
calanoid copepod Temora longicornis, indicating pelagic
feeding.  Evidence of benthic feeding was observed only in
late-stage metamorphic flounder (H+ and I), where the prey
included polychaete tentacles, harpacticoid copepods, and
a mysid.  Incidence of feeding, defined as the percentage of
frequency of larvae with prey in their guts, in relation to the
total number of specimens examined in a time block,
declined as metamorphosis progressed, from 19.1% at stage
G to 2.9% at stage I.  Rountree and Able (1992b) also
discovered that young-of-year summer flounder in Great
Bay-Little Egg Harbor marsh creeks preyed on creek fauna
in order of abundance (Rountree and Able 1992a): Atlantic
silversides (Menidia menidia), mummichogs (Fundulus
heteroclitus), grass shrimp (Palaemonetes vulgaris), and
sand shrimp (Crangon septemspinosa) contributed most
importantly to their diets.  Seasonal shifts in diet reflected
seasonal changes in creek faunal composition, and Rountree
and Able (1992a) note that the maximum abundance of
young-of-year summer flounder in August coincided with
the peak in Atlantic silverside abundances.  In Little Egg
Harbor estuary, New Jersey, Festa (1979) reported that fish,
including anchovies, sticklebacks and Atlantic silversides,
comprised 32.6% of the diet volume of 6-24 cm summer
flounder.  The fish component was supplemented by mysid
and caridean shrimp, of which the sand shrimp Crangon
septemspinosa was of somewhat more importance.

Timmons (1995) reported that juvenile (7.6-24.9 cm
TL) summer flounder from Rehobeth Bay, Delaware, fed
mostly on the shrimp Palaemonetes vulgaris as well as
porturid and blue crabs.  Flounder from Indian River Bay
fed mostly on mysids.

Postlarvae (10.5-14.2 mm SL) in Chesapeake Bay have
been found with guts full of the mysid Neomysis americana
(Olney 1983).  In Magothy Bay, Virginia, small summer
flounder (4.2-19.8 cm) also fed mainly on Neomysis
americana, but in addition, consumed larger proportions of
amphipods, small fishes, small gastropod mollusks, and
plant material than the larger fish (Kimmel 1973).  Wyanski
(1990) found that mysids were also the dominant prey of
100-200 mm TL summer flounder in the lower Chesapeake
Bay and Eastern Shore of Virginia.  Lascara (1981) reported
that larger juveniles and adults (avg. length 27.4 cm SL)
from lower Chesapeake Bay fed on juvenile spot
(Leiostomus xanthurus), pipefish (Syngnathus fuscus), the
mysid Neomysis americana, and shrimps (P. vulgaris, C.
septemspinosa).

Burke (1991, 1995) in his North Carolina field surveys
in the Newport and North Rivers discovered that late larval
and early juvenile summer flounder are active infaunal
predators.  Prey of summer flounder during the immigration
period (11-22 mm SL) consisted of common estuarine
crustaceans including harpactacoid copepods, polychaetes,
and parts of infaunal animals such as polychaete tentacles
(primarily from the dominant spionid Streblospio benedicti)
gills and clam siphons (Figure 32).  The appendages of
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benthic animals appear to be the most important prey item
for postlarval flounders.  The increasing importance of
polychaetes and clam siphons was suggested with
development, while feeding on harpactacoid copepods and
amphipods was independent of stage.  For juveniles 20-60
mm SL, polychaetes, primarily spionids (S. benedicti), were
the most important part of the diet (Figure 32).  Burke
(1991, 1995) suggests that the distribution of these dominant
polychaetes may influence the distribution of summer
flounder in this estuary and could explain the movement of
juvenile summer flounder into marsh habitat [Burke et al.
1991; note the Malloy and Targett (1994b) study mentioned
in the Substrate section, above].  Other prey items for this
size class of summer flounder included invertebrate parts,
primarily clam siphons; shrimp, consisting of the mysids
Neomysis americana and palmonid shrimp; calanoid
copepods, primarily Paracalanus; amphipods of the genus
Gammarus; crabs, primarily Callinectes sapidus; and fish.
Powell and Schwartz (1979) reported that larger juvenile
(100-200 mm TL) summer flounder feed mainly on mysids
(mostly Neomysis americana) and fishes throughout the year
in Pamlico Sound, North Carolina (Figure 33).  Mysids were
found in relatively greater quantities in the smaller flounder,
but as their size increased, the diet consisted of shrimps and
fishes in similar quantities.

In South Carolina, Wenner et al. (1990a) reported that
juveniles between 50-125 mm TL consumed only mysids
and caridean shrimps (Palaemonetes sp., P. pugio, P.
vulgaris).  The importance of fish (mostly bay anchovy,
Anchoa mitchilli, and mummichogs) in the diet increased as
summer flounder size increased.

In Georgia, Reichert and van der Veer (1991) found
that juveniles from the Duplin River of around < 40 mm SL
fed principally on harpacticoid copepods; they also report
that Paralichthys species > 25 mm fed on increasing
numbers of other crustaceans including mysids, crabs,
Palaemonetes, as well as polychaetes.  Summer flounder >
100 mm also fed on fish.

Co-occurring Species and Predation

In Great Bay-Little Egg Harbor estuary in southern
New Jersey, a survey by Witting et al. (1999) from 1989-
1994 showed that the fall larval fish assemblage was more
diverse than any of the other seasonal assemblages, with
strong representation by summer flounder, Atlantic
menhaden (Brevoortia tyrannus), Atlantic croaker
(Micropogonias undulatus), bay anchovy, and a few other
species.

Larval and juvenile summer flounder undoubtedly are
preyed upon until they grow large enough to fend for
themselves.  Results of food habit studies by NEFSC from
1969-1972 showed that Pleuronectiformes occurred in the
stomachs of the following piscivores: spiny dogfish,
goosefish, cod, silver hake, red hake, spotted hake, sea
raven, longhorn sculpin, and fourspot flounder (Bowman et

al. 1976).  These data do not indicate the proportion of
summer flounder among the flatfish prey taken, but it is
likely that they are represented.

Following a thermal shock of 10oC above an
acclimation temperature of 15oC, larvae were actually less
susceptible to predation by striped killifish (Fundulus
majalis) than control larvae (Deacutis 1978).

Witting and Able (1993), working in the laboratory
with 11-16 mm TL transforming larvae from Great Bay-
Little Egg Harbor, New Jersey, suggest that these small
summer flounder are vulnerable to predation by a large size
range of Crangon septemspinosa (around 10-50 mm TL) in
New Jersey’s estuaries.  Laboratory experiments by Keefe
and Able (1994) in New Jersey demonstrated that predation
on metamorphic summer flounder influences burying
behavior and perhaps substrate preference.  The type and
abundance of predators could determine whether a
metamorphic summer flounder stays in the substrate or the
water column.  For example, Keefe and Able’s (1994)
experiments showed that buried C. septemspinosa may
reduce burying by the flounder, while pelagic mummichogs
may cause more burying by the flounder during the day.

Timmons (1995) reports a preference for sand by
juvenile (7.6-24.9 cm TL) summer flounder from the south
shores of Rehobeth Bay and Indian River Bay, Delaware.  In
her study, the flounder were captured near large
aggregations of the macroalgae Agardhiella tenera only
when large numbers of their principal prey, the shrimp
Palaemonetes vulgaris, were present.  Timmons (1995)
suggests that the summer flounder are attracted to the algae
because of the presence of the shrimp, but the flounder
remain near the sand to avoid predation (“edge effect”).
Indeed, in her laboratory experiments, the juvenile summer
flounder did not show a preference for the macroalgae, and
in caging experiments, blue crabs were least able to prey on
the flounder in cages with sand bottoms only, but had an
advantage in capturing the flounder in cages containing
macroalgae.  Laboratory studies by Lascara (1981) on
flounder from lower Chesapeake Bay also suggest that in
patchy seagrass/sand habitats, the flounder may avoid
predation by staying in the sand near the seagrass beds,
rather than in the grass beds themselves.

Lab studies in Georgia by Reichert and van der Veer
(1991) on juveniles from the Duplin River found potential
predators to be blue crabs (Callinectes spp.) and sea robins
(Prionotus spp.).

ADULTS

Temperature

NEFSC groundfish data shows a seasonal shift in
offshore adult summer flounder occurrence with bottom
temperatures (Figure 34): most adults are caught over a
range of temperatures from 9-26oC in the fall, from 4-13oC
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in the winter, from 2-20oC in the spring, and from 9-27oC in
the summer.  Massachusetts inshore trawl survey data also
shows a seasonal shift in adult occurrence with bottom
temperature (Figure 30).  In the spring, most adults occur at
a range of temperatures from 6-17oC, while in the fall they
occur at temperatures from 14-21oC.  Prior to 1979,
Sissenwine et al. (1979) reported that NEFSC trawl surveys
on the continental shelf showed that the distribution of
summer flounder by depth was related to their temperature
distribution.  During spring they were distributed widely
over the continental shelf, from 0-360 m depth (compare
with Figure 4), and primarily in waters between 8-16oC.
During summer the flounder were primarily captured in
depths of less than 100 m, and in waters between 15-28oC.
The autumn distribution was also at depths of less than 100
m and temperatures between 12-28oC.  During winter, they
generally were found at depths greater than 70 m, and at
temperatures between 5-11oC (Sissenwine et al. 1979).

Based on collections from the 1990-1996 Rhode Island
Narragansett Bay survey, adults were distributed throughout
the Bay and captured in all seasons except winter; in spring
they were found in bottom temperatures above 6oC and
below 15oC in autumn (Figure 35).  By summer the adults
occurred at nearly all temperatures and in autumn they were
concentrated where temperatures exceeded 17oC.

In the Mid-Atlantic Bight north of Chesapeake Bay,
spawning and the offshore limits of migration coincide with
the inshore edge of the mass of cold bottom water that
disappears along with the thermocline in November (Smith
1973).

A study by Stolen et al. (1984a) compared the effect of
temperature on the humoral antibody formation in the
summer and winter flounder at 8, 12 and 17°C during the
same time of the year.  Summer flounder showed only a
delay in the appearance of circulating antibody at lower
temperatures while winter flounder showed both a delay and
a marked suppression at lower temperatures.  Summer
flounder produced a high titered antibody that persisted over
a long period of time and over a wide temperature range,
while in winter flounder antibody levels began decreasing
after one month.

A similar study on the kinetics of the primary immune
response in summer flounder was also studied by Stolen et
al. (1984b).  The flounder produced antibody over a wide
range of environmental temperatures ranging from 7.5-27oC.
At the lower environmental temperatures, a corresponding
delay in the appearance of circulation antibody occurred,
although the magnitude and duration of the response was not
appreciably affected.  After immunizing at 12oC, lowering
the environmental temperature gradually to 8oC did not
appear to inhibit an ongoing primary response.  Typical
secondary responses were seen in fishes kept at warmer
temperatures, but when the temperature was lowered to 8oC,
no anamnestic response was seen.  Individual variation was
most noticeable at middle temperature ranges.

Salinity

Adult summer flounder return inshore to coastal waters
in April through June, and are often found in the high
salinity portions of estuaries [e.g., Abbe (1967) in Delaware,
Tagatz and Dudley (1961) and Powell and Schwartz (1977)
in North Carolina; Dahlberg (1972) in Georgia].  However,
the adult summer flounder’s distribution may be due more to
substrate preference than salinity preference.

Dissolved Oxygen

Effects of dissolved oxygen concentration on summer
flounder adults has not been investigated (Rogers and Van
Den Avyle 1983).  Festa (1977) reported that the high
variability in catch rates of summer flounder off of New
Jersey in the summer of 1976 appeared to be directly related
to the movement of an anoxic water mass present that year.
Large numbers of summer flounder were forced into inlets
and bays where they were more concentrated and vulnerable
to the sport fishery (Freeman and Turner 1977).

Light

Laboratory studies (Olla et al. 1972; Lascara 1981) and
field collections (Orth and Heck 1980) indicate that adult
summer flounder are active primarily during daylight hours.
To repeat what was stated above for juveniles: laboratory
studies by Lascara (1981) on juveniles and adults from
lower Chesapeake Bay showed that peak feeding activity
(search-pursuits/unit time) generally occurred during
daylight hours between 0800 and 1200.

Water Currents

No information is available.

Substrate/Shelter

Adults have often been reported as preferring sandy
habitats (Bigelow and Schroeder 1953; Schwartz 1964;
Smith 1969).  For example, in Pamlico Sound, North
Carolina, Powell and Schwartz (1977) found that summer
flounder were most abundant at stations where quartz sand
or coarse sand and shell predominated.  In Barnegat Bay,
New Jersey, Vouglitois (1983) suggests that both juvenile
and adult summer flounder are found in greater numbers in
the eastern portion of the Bay, where sandy sediments
predominate.  However, adults can camouflage themselves
via pigment changes to reflect the substrate (Mast 1916).
Thus, they can be found in a variety of habitats with both
mud and sand substrates, including marsh creeks, seagrass
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beds, and sand flats (Bigelow and Schroeder 1953; Dahlberg
1972; Orth and Heck 1980; Lascara 1981; Rountree and
Able 1992a).

As previously explained above in the Section on
juveniles, laboratory experiments by Lascara (1981) on
larger juveniles and adults from lower Chesapeake Bay
found that flounders appear to utilize eelgrass beds as
‘blinds’; i.e., they lie-in-wait along the vegetative perimeter,
effectively capturing prey which move from within the grass.
Lascara (1981) concludes that the ambush tactics of summer
flounder are especially effective when the flounder are in
patchy habitats where they remain in the bare substrate
(sand) between eelgrass patches.  Lascara (1981) also noted
that if flounder remained within densely vegetated areas,
they would probably be conspicuous to prey because, in his
laboratory experiments, as the flounder moved through the
vegetation, the grass blades were matted down and
essentially “traced out” their body shape.  The flounder
might also be conspicuous to potential predators as well,
suggesting the “edge effect” hypothesis of Timmons (1995).
Thus, the flounder remain near the sand to both avoid
predation and conceal themselves from prey.

Food Habits

Adult summer flounder are opportunistic feeders with
fish and crustaceans making up a significant portion of their
diet (Figure 36).  Differences in diet between habitats or
locations may be due to prey availability.  The flounder are
most active during daylight hours and may be found well up
in the water column as well as on the bottom (Olla et al.
1972).  Included in their diet are: windowpane (Carlson
1991), winter flounder, northern pipefish, Atlantic
menhaden, bay anchovy, red hake, silver hake, scup,
Atlantic silverside, American sand lance, bluefish, weakfish,
mummichog, rock crabs, squids, shrimps, small bivalve and
gastropod mollusks, small crustaceans, marine worms and
sand dollars (Hildebrand and Schroeder 1928; Ginsburg
1952; Bigelow and Schroeder 1953; Poole 1964; Smith and
Daiber 1977; Allen et al., 1978; Langton and Bowman
1981; Curran and Able 1998).

In Little Egg Harbor estuary, New Jersey, Festa (1979)
reports that at least seven species of fish occurred in the
stomachs of 25-65 cm summer flounder.  These included
Atlantic silversides, anchovies, sticklebacks, silver perch,
sea robins, winter flounder and pipefish.  Fish remains
comprised 74.3% of the diet volume.  Brachyuran crabs,
primarily Callinectes, were of secondary importance in the
diet.  In Hereford Inlet near Cape May, New Jersey, Allen
et al. (1978) found that adult and juvenile summer flounder
(200-400 mm) fed mostly on Crangon septemspinosa,
mysids and fish.

Smith and Daiber (1977) reported that Delaware Bay
adults < 45 cm TL fed on invertebrates, while those > 45 cm
TL ate more fish.  Food items found, in order of percent
frequency of occurrence, included decapod shrimp

(Crangon septemspinosa), weakfish (Cynoscion regalis),
mysids (Neomysis americana), anchovies (Anchoa sp.),
squids (Loligo sp.), Atlantic silversides (Menidia menidia),
herrings (Alosa sp.), hermit crabs (Pagurus longicarpus),
and isopods (Olencira praegustator).

In Magothy Bay, Virginia, large summer flounder
(20.1-47.6 cm) fed mainly on Neomysis americana, as well
as large crustaceans such as Squilla empusa, xanthid crabs,
and squids.  The fish from this area are not mainly
piscivorous, but the larger specimens (> 40.0 cm) did
contain a higher percentage of fishes than did the smaller
ones (Kimmel 1973).  Lascara (1981) reports that larger
juveniles and adults (avg. length 27.4 cm SL) from lower
Chesapeake Bay fed on juvenile spot (Leiostomus
xanthurus), pipefish (Syngnathus fuscus), the mysid
Neomysis americana, and shrimps (P. vulgaris, C.
septemspinosa).

In South Carolina, Wenner et al. (1990a) showed that
flounder 50-313 mm TL consumed mostly decapod
crustaceans, especially caridean shrimps (Palaemonetes sp.,
P. pugio, P. vulgaris).  The importance of fish (mostly bay
anchovy, Anchoa mitchilli, and mummichogs) in the diet
increased as summer flounder size increased.

Co-Occurring Species and Predation

Spatial co-occurrence and dietary overlap among
summer flounder, scup, and black sea bass have been
previously documented (Musick and Mercer 1977; Gabriel
1989; Shepherd and Terceiro 1994).  For example, the
composition and distribution of fish assemblages in the
Middle Atlantic Bight was described by Colvocoresses and
Musick (1979) by subjecting NEFSC bottom trawl survey
data to the statistical technique of cluster analyses.  Summer
flounder, scup, northern sea robin, and black sea bass, all
warm temperate species, were regularly classified in the
same group during spring and fall.  In the spring this group
was distributed in the warmer waters on the southern shelf
and along the shelf break at depths of approximately 152 m.
During the fall this group was distributed primarily on the
inner shelf at depths of less than 61 m where they were often
joined by smooth dogfish.

All of the natural predators of adult summer flounder
are not fully documented, but larger predators such as large
sharks, rays, and goosefish probably include summer
flounder in their diets.

Laboratory studies by Lascara (1981) on flounder from
lower Chesapeake Bay suggest that in patchy seagrass/sand
habitats, the flounder may avoid predation by staying in the
sand near the seagrass beds, rather than in the grass beds
themselves.
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INSHORE SUMMER FLOUNDER
HABITAT CHARACTERISTICS

Habitat information is meaningful because habitat
differences can be important in determining local
abundances of summer flounder (Cadrin et al. 1995).
Because most of the summer flounder habitat research
occurs inshore, Tables 2-4 present the inshore habitat
parameters or requirements for summer flounder found in
nearshore New Jersey, Delaware, and North Carolina,
respectively.  Those States were chosen because of the
amount of the high quality, habitat related research on
summer flounder occurring there [by highest quality we
mean Level 3 information as defined in the EFH Technical
Manual (National Marine Fisheries Service, Office of
Habitat Conservation 1998) and Interim Final Rule
(Department of Commerce, National Oceanic and
Atmospheric Administration 1997)].  Thus, we have also
chosen to concentrate on studies (experimental or otherwise)
which focus on the habitat parameter preferences, and are
from published, peer-reviewed literature sources, rather than
on information that merely attempts to correlate
environmental variables with fish densities, such as that
which often appears in general fisheries surveys.  We heed
the advice of Hettler et al. (1997), who suggest caution
when interpreting correlations of environmental variables
with fish abundances.  For example, they reported an
increase in summer flounder larval abundance with
increasing temperatures in Beaufort Inlet, North Carolina.
This could be caused by winter spawning and the larvae
arriving at the inlet after a two to three month cross-shelf
transport time, resulting in a higher larval abundance
corresponding with rising temperatures.  Their statistical
analyses suggest that unknown factors are probably more
important in causing peaks in the abundances of immigrating
larvae (see also Hettler and Hare 1998).

Table 5 is a summation and synthesis of Tables 2-4, and
should provide an overall, yet more succinct view of current
habitat requirements information on inshore summer
flounder.  The habitat parameter headings for all the tables
are based upon those used in the Habitat Characteristics
section, above.

STATUS OF THE STOCKS

The following section is based on Terceiro (1995) and
the Northeast Fisheries Science Center (1997).  The
coverage is from New England to Cape Hatteras.

The stock is at a medium level of historical (1968-
1996) abundance and is over-exploited.  The age structure
of the spawning stock has begun to expand, with 34% of the
biomass at ages 2 and older in 1996, although under
equilibrium conditions about 85% of the spawning stock
biomass would be expected to be ages 2 and older.  The
1995 year class is about average (1982-1996), but the 1996
year class is estimated to be the smallest since the poor year

class of 1988.
Commercial landings of summer flounder averaged

13,200 mt during 1980-1988, reaching a high of 17,100 mt
in 1984 (Figure 37).  The recreational fishery for summer
flounder harvests a significant proportion of the total catch,
and in some years recreational landings have exceeded the
commercial landings.  Recreational landings have
historically constituted about 40% of the total landings.
Recreational landings averaged 9,800 mt during 1980-1988,
and peaked in 1983 at 12,700 mt.  During the late 1980s and
into 1990, landings declined dramatically, reaching 4,200 mt
in the commercial fishery in 1990 and 1,400 mt in the
recreational fishery in 1989 (Table 6).  Reported 1996
landings in the commercial fishery used in the assessment
were 5,770 mt and estimated 1996 landings in the
recreational fishery were 4,704 mt (Table 6).

Spawning stock biomass declined 72% from 1983 to
1989 (18,900 mt to 5,200 mt), but has since increased with
improved recruitment to 17,400 mt in 1996 (Figure 37;
Table 6).  The age structure of the stock is improving, with
34% of the spawning biomass in 1996 composed of fish of
ages 2 and older, compared to only 17% in 1992.

Figure 38 shows the contrast between the distribution of
summer flounder from periods of high abundances in the
past (1974-1978) to recent periods of low abundances
(1989-1993), for both adults and juveniles in the fall and
spring.

RESEARCH NEEDS

Obviously, there are many gaps in our understanding of
the autecology of summer flounder.  Because it is such a
highly migratory species and occurs everywhere throughout
its range, knowledge of its life history and habitat
requirements can vary regionally, and what affects them in
one area can easily cause repercussions in the population in
another area.  Even though summer flounder is managed and
assessed as one stock throughout the U.S. EEZ, the question
of multiple stocks, particularly in the Mid-Atlantic Bight,
still needs to be settled from a scientific standpoint.  There
is a lack of knowledge concerning the habitat requirements
for all life history stages, especially the offshore eggs and
larvae, but even for the adults within our own estuaries,
since much of the current habitat research has focused on
estuarine larvae and juveniles (note Tables 2-5).  Of course,
more habitat information is needed on the inshore
transforming larval and early juvenile stages, especially
because their health affects the future growth and survival of
the population.  Finally, critical habitat preferences must be
defined. For example, while it is likely that temperature may
drive the seasonal movements of juveniles and adults in and
out of the estuaries, it may have less effect on their choice of
specific habitats within those estuaries, where substrate,
salinity, etc. may be the overriding factors.  Once their
habitat preferences are defined, their critical habitats can be
more thoroughly delineated and mapped.
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Table 1.  Presence of summer flounder inshore, by State, as documented by authors cited in the text and personal
communications from each States’ flounder experts.

Author Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Notes
MA

Howe 
personal 
communication

shoals s. of 
Cape Cod
& Cape Cod Bay

A
II            EE EEEEEEE EEEEEEE EEEEEEE

CT
Smith 
personal 
communication

Long Island 
Sound

A
III II

A: peak

NY

Poole 62
Great South 
Bay, Long Island

A
EEEEEEE EEEEEEE

mean length 
38cm

NJ

Szedlmayer 
et al . 92

Great Bay,
Little Egg Harbor

TL
IIIIIIIIIIIIII IIIIIIIIIIIIII IIIIIIIIIIIIII IIIIIIIIIIIIII IIIIIIIIIIIIII

J EE TL
IIIIIIIIIIIIII IIIIIIIIIIIIII

TL: 11-17mm,     
J: YOY,
60-326mm

Allen et al . 78
Hereford Inlet,
near Cape May

TL J, A
TL: 12-15mm
J/ A: 200-400m

Murawski 70
Sandy Hook & 
Cape May

A
IIIIIIIIIIIIII IIIIIIIIIIIIII EEEEEEE

A: 230-700mm

Festa 74
NJ estuaries; 
Sandy Hook 
to Great Bay

L/TL
IIIIIIIIIIIIII IIIIIIIIIIIIII IIIIIIIIIIIIII

L/TL
IIIIIIIIIIIIII IIIIIIIIIIIIII IIIIIIIIIIIIII

L/TL 5-21mm; 
enter est. early 
Oct-late Jan 
most yrs, as late 
as March

Keefe and Able 
93

NJ estuaries
TL
IIIIIIIIIIIIII IIIIIIIIIIIIII IIIIIIIIIIIIII IIIIIIIIIIIIII

TL
IIIIIIIIIIIIII IIIIIIIIIIIIII IIIIIIIIIIIIII

TL: 10-15mm, 
most abundant 
Oct-Dec

Able et al . 90 NJ estuaries J: peak EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE J: YOY,
160-320mm TL

presence L larvae
peak abundance TL transforming larvae
limited numbers J juveniles

   IIIIIIIIII peak ingress A adults
   IIIIIIIIIIII ingress
   EEEEEE egress
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Table 1.  cont’d.

Author Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Notes
DE

Smith personal
communication

Delaware Bay A A: peak some
adults
present all
year

Smith and
Daiber 77

Delaware Bay J/A: peak
some
juveniles
present in
deep parts
of bay
every winter
month

VA
Musick
personal
communication

Eastern Shore &
lower
Chesapeake Bay

J
IIIIIIIIIIIIII IIIIIIIIIIIIII EEEEEEE EEEEEEE

In milder
winters
some age
1+ fish
remain in
bay

Eastern Shore,
seaside
inlets/lagoons

 A
IIIIIIIIIIIIII EEEEEEE

lower
Chesapeake Bay

  A
     IIIIIIII     EEE EEE

Wyanski 90 both sides of
Eastern Shore

J
IIIIIIIIIIIIII IIIIIIIIIIIIII IIIIIIIIIIIIII IIIIIIIIIIIIII IIIIIIIIIIIII IIIIIIIIIIIII

peak
recruitment
Nov-Dec

western
Chesapeake Bay

J
IIIIIIIIIIIIII IIIIIIIIIIIII IIIIIIIIIIIII

peak
recruitment
March-April

presence L larvae
peak abundance TL transforming larvae
limited numbers J juveniles

  IIIIIIIIII peak ingress A adults
   IIIIIIIIIIII ingress

   EEEEEE egress
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Table 1.  cont’d.

Author Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Notes

NC

Hettler and
Barker 93

Oregon Inlet,

Ocracoke Inlet

TL
IIIIIIIIIIIII

IIIIIIIIIIIII
TL

TL: peak  ingress

Powell and
Schwartz 77

Pamlico sound

J
II IIIIIIII

*E J=YOY, present
~18-20 mos. from
mid winter
recruitment to ~Aug
of 2nd yr. *

Burkeet al. 91
Newport River,
North River
estuaries

TL
IIIIIIIIIIIIII

IIIIIIIIIIIII IIIIIIIIIIIII
IIIIIIIIIIIIII

TL = 11-17mm SL

Monaghan
personal
communication

Beaufort Inlet TL
III

IIIIIIIIIIIII TL: peak ingress

Tagatz and
Dudley 61

Beaufort Inlet
TL/J

TL/J = 11-180mm

Weinstein 79 Cape Fear River

TL
IIIIIIIIIIIIIIIIIIIIIIIIIIII

TL = 9-16mm SL

SC

Wenner et al.
90a

Charleston
Harbor & vicinity

TL/J
IIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIII TL/J = 10-20mm TL

presence L larvae
peak abundance TL transforming larvae
limited numbers J juveniles

  IIIIIIIIII peak ingress A adults
   IIIIIIIIIIII ingress

   EEEEEE egress
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Table 2.  Habitat parameters for summer flounder, Paralichthys dentatus: inshore New Jersey.

Life Stage Authors Size Range Geographic
Location

Time Period Habitat Substrate Temperature

TRANSFORMING
LARVAE

Grover 1998 8.1-14.6 mm
SL
(metamorphic)

Great Bay, Little
Egg Harbor

Fall, winter,
spring 89-95

Little Sheepshead
Creek

Keefe and
Able 1993,
1994

10-15.6 mm
SL, mean 12.8
(metamorphic)

Great Bay, Little
Egg Harbor

Nov 90-Nov 91
Nov 90-Mar 91

Little Sheepshead
Creek

Sand preference
by both
metamorphs and
juveniles. 1

Increased temps. =
shorter metamorphic
period. Greater
mortality at 4oC. No
effect of starvation
on mortality or time
to completion of
metamorphosis at
temps. < 10oC. 1

Szedlmayer et
al. 1992

11-17 mm TL
(metamorphic)

Great Bay, Little
Egg Harbor

Nov 88-Apr 89 0-13oC, mortality
< 2oC 1

Witting and
Able 1993

11-16 mm TL
(metamorphic)

Great Bay, Little
Egg Harbor

Jan-Feb 90 9-12oC 1

JUVENILES Rountree and
Able 1992a

mean 132 mm
SL (YOY),
range ca.
16-245 mm

Great Bay, Little
Egg Harbor

Apr-Nov 88
Apr-Oct 89

Schooner, New,
Foxboro creeks

mud mean 19oC

Rountree and
Able 1992b

mean 238 mm
TL (YOY),
range
156-312 mm

Great Bay, Little
Egg Harbor

1987-1990 Schooner, New,
Foxboro, Stoney
creeks

mud mean 22oC, range
15-27oC

Rountree and
Able 1997

mean 192 mm
SL, range 138-
390 mm,
mostly YOY

Little Egg Harbor May/July-Nov 90 Foxboro, Stonely
Island creeks.
Marsh creeks and
deeper (4-9 m) bay
shoals.

mud

Szedlmayer et
al. 1992

60-326 mm TL
(YOY)

Great Bay, Little
Egg Harbor

June-Sept 89 June: mesohaline
subtidal creeks
July: shallow
mudflats/dredged
channels
Aug-Sept: marsh
creeks

subtidal creeks
90-98% mud

Szedlmayer
and Able
1993

210-254 mm
TL
(age 0)

Great Bay, Little
Egg Harbor

Aug-Sept 90 Schooner Creek mean 23.5oC
(optimum?)

1 Laboratory study
Adults: no pertinent information



Page 33

Table 2.  cont’d.

Life Stage Authors Salinity Dissolved
Oxygen

Light Currents Prey Predators Notes

TRANSFORMING
LARVAE

Grover
1998

Primary prey: calanoid
copepod Temora
longicornis, indicating
pelagic feeding. Evidence
of benthic feeding
observed only in late-stage
metamorphs (stage H+ and
I), where prey included
polychaete tentacles,
harpacticoid copepods.

Keefe and
Able 1993,
1994

Prefer
burying
during
daylight. 1

Increased
burial at
flood tide. 1

Less burying in
presence of decapod
shrimp Crangon,
increased burying in
presence of
mummichog
Fundulus. 1

Time to completion
of metamorphosis
temperature
dependent.

Szedlmayer
et al. 1992

Witting and
Able 1993

11-16 mm TL
transforming larvae
are vulnerable to
predation by a large
size range of shrimp
(Crangon
septemspinosa, ~ 10-
50 mm TL) in NJ
estuaries. 1

JUVENILES Rountree
and Able
1992a

mean 29 ppt
Found mostly during
summer. Abundance
varied significantly
between years.
Maximum
abundance of fluke
during peak in
Menidia menidia
abundances.

Rountree
and 1992b

mean 27ppt,
range 23.5-
30 ppt

Moving
with the
tides. Tidal
movements
associated
with
foraging -
stomachs
fuller on
ebb tide.

In order of abundance:
Atlantic silversides
Menidia menidia,
mummichogs Fundulus
heteroclitus, shrimps
Palaemonetes vulgaris
and Crangon
septemspinosa.

Creeks are foraging
habitat. Prey
composition exhibits
a seasonal influence.
Frequency of
Menidia declines
during Aug, Sept,
Oct while Crangon
rises.

Rountree
and Able
1997

range 22-33
ppt

Nocturnal
sampling:
extensive
use of
shallow
habitats
during
night-time.

Mostly
caught on
ebb tides
(sampling
during night
hours).

Preference for creek
mouths and tidal
creeks rather than
bay shoals. Peak
catch in late
July/Oct.

Szedlmayer
et al. 1992

subtidal
creeks avg.
20 ppt

High use of creek
mouths.

Szedlmayer
and Able
1993

mean 29 ppt
(optimum?)

mean 6.4
ppm
(optimum?)

selective
tidal stream
transport

Selective tidal
transport, feeding,
optimal
environmental
conditions cause
movement. High use
of creek mouths.

1 Laboratory study
Adults: no pertinent information
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Table 3.  Habitat parameters for summer flounder, Paralichthys dentatus: inshore Delaware.

Life Stage Authors Size Range Geographic
Location

Time Period Habitat Substrate

JUVENILES Malloy and
Targett 1991

Collected 41-80
mm TL for
experiment.

Roosevelt Inlet and
Indian River Bay

Inlet: Nov 89-Apr 90
Bay: Feb-June 89-90

Estuarine marsh creeks
0.5-1.5 m in depth.

Malloy and
Targett 1994a

18-80 mm TL Indian River Bay Jan-June 91/92

Malloy and
Targett 1994b

18-80 mm TL Indian River Bay Jan-June 92 Protected beach close to
muddy channel.

Intermediate size grains
with ephemeral
macroalgal cover.

Timmons
1995

7.6-24.9 cm TL Rehoboth Bay,
Indian River Bay

June 92, Aug 92,
Nov 92, Mar 93

Attracted to the algae
Agardhiella tenera
because of the presence
of prey, but remain in
nearby sand to avoid
predation. Collected in
water depths between
0.5-5.5 m.

Prefer sand to shell
rubble or algae. 1

Captured in sand and
mud.

ADULTS Smith and
Daiber 1977

> ~ 28 cm TL Delaware Bay Aug 66-Nov 71.
Most captured May-
Sept, a few
[juveniles] have been
caught in the deeper
parts of the Bay in
every winter month.

Captured from the
shoreline to 25 m deep.

1 Laboratory study
Transforming larvae: no pertinent information
D.O., Currents, Light: no pertinent information
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Table 3.  cont’d.

Life Stage Authors Temperature Salinity  Prey Predator Notes

JUVENILES Malloy and
Targett 1991

Mortality was 42% after
16 days at 2-3oC; > 3oC,
all fish survived.
Mortality highest in fish <
50 mm TL in < 3oC water;
all fish > 65 mm survived
< 2.5oC for 2 weeks.
Growth rates were the
same between 2 and 10oC.
Mean growth rate
increased to 2.4% per day
at 14oC and 3.8% per day
at 18oC. 1

Collected at 24-30
ppt. Experimental
salinity variation
(10-30 ppt) had
no effect on
feeding, growth or
survival. 1

Fed locally caught mysid
shrimp Neomysis americana in
experiment. 1

The extended period
of time spent at small
sizes may increase
vulnerability to
predation.

Juveniles that
arrive in northern
Mid-Atlantic
Bight estuaries in
the fall, in
advance of winter
temperature
minima, may be
able to grow past
a lower critical
size, thus
increasing
survival.

Malloy and
Targett
1994a

Mortality of juveniles
depends more on rate of
temperature decline than
on final exposure
temperature. No growth at
temperatures
< 9oC. DE fish more
tolerant of low
temperatures (1-4oC) than
NC fish. 1

Can survive 14 days with no
food at 10-16oC (typical
temperature at settlement).
Prey availability is important
to growth. Fed locally caught
mysid shrimp N. americana in
experiment. 1

Malloy and
Targett
1994b

2.6-20oC
Low densities of mysids (one
of the dominant prey items)
until June.

Extended period of
time spent at small
sizes (13-25mm TL)
could increase
vulnerability to
predation.

< 50% maximum
growth in
May/early June.

Timmons
1995

June: 22-28oC,
August: 17-25oC,
November: 7-12oC,
March: 9-13oC

Range: 12-28 ppt.
Salinities were
constantly lower
in Indian River
Bay compared to
Rehoboth Bay.

Rehoboth flounder fed on
shrimp Paleomonetes
vulgaris, plus porturid and
blue crabs. Indian River fish
fed on mysids.

In caging experiments,
blue crabs were least
able to prey on the
flounder in cages with
sand bottoms only, but
had an advantage in
capturing the flounder
in cages containing
macroalgae.1

Suggests that
macroalgal
systems appear to
act as an
ecological
surrogate to
seagrass beds and
seagrass/macro-
algal systems.

ADULTS Smith and
Daiber 1977

< 45 cm fed on invertebrates,
> 45 cm TL ate more fish. In
order of % frequency of
occurrence: shrimp (C.
septemspinosa), weakfish,
mysids (N. americana),
anchovies, squids, Atlantic
silversides, herrings, hermit
crabs (P. longicarpus),
isopods (O. praegusta).

Appear to migrate
little and may be
permanent
residents.

1 Laboratory study
Transforming larvae: no pertinent information
D.O., Currents, Light: no pertinent information
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Table 4.  Habitat parameters for summer flounder, Paralichthys dentatus: inshore North Carolina.

Life Stage Authors Size Range Geographic
Location

Time
Period

Habitat Substrate Temperature

TRANS-
FORMING
LARVAE

Burke 1991 mean 14.7
mm SL

Newport River
Estuary

Feb-Mar 87-
89

Wild caught and lab
reared larvae: preferred
sand over mud even
when prey not present.
Implies search for food
to some extent
restricted to sandy
substrate in settling
fish. 1

6-20oC1

Burke 1995 11-20 mm SL Newport and
North River

Jan-Apr 88 Tidal flats, channels. 10-13oC

Burke et al.
1991

11-17 mm SL Newport and
North Rivers

Nov-Apr 86-
89

Larvae concentrate on
shallow tidal flats (< 1 m),
middle reaches of estuary.
Fewer catches in 1.5-3 m.
In spring juveniles migrate
to higher salinity salt
marsh.

Substrate type can
affect distribution.
Higher probability on
sand than mud.

Burke et al.
1998

Onslow Bay:
9-15 mm SL,
transforming
larvae.
Beaufort
Inlet: 11-15
mm SL, all at
stages
G - I2.
Newport
River estuary:
11-21 mm
SL.

Onslow Bay,
includes
nearshore
waters;
Beaufort Inlet
and Newport
River estuary.

Feb/Mar
1995

Onslow Bay: concentrate
in estuarine areas. Outside
the estuary in the surf zone
and in deeper habitats of
the Bay, larvae were
present only during the
immigration season.
Within the Newport
estuary initial settlement
appears to be concentrated
in the intertidal zone
rather than in adjacent
deeper areas.

Deubler and
White 1962

12-15 mm SL Bogue Sound Feb-61

Hettler et al.
1997

12-15 mm SL Beaufort Inlet Nov 91-Apr
92, nightly

Tidal channel, 6m deep.
7-18oC, higher
abundance with
increased
temperatures.

Weinstein et
al. 1980a

7-34 mm SL Cape Fear
River Estuary

Mar-Apr
Tidal salt marsh and
creeks, shallow open
water.

Weinstein et
al. 1980b

mean 13.6
mm

Cape Fear
River Estuary

Sept 77-Aug
78

Tidal creeks, shallow
marsh.

Grain size variation
among sites: fine sand
(58-93%), medium
sand (7-41%), mud (1-
14%).

16.8-21.1oC

Williams
and Deubler
1968b

Pamlico Sound,
Neuse River

1957-1966,
biweekly, at
night

2-22oC, most
abundant at 8-
16oC.

1 Laboratory study
Adults: no pertinent information
D.O.: no pertinent information
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Table 4.  cont’d.

Life Stage Authors Size Range Geographic
Location

Time
Period

Habitat Substrate Temperature

JUVENILES Burke
1991, 1995

20-60 mm SL Newport and
North Rivers

Jan-Apr 88
Tidal flats and
channels, juveniles
migrate to salt marsh.
Shallow: < 1 m mean
low tide.

10-13oC

Malloy and
Targett
1994a

18-80 mm TL lower Newport
River

Jan-June
91-92

2-20oC: Increase in
temperature = increase in
feeding rate, maximum
growth rate, gross growth
efficiencies.  Increased
rate of temperature
decline = decreased
survival.
< 7-9oC no positive
growth rates. 1

Malloy and
Targett
1994b

18-80 mm TL Newport River
Estuary

Jan-June
92

Sandy salt marsh
(adjacent to Spartina
alterniflora marshes)
and muddy beach.

Predicted growth rates
higher at muddy beach
site in May. 1

8-23oC (Feb-June)

Peters and
Angelovic
1971

10-30oC, increase in
temperature = increase in
ad libitum feeding rate
and growth efficiency.
Little growth at low
temperatures, fastest
growth rate at 20-25oC.
Specific growth rate =
5% at 15oC, 10% at
20oC.1

Powell
1982

18-224 mm
TL, mean at
end of 1st yr:
males 167
mm, females
171 mm TL

Pamlico Sound May 71-
July 72

Migration to estuary in
February: body weight
increases 5%/day. After
February increase in
temperature = a decrease
in growth rates. Late fall
growth negligible. June:
2% increase body weight
/day, August: 1%.

Powell and
Schwartz
1977

Range 70-250
mm TL. 8-16
mm when
entering
estuary, 90-
100 mm at
first spring,
1st yr.
juveniles 170
mm by Dec.

Pamlico Sound Aug 71-
July 72

Most abundant in
eastern and central
Pamlico Sound
(relatively high
salinity), close to inlets.

Greater abundance with
sand, or sand/shell,
scarce where mud
predominates.

Warm temperatures and
intermediate/high
salinities = increased
growth rate.

Powell and
Schwartz
1979

100-400 mm
TL (84% of
captures 100-
200 mm TL)

Pamlico Sound
and adjacent
estuary

Aug 71-
July 72,
monthly,
daylight
sampling

Dominant in lower
estuary.

Increased temperatures =
increased food
consumption for
overwintering juveniles.

Ross and
Epperly
1985

21-320 mm
SL

Pamlico Sound Mar 81-
Nov 82

YOY on seagrass bed. fine sand

1 Laboratory study
Adults: no pertinent information
D.O.: no pertinent information
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Table 4.  cont’d.

Life Stage Authors Salinity Light Currents Prey Predators Notes

TRANS-
FORMING
LARVAE

Burke 1991 16-34 ppt 1 Sand preference of
metamorphosing larvae in
laboratory corresponds to older
fish in wild.

Burke 1995 21-32 ppt Polychaete tentacles
most important, plus
polychaetes and
harpactacoid
copepods. Increasing
importance of
polychaetes and
clam siphons with
increasing
development.

Burke et al.
1991

19-31 ppt
Predator
avoidance by
burying in
sandy
substrate.

Burke et al.
1998

~31-34 ppt
During flood tides, highest
larval densities at mid-depths
within water column; during
ebb tide, highest densities at
bottom. Position in water
column dependent on tidal
stage; shift in
distribution/abundance
associated with shift in tidal
stage, indicating flounders enter
Onslow Bay by tidal stream
transport. Wild-caught larvae
had regular pattern of activity
correlated with tidal cycle; peak
activity associated with ebb
tide1. Lab-reared flounder: no
clear pattern of activity1.

Observations of tidal rhythm of
activity of wild-caught flounder1

and vertical shift into water
column during slack tide suggests
behavioral component to tidal
stream transport. High activity
during ebb tide1 suggests most
active behavioral component of
TST involves avoidance of
advection by ebbing tide rather
than movement into water column
and transport by flood tide. Lack
of tidal activity pattern in lab-
reared flounder1 suggests
development of tidal rhythm
dependent on exposure to
physical variables that are
correlated with the tide.

Deubler and
White 1962

10-30 ppt:
increase in
salinity =
increase in
body wt; 40
ppt =
decrease in
body wt. 1

Salinities commonly found in
lower estuary allows optimal
growth.

Hettler et
al. 1997

24-36 ppt More abundant
in catches later
at night.

mean density = 2 larvae/100m3

(Dec 31-Apr 15)

Weinstein
et al. 1980a

Night catches >
day catches.  At
night
concentration at
surface >
concentration at
other depths.

Marsh migration aided by
surface movement on flood tides
at night, settle to bottom on ebb.

Despite intensive tidal flows
maintain preferred position in
estuary by specific behavioral
responses.

Weinstein
et al. 1980b

1.7-24.9
ppt; greater
occurrence
in
mid/higher
salinities.

Distribution influenced by salinity
gradients and to lesser extent by
substrate characteristics.

Williams
and Deubler
1968a

.02-35 ppt,
18 ppt
optimum

1 Laboratory study
Adults: no pertinent information
D.O.: no pertinent information
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Table 4.  cont’d.

Life Stage Authors Salinity Light Currents Prey Predators Notes

JUVENILES Burke
1991, 1995

21-32 ppt
Visual
predators.
Feeding
largely
restricted
to daylight.

Active predator; ate
primarily infaunal
crustaceans, polychaetes,
invertebrate parts.
Polychaetes (primarily
spionids) most important.

Diets of summer and southern
flounder similar during settlement
when distributions overlapped. Diets
diverged prior to segregated
distribution. Spionid prey
Streblospio benedicti abundant in
marsh; may explain juvenile
migration to marsh.

Malloy and
Targett
1994a

30 ppt Winter food limitation less
important than variability of
temperature minima.

NC juveniles higher maximum
growth rates and growth efficiencies
than DE fish at temperatures from 6-
18oC. NC fish less tolerant of low
temperatures (1-4oC) than DE fish. 1

Malloy and
Targett
1994b

Low abundance of NC
mysids from May into
summer might explain
growth limitation in marsh
juveniles during May.
Increasing abundance of
other prey (polychaetes,
amphipods) may account
for favorable juvenile
growth in muddier site
during May.

Predicted growth rates = 2-5%/d
Feb-April. Marsh juveniles severely
growth limited after April with
temperatures 18-20oC.

Peters and
Angelovic
1971

5-35 ppt;
relatively little
effect on ad
libitum feeding
rate. 1

Maximum caloric growth efficiency
predicted at 21oC, 24 ppt salinity
and 78% ad libitum feeding.  All
body processes including feeding
increases with temperature to an
optimum; > optimum, increasing
temperature becomes detrimental.

Powell
1982

Decrease in growth with increase in
temperature probably due to intrinsic
(not environmental) factors.

Powell and
Schwartz
1977

Most abundant
moderate/high
salinities 18-35
ppt. Spatial
segregation
with southern
flounder:
increase in
salinity =
increase in
summer
flounder
abundance.

Shallow
waters near
inlets (fast
flowing).

Juveniles overwinter in estuary
(adults migrate to ocean).
Distribution governed primarily by
benthic substrate and salinity.
Pamlico Sound unusual: solar-lunar
tides immeasurable; salinities
uniform in much of sound.

Powell and
Schwartz
1979

Dominant in
higher
salinities.

Young flounder fed mostly
on mysids and fishes
throughout the year. As size
increases diet consisted of
shrimps and fishes in
similar quantities. Feeding
rate decreases in winter.

Southern flounder diet compared:
reverse importance was found -
fishes, then mysids.

Ross and
Epperly
1985

Distribution
significantly
correlated with
salinity, range
22-28 ppt,
optimal 22-23
ppt.

1 Laboratory study
Adults: no pertinent information
D.O.: no pertinent information
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Table 5.  Summary of life history and habitat parameters for summer flounder, Paralichthys dentatus: inshore New
Jersey, Delaware and North Carolina.

Life Stage Size Geographic
Location

Habitat Substrate Temperature

TRANSFORMING
LARVAE

(No pertinent
information for DE)

~ > 8 - < 18
mm SL

NJ: Great Bay,
Little Egg Harbor;
NC: Pamlico Sound
and Cape Fear
estuaries.

Shallow tidal flats and
marsh creeks.

Sand preference 1 Time to completion of
metamorphosis temperature
dependent. Increased
temperatures = shorter
metamorphosis. Mortality
from < 2-4oC. No effect of
starvation on mortality or time
to completion of
metamorphosis at temperatures
< 10oC.1

JUVENILES ~ > 20 mm -
~ < 28 cm TL

NJ: Great Bay,
Little Egg Harbor;
DE: Delaware and
Indian Rivers,
Rehobeth Bays;
NC: Pamlico
Sound, Cape Fear,
and adjacent
estuaries.

Lower estuary: flats,
channels, salt marsh creeks,
eelgrass beds. Possible
preference for creek mouths
(NJ) and inlets (NC).
Creeks are foraging habitat.
DE: Attracted to macroalgae
because of the presence of
prey, but remain in nearby
sand to avoid predation.

NJ: found on muddy
bottoms. NC: often greater
abundances on sand or mixed
substrates. Scarcer on mud.
DE: Sand preference.1

Captured on sand and mud.
Substrate preference possibly
overrides salinity preference.

DE: > 3oC, all fish survived.
NC: Feeding rate, growth rate
and efficiencies increase with
increasing temperatures.
< 7-9oC = no positive growth
rates (both DE, NC fish); 20-
25oC = fastest growth rates.
NC fish higher maximum
growth rates/growth
efficiencies at 6-18oC than DE
fish.1

DE juveniles show greater
tolerances for low
temperatures than NC
juveniles. Mortality of
juveniles depends more on rate
of temperature decline than on
final exposure temperatures.1

ADULTS

(No pertinent
information for NJ,
NC)

~ > 28 cm TL Delaware Bay Captured from the shoreline
to 25 m.

1 Laboratory study
D.O.: no pertinent information

References
New Jersey: Rountree and Able (1992a,b, 1997), Szedlmayer et al. (1992), Keefe and Able (1993, 1994), Szedlmayer and Able (1993), Witting and Able (1993), Grover
(1998)
Delaware: Smith and Daiber (1977), Malloy and Targett (1991), Malloy and Targett (1994a,b), Timmons (1995)
North Carolina: Deubler and White (1962), Williams and Deubler (1968b), Peters and Angelovic (1971), Powell and Schwartz (1977, 1979), Weinstein et al. (1980a,b),
Powell (1982), Ross and Epperly (1985), Burke (1991), Burke et al. (1991, 1998), Malloy and Targett (1994a,b), Burke (1995), Hettler et al. (1997), Walsh et al. (1999)
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Table 5.  cont’d.

Life Stage Salinity Light Currents Prey Predators

TRANSFORMING
LARVAE

(No pertinent
information for DE)

Salinities found in
lower estuaries
optimal for growth:
10-30 ppt.;
Increasing salinity =
increased body
weight [Weinstein
et al. 80b:
Distribution
possibly influenced
more by salinity
than by substrate.]

Prefer burying
during daylight.1

Night active.

NJ: Increased burial at
flood tide;1 however, NC:
possible surface or mid-
depth movement on
flood, settlement on ebb.
Position in water column
dependent on tidal stage,
flounders utilize tidal
stream transport
(behavioral component
suggested). Peak activity
associated with ebb tide1.

Calanoid copepod
Temora longicornis --
indicates pelagic feeding.
Benthic feeding in late-
stage metamorphs, prey
includes polychaete
tentacles, harpactacoid
copepods, polychaetes.

Burying behavior
determined by presence of
particular predator.1

NJ: 11-16 mm transforming
larvae vulnerable to
predation by large size
range of shrimp C.
septemspinosa (~ 11-50
mm TL) 1

JUVENILES More abundant in
higher salinities of
18-35 ppt. Possible
preference, but
interactions with
substrate
preferences.
DE: Experimental
salinity variation
(10-30 ppt) had no
effect on feeding,
growth or survival.1

Visual predators,
feeding restricted to
daylight, but NJ
study (Rountree and
Able 97) shows
increased night-time
catches in marsh
creeks.
DE: No pertinent
information.

Selective tidal stream
transport. Feeding,
optimal environmental
conditions cause
movement.
DE: No pertinent
information.

Smaller juveniles:
infauna (e.g.,
polychaetes). Larger
juveniles (~ > 100 mm
TL): fish, shrimps, crabs;
often tied to abundance
in environment.

DE: In caging experiments,
blue crabs were least able to
prey on the flounder in
cages with sand bottoms
only, but had an advantage
in capturing the flounder in
cages containing
macroalgae.1

NJ, NC: No pertinent
information.

ADULTS

(No pertinent
information for NJ,
NC)

< 45 cm fed on
invertebrates, > 45 cm
TL ate more fish. In
order of % frequency of
occurrence: shrimp (C.
septemspinosa),
weakfish, mysids (N.
americana), anchovies,
squids, Atlantic
silversides, herrings,
hermit crabs (P.
longicarpus), isopods
(O. praegusta).

1 Laboratory study
D.O.: no pertinent information

References
New Jersey: Rountree and Able (1992a,b, 1997), Szedlmayer et al. (1992), Keefe and Able (1993,1994), Szedlmayer and Able (1993), Witting and Able (1993), Grover
(1998)
Delaware: Smith and Daiber (1977), Malloy and Targett (1991), Malloy and Targett (1994a,b), Timmons (1995)
North Carolina: Deubler and White (1962), Williams and Deubler (1968b), Peters and Angelovic (1971), Powell and Schwartz (1977, 1979), Weinstein et al. (1980a,b),
Powell (1982), Ross and Epperly (1985), Burke (1991), Burke et al. (1991, 1998), Malloy and Targett (1994a,b), Burke (1995), Hettler et al. (1997), Walsh et al. (1999)
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Table 6.  Summer flounder catch and status (weights in ’000 mt, recruitment in millions, arithmetic means).

Year 1989 1990 1991 1992 1993 1994 1995 1996 Max2 Min2 Mean2

Commercial landings 8.1 4.2 6.2 7.6 5.7 6.6 7.0 5.8 17.1 4.2 9.7
Commercial discards 0.7 1.2 1.1 0.7 0.8 0.9 0.3 0.5 1.2 0.3 0.8
Recreational landings 1.4 2.3 3.6 3.2 3.5 4.1 2.5 4.7 12.7 1.4 5.4
Recreational discards 0.1 0.6 1.1 0.9 1.8 1.4 1.8 1.6 1.8 0.1 1.1
Catch used in assessment 10.4 8.3 12.0 12.3 11.9 13.0 9.5 10.5 27.0 8.3 16.6

Spawning stock biomass1 5.2 7.5 5.8 7.3 9.3 12.4 17.3 17.4 18.9 5.2 12.4

1At the peak of the spawning season (i.e., November 1).  2Over period 1982-1996.
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Figure 1.  The summer flounder, Paralichthys dentatus (from Goode 1884).
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Figure 2.  Overall distribution of adult and juvenile summer flounder in NEFSC bottom trawl surveys in autumn (1963-
1996), winter (1964-1997), spring (1968-1997), and summer (1964-1995) [see Reid et al. (1999) for details].
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Figure 3.  Distribution and abundance of juvenile (≤ 28 cm TL) and adult (> 28 cm TL) summer flounder by season,
collected during NEFSC bottom trawl surveys during autumn (1963-1996), winter (1964-1997), spring (1968-1997) and
summer (1964-1995) [see Reid et al. (1999) for details].
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Figure 3.  cont’d.
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Figure 4.  Seasonal abundance of adult summer flounder relative to water depth based on NEFSC bottom trawl surveys
[1963-1997, all years combined; see Reid et al. (1999) for details].  Open bars represent the proportion of all stations
surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 5.  Distribution and abundance of adult summer flounder in Massachusetts coastal waters from shore out to 3
miles during fall (typically September) and spring (typically May), based on bottom trawl surveys by the Massachusetts
Division of Marine Fisheries from 1978-1996 (Howe et al. 1997; Reid et al. 1999).  Collections where no adults were
caught are shown as small x’s.
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Figure 6.  Seasonal distribution and relative abundance of adult summer flounder collected in Narragansett Bay during
1990-1996 Rhode Island Division of Fish and Wildlife bottom trawl surveys of Narragansett Bay.  The numbers shown
at each station are the average catch per tow rounded to one decimal place [see Reid et al. (1999) for details].
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Figure 7.  Seasonal length frequencies of summer flounder caught in Narragansett Bay during 1990-1996, from the
Rhode Island Division of Fish and Wildlife Narragansett Bay bottom trawl surveys of 1990-1996.
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Figure 8.  Seasonal abundance of adult summer flounder relative to bottom depth based on Rhode Island Division of Fish
and Wildlife bottom trawl surveys of Narragansett Bay, 1990-1996.  Open bars represent the proportion of all stations
surveyed, while solid bars represent the proportion of the sum of all catches.
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Figure 9.  Distribution and abundance of juvenile and adult summer flounder (12-76 cm TL) collected in Long Island
Sound, based on the finfish surveys of the Connecticut Fisheries Division, 1984-1994 (from Gottschall et al., in review).
Circle diameter is proportional to the number of fish caught, and is scaled to the maximum catch (indicated by “max=”
or “max>”).  Collections were made with a 14 m otter trawl at about 40 stations chosen by stratified random design.
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Figure 10.  Length frequency distribution (cm) of juvenile and adult summer flounder collected in Long Island Sound,
based on the finfish surveys of the Connecticut Fisheries Division, 1984-1994 (from Gottschall et al., in review).
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Figure 11.  Distribution and relative abundance of adult summer flounder collected in the Hudson-Raritan estuary during
Hudson-Raritan trawl surveys in fall (October-December, 1992-1996), winter (January-March, 1992-1997), spring (April
and June, 1992-1996), and summer (July and August, 1992-1996) [see Reid et al. (1999) for details].
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Figure 12.  Length-frequency distributions of juvenile and adult summer flounder from Newark Bay, New Jersey.
Collected using an 8.5 m otter trawl from May 1993-April 1994 (Wilk et al. 1997).
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Figure 13.  Distribution and abundance of juvenile and adult summer flounder in Pamlico Sound, North Carolina and
adjacent estuaries during years of high (1987) and low (1990) abundance.  Collections were made by Mongoose trawl at
stations chosen by stratified random design.  Data based on North Carolina Division of Marine Fisheries trawl surveys,
1987-1991.  Adapted from Able and Kaiser (1994).
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Figure 13.  cont’d.
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Figure 14.  Distribution and abundance of summer flounder eggs collected during NEFSC MARMAP offshore
ichthyoplankton surveys from Cape Sable to Cape Hatteras during 1978-1987 [see Reid et al. (1999) for details].
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Figure 14.  cont’d.
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Figure 15.  Monthly abundance of summer flounder eggs by region from NEFSC MARMAP offshore ichthyoplankton
surveys from Cape Sable to Cape Hatteras during 1979-1981, 1984, and 1985 [see Reid et al. (1999) for details].  NS =
no samples.  Adapted from Able and Kaiser (1994).

DELMARVA PENINSULA
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Figure 16.  Abundance of summer flounder eggs relative to water depth based on NEFSC MARMAP offshore
ichthyoplankton surveys [1978-1987, all years combined; see Reid et al. (1999) for details].  Open bars represent the
proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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Figure 17.  Distribution and abundance of summer flounder larvae collected during NEFSC MARMAP offshore
ichthyoplankton surveys from Cape Sable to Cape Hatteras during 1977-1987 [see Reid et al. (1999) for details].
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Figure 17.  cont’d.
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Figure 17.  cont’d.
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Figure 18.  Monthly abundance of summer flounder larvae by region from NEFSC MARMAP offshore ichthyoplankton
surveys from Cape Sable to Cape Hatteras during 1979-81, 1984, and 1985 [see Reid et al. (1999) for details].  NS = no
samples.  Adapted from Able and Kaiser (1994).
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Figure 19.  Abundance of summer flounder larvae relative to water depth based on NEFSC MARMAP offshore
ichthyoplankton surveys [1977-1987, all years combined; see Reid et al. (1999) for details].  Open bars represent the
proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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Figure 20.  Classification of the transformation stages of summer flounder based on degree of eye migration [adapted
from Keefe and Able (1993) and Able and Kaiser (1994)].  The right and left eyes are bilateral and symmetrical in pre-
transformation individuals.  At the first stage of transformation, F -, the eyes are bilateral but asymmetrical with the right
eye just dorsal to the left eye.  By stage G, the right eye is visible from the left side of the fish.  Stage H - differs from G
in that the cornea of the eye is visible from the left side of the fish.  At Stage H, the right eye has reached the dorsal
midline.  By Stage H +, the right eye has reached the left side of the head but has not yet reached its final resting place.
At Stage I, the eye is set in the socket and the dorsal canal is closed.
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Figure 21.  Length frequency distributions for transforming larval and juvenile summer flounder collected during 1986-
1987 from estuarine marsh creeks in Charleston Harbor, South Carolina, using a rotenone/block net method (Wenner et
al. 1990a).  Adapted from Able and Kaiser (1994).
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Figure 22.  Distribution and abundance of juvenile summer flounder in Massachusetts coastal waters from shore out to 3
miles during fall (typically September) and spring (typically May), based on bottom trawl surveys by the Massachusetts
Division of Marine Fisheries from 1978-1996 (Howe et al. 1997; Reid et al. 1999).  Collections where no juveniles were
caught are shown as small x’s.
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Figure 23.  Seasonal abundance of juvenile summer flounder relative to water depth based on NEFSC bottom trawl
surveys [1963-1997, all years combined; see Reid et al. (1999) for details].  Open bars represent the proportion of all
stations surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).
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Figure 24.  Distribution and relative abundance of juvenile summer flounder collected in the Hudson-Raritan estuary
during Hudson-Raritan trawl surveys in fall (October-December, 1992-1996), winter (January-March, 1992-1997),
spring (April and June, 1992-1996), and summer (July and August, 1992-1996) [see Reid et al. (1999) for details].
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Figure 25.  Monthly distribution of summer flounder in the main stem of Chesapeake Bay and in the major Virginia
tributaries (from north to south: Rappahannock, York, James Rivers) from January-December 1995.  Density values are
the total number of individuals caught in a 9.1 m semi-balloon otter trawl with 38 mm mesh and 6.4 mm codend.
Adapted from Geer and Austin (1996).
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Figure 25.  cont’d.
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Figure 26.  Monthly length frequency summary for summer flounder in the main stem of Chesapeake Bay and the major
Virginia tributaries (Rappahannock, York, James Rivers) from January-December 1995.  The y-axis represents the total
number caught for each size class, in mm.  The bottom plot is a summary of all fish for the entire year.  Adapted from
Geer and Austin (1996).
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Figure 27.  Abundance of summer flounder eggs relative to water column temperature (to a maximum of 200 m) based
on NEFSC MARMAP offshore ichthyoplankton surveys [1978-1987, all years combined; see Reid et al. (1999) for
details].  Open bars represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum
of all standardized catches (number/10 m2).
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Figure 28.  Abundance of summer flounder larvae relative to water column temperature (to a maximum of 200 m) based
on NEFSC MARMAP offshore ichthyoplankton surveys [1977-1987, all years combined; see Reid et al. (1999) for
details].  Open bars represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum
of all standardized catches (number/10 m2).
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Figure 29.  Seasonal abundance of juvenile summer flounder relative to bottom water temperature based on NEFSC
bottom trawl surveys [1963-1997, all years combined; see Reid et al. (1999) for details].  Open bars represent the
proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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Figure 30.  Abundance of juvenile and adult summer flounder relative to bottom water temperature and depth based on
Massachusetts inshore trawl surveys (spring and autumn 1978-1996, all years combined).  Open bars represent the
proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m2).
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Figure 31.  Abundance of juvenile summer flounder relative to salinity in four Charleston Harbor, South Carolina marsh
creeks during 1987.  Fish were collected using a rotenone/block net method [data based on Wenner et al. (1990a)].
Adapted from Able and Kaiser (1994).
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Figure 32.  Relative importance of each diet item (percentage of total number multiplied by the frequency of occurrence)
to: (top) different length groups of summer flounder during the immigration period, January-March 1988, in the Newport
and North Rivers, North Carolina; and (bottom) to 20-60 mm SL summer flounder following segregation from southern
flounder in April-June 1988 in the Newport and North Rivers, North Carolina.  Relative importance values are presented
as the percentage of the sum of all values for (top) each 2 mm length group and for (bottom) each species.  Adapted from
Burke (1995).
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Figure 33.  Percentage of volume and (in parentheses) percentage of occurrence of food items occurring in the seasonal
diet of young (100-200 mm TL) summer and southern flounder from the Neuse River and Pamlico Sound, North
Carolina.  Numbers above each bar graph indicate the number of stomachs with food/the total number of stomachs
examined.  Adapted from Powell and Schwartz (1979).
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Figure 34.  Seasonal abundance of adult summer flounder relative to bottom water temperature based on NEFSC bottom
trawl surveys [1963-1997, all years combined; see Reid et al. (1999) for details].  Open bars represent the proportion of
all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2).

FALL

0

5

10

15

20

25

30

35

40

45

50

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

BOTTOM TEMPERATURE (C)

P
E

R
C

E
N

T

STATIONS N=1672

CATCHES N=10093

WINTER

0

5

10

15

20

25

30

35

40

45

50

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

BOTTOM TEMPERATURE (C)

P
E

R
C

E
N

T

STATIONS=421

CATCHES N=9014

SPRING

0

5

10

15

20

25

30

35

40

45

50

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

BOTTOM TEMPERATURE (C)

P
E

R
C

E
N

T
STATIONS N=1083

CATCHES N=4004

SUMMER

0

5

10

15

20

25

30

35

40

45

50

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

BOTTOM TEMPERATURE (C)

P
E

R
C

E
N

T

STATIONS N=105

CATCHES N=727

Adults: ≥ 28 cm TL



Page 83

Figure 35.  Seasonal abundance of adult summer flounder relative to mean bottom water temperature based on Rhode
Island Division of Fish and Wildlife bottom trawl surveys of Narragansett Bay, 1990-1996 [see Reid et al. (1999) for
details].  Open bars represent the proportion of all stations surveyed, while solid bars represent the proportion of the sum
of all catches.
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Figure 36.  Abundance (percent occurrence) of the major prey items in the diet of summer flounder collected during
NEFSC bottom trawl surveys from 1973-1980 and 1981-1990, focusing on fish, crustaceans, and mollusks.  The
category “animal remains” refers to unidentifiable animal matter.  Methods for sampling, processing, and analysis of
samples differed between the time periods [see Reid et al. (1999) for details].
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Figure 36.  cont’d.
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Figure 37.  Commercial landings, NEFSC survey indices, and stock biomass for summer flounder on Georges Bank and
in the Mid-Atlantic region.
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Figure 38.  Distribution and abundance of adult and juvenile summer flounder during a period of high abundance (1974-
1978) and a period of low abundance (1989-1993) based on spring and fall NEFSC bottom trawl surveys [see Reid et al.
(1999) for details].
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Figure 38.  cont’d.
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Species Names
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mollusks (i.e., Turgeon et al. 1998c), and decapod crustaceans (i.e., Williams et al. 1989d), and  to follow the Society for
Marine Mammalogy's guidance on scientific and common names for marine mammals (i.e., Rice 1998e).  Exceptions to this
policy occur when there are subsequent compelling revisions in the classifications of species, resulting in changes in the
names of species (e.g., Cooper and Chapleau 1998f; McEachran and Dunn 1998g).
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gMcEachran, J.D.; Dunn, K.A.  1998.  Phylogenetic analysis of skates, a morphologically conservative clade of elasmobranchs

(Chondrichthyes: Rajidae).  Copeia 1998(2):271-290.



 

 

Page iii

PREFACE TO SECOND EDITION 
 
One of the greatest long-term threats to the viability of 
commercial and recreational fisheries is the continuing 
loss of marine, estuarine, and other aquatic habitats. 

Magnuson-Stevens Fishery Conservation and 
Management Act (October 11, 1996) 

 

The long-term viability of living marine resources 
depends on protection of their habitat. 

NMFS Strategic Plan for Fisheries Research 
(February 1998) 

 
The Magnuson-Stevens Fishery Conservation and 

Management Act (MSFCMA), which was reauthorized 
and amended by the Sustainable Fisheries Act (1996), 
requires the eight regional fishery management councils 
to describe and identify essential fish habitat (EFH) in 
their respective regions, to specify actions to conserve 
and enhance that EFH, and to minimize the adverse 
effects of fishing on EFH.  Congress defined EFH as 
“those waters and substrate necessary to fish for 
spawning, breeding, feeding or growth to maturity.”  
The MSFCMA requires NOAA Fisheries to assist the 
regional fishery management councils in the 
implementation of EFH in their respective fishery 
management plans. 

NOAA Fisheries has taken a broad view of habitat 
as the area used by fish throughout their life cycle.  Fish 
use habitat for spawning, feeding, nursery, migration, 
and shelter, but most habitats provide only a subset of 
these functions.  Fish may change habitats with changes 
in life history stage, seasonal and geographic 
distributions, abundance, and interactions with other 
species.  The type of habitat, as well as its attributes and 
functions, are important for sustaining the production of 
managed species. 

The Northeast Fisheries Science Center compiled 
the available information on the distribution, 
abundance, and habitat requirements for each of the 
species managed by the New England and Mid-Atlantic 
Fishery Management Councils.  That information is 
presented in a series of EFH species reports (plus one 
consolidated methods report).  The EFH species reports 
are a survey of the important literature as well as 
original analyses of fishery-independent data sets from 
NOAA Fisheries and several coastal states.  The species 
reports are also the source for the current EFH 
designations by the New England and Mid-Atlantic 
Fishery Management Councils, and understandably are 
referred to as the “EFH source documents.” 

NOAA Fisheries provided guidance to the regional 
fishery management councils for identifying and 
describing EFH of their managed species.  Consistent 
with this guidance, the species reports present 
information on current and historic stock sizes, 
geographic range, and the period and location of major 
life history stages.  The habitats of managed species are 

described by the physical, chemical, and biological 
components of the ecosystem where the species occur.  
Information on the habitat requirements is provided for 
each life history stage, and it includes, where available, 
habitat and environmental variables that control or limit 
distribution, abundance, growth, reproduction, 
mortality, and productivity. 

The initial series of EFH species source documents 
were published in 1999 in the NOAA Technical 
Memorandum NMFS-NE series. Updating and review 
of the EFH components of the councils’ Fishery 
Management Plans is required at least every 5 years by 
the NOAA Fisheries Guidelines for meeting the 
Sustainable Fisheries Act/EFH Final Rule. The second 
editions of these species source documents were written 
to provide the updated information needed to meet 
these requirements. The second editions provide new 
information on life history, geographic distribution, and 
habitat requirements via recent literature, research, and 
fishery surveys, and incorporate updated and revised 
maps and graphs. This second edition of the Atlantic 
cod EFH source document is based on the original by 
Michael P. Fahay, Peter L. Berrien, Donna L. Johnson, 
and Wallace W. Morse, with a foreword by Jeffrey N. 
Cross (Fahay et al. 1999). 

Identifying and describing EFH are the first steps 
in the process of protecting, conserving, and enhancing 
essential habitats of the managed species.  Ultimately, 
NOAA Fisheries, the regional fishery management 
councils, fishing participants, Federal and state 
agencies, and other organizations will have to cooperate 
to achieve the habitat goals established by the 
MSFCMA.
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INTRODUCTION 

The Atlantic cod (Figure 1) is a demersal gadoid 
distributed in the northwest Atlantic Ocean from 
Greenland to Cape Hatteras, North Carolina (Figure 2).  
Densities are highest off Newfoundland, in the Gulf of 
St. Lawrence and on the Scotian Shelf, while in U.S. 
waters, densities are highest on Georges Bank and the 
western Gulf of Maine.  The Georges Bank cod stock is 
the most southerly cod stock in the world (Wise 1958). 
Atlantic cod are managed as two stocks in American 
waters: (1) Gulf of Maine and (2) Georges Bank and 
southward (Mayo 1995).  Little interchange occurs 
between the two areas.  Cod occurs from nearshore 
areas to depths exceeding 400 m (rarely).  The greatest 
concentrations off the northeast coast of the U.S. are on 
rough bottoms in waters between 10 and 150 m and at 
temperatures between 0 and 10°C. 

A regular pattern of migrations, associated with 
reproduction and seasonal temperature change, has 
been observed in the Newfoundland stock (Rose 1993).  
Here, huge schools of cod leave wintering areas in deep 
oceanic waters and follow tongues of deep, relatively 
warm, oceanic waters ("highways") across the shelf to 
summer feeding areas nearshore.  They then move 
northward along the Newfoundland coast in late 
summer, and eventually return to wintering areas.  
Spawning occurs in dense concentrations (> 1 fish/m3) 
as they begin this mass movement, with multiple pairs 
of spawning fish observed in "columns" above the 
mass.  As this huge mass of fish migrates inshore, it 
periodically encounters important prey aggregations 
(e.g., capelin and shrimp) and disperses.  The mass is 
led by the largest size class (or "scouts") and the 
smallest fish are found at the rear.  Fahay (NOAA 
Fisheries, NEFSC, James J. Howard Marine Sciences 
Laboratory, Highlands, NJ, pers. comm.) postulates that 
the youngest learn the route from the oldest, and that 
loss of the largest fish (through fishery pressure 
directed at them) could result in changes in this 
migration pattern.  Similar changes have been observed 
in Norwegian herring stocks, but observations of such 
migrations are lacking in the two U.S. stocks.  Off New 
England, Atlantic cod typically move into coastal 
waters during the fall and then retreat into deeper 
waters during spring.  Another seasonal movement 
occurs in the Great South Channel area where they 
move southwesterly during autumn, spend the winter in 
southern New England and the Mid-Atlantic coast, and 
then return in the spring. 

Atlantic cod attain ages of 20 years.  Most enter 
fisheries at ages 2-5.  They can grow to lengths of 130 
cm and weights of 25-35 kg and average 26 cm by the 
end of their first year.  Median age at sexual maturity is 
1.7-2.3 years at lengths between 32 and 41 cm (O'Brien 
et al. 1993).  Fecundity is high and a large female may 
produce between 3 and 9 million eggs.  Spawning 
occurs near bottom during winter and early spring, 

usually in water temperatures between 5 and 7°C.  Eggs 
are pelagic and drift for 2-3 weeks before hatching.  
The larvae are also pelagic until they reach 4-6 cm in 
about 3 months, when they descend to the bottom.  
Further details of the life history of Atlantic cod are 
summarized in the Final EIS for Amendment 5 
(NEFMC 1993) for the multispecies complex, and 
certain data are updated in Amendment 7, Vol. 1 of the 
Multispecies FMP (NEFMC 1996); see also 
Amendment 13, Vol. II of the Multispecies FMP 
(NEFMC 2003).  Generalizations contained in those 
summaries suffice to describe most biological and life 
history traits of cod occurring off the northeastern coast 
of the U.S.  This document examines dietary 
requirements and expands somewhat on spawning 
patterns, distributions and habitat characteristics of four 
life history stages (eggs, larvae, juveniles, adults). 

This document is mostly concerned with the 
northwest Atlantic stocks.  New research applications 
have involved the development of circulation models to 
simulate the potential transport pathways of eggs and 
larvae from spawning sites under realistic conditions, 
and the use of genetic markers to identify stocks and 
potential intermixing. Also, there is a considerable body 
of literature on hypotheses for the collapse of the 
northern Atlantic cod off Newfoundland by the early 
1990’s.  While not immediately relevant to the Georges 
Bank/Gulf of Maine stocks, they explore the interplay 
of over-fishing and environmental change, the relative 
contributions of inshore and offshore stocks, and the 
causes and effects of the contraction of spawning stock.  
Since December 1994 there has been a year-round 
closure to commercial fishing of a large part of Georges 
Bank to rebuild the spawning stock.  Fortunately, a 
major field program (U.S. GLOBEC) conducted 
monthly (January-July) ichthyoplankton surveys on 
Georges Bank from 1995 to 1999. The resulting cod 
egg and larval data are presented in the same format so 
that a comparison can be made with the prior Northeast 
Fisheries Science Center (NEFSC) Marine Resources 
Monitoring, Assessment and Prediction (MARMAP) 
ichthyoplankton survey data from 1977-1987. 

LIFE HISTORY 

EGGS 

Atlantic cod eggs are pelagic, buoyant, spherical, 
and transparent. Their diameter ranges from 1.2-1.7 
mm.  The chorion is smooth (unsculptured) and the 
yolk is homogeneous.  There are no oil globules and the 
perivitelline space is narrow (Fahay 1983; Markle and 
Frost 1985).  Hatching occurs after 8 to 60 days in 
varying temperatures (Hardy 1978) and averages 2-3 
weeks in typical spring conditions (Lough et al. 1989).  



 

 

Page 2 

Temperature, more than season, also exerts the most 
influence on egg and hatchling sizes (Miller et al. 
1995). 

LARVAE 

Larvae hatch at sizes between 3.3 and 5.7 mm, 
with pigmented eyes, but unformed mouth parts.  The 
body is long and tapering and the vent opens laterally 
on the finfold, rather than at its margin.  The preanus 
length is < 50% of the total length.  Characteristic 
pigment includes pairs of bars on the dorsal and ventral 
edges of the body and individual melanophores under 
the notochord tip.  Pollock (Pollachius virens) larvae 
are similar, but have five primary caudal rays on the 
superior hypural; Atlantic cod larvae have four (Fahay 
1983).  Some studies have found increased growth rates 
with warmer temperatures (e.g., Laurence 1978); others 
have correlated enhanced growth with concentrations of 
zooplankton prey (Suthers et al. 1989).  Several studies 
have described developing larvae drifting in a 
clockwise pattern around Georges Bank with high 
concentrations over the southern flank at depths 
between 50 and 100 m (e.g., Lough et al. 1989; Lough 
and Manning 2001).  Larvae occur from near-surface to 
depths of 75 m, and larvae move deeper with growth 
(Hardy 1978; Lough and Potter 1993). 

JUVENILES 

Transformation to the juvenile stage occurs at sizes 
greater than 20 mm, when all fin rays are formed 
(Fahay 1983).  Descent from the water column to 
bottom habitats occurs at sizes of 2.5-6 cm (Fahay 
1983; Lough et al. 1989) or < 7 cm (Bailey 1975).  
Most remain on the bottom after this descent, and there 
is no evidence of a subsequent, diel, vertical migration 
(Bailey 1975).  Coloration during this initial descent 
mimics the substrate, reducing predation (Lough et al. 
1989).  By the end of their first year, juvenile cod reach 
a mean length of 26 cm (Penttila and Gifford 1976). 

ADULTS 

Adults are heavy-bodied and have a large head, 
blunt snout and a distinct barbel under the lower jaw 
tip.  Color varies, but usually includes many small spots 
and a pale lateral line.  Color can change depending on 
bottom habitats.  There are three distinct dorsal fins and 
two distinct anal fins.  Vertebrae number 50-59 and fin 
ray counts are: D1: 13-16; D2: 19-24; D3: 18-21; A1: 20-

24; A2: 17-22.  Size averages 2.3-3.6 kg and the largest 
recorded was 95.9 kg (Scott and Scott 1988).  They 
tend to move in schools, usually on the bottom, 
although they may also occur in the water column. 

REPRODUCTION 

Both size and age at maturity have declined in 
recent decades, likely in response to the fishery 
harvesting older and larger fish, or to a general decline 
in stock biomass due to intense exploitation.  In a 
Scotian Shelf study (Beacham 1983), the median age at 
maturity declined about 50% between 1959 (when age 
at 50% maturity was 5.4 years in males and 6.3 years in 
females) and 1979 (when age at 50% maturity was 2.8 
years in both sexes).  Median lengths at maturity 
declined from 51 to 39 cm in males and 54 to 42 cm in 
females.  This "smaller and younger at maturity" trend 
continued between 1972 and 1995 in all zones between 
Georges Bank and Labrador (Trippel et al. 1997).  As 
of 1994, in U.S. waters, sexual maturity was reached at 
ages between 1.7 and 2.3 years (median) and lengths 
between 32 and 41 cm (average) (O'Brien et al. 1993).  
Presently (2000-2002), age and length at maturity have 
increased slightly for both Georges Bank and Gulf of 
Maine stocks (O’Brien 1999).  Age and length at 50% 
maturity for Georges Bank and Gulf of Maine stocks 
are shown in Table 1. Gulf of Maine cod attain sexual 
maturity at a later age than Georges Bank cod which is 
related to differences in growth rates between the two 
stocks. The recently developed maturation reaction-
norm analyses (Barot et al. 2004a, b) also indicated a 
shift towards lower ages and sizes of maturation for 
Georges Bank and Gulf of Maine cod stocks.  The trend 
for Georges Bank cod to mature earlier than the Gulf of 
Maine cod was thought to be due mostly to 
environmental differences. Georges Bank is a highly 
productive and warmer shallow bank compared to the 
deeper Gulf of Maine. The reaction-norm approach 
supports the hypothesis that the Georges Bank and Gulf 
of Maine cod stocks have changed genetically in 
response to fishing.    

On Georges Bank, an analysis of the MARMAP 
ichthyoplankton data set indicates that 60% of 
spawning occurs between February 23 and April 6, 
based on the abundance of Stage III eggs, back-
calculated to spawning date.  Ninety percent occurs 
between mid-November and mid-May, with a median 
date of mid-March (Colton et al. 1979; Page et al. 
1998).  Spawning begins along the southern flank of 
Georges Bank and progresses toward the north and 
west.  It ends latest in the year on the eastern side of the 
bank. Historically, cod have spawned on both eastern 
and western Georges Bank.  During the MARMAP 
period (1978-1987), spawning could either be split 
between eastern and western Georges Bank, or occur 



 

 

Page 3

predominantly on one side or the other (Lough et al. 
2002). Composite egg distributions indicate that the 
most intense spawning activity occurs on the Northeast 
Peak of Georges Bank (Page et al. 1998). Data from the 
more recent U.S. GLOBEC Georges Bank surveys 
(1995-1999) also indicated peak spawning occurs 
during the February-March period and mostly on the 
Northeast Peak (Mountain et al. 2003).   The results of 
the present compilation of egg distributions indicate 
that most spawning occurs not only on the Northeast 
Peak of Georges Bank, but also around the perimeter of 
the Gulf of Maine, and over the inner half of the 
continental shelf off southern New England.  It occurs 
year-round, with a peak in winter and spring.  Peak 
spawning is related to environmental conditions.  It is 
delayed until spring when winters are severe and peaks 
in winter when they are mild (Smith et al. 1979; Smith 
et al. 1981).  Spawning peaks in April on Browns Bank 
(Hurley and Campana 1989). Within the Gulf of Maine, 
cod generally spawn throughout the winter and early 
spring in most locations, but the period of peak 
spawning varies depending on location (Schroeder 
1930). In general, spawning occurs later in the year in 
the more northerly regions. Within Massachusetts Bay, 
Fish (1928) reported peak spawning activity during 
January and February. Bigelow and Welsh (1924) noted 
that north of Cape Ann, Massachusetts, most spawning 
occurred between February and April and further north, 
between Cape Elizabeth and Mt. Desert Island, Maine, 
the peak spawning period was between March and 
May. It has also been noted that cod spawning occurs 
mostly at night and may be crepuscular (Klein-
MacPhee 2002). Reproduction also occurs in nearshore 
areas, such as Beverly-Salem Harbor, MA, where eggs 
are found November through July (with a peak in April) 
at temperatures between -2 and 20°C (Elliott et al. 
1979). 

Hanke et al. (2000) recently summarized all the 
available ichthyoplankton survey data from the Scotian 
Shelf, eastern Gulf of Maine, and the Bay of Fundy 
region, from 1975-1997, and provided evidence for a 
spring and fall spawning, but with regional differences.  
In March-April spawning was observed off 
southwestern Nova Scotia including Browns Bank, 
Georges Bank, and the Emerald/Western/Sable Island 
Bank area.  Spawning occurs again in November and 
December on Georges Bank and the entire Nova Scotia 
coast, west of Grand Manan and on Western/Sable 
Island/ Banquereau Bank. 

Ames (2004) characterized the Gulf of Maine 
historical Atlantic cod fishing and spawning grounds 
during the 1920’s when stocks were high, compared 
with our present day knowledge.  Four subpopulations 
were identified: Bay of Fundy, Downeast, Midcoast, 
and Western, each with 3-6 spawning components.  
Inshore cod feeding grounds were generally rocky 
bottoms along the 100 m isobath.  Spawning occurred 
in channels and basins bordering the rocky, shallow, 
historic fishing grounds.  Compared with recent survey 

data of cod eggs (Berrien and Sibunka 1999), it appears 
that more than half of the historic spawning grounds are 
inactive and show no evidence of spawning.  Ames 
cites three factors that contributed to the collapse of the 
spawning components: (1) directed fishing with otter 
trawls and gillnets on coastal spawning aggregations, 
(2) pollution of coastal nursery grounds, and (3) 
destruction of anadromous forage stock by the 
construction of dams. 

FOOD HABITS 

The Atlantic cod has a varied diet.  Reported food 
items vary by life history stage and study area (Table 
2). The most frequently observed food items from the 
1973-2001 NEFSC food habits database [see Link and 
Almeida (2000) for details on methodology] for cod � 
50 cm were crustaceans; cod � 51 cm ate mostly fishes 
(Table 3;Figure 3).  A comprehensive analysis and 
summary of cod trophic patterns on the northeastern 
U.S. continental shelf has been made by Link and 
Garrison (2002) based on a 25-year time series from the 
NEFSC food habits database. Early juveniles consumed 
more pelagic than benthic invertebrates, medium cod 
consumed benthic invertebrates and fish, and larger cod 
consumed larger amounts of fish. Cannibalism 
increased with size. Diets shifted significantly over 3 
decades concurrent with shifts in forage species.  Cod 
are opportunistic feeders, preferring sand lance, Cancer 
crabs, and herring. 

In another study, leading fish (also known as 
“scouts”) at the head of migrating shoals were larger, 
were more successful in feeding on preferred prey 
(fishes and pelagic invertebrates), and had a more 
varied diet than those following, which tended to feed 
mostly on benthic invertebrates (Deblois and Rose 
1996).  Although cannibalism is not often reported to 
occur in this species, recent studies suggest the 
importance of habitat segregation of Age 1 cod from 
older year classes in order to avoid it (Gotceitas et al. 
1997).  

PREDATION AND MORTALITY 

Yolk sac larvae are vulnerable to zooplankton 
predators including Aurelia, Thysanoessa, and 
Euchaeta (Bailey 1984).  Planktivorous fish can be 
important predators of larval fish, especially Atlantic 
herring and Atlantic mackerel as they migrate 
northward in the spring and overlap with patches of 
larvae on the southern flank of Georges Bank (Garrison 
et al. 2000).  Juvenile cod are preyed upon by many 
piscivorous fish, such as dogfish, silver hake, larger 
cod, and sculpin (Edwards and Bowman 1979).  
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Because of their large size, adults have few enemies 
other than large sharks.  Young stages, however, are 
preyed upon by spiny dogfish, winter skate, silver hake, 
sea raven, squid (northern shortfin), Atlantic halibut, 
fourspot flounder, and adult cod. 

MIGRATION 

In the middle part of their range, cod are non-
migratory in the strictest sense, only undertaking minor 
seasonal movements in reaction to changing 
temperatures.  At the extremes of their range, however, 
cod migrate annually (see Introduction).  In the extreme 
northern region (east coast of Labrador) cod are only 
present during summer and early fall.  In the Middle 
Atlantic Bight as far south as Chesapeake Bay, cod only 
occur during winter and spring and retreat north and 
east to Nantucket Shoals as shallow waters in the 
southern part of the Bight exceed 20°C (Heyerdahl and 
Livingstone 1982). 

STOCK STRUCTURE 

Several stocks have been recognized in Canadian 
and U.S. waters.  In U.S. waters three (or four) stocks 
occur: (1) in the Gulf of Maine, north of Provincetown; 
(2) on Georges Bank; (3) in southern New England, 
south and west of Nantucket Shoals; and (4) along the 
Middle Atlantic Bight, although the latter three 
intermingle.  In U.S. waters, cod are managed as two 
stocks, the Gulf of Maine stock, and the Georges Bank 
and southward stock (Mayo 1995). The inshore Gulf of 
Maine stock appears to be relatively distinct from the 
offshore cod stocks on the banks of the Scotian Shelf 
and Georges Bank based on tagging studies (McKenzie 
1956; Wise 1963; Hunt et al. 1999) and parasitic 
copepods (Sherman and Wise 1961). Although there is 
some mixing of the Gulf of Maine and Georges Bank 
stocks, their life history parameters, growth, and 
maturity, are basically different (Pentilla and Gifford 
1976, Serchuck et al. 1994, O’Brien 1999). Part of the 
difference in growth between stocks may be attributed 
to genetic variations (Imsland and Jónsdóttir 2003). 
General conclusions by Imsland and Jónsdóttir (2003) 
from basin-scale genetic studies suggest that distinct 
subpopulations occur between most inshore and 
offshore  areas, and among offshore areas themselves, 
and that the likelihood of inshore spawning stock 
contributing to offshore recovery is low (Beacham et al. 
2002).  Recent genetic studies by Lage et al. (2004) 
suggest that Nantucket Shoals cod are distinct from 
Georges Bank cod.  Whereas Lage et al. (2004) did not 
find any significant genetic differences between 
Georges Bank and Browns Bank, Ruzzante et al. (1998) 

did.  The degree of stock separation may be related to 
the isolation of spawning locations and times, and 
different circulation patterns. On Georges Bank, a 
clockwise gyre circulation pattern tends to retain and 
isolate the eggs and larvae spawned there (Lough and 
Bolz 1989; Werner et al. 1993; Lough and Manning 
2001).  Model simulations by Page et al. (1999) suggest 
that cod spawning occurs in areas and times of the year 
that have the longest residence times (> 35 days).  
However, advective losses can occur sporadically off 
the northeast peak and southern flank of Georges Bank 
(Lough et al. 1994). While significant numbers of 
larvae can be advected across the Great South Channel 
to Nantucket shoals, the southwest residual flow in the 
Nantucket Shoals area would tend to keep the early life 
stages from returning to Georges Bank.  However, 
based on biophysical modeling of a related species, 
haddock, by Brickman (2003), there is a high 
probability of significant crossover events from Browns 
Bank to Georges Bank by two pathways, directly across 
the Northeast Channel, and from the Gulf of Maine.  
While crossover events are episodic in nature (Smith et 
al. 2003), the study indicates that Browns Bank can be 
a significant source of larvae for Georges Bank cod 
stocks, and similarly, Western Bank can be an upstream 
source for larvae found on Browns Bank. 

GEOGRAPHICAL DISTRIBUTION 

Atlantic cod in the northwest Atlantic are 
distributed from Cape Chidley, Labrador to Cape 
Henry, VA (Figure 4).  The areas of highest abundance 
are in Canadian waters and include the eastern coast of 
Labrador south of Cape Harrison, off eastern 
Newfoundland, the Flemish Cap, the Grand Bank, the 
Gulf of St. Lawrence, and the Scotian Shelf. 

The estuarine occurrences of early life history 
stages between Maine and the Chesapeake Bay are 
shown in Table 4.  These are expressed as relative 
abundance characterizations, based on the observations 
of biologists working in each of the systems listed, but 
they are not quantitative measurements and should be 
considered as presence or absence indicators only.  
Despite these limitations, it is apparent that no early life 
history stages are commonly collected south of 
Buzzards Bay, and north of there they are uncommon in 
systems comprised mostly of low salinity zones. 

EGGS 

During MARMAP sampling between the Gulf of 
Maine and Cape Hatteras, 1978-1987, eggs were 
distributed throughout the study area, with centers of 
abundance in western Gulf of Maine, Georges Bank, 
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and southern New England waters (Berrien and 
Sibunka 1999).  Although they occurred year-round, 
densities were much lower during August and 
September.  Maximum average densities of eggs 
occurred during March on Georges Bank.  A downward 
trend in abundance was observed between 1979 and 
1987 in this study area (Berrien and Sibunka 1999).  
Monthly distribution maps presented here (Figure 5) 
pertain to the same MARMAP collections.  In general, 
eggs were most dense on the Northeast Peak of Georges 
Bank and around the perimeter of the Gulf of Maine, as 
well as lower densities in southern New England waters 
(Figure 5).  Monthly densities peaked in March-April, 
declined through the summer, and began to increase 
again in the fall.  Note the relative lack of sampling in 
the Gulf of Maine during March, when densities might 
be expected to be high. 

Model simulations for the MARMAP years (Lough 
et al. 2002) show how variable spawning within a bank 
gyre system can have different consequences for 
transport and survival of eggs and larvae.  Particles 
released from the Northeast Peak usually had higher 
retention than releases from western Georges Bank; 
however, the western Georges Bank releases could 
contribute significantly to retention, especially during 
the winter period when there is wind loss of particles 
from the Northeast Peak. 

O’Brien et al. (2003) found a significant 
correlation between egg abundance and spawning stock 
biomass for Georges Bank cod. While there was 
considerable variability in egg survival that was 
unrelated to recruitment, there was a strong positive 
correlation between the abundance of small and large 
larvae and 0-group juveniles and that of recruits at age 
1 (Lough et al. 2002). Variability in egg survival could 
be explained partially by the age diversity of repeat 
spawners, bottom temperature, and the spatial 
distribution of the eggs (O’Brien et al. 2003).  The 
proportion of egg mortality that can be attributed to egg 
quality, advective loss, or predation has not been 
quantified. 

During the GLOBEC years, 1995-1999, when 
sampling was only conducted from January through 
July on Georges Bank, the composite egg plots (Figure 
6) show eggs to be broadly distributed across Georges 
Bank with higher concentrations on the eastern part, 
peaking in February and March.  However, the station 
abundance estimates were about an order of magnitude 
lower than during the MARMAP period. 

LARVAE AND PELAGIC JUVENILES 

Larvae also occurred in MARMAP samples year-
round.  They were most abundant in March-May over 
Georges Bank and southern New England (Figure 7), 
although sampling was light during March in the Gulf 

of Maine.  Few larvae were collected between August 
and October. 

During the GLOBEC years, 1995-1999, when 
sampling was only conducted from January through 
July on Georges Bank, the composite larval plots 
(Figure 8) show larvae to be wide spread across the 
Bank from January through May.  Highest station 
abundance occurred along the deeper flank waters 
during March and April, but at about an order of 
magnitude lower than observed during the MARMAP 
period. 

Prior to settling to the bottom in early summer, 
pelagic juveniles (20-50 mm) are broadly distributed 
over the entire Georges Bank (Lough et al. 1989). 

JUVENILES 

By July, juvenile pelagic fish on Georges Bank 
have reached a length of 4-6 cm and become more 
associated with the bottom and begin the changeover to 
a demersal feeding life style. Submersible studies on 
eastern Georges Bank (Lough et al. 1989) have 
observed from data collected during five years (1984-
1987, 1989) that the recently-settled juveniles are 
widely dispersed over the Bank and are present on a 
range of sediment types from sand to gravelly sand to 
gravel pavement (Figure 9).  However, by late July and 
August, the juveniles are present predominantly on the 
gravel pavement habitat on the northeastern part of the 
Bank and are absent from the sandy bottoms (Figure 
10).  The gravel pavement extends along the northern 
edge and Northeast Peak for 150 km and covers an area 
of more than 3000 km2.  The gravel habitat appears to 
favor the survival of recently-settled juveniles through 
predator avoidance and/or increased food availability 
associated with the frontal system. Several studies have 
stressed the importance of cobble substrates over finer 
grained bottoms after settlement (e.g., Bigelow and 
Schroeder 1953; Colton 1978; Klein-MacPhee 2002).  
By day, the young cod remain on the bottom, but at 
night they rise several meters into the water column and 
drift in the tidal current while feeding. During late 
summer, as the juveniles continue to grow, they are 
carried to the east and southeast in the residual bottom 
current, and by fall they are more widely dispersed and 
are no longer confined to the gravel pavement habitat.  
When predators are present, juvenile cod take refuge in 
a wide variety of complex substrates and vegetation and 
their diel activity patterns reported in the literature vary 
considerably (Keats et al. 1987; Keats 1990; Keats and 
Steele 1992; Gotceitas and Brown 1993; Gotceitas et al. 
1994, 1995, 1997; Gregory and Anderson 1997a, b; 
Grant and Brown 1998a, b; Lindholm et al. 1999; 
Laurel et al. 2003, 2004). Nearshore nurseries 
(including grass beds) may be significantly more 
important to survival of juveniles than offshore habitats 
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(for examples, see studies cited in Appendix 1: 
Juveniles). 

The distribution of older juveniles (� 34 cm TL) 
from the NEFSC bottom trawl surveys closely matches 
that of spawning activity, with centers of abundance on 
Georges Bank and the western part of the Gulf of 
Maine [Figure 11; note that winter and summer 
distributions are presented as presence data only, 
precluding a discussion of abundances, for details see 
Reid et al. (1999). Also see the distribution of immature 
Atlantic cod, < 37 cm, resulting from NEFSC bottom 
trawl survey cruises, 1968-1986 in Wigley and Gabriel 
(1991)]. In winter they are concentrated near 
Massachusetts Bay, on the Northeast Peak of Georges 
Bank, and in southern New England near the 50 m 
isobath. During spring trawl surveys, densities are 
highest in the area north and south of Cape Ann, 
Massachusetts.  During summer, juveniles are mostly 
found along the western shore of the Gulf of Maine, but 
also occur on the Northeast Peak of Georges Bank, on 
Browns Bank, and along the 50 m isobath south of 
Cape Cod. Large numbers of juveniles are concentrated 
around Cape Ann/Massachusetts Bay and 
south/southeast of Cape Cod in the fall. 

The distributions and abundances of Atlantic cod 
along the coasts of Maine and New Hampshire, based 
on spring and fall 2000-2004 Maine-New Hampshire 
inshore groundfish surveys (Sherman et al. 2005), are 
shown in Figure 12. Cod were patchy in occurrence, 
and the majority were juveniles (Figure 13). Cod 
abundance was low compared to some of the other 
species in the survey, with a slight increase in numbers 
in the spring of 2004 (Figure 14), although Sherman et 
al. (2005) state that no real trends can be seen in overall 
abundance.  

The spring and fall 1978-2003 Massachusetts 
inshore trawl surveys [Figure 15; see Reid et al. (1999) 
for details] show that in the spring, very high numbers 
are found in Massachusetts Bay, with large numbers of 
juveniles also found north of Cape Ann, on the outside 
of Cape Cod, and near Martha’s Vineyard. High 
concentrations are also found in Massachusetts Bay and 
Nantucket Sound. In the fall, large numbers occur 
around Cape Ann and throughout Cape Cod Bay, but 
they are absent in Nantucket Sound. 

Very few juvenile cod were collected during 1990-
1996 trawl surveys of Narragansett Bay undertaken by 
the Rhode Island Division of Fish and Wildlife. See 
below for cod occurrences in Long Island Sound and 
Hudson-Raritan Estuary/Sandy Hook Bay. 

ADULTS 

NEFSC bottom trawl surveys (Figure 16; again, 
winter and summer distributions are presented as 
presence data only, precluding a discussion of 

abundances) show that during winter adults are 
scattered over Georges Bank, southern New England, 
and the central/northern Mid-Atlantic Bight, as well as 
in the western part of the Gulf of Maine. In spring, 
densities are highest in the western part of the Gulf of 
Maine (Massachusetts Bay and Cape Ann), south of 
Cape Cod, and especially on the Northeast Peak of 
Georges Bank, with additional collections made 
throughout southern New England and the 
central/northern part of the nearshore Middle Atlantic 
Bight. During summer, adult cod are concentrated 
along the coastal Gulf of Maine and south/southeast of 
Cape Cod and the Northeast Peak of Georges Bank, as 
well as being scattered throughout the Gulf and on 
Browns Banks; they are mostly absent from southern 
New England and south. In the fall, the highest 
densities are again found in the western part of the Gulf 
of Maine (Massachusetts Bay and Cape Ann), south of 
Cape Cod near the Great South Channel, and on the 
Northeast Peak/northern edge of Georges Bank; adults 
are generally absent south of southern New England.  

The distributions of the adults in both the spring 
and fall 1978-2003 Massachusetts inshore trawl surveys 
are shown in Figure 17. More adults are caught in the 
spring, where they occur abundantly around Cape Ann, 
in Massachusetts Bay, and around the tip and eastern 
side of Cape Cod.  Most of the adults caught during the 
fall are restricted to south of Cape Ann and the tip of 
Cape Cod. 

Only one adult cod was collected in a survey of 
Narragansett Bay by the Rhode Island Division of Fish 
and Wildlife, 1990-1996.  Cod do not regularly occur in 
Long Island Sound.  In a survey of that body of water 
by the State of Connecticut, 1992-1997, only three 
(unmeasured) cod were collected, all near the eastern 
end of the sound, during the spring, at temperatures of 
9-10°C.  A NEFSC trawl survey of the Hudson-Raritan 
Estuary/Sandy Hook Bay during 1992-1997 collected 
only two cod, both during winter. 

HABITAT CHARACTERISTICS  

The results of a literature review directed at habitat 
requirements of four life history stages of Atlantic cod 
are presented in Appendix 1 and a synthesis of some of 
those data are presented in Table 5. These tables 
include data from U.S. (and certain non-U.S.) western 
Atlantic stocks, but exclude data from the eastern 
Atlantic.  Data from Canadian waters were included 
only if the results could reasonably be applied to U.S. 
stocks.  Specifics of some Canadian studies (e.g., 
distribution relative to temperatures within a distinct 
region) were not included since they have little 
applicability to U.S. waters. 

In general, distributions of young stages of Atlantic 
cod tend to be restricted to the vicinity of major 
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spawning centers.  With increasing age, they tend to be 
more widely distributed and occur in deeper, colder and 
more saline water (Tremblay and Sinclair 1985). 

Regime shifts, or rapid, large-scale changes in fish 
populations and other communities in marine 
ecosystems, are driven by both environmental forcing 
and fishing (Rothschild and Shannon 2004).   
Latitudinal shifts for groundfish in the Gulf of Maine 
have been observed in response to temperature changes 
(Mountain and Murawski 1992). Growth of cod 
depends on temperature, and mean bottom temperature 
accounts for most of the observed differences in growth 
rates in Atlantic cod stocks (Brander 1995).  
Physiologically, growth performance of cod is optimal 
near 10°C (Pörtner et al. 2001), so that global warming 
would lead to a northward shift in populations. 
Temperature also affects maturation and spawning 
times (Hutchings and Myers 1994). Changes in 
spawning times and locations have different 
consequences for recruitment. Temperature and salinity 
records for the Gulf of Maine/Scotian Shelf region 
show alternating cold and warm periods which can be 
broadly related to the NAO index (Werner et al. 1999).  
The cooling of the shelf waters in the 1960s was largely 
due to the increased flow of the Labrador Slope water 
penetrating into the shelf.  From the 1970s to the mid-
1990s, there has been a general, but more variable, 
warming on the shelf.  Scotian Shelf cold and warm 
anomalies generally precede those in Georges Bank by 
2-3 years.  More recently in 1997-1998, cold and fresh 
Labrador Slope water has been observed to again be 
penetrating the Scotian Shelf and Gulf of Maine.  All 
cod stocks in this region declined by the late 1960s with 
the intensive fishery effort, and in the 1970s all stocks 
showed some improved recruitment, but declined to 
very low levels in the early 1990s.  Failure of these cod 
stocks to recover despite restricted fishing since the 
mid-1990s has been termed “the cod recruitment 
dilemma” and Swain and Sinclair (2000) have 
implicated the increased abundance of herring and 
mackerel in the southern Gulf of St. Lawrence to have 
had a negative effect on cod recruitment by preying on 
and competing with the young stages.  Choi et al. 
(2004) continues on the theme of the alternation of the 
pelagic and demersal species but shows how interacting 
factors may have led to the restructuring of the Scotian 
Shelf ecosystem over the past four decades.  While 
ground fish have historically dominated the Scotian 
Shelf, their continual removal has allowed the pelagic 
biomass to increase since the mid-1980s at the same 
time that environmental conditions began to favor the 
pelagics (increased water-column stratification) and 
limit the demersals (cold bottom water). The present 
“pelagic regime” appears to have decoupled the 
benthic-pelagic systems where less energy is passing 
from primary production to benthic prey for the 
demersals. 

EGGS 

An analysis of nearly 50 years of trawl data in 
Canadian waters concluded that spawning rarely occurs 
beyond the continental shelf, but rather occurs near 
where eggs and larvae are likely to be retained 
(Hutchings et al. 1993).  These authors concluded that 
inshore spawning populations contribute more to 
recruitment than those farther offshore.  In MARMAP 
sampling between 1979 and 1987, eggs were collected 
from virtually all depths sampled, but primarily from 
depths < 100 m (Berrien and Sibunka 1999; see also 
Figure 18).  Many reports describe eggs occurring in 
the upper 10 m of the water column, although spring 
rainfalls can lower the salinity and they will then sink to 
lower depths.  Although eggs are collected in a wide 
range of temperatures and salinities, several studies 
have found optimum conditions for incubation, 
hatching and development, depending on study site 
(Table 5). 

Data from the NEFSC MARMAP ichthyoplankton 
surveys and the GLOBEC Georges Bank survey were 
used to determine the relationships between cod egg 
abundances and bottom depth or water column 
temperature. During the MARMAP surveys from 
January to July, eggs were mostly collected at 
temperatures of 4-8°C (Figure 18). From August thru 
November, they were found at higher temperatures of 
approximately 9-14°C, while in December they were 
caught at temperature range of 6-12°C. Most eggs were 
found over a depth range of 30-110 m, occurring in the 
shallower end of the range from October thru January 
(Figure 18). During the GLOBEC Georges Bank survey 
from January to July, the majority of eggs were found 
in a narrow temperature range of about 4-8°C (Figure 
19). Their depth range on Georges Bank during that 
same period was centered around 70-90 m (Figure 20). 

A lab study by Laurence and Rogers (1976) found 
that egg mortality was independent of temperature, but 
that mortality increased at lower salinities within the 
range of 26-36 ppt. 

LARVAE AND PELAGIC JUVENILES 

Several studies have found increased recruitment 
success when dispersion of larvae from spawning areas 
by currents is reduced (Cong et al. 1996). Although 
larvae have been collected from a wide range of 
temperatures, most are found in temperatures < 8°C, 
although growth rates may be enhanced in warmer 
temperatures (e.g., Lawrence 1978) and one study 
found no increased mortality when larvae were exposed 
to higher temperatures (Iversend and Danielssen 1984).  
Larvae can survive undercooling to -1.8°C but if in 
direct contact with ice they froze at -1.36°C (Valerio et 
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al. 1992).  When larvae are 3-8 days old, they are 
positively phototactic and are reported to occur from 
the surface to 75 m depths, moving deeper in the water 
column as they grow older (Hardy 1978, Lough and 
Potter 1993). 

During the MARMAP surveys (Figure 21), larvae 
were mostly found in a temperature range of about 4-
5°C from February to March, at temperatures of 5-6°C 
in April, 6-8°C in May, and 7-9°C in June, and 8-9°C in 
July. Thereafter they were found in increasingly 
warmer temperatures of about 9-11°C thru November; 
in December they were caught mostly at temperatures 
of 8-11°C and in January they were found in lower 
temperatures of about 4-8°C. The majority of larvae 
were found over a depth range of 30-70 m throughout 
the MARMAP survey period (Figure 21). During the 
GLOBEC Georges Bank survey most larvae were 
caught at temperatures of 4-6°C from February to April 
and 6-7°C from May to June (Figure 22). Most were 
found at depths of 50-70 m in February, 70-90 m in 
March and April, 70 m in May, and 210 m in June 
(Figure 23). 

JUVENILES 

The substrate preferences of juvenile cod have 
already been discussed under Geographic Distribution. 

The spring and fall distributions of juvenile 
Atlantic cod relative to bottom water temperature, 
depth, and salinity based on NEFSC bottom trawl 
surveys from the Gulf of Maine to Cape Hatteras are 
shown in Figure 24.  In spring, they were found in 
waters between 2-10ºC, with the majority at 4-5ºC.  
During that season they were found over a depth range 
of 11-300 m, with most spread between about 21-120 
m.  Juveniles were found at salinities between 31-35 
ppt, with almost all of them found between 32-33 ppt.  
During autumn, juveniles were found over a 
temperature range of 3-17°C, with most spread between 
about 8-10°C.  During this time, they were found over 
depths ranging from 11-400 m; the majority were 
spread over depths roughly from 31-120 m.  They were 
found at salinities ranging from about 31-35 ppt, with 
the majority between 32-33 ppt. 

The spring and autumn distributions of juvenile 
Atlantic cod in Massachusetts coastal waters relative to 
bottom water temperature and depth based on 
Massachusetts inshore trawl surveys are shown in 
Figure 25.  During the spring, juveniles were found in 
waters ranging from 2-16°C with the majority spread 
between about 5-12ºC.  Their depth range was from 6-
85 m, with the majority between about 6-25 m.  In the 
autumn they were found in temperatures ranging from 
5-18ºC, with most spread between 6-10ºC.  Juveniles 
were found over a depth range of 6-85 m, with the 
majority found between about 16-65 m. 

ADULTS 

Adult cod are typically found on or near the bottom 
along rocky slopes and ledges.  They prefer depths 
between 40 and 130 m, but are sometimes found in 
midwater.  Cod rarely occur deeper than 200 m.  Larger 
individuals remain closer to the bottom in deeper water, 
and many move to offshore banks during summer 
(Hardy 1978; Cohen et al. 1990).  Several studies have 
ascertained a preference by adult cod for coarse 
sediments over finer mud and silt (Scott 1982b).  They 
engage in diel vertical migrations, where they make 
forays off the bottom and into the water column at night 
(several studies; e.g., Beamish 1966).  Cod can occur in 
temperatures from near freezing to 20°C, and are 
usually found in temperatures < 10°C, except during 
fall when they can occur in warmer temperatures.  
Larger fish are generally found in colder waters (Cohen 
et al. 1990). 

The spring and fall distributions of adult Atlantic 
cod relative to bottom water temperature, depth, and 
salinity based on NEFSC bottom trawl surveys from the 
Gulf of Maine to Cape Hatteras are shown in Figure 26. 
In spring, they were found in waters between 2-12ºC, 
with the majority at 4-6ºC.  They were found over a 
depth range of 1-300 m.  Adults were found at salinities 
between 30-35 ppt, with > 50% at 33 ppt.  During 
autumn, adults were found over a temperature range of 
3-17°C, with the majority spread between 6-11°C.  
During this season they were found over depths ranging 
from 11-400 m.  They were found at salinities ranging 
from about 31-35 ppt, with the majority between 32-34 
ppt. 

The spring and autumn distributions of adult 
Atlantic cod in Massachusetts coastal waters relative to 
bottom water temperature and depth based on 
Massachusetts inshore trawl surveys are shown in 
Figure 27.  During the spring, adults were found in 
waters ranging from 1-14°C, with the majority spread 
between 4-8ºC.  Their depth range was from 6-85 m, 
with the majority < 56 m.  In the autumn they were 
found in temperatures ranging from 4-13ºC, with most 
spread between 7-10ºC and at 12ºC.  Adults were found 
over a depth range of 26-85 m, with peaks between 51-
65 m. 

RESEARCH NEEDS 

Essential fish habitat is defined as those waters and 
substrate necessary to fish for spawning, breeding, 
feeding or growth to maturity.  Our knowledge of 
habitat requirements of Atlantic cod is scant beyond the 
distribution and relative abundance levels (EFH tiers 1 
and 2).  Scientists have only recently begun to 
investigate the early settlement stage and its associated 
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substrate preferences (Lough et al. 1989) and the 
importance of certain bottom habitat types to the 
survival of young-of-the-year (e.g., Tupper and 
Boutilier 1995).  Associated with these studies are those 
equating bottom habitats with the avoidance of 
predation, including cannibalism (e.g., Gotceitas et al. 
1997) or the importance of habitat segregation between 
year classes (e.g., Fraser et al. 1996).  These kinds of 
studies are essential to improving our understanding of 
the importance of habitat at tiers 3 and 4 (effects of 
habitat variables on growth and/or survival).  However, 
recent studies have documented regime shifts on 
decadal time scales over large areas of the continental 
shelf as a result of complex interaction of 
environmental factors and biological processes.  
Ecosystem based studies such as Choi et al. (2004), 
with continued monitoring of the environment, are 
needed to better understand the long-term changes in 
stocks. 
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Table 1. Age and length at 50% maturity for two stocks of Atlantic cod, Gadus morhua.. 
Data for 1994 are from Mayo (1995).  Similar results were obtained in a Canadian study for zones near U.S. waters 
(Trippel et al. 1997).  Recent data are from L. O'Brien, (NOAA Fisheries, NEFSC, Woods Hole Laboratory, Woods  
Hole, MA, pers.comm.), pooled for the period 2000-2002. 

1994 Georges Bank Georges Bank Gulf of Maine Gulf of Maine 
 Males Females Males Females 
Age at 50% 
Maturity 

1.9 years 1.7 years 2.3 years 2.1 years 

Length at 50% 
Maturity 

41 cm 39 cm 36 cm 32 cm 

 
2000-2002 Georges Bank Georges Bank Gulf of Maine Gulf of Maine 
 Males Females Males Females 
Age at 50% 
Maturity 

2.1 years 2.1years 2.9 years 2.6 years 

Length at 50% 
Maturity 

42.2 cm 43.3cm 44.0 cm 43.3 cm 
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Table 2. Food habits of Atlantic cod. 

Source Study Area and Food Habits 
 
 
 
Bainbridge and 
McKay (1968) 

 
LARVAE 
 
Greenland:  Larvae (3-10 mm) mostly eat nauplii and copepodites of the copepods 
Calanus and Temora.  Also euphausiids. 

Kane (1984) Georges Bank: Larvae eat nauplii and copepodites of Pseudocalanus  mostly; some 
Calanus  eggs and nauplii.; some Oithona  copepodites.                                                     

Marak (1960) Georges Bank, Gulf of Maine:  Larvae eat most abundant prey.  4-18 mm eat mostly 
larval copepods; 18+ mm eat mostly adult copepods. 

McLaren and 
Avendano (1995) 

Scotian Shelf (Western Bank): Larvae predominant prey: 2 species of the copepod 
Pseudocalanus. 

McLaren et al. 
(1997) 

Scotian Shelf (Western Bank): Early larvae feed predominantly on  nauplii and 
copepodites of Pseudocalanus (mostly P. newmani); fewer Centropages, Oithona, and 
Paracalanus. 

Lough and 
Mountain (1996) 

Georges Bank: Primarily nauplii and copepodites of Pseudocalanus and Oithona; 
some Calanus nauplii.  

Lough et al. (1996) Georges Bank: Early larvae prey on nauplii and copepodites of Pseudocalanus.  
Sherman et al. 
(1981) 

Georges Bank: Larvae eat nauplii and copepodites of Pseudocalanus mostly; some 
Calanus nauplii. 

 
 
 
Bowman (1975)  

 
JUVENILES AND ADULTS 
 
Gulf of Maine:  Primary item: herring.  Also redfish, mackerel, cod, and red and rock 
crabs. 

Bigelow and 
Schroeder (1953); 
Klein-MacPhee 
2002  

Gulf of Maine:  Mollusks most important.  Also other invertebrates. 

Casas and Paz 
(1994) 

Flemish Cap: Invertebrates (crustaceans and polychaetes) dominant in juvenile diets; 
adults consume mostly fish, mainly redfish (Sebastes sp.). 

Casas et al. (1991) Flemish Cap: Hyperiid amphipods main item in juvenile cod; as size increases, shift to 
fish as food item.  Most important fish prey are juvenile redfish (Sebastes sp.).  Rate of 
cannibalism very low. 

Hacunda (1981)  Central Maine coast: Crustaceans most important, especially amphipods, Unciola, 
Leptocheirus, and decapods Crangon, Cancer. 

Keats et al. (1987) Conception Bay, Newfoundland: < 12.5 cm ate mostly small zooplankton; > 12.5 cm 
ate mostly benthic organisms, in areas with thick macroalgal cover.  Latter not used as 
food source, however. 

Keats and Steele 
(1992) 

Newfoundland (eastern): Juveniles (Age 0 and 1) feed mostly during daylight and 
most prey was planktonic. 

Kohler and 
Fitzgerald (1969) 

Gulf of St. Lawrence, offshore Nova Scotian Banks: Small cod ate mostly crustaceans, 
switch to fish diet as they grow.  Species taken depends on relative abundance of prey.  
Herring most important in GOSL, sand lance on Nova Scotian Banks.  Some seasonal 
variation within areas and by depth. 

Langton (1982)  Northwest Atlantic:  Initially crustaceans, switch to fishes with growth. Overlaps with 
white hake (Urophycis tenuis) and, at smaller sizes, with haddock (Melanogrammus 
aeglefinus). 

Langton and 
Bowman (1980) 

Gulf of Maine:  Diet by weight (%) - Pisces 69.5, Clupeidae 23.3, Crustacea 26.1, 
other decapods 14.1, Mollusca 0.7, Echinodermata 0.4. 

 



 

 

Page 22

Table 2 Cont’d. 
 

Source Study Area and Food Habits 
 
 
 
Lilly and Parsons 
(1991) 

 
JUVENILES AND ADULTS (cont’d.) 
 
Northeast Newfoundland: Northern shrimp (Pandalus borealis) identified as important 
food item of cod throughout shrimp's range. 

Link and Garrison 
(2002) 

Northeast U.S. Continental Shelf: Summary of 25 year time series of food habits data. 
Cod have omnivorous diet, prefer sand lance, Cancer crabs, and herring.   

Methven and Piatt 
(1989) 

Newfoundland: Capelin very important diet item.  When abundance is high, 
occurrences in cod stomachs high; when abundance low, occurrences in cod stomachs 
low. 

Minet and Perodou 
(1978) 

SW Newfoundland and NE Gulf of St. Lawrence: Capelin and crustaceans most 
important components. In some areas, larger cod ate more herring, redfish, and 
American plaice. 

Perry and Neilson 
(1988) 

Georges Bank: Late pelagic juveniles. Calanoid copepods numerically most abundant, 
mysiid Neomysis americana biomass most important; harpacticoid Tisbe, some 
Pagurus larvae. 

Robichaud et al. 
(1991) 

Cape Breton I., Nova Scotia: Cod fed on snow crabs (Chionecetes sp.) and toad crabs 
(Hyas spp.), with the latter selected somewhat more often.  

Sameoto et al. 
(1994) 

Scotian Shelf: Late pelagic juveniles. C. finmarchicus copepodite IV-V, 
Pseudocalanus female, and Temora male preferred prey. (Emerald and Lahave Basin). 
Small euphausiids (Meganytiphanes norvegica) significant part of diet at night, 20 m.   

Tyler (1972) Passamaquoddy Bay: Winter - Meganyctiphones, Mysis, Pandalus;  summer - 
Meganyctiphones, Clupea, Pandalus. 

Whitehead et al.  
(1986) 

Northeastern Atlantic:  Diet variable: fishes - herring, capelin, haddock, codling; 
invertebrates - euphausiids, hyperiids, amphipods, polychaetes. 

Witman and 
Sebens (1992) 

Gulf of Maine: Cod fed heavily on tethered brittle stars in this experiment. 
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Table 3. Minor diet items of Atlantic cod. 
Based on the NEFSC Food Habits database from 1973-1990.  Listed below are items occurring at 1-5 percent frequency.  
See Figure 3 for items occurring more frequently. Methods for sampling, processing, and analysis of samples differed 
between the time periods [see Reid et al. (1999) for details]. 

1973-1980: Diet Item Percent Frequency 1981-1990: Diet Item 
Percent 

Frequency 

Polychaeta 4.70 Euphausiidae 4.68 

Unciola irrorata 4.70 Decapoda (shrimp) 3.92 

Eualus pusiolus 4.50 Paguridae 3.77 

Trematoda 4.35 Ophiuroidea 3.64 

Pagurus acadianus 3.49 Cancer sp. 3.24 

Gastropoda 3.24 Bivalvia 2.81 

Decapoda (crab) 3.03 Cancer irroratus 2.54 

Ophiopholis aculeata 2.98 Gastropoda 2.26 

Pandalidae 2.88 Merluccius bilinearis 2.26 

Pandalus montagui 2.53 Gammaridea 2.11 

Ammodytes sp. 2.53 Crustacea 1.63 

Caprellidae 2.43 Mollusca 1.63 

Cancridae 2.43 Cancer borealis 1.61 

Decapoda 2.38 Isopoda 1.61 

Paguridae 2.33 Crangon septemspinosa 1.56 

Cephalapoda 2.22 Rock 1.45 

Lysianassidae 2.18 Aphroditidae 1.44 

Cancer borealis 2.18 Pectinidae 1.15 

Ophiuroidea 2.12   

Aphroditidae 2.07   

Pagurus sp. 2.07   

Sand 2.07   

Aeginna longicornis 1.97   

Holothuroidea 1.87   

Pontogeneia inermis 1.82   

Cirolanidae 1.82   
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Table 3 Cont’d. 

1973-1980: Diet Item Percent Frequency 1981-1990: Diet Item 
Percent 

Frequency 

Hyas sp. 1.72   

Axius serratus 1.52   

Bivalvia 1.52   

Politolana polita 1.47   

Pectinidae 1.47   

Pandalus borealis 1.32   

Neomysis americana 1.32   

Calanoida 1.32   

Gastropoda operculum 1.32   

Copepoda 1.26   

Anonyx sarsi 1.16   

Crangonidae 1.11   

Mollusca 1.11   

Clupeidae 1.11   

Syrrhoe crenulata 1.01   

Euphausiidae 1.01   
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Table 4. Distribution of life history stages of Atlantic cod in representative estuaries between Maine and Chesapeake 
Bay.  
Occurrences are not quantitative and may be based on a single, or very few, specimens.  Estimates of relative abundance 
from Jury et al. (1994) and Stone et al. (1994). 

Estuary Eggs Larvae Juveniles Adults 
Passamaquoddy Bay None Common Common Common 
Englishman, Machias Bays Common Common Abundant Common 
Narraguagus Bay Common Common Abundant Common 
Blue Hill Bay Common Common Abundant Common 
Penobscot Bay None Common Common Common 
Muscongus Bay Rare Rare Common Common 
Damariscotta Bay Rare Rare Common Common 
Sheepscot River Abundant Abundant Common Abundant 
Kennebec/Androscoggin 
Rivers 

None None Common Common 

Casco Bay Common Common Common Common 
Saco Bay Common Common Common Common 
Wells Harbor Rare Rare Rare None 
Great Bay Common Common Rare Rare 
Merrimack River Rare Rare Rare Rare 
Massachusetts Bay Common Common Common Common 
Boston Harbor Common Common Common Common 
Cape Cod Bay Common Common Common Common 
Waquoit Bay Rare Rare Rare None 
Buzzards Bay Common Common Common Common 
Narragansett Bay Rare Rare Rare Rare 
Long Island Sound Rare Rare Rare Rare 
Connecticut River None None None None 
Gardiners Bay Rare Rare Rare Rare 
Great South Bay None None None None 
Hudson River/Raritan Bay None Rare None None 
Barnegat Bay to Chesapeake 
Bay 

None None None None 
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Table 5. Summary of life history and habitat parameters for Atlantic cod. 
Based partially on data contained in Appendix 1, Table of Habitat Parameters. This table is the same as that in the first 
Atlantic cod EFH source document (Fahay et al. 1999); more recent studies were reviewed (see Appendix 1), but no new 
information of relevance to this table was found. 

 
Life 

History 
Stage 

Spatial and 
Temporal 

Distribution 

 
Temperature 

 
Salinity 

Depth/ 
Substrate/ 
Vegetation 

 
Diel/ Light/ 

Vertical 

 
Predator/ Prey 

Eggs 1 Pelagic.  Bays, 
harbors, offshore 
banks.  
Spawning begins 
in fall, peaks 
winter and 
spring. 

Most 2.0-8.5�C 
for incubation. 
12.0�C upper 
limit. Mortality 
independent of 
temperature. 

Most 32-33 
ppt. Eggs sink 
in spring 
freshets. 
Inverse 
relationship 
with mortality,  
26-36 ppt. 

Usually < 70 m. Near surface 
unless salinities 
low.  Eggs in poor 
condition may 
sink. 

-- 

Larvae 2 Pelagic. Most 
over Georges 
Bank, perimeter 
of Gulf of Maine, 
southern New 
England, 
continental shelf. 
Densest in 
spring. 

Most 4-8�C in 
winter-spring, 7-
12�C in summer-
fall. 

Most 32-33 
ppt. 

-- Youngest from 
surface to 75 m. 
Move deeper with 
age. Migrate 
vertically in 
reaction to light. 

Growth 
strongly 
correlated with 
zooplankton 
volume. Yolk 
sac larvae 
vulnerable to 
zooplankton 
predators. 

Juveniles 3 Mostly in shoal 
waters, coastal or 
offshore banks, 
during summer. 
Deeper water in 
winter.   

6-20�C. More 
tolerant of 
extremes than 
adults.  
Temperature 
preferences differ 
winter-summer. 

30-35 ppt. ‘Cobble’ preferred 
over finer grains. 
Uses vegetation 
for predator 
avoidance. 
Survival may be 
enhanced in 
structurally 
complex habitats. 

Some changes in 
vertical 
distribution, 
day/night (see 
Appendix 1).  

Avoid 
predation by 
seeking refuge 
in structured 
habitats.  

Adults 4 Seasonal 
migrations except 
in Gulf of Maine. 
Most dense 
Massachusetts 
Bay, northeast 
Georges Bank, 
Nantucket 
Shoals. 

Generally < 10�C, 
varies seasonally. 

Wide range of 
oceanic 
salinities. 
Mortality < 2.3 
ppt. 

Rocky, pebbly, 
gravelly. Avoid 
finer sediments. 

Usually on bottom 
during day, may 
move up into 
water column at 
night. 

Varied diet. 
Predation by 
large sharks, 
spiny dogfish, 
and, as 
juveniles, older 
cod. 

1  Bonnet (1939); Bigelow and Schroeder (1953); Laurence and Rogers (1976); Hardy (1978). 
2  Rau (1974); Hardy (1978); Bailey (1984); Suthers et al. (1989). 
3  Bigelow and Schroeder (1953); Hardy (1978); MacDonald et al. (1984); Clark and Green (1990); Gotceitas and Brown (1993). 
4  Bigelow and Schroeder (1953); Beamish (1966); Odense et al. (1966); Hardy (1978); Scott (1982b); Cohen et al. (1990). 
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Figure 1. The Atlantic cod, Gadus morhua (from Goode 1884). 
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Figure 2. Distribution of Atlantic cod stocks in the North Atlantic showing principle spawning sites. 
Source: Brander (1994). 
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Figure 3. Percent by weight of the major prey items in the diet of three size categories of Atlantic cod. 
From specimens collected during NEFSC bottom trawl surveys from 1973-2001 (all seasons). For details on NEFSC diet 
analysis, see Link and Almeida (2000). 
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Figure 4. Overall distribution and abundance of Atlantic cod in the northwest Atlantic Ocean. 
Based on research trawl surveys conducted by Canada (DFO) and the United States (NMFS) from 1975-1994 
(http://www-orca.nos.noaa.gov/projects/ecnasap/ecnasap_table1.html). 
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Figure 5. Distributions and abundances of Atlantic cod eggs collected during NEFSC MARMAP ichthyoplankton 
surveys. 
For all available months and years from 1978 to 1987 combined. 
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Figure 5. Cont’d. 
From MARMAP ichthyoplankton surveys, January through April, 1978-1987. 
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Figure 5. Cont’d. 
From MARMAP ichthyoplankton surveys, May through August, 1978-1987. 
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Figure 5. Cont’d.  
From MARMAP ichthyoplankton surveys, September through December, 1978-1987 
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Figure 6. Distributions and abundances of Atlantic cod eggs collected during GLOBEC Georges Bank ichthyoplankton 
surveys. 
For all available years (February-July, 1995; January-June, 1996-1999) combined. 
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Figure 6. Cont’d. 
From GLOBEC ichthyoplankton surveys, January and February, for all available years combined. 
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Figure 6. Cont’d.  
From GLOBEC ichthyoplankton surveys, March and April, for all available years combined. 
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Figure 6. Cont’d.  
From GLOBEC ichthyoplankton surveys, May and June, for all available years combined. 
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Figure 7. Distributions and abundances of Atlantic cod larvae collected during NEFSC MARMAP ichthyoplankton 
surveys. 
For all available months and years from 1977 to 1987 combined. 
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Figure 7. Cont’d.  
From MARMAP ichthyoplankton surveys, January through April, 1977-1987. 
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Figure 7. Cont’d.  
From MARMAP ichthyoplankton surveys, May through August, 1977-1987. 
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Figure 7. Cont’d.  
From MARMAP ichthyoplankton surveys, September through December, 1977-1987. 
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Figure 8. Distributions and abundances of Atlantic cod larvae collected during GLOBEC Georges Bank 
ichthyoplankton surveys. 
For all available years (February-July, 1995; January-June, 1996-1999) combined. 
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Figure 8. Cont’d.  
From GLOBEC ichthyoplankton surveys, January and February, for all available years combined. 
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Figure 8. Cont’d.  
From GLOBEC ichthyoplankton surveys, March and April, for all available years combined. 
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Figure 8. Cont’d.  
From GLOBEC ichthyoplankton surveys, May and June, for all available years combined. 
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Figure 8. Cont’d.  
From GLOBEC ichthyoplankton surveys, July 1995. 
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Figure 9. Topographic map of Georges Bank showing gravel distribution, from Valentine and Lough (1991). 
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Figure 10. Distribution and abundance of recently-settled juvenile cod on eastern Georges Bank in relation to sediments. 
Source: Valentine and Lough (1991). 
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Figure 10. Cont’d.  
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Figure 10. Cont’d.  
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Figure 11. Seasonal distributions and abundances of juvenile Atlantic cod collected during NEFSC bottom trawl 
surveys. 
From NEFSC winter bottom trawl surveys (1964-2003, all years combined). Distributions are displayed as presence 
only. 
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Figure 11. Cont’d. 
From NEFSC spring bottom trawl surveys (1968-2003, all years combined). Survey stations where juveniles were not 
found are not shown. 
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Figure 11. Cont’d. 
From NEFSC summer bottom trawl surveys (1963-1995, all years combined). Distributions are displayed as presence 
only. 
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Figure 11. Cont’d. 
From NEFSC fall bottom trawl surveys (1963-2003, all years combined). Survey stations where juveniles were not 
found are not shown. 
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Figure 12. Distribution and abundance of Atlantic cod along the coasts of Maine and New Hampshire. 
From the Maine – New Hampshire spring 2001-2004 and fall 2000-2003 inshore groundfish trawl surveys. 
For details on the survey, see Sherman et al. (2005). 
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Figure 13. Length frequency plots for Atlantic cod caught along the Maine and New Hampshire coasts, by season/year. 
Based on the Maine – New Hampshire inshore groundfish trawl survey for spring 2001-2004 and fall 2000-2003. 
Source: Sherman et al. (2005). 
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Figure 14. Regional catch-per-unit-effort of Atlantic cod caught along the Maine and New Hampshire coasts, by 
season/year. 
Based on the Maine – New Hampshire inshore groundfish trawl survey for spring 2001-2004 and fall 2000-2003.  
Region 1 = NH–Southern ME; Region 2 = Casco Bay–Midcoast ME; Region 3 = Penobscot Bay, ME; Region 4 = 
Jerico–Frenchmens Bay, ME; Region 5 = Downeast ME. Source: Sherman et al. (2005). 
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Figure 15. Seasonal distributions and abundances of juvenile Atlantic cod in Massachusetts coastal waters. 
From spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where 
juveniles were not found are not shown. 
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Figure 15. Cont’d. 
From fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where juveniles 
were not found are not shown. 
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Figure 16. Seasonal distributions and abundances of adult Atlantic cod collected during NEFSC bottom trawl surveys. 
From NEFSC winter bottom trawl surveys (1964-2003, all years combined). Distributions are displayed as presence 
only. 
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Figure 16. Cont’d. 
From NEFSC spring bottom trawl surveys (1968-2003, all years combined). Survey stations where adults were not found 
are not shown. 
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Figure 16. Cont’d. 
From NEFSC summer bottom trawl surveys (1963-1995, all years combined). Distributions are displayed as presence 
only. 
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Figure 16. Cont’d. 
From NEFSC fall bottom trawl surveys (1963-2003, all years combined). Survey stations where adults were not found 
are not shown. 



 

 

Page 65

 

Figure 17. Seasonal distributions and abundances of adult Atlantic cod in Massachusetts coastal waters. 
From spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where adults 
were not found are not shown. 
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Figure 17. Cont’d. 
From fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where adults 
were not found are not shown. 
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Figure 18. Monthly distributions of Atlantic cod eggs collected during NEFSC MARMAP ichthyoplankton surveys 
relative to water column temperature and bottom depth. 
For all available months and years from 1978-1987combined. Open bars represent the proportion of all stations which 
were surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2). Note that 
the bottom depth interval changes with increasing depth. 
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Figure 19. Distributions of Atlantic cod eggs collected during GLOBEC ichthyoplankton surveys relative to water 
column temperature. 
From GLOBEC Georges Bank surveys (February-July, 1995; January-June, 1996-1999) by month for all available years 
combined. Light bars represent the proportion of all stations surveyed, while dark bars represent the proportion of the 
sum of all standardized catches (number/10m2). 
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Figure 20. Distributions of Atlantic cod eggs collected during GLOBEC ichthyoplankton surveys relative to bottom 
depth. 
From GLOBEC Georges Bank surveys (February-July, 1995; January-June, 1996-1999) by month for all available years 
combined. Light bars represent the proportion of all stations surveyed, while dark bars represent the proportion of the 
sum of all standardized catches (number/10m2). Note that the bottom depth intervals change with depth. 
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Figure 21. Monthly distributions of Atlantic cod larvae collected during NEFSC MARMAP ichthyoplankton surveys 
relative to water column temperature and bottom depth.  
For all available months and years from 1977-1987combined. Open bars represent the proportion of all stations which 
were surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2). Note that 
the bottom depth interval changes with increasing depth. 
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Figure 22. Distributions of Atlantic cod larvae collected during GLOBEC ichthyoplankton surveys relative to water 
column temperature. 
From GLOBEC Georges Bank surveys (February-July, 1995; January-June, 1996-1999) by month for all available years 
combined.  Light bars represent the proportion of all stations surveyed, while dark bars represent the proportion of the 
sum of all standardized catches (number/10m2). 
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Figure 23. Distributions of Atlantic cod larvae collected during GLOBEC ichthyoplankton surveys relative to bottom 
depth. 
From GLOBEC Georges Bank surveys (February-July, 1995; January-June 1996-1999) by month for all available years 
combined.  Light bars represent the proportion of all stations surveyed, while dark bars represent the proportion of the 
sum of all standardized catches (number/10m2). Note that the bottom depth intervals change with depth. 
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Figure 24. Distributions of juvenile Atlantic cod and trawls from NEFSC bottom trawl surveys relative to bottom water 
temperature, depth, and salinity. 
Based on NEFSC spring bottom trawl surveys (temperature and depth: 1968-2003, all years combined; salinity: 1991-
2003, all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls 
in which Atlantic cod occurred and medium bars show, within each interval, the percentage of the total number of 
Atlantic cod caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 24. Cont’d. 
Based on NEFSC fall bottom trawl surveys (temperature and depth: 1963-2003, all years combined; salinity: 1991-2003, 
all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in 
which Atlantic cod occurred and medium bars show, within each interval, the percentage of the total number of Atlantic 
cod caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 25. Distributions of juvenile Atlantic cod and trawls in Massachusetts coastal waters relative to bottom water 
temperature and depth. 
Based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which Atlantic cod occurred and medium 
bars show, within each interval, the percentage of the total number of Atlantic cod caught.  
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Figure 25. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which Atlantic cod occurred and medium 
bars show, within each interval, the percentage of the total number of Atlantic cod caught. 
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Figure 26. Distributions of adult Atlantic cod and trawls from NEFSC bottom trawl surveys relative to bottom water 
temperature, depth, and salinity. 
Based on NEFSC spring bottom trawl surveys (temperature and depth: 1968-2003, all years combined; salinity: 1991-
2003, all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls 
in which Atlantic cod occurred and medium bars show, within each interval, the percentage of the total number of 
Atlantic cod caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 26. Cont’d. 
Based on NEFSC fall bottom trawl surveys (temperature and depth: 1963-2003, all years combined; salinity: 1991-2003, 
all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in 
which Atlantic cod occurred and medium bars show, within each interval, the percentage of the total number of Atlantic 
cod caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 27. Distributions of adult Atlantic cod and trawls in Massachusetts coastal waters relative to bottom water 
temperature and depth. 
Based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which Atlantic cod occurred and medium 
bars show, within each interval, the percentage of the total number of Atlantic cod caught. 
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Figure 27. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which Atlantic cod occurred and medium 
bars show, within each interval, the percentage of the total number of Atlantic cod caught. 
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Appendix 1. Table of habitat parameters for Atlantic cod, Gadus morhua.   

This table is separated into four parts based on life history stage. Abbreviations: SS = Scotian Shelf; Nfld = Newfoundland; GOSL = 
Gulf of St. Lawrence; PB = Passamaquoddy Bay; GOM = Gulf of Maine; GB = Georges Bank; Mass Bay = Massachusetts Bay; SNE 
= southern New England (Nantucket Shoals to Hudson Canyon);  MAB = Mid-Atlantic Bight. 
 
SPAWNING/EGGS 

Authors Study Area 
and Period 

Habitat (Spatial and 
Temporal) 

Temperature Salinity Currents/ 
Circulation 

Light/Vertical 

Anderson 
and de 
Young 
(1995) 

Northeastern 
Nfld shelf 

Studied vertical 
distribution and relative 
condition of eggs. 

Temperature has 
effect on vertical 
distribution 

Salinity (water 
density) has 
effect on vertical 
distribution 

--- Eggs in poor 
condition found 
deeper in water 
column. 

Bigelow 
and 
Schroeder 
(1953) 

GOM Pelagic. Spawn Mass 
Bay 3-10 miles from 
shore Nov.-Apr.; Ipswich 
Bay Feb-May; west coast 
Maine Mar.-May (into 
mid-summer).  Also Isles 
of Shoals, Casco Bay, 
Sheepscot River. Always 
< 50 fm. 

Bottom temperatures 
0.6-8.9�C for 
spawning (2.2-5.6�C 
in Mass Bay).   
5.0-8.3�C optimum 
for hatching. High 
mortalities at 0�C. 

Sink in spring 
freshets 

Drift southwest 
following 
coastline, 10-
30 days 

Near surface if 
salinities high 

Bonnet 
(1939) 

Lab study Ipswich Bay. Spawns at 
yearly minimum 
temperature (March) 

0.5-3.0�C. 
12�C upper limit for 
development. 

--- Eggs spawned 
in Ipswich bay 
would drift 120 
miles before 
larvae settled to 
bottom. 

--- 

Brander 
and Hurley 
(1992) 

SS Spring spawning 
proceeds from southwest 
to northeast along shelf. 

--- --- Spawning 
matches 
production of 
copepods. 

--- 

Cohen et 
al. (1990) 

North 
Atlantic 

Most productive area in 
western North Atlantic is 
eastern half of GB and 
Grand Banks, followed 
by southwest GOM. 

0-12�C with most 0-
6�C. GOM stock 
spawns in colder 
water than others. 

--- --- Spawn near bottom, 
unless temperatures 
unsuitable, then 
migrate into water 
column. 

Colton 
(1978) 

GOM Spawn in Nantucket 
Shoals and Mass Bay, 
Jan.-Apr. (peak Jan.). 
Also Georges and 
Browns Banks, Ipswich 
Bay, southwest GOM. 

--- --- --- --- 

Fish (1928) Mass Bay, 
southwest 
GOM 

Peak spawning in Mass 
Bay in January 

10.1�C (Nov.) to 
0�C (Jan.). 

--- Advected out 
of Mass Bay by 
currents. 

--- 

Hanke et 
al. (2000) 

SS, eastern 
GOM, Bay 
of Fundy; 
1975-1997 

Evidence for a spring and 
fall spawning, but with 
regional differences.  In 
March-April spawning 
observed off 
southwestern Nova 
Scotia including Browns 
Bank, GB, and the 
Emerald/Western/Sable 
Island Bank area.  
Spawning occurs again in 
November/December on 
GB and entire Nova 
Scotia coast, west of 
Grand Manan and on 
Western/Sable Island/ 
Banquereau Bank. 

--- --- --- --- 
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SPAWNING/EGGS 

Authors Study 
Area and 

Period

Habitat (Spatial and 
Temporal) 

Temperature Salinity Currents/ 
Circulation 

Light/Vertical 

Hardy 
(1978) 

GB, GOM Pelagic. Spawn in inlets, 
bays, harbors, coastal and 
offshore banks. Usually < 
73 m. 

0-6�C for spawning. 
2.0-8.5�C optimum 
for incubation 

Spawning 
salinity thru 
range 10.0-35.5 
ppt. 
Eggs sink in 
spring freshets. 
High mortality at 
low salinites 
(9.9-12.5 ppt). 

--- Upper 10 m. Sink 
with age. 

Lough et 
al. (1994)  

GB, 
January-
June 1982 
vs. 1985 

Particles tracked from 
Northeast Peak spawning 
in monthly mean flow 
fields and the 1982 and 
1985 wind stresses from 
Feb through May.   

--- --- Greater losses 
of particles in 
surface layers < 
25 m along 
southern flank 
and Northeast 
Peak when 
wind stress 
along-shelf to 
the northeast.  
Results 
consistent with 
greater losses 
in 1982 
associated with 
strong 
northeast wind 
in April.    

Particles released in 
six horizontal layers.  

 Lough et 
al. (1996) 

GB, May 
1992 

Vertical distribution of 
eggs at mixed and 
stratified sites on southern 
flank. 

Mixed site: 4-7oC.  
Stratified site: 4-
10oC.    

--- Inferred 
southwest 
transport along 
southern flank.  

At shoal site, eggs 
distributed through 
water column.  At 
stratified site,  eggs 
most abundant in 
surface 20 m with 
maximum density 
just above base of 
thermocline at 20-10 
m.  

Lough et 
al. (2002) 

GB,  
January-
May 1977-
1987 

Modeling specific year, 
weekly transport and 
retention of eggs from 
Northeast Peak and 
Western GB spawning 
areas.    

--- --- Specific year 
flow fields 
estimated from 
January to July.   

Considerable wind 
loss of particles at 
surface; retention 
consistent at depth 
(30 m).  High 
recruitment occurred 
during years of high 
retention.  

Miller et 
al. (1995) 

SS, Oct.-
May, 
1991-1993 

Peak spawning during fall. Temperature (more 
than season) exerts 
most influence on 
egg size (and 
hatchling size). 

--- --- --- 

Mountain 
et al. 
(2003) 

GB, 
monthly 
surveys 
January-
July 1995, 
1996  

Peak egg abundance in 
Februrary-March on 
Northeast Peak of GB 

--- --- Advection of 
egg cohorts 
consistent with 
mean 
climatological 
pattern.  
Seasonal egg 
mortality rates 
12-14% d-1.  

--- 
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SPAWNING/EGGS 

Authors Study 
Area and 

Period

Habitat (Spatial and 
Temporal) 

Temperature Salinity Currents/ 
Circulation 

Light/Vertical 

O’Brien 
et al. 
(2003) 

GB, 1978-
2000 

Egg survivorship was 
significantly related to age 
diversity of repeat 
spawners, spatial 
distribution of eggs, and 
bottom temperature.   

--- --- --- --- 

Page et 
al. (1999)  

GB, bi-
monthly 

Inferred mean spawning 
locations compared with 
patterns in particle 
residence times and 
locations.  

--- --- Spawning 
occurs at times 
and locations 
characterized 
by model 
residence times 
>35 days: 
Northeast Peak 
during March-
April.   

Particles released at 
1, 10, 20, 30, 40, 50 
m depth in mean 
climatological bi-
monthly flow fields. 

Rau 
(1974) 

Browns 
Bank, GB, 
Nantucket 
Shoals, 
February-
March 
1973 

Most eggs found over 
central and northeast GB. 

Most collected at 3-
5�C. 

Most collected at 
32-33 ppt. 

--- --- 

Valerio et 
al. (1992) 

Nfld Studied freezing resistance 
of eggs and larvae.  No 
antifreeze proteins 
detected. 

If chorion intact, 
capable of 
undercooling to -
4.0�C. Froze at -4.1 
to -17.0�C. 

--- --- --- 

Werner et 
al. (1993)  

GB,  
March-
April 

Modeling mean March-
April transport of eggs 
from Northeast Peak. 

--- --- Eggs in surface 
advected off 
bank, but 
below surface 
transported to 
southwest and 
retained on-
bank if 
shoalward of 
70-m isobath.   

Vertical position of 
eggs specified in 
simulations based on 
day and night field 
observations. 
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LARVAE 

Authors Study Area 
and Period 

Habitat (Spatial and 
Temporal) 

Temperature Salinity Currents/ 
Circulation 

Light/ 
Vertical 

Predators/ 
Prey (See 
Food Habits 
tables also) 

Garrison et 
al. (2000) 

GB, April-
May 1990, 
1994, 1995.  

Spatial overlap of cod 
larvae and herring and 
mackerel predators on 
southern flank 
determined.    

Larvae 
occurred 
mostly in well-
mixed water 
where mean 
temperature < 
7oC.    

Mean 
range: 
32.2-32.7 
psu 

Intrusions of 
Scotian Shelf 
water and 
Slope water 
increased 
spatial 
overlap of 
predators.   

--- Atlantic 
herring and 
Atlantic 
mackerel as 
they migrate 
northward in 
the spring and 
overlap with 
patches of 
larvae on the 
southern flank 
of GB. 

Hanke et 
al. (2000) 

SS, 1975-
1982.   

Composite data from 
several programs. Fall 
and spring spawning 
populations observed, 
progressively older 
larvae found on 
western SS.   

--- --- --- --- --- 

Laurence 
(1978) 

Laboratory 
study 

Growth rates increase 
with increasing 
temperatures. 

4�C: 4.15%/d. 

7�C: 6.67%/d. 

10�C: 8.75%/d. 

--- --- --- --- 

Lough and 
Bolz (1989)  

GB, April, 
May 1981, 
May 1983 

Consistent cross-shelf 
age gradient with older 
larvae found nearer the 
shoals.   

--- --- Average 
shoalward age 
gradient 
consistent 
with near-
bottom cross-
isobath 
current of ca. 
1 cm s-1.   

Retention of 
larvae on the 
shoals 
enhanced by 
residing 
nearer to 
bottom in 
waters < 70 
m.   

--- 

Lough and 
Potter 
(1993) 

GB, spring 
and summer 
1981-1986 

Vertical distribution 
patterns of eggs, larvae, 
and juveniles described 
from spawning to 
settlement.   

Range: 4-14oC.  Range: 
32.5-33.2 
ppt 

--- Larvae 
distributed 
throughout 
mixed water 
column, but 
concentrated 
within or 
above 
thermocline 
when 
strongly 
stratified. 
Older larvae 
deeper by 
day and 
shoaler by 
night 
indicating 
diel vertical 
migration.   

--- 
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LARVAE 

Authors Study Area 
and Period 

Habitat (Spatial and 
Temporal) 

Temperature Salinity Currents/ 
Circulation 

Light/ 
Vertical 

Predators/ 
Prey (See 
Food Habits 
tables also) 

Lough and 
Manning 
(2001) 

GB, May 
1997 

Model simulation of 
larvae near the 
developing tidal front 
on southern flank.  

Surface 
signature of 
tidal front 7oC.   

Sigma-t 
values 
given. 

Complex 
frontal 
circulation of 
converging 
and diverging 
cells.  

Vertical 
positioning 
important. 
Larvae 
caught in 
near surface 
jet 
transported 
southwest 
along flank, 
while larvae 
near bottom 
advected 
shoalward 
across the 
front.   

--- 

Lough and 
Mountain 
(1996) 

GB, April-
May 1981; 
May 1983. 

Effects of small-scale 
turbulence on larval 
feeding in well-mixed 
and stratified water on 
southern flank.   

Turbulence 
minimal at or 
below 
pycnocline (ca. 
25 m).   

--- Higher 
turbulence 
near surface 
due to wind 
mixing and at 
depth due to 
shear in the 
tidal current 
near bottom.   

Maximum 
feeding 
occurs at 
low to 
intermediate 
turbulence 
levels where 
prey is >10-
20 prey l-1; 
i.e., near 
pycnocline.   

See Food 
Habits table. 

Lough et 
al. (1994)  

GB, January-
June 1982 vs. 
1985 

Particles tracked from 
Northeast Peak 
spawning in monthly 
mean flow fields and 
the 1982 and 1985 
wind stresses from Feb 
through May.   

--- --- Greater losses 
of particles in 
surface layers 
< 25 m along 
southern flank 
and Northeast 
Peak when 
wind stress 
along-shelf to 
the northeast.  
Results 
consistent 
with greater 
losses in 1982 
associated 
with strong 
northeast 
wind in April.    

Particles 
released in 
six 
horizontal 
layers.   

--- 

Lough et 
al. (1996)  

GB, May 
1992 

Vertical distribution of 
larvae at mixed and 
stratified sites on 
southern flank. 

Mixed site: 4-
7oC.  Stratified 
site: 4-10oC.    

--- Inferred 
southwest 
transport 
along 
southern 
flank. 

At shoal site, 
larvae 
distributed 
through 
water 
column.  At 
stratified 
site, larvae 
most 
abundant in 
surface 20 m 
with 
maximum 
density just 
above base 
of 
thermocline 
at 20-10 m.   

--- 
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LARVAE 

Authors Study Area 
and Period 

Habitat (Spatial and 
Temporal) 

Temperature Salinity Currents/ 
Circulation 

Light/ 
Vertical 

Predators/ 
Prey (See 
Food Habits 
tables also) 

Lough et 
al. (2005) 

GB, May 
1993, 1994 

Biophysical 1-D 
growth model used to 
compare field derived 
growth rates (RNA-
DNA based) at 
stratified sites on 
southern flank.  Model 
includes effect of light 
on larval feeding 
response.   

Thermocline 
near 20 m. 
Temperatures 
above 20 m, 7-
9oC; below 20 
m, 6-7oC.   

--- Higher 
turbulence 
near surface 
due to wind 
mixing and at 
depth due to 
shear in the 
tidal current 
near bottom.   

Vertical 
growth 
profiles 
resulted 
from depth-
dependent 
food 
limitation 
and prey 
selectivity 
coupled with 
greater 
metabolic 
costs 
induced by 
higher 
temperatures 
in May 
1994.  
Minimum 
light level 
for feeding 
typically 
near 60 m 
depth, so 
that most of 
water 
column had 
non-limiting 
feeding. 
Possible 
feeding 
inhibition in 
surface 10 m 
due to high 
light levels.  

--- 

Mountain 
et al. 
(2003) 

GB, monthly 
surveys 
January-July 
1995, 1996. 

Peak abundance in 
March-April on 
southern flank GB. 

--- --- Movement of 
larval cohorts 
between 
surveys 
consistent 
with mid-
depth 
climatological 
flow fields 
around GB.  

Larvae 
concentrated 
in middle 
and upper 
part of water 
column.  

--- 

Myers and 
Drinkwater 
(1989) 

MAB, GB, 
Grand Banks 

Examined effect of 
warm core ring activity 
on recruitment success 
in 17 groundfish stocks, 
1973-1986. 

--- --- Increased ring 
activity 
reduced 
recruitment in 
all stocks 
except GB 
cod. 

Rings 
presumably 
entrained 
larvae of 
most stocks 
offshore. 

--- 
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LARVAE 

Authors Study Area 
and Period 

Habitat (Spatial and 
Temporal) 

Temperature Salinity Currents/ 
Circulation 

Light/ 
Vertical 

Predators/ 
Prey (See 
Food Habits 
tables also) 

Perry and 
Neilson 
(1988) 

GB Studied diel vertical 
distributions of cod and 
haddock late larvae in 
isothermal and 
stratified sites. 

Thermocline 
may limit 
nightly upward 
migration. 

--- --- Near bottom 
during day, 
in midwater 
at night. 
Migrations 
in reaction 
to light 
levels. Late 
larval 
haddock did 
not change 
depth as 
much as cod 
larvae. 

--- 

Rau (1974) Browns Bank, 
GB,  
Nantucket 
Shoals, 
February-
March 1973 

Most larvae (2-7 mm) 
between northeast GB 
and Nantucket Shoals. 

Most collected 
3-5�C. 

Most 
collected 
32-33 ppt. 

--- --- --- 

Suthers et 
al. (1989) 

SS Recent growth in 
presumed inshore 
nursery area was less 
than in offshore waters, 
based on examination 
of birthdate 
distributions. 

Temperature 
only rarely 
correlated with 
growth. 

--- --- --- Growth rate 
strongly 
correlated 
with 
zooplankton 
biomass. 

Werner et 
al. (1993) 

GB Examined tidal 
currents, wind stress, 
Scotian Shelf inflow, 
advection and vertical 
distribution of larvae 
on Northeast Peak.  
Spawning shoalward of 
70 m isobath enhances 
eventual retention of 
larvae on Georges 
Bank. 

--- --- Larvae in 
surface layers 
subject to off-
shelf 
advection via 
Ekman 
transport.  
Downwelling 
near shelf 
break allows 
larvae to 
avoid 
advection. 

--- --- 

 



 

 

Page 88

Appendix 1.  cont’d. 
 
JUVENILES 

Authors Study Area and 
Period 

Habitat (Spatial 
and Temporal) 

Temperature Salinity Substrate/ 
Vegetation 

Currents/ 
Circulation 

Light/Diel Predators/ 
Prey (See Food 
Habits tables 

also) 

Clark and 
Green (1990) 

Conception Bay, 
Nfld 

Studied diel, depth, 
seasonal movements 
in Broad Cove. 
Seasonal change in 
diel behavior due to 
disappearance of 
shallow (< 30 m) 
summer 
thermocline. 

Summer: day: 
4.1-4.6�C; night: 
10-12�C. Fall: 
stayed in warmer 
water. 
 

--- Summer: wide-
ranging (> 3 km/day), 
between deep, cold 
and shallow, warmer 
water.  
Fall: small home 
ranges over sand in 
shallows; resting 
areas over rocks in 
shallows. 

--- Summer: day, 
inactive; 
night, active. 
Fall: day, 
active; night, 
inactive. 

Active periods 
coincide with 
feeding. 

Fraser et al. 
(1996) 

Laboratory Study Studied interactions 
of 0+, 1+, and 3+ 
(predator) cod and 
their reactions to 
two different 
substrate types: 
sand/cobble and 
sand/gravel. 

--- --- Some habitat 
segregation between 
Age 0+ and Age 1+, 
except when Age 3+ 
present, then both hid 
in cobble. 

--- --- When predator 
present, 0+ and 
1+ cod used 
same refuge 
(cobble). 

Gotceitas and 
Brown (1993) 

Laboratory study Studied substrate 
preference with and 
without a predator 
(e.g., a larger cod) 
present. 

--- --- Cobble preferred 
over finer grained 
substrates when 
predator present. 
After predator leaves, 
larger juveniles 
return to fine grains, 
smaller remain in 
cobble. 

--- --- Fewer juveniles 
succumb to 
predation in 
cobble than in 
finer grained 
substrates. 

Gotceitas et al. 
(1994) 

Trinity Bay, Nfld 
and laboratory 
studies, 1993 

Nearshore bay, 
various substrates. 
July-mid-December. 

--- --- Predator absent: 
preferred finer grains 
and avoided 
vegetation. 
Predator present: 
preferred cobble and 
hide in vegetation. 

--- --- See Substrate/ 
Vegetation 
column 

Gotceitas et al. 
(1995) 

Nfld Studied reactions of 
0+ cod to predator 
in combinations of 
substrates and 
artificial 'kelp'. 

--- --- With no predator, 0+ 
prefer fine grain 
substrates, avoid 
'kelp'. When predator 
present, 'kelp' 
provides protection 
from predation. 

--- --- Juveniles select 
refuge type 
(cobble or 
'kelp') when 
predator 
present. 

Gotceitas et al. 
(1997) Nfld Studied vegetated 

and non-vegetated 
habitats, plus 
several bottom 
substrates with and 
without predator 
using SCUBA and 
seines. 

--- --- Eelgrass used as 
nearshore nursery by 
0+ cod.  For refuge 
from predation and 
when combined with 
cobble, stem density 
was important. 

--- --- Predator 
absent: 0+ used 
sand and 
gravel. Predator 
present: 0+ hid 
in cobble or 
eelgrass. 

Grant and 
Brown (1998a) 

Nfld Studied diel 
distribution in 
eelgrass habitat and 
diet differences 
between 0+ and 1+ 
cod. 

--- --- After settlement in 
grass beds, Age 0+ 
change habits on diel 
basis. 

--- Age 0+ in 
water column 
during day, 
disperse to 
bottom at 
night. Older 
year classes 
do opposite. 

Age 0+ feed 
mostly on 
zooplankton 
during day; 
Age 1+ mostly 
on benthos and 
fish at night. 

 



 

 

Page 89

Appendix 1.  cont’d. 
 
JUVENILES 

Authors Study Area and 
Period 

Habitat (Spatial 
and Temporal) 

Temperature Salinity Substrate/ 
Vegetation 

Currents/ 
Circulation 

Light/Diel Predators/ 
Prey (See Food 
Habits tables 

also) 

Grant and 
Brown 
(1998b) 

Nfld Studied encounters 
between just-settled 
juveniles and older 
cod (predators) in 
eelgrass and no-
eelgrass habitats in 
Trinity Bay. 

--- --- After settlement, 
juveniles display 
preference for 
eelgrass beds, but 
remain localized over 
grass and no-grass 
habitats for several 
weeks, perhaps 
through first winter. 

--- Juveniles 
aggregate in 
grass beds 
during day, 
disperse at 
night. 
Different 
pattern by 
older cod 
results in 
reduced 
encounters. 

Risk of 
cannibalism 
high in coastal 
habitats.  
Localized 
movements and 
preference for 
grass beds are 
mechanisms to 
avoid 
predation. 

Gregory and 
Anderson 
(1997a) 

Placentia Bay, 
Nfld. April, 
October / 
November 1995 

Submersible and 
QTC View 
acoustical seabed 
classification 
system for habitat 
use by age 1-4 
juveniles.   
Occurred most 
abundantly at 60-
120 m.   

5.5oC at surface, 
declining to 
minus 1.0oC at 
75 m.   

--- Substrate selection 
was age specific. Age 
1 cod found primarily 
in areas with gravel 
substrate and low 
relief.  Age 2-4 cod 
found mostly 
associated with 
coarse substrate and 
high relief.   
Macroalgae cover 
substrate not selected 
by either group.   

Slight tidal 
current (max 
0.1 to 0.2 m 
s-1).   

Suggest diel 
movements do 
not occur 
among 
juveniles at 
spring water 
temperatures 
(~-1.0oC).   

 

 

 

 

Predator 
avoidance 
behavior 
indicates young 
mottled 
individuals rely 
on crypsis, 
whereas older 
uniform-
colored 
individuals 
associated with 
a specific 
physical 
feature.   

Hardy (1978) Northwest 
Atlantic 

Coastal waters, rock 
pools, shallow 
inlets, river mouths, 
harbors.  Leave 
coastal areas by 
mid-June 
(Massachusetts). 0+ 
average 35 m (range 
8-42 m); 1+ range 
73-274 m. 

Range 6-20�C From < 
31.3 to 35.0 
ppt. 

--- --- --- --- 

Keats (1990) Bonavista Bay, 
Nfld 

Examined diel 
depth distributions 
of juveniles. 

--- --- --- --- Arrive in 
shallow water 
at dusk, 
remain until 
pre-dawn, 
then migrate 
into deeper 
water. 

 

Keats and 
Steele (1992) 

Bonavista Bay, 
Nfld. May-
August 1986   

Described in Keats 
(1990).   

--- --- --- --- Juveniles 
move into 
shallow water 
at night and 
mostly rest 
near bottom. 

Diet consists 
mostly of 
planktonic prey 
taken during 
daytime. 

Keats et al. 
(1987) 

Conception Bay, 
Eastern Nfld 

Observations of 
juveniles in 
macroalgal habitat 
and adjacent sea-
urchin dominated 
'barrens'. 

--- --- More abundant in 
macroalgal areas, 
used as cover, than in 
'barrens'.  

--- Diel not tested Epiphytic food 
source not 
utilized. 
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JUVENILES 

Authors Study Area and 
Period 

Habitat (Spatial 
and Temporal) 

Temperature Salinity Substrate/ 
Vegetation 

Currents/ 
Circulation 

Light/Diel Predators/ 
Prey (See Food 
Habits tables 

also) 

Laurel et al. 
(2003) 

Bonavista Bay, 
Nfld. 
Summer/autumn 
1999 and 2000  

Various sizes of 
artificial eelgrass 
mats deployed with 
tethered age 0-yr 
cod to monitor local 
predation rates.   

--- --- Artificial eelgrass 
mats of 5 sizes.   

--- --- Predation rates 
negatively 
correlated with 
patch size, 
suggesting that 
larger patches 
reduced 
predator 
foraging ability. 
However, high 
predator 
densities in 
largest eelgrass 
mat resulted in 
higher rates of 
predation than 
expected.   

Laural et al. 
(2004) 

Bonavista Bay, 
Nfld 1996, 1998-
2001.   

Shallow coastal 
areas < 6 m depth 
with substrate 
varying from mud 
to bedrock, often 
associated with 
vegetative cover, 
eelgrass being the 
most common.  Bi-
weekly seine 
surveys, mark-
recapture and lab 
experiments 
conducted.   

--- --- Cod initially settle in 
August/September, 
and again in October, 
mostly associated 
with eelgrass but 
periodically over 
sand as density in 
eelgrass increased.  
Cod formed tighter 
aggregations over 
sand than eelgrass. 
Mark-recapture 
experiments indicated 
movement between 
sites. Habitat 
suitability dynamic 
rather than fixed 
variable.     

--- --- Eelgrass 
supports higher 
densities of 
prey such as 
pelagic and 
epiphytic 
zooplankton.   

 

 

 

 

Lindholm et 
al. (1999) 

Aquarium 
experiments on 
predation of 0-
year juveniles by 
3+ cod over 5 
seafloor habitats.  

Habitats vary in 
complexity to 
mimic the range of 
impacts of mobile 
fishing gear given a 
gradient in fishing 
effort.   

Aquarium 
maintained at 8-
10oC.     

--- Experimental 
habitats: sand, 
cobble, minimum 
density short sponge, 
maximum density 
short sponge, and tall 
sponge. Significant 
decrease in 0-yr 
mortality with 
epifaunal density 
compared to flat 
sand.  Epifaunal 
density found to be 
more significant than 
epifaunal height in 
reducing 0-yr 
mortality. 

--- 12 h light/dark 
regime.  

--- 

Lough et al. 
(1989) 

GB Descend to bottom 
at 4-6 cm.  0+ 
(newly settled) fish 
dense on 
northeastern GB, 
70-100 m depth 
during summer. 

--- --- Pebble-gravel 
deposits. 

Fall, 
transported 
southeast-
ward by 
gyre. 

Migrate into 
lower water 
column at 
night to feed 
on inverte-
brates. 

Coloration 
mimics 
substrate, 
reduces 
vulnerability to 
predation. 
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JUVENILES 

Authors Study Area and 
Period 

Habitat (Spatial 
and Temporal) 

Temperature Salinity Substrate/ 
Vegetation 

Currents/ 
Circulation 

Light/Diel Predators/ 
Prey (See Food 
Habits tables 

also) 

MacDonald et 
al. (1984) 

Bay of Fundy 
and PB 

Juveniles in PB in 
winter, close to 
beach in summer. 
(See "Adults") 

0-6�C in winter; 
8-13�C in 
summer. 

30-31 ppt 
winter; 31-
32 ppt 
summer. 

Mud, gravel, rock in 
winter; sand, mud, 
rock in summer. 

--- --- --- 

Murawski and 
Finn (1988) 

GB Evaluated species 
co-occurrences 
relative to 
temperature and 
depth preferences 
and spatial 
distribution by 
species and age.  
Overlap with silver 
hake, mostly in fall. 
See also “Adults” 

YOY means: 
winter: 2.9�C, 
spring: 5.3�C, 
summer:  
9.9�C, 
fall: 9.3�C. 

--- YOY means: 
winter: 56 m, 
spring: 60 m, 
summer: 71 m, 
fall: 71 m. 

---  --- 

Tatyankin 
(1972) 

Barents Sea, 
1967-1969 
(laboratory 
study) 

Determined 
preferred 
temperatures in 
gradient tank. In 
general, lower 
temperatures 
selected in winter, 
higher in summer. 
Older age classes 
preferred colder 
temperatures than 
younger. 

Age 0+, summer: 
7-11 �C. 
Age 1, winter: 3-
6�C. 
Age 1+, fall: 5-
8�C. 
Age 2, winter: 2-
7�C. 

--- --- --- --- --- 

Tupper and 
Boutilier 
(1995) 

St. Margaret's 
Bay, Nova Scotia 

Studied survival and 
0+ densities in four 
different bottom 
habitats (sand, 
seagrass, cobble, 
rock-reef). 

--- --- Settlement equal 
among habitats, but 
subsequent densities 
highest in structurally 
complex habitat 
types. 

--- --- Higher survival 
and densities 
appear to be 
related to 
shelter 
opportunities 
and reduced 
predation. 
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Appendix 1.  cont’d. 
 
JUVENILES 

Authors Study Area and 
Period 

Habitat (Spatial 
and Temporal) 

Temperature Salinity Substrate/ 
Vegetation 

Currents/ 
Circulation 

Light/Diel Predators/ 
Prey (See Food 
Habits tables 

also) 

Wigley and 
Serchuk 
(1992) 

GB, SNE.  1982-
1986. 
Commercial 
landings data and 
spring and fall 
research-vessel 
data.   

Ages 1-4 distributed 
at different depths 
in spring (57, 58, 
68, 86 m, 
respectively).   
During autumn age 
3 fish co-occurred 
with age 1-2 fish at 
86 m.  0-group fish 
mean depth at 69 m. 
Seasonal shift in age 
2 fish.  Both the 
Nantucket Shoals 
and GB populations 
move to deeper 
water in the 
summer/fall along 
the 100 m contour, 
the western side of 
the Great South 
Channel, and the 
Northern Edge and 
Northeast Peak 
areas. Distribution 
patterns delineated 
more by depth than 
temperature.   0-
group in autumn 
distinct from all 
other age-groups 
with respect to 
temperature and 
depth.   

Mean 
temperatures for 
all age groups 
5.3oC in spring 
and 9.2oC in 
autumn.  Mean 
temperature for 
0-group 10.0oC.  
Seasonal shifts 
most likely 
associated with 
temperature.   

--- --- --- --- Fall occurrence 
of some age-3 
fish with ages 
1-2 may be 
related to diet.  
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Appendix 1.  cont’d. 
 
ADULTS 

Authors Study Area 
and Period 

Habitat (Spatial and 
Temporal) 

Temperature Salinity Depth/ 
Substrate/ 
Vegetation 

Currents/ 
Circulation 

Light/ 
Diel/ 

Vertical

Predators/ Prey 
(See Food 

Habits tables 
also) 

Bigelow and 
Schroeder 
(1953) 

GOM Non-migratory in 
GOM. 
Surface to 250 fm, but 
few > 100 fm. Most 5-
75 fm.  Usually within 
1 fm of bottom.  As 
shallow as 7 fm in 
summer, 3 fm in 
winter. 

0-12.8�C. Prefer 
< 10.0 �C. 

--- Mostly rocky, 
pebbly, sandy, 
or gravelly 
bottoms. 

--- --- Large sharks and 
spiny dogfish. 

Colvo-
coresses and 
Musick 
(1984) 

MAB, 
continental 
shelf 

Analyzed faunal 
associations, and 
zones occupied 
seasonally. Occurs 
with Pseudo-
pleuronectes 
americanus and 
Hemitripterus 
americanus. 

Boreal species, 
spring, < 10�C. 
"Relatively 
absent" during 
fall. 

--- < 100 m. --- --- --- 

Helser and 
Brodziak 
(1996) 

GOM, GB, 
SNE, MAB 

Demonstrated 
seasonal differences in 
depth and bottom 
temperature 
preferences. 

Spring: < 4.9 �C;
Fall: weaker 
association with 
temperatures. 

--- Spring: < 72 m;
Fall: weaker 
association 
with depth 

--- --- --- 

Jean (1965) GOSL; SS GOSL: 35-145 m in 
summer; 130-180 m in 
winter. 
SS: 65-110 m in 
summer; 
90-135 m in winter. 

GOSL: 0-6�C in 
summer; 1-3 �C 
in winter. 
SS: 1-8�C in 
summer; 2-4 �C 
in winter. 

--- --- --- --- --- 

Link and 
Garrison 
(2002)  

SS, GOM, GB, 
SNE, MAB.  
Spring and fall 
research survey 
cruises 1973-
1998. 25-yr 
time series of 
food habits 
data.   

Omnivorous diet 
shifted significantly 
over 3 decades 
concurrent with forage 
species abundance and 
distribution.   

--- --- --- --- --- Cod are 
opportunistic 
feeders, prefer 
sand lance, 
Cancer spp., 
crabs and 
herring, 
regardless of 
abundance or 
overlap.  Early 
juveniles 
consumed more 
pelagic than 
benthic 
invertebrates, 
medium cod 
consumed 
benthic 
invertebrates and 
fish, and larger 
cod consumed 
larger amounts 
of fish.  
Cannibalism 
increased with 
size. 
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Appendix 1.  cont’d. 
 
ADULTS 

Authors Study Area 
and Period 

Habitat (Spatial and 
Temporal) 

Temperature Salinity Depth/ 
Substrate/ 
Vegetation 

Currents/ 
Circulation 

Light/ 
Diel/ 

Vertical 

Predators/ Prey 
(See Food 

Habits tables 
also) 

MacDonald et 
al. (1984) 

Bay of Fundy 
and PB 

Adults in PB summer; 
GOM, SS winter. (See 
"Juveniles"). 

8-13�C summer;
4-8�C winter. 

31-32 ppt in 
summer; 31-32 
ppt in winter. 

Mud, rock in 
summer. 

--- --- --- 

Mountain and 
Murawski 
(1992) 

SS, GOM, GB, 
SNE, MAB.  
Spring NEFSC 
research survey 
cruises 1963-
1990.   

Significant correlation 
between GB weighted 
mean catch and areal 
average temperature, 
but unable to 
determine if 
distributional change 
either a north-south 
shift or change in 
water depth.  

Significant 
decadal changes 
in spring 
temperatures 
from cold 1960’s 
to warmer 
1970’s and 
intermediate 
1980’s.  
Interannual 
variations of ±2-
4�C observed in 
all shelf regions.  

--- --- --- --- --- 

Murawski and 
Finn (1988) 

GB Evaluated species co-
occurrences relative to 
temperature and depth 
preferences and spatial 
distribution by species 
and age.  Overlap with 
silver hake, mostly in 
fall.  
Also see “Juveniles” 

Age 1+ means in 
winter: 4.2�C; 
spring: 5.4�C; 
summer: 8.0 �C; 
fall: 9.3�C. 

--- Age 1+ means 
in winter: 88 
m; 
spring: 67 m; 
summer: 72 m; 
fall: 84 m. 

--- --- --- 

Odense et al. 
(1966) 

Bay of Chaleur 
(laboratory 
study) 

Studied tolerance to 
low salinity. 

5-6�C (not 
manipulated). 

First mortalities 
when  salinities 
reached 2.7 
ppt; complete 
mortality at 2.3 
ppt. 

--- --- --- --- 

Rose and 
Leggett 
(1988) 

GOSL Onshore movements 
and inshore abundance 
of cod were affected 
by winds, upwellings, 
and downwellings. 

Cod usually 
located where 
temps -0.5 to 
8.5�C. 

--- --- When 
alongshore 
winds create 
temperature 
changes, cod 
numbers 
decrease. 

--- --- 

Rose and 
Leggett 
(1989) 

GOSL Cod were aggregated 
within narrow 
temperature range, 
unless prey present, 
then found in wider 
range. 

Without prey, 
usually between 
0 and 5�C. 

--- --- --- --- When capelin 
present, range -
0.5 to 8.5�C. 

Scott (1982a) SS, Bay of 
Fundy 

Determined preferred 
depths, temperatures, 
and salinities for 
several groundfish 
species. Compared to 
other gadoids, cod 
prefers shallower, 
colder, less saline 
waters. 

0-13�C (mean 
4.9�C). Preferred 
temperature 
showed increase 
northeast to 
southwest, 
means 3.2 to 
7.8�C. 

31-34 ppt 
(mean 32.8 
ppt). 

27-366 + m, 
(mean 95 m). 
Preferred range 
37-90 m. 

--- --- --- 

Tyler (1971) PB compared 
to bays south. 
Analyzed 
regular and 
periodic 
components in 
fish 
community. 

 Cod was member of 
'regular' community 
(present throughout 
year), but most 
abundant March-
April.   

As annual 
temperature 
fluctuations 
increase (in 
southern bays), 
fewer 'regular' 
species. 

29.5-29.6 ppt 
in Mar-Apr.; 
32.3 ppt in 
Sept. 

Sampled brown 
mud bottom, 
sloping from 
38-55 m. 

--- --- --- 
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and all credit for such production rightfully belongs to, the staff of the Ecosystems Processes Division.
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Each original issue of an "Essential Fish Habitat Source Document" is published both as a paper copy and as a Web
posting.  The Web posting, which is in "PDF" format, is available at:  http://www.nefsc.noaa.gov/nefsc/habitat/efh.

Each issue is updated at least every five years.  The updated edition will be published as a Web posting only; the
replaced edition(s) will be maintained in an online archive for reference purposes.

Species Names

The NMFS Northeast Region's policy on the use of species names in all technical communications is generally  to
follow the American Fisheries Society's  lists of scientific and common names for fishes (i.e., Nelson et al. 2004a; Robins
et al. 1991b), mollusks (i.e., Turgeon et al. 1998c), and decapod crustaceans (i.e., Williams et al. 1989d), and  to follow the
Society for Marine Mammalogy's guidance on scientific and common names for marine mammals (i.e., Rice 1998e).
Exceptions to this policy occur when there are subsequent compelling revisions in the classifications of species, resulting
in changes in the names of species.
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dWilliams, A.B. (chair); Abele, L.G.; Felder, D.L.; Hobbs, H.H., Jr.; Manning, R.B.; McLaughlin, P.A.; Pérez Farfante, I.  1989.  Common
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eRice, D.W.  1998.  Marine mammals of the world: systematics and distribution.  Soc. Mar. Mammal. Spec. Publ. 4; 231 p.
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PREFACE TO SECOND EDITION 
 
One of the greatest long-term threats to the viability of 
commercial and recreational fisheries is the continuing 
loss of marine, estuarine, and other aquatic habitats. 

Magnuson-Stevens Fishery Conservation and 
Management Act (October 11, 1996) 

 

The long-term viability of living marine resources 
depends on protection of their habitat. 

NMFS Strategic Plan for Fisheries Research 
(February 1998) 

 
The Magnuson-Stevens Fishery Conservation and 

Management Act (MSFCMA), which was reauthorized 
and amended by the Sustainable Fisheries Act (1996), 
requires the eight regional fishery management councils 
to describe and identify essential fish habitat (EFH) in 
their respective regions, to specify actions to conserve 
and enhance that EFH, and to minimize the adverse 
effects of fishing on EFH.  Congress defined EFH as 
“those waters and substrate necessary to fish for 
spawning, breeding, feeding or growth to maturity.”  
The MSFCMA requires NOAA Fisheries to assist the 
regional fishery management councils in the 
implementation of EFH in their respective fishery 
management plans. 

NOAA Fisheries has taken a broad view of habitat 
as the area used by fish throughout their life cycle.  Fish 
use habitat for spawning, feeding, nursery, migration, 
and shelter, but most habitats provide only a subset of 
these functions.  Fish may change habitats with changes 
in life history stage, seasonal and geographic 
distributions, abundance, and interactions with other 
species.  The type of habitat, as well as its attributes and 
functions, are important for sustaining the production of 
managed species. 

The Northeast Fisheries Science Center compiled 
the available information on the distribution, 
abundance, and habitat requirements for each of the 
species managed by the New England and Mid-Atlantic 
Fishery Management Councils.  That information is 
presented in a series EFH species reports (plus one 
consolidated methods report).  The EFH species reports 
are a survey of the important literature as well as 
original analyses of fishery-independent data sets from 
NOAA Fisheries and several coastal states.  The species 
reports are also the source for the current EFH 
designations by the New England and Mid-Atlantic 
Fishery Management Councils, and understandably are 
referred to as the “EFH source documents.” 

NOAA Fisheries provided guidance to the regional 
fishery management councils for identifying and 
describing EFH of their managed species.  Consistent 
with this guidance, the species reports present 
information on current and historic stock sizes, 
geographic range, and the period and location of major 
life history stages.  The habitats of managed species are 

described by the physical, chemical, and biological 
components of the ecosystem where the species occur.  
Information on the habitat requirements is provided for 
each life history stage, and it includes, where available, 
habitat and environmental variables that control or limit 
distribution, abundance, growth, reproduction, 
mortality, and productivity. 

The initial series of EFH species source documents 
were published in 1999 in the NOAA Technical 
Memorandum NMFS-NE series. Updating and review 
of the EFH components of the councils’ Fishery 
Management Plans is required at least every 5 years by 
the NOAA Fisheries Guidelines for meeting the 
Sustainable Fisheries Act/EFH Final Rule. The second 
editions of these species source documents were written 
to provide the updated information needed to meet 
these requirements. The second editions provide new 
information on life history, geographic distribution, and 
habitat requirements via recent literature, research, and 
fishery surveys, and incorporate updated and revised 
maps and graphs. This second edition of the Atlantic 
herring EFH source document is based on the original 
by Robert N. Reid, Luca M. Cargnelli, Sara J. 
Griesbach, David B. Packer, Donna L. Johnson, 
Christine A. Zetlin, Wallace W. Morse, and Peter L. 
Berrien, with a foreword by Jeffrey N. Cross (Reid et 
al. 1999a). 

Identifying and describing EFH are the first steps 
in the process of protecting, conserving, and enhancing 
essential habitats of the managed species.  Ultimately, 
NOAA Fisheries, the regional fishery management 
councils, fishing participants, Federal and state 
agencies, and other organizations will have to cooperate 
to achieve the habitat goals established by the 
MSFCMA. 
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INTRODUCTION 

The Atlantic herring, Clupea harengus (Figure 1), 
is a pelagic, schooling, plankton-feeding species that 
inhabits both sides of the North Atlantic Ocean.  In the 
western North Atlantic this species ranges from 
Labrador to Cape Hatteras and supports major 
commercial fisheries.  Adult herring undergo complex 
north-south migrations for feeding, spawning, and 
overwintering.  Herring produce demersal eggs and 
spawn during the summer and fall in the Gulf of Maine 
– Georges Bank region.  Larvae overwinter offshore 
and in coastal waters and metamorphose into juveniles 
in the spring.  Juveniles and adults are heavily preyed 
upon by a variety of marine fish, marine mammals, and 
seabirds. 

Herring are assessed and managed in U.S. waters 
as a single stock complex with two major spawning 
components, one in the Gulf of Maine and another on 
Georges Bank and Nantucket Shoals.  Herring that 
spawn in the Bay of Fundy and off southwest Nova 
Scotia are assessed and managed by Canada.  The U.S. 
stock complex has fully recovered from the effects of 
over-exploitation during the 1960s and 1970s and is 
currently under-utilized, although there is concern that 
exploitation rates in the Gulf of Maine may be too high. 

This report provides information on the life history, 
stock status, geographical distribution, and habitat 
characteristics of different life stages of Atlantic herring 
in U.S. and Canadian waters of the northwest Atlantic 
from Cape Hatteras to the Gulf of Maine (Figure 2). 

LIFE HISTORY 

This section provides a brief review of the biology 
and life history of Atlantic herring in U.S. and 
Canadian waters of the northwest Atlantic.  More 
detailed reviews are provided by Bigelow and 
Schroeder (1953), Sindermann (1979), Kelly and 
Moring (1986), Tupper et al. (1998), and Munroe 
(2002). 

EGGS 

Atlantic herring deposit demersal eggs in 5-90 m of 
water in areas with strong tidal currents on a variety of 
substrates ranging from boulders, rocks, and gravel, to 
sand, shell fragments, and macrophytes.  The eggs are 
1.0-1.4 mm in diameter (Fahay 1983) and are adhesive, 
adhering to the bottom and forming extensive egg beds 
that are often many layers deep. They remain attached 
to the bottom throughout the incubation period, which 

varies from 10-15 days in the Gulf of Maine region 
during the fall spawning season. 

LARVAE 

The larvae are 4-10 mm long at hatching (Able and 
Fahay 1998) and retain a yolk-sac for the first few days 
after hatching.  The duration of the yolk-sac stage 
varies with temperature, from 2.5 days at 14.5�C to 6 
days at 8�C (Mansueti and Hardy 1967; Lough et al. 
1982).   The yolk sac is absorbed by the time the larvae 
reach 8-12 mm SL (Blaxter and Holliday 1963).  While 
they have a yolk sac, they are negatively buoyant and 
remain in deep water on or near the bottom.  Divers 
observed yolk-sac larvae among the branches of a 
benthic red alga (Ptiloda serrata) at a spawning site on 
Jeffreys Ledge for several days after hatching (Cooper 
et al. 1975) and observations made from a submersible 
on Georges Bank revealed a dense aggregation of yolk-
sac larvae being carried by the current 15 cm above the 
bottom (Caddy and Iles 1973). 

The larval stage of fall-spawned herring in the Gulf 
of Maine lasts 4-8 months, depending on the timing of 
spawning.  The larval stage is shortest for early-
spawned (August) larvae, and longest for late-spawned 
(December) herring.  Currents affect the pelagic larvae; 
however, they may or may not disperse randomly from 
the spawning grounds.  Some larvae are retained for 
several months after hatching on or near the spawning 
site, while others are dispersed soon after hatching and 
drift with residual currents (Iles and Sinclair 1982; 
Sinclair and Iles 1985; Townsend et al. 1986; 
Chenoweth et al. 1989; Smith and Morse 1993). 

Larvae produced off southwestern Nova Scotia are 
retained initially near the spawning ground and then 
drift into the Bay of Fundy (Iles 1971; Stephenson and 
Power 1988).  Larvae produced in coastal Gulf of 
Maine waters generally remain inshore (Graham 1982) 
and disperse in a westerly direction, entering bays and 
estuaries where they over-winter (Graham et al. 1972a; 
Graham and Townsend 1985).  Some larvae are 
transported offshore, away from the coast (Townsend 
1992).  Larvae that hatch on Jeffreys Ledge are 
dispersed shoreward (Boyar et al. 1973).  Some larvae 
from the southwestern Gulf of Maine are transported 
eastward into estuaries in the mid-coast region of Maine 
(Lazzari and Stevenson 1992), despite the fact that the 
surface currents flow in the opposite direction.  During 
the winter, herring larvae in inshore waters are exposed 
to extremely low temperatures and food levels 
(Townsend and Graham 1981; Graham et al. 1990).  It 
is not clear if larval survival is enhanced as a result of 
over-wintering in nearshore and estuarine waters or in 
coastal waters.  Larvae from Nantucket Shoals and 
Georges Bank tend to drift to the southwest (Lough et 
al. 1980; Grimm 1983) and are transported as far south 
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as southern New Jersey, where they have been collected 
in the Great Bay – Little Egg Harbor estuary during the 
winter and spring (Able and Fahay 1998) and in 
Delaware Bay and its tributaries (NEFMC 1999). The 
NOAA Estuarine Living Marine Resources Program 
(ELMR) compiled information on the distribution and 
abundance of all life stages of Atlantic herring in 
estuaries in New England (Jury et al. 1994) and the 
Middle Atlantic (Stone et al. 1994). Larvae were 
‘highly abundant’ from Englishman-Machias Bays 
(eastern Maine) to the Sheepscot River (central Maine). 
Larvae were rare or absent in estuaries south of Raritan 
Bay (Table 1). 

The Atlantic herring is one of the few species that 
perform extensive vertical migrations as larvae.  They 
make diel or semi-diel vertical migrations throughout 
the water column that may be linked to time of day or 
turbidity (related to light level), tidal currents, or shifts 
in prey abundance (Lough and Cohen 1982).  Vertical 
movements may be a larval retention mechanism 
enabling them to control their displacement by tidal 
currents and move into estuaries (Graham 1972; Fortier 
and Leggett 1983; Stephenson and Power 1988; Lazzari 
et al. 1993). 

Larvae in coastal Maine waters grow at a rate of 
about 2 mm a week between October and early January 
and from late February to March, but grow very little, if 
at all, in mid-winter (Townsend and Graham 1981).  
Lough et al. (1982) reported larval growth rates in the 
Gulf of Maine – Georges Bank area of 1.75 and 2.1 mm 
per week in the fall and less than 1 mm per week in the 
winter. 

JUVENILES 

Larvae metamorphose into juveniles at 40-55 mm 
standard length (SL) in the spring (April-May) 
(Sindermann 1979; Lough et al. 1982).  Growth is 
rapid, with juveniles in coastal Maine waters reaching 
lengths of 90-125 mm by the end of their first year of 
life (Anthony 1972).  Schooling behavior begins during 
metamorphosis and is well established by the time the 
larvae have made the transition to the juvenile life stage 
(Gallego and Heath 1994).  In the Gulf of Maine, one-
year-old juveniles move out of nearshore waters in the 
summer and fall to overwinter in deep bays or near the 
bottom in offshore areas (Boyar 1968).  Two-year old 
juveniles return inshore the following spring when they 
are fully recruited to the coastal fishery.  Juvenile 
herring do not make seasonal north-south migrations.  
Herring tagged as overwintering one-year-old juveniles 
in eastern and western Maine remained in close 
proximity to the area where they were tagged 
throughout the following summer (Creaser and Libby 
1986).  Some summer-feeding two-year-old juveniles 
tagged in southwestern Maine overwintered in 

Massachusetts Bay, but juveniles in eastern Maine had 
a greater tendency to remain there (Creaser and Libby 
1988). 

One and two-year-old juveniles form large schools 
in coastal waters throughout the Gulf of Maine in the 
spring and summer (Bigelow and Schroeder 1953).   
They are abundant or common in estuaries and 
embayments from Buzzards Bay to Delaware Bay, 
primarily in the spring, and have been reported in 
Narragansett Bay and Long Island Sound during all 
months of the year (Table 2). They are abundant or 
highly abundant in most estuaries and embayments 
north of Cape Cod and are particularly numerous 
between Penobscot Bay and Passamaquoddy Bay in the 
summer. 

Juvenile herring perform diurnal vertical 
migrations that are linked to changing light intensity, 
most likely in response to movements of their prey 
(Blaxter 1985).  They move up in the water column at 
twilight and remain near the surface when light 
intensity is low; activity is highest just after sunrise and 
just before sunset (Brawn 1960a; Tibbo 1964; Stickney 
1972).  Juvenile and adult herring feed on a variety of 
planktonic organisms (see “Feeding”). 

ADULTS 

Like juveniles, adult herring are pelagic and form 
large schools, feeding on planktonic organisms.  Adults 
in the Gulf of Maine region occupy inshore and 
offshore waters to depths of 200 m and make extensive 
seasonal migrations between summer and fall spawning 
grounds on Georges Bank and in the Gulf of Maine and 
overwintering areas in southern New England and the 
Mid-Atlantic region (see “Migrations”).  Thermal 
oceanic fronts between colder and less saline 
continental shelf water and warmer, more saline 
continental slope water provide an abundance of 
plankton and other food sources and greatly influence 
the migratory behavior and spatial distribution patterns 
of this species (see “Habitat Characteristics”). 

Adults occur in estuaries and embayments from 
Passamaquoddy Bay (Bay of Fundy) to Long Island 
Sound (Table 3).  They are abundant or highly abundant 
from April to November in estuaries and embayments 
north of Muscongus Bay, in mid-coast Maine. Adults 
generally are common or rare south of Long Island 
Sound. Adult herring behavior is affected by 
temperature changes.  Herring probably have 
characteristic temperature ranges and tolerances during 
particular times of year (Blaxter and Holliday 1963) 
and can perceive temperature changes which are 
smaller than 0.1�C (Laevastu 1993). Vertical 
migrations linked to changing light intensity are 
pronounced.  Observations during the summer in the 
North Sea have shown that adult herring remain below 
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the thermocline in the daytime, migrate upwards during 
sunset to form loose aggregations above the 
thermocline, disperse between the surface and the 
thermocline during the night, and aggregate close to the 
bottom during sunrise (Laevastu and Hayes 1981; 
Blaxter and Holliday 1963). 

Median sizes and ages at maturity for male and 
female Atlantic herring during 1987-1989 autumn trawl 
surveys were 25.3 cm TL and age 2.9 years for males 
and 25.4 cm TL and 3.0 years for females (O’Brien et 
al. 1993).  Boyar (1968) concluded that herring from 
the Gulf of Maine, Georges Bank, and southern Nova 
Scotia during the 1960s matured at age 4 and an 
average total length of 27.5 cm.  Fewer herring matured 
at age 3 and at sizes around 26 cm.  Growth and 
maturation rates appear to be density-dependant.  
Sinclair et al. (1982) correlated increased sizes at 
maturity in Nova Scotia with faster juvenile growth 
rates and Winters (1976) correlated decreased age at 
maturity with decreased adult biomass in the Gulf of St. 
Lawrence.  Mean size at age of adult herring in U.S. 
waters of the northwest Atlantic has decreased steadily 
since 1983 as stock size has increased (Overholtz et al. 
2004).  Growth rates have been shown to increase 
progressively from Nova Scotia to Georges Bank, with 
intermediate growth rates in the western Gulf of Maine 
(Sindermann 1979).  Mean lengths of herring on 
Georges Bank ranged from 23.7-25.6 cm at age 3 to 
33.0-33.3 cm at age 7 during the 1960s (Boyar 1968).  
Atlantic herring can reach a maximum size of about 39 
cm TL and 0.68 kg, and a maximum age of 15-18 years 
(Anthony 1972).  However, herring caught in the U.S. 
commercial fishery seldom exceed 35 cm in length and 
12 years of age (Overholtz et al. 2004). 

REPRODUCTION 

Most Atlantic herring in the Gulf of Maine region 
mature at 3 years of age and a total length of about 25 
cm (O’Brien et al. 1993).  In this report herring � 25 cm 
were considered to be adults.  Predicted fecundities 
range from 44,000 eggs for small (25 cm) females to 
about 250,000 for large (36 cm) females (Morse and 
Morris 1981; Kelly and Stevenson 1985). 

In the northwest Atlantic, herring spawn from 
Labrador to Nantucket Shoals.  Spawning occurs in the 
spring, summer, and fall in more northern latitudes, but 
summer and fall spawning predominates in the Gulf of 
Maine-Georges Bank region (Haegele and Schweigert 
1985).  Small spring spawning stocks used to exist in 
the Bay of Fundy (Bigelow and Schroeder 1953).  
Herring spawning grounds are located in high-energy 
environments with strong tidal currents (Iles and 
Sinclair 1982) and, based on information from egg and 
larval surveys and the distribution of sexually mature 

adults, are depicted - in very general terms - in Figure 
3.  

Historically, three primary herring spawning stocks 
have been recognized in the Gulf of Maine region: 
southwestern Nova Scotia, coastal Gulf of Maine, and 
Georges Bank/Nantucket Shoals.  These larger stocks 
may be composed of a number of smaller stocks that 
occupy discrete, localized spawning locations within 
the larger spawning grounds.  This has been confirmed 
off southwestern Nova Scotia, where spawning occurs 
on or near a series of offshore banks and ledges 
(Stephenson et al. 2001). 

In U.S. waters of the Gulf of Maine, herring eggs 
have been observed along the eastern Maine coast, at 
several other locations along the Maine coast (e.g., 
outer Penobscot Bay and near Boothbay), on Jeffreys 
Ledge and Stellwagen Bank, and on eastern Georges 
Bank (see Geographic Distribution: Eggs, and Figure 
6).  Nantucket Shoals is known to be an important 
spawning ground based on the concentrations of 
recently-hatched larvae that were repeatedly collected 
there during the 1970s and 1980s (Grimm 1983; Smith 
and Morse 1993).  High concentrations of recently-
hatched larvae have also been collected in the vicinity 
of Cultivator Shoals on western Georges Bank, in the 
vicinity of Stellwagen Bank and Jeffreys Ledge, and on 
the outer continental shelf in southern New England 
(Grimm 1983; Smith and Morse 1993).  High densities 
of recently-hatched larvae have also been observed in 
Saco Bay and Casco Bay on the southern Maine coast 
(Graham et al. 1972b, et al. 1973). 

The spawning season in the Gulf of Maine-Georges 
Bank region begins in July and lasts until December.  
Spawning begins earlier in the northern areas of the 
Gulf.  Off southwestern Nova Scotia, spawning occurs 
from July to November and peaks in September-
October (Boyar 1968; Das 1968, 1972) Spawning in 
eastern Maine coastal waters during 1983-1988 
extended from late July through early October, with 
peak spawning in late August (Stevenson 1989), but 
more recent egg bed surveys (1997-2002) in the same 
area indicated that spawning did not start until late 
August and lasted until October 21 (Neal and Brehme 
2001; Neal 2003).  Based on larval surveys, Graham et 
al. (1972b) concluded that spawning peaks in mid-
September to mid-October in eastern Maine and in 
October in western Maine.  Boyar et al. (1973) reported 
that spawning on Jeffreys Ledge in 1972 started in early 
September and peaked during the first three weeks of 
October.  On Georges Bank, spawning occurs from late 
August to December (Boyar 1968; Berenbeim and 
Sigajev 1978; Lough et al. 1980) with a peak in 
September-October (Boyar 1968; Pankratov and 
Sigajev 1973; Grimm 1983).  On Nantucket Shoals, 
spawning peaks from October to early November, 1-2 
weeks later than on Georges Bank (Lough et al. 1980; 
Grimm 1983).  Larval surveys conducted during 1971-
1975 indicated that spawning on Georges Bank started 
on the northeast peak of the bank in September and 
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extended southwest to Nantucket Shoals in October, 
declined in November and was absent in December 
(Grimm 1983). 

During spawning, it has been reported that the 
females first deposit ribbons of eggs on the substrate 
and then the males swim above them and release milt 
into the water (Blaxter and Holliday 1963).  However, 
Messieh (1988) observed that females spawning in 
shallow water in the Gulf of St. Lawrence did not 
release their eggs until there was milt in the water and 
swam 30 cm above the bottom for four hours before 
spawning at night.  A single school of spring-spawning 
herring in a bay in southwestern Norway was observed 
to separate into a pelagic component (a tight “ball”) of 
fully-mature non-spawning fish and a demersal 
component of spawners that spread out in a flat layer at 
the bottom (Axelsen et al. 2000).  Post-spawners 
seemed to return to the pelagic school.  After spawning 
the two components rejoined each other in a loose, 
uneven layer at the surface.  The majority of the herring 
in the school completed spawning within three days. A 
school of herring in eastern Maine was observed to 
remain near the site where they spawned for about a 
week; eggs were deposited on the bottom overnight and 
the next day the spent fish had dispersed from the 
spawning site (Stevenson and Knowles 1988). 

In some cases egg masses are composed entirely of 
eggs that were all spawned at the same time (Caddy and 
Iles 1973; Stevenson and Knowles 1988), while in other 
cases several layers of eggs in different stages of 
development indicate that successive spawnings have 
occurred at the same site within a few days of each 
other (Pankratov and Sigajev 1973).  Spawning often 
occurs repeatedly at the same site.  Stevenson (1989) 
reported 49 spawning events at 24 different locations 
along the eastern Maine coast during 1983-1988.  In a 
few cases, eggs were deposited at the same site twice in 
the same year. 

Egg developmental rates are inversely related to 
temperature, varying from 40 days at 4-5�C to 6-8 days 
at 14.4-16�C, with an average incubation period of 10-
15 days at temperatures (8-13�C) which prevail during 
the summer-fall spawning season in the Gulf of Maine 
(Bigelow and Schroeder 1953; Messieh 1988). In the 
Gulf of Maine, Atlantic herring spawn in fully saline 
seawater (32-33 ppt) (Munroe 2002). 

FOOD HABITS 

Atlantic herring prey upon a variety of 
planktivorous organisms. They are visual particulate 
feeders with diverse feeding behaviors, often switching 
between filtering and biting in response to light 
intensity and the size of available food (Bigelow and 
Schroeder 1953; Battle 1934; Blaxter 1966; Batty et al. 
1990). All life stages of herring are opportunistic 

feeders, and will take advantage of whatever prey of the 
appropriate size is available.  As they grow and the size 
of their jaws increases, they consume larger organisms.  
Their diet therefore varies with season, their age and 
size, and location. 

Larvae begin exogenous feeding before the yolk 
sac is completely absorbed (Munroe 2002).  Newly-
hatched larvae (7-20 mm) in coastal waters of central 
Maine feed primarily on the small, early developmental 
stages of copepods; during the winter, larger larvae (21-
30 mm) feed on the adult stages of small copepods as 
well (Sherman and Honey 1971).  During the spring, 
when a wider variety of planktonic organisms are 
available and the larvae are larger, their diet includes 
organisms such as barnacle larvae, crustacean eggs, 
copepods, and free-swimming ciliate protozoans 
(tintinnids) (Sherman and Honey 1971). Three copepod 
species preyed upon by larval herring on Georges Bank 
are Pseudocalanus sp., Paracalanus parvus, and 
Centropages typicus (Cohen and Lough 1983). 

Juveniles feed on up to 15 different groups of 
zooplankton; the most common are copepods, decapod 
larvae, barnacle larvae, cladocerans, and molluscan 
larvae (Sherman and Perkins 1971).  Adults have a diet 
dominated by euphausiids, chaetognaths, and copepods 
(Bigelow and Schroeder 1953; Maurer and Bowman 
1975).  Maurer (1976) reported that the most important 
prey items of adult herring collected on Georges Bank 
were chaetognaths (Sagitta elegans, 43% by weight), 
euphausiids (Meganyctiphanes norvegica, 23%; 
Thysanoessa inermis, 6.1%), pteropods (Limacina 
retroversa, 6.2%), and copepods (3%).  The copepod 
Calanus finmarchicus is a common prey item.  In 
addition, adults also consume fish eggs and larvae, 
including larval herring, sand lance, and silversides 
(Munroe 2002). 

Spring and summer are the most intense feeding 
times for both juvenile and adult herring (Munroe 
2002). Although it has been observed that adult herring 
on Georges Bank stop feeding prior to spawning 
(Pankratov and Sigajev 1973), there are also studies 
showing that they continue feeding before spawning 
(Bradford and Iles 1992; Axelsen et al. 2000).  Feeding 
occurs primarily at dawn and dusk in the upper water 
layers due to the diurnal vertical migrations of herring 
in response to changes in light intensity; they rise to the 
surface to feed at dusk and then sink toward the seabed 
at dawn (Brawn 1960a; Tibbo 1964; Stickney 1972; 
Blaxter 1985). 

Food habits data collected during Northeast 
Fisheries Science Center (NEFSC) bottom trawl 
surveys [see Reid et al. (1999b) and Link and Almeida 
(2000)] reveal that the most abundant identifiable prey 
items (percent by weight) for Atlantic herring include 
amphipods, copepods, and euphasiids (Figure 4). 
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PREDATION AND MORTALITY 

Herring is an important species in the food web of 
the northwest Atlantic.  Demersal fish species that have 
been observed feeding on herring eggs include cod, 
haddock, cunner, and red hake; invertebrates that 
probably consume herring eggs include moon snails, 
hermit crabs, and starfish (McKenzie 1964; Caddy and 
Iles 1973; Cooper et al. 1975). Herring eggs and larvae 
are consumed by sand lance (Rankine and Morrison 
1989). Herring larvae are also eaten by jellyfish 
(Aurelia aurita), Atlantic mackerel, and adult Atlantic 
herring (Bailey 1984; Bailey and Batty 1984; Moller 
1984; Lett and Kohler (1976). Juvenile herring, 
especially “brit” (age-1 juveniles) are heavily preyed 
upon due to their abundance, small size, and schooling 
behavior (Munroe 2002). 

Atlantic herring is an important prey species for a 
large number of piscivorous fish, elasmobranchs 
(sharks and skates), marine mammals, and seabirds in 
the northwest Atlantic.  Unlike other pelagic fishes such 
as Atlantic mackerel, herring are smaller and vulnerable 
to predation over most, if not all, of their life (Overholtz 
et al. 2000).  According to the diet composition data in 
Table 4, the principal finfish and elasmobranch species 
that feed on Atlantic herring (or on clupeid species as a 
group) are Atlantic cod, silver hake, thorny skate, 
bluefish, goosefish, weakfish, summer flounder, white 
hake, and – in certain locations and times of year – 
Atlantic bluefin tuna.  Other species that feed on 
herring are spiny dogfish, Atlantic halibut, red hake, 
striped bass, dusky shark, and black sea bass.  Short-
finned squid (Illex illecebrosus) have also been 
observed feeding on juvenile herring (Bigelow and 
Schroeder 1953). The spiny dogfish is a much more 
important predator on Atlantic herring than is indicated 
by diet composition data.  Link et al. (2002a) estimated 
that spiny dogfish consumed an average of 67,660 
metric tons (mt) of Atlantic herring a year during 1977-
1998, with a range of 15,526 to 148,197 mt.  Thus, in 
some years, spiny dogfish may consume a greater 
quantity of herring biomass than is taken in the 
commercial fishery. 

For many of the predator species listed in Table 4, 
herring made up a larger percentage of the diets of the 
larger size classes.  This was the case for silver hake, 
summer flounder, white hake, bluefish, and goosefish.  
Link and Garrison (2002) reported that the percentages 
of herring in the stomachs of Atlantic cod increased 
from about 13% in 51-60 cm cod to 28% in 81-90 cm 
cod and then declined again to 6% in 111-120 cm cod.  
They also showed that herring made up a larger 
percentage of the diet of Atlantic cod in the Gulf of 
Maine than on Georges Bank or in southern New 
England. Garrison and Link (2000) reported higher 
percentages of Atlantic herring in the diet of silver hake 
on Georges Bank than in the Gulf of Maine or in 
southern New England.  Bowman et al. (2000) reported 

similar results for silver hake and Atlantic cod.  Chase 
(2002) reported very high percentages of Atlantic 
herring in bluefin tuna diets on Jeffreys Ledge and in 
the Great South Channel, but very low percentages in 
three other locations.  Less dramatic spatial variations 
were reported for striped bass by Nelson et al. (2003). 

Overholtz et al. (2000) estimated the consumption 
of Atlantic herring by 10 species of predatory fish in 
northeastern U.S. waters from 1977-1997, and found 
that the amount of herring consumed varied in response 
to changes in the abundance of herring and the 
abundance of predator populations in the late 1980s and 
throughout the 1990s.  Consumption of Atlantic herring 
by these predatory fish peaked at over 200,000 metric 
tons (mt) during 1992 and 1993, declining to less than 
100,000 mt in 1997 (Table 5). By far the most 
important predator on herring was spiny dogfish, 
followed by silver hake, cod, white hake, and bluefish.  
The declines in consumption of herring in the late 
1990s were coincident with the declines in the 
abundance of these five species. 

Read and Brownstein (2003) used survey-based 
estimates of abundance for eight species of marine 
mammals between 1991 and 1997 to estimate the total 
annual consumption of Atlantic herring by these 
species.  Their estimates of marine mammal 
consumption ranged from about 94,000-190,000 mt of 
herring per year.  Their results show that minke whales, 
harbor porpoises, and white-sided dolphins are major 
predators on Atlantic herring because of high 
proportions of herring (34-51%) in their diets, whereas 
fin and humpback whales consume large quantities of 
herring to sustain their large body mass.  Despite a 
three-fold increase in the harbor seal population in the 
Gulf of Maine between 1981 and 1997, herring only 
make up 13% of their diet.  Consequently, the mean 
consumption estimate for harbor seals is below 5,000 
mt a year. 

Read and Brownstein’s (2003) mean (or “best”) 
estimate of Atlantic herring consumed annually by 
marine mammals during 1991-1997 was about 140,000 
mt, with a range of 93,000-200,000 mt.  Adding these 
estimates to the most current (1997) estimate of 
100,000 mt of Atlantic herring consumed by fish and 
elasmobranch predators reported by Overholtz et al. 
(2000) produces a total mean estimate of 240,000 mt, 
with a range of 193,000-300,000 mt.  During the 1990s, 
the total amount of herring consumed by all predators 
could have been as high as 400-450,000 mt. 

MIGRATION 

Adult herring make extensive seasonal migrations 
between summer spawning grounds on Georges Bank 
and in the Gulf of Maine and overwintering areas in 
southern New England and the Mid-Atlantic region. 
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They seldom migrate seaward beyond a depth of about 
100 m and usually inhabit waters closer to the surface 
than the bottom, except in midwinter (Hildebrand 
1963).  Adults from different spawning groups 
intermingle during the non-spawning phase of their 
seasonal cycle (Sinclair and Iles 1985).  Juvenile 
herring make seasonal inshore-offshore movements, but 
do not make extensive north-south migrations (see Life 
History: Juveniles). 

Three general migratory patterns are recognized off 
the northeast coast of the U.S., one for each of the three 
primary spawning stocks, based on the results of 
tagging studies (e.g., Stobo 1983 and Creaser et al. 
1984) and observations from the commercial fishery 
(Sindermann 1979; Figure 5).  Herring that spawn off 
southwest Nova Scotia move north along the eastern 
Scotian shelf after spawning, but some also move south 
to overwinter in the Gulf of Maine.  Adults belonging 
to the Georges Bank/Nantucket Shoals stock overwinter 
south of Cape Cod and along the Mid-Atlantic coast.  
They move north onto Georges Bank and into the Gulf 
of Maine in the spring before congregating on spawning 
grounds southeast of Nantucket and on Georges Bank 
in the fall.  Adults that spawn in the Gulf of Maine 
migrate southwest along the coast after spawning.  
Some of them overwinter south of Cape Cod and some 
remain in the southwestern region of the gulf.  Thermal 
oceanic fronts between colder, and less saline 
continental shelf water and, warmer, more saline 
continental slope water provide an abundance of 
plankton and other food sources and greatly influence 
the migratory behavior of this species (see Habitat 
Characteristics: Adults).  

STATUS OF THE STOCKS 

Adult herring segregate into discrete spawning 
stocks in the summer and fall – on Georges Bank and 
Nantucket Shoals, in coastal waters of the Gulf of 
Maine, and off southwest Nova Scotia and in the Bay of 
Fundy. Each of the major spawning areas in the Gulf of 
Maine region consists of a number of smaller, discrete, 
spawning sites.  Some degree of stock differentiation 
was achieved with early enzyme electrophoresis 
research (Ridgway et al. 1970, 1971), but more recent 
attempts to differentiate geographically isolated fall 
spawning stocks in eastern Canada and the northeast 
U.S. on the basis of more specific genetic 
characteristics have been unsuccessful (Kornfield et al. 
1982; Kornfield and Bogdanowicz 1987; Safford and 
Booke 1992). Evidence for separate stocks is based on 
discrete larval distribution patterns (Iles and Sinclair 
1982), differences in spawning times and locations 
(Boyar et al. 1973; Haegele and Schweigert 1985), 
distinct biological characteristics - such as growth rates 
(Anthony and Waring 1980) and meristic and 

morphometric characteristics (Anthony 1981; Safford 
1985) - and the incidence of parasites (McGladdery and 
Burt 1985).  McQuinn (1997) reviewed arguments for a 
discrete versus dynamic balance population concept for 
Atlantic herring and proposed that the population 
structure and dynamics of herring fit well within a 
metapopulation model. This model allows for 
significant mixing and gene flow among units that still 
retain considerable persistence and discreteness due to 
behaviorally-induced homing to spawning grounds.  

The most compelling evidence supporting the 
existence of separate Gulf of Maine and Georges Bank-
Nantucket Shoals stocks was the collapse of the large 
Georges Bank-Nantucket Shoals stock in the early 
1970s after several years of heavy exploitation by 
foreign fishing fleets (Overholtz and Friedland 2002). 
This stock remained in a depleted state for 10-15 years, 
during which time the smaller Gulf of Maine stock 
continued to support a strong coastal fishery.   

Trawl and larval survey data show that the Georges 
Bank stock has fully recovered and support the view 
that herring recolonized the bank in stages from the 
Gulf of Maine and Nantucket Shoals during the late 
1980s (Smith and Morse 1993; Overholtz and Friedland 
2002). Analysis of trawl survey shows that the 
geographic range of herring in U.S. waters of the 
northwest Atlantic was greatly reduced during the 
period of stock depletion and was more widely 
dispersed by the mid 1990s (Overholtz 2002; Overholtz 
and Friedland 2002).  During 1968-1970 the spring-
time center of distribution was south and west of Cape 
Cod and then gradually shifted northwards and 
eastwards as stock size declined.  As abundance 
increased in the late 1980s, the center of the spring 
distribution moved southwards and westwards as adults 
that spawn on Georges Bank and on Nantucket Shoals 
migrated south and re-occupied the mid-Atlantic shelf.  

The Bay of Fundy-southwest Nova Scotia stock is 
assessed by Canada as a component of a larger 
management unit that also includes coastal and outer 
shelf waters east of Nova Scotia. Biomass estimates 
derived from acoustic survey data indicate that the 
overall abundance of spawning herring declined from 
about 570,000 mt in 1997 to about 460,000 mt in 2000 
and 2001, but increased in 2002 and 2003 (Melvin et al. 
2004).  Despite recent increases in spawning stock 
biomass (SSB), there are concerns that the stock is 
deteriorating: the total catch increased in 2003, but 
there are fewer adults in the population and SSB for 
two spawning components remains well below 
historical levels (Power et al. 2004). The abundance of 
herring that spawn at individual sites off southwest 
Nova Scotia varies from site to site in response to the 
amount of fishing that occurs at each site (Stephenson 
et al. 1999; Melvin et al. 2001).  These observations 
support the view that each of these spawning 
aggregations constitutes a separate sub-stock of herring 
(Stephenson et al 2001).  Some of these discrete 
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spawning sites are located within 10-15 miles of each 
other. 

Herring that spawn on Georges Bank, Nantucket 
Shoals, and in coastal waters of the Gulf of Maine are 
currently assessed in the U.S. as a single coastal stock 
complex. According to a recent U.S. assessment, 
spawning stock biomass for the stock complex was 
about 1.4 million metric tons (mt) in 2001 while a 
Canadian assessment shows it to be about 600,000 mt 
(Overholtz et al. 2004).  They both show the same 
downward trend in spawning stock size from about one 
million metric tons in the late 1960s to 100,000 mt 
between 1975 and 1985, but the U.S. assessment 
indicates a much more dramatic recovery during the last 
20 years.  Maximum sustainable yield (MSY) estimates 
from the U.S. assessment were 222,000 mt or 243,000 
mt, based on two different model formulations 
(Overholtz et al. 2004). According to the U.S. 
assessment, current fishing mortality rates in the fishery 
are below 10%, indicating that the resource is 
significantly under-utilized.  There is concern, however, 
that the inshore (Gulf of Maine) component of the 
stock, which is heavily exploited, is being over-
harvested.  

GEOGRAPHICAL DISTRIBUTION 

EGGS 

Atlantic herring eggs are demersal and adhere to 
the substrate and were not usually collected during the 
NEFSC Marine Resources Monitoring, Assessment and 
Prediction (MARMAP) ichthyoplankton surveys.  A 
few in situ surveys of herring spawning locations have 
been conducted in the Gulf of Maine – Georges Bank 
region during the past 40 years using divers, remotely-
operated underwater vehicles equipped with video 
cameras, submersibles, dredges and grab samplers.  
Information obtained from these surveys is summarized 
in Table 6.  Geo-referenced spawning site locations are 
shown in Figure 6, Figure 7, and Figure 8.  Spawning 
location information in this document is based on the 
presence of herring eggs on the bottom.  More general 
information on herring spawning grounds based on 
catches of fully mature adults or the abundance and 
distribution of recently-hatched larvae is summarized in 
Life History: Reproduction. 

LARVAE 

Herring larvae were collected during the 1977-
1987 NEFSC MARMAP surveys from New Jersey to 
the Bay of Fundy and from nearshore waters to the 

seaward limit of the survey area (Figure 9).  Larvae 
were collected in all months, but were most abundant in 
the fall (September – December).  The highest mean 
monthly density (351 larvae/10 m2) occurred in 
September when larvae were restricted to the 
northeastern Gulf of Maine.  Larvae were relatively 
abundant in October (39 larvae/10 m2) and November 
(49 larvae/10 m2).  The appearance of larvae off Nova 
Scotia and eastern Maine in September, followed by 
more widespread larval production throughout the Gulf 
of Maine and on Nantucket Shoals and Georges Bank 
in October and November, indicates that spawning 
begins earlier in the northeast (see also Bigelow and 
Schroeder 1953; Tupper et al. 1998).  Mean densities 
were much lower (less than 6 larvae/10m2) from 
December through August. The MARMAP surveys 
were conducted during the time when the abundance of 
the Georges Bank – Nantucket Shoals spawning stock 
of herring was very low. 

The abundance and distribution of herring larvae 
on Georges Bank and Nantucket Shoals changed 
considerably between 1971 and 1990, as the number of 
herring spawning in these two areas declined in 
response to heavy fishing pressure and then increased 
beginning in the mid-1980s.  By the end of the 1980s, 
larval abundance had increased to 1973-1974 levels on 
Georges Bank and exceeded the previous abundance 
levels on Nantucket Shoals (Figure 10).  According to 
U.S. larval survey data compiled by Smith and Morse 
(1993), herring spawned on the northeast peak of 
Georges Bank and on Nantucket Shoals during 1971-75 
(Figure 11).  During 1976-1987, spawning was limited 
to a small area on Nantucket Shoals and in 
Massachusetts Bay.  During 1988-1990, spawning 
spread over a larger area that included the western 
portion of Georges Bank (Cultivator Shoals), but not 
the northeast peak.  More recent Canadian surveys have 
documented larval production in U.S. and Canadian 
waters on eastern Georges Bank, including – in 1994 – 
the northeast peak (Figure 12; Melvin et al. 1996). 

JUVENILES AND ADULTS 

NEFSC bottom trawl surveys show that the 
distributions of juvenile (Figure 13) and adult (Figure 
14) herring overlap during the summer, fall, and winter 
and are very similar in the spring. (Note that winter and 
summer distributions are presented as presence/absence 
data, precluding a discussion of abundances.) In the 
summer and fall, herring are distributed throughout the 
Gulf of Maine and in the deeper waters of Georges 
Bank and the Great South Channel, with a few in 
offshore waters of southern New England.  In the 
winter, their distribution shifts southward, extending 
from Georges Bank to Cape Hatteras, primarily in 
offshore waters.   A few remain in the Gulf of Maine, 
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which is not sampled very heavily in the winter (Reid et 
al. 1999b).  In the spring, juvenile herring occupy the 
entire region.  The spring adult distribution extends 
from Cape Hatteras to Georges Bank and the 
southwestern and central Gulf of Maine and the Scotian 
shelf, but there are only a few along the Maine coast.  
Herring are more concentrated in nearshore waters of 
the Mid-Atlantic, southern New England, and 
Massachusetts Bay in the spring than they are in the 
winter. 

The distributions and abundances of Atlantic 
herring along the coasts of Maine and New Hampshire, 
based on spring and fall 2000-2003 Maine-New 
Hampshire inshore groundfish surveys (Sherman et al. 
2004), are shown in Figure 15. Most of these were 
juveniles (Figure 16). 

The distributions and abundances of juveniles and 
adults in Massachusetts coastal waters, based upon the 
spring and fall 1978-2003 Massachusetts inshore trawl 
surveys, are shown in Figure 17 (juveniles) and Figure 
18 (adults). In the spring, the largest catches of juvenile 
herring occurred along the northern shore of Nantucket 
Island and southern shore of Martha's Vineyard, as well 
as in Buzzards Bay north of Cape Ann. In the fall, large 
catches were found in Cape Cod Bay (Figure 17). The 
few adults found in the spring and fall were most 
abundant in near Cape Ann (Figure 18).  

The seasonal distributions and abundances of 
juveniles and adults in Narragansett Bay, based upon 
the 1990-1996 Rhode Island bottom trawl surveys, are 
shown in Figure 19 (juveniles) and Figure 20 (adults). 
Catches of juveniles were patchy in Narragansett Bay 
(Figure 19).  Catches were highest in summer when the 
largest mean catch (254 fish/tow) occurred at the station 
farthest offshore and five of the 12 stations in the bay 
had > 100 per tow. Abundance was lower during the 
remaining seasons. Adults (Figure 20) were scarce in 
winter when the highest mean catch was 12 per tow.  
Catches were smaller in other months and no adults 
were caught in summer. 

The distributions and abundances of both juvenile 
and adult Atlantic herring in Long Island Sound from 
April to November 1984-1994, based on the 
Connecticut Fisheries Division bottom trawl surveys, 
are shown in Figure 21, Figure 22, and Figure 23. The 
following description of their distributions relative to 
depth and bottom type is taken verbatim from 
Gottschall et al. (2000). 

Atlantic herring taken in the survey ranged from 3-
33 cm (Figure 23). The percentage of adults was 81% 
and 94% in April and May respectively, but declined to 
0% by October. Although herring were not measured in 
November, recorded observations indicated that most 
were adults (Gottschall et al. 2000). 

Atlantic herring abundance in the Connecticut 
survey was highest during April and May (Figure 22) 
when adults were most abundant in Long Island Sound. 
In the spring sampling period they were widely 
distributed, but were especially abundant in the Western 

and Central Basins over mud bottom (Figure 21 and 
Figure 22B). Adult abundance declined through the 
spring months to very low abundance in the summer 
and fall periods, when most of the herring taken in the 
survey were juveniles. Although the survey did not 
effectively retain young-of-the-year, they were very 
abundant in the Sound during the summer months – in a 
separate sampling program, up to 80,000 per 15 minute 
tow were caught with an otter trawl equipped with a 6 
mm codend liner [see reference in Gottschall et al. 
(2000)]. During the fall period, most herring were taken 
along the Connecticut side of the Sound in depths < 18 
m, especially south of Milford (Figure 21 and Figure 
22F). Abundance increased in November when adult 
fish were again taken. During November, abundance 
increased slightly with decreasing depth, and the largest 
catches occurred in the Central Basin (Gottschall et al. 
2000). 

Surveys of the Hudson-Raritan estuary show that 
juveniles were most abundant in winter and spring 
throughout the (Figure 24).  Some were caught at the 
mouth of the estuary in summer, but they were rare in 
the fall.  Adults (Figure 25) were common in winter, 
but not at any other time of year. 

The Virginia Institute of Marine Science (VIMS) 
trawl surveys (1988-1999) and beach seine surveys 
(1994-1999) of Chesapeake Bay show that, although 
Atlantic herring were not often caught, nearly 90% of 
the catches were juveniles, with only three adults found 
from the seine surveys (Geer 2002). Juveniles were 
caught in the trawl survey during late winter and early 
spring, with peaks in April and May (Figure 26). 
During the winter juveniles were caught mostly in the 
tributaries but were distributed throughout the lower 
Chesapeake Bay in the spring (Figure 27). In the 
summer a few juveniles were found at the mouth of the 
Bay, and in the fall they were found in the mainstem of 
the Bay. Adults were only caught in the trawl survey 
during the winter (Figure 26 and Figure 28). Of the 
9,321 herring captured during the beach seine surveys, 
over 86% came from a single sample in May 1996 
(Geer 2002). They were found at the Bay mouth or 
along the Atlantic coast beaches (Figure 29).  

 

HABITAT CHARACTERISTICS 

Information on the habitat characteristics of 
Atlantic herring are presented here and summarized in 
Table 6 and Table 7.  
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EGGS 

Atlantic herring eggs are spawned on the bottom in 
discrete beds in coastal and offshore waters of the Gulf 
of Maine, Georges Bank, and Nantucket Shoals.  
Depths reported during in situ egg bed surveys ranged 
from 5 m at Grand Manan Island to 73 m at a spawning 
site in eastern Maine (Table 6). Eggs have been 
reported on Jeffreys Ledge between depths of 53 and 59 
m.  Pre-spawning aggregations of adult herring have 
been observed on the northern edge of Georges Bank in 
depths of 50-100 m (Pankratov and Sigajev 1973).  
Munroe (2002) reported the maximum spawning depth 
in the Gulf of Maine region to be about 90 m. 

Eggs have been observed on a variety of substrates 
that include rocks (ranging from pebbles to boulders), 
gravel, shell fragments, sand, and benthic macroalgae 
and epifauna attached to hard substrates (Table 6).   
Spawning sites have also been located by interviewing 
lobster fishermen who have seen eggs attached to their 
traps (Stevenson 1989). Gravel and shell fragments 
have been identified as the preferred substrate for 
herring eggs in nearshore spawning areas in eastern 
Maine, gravel and rocks with an attached red alga on 
Jeffreys Ledge, and gravel on Georges Bank.  Fine sand 
and mud are not good substrates for herring eggs and 
often define the edges of egg beds.  Fine sediments do 
not provide a stable substrate for attached eggs 
(Drapeau 1973) and are not characteristic of relatively 
shallow, tidally-energetic benthic habitats where 
herring spawn (Iles and Sinclair 1982).  Egg beds on 
the northern edge of eastern Georges Bank surveyed by 
U.S. and Soviet scientists between 1964 and 1970 were 
all located in elongated ridges of gravel at depths of 40-
50 m between gravelly sand and large sand ridges 10-
20 m in height (Valentine and Lough 1991). 

In the Gulf of Maine region, herring eggs have 
been observed as individual eggs, clumps, or patches 
and in cohesive mats up to 5 cm thick (Table 6). In 
some cases egg beds are quite uniform in thickness and 
in others they vary considerably, from several 
centimeters deep to individual eggs at the edges of the 
egg bed (Table 6).  Egg mortality is directly related to 
current speed and the amount of oxygen that is 
available to eggs in the lower layers.  Stevenson and 
Knowles (1988) observed that eggs throughout an egg 
mass 3 cm thick developed at the same rate and that in 
most samples collected from the egg mat, less than 1% 
of the eggs were dead (egg mortality was less than 5% 
in all samples).  In contrast, Cooper et al. (1975) 
observed 50-70% egg mortality in the lower portion of 
an egg mat 4-5 cm thick. 

The sizes of egg beds that have been surveyed in 
the Gulf of Maine and on Georges Bank have varied 
from 0.07-1.39 km2 (Table 6).  Egg beds on the eastern 
Maine coast are typically longer than they are wide, 
following depth contours that parallel the shoreline 
(Figure 7). Egg beds that were surveyed on offshore 

banks (Georges Bank and Trinity Ledge) were more 
irregular in shape (McKenzie 1964; Pankratov and 
Sigajev 1973).  Eggs on Georges Bank, Trinity Ledge, 
and eastern Maine were all deposited in fairly flat or 
gradually sloping bottom areas. Eggs at one site on 
Jeffreys Ledge were found on top of an underwater 
“hill” and down a 20-40 degree rocky slope to talus 
material at the base of the hill and beyond (Cooper et 
al. 1975). 

Herring spawning sites are characterized by strong 
bottom currents. Tidal currents up to two knots in 
velocity have been measured during egg bed surveys in 
the Gulf of Maine and on Georges Bank (Table 6).  
Strong currents prevent siltation (which would impede 
egg adherence to the substrate and smother eggs), 
supply oxygen to the developing eggs, and remove 
metabolites (Drapeau 1973). 

Bottom temperatures measured during herring egg 
bed surveys in the Gulf of Maine region have ranged 
from a low of 7�C to a high of 15�C (Table 6). The 
temperature range for normal egg development and 
survival is not known with certainty.  Bigelow and 
Schroeder (1953) reported that temperatures above 
20�C and below 5�C were lethal, but experiments in 
Europe have shown that egg development was normal 
between 1�C and 22�C, with mortality at –0.8�C 
(Blaxter and Holliday 1963).  Slightly lower minimum 
temperatures have ranged from –1.2 to 0�C for herring 
stocks off northern Europe (Kelly and Moring 1986). 

Atlantic herring in the Gulf of Maine spawn in 
fully saline seawater (32-33 ppt) (Munroe 2002).  
However, laboratory experiments show that 
fertilization, egg development, and hatching can 
succeed in salinities of 5.9-52.5 ppt, with maximum 
fertilization at 25 ppt or more and maximum hatching 
success at 20-35 ppt (Holliday and Blaxter 1960).  
Hatching success is low at dissolved oxygen 
concentrations below 20% saturation (Bishai 1960).  
Eggs covered with 1 cm of sediment do not survive 
(100% mortality) while a thin film of sediment causes 
85% mortality, but there was no effect of suspended 
sediments at any concentration up to 7,000 mg/l on 
hatching success (Messieh et al. 1981).  Eggs incubated 
in 30 micrograms/l copper during incubation had 
relatively high mortality rates and premature hatching, 
with 70% of the larvae being deformed (Blaxter 1977).  

LARVAE 

Once the yolk-sac is absorbed (within a few days 
after hatching), herring larvae are pelagic and begin to 
feed on planktonic organisms.  They are transported 
away from spawning areas and overwinter in inshore 
bays and estuaries, or in offshore coastal waters, for 4-8 
months before metamorphosing to juveniles in the 
spring.  Herring larvae are tolerant of wide ranges of 
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temperature and salinity, and low oxygen 
concentrations.  In laboratory experiments, upper and 
lower temperature tolerances of newly hatched herring 
larvae were 22-24�C and –0.75 to –1.8�C (Blaxter and 
Holliday 1963). Larvae tolerated salinities of 1.4-60 ppt 
for 24 hours and 2.5-52.5 ppt for 7 days (Blaxter and 
Holliday 1963; Blaxter and Hunter 1982).  De Silva and 
Tytler (1973) reported 50% mortality of larvae exposed 
to oxygen concentrations of 1.9-3.6 mg/l at 10�C after 
96 hours. Eggs and larvae held under films of crude oil 
in concentrations of 1 ml or 20 ml/l or in emulsions 
experienced toxicities that varied with the origin of the 
oil (Kühnhold 1969, as cited in Blaxter and Hunter 
1982). Fractions with lower boiling points seemed more 
harmful. Larvae swim into oil dispersants and are 
narcotized (Wilson 1974).  High mortality of newly 
hatched larvae has been observed at copper 
concentrations of 1,000 micrograms/l; larvae were more 
resistant than eggs (Blaxter 1977). 

In the NEFSC MARMAP survey, most larvae were 
collected at 8-14°C from September to November; 
maximum abundance was at 9-12°C (Figure 30).  In 
December, larvae occurred at 6-11°C with the majority 
collected at 8-9°C.  Temperatures at the time of 
collection decreased each month from January to March 
and increased from April to August.  Larvae were 
collected at stations with bottom depths ranging from 
10-250 m, although most were collected at stations with 
depths of 50-90 m. 

JUVENILES 

Laboratory experiments have shown that juvenile 
herring tolerate higher and lower temperatures than 
adults.  The preferred temperature range for juveniles is 
8-12°C and physiological stress has been observed at 
temperatures below 4°C and above 16°C (Stickney 
1969).  Brawn (1960b) reported that 50% of juvenile 
herring exposed to temperatures between 19.5 and 
21.2°C died within 48 hours and that they survived at 
temperatures as low as -1.1°C.  The blood of Atlantic 
herring contains antifreeze proteins (AFP) which allows 
them to survive in icy seawater.  Plasma-freezing points 
are significantly lower and AFP activity significantly 
higher in juveniles than in adults (Chadwick et al. 
1990). 

Salinity is probably not as important a factor as 
temperature in affecting the distribution and movements 
of Atlantic herring (Munroe 2002).  There is a tendency 
for herring to prefer higher salinities and to avoid 
brackish conditions with increasing age.  Laboratory 
studies indicate that juveniles prefer salinities of 28-32 
ppt (Stickney 1969), and can tolerate salinities as low as 
5 ppt for brief periods of time (Brawn 1960c).  Their 
salinity preference is temperature dependent.  Stickney 
(1969) reported that juveniles preferred salinities above 

29 ppt at temperatures below 10°C, but there was no 
salinity preference at temperatures above 10°C.  
Juveniles occupy inshore coves and estuaries with low 
salinities in the spring and summer of their first year of 
growth (Townsend 1992), whereas older juveniles 
avoid brackish estuarine conditions (Recksieck and 
McCleave 1973). 

The spring and fall distributions of juvenile 
Atlantic herring relative to bottom water temperature, 
depth, and salinity based on NEFSC bottom trawl 
surveys from the Gulf of Maine to Cape Hatteras are 
shown in Figure 31. In the spring, juveniles were found 
between 2-12°C, with most between 3-7°C.  During 
autumn, they were found between 5-17°C, with the 
majority between 6-10°C.  They occurred on the outer 
continental shelf to a maximum depth of 300 m in the 
spring and fall. In the spring, the majority were found in 
depths < 100 m. They were caught in a salinity range of 
30-35 ppt in the spring and 32-35 ppt in the autumn, 
with the majority found at 32-33 ppt during spring and 
33-34 ppt in the autumn. 

The spring and autumn distributions of juvenile 
Atlantic herring in Massachusetts coastal waters 
relative to bottom water temperature and depth based 
on 1978-2003 Massachusetts inshore trawl surveys are 
shown in Figure 32. Juveniles were collected at 
temperatures ranging from 1-16°C during the spring 
and 4-21°C during the autumn. Catch rates were high at 
11°C in the spring and at 8°C in the fall. In the spring, 
they were found over depths ranging from 6-85 m, with 
higher catches between 11-20 m. During autumn they 
were found from 1-85 m, with a very high catch at 21-
25 m. 

In the Narragansett Bay bottom trawl survey, most 
juveniles were caught at 17-21°C in the summer, and 
10-11°C and 18-20°C in the fall, 2-6°C in the winter, 
and 10 and 12°C in the spring (Figure 33). Most were 
caught between depths of 11-40 ft (3-12 m) in the 
spring, summer, and fall surveys.  Catch rates were high 
at bottom depths of 91-100 ft (27-30 m) in all seasons 
and also at 51-60 ft (15-18 m) in spring.  

The distributions and abundances of both juvenile 
and adult Atlantic herring in Long Island Sound relative 
to depth and bottom type were discussed previously 
under Geographic Distribution: Juveniles and Adults 
(Figure 22; Gottschall et al. [2000]). 

In the Hudson-Raritan estuary, most juvenile 
herring were caught during winter, spring, and summer 
bottom trawl surveys at 3-5°C and 14-21°C, but they 
were most abundant at 15-18°C (Figure 34).  Most were 
caught between 15 ft and 55 ft (4-16 m), dissolved 
oxygen (DO) concentrations of 6-12 mg/l, and salinities 
of 21-31 ppt.  Catch rates were highest in depths of 30-
55 ft (9-16 m), DO levels of 10 and 11 mg/l, and 
salinities of 21, 26, 27 and 31 ppt.  Most juveniles were 
caught in the winter and spring surveys, with some in 
the summer and very few in the fall (Figure 34). 

The hydrographic preferences of juvenile Atlantic 
herring in Chesapeake Bay from the 1988-1999 VIMS 
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trawl surveys are shown in Figure 35 (all years and 
months combined). Geer (2002) states that the juveniles 
are found primarily at temperatures between 10-16°C 
and at salinities > 14 ppt. It appears they prefer 
dissolved oxygen levels of 9 mg/l and depths of < 10 m 
(Figure 35). 

ADULTS 

Like juvenile herring, adults utilize pelagic 
habitats, only using the bottom for spawning.  
Observations of seasonal distribution on Georges Bank 
suggested a preferred temperature range of 5-9°C 
(Zinkevich 1967).  Adults regularly enter bays and 
estuaries, but are rarely found in low salinities 
(Hildebrand 1963; Munroe 2002).  Bigelow and 
Schroeder (1953) reported that the lower limit of 
salinity for adult Atlantic herring in the Gulf of Maine 
was probably 28 ppt. 

Factors which may affect herring distribution 
include currents and frontal zones (Sutcliffe et al. 1977; 
Sinclair and Iles 1985).  Jakobsson (1980) reported that 
the densest concentrations of herring in Icelandic 
waters were in waters just at or just inside the edge of 
the continental shelf in boundary areas of warm and 
cold water masses.  Depth, substrate type, and 
zooplankton abundance were significant factors 
affecting the presence and relative abundance of adult 
herring in the northern North Sea in 1992, 1994, and 
1995 (Maravelias 1999).  Herring were more abundant 
in depths < 150 m, on plankton “patches” or on their 
edges, and on gravel-sand seabeds where they spawned 
1-2 months later.  These relationships were stable over 
time, despite a substantial reduction in stock size 
(Maravelias et al. 2000b).  Further analysis showed that 
there were more herring in areas where sea surface 
temperatures were between 11°C and 14°C, the 
thermocline was 25-45 m deep, and the difference 
between surface and bottom waters was only 3°C 
(Maravelias et al. 2000a).  In more stratified waters 
(with colder bottom water), herring abundance 
decreased.  This research supports the hypothesis that 
well-mixed waters and transition zones between well-
mixed and stratified waters are preferred habitats for 
adult herring.  Furthermore, as stock size decreased, 
herring aggregated in fewer, more distinct regions with 
these habitat characteristics.  Schools were also found 
preferentially over areas of hard substrate and there was 
a strong relationship with particular topographic 
features within the survey area; i.e., a low ridge and two 
escarpments (Reid and Maravelias 2001). 

Fronts created by currents and eddies act as 
distribution boundaries for herring through their direct 
effects on the fish themselves, and also indirectly by 
aggregating planktonic food organisms and increasing 
the production of zooplankton.  Mixing, such as occurs 

in the frontal zones at the edge of the continental shelf 
or as a result of increased current flow and turbulence 
on the edges of offshore banks causes elevated nutrient 
levels, increased primary production, and increased 
zooplankton abundance. 

The spring and fall distributions of adult Atlantic 
herring relative to bottom water temperature, depth, and 
salinity based on NEFSC bottom trawl surveys from the 
Gulf of Maine to Cape Hatteras are shown in Figure 36. 
In the spring, adults were found between 2-13°C, with 
most between 4-7°C.  During autumn, they were found 
between 4-16°C, with the majority between 6-10°C.  
They occurred on the outer continental shelf to a 
maximum depth of 300 m in the spring and the fall. In 
the fall, most were found > 80 m, while in the spring, 
the majority were found at shallower depths. They were 
caught in a salinity range of 27-35 ppt in the spring and 
32-35 ppt in the autumn, with the majority found at 33 
ppt during spring and 33-34 in the autumn. 

The spring and autumn distributions of adult 
Atlantic herring in Massachusetts coastal waters 
relative to bottom water temperature and depth based 
on Massachusetts inshore trawl surveys are shown in 
Figure 37. Adults were collected at temperatures 
ranging from 2-13°C during the spring and 4-14°C 
during the autumn. Most were found at 4-5°C in the 
spring and at 6-10°C in the fall; the catch was high at 
7°C in the fall. In the spring, they were found over 
depths ranging from 6-85 m, with higher catches 
between 46-50 m and 76-80 m. During autumn they 
were found from 21-85 m, with most at depths > 50 m. 

In Narragansett Bay during the winter, most adults 
were caught in bottom temperatures of 3-7°C and 
depths of 20, 40-60, and 100 ft (6-30 m), while in the 
spring, most were caught at 3-5°C and 7-11°C and 
depths of 20-40, 70 and 100 ft in the spring (Figure 38). 
High catch rates occurred at 6°C in winter and 4-5°C in 
spring and at 100 ft at both times of year.  In the fall, 
high catches occurred at 12°C and at 30 ft. Most adults 
were caught in the winter and spring surveys: none 
were caught in the summer. 

In the Hudson-Raritan estuary, most adults were 
caught at bottom temperatures of 2-6°C, depths of 15-
45 ft (4-14 m), dissolved oxygen (DO) concentrations 
of 9-12 mg/l, and salinities of 24-33 ppt.  Catches were 
highest at 3-6°C, depths of 15-25 ft (10-14 m), DO 
levels of 11 mg/l, and salinities of 24-25 and 28-31 ppt.  
Most adults were caught in the winter (Figure 39). 

The hydrographic preferences of the few adult 
Atlantic herring caught in Chesapeake Bay during the 
1988-1999 VIMS trawl surveys are shown in Figure 40 
(all years and months combined). Adults were found in 
only during the winter at greater depths and colder 
waters than the juveniles (Geer 2002). They preferred 
dissolved oxygen levels of 11 mg/l and salinities > 14 
ppt. 
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RESEARCH NEEDS 

The following research needs are based in part on a 
summary provided by Tupper et al. 1998. 

Discrete populations/metapopulations within the 
Atlantic coastal stock complex need to be identified.  
This would involve identifying the major and minor 
spawning components within the Gulf of Maine – 
Georges Bank region and the degree to which they 
intermix at different times of year.  Research methods 
that should be considered include the examination of 
environmentally-induced traits (scales, otoliths, and 
possibly morphometrics), and tagging studies.  Tagging 
studies could be conducted in conjunction with other 
surveys (e.g., acoustic surveys during the summer and 
fall spawning seasons).  Modern genetic techniques 
(e.g., cDNA fingerprinting) and physiological 
performance indices might be useful for stock 
differentiation purposes and should be evaluated.  
Pertinent questions that should be addressed include: 

 
� During the winter, what is the degree of 

mixing among adults that spawn on Georges 
Bank, Nantucket Shoals, and in the Gulf of 
Maine and migrate to southern New England 
and the mid-Atlantic region? 

 
� During the summer and fall, what is the degree 

of mixing between adults that spawn in 
different locations? 

 
Given the concerns that have been expressed 

regarding the status of the Gulf of Maine spawning 
stock (see Status of The Stocks), stock assessment 
surveys or analyses that would indicate trends in 
population size in the Gulf of Maine are badly needed.  
Procedures used to estimate population size or resource 
status for the different components of the coastal stock 
complex are complicated by the fact that adults from 
each spawning group mix to an unknown degree in 
different geographical areas and at different times of 
year.  A large-scale larval herring survey, conducted 
repeatedly (e.g., at two-week intervals) throughout the 
spawning season on all known spawning grounds, 
would provide useful information for comparing the 
relative intensity of spawning by the different 
components of the resource and for evaluating to what 
extent larval production (and spawning stock size) on 
Georges Bank, Nantucket Shoals, and the southwest 
Gulf of Maine has changed since the last large-scale 
larval herring survey was done in these areas in 1990. 

Existing surveys of pre-spawning aggregations of 
adult herring should be continued: currently, acoustic 
surveys are conducted in the Gulf of Maine and on the 
northern edge of Georges Bank (See Overholtz et al. 
2004).  New technologies, such as multi-beam acoustic 
equipment, towed-array video, and laser illumination, 
could provide surveying tools.  The applicability of 

alternative assessment models that have been used with 
other pelagic resource species (e.g., surplus production, 
multi-species virtual population analyses, ecosystem-
level models such as ECOSIM and ECOPATH) should 
be evaluated. The natural mortality rate that is routinely 
applied in stock assessment models (18% a year) needs 
to be validated and the degree to which it varies for 
different age groups of herring, and in response to 
annual changes in the population abundance of herring, 
herring predators, and other prey species, should be 
determined.  Also, stock assessment information could 
possibly be improved by developing a direct method for 
estimating annual changes in the abundance of juvenile 
herring that recruit to exploited stocks. 

More information is needed concerning the 
physical characteristics of benthic herring egg habitats 
and their vulnerability to disturbance by mobile, 
bottom-tending fishing gear, by natural disturbance, 
and, especially in nearshore spawning areas, to other 
habitat impacts related to human activities that are not 
associated with fishing.  

In the pelagic realm, more information is needed 
regarding oceanographic features that affect the 
abundance and distribution of larval, juvenile, and adult 
herring. Research in the northern North Sea (see 
Habitat Characteristics: Adults) has demonstrated that 
the abundance of pre-spawning adults is higher in 
oceanographic fronts between well-mixed and stratified 
water masses (such as exist along the edges of offshore 
banks) where the abundance of their zooplanktonic 
food supply is high. Given the relatively large amount 
of information that is available for this species, its 
importance as a prey species, and the fact that the 
juveniles and adults are amenable to acoustic survey 
procedures, the Atlantic herring is an excellent subject 
for pelagic habitat research.  Most pelagic fisheries-
related research in the Gulf of Maine region has been 
directed at factors affecting the distribution, growth, 
and survival of larvae, but not juvenile and adult fish. 
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Table 1. Relative abundance of Atlantic herring life stages in New England and Mid-Atlantic estuaries and embayments 
by salinity zone. 
 

 Eggs Larvae Juveniles 
 T M S T M S T M S 
Passamaquoddy Bay     C A  A H 
Englishman/Machias Bays   C  A H  C H 
Narraguagus Bay     A H  C H 
Blue Hill Bay     A H  C H 
Penobscot Bay     H H  C H 
Muscongus Bay     A H  A A 
Damariscotta River    A H  C A  
Sheepscot River    A H  C A  
Kennebec/Androscoggin Rivers    C C  C C  
Casco Bay   R  A A  C A 
Saco Bay     C A  C A 
Wells Harbor �   � C A � A H 
Great Bay     C C  C C 
Merrimack River  �  C �  C �  
Massachusetts Bay � �  � � A � � A 
Boston Harbor �   � R A � C A 
Cape Cod Bay �  R �  C � C A 
Waquoit Bay      R  R R 
Buzzards Bay      R  C C 
Narragansett Bay      C  C C 
Long Island Sound     R R  C C 
Connecticut River   �   �  R � 
Gardiners Bay �   �   � R C 
Great South Bay, NY �   �   �  C 
Hudson River/Raritan Bay     C C  C C 
Barnegat Bay, NJ     R R  C C 
New Jersey Inland Bays     R R  C C 
Delaware Bay     R R  C C 
Delaware Inland Bays �   �   �  R 
Chincoteague Bay � �  � �  � � R 
Chesapeake Bay Mainstem         R 
Chester River   �   �   � 
Choptank River   �   �   � 
Patuxent River   �   �   � 
Potomac River   �   �   � 
Tangier/Pocomoke Sound �  � �  � �  � 
Rappahannock River   �   �   � 
York River, VA   �   �   � 
James River, VA   �   �   � 

Based on Estuarine Living Marine Resources (ELMR) data in Jury et al. (1994) and Stone et al. (1994).   
Salinity zone: T = tidal fresh, M = mixing zone, S = seawater, � = salinity zone not present.  
Relative abundance: H = highly abundant, A = abundant, C = common, R = rare, blank = not present. 
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Table 1. Cont’d.  
 

 Spawning Adults Adults 
 T M S T M S 
Passamaquoddy Bay     A H 
Englishman/Machias Bays   C  C H 
Narraguagus Bay     C H 
Blue Hill Bay     C H 
Penobscot Bay     C H 
Muscongus Bay     C A 
Damariscotta River     C A 
Sheepscot River     C A 
Kennebec/Androscoggin Rivers     C C 
Casco Bay    R  R 
Saco Bay      R 
Wells Harbor �� �  � R C 
Great Bay     R C 
Merrimack River   �� � R � 
Massachusetts Bay � �  � � A 
Boston Harbor �   � C A 
Cape Cod Bay �  R � C A 
Waquoit Bay �   �  R 
Buzzards Bay �   � C C 
Narragansett Bay     C A 
Long Island Sound     C A 
Connecticut River   �  R � 
Gardiners Bay �   � R C 
Great South Bay, NY �   �  A 
Hudson River/Raritan Bay     C C 
Barnegat Bay, NJ     C C 
New Jersey Inland Bays     C C 
Delaware Bay     R C 
Delaware Inland Bays �   �  R 
Chincoteague Bay � �  � �  
Chesapeake Bay Mainstem     R C 
Chester River   �   ��
Choptank River   �   ��
Patuxent River   �   ��
Potomac River   �   ��
Tangier/Pocomoke Sound �  � �  ��
Rappahannock River   �  R ��
York River, VA   �  R ��
James River, VA   �  R � 

 
Salinity zone: T = tidal fresh, M = mixing zone, S = seawater, � = salinity zone not present. Relative abundance: H = 
highly abundant, A = abundant, C = common, R = rare, blank = not present. 
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Table 2. Distribution and abundance of juvenile Atlantic herring in New England and Mid-Atlantic estuaries and 
embayments. 
 

Month: 
Bay/River/Estuary: 

J F M A M J J A S O N D 

Passamaquoddy Bay A A A A H H H H H H A A 
Englishman/Machias Bays A A A A H H H H H A A A 
Narraguagus Bay A A A A H H H H H A A A 
Blue Hill Bay A A A A H H H H H A A A 
Penobscot Bay C C C A H H H H H H A C 
Muscongus Bay    R A A A A A A C R 
Damariscotta River    R A A A A C C C R 
Sheepscot River    R A A A A C C C R 
Kennebec/Androscoggin Rivers     R C C C C C C C R 
Casco Bay    R A A A A A C C R 
Saco Bay    R A A A A A C C R 
Wells Harbor    C H H H H H A A R 
Great Bay    C C C C C C C C R 
Merrimack River    R C C C C C C C  
Massachusetts Bay A A A A A C C C A A A A 
Boston Harbor A A A A A C C C A A A A 
Cape Cod Bay A A A A A C C C C A A A 
Buzzards Bay C C C C C R R R R C C C 
Narragansett Bay C C C C C C C C C C C C 
Long Island Sound C C C C C C C C C C C C 
Gardiners Bay R R R R C C C C R R R R 
Great South Bay R R C C C C R R R R C C 
Hudson River/ Raritan Bay C C C C C R R R R R R R 
Barnegat Bay R R R C C C R R R R R R 
New Jersey Inland Bays R R R C C C R R R R R R 
Delaware Bay    C C R R R R R   
Chincoteague Bay   R R R        
Chesapeake Bay   R R R        

 
Based on Estuarine Living Marine Resources (ELMR) data in Jury et al. (1994) and Stone et al. (1994).  Relative 
abundance: H = highly abundant, A = abundant, C = common, R = rare, blank = not present. 
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Table 3. Distribution and abundance of adult Atlantic herring in New England and Mid-Atlantic estuaries and 
embayments. 
 

Month: 
Bay/River/Estuary: 

J F M A M J J A S O N D 

Passamaquoddy Bay A A A A H H H H H H A A 
Englishman/Machias Bays C C C A H H H H H A A C 
Narraguagus Bay C C C A H H H H H A A C 
Blue Hill Bay C C C A H H H H H A A C 
Penobscot Bay C C C A H H H H H H A C 
Muscongus Bay    R C C C C A A C R 
Damariscotta River    R C C C C A A C R 
Sheepscot River    R C C C C A A C R 
Kennebec/Androscoggin Rivers     R C C C C C C C R 
Casco Bay    R C C C C C C C R 
Saco Bay    R C C C C C C C R 
Wells Harbor    R C C C C C C C R 
Great Bay    R R R R R C C C R 
Merrimack River     R R R R R R R  
Massachusetts Bay A A A A C R R R C C A A 
Boston Harbor A A A A A R R R C C C A 
Cape Cod Bay A A A A C R R R C C A A 
Buzzards Bay C C C C C R R R R C C C 
Narragansett Bay A A A A C C C C C C C C 
Long Island Sound A A A A A C C C C C A A 
Gardiners Bay R R R R C C C C R R R R 
Great South Bay A A C R R R R R R R A A 
Hudson River/ Raritan Bay C C C C C R R R R R R R 
Barnegat Bay C R         C C 
New Jersey Inland Bays C R R R R R R R R R C C 
Delaware Bay C R R R R R R R R R C C 

 
Based on Estuarine Living Marine Resources (ELMR) data in Jury et al. (1994) and Stone et al. (1994).  Relative 
abundance: H = highly abundant, A = abundant, C = common, R = rare, blank = not present. 
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Table 4.  Percentage of Atlantic herring in the diets of 15 predators in the northeast U.S. Atlantic coast ecosystem. 
 

Percent herring 
in diet Taxon 

Predator species Size 
(cm) 

By wt By vol 
Years Location 

Number  
stomachs 
examined C. 

harengus Herrings Clupeidae 
Source 

15  1973-1975  �  
17  1976-1980  �  
2  1981-1985  �  

11  1986-1990  �  
51-120+ 

25  1991-1998 

8,176 
  over 
entire 
time 

period  �  

Link and Garrison 
(2002) 

61-70 4.4  86   � 
71-80 9.7  52   � 

Atlantic cod 

81-90 6.5  
1977-1980 

NE shelf 

91   � 
Bowman et al. (2000) 

< 20  4 8,722 �  � 
20-50  9 26,070 �  � 
> 50  25 

1973-1997 
1,037 �  � 

Garrison and Link 
(2000) 

26-30 4.0  323 �  � 
31-35 11.1  373 �   
41-45 20.5  72 �  � 

Silver hake 

> 45 23.3  

1977-1980 

NE shelf 

75 �  � 

Bowman et al. (2000) 

41-45 5.5  80   � 
56-60 13.4  

1977-1980 
44   � 

Bowman et al. (2000) Summer flounder 

Mean = 36 8  1990-2000 
NE shelf 

na  �  Link et al. (2002b) 
41-50 11.1  1977-1980 26   � Bowman et al. (2000) Atlantic halibut 

Mean = 58 4  1973-1998 
NE shelf 

155  �  Link et al. (2002b) 
51-60 2.5  235   � 
61-70 1.6  207   � 
71-80 8.3  697 �  � 
81-90 0.3  368   � 

Spiny dogfish 

91-100 1.3  

1977-1980 NE shelf 

423 �   

Bowman et al. (2000) 

20-50+  20 1991-1997 na �  � 
20-50  2 5,341 �  � 

White hake 

> 50  13 
1973-1997 

6,049 �  � 
Red hake > 50  2 1973-1997 

NE shelf 

1,713   � 

Garrison and Link 
(2000) 

Mean = 
221 87.2  Jeffreys Ledge 147 �   

Mean = 
221 48.4  Great South 

Channel 210 �   

Mean = 
240 6  Stellwagen Bank 111 �   

Mean = 
251 3.1  Cape Cod Bay 273 �   

Bluefin tuna 

Mean = 
124 2.5  

1988-1992 

South of 
Martha’s 
Vineyard 

57 �   

Chase (2002) 

11.3  1994 50 �   “Adults” 
17.6  1995 

Georges Bank 
44 �   

Buckel et al. (1999) 

21-30 2.7  239   � 

Bluefish 

31-40 2.3  
1977-1980 NE shelf 

71 �   
Bowman et al. (2000) 

30-120 3.4  North shore MA 1,536 �   
25-120 0.2  Cape Cod Bay 1,019 �   

Striped bass 

30-120 0  
1997-2000 

Nantucket Sound 451 �   
Nelson et al. (2003) 

Dusky shark 91-100 1.5  1977-1980 NE shelf 18   � 
61-70 36.5  36 �   
71-80 25.5  42 �   

Thorny skate 

> 90 20.8  
1977-1980 NE shelf 

18 �   

Bowman et al. (2000) 

51-60 1.9  104   � 
81-90 1.2  86   � 

Goosefish 

> 90 15.0  
1977-1980 NE shelf 

103 �  � 
Bowman et al. (2000) 

Black sea bass 21-25 2.3  1977-1980 NE shelf 188 �   Bowman et al. (2000) 
Weakfish 21-30 11.2  1977-1980 NE shelf 196   � Bowman et al. (2000) 
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Table 5. Annual consumption (metric tons) of Atlantic herring by various predators. 
 

Fish and Elasmobranch Predators Marine Mammal Predators 

Species Estimated Annual Consumption, 
1977-1997  Species Estimated Annual 

Consumption, 1991-1997 
Spiny Dogfish 36,000-214,000 Fin Whale 16,081-62,362 
Silver Hake 11,500-36,000 Minke Whale 11,648-22,108 
Georges Bank Cod 1,900-13,000 Humpback Whale 31,046-35,507 
White Hake 500-20,000 Pilot Whale 149-512 
Bluefish 500-13,600 Harbor Porpoise 20,863-27,655 
Fluke 200-3,100 White-sided Dolphin 7,852-35,591 
Pollock 200-3,100 Harbor Seal 4,853 
Red Hake 200-3,100 Gray Seal 1,310 
Goosefish 200-3,100   
Winter Skate 200-3,100   
Gulf of Maine Cod 200-3,100   
    

 Estimated Annual Consumption, 
1977-1998   

Spiny Dogfish 15,526-148,197 
(mean = 67,660)   

Winter Skate 20-2,329 
(mean = 928)   

Sources: Overholtz et al. (2000) (finfish and elasmobranchs, 1977-1997); Link et al. (2002a) (finfish and elasmobranchs, 
1977-1998); Read and Brownstein (2003) (marine mammals). 
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Table 6. Atlantic herring spawning site survey data and habitat parameters. 
 

Authors Observation or 
sampling 
method 

Location Date of 
survey 

Size of 
egg beds 

(km2) 

Depth 
(m) 

McKenzie (1964) Biological 
dredge 

Trinity Ledge,  
southwest Nova Scotia 

Sept 1961 .067 11-13 

Caddy and Iles 
(1973) 

Submersible Northern edge of eastern 
Georges Bank 

Sept/Oct 
1970 

1.1 a 
0.53 a 
0.3 a 

50 

Boyar et al. (1973) Dredge Jeffreys Ledge Oct 1972  53-59 
Cooper et al. 
(1975) 

SCUBA divers, 
grab samples 

Jeffreys Ledge Oct 1974 0.78 
1.39 

35-55 

Stevenson and 
Knowles (1988) 

ROV, grab 
samples, and 
SCUBA 

Eastern Maine Sept 1985, 
1986 

0.8 20-50 

Neal and Brehme 
(2001); Neal (2003) 

Small benthic 
sampler 

Eastern Maine 1997-2002  28-73 

Neal and Brehme 
(2001) 

Small benthic 
sampler 

Grand Manan Sept 2000  5-12 

P. Valentine, U.S. 
Geological Survey, 
Woods Hole Field 
Center, 384 Woods 
Hole Road, 
Quissett Campus, 
Woods Hole, MA 
02543, pers. comm. 

Underwater 
video, grab 
sample 

Stellwagen Bank Oct 1996  34 

 
a Egg bed sizes reported by Pankratov and Sigajev (1973). 
b Temperatures reported by Graham and Chenoweth (1973). 
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Table 6. Cont’d. 
 
Authors Substrate Bottom 

temp. 
(�C) 

Bottom 
current 
(knots) 

Other 

McKenzie (1964) Flat, sandy bottom with few small 
stones, no vegetation; eggs also 
attached to an alga (Desmarestia 
aculeata) in a nearby site that was 
not surveyed. 

11.3-12 1.5-2 Egg mat 3.25 cm thick at deepest 
point, tapering to individual eggs 
spaced 2-6 mm apart; herring 
eggs in haddock stomachs. 

Caddy and Iles 
(1973)a 

Pebbles 2-10 mm in diameter, 
boulders embedded in gravel, and 
on epifaunal growth; eggs thin or 
absent on sand. 

13-15b 1-2 Eggs 1-2 cm thick in discrete bed. 
Predators (red hake, sculpin, 
dogfish, skate, hermit crabs, 
starfish, moon snails) left steep 
sided craters in egg layer – 8% 
eggs removed by predators.  

Boyar et al. 
(1973) 

Boulders, rocks, and gravel 7-8.5  Eggs collected in clumps, layers 
up to 5 mm thick. 

Cooper et al. 
(1975) 

80-90% eggs in Ptiloda serrata 
attached to rocks, few on non-algal 
covered rock surfaces at one site.  
At another, bedrock, boulder, rock, 
gravel, shell, 10% Ptiloda on 
bedrock. 90% eggs on rock-gravel.  
Deeper than 55 m, fine sand, no 
eggs. 

9.5 0-1 Cunner most abundant predator 
observed feeding on eggs; red 
alga (Ptiloda) and eggs in cod 
stomachs. Hatching success > 
99% at one site where egg cover 
was sparse. 50-70% egg mortality 
at bottom of 4-5 cm thick egg 
mass. 

Stevenson and 
Knowles (1988) 

Egg cover thickest on gravel and 
shell fragments, very few or no 
eggs on rocks or fine sand/shells at 
edges of egg beds. 

  Eggs at two sites in continuous 
“carpet” 1-3 cm thick, in clumps 
and patches at two other sites. 
Egg mortality negligible, no signs 
of predation, egg development 
uniform throughout egg mass. 

 Neal and Brehme 
(2001); Neal 
(2003) 

Egg mats predominantly on gravel, 
eggs also observed on shell 
fragments and rocks 

   

P. Valentine, pers. 
comm.  

Coarse sand    
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Table 7. Summary of habitat characteristics and requirements for Atlantic herring in the northwest Atlantic continental 
shelf ecosystem. 
 
Eggs 

Habitat Discrete, demersal, egg “beds” in coastal waters and on offshore banks and ledges in the Gulf of Maine and 
on Georges Bank with strong bottom currents and coarse substrate. 

Depth 5-90 m. 
Substrate Boulders, rocks, gravel, coarse sand, shell fragments, macrophytes, and on a variety of benthic organisms 

and man-made structures (e.g., lobster traps); not on mud or fine sand. 
Temperature Bottom temperatures over egg beds ranged from 7-15ºC; egg development normal 1-22ºC; development 

rates/incubation times inversely related to temperature (10-15 days at 8-13ºC). 
Salinity 32-33 ppt in situ, maximum hatching success 20-35 ppt (lab studies). 
Other Low hatching success at dissolved oxygen concentrations < 20% saturation; 100% mortality of eggs under 1 

cm of sediment, 85% mortality under thin film of sediment. 
Predators Cod, haddock, cunner, red hake, sand lance, probably moon snails, hermit crabs and starfish. 
Prey Not applicable. 

 
Larvae 

Habitat Pelagic, in estuaries, coastal, and offshore waters between Bay of Fundy and New Jersey; remain on or near 
bottom for first few days after hatching, until yolk-sac is absorbed, then rise to surface and are dispersed by 
currents. 

Depth Collected from very shallow water to 200 m, most 50-90 m. 
Substrate Not applicable. 
Temperature Lab study shows larvae tolerate wide temperature range (-1.8 to 24ºC). 
Salinity Lab study shows larvae tolerate wide salinity range (2.5-52.5 ppt for 7 days).  
Other 50% mortality in dissolved oxygen concentrations of 1.9-3.6 mg/l at 10ºC after 96 hours; crude oil in 

concentrations of 1-20 ml/l is toxic; narcotized by oil dispersants (lab studies). 
Predators Sand lance, jellyfish, Atlantic mackerel, Atlantic herring. 
Prey Developmental stages of copepods (7-20 mm larvae, in fall); small adult copepods (21-30 mm, in winter); 

wide variety of planktonic organisms (> 30 mm, in spring). 
 
Juveniles 

Habitat Pelagic; one-year-olds in nearshore waters during summer and fall, overwinter in deeper, coastal waters; two-
year-olds in inshore/offshore continental shelf waters of Gulf of Maine, deeper waters of Georges Bank in 
summer and fall, Cape Hatteras to deeper parts of Georges Bank in winter, widespread from Cape Hatteras to 
Bay of Fundy in spring. 

Depth Collected in bottom trawl surveys to edge of continental shelf (300 m), mostly < 100 m in spring; migrate up 
in water column at dusk and down at dawn. 

Substrate Not applicable. 
Temperature Lab studies show that juveniles prefer 8-12ºC, physiological stress < 4ºC and > 16º C, can survive -1.1ºC, 

50% juveniles exposed to 19.5-21.2ºC died within 48 hrs; most caught 3-7ºC in spring and 6-10ºC in fall 
NEFSC bottom trawl surveys. 

Salinity Lab studies show that juveniles prefer 28-32 ppt, can tolerate as low as 5 ppt for a short time, salinity 
preference is temperature-dependant (> 29 ppt below 10ºC, no preference > 10ºC); one-year-olds in 
coves/estuaries with low salinities, two-year-olds avoid brackish water. 

Other Spatial distribution affected by currents, frontal zones, and availability of zooplanktonic food organisms (see 
adults). 

Predators Heavily preyed upon by a variety of marine fish, marine mammals, and seabirds (see adults). 
Prey Feed on up to 15 types of zooplankton; most common are copepods, decapod larvae, barnacle larvae, 

cladocerans, and molluscan larvae. 
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Table 7. Cont’d. 
 
Adults 

Habitat Pelagic, but spawn on bottom; inshore/offshore continental shelf waters of the Gulf of Maine and deeper 
parts of Georges Bank in summer and fall, Cape Hatteras to deeper parts of Georges Bank in winter, 
distributed across shelf in mid-Atlantic, southern New England, deeper waters of Georges Bank, and the 
southwest portion of the Gulf of Maine in spring. 

Depth Collected in bottom trawl surveys to edge of continental shelf (300 m), mostly < 80 m in fall and at shallower 
depths in spring; diel vertical migrations similar to juveniles; more abundant < 150 m in northern North Sea 
in summer. 

Substrate Pre-spawning aggregations more abundant over gravel/sand in northern North Sea. 
Temperature Field observations suggest adults prefer 5-9ºC on Georges Bank in summer/fall; most caught 4-7ºC in spring 

and 6-10ºC in fall NEFSC trawl surveys; adults more abundant in areas of northern North Sea where summer 
sea surface temperatures are 11-14ºC, thermocline 25-45 m deep, and difference between surface and bottom 
water temperatures was only 3ºC. 

Salinity Adults most abundant 27-35 ppt in spring NEFSC trawl surveys, 32-34 ppt at other times of year. 
Other Well-mixed (unstratified) waters and transition zones (fronts) between well-mixed and stratified waters are 

preferred habitats for adults; also more abundant in or on edges of plankton “patches.” 
Predators Important forage species in NW Atlantic ecosystem; principal finfish and elasmobranch predators are cod, 

silver hake, thorny skate, bluefish, monkfish, weakfish, summer flounder, white hake, and spiny dogfish – 
also, at certain locations and times of year – Atlantic bluefin tuna; principal marine mammal predators are 
minke whales, harbor porpoise, white-sided dolphins, fin and humpback whales. 

Prey Principal zooplankton prey organisms are euphausiids, amphipods, copepods, chateognaths, pteropods, 
mysids, and pandalid shrimp; adults also consume fish eggs and larvae (including their own). 
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Figure 1. The Atlantic herring, Clupea harengus L. (from Goode 1884). 
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Figure 2. Northeast U.S. Atlantic coast ecosystem. 
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Figure 3.  Generalized view of principal Atlantic herring spawning areas in the Gulf of Maine and on Georges Bank.  
Source: Overholtz et al. 2004. 
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Figure 4. Percent by weight of the major prey items in the diet of Atlantic herring. Specimens were collected during 
NEFSC bottom trawl surveys from 1973-2001 (all seasons). For details on NEFSC diet analysis, see Link and Almeida 
(2000). 
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Figure 5.  Hypothesized seasonal movements of three Atlantic herring spawning stocks inhabiting U.S. waters, based on 
Sindermann (1979). 
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Figure 6.  Geo-referenced in situ observations of Atlantic herring eggs (see Table 6). 
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Figure 7. Atlantic herring spawning sites in eastern Maine, 1997-2002. Depth contours in 10 m intervals. Source: 
Island Institute, Rockland, ME [see Neal and Brehme (2001) and Neal (2003)]. 
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Figure 8.  Principal spawning grounds of Atlantic herring on Georges Bank, 1964-1971 (excluding 1967), with a 
comparison of egg patch sizes among years. Source: Anthony and Waring (1980). 
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Figure 9. Distributions and abundances of Atlantic herring larvae collected during NEFSC MARMAP ichthyoplankton 
surveys. 
For all available months and years from 1977 to 1987 combined. 
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Figure 9. Cont’d.  
From MARMAP ichthyoplankton surveys, January through April, 1977-1987. 
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Figure 9. Cont’d.  
From MARMAP ichthyoplankton surveys, May through August, 1977-1987. 
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Figure 9. Cont’d.  
From MARMAP ichthyoplankton surveys, September through December, 1977-1987. 
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Figure 10. Changes in abundance of Atlantic herring larvae on Georges Bank, Nantucket Shoals, and in Massachusetts 
Bay from 1971-1990. 
Source: Smith and Morse (1993). Intervals (Int.) denote periods of changing spawning patterns. 
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Figure 11. Distribution of Atlantic herring larvae by age in the Georges Bank area, 1971-1990. 
Source: Smith and Morse (1993). 
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Figure 11. Cont’d. 
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Figure 12. Distribution of recently-hatched Atlantic herring larvae on Georges Bank, 1988-1994.  
Source: Melvin et al. (1996). 
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Figure 13. Seasonal distributions and abundances of juvenile Atlantic herring collected during NEFSC bottom trawl 
surveys. 
From NEFSC summer bottom trawl surveys (1963-1995, all years combined). Distributions are displayed as 
presence/absence only. 
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Figure 13. Cont’d. 
From NEFSC fall bottom trawl surveys (1963-2003, all years combined). Survey stations where juveniles were not 
found are not shown. 
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Figure 13. Cont’d. 
From NEFSC winter bottom trawl surveys (1964-2003, all years combined). Distributions are displayed as 
presence/absence only. 
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Figure 13. Cont’d. 
From NEFSC spring bottom trawl surveys (1968-2003, all years combined). Survey stations where juveniles were not 
found are not shown. 
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Figure 14. Seasonal distributions and abundances of adult Atlantic herring collected during NEFSC bottom trawl 
surveys. 
From NEFSC summer bottom trawl surveys (1963-1995, all years combined). Distributions are displayed as 
presence/absence only. 
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Figure 14. Cont’d. 
From NEFSC fall bottom trawl surveys (1963-2003, all years combined). Survey stations where adults were not found 
are not shown. 
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Figure 14. Cont’d. 
From NEFSC winter bottom trawl surveys (1964-2003, all years combined). Distributions are displayed as 
presence/absence only. 



 

 

Page 52

 

Figure 14. Cont’d. 
From NEFSC spring bottom trawl surveys (1968-2003, all years combined). Survey stations where adults were not found 
are not shown. 
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Figure 15. Distribution and abundance of Atlantic herring along the coasts of Maine and New Hampshire during spring 
of 2001-2003 and fall 2000-2002, from the Maine – New Hampshire inshore groundfish trawl survey. For details on the 
survey, see Sherman et al. (2004). 
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Figure 16. Length frequency plots for Atlantic herring caught along the Maine and New Hampshire coasts, by 
season/year. Based on the Maine – New Hampshire inshore groundfish trawl survey for spring 2001-2003 and fall 2000-
2002. Source: Sherman et al. (2004). 
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Figure 17. Seasonal distributions and abundances of juvenile Atlantic herring in Massachusetts coastal waters. 
From spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where 
juveniles were not found are not shown. 
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Figure 17. Cont’d. 
From fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where juveniles 
were not found are not shown. 
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Figure 18. Seasonal distributions and abundances of adult Atlantic herring in Massachusetts coastal waters. 
From spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where adults 
were not found are not shown. 
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Figure 18. Cont’d. 
From fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where adults 
were not found are not shown. 
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Figure 19. Seasonal distribution and abundance of juvenile Atlantic herring in Narragansett Bay. 
Based upon the Rhode Island bottom trawl surveys, 1990-1996.  The numbers shown at each station are the average 
catch per tow rounded to one decimal place [see Reid et al. (1999b) for details]. 
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Figure 20. Seasonal distribution and abundance of adult Atlantic herring in Narragansett Bay. 
Based upon the Rhode Island bottom trawl surveys, 1990-1996.  The numbers shown at each station are the average 
catch per tow rounded to one decimal place [see Reid et al. (1999b) for details]. 
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Figure 21. Distribution and abundances of juvenile and adult Atlantic herring in Long Island Sound. 
Based on the finfish surveys of the Connecticut Fisheries Division, 1984-1994 [from Gottschall et al. (2000)]. Circle 
diameter is proportional to the number of fish caught, and is scaled to the maximum catch (indicated by “max=” or 
“max>”).  Collections were made with a 14 m otter trawl at about 40 stations chosen by stratified random design. 
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Figure 22. Relative abundance (geometric mean catch/tow) catch/tow and percent occurrence (proportion of samples in 
which at least one individual was observed) for juvenile and adult Atlantic herring in Long Island Sound. 
By month, month and bottom type, and month and depth interval. From Gottschall et al. (2000). 
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Figure 23. Monthly log10 length frequencies (cm) of juvenile and adult Atlantic herring collected in Long Island Sound. 
Based on 21,149 fish taken in 360 tows between 1989 and 1994. From Gottschall et al. (2000). 
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Figure 24. Seasonal distribution and abundance of juvenile Atlantic herring in the Hudson-Raritan Estuary. 
Based on Hudson-Raritan trawl surveys, January 1992 – June 1997 [see Reid et al. (1999b) for details]. 
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Figure 25. Seasonal distribution and abundance of adult Atlantic herring in the Hudson-Raritan Estuary. 
Based on Hudson-Raritan trawl surveys, January 1992 – June 1997 [see Reid et al. (1999b) for details]. 
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Figure 26. Catch per unit effort for total catch of juvenile and adult Atlantic herring in Chesapeake Bay, from the 
Virginia Institute of Marine Science’s (VIMS) trawl surveys, 1988-1999 (all years combined). Monthly surveys were 
conducted using a random stratified design of the main stem of the Bay using a 9.1 m semi-balloon otter trawl with 38 
mm mesh and 6.4 mm cod end with a tow duration of five minutes. Source: Geer (2002). 
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Figure 27. Seasonal distribution and abundance of juvenile Atlantic herring in Chesapeake Bay, from the VIMS trawl 
surveys, 1988-1999 (all years combined). Source: Geer (2002). 
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Figure 28. Seasonal distribution and abundance of adult Atlantic herring in Chesapeake Bay, from the VIMS trawl 
surveys, 1988-1999 (all years combined). Source: Geer (2002). 
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Figure 29. Atlantic herring catch per unit effort by site from the VIMS beach seine surveys, 1994-1999 (all years 
combined). Source: Geer (2002).
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Figure 30. Distributions of Atlantic herring larvae collected during NEFSC MARMAP icthyoplankton surveys relative 
to water column temperature and bottom depth. 
For the years 1977-1987, by month for all years combined. Open bars represent the proportion of all stations which were 
surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2). Note that the 
bottom depth interval changes with increasing depth. 
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Figure 31. Distributions of juvenile Atlantic herring and trawls from NEFSC bottom trawl surveys relative to bottom 
water temperature, depth, and salinity. 
Based on NEFSC spring bottom trawl surveys (temperature and depth: 1968-2003, all years combined; salinity: 1991-
2003, all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls 
in which Atlantic herring occurred and medium bars show, within each interval, the percentage of the total number of 
Atlantic herring caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 31. Cont’d. 
Based on NEFSC fall bottom trawl surveys (temperature and depth: 1963-2003, all years combined; salinity: 1991-2003, 
all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in 
which Atlantic herring occurred and medium bars show, within each interval, the percentage of the total number of 
Atlantic herring caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 32. Distributions of juvenile Atlantic herring and trawls in Massachusetts coastal waters relative to bottom water 
temperature and depth. 
Based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which Atlantic herring occurred and medium 
bars show, within each interval, the percentage of the total number of Atlantic herring caught.  
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Figure 32. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which Atlantic herring occurred and medium 
bars show, within each interval, the percentage of the total number of Atlantic herring caught. 
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Figure 33. Distributions of juvenile Atlantic herring in Narragansett Bay relative to mean bottom temperature and 
bottom depth. 
Based on the Rhode Island bottom trawl survey, 1990-1996. Open bars represent stations surveyed and closed bars 
represent fish collected. 
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Figure 34. Distributions of juvenile Atlantic herring in the Hudson-Raritan Estuary relative to mean water temperature, 
depth, dissolved oxygen, and salinity. 
Based on the Hudson-Raritan trawl surveys, 1992-1997. Open bars represent stations surveyed and closed bars represent 
fish collected. 
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Figure 35. Hydrographic preferences for juvenile Atlantic herring in Chesapeake Bay, from the VIMS trawl surveys, 
1988-1999 (all years combined). Source: Geer (2002).



 

 

Page 78

Atlantic Herring
NEFSC Bottom Trawl Survey

Spring 1968 - 2003
Adults (>=25 cm)

0

5

10

15

20

25

1-
10

11
-2

0

21
-3

0

31
-4

0

41
-5

0

51
-6

0

61
-7

0

71
-8

0

81
-9

0

91
-1

00

10
1-

12
0

12
1-

14
0

14
1-

16
0

16
1-

18
0

18
1-

20
0

20
1-

30
0

30
1-

40
0

40
1-

50
0

>5
00

Bottom Depth (m)

P
er

ce
nt

Trawls N=12514
Occurrence N=3227
Catch N=84332

0
10
20
30
40
50
60

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

Salinity (PPT)

P
er

ce
nt

Trawls N=2270
Occurrence N=918
Catch N=19663

0
5

10
15
20
25
30

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Bottom Temperature (°C)

P
er

ce
nt

Trawls N=10879
Occurrence N=2825
Catch N=72071

 

Figure 36. Distributions of adult Atlantic herring and trawls from NEFSC bottom trawl surveys relative to bottom water 
temperature, depth, and salinity. 
Based on NEFSC spring bottom trawl surveys (temperature and depth: 1968-2003, all years combined; salinity: 1991-
2003, all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls 
in which Atlantic herring occurred and medium bars show, within each interval, the percentage of the total number of 
Atlantic herring caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 36. Cont’d. 
Based on NEFSC fall bottom trawl surveys (temperature and depth: 1963-2003, all years combined; salinity: 1991-2003, 
all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in 
which Atlantic herring occurred and medium bars show, within each interval, the percentage of the total number of 
Atlantic herring caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 37. Distributions of adult Atlantic herring and trawls in Massachusetts coastal waters relative to bottom water 
temperature and depth. 
Based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which Atlantic herring occurred and medium 
bars show, within each interval, the percentage of the total number of Atlantic herring caught. 
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Figure 37. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which Atlantic herring occurred and medium 
bars show, within each interval, the percentage of the total number of Atlantic herring caught. 
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Figure 38. Distributions of adult Atlantic herring in Narragansett Bay relative to mean bottom temperature and bottom 
depth. 
Based on the Rhode Island bottom trawl survey, 1990-1996. Open bars represent stations surveyed and closed bars 
represent fish collected. 
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Figure 39. Distributions of adult Atlantic herring in the Hudson-Raritan Estuary relative to mean water temperature, 
depth, dissolved oxygen, and salinity. 
Based on the Hudson-Raritan trawl surveys, 1992-1997. Open bars represent stations surveyed and closed bars represent 
fish collected. 
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Figure 40. Hydrographic preferences for adult Atlantic herring in Chesapeake Bay, from the VIMS trawl surveys, 1988-
1999 (all years combined). Source: Geer (2002). 
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PREFACE TO SECOND EDITION 
 
One of the greatest long-term threats to the viability of 
commercial and recreational fisheries is the continuing 
loss of marine, estuarine, and other aquatic habitats. 

Magnuson-Stevens Fishery Conservation and 
Management Act (October 11, 1996) 

 

The long-term viability of living marine resources 
depends on protection of their habitat. 

NMFS Strategic Plan for Fisheries Research 
(February 1998) 

 
The Magnuson-Stevens Fishery Conservation and 

Management Act (MSFCMA), which was reauthorized 
and amended by the Sustainable Fisheries Act (1996), 
requires the eight regional fishery management councils 
to describe and identify essential fish habitat (EFH) in 
their respective regions, to specify actions to conserve 
and enhance that EFH, and to minimize the adverse 
effects of fishing on EFH.  Congress defined EFH as 
“those waters and substrate necessary to fish for 
spawning, breeding, feeding or growth to maturity.”  
The MSFCMA requires NOAA Fisheries to assist the 
regional fishery management councils in the 
implementation of EFH in their respective fishery 
management plans. 

NOAA Fisheries has taken a broad view of habitat 
as the area used by fish throughout their life cycle.  Fish 
use habitat for spawning, feeding, nursery, migration, 
and shelter, but most habitats provide only a subset of 
these functions.  Fish may change habitats with changes 
in life history stage, seasonal and geographic 
distributions, abundance, and interactions with other 
species.  The type of habitat, as well as its attributes and 
functions, are important for sustaining the production of 
managed species. 

The Northeast Fisheries Science Center compiled 
the available information on the distribution, 
abundance, and habitat requirements for each of the 
species managed by the New England and Mid-Atlantic 
Fishery Management Councils.  That information is 
presented in a series of EFH species reports (plus one 
consolidated methods report).  The EFH species reports 
are a survey of the important literature as well as 
original analyses of fishery-independent data sets from 
NOAA Fisheries and several coastal states.  The species 
reports are also the source for the current EFH 
designations by the New England and Mid-Atlantic 
Fishery Management Councils, and understandably are 
referred to as the “EFH source documents.” 

NOAA Fisheries provided guidance to the regional 
fishery management councils for identifying and 
describing EFH of their managed species.  Consistent 
with this guidance, the species reports present 
information on current and historic stock sizes, 
geographic range, and the period and location of major 
life history stages.  The habitats of managed species are 

described by the physical, chemical, and biological 
components of the ecosystem where the species occur.  
Information on the habitat requirements is provided for 
each life history stage, and it includes, where available, 
habitat and environmental variables that control or limit 
distribution, abundance, growth, reproduction, 
mortality, and productivity. 

The initial series of EFH species source documents 
were published in 1999 in the NOAA Technical 
Memorandum NMFS-NE series. Updating and review 
of the EFH components of the councils’ Fishery 
Management Plans is required at least every 5 years by 
the NOAA Fisheries Guidelines for meeting the 
Sustainable Fisheries Act/EFH Final Rule. The second 
editions of these species source documents were written 
to provide the updated information needed to meet 
these requirements. The second editions provide new 
information on life history, geographic distribution, and 
habitat requirements via recent literature, research, and 
fishery surveys, and incorporate updated and revised 
maps and graphs. This second edition of the longfin 
inshore squid EFH source document is based on the 
original by Luca M. Cargnelli, Sara J. Griesbach, Cathy 
McBride, Christine A. Zetlin, and Wallace W. Morse, 
with a foreword by Jeffrey N. Cross (Cargnelli et al. 
1999). 

Identifying and describing EFH are the first steps 
in the process of protecting, conserving, and enhancing 
essential habitats of the managed species.  Ultimately, 
NOAA Fisheries, the regional fishery management 
councils, fishing participants, Federal and state 
agencies, and other organizations will have to cooperate 
to achieve the habitat goals established by the 
MSFCMA. 
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INTRODUCTION 

The longfin inshore squid, Loligo pealeii, is a 
schooling species of the molluscan family Loliginidae 
(Figure 1).  It is distributed in continental shelf and 
slope waters from Newfoundland to the Gulf of 
Venezuela, and occurs in commercial abundance from 
southern Georges Bank to Cape Hatteras.  The fishery 
for longfin inshore squid is managed by the Mid-
Atlantic Fishery Management Council under the 
Atlantic Mackerel, Squid and Butterfish Fishery 
Management Plan, Amendment 8 (MAFMC 1998).  
Within the range of commercial exploitation, the 
population is considered to be a single stock unit. This 
Essential Fish Habitat Source Document provides 
information on the life history and habitat 
characteristics of longfin inshore squid inhabiting the 
Gulf of Maine, Georges Bank, and the Middle Atlantic 
Bight. 

LIFE HISTORY 

See Brodziak (1995) for a brief synopsis of life 
history.  More detailed information is provided here. 

EGGS AND LARVAE 

The 1 mm x 1.6 mm eggs are encased in a 
gelatinous capsule as they pass through the female 
oviduct during mating.  Each capsule contains 150-200 
eggs (Arnold et al. 1974; Gosner 1978; MAFMC 1998) 
and is about 50-80 mm long and 1 cm in diameter 
(Gosner 1978; Lange 1982; MAFMC 1998).  During 
spawning, the male cements bundles of spermatophores 
into the mantle cavity of the female. The jelly is 
penetrated by sperm as the egg capsules pass through 
the oviduct (Black et al. 1987).  The egg capsules are 
laid on the bottom in clusters 50-60 cm wide composed 
of hundreds of capsules (Gosner 1978; Griswold and 
Prezioso 1981).  Each female lays 20-30 capsules 
(Lange 1982).  The number of eggs spawned per female 
has been reported as 950-8,500 (Haefner 1959), 3,500-
6,000 (Summers 1971), 2,500-15,900 (Vovk 1972b), 
and 3,000-6,000 (MAFMC 1998).  Development time 
varies from 257 to 642 hrs depending on water 
temperature; 26.7 days to hatching at 12-18oC, 18.5 
days at 15.5-21.3oC, and 10.7 days at 15.5-23.0oC 
(Summers 1971). 

Larvae of the longfin inshore squid are referred to 
as paralarvae (Young and Harman 1988).  Little is 
known about them because they are planktonic, being 
found in the water column near the surface (McMahon 
and Summers 1971), and require special sampling 

techniques. Larvae 2-4 mm in length have been caught 
in the Gulf of Maine (Bigelow 1924). 

JUVENILES AND SUBADULTS 

There are two juvenile stages. ‘Juvenile’ is the 
stage after the paralarval stage and before the ‘subadult’ 
stage. The subadult stage is before maturity, when 
morphological characteristics of adults are attained 
(Young and Harman 1988).  The shift from inhabiting 
surface waters to a demersal lifestyle occurs at 45 mm 
(Vecchione 1981).  Off Martha’s Vineyard, the juvenile 
life stage lasts about 1 month. Subadults migrate by 
November to the outer shelf areas where they remain 
until March (Summers 1968a, b).  Subadults are 
thought to overwinter in deeper waters along the edge 
of the continental shelf (Black et al. 1987).  Young-of-
the-year (subadults) are found with adults in mid-
summer bottom trawl catches (Summers 1968a, b). 
Juveniles and subadults grow quickly, with growth rates 
dependent on temperature (Hatfield et al. 2001). 

Sexual maturity is first reached at about 8-12 cm 
(Macy 1980; Brodziak and Hendrickson 1999).  The 
length at which 50% of individuals are sexually mature 
(L50) is 16-20 cm, depending on season and location 
(Brodziak 1995; Macy and Brodziak 2001; Hatfield and 
Cadrin 2002). 

ADULTS 

Historically, the lifespan of longfin inshore squid 
was believed to be 1-2 years (Summers 1971; Lange 
1982).  However, Brodziak and Macy (1996), using 
statolith aging, demonstrated exponential growth and a 
lifespan of less than 1 year. 

Longfin inshore squid reach sizes greater than 40-
50 cm mantle length (ML), although most are less than 
30 cm (Vecchione et al. 1989; Brodziak 1995).  They 
are sexually dimorphic – males grow more rapidly and 
reach larger size at age than females (Brodziak 1995).  
Growth depends on temperature (Hatfield et al. 2001) 
and is highest for individuals hatched during winter 
(Macy and Brodziak 2001).  Longfin inshore squid 
migrate offshore during late autumn and overwinter in 
warmer waters along the edge of the continental shelf; 
they return inshore during the spring and early summer 
(MAFMC 1998).  Mature individuals enter inshore 
waters before immature ones (Macy 1982). Off 
Massachusetts, larger individuals migrate inshore in 
April-May while smaller individuals move inshore in 
the summer (Lange 1982).  Longfin inshore squid form 
large schools based on size prior to feeding (Macy 
1980) and make diurnal vertical migrations up into the 
water column at night (MAFMC 1998).  This 
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movement may be associated with the pursuit of food 
organisms such as euphausiids. 

REPRODUCTION 

Brodziak and Macy (1996), Macy and Brodziak 
(2001), and Hatfield and Cadrin (2002) show that 
longfin inshore squid spawn year round with seasonal 
and geographic peaks that vary among years and 
geographic areas (Lange and Sissenwine 1980).  Most 
eggs are spawned in May and hatching occurs in July 
(Summers 1971).  Spawning has been reported from 
August to September in the Bay of Fundy (Stevenson 
1934), from May to August in New England waters 
(Summers 1971; Macy 1980), and from late spring to 
early summer in the Middle Atlantic (Lange and 
Sissenwine 1983; Black et al. 1987).  Mesnil (1977) 
reported that spawning on the Scotian Shelf and 
Georges Bank occurs during early spring and late 
summer.  Spawning south of Cape Hatteras may also be 
important (Hatfield and Cadrin 2002). 

Spawning has been reported in the Gulf of Maine 
in Cobequid Bay and Massachusetts Bay (Bigelow 
1924), the Bay of Fundy (Stevenson 1934), Minas 
Basin (Cohen 1976), along the eastern coast of Nova 
Scotia in St. Margaret’s and Terrence bays (Dawe et al. 
1990), on Georges Bank (Mesnil 1977), and in the 
Middle Atlantic in Narragansett and Delaware bays 
(Haefner 1959; Griswold and Prezioso 1981). 

Based on recent research, reproductive biology and 
behavior is complicated for longfin inshore squid.  
Visual and chemical cues regulate competition among 
males for females on spawning grounds (Buresch et al. 
2003).  Females may lay multiple clutches over periods 
of up to several weeks (Maxwell and Hanlon 2000; 
King et al. 2003). Eggs in the same capsule from a 
single female may have multiple fathers from multiple 
spawning events and females appear to store sperm 
from spawning events for later use (Buresch et al. 
2001). 

FOOD HABITS 

The diet of the longfin inshore squid changes with 
size; small immature individuals feed on planktonic 
organisms (Vovk 1972b; Tibbetts 1977) while larger 
individuals feed on crustaceans and small fish 
(Vinogradov and Noskov 1979).  Cannibalism is 
observed in individuals larger than 5 cm (Whitacker 
1978).  Studies by Vovk and Khvichiya (1980) and 
Vovk (1985) showed that juveniles 4.1-6 cm long fed 
on euphausiids and arrow worms, while those 
6.1-10 cm fed mostly on small crabs, but also on 
polychaetes and shrimp.  Adults 12.1-16 cm long fed on 

fish (clupeids, myctophids) and squid larvae/juveniles, 
and those > 16 cm fed on fish and squid (Vovk and 
Khvichiya 1980; Vovk 1985).  Fish species preyed on 
by longfin inshore squid include silver hake, mackerel, 
herring, menhaden (Langton and Bowman 1977), sand 
lance, bay anchovy, menhaden, weakfish, and 
silversides (Kier 1982).  Maurer and Bowman (1985) 
demonstrated the following seasonal and 
inshore/offshore differences in diet: in offshore waters 
in the spring, the diet is composed of crustaceans 
(mainly euphausiids) and fish; in inshore waters in the 
fall, the diet is composed almost exclusively of fish; 
and in offshore waters in the fall, the diet is composed 
of fish and squid. 

PREDATION  

Many pelagic and demersal fish species, as well as 
marine mammals and diving birds, prey upon juvenile 
and adult longfin inshore squid (Lange and Sissenwine 
1980; Vovk and Khvichiya 1980; Summers 1983).  
Marine mammal predators include longfin pilot whale, 
Globicephala melas, and common dolphin, Delphinus 
delphis (Waring et al. 1990; Overholtz and Waring 
1991; Gannon et al. 1997).  Fish predators include 
bluefish, sea bass, mackerel, cod, haddock, pollock, 
silver hake, red hake, sea raven, spiny dogfish, angel 
shark, goosefish, dogfish, and flounder (Maurer 1975; 
Langton and Bowman 1977; Gosner 1978; Lange 
1980). 

GEOGRAPHICAL DISTRIBUTION 

Longfin inshore squid occur from Newfoundland 
to the Gulf of Venezuela, however, the principal 
concentrations exploited in the United States occur 
from Georges Bank to Cape Hatteras (Brodziak 1995).  
Longfin inshore squid are generally found at water 
temperatures of at least 9oC (Lange and Sissenwine 
1980).  The population makes seasonal migrations that 
appear to be related to bottom water temperatures; they 
move offshore during late autumn to overwinter along 
the edge of the continental shelf and return inshore 
during the spring and early summer (MAFMC 1998).  
When inshore waters are coldest during winter and 
early spring, the population concentrates along the outer 
edge of the continental shelf.  The inshore movement to 
the shelf areas takes place when water temperatures are 
rising (Black et al. 1987) and begins in the south and 
proceeds north along the coast (MAFMC 1998).  A 
northerly extension of the range has been noted in 
summer (Black et al. 1987). 

The terms ‘pre-recruit’ (unexploited sizes) and 
‘recruit’ (exploited sizes) are often used in reference to 
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longfin inshore squid. Exploitation begins at a 
minimum mantle length of about 9 cm. Thus, pre-
recruits are < 8 cm and recruits are > 9 cm. 

EGGS AND LARVAE 

The egg and larval stages of longfin inshore squid 
were not sampled by the Northeast Fisheries Science 
Center (NEFSC) Marine Resources Monitoring, 
Assessment and Prediction program (MARMAP) 
offshore ichthyoplankton surveys. 

PRE-RECRUITS 

The NEFSC bottom trawl surveys [see Reid et al. 
(1999) for details] captured longfin inshore squid pre-
recruits during all seasons (Figure 2; note that winter 
and summer distributions are presented as presence 
only data, precluding a discussion of abundances.).  In 
winter, pre-recruits were captured from Cape Hatteras 
to Nantucket Shoals, although most were found south 
of Long Island.  They were generally found offshore 
and concentrated toward the 200 m isobath. They were 
distributed a little farther inshore in the southern part of 
the range, presumably due to warmer water 
temperatures. In the spring, the distribution extended 
farther to the south, with high concentrations south of 
Cape Hatteras, and farther to the north, with high 
numbers in southern New England and some catches on 
Georges Bank and the Scotian Shelf. Higher 
concentrations were found near the 200 m isobath. In 
summer, they were concentrated nearshore, with a few 
found on central Georges Bank. In autumn, longfin 
inshore squid were distributed along the coast of Maine, 
in Massachusetts Bay, and from Georges Bank to south 
of Cape Hatteras from nearshore to the 200 m isobath, 
with some of the highest concentrations found 
nearshore. This presumably indicates the beginning of 
the offshore migration. 

The spring and fall distributions and abundances of 
pre-recruits around coastal Massachusetts, based on 
Massachusetts inshore bottom trawl surveys [see Reid 
et al. (1999) for details], are shown in Figure 3. In the 
spring, high concentrations occurred south of Cape Cod 
and around Martha’s Vineyard and Nantucket Island. 
Low numbers were found in and around Cape Cod Bay, 
and none were captured north of Cape Cod. Much 
higher numbers of pre-recruits were found in the fall. 
High concentrations were found in Buzzards Bay, 
around Martha’s Vineyard and Nantucket Island, 
throughout Cape Cod Bay, in Massachusetts Bay, and 
north and south of Cape Ann.  The lower numbers of 
pre-recruits in inshore waters in the spring was most 

likely due to the survey occurring prior to the main part 
of the inshore migration. 

The seasonal distributions and abundances of 
prerecruits in Narragansett Bay, based upon the 
1990-1996 Rhode Island bottom trawl surveys, are 
shown in Figure 4. In winter, very few were caught, and 
they were only found at one station near the entrance to 
the Bay. Catches increased slightly in spring, and were 
highest during summer and autumn. This pattern 
corresponds to inshore migrations beginning in early 
spring. 

The distributions and abundances of both pre-
recruit and recruit longfin inshore squid in Long Island 
Sound from April to November 1986-1994, based on 
the Connecticut Fisheries Division bottom trawl 
surveys, are shown in Figure 5, Figure 6, and Figure 7. 
The following description of their distributions relative 
to depth and bottom type is taken almost verbatim from 
Gottschall et al. (2000). 

Longfin inshore squid taken in the survey ranged 
from 2-40 cm mantle length (Figure 5), with the largest 
squid present in May and June. Squid were rarely 
observed in April (4% occurrence), but from May 
through November they were commonly taken 
throughout the Sound. The percent occurrence varied 
little during these months, ranging from 63% in July to 
81% in September (Figure 6D). Abundance remained 
stable through late spring and summer (Figure 6A), and 
then increased dramatically in fall when squid ranging 
in size from 2-12 cm recruited to the trawl. 

Although squid were commonly encountered 
throughout Long Island Sound in late spring, they were 
most abundant east of Stratford Shoal, particularly in 
depths > 18 m on the transitional and sand bottom 
(Figure 6B and C) of the Mattituck Sill and the adjacent 
portion of the Central Basin (Figure 7). In addition, 
they were concentrated in Niantic Bay. In contrast, 
longfin inshore squid appeared to be more dispersed in 
summer. In fall, when small squid were abundant, they 
were distributed throughout the Sound, but were more 
abundant in the Central and Western Basins. During the 
fall generally, abundance tended to increase with depth 
and was highest over mud bottom, with abundance over 
transitional and sand bottoms ranking second and third 
respectively. Although the abundance of squid was very 
low in November, they were still commonly 
encountered throughout the Sound (65% occurrence). 
Abundance was similar over all bottom types but, as in 
the fall period, abundance tended to increase with depth 
(Gottschall et al. 2000). 

Longfin inshore squid pre-recruits were captured in 
the Hudson-Raritan estuary during spring, summer, and 
fall (Figure 8).  They were found almost exclusively in 
the eastern portion of the bay and were collected in the 
highest numbers in the summer and autumn.  
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RECRUITS 

NEFSC bottom trawl surveys captured longfin 
inshore squid recruits during all seasons (Figure 9; 
again note that winter and summer distributions are 
presented as presence data, precluding a discussion of 
abundances.). Their seasonal distributions are nearly 
identical to that of pre-recruits and illustrate the spring 
and summer inshore and the autumn offshore 
migrations. 

The distribution of longfin inshore squid recruits in 
waters off Massachusetts was almost identical to that of 
pre-recruits, although the overall number of recruits 
was much lower (Figure 10). 

Recruits were caught during all seasons in 
Narragansett Bay (Figure 11). Catches were low in 
winter, increased somewhat in spring, and were highest 
during summer and autumn. This pattern corresponds to 
inshore migrations beginning in spring. 

The distributions and abundances of both pre-
recruits and recruits in Long Island Sound were 
discussed previously. 

Longfin inshore squid recruits were captured in the 
Hudson-Raritan estuary during spring, summer, and fall 
(Figure 12). They were found mostly in the eastern 
portion of the bay; the highest catches occurred in 
summer and autumn. 

The 1988-1999 Virginia Institute of Marine 
Science (VIMS) trawl surveys of Chesapeake Bay 
suggests that recruit longfin inshore squid (> 12 cm) 
appeared in their catches primarily in April, with a few 
in May, and most likely were limited to sites around the 
Bay mouth and eastward (Geer 2002).  

HABITAT CHARACTERISTICS  

Information on the habitat characteristics and 
preferences of the longfin inshore squid are 
summarized in Table 1. 

EGGS AND LARVAE 

Egg masses are commonly found attached to rocks 
and small boulders on sandy/muddy bottom and on 
aquatic vegetation, such as Fucus sp., Ulva lactuca, 
Laminaria sp. and Porphyra sp. (Arnold et al. 1974; 
Griswold and Prezioso, 1981; Summers 1983).  The 
eggs are demersal, are generally laid in waters < 50 m 
deep (Bigelow 1924; Griswold and Prezioso 1981; 
Lange 1982), and are found at temperatures of 10-23oC 
(McMahon and Summers 1971) and salinities of 30-32 
ppt (McMahon and Summers 1971). 

The larvae are pelagic near the surface (McMahon 
and Summers 1971; McConathy et al. 1980) and occur 
at temperatures of 10-26oC and salinities of 31.5-34.0 
ppt (Vecchione 1981).  Surface waters are important to 
hatchlings and larvae and individuals move deeper as 
they grow older (Vecchione 1981). Longfin inshore 
squid larvae were common in ichthyoplankton samples 
across a wide range of depths and areas (Vecchione et 
al. 2001). 

PRE-RECRUITS 

Juveniles inhabit the upper 10 m of the water 
column over water 50-150 m deep (Mercer 1969; Vovk 
and Khvichiya 1980; Brodziak and Hendrickson 1999). 
They are found at surface water temperatures of 10-
26oC (Vecchione 1981; Brodziak and Hendrickson 
1999) and salinities of 31.5-34.0 ppt (Vecchione 1981). 
Longfin inshore squid move up (nighttime) and down 
(daytime) in the water column on a daily (diel) basis  
(Hatfield and Cadrin 2002) but the importance of off-
bottom habitat is unknown because sampling has been 
primarily with bottom trawls.  Diel migration patterns 
depend on squid size and season (Hatfield and Cadrin 
2002).   

Distributions of pre-recruits relative to bottom 
water temperature, depth, and salinity based on spring 
and fall NEFSC bottom trawl surveys are shown in 
Figure 13. During the spring surveys, pre-recruits were 
found in a temperature range of 4-21ºC, with the 
majority at about 8-14ºC. They were found over a depth 
range of 1-400 m, and a salinity range of 31-36, with 
most found at 34-36 ppt. During the fall the pre-recruits 
were found over a wider temperature range of 6-28ºC, 
with peaks in abundance between roughly 10-19ºC. 
Their depth range during that season was between 1-
400 m, with the majority found above about 60 m. 
Their salinity range was between 29-36 ppt, with the 
majority at 32-33 ppt. 

The spring and autumn distributions of pre-recruits 
in Massachusetts coastal waters relative to bottom 
water temperature and depth based on Massachusetts 
inshore bottom trawl surveys are shown in Figure 14. In 
the spring, the pre-recruits were found at a temperature 
range of 5-17ºC, with most at 10-14ºC. Their depth 
range was from 6 m to a depth of approximately 65 m; 
the majority were found between 6-25 m. In the fall 
they were found over a wider temperature range of 5-
22ºC, with bimodal peaks at about 8-10ºC and a larger 
one 16-20ºC. Their depth range during fall was between 
1-85 m, with the majority found between about 6-35 m. 

In the Narragansett Bay bottom trawl survey, pre-
recruits were found at depths ranging from 10-110 feet 
(3-367 m) (Figure 15).  In winter the few pre-recruits 
caught were taken at 90 feet (27 m), in summer and 
spring most were caught at 20-40 feet (6-12 m) and 
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100-110 feet (30-34 m), and in autumn most were 
caught at 100 feet (30 m).  Pre-recruits were collected 
at temperatures ranging from 9-25oC.  They were 
collected at temperatures of 10oC in winter, from 9-
16oC in spring, from 11-25oC with most at 19oC in 
summer, and from 13-23oC with most at 20oC in 
autumn. 

In the Hudson-Raritan estuary, pre-recruits were 
collected at temperatures ranging from 11-24oC, but 
most were taken at 16-21oC.  They were also collected 
at depths of 15-75 ft (~5-23 m), with most at 30 ft (9 m) 
and 45-50 ft (14-15 m), and salinities of 20-33 ppt, with 
the highest catch at 30 ppt.  They were found at 
dissolved oxygen levels of 5-10 mg/L, with most at 7-8 
mg/L (Figure 16). Longfin inshore squid require 
oxygen concentrations greater than 4 mg/L (Howell and 
Simpson 1994). 

The distributions and abundances of both pre-
recruit and recruit squid in Long Island Sound relative 
to depth and bottom type, based on surveys by 
Gottschall et al. (2000), were discussed previously in 
Geographic Distribution: Pre-recruits. 

RECRUITS 

Adult longfin inshore squid inhabit the continental 
shelf and upper continental slope to depths of 400 m 
(Vecchione et al. 1989), but depth varies seasonally.  In 
spring they occur at depths of 110-200 m (Serchuk and 
Rathjen 1974; Lange and Sissenwine 1980), in summer 
and autumn they inhabit inshore waters as shallow as 6-
28 m (Summers 1968a, b; Serchuk and Rathjen 1974; 
Gosner 1978; Howell and Simpson 1994), and in winter 
they inhabit offshore waters to depths of 365 m (Lange 
1982).  They are found on mud or sand/mud substrate 
(Howell and Simpson 1994), at surface temperatures 
ranging from 9-21oC, and bottom temperatures ranging 
from 8-16oC (Summers 1969; Lux et al. 1974; 
Serchuck and Rathjen 1974; Lange and Sissenwine 
1980; Macy 1980; Brodziak and Hendrickson 1999). 
Adults, like juveniles, migrate up and down in the water 
column in response to light conditions and the 
importance of off-bottom habitat is unknown.   

Distributions of recruits relative to bottom water 
temperature, depth, and salinity based on spring and fall 
NEFSC bottom trawl surveys are shown in Figure 17. 
During the spring, recruits were found in a temperature 
range of 4-21ºC, with the majority at about 7-13ºC. 
They were found over a depth range of 1-400 m, and a 
salinity range of about 30-36, with most found at 34-35 
ppt. During the fall the pre-recruits were found over a 
wider temperature range of 6-28ºC, with a peak 
between about 10-15ºC. Their depth range during that 
season was between 1-400 m, with the majority found 
above about 70 m. Their salinity range was between 30-
37 ppt, with most at 32-33 ppt. 

Around Massachusetts in the spring, the recruits 
were found at a temperature range of 6-17ºC, with most 
at 10-13ºC (Figure 18). Their depth range was from 
about 1 m to approximately 50 m, with the majority 
found between 6-20 m. As with the pre-recruits, the 
recruits in the fall were found over a wider temperature 
range of 5-22ºC, with bimodal peaks at about 8-10ºC 
and a larger one 16-20ºC. Their depth distribution 
during fall was similar to that of the pre-recruits (range 
of 1-85 m, with the majority found between about 6-35 
m). 

In Narragansett Bay, recruits were found at depths 
ranging from 10 to 120 ft (3-37 m) (Figure 19). In 
winter the few recruits caught were taken at 90-100 ft 
(27-30 m). In summer and spring they were taken at 
depths ranging from 10-120 ft (3-37 m). In spring, 
about 40% were caught at 100-110 feet (30-34 m), with 
another 20% found at 70 ft (21 m), while in summer, 
the majority were caught at 100-110 ft. In autumn, most 
were caught at 90-100 feet (27-30 m). Recruits were 
taken at temperatures ranging from 7-25oC (Figure 19). 
Seasonally they were collected at 7-10oC in winter, 
with almost all caught at 10oC; at 9-16oC in spring, with 
most at 9-13oC; at 9-25oC in summer, with most at 18-
21oC; and at 11-23oC in autumn, with a peak at 15oC. 

In the Hudson-Raritan estuary, recruits were 
collected at temperatures ranging from 9-24oC, but 
most were at 16-17oC (Figure 20). They were also 
collected at depths of 10-75 ft (~5-23 m), with most at 
50 and 60 ft (~15-18 m), and salinities of 20-33 ppt, 
with the highest catch at 30 ppt. They were found at 
dissolved oxygen levels of 5-11 mg/L, with most at 7-8 
mg/L. Longfin inshore squid require oxygen 
concentrations greater than 4 mg/L (Howell and 
Simpson 1994).  

RESEARCH NEEDS 

� Human impacts may be significant on sandy 
bottom habitats used by inshore longfin squid for 
their eggs.  However, little information is available 
on egg habitat locations, seasonal occurrence, 
sediment characteristics, and depth or water 
chemistry.  This type of information might be 
useful for designating marine reserves, seasonal 
closed areas, and other measures. 

� Additional information about use of off-bottom 
habitat and vertical distribution of inshore longfin 
squid in the water column is needed for stock 
assessment and management. This is because a 
substantial portion of the inshore longfin squid 
stock may be unavailable to bottom trawl surveys 
that are used to track abundance. 

� Information about distribution of inshore longfin 
squid in deepwater off the continental shelf and 
south of Cape Hatteras would be useful because 
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bottom trawl surveys do not reach these areas and 
an unknown portion of the stock is resident there 
(NEFSC 2002). 

� More information on growth rates and maturity are 
needed from geographically and temporally diverse 
studies. 

� The commercially exploited population from Cape 
Hatteras to Georges Bank, inshore and offshore 
and in all seasons, is considered a single stock unit.  
More information is needed on stock structure, 
including gene flow and levels of genetic 
differentiation among geographic areas. 
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Table 1. Summary of life history and habitat characteristics for longfin inshore squid, based on the pertinent literature. 
This table is essentially the same as that used in the first longfin inshore squid EFH source document (Cargnelli et al. 
1999); more recent studies have not been added. 
 

Life Stage Size and Growth Habitat Substrate Temperature Salinity 

 
Eggs 1 

 
Incubation time varies 
with temperature: 26.7 d 
at 12-18oC, 18.5 d at 
15.5-21.3oC, and 10.7 d 
at 15.5-23.0oC. 

 
Eggs generally in shallow 
waters, < 50 m and near 
shore. 

 
Egg masses are 
commonly found on 
sandy/mud bottom; 
usually attached to 
rocks/boulders, pilings, 
or algae such as Fucus, 
Ulva lactuca, Laminaria 
and Porphyra sp. 

 
Eggs found in waters 10-
23oC; usually > 8oC. 
Optimal development at 
12oC. 

 
Found at 30-32 ppt. 

 
Larvae 2 

 
Paralarvae range in size 
from 1.4-15 mm ML 
(mantle length). 
Growth rates slower for 
winter-hatched animals 
than spring-hatched. 

 
Found in coastal, surface 
waters in spring, summer, and 
fall.  Hatchlings found in 
surface waters day and night. 
Move deeper in water column 
as they grow larger. 

  
Found at 10-26oC (at 
lower temperatures found 
at higher salinities). 

 
Found at 31.5-34.0 
ppt. 

 
Juveniles 3 

 
Size ranges from 
approximately 15 mm - 8 
cm. 
At 6-8 cm sexual size 
dimorphism is evident, 
before offshore 
migrations occur. 
Growth rates of young- 
of-the-year are 12-38 
mm/month. 

 
Inhabit upper 10 m at depths 
of 50-100 m on continental 
shelf.  Found in coastal 
inshore waters in spring/fall, 
offshore in winter.  Migrate to 
surface at night. 
Ontogenetic descent: at 45 
mm, chromatophores are 
concentrated on dorsal rather 
than ventral surface, 
indicating a change from 
inhabiting surface waters to 
demersal lifestyle. 

  
Found at 10-26oC (at 
lower temperatures found 
at higher salinities). 
Juveniles prefer warmer 
bottom temperatures and 
shallower depths in fall 
than adults. 

 
Found at 31.5-34.0 
ppt. 

 
Adults 4 

 
Smallest size at maturity 
8 cm ML; most are > 10 
cm ML. 
Males grow faster than 
females and attain larger 
sizes; larger sizes at 
higher latitudes. 
Growth is rapid, faster in 
warm months (1.5-2.0 
cm/month) than in cold 
months (0.4-0.6 
cm/month).  Life span is 
< 1 year. Maximum size 
and age are ~50 cm ML, 
3 yrs. 

 
Range from Newfoundland 
south to Cape Hatteras, on 
continental shelf and upper 
slope.  Most abundant from 
Gulf of Maine to Hatteras. 
March-October: inshore, 
shallow waters up to 180 m. 
Winter: offshore deeper 
waters, up to 400 m on shelf 
edge.   
Most abundant at bottom 
during the day; move upwards 
at night.  Generally found at 
greater depths and cooler 
bottom temperatures in the 
fall than juveniles.  
Importance of off-bottom 
habitat poorly understood. 

 
Mud or sandy mud. 

 
Found at surface 
temperatures ranging 
from 9-21oC and bottom 
temperatures ranging 
from 8-16oC. 

 

 
1  Bigelow (1924); McMahon and Summers (1971); Arnold et al. (1974); Griswold and Prezioso (1981); Lange (1982); Summers (1983); Dawe et al. 

(1990). 
2   McMahon and Summers (1971); McConathy et al. (1980); Vecchione (1981); Nesis (1982); Vovk (1983); Young and Harman (1988). 
3  Summers (1968a, b); Mercer (1969); Macy (1980); Vovk and Khvichiya (1980); Vecchione (1981); Young and Harman (1988); Brodziak and 

Henderson (1999). 
4  Haefner (1964); Summers (1968a, b, 1969, 1971, 1983); Rathjen (1973); Lux et al. (1974); Serchuk and Rathjen (1974); Cohen (1976); Mesnil 

(1977); Gosner (1978); Sissenwine and Bowman (1978); Lange (1980, 1982); Lange and Sissenwine (1980); Macy (1980); Nesis (1982); Vecchione 
et al. (1989); Dawe et al. (1990); Howell and Simpson (1994); Brodziak and Macy (1996); Brodziak and Henderson (1999). 
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Table 1. Cont’d. 

Life Stage Prey Predators  Spawning Notes 

 
Eggs 1 

 
N/A 

  
Most eggs are spawned in May, 
hatching occurs in July. 
Fecundity ranges from  
950-15,900 eggs per female. 

 
Eggs are demersal. Enclosed in 
a gelatinous capsule containing 
up to 200 eggs.  Each female 
lays 20-30 capsules.  Laid in 
masses made up of hundreds of 
egg capsules from different 
females. 

 
Larvae 2 

 
Primary prey are copepods. 

   
"Paralarvae" defined as stage 
after hatching when 
cephalopods are pelagic.  
Tentacles are non-functional at  
< 15 mm. 

 
Juveniles 3 

 
Primary prey varies with size: 
< 4.0 cm: plankton, copepods; 
4.1-6.0 cm: euphausiids, 
arrow worms; 
6.1-10.0 cm: crabs, 
polychaetes, shrimp. 
Cannibalism observed in 
specimens larger than 5 cm 
ML (small Illex illecebrosus 
were found in 49 of 322 
Loligo stomachs). 

 
Many pelagic and demersal fish 
species as well as marine 
mammals and birds. 

  
Changes in habitat as the squid 
grows are indicated by changes 
in the diet. 

 
Adults 4 

 
Fish prey includes silver hake, 
mackerel, herring, menhaden, 
sand lance, bay anchovy, 
menhaden, weakfish, and 
silversides. Invertebrate prey 
includes crustaceans 
(Crangon, Palaeomonetes sp.) 
and squid. 
15 cm adults can eat fish up to 
half their mantle length. At 
16-25 cm, consume more fish 
and less crustaceans as growth 
increases; > 25 cm, more 
squid than fish eaten; and > 
30 cm, almost exclusively 
squid. 

 
Predators include many fishes 
(bluefish, sea bass, mackerel, 
cod, haddock, pollock, hakes, 
sea raven, goosefish, flounder, 
dogfish, angel sharks, skates), 
pilot whale (Globicephala 
melas) and common dolphin 
(Delphinus delphis), and diving 
birds. 

 
Spawning occurs on Scotian 
Shelf, Georges Bank, Gulf of 
Maine, and from Nantucket 
Shoals to Cape Hatteras in 
shallow waters, 10-90 m, from 
April-November (New England: 
May-August; Bay of Fundy: 
Aug-September). Georges 
Bank: two broods - early spring 
and late summer.  Spring spawn: 
hatch in June, mature over 
winter. Summer spawn: hatch in 
fall, mature in 2nd winter. 
Mating occurs during inshore 
migration in spring. Mortality 
occurs after first spawning. 

 
Loligo form schools according 
to size class prior to feeding. 
Oxygen requirement > 4 ml/l. 
Larger individuals migrate 
earlier (April-May) than smaller 
ones. 

 
1  Haefner (1959); Summers (1971); Vovk (1972b), Arnold et al. (1974); Gosner (1978); Griswold and Prezioso (1981); Lange (1982); Nesis (1982); 

Lange and Sissenwine (1983). 
2  Vecchione (1981); Vovk (1983); Young and Harman (1988). 
3  Vovk (1972b, 1985); Tibbetts (1977); Whitaker (1978); Vinogradov and Noskov (1979); Vovk and Khvichiya (1980); Vecchione (1981). 
4  Stevenson (1934); Summers (1969, 1971); Vovk (1972a, 1985); Rathjen (1973); Maurer (1975); Cohen (1976); Langton and Bowman (1977); 

Mesnil (1977); Tibbetts (1977); Gosner (1978); Vinogradov and Noskov (1979); Lange (1980, 1982); Lange and Sissenwine (1980, 1983); Macy 
(1980); Griswold and Prezioso (1981); Kier (1982); Summers (1983); Maurer and Bowman (1985); Dawe et al. (1990); Waring et al. (1990); 
Overholtz and Waring (1991); Howell and Simpson (1994); Brodziak and Macy (1996); Gannon et al. (1997). 
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Figure 1. The longfin inshore squid, Loligo pealeii (from Goode 1884). 
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Figure 2. Seasonal distributions and abundances of pre-recruit longfin inshore squid collected during NEFSC bottom 
trawl surveys. 
Based on NEFSC winter bottom trawl surveys (1981-2003, all years combined). Distributions are displayed as presence 
only. 
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Figure 2. Cont’d. 
Based on NEFSC spring bottom trawl surveys (1968-2003, all years combined). Survey stations where pre-recruits were 
not found are not shown. 
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Figure 2. Cont’d. 
Based on NEFSC summer bottom trawl surveys (1969-1995, all years combined). Distributions are displayed as 
presence only. 
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Figure 2. Cont’d. 
Based on NEFSC fall bottom trawl surveys (1967-2003, all years combined). Survey stations where pre-recruits were not 
found are not shown. 
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Figure 3. Distribution and abundance of pre-recruit longfin inshore squid in Massachusetts coastal waters. 
Based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where 
pre-recruits were not found are not shown.  
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Figure 3. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where pre-
recruits were not found are not shown. 
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Figure 4. Seasonal distribution and abundance of longfin inshore squid pre-recruits in Narragansett Bay. 
Based upon the 1990-1996 Rhode Island bottom trawl surveys.  The numbers shown at each station are the average catch 
per tow rounded to one decimal place [see Reid et al. (1999) for details].  



 

 

Page 19

 

Figure 5. Monthly log10 length frequencies (cm) of longfin inshore squid collected in Long Island Sound, based on 
106,925 squid taken in 771 tows between 1987 and 1994. Source: Gottschall et al. (2000). 
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Figure 6. Relative abundance (geometric mean catch/tow) catch/tow and percent occurrence (proportion of samples in 
which at least one individual was observed) for longfin inshore squid in Long Island Sound, by month, month and 
bottom type, and month and depth interval. Source: Gottschall et al. (2000). 
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Figure 7. Distribution and abundances of longfin inshore squid in Long Island Sound, based on the finfish surveys of 
the Connecticut Fisheries Division, 1986-1994. Source: Gottschall et al. (2000). Circle diameter is proportional to the 
number of squid caught, and is scaled to the maximum catch (indicated by “max=” or “max>”); the largest circle 
represents a tow with a catch of > 2,500 squid. Collections were made with a 14 m otter trawl at about 40 stations chosen 
by stratified random design. 
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Figure 8. Seasonal distribution and abundance of longfin inshore squid pre-recruits collected in the Hudson-Raritan 
estuary. 
Based on NEFSC Hudson-Raritan trawl surveys, January 1992 – June 1997 [see Reid et al. (1999) for details]. 
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Figure 9. Seasonal distributions and abundances of recruit longfin inshore squid collected during NEFSC bottom trawl 
surveys. 
Based on NEFSC winter bottom trawl surveys (1981-2003, all years combined). Distributions are displayed as presence 
only. 
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Figure . Cont’d. 
Based on NEFSC spring bottom trawl surveys (1968-2003, all years combined). Survey stations where recruits were not 
found are not shown. 
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Figure 9. Cont’d. 
Based on NEFSC summer bottom trawl surveys (1969-1995, all years combined). Distributions are displayed as 
presence only. 
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Figure 9. Cont’d. 
Based on NEFSC fall bottom trawl surveys (1967-2003, all years combined). Survey stations where recruits were not 
found are not shown. 
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Figure 10. Seasonal distributions and abundances of recruit longfin inshore squid in Massachusetts coastal waters. 
Based spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where 
recruits were not found are not shown. 
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Figure 10. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where 
recruits were not found are not shown. 



 

 

Page 29

 

Figure 11. Seasonal distribution and abundance of longfin inshore squid recruits in Narragansett Bay. 
Based upon the 1990-1996 Rhode Island bottom trawl surveys.  The numbers shown at each station are the average catch 
per tow rounded to one decimal place.   
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Figure 12. Seasonal distribution and abundance of longfin inshore squid recruits collected in the Hudson-Raritan 
estuary. 
Based on NEFSC Hudson-Raritan trawl surveys, January 1992 – June 1997. 
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Figure 13. Distributions of pre-recruit longfin inshore squid and trawls from NEFSC bottom trawl surveys relative to 
bottom water temperature, depth, and salinity. 
Based on NEFSC spring bottom trawl surveys (temperature and depth: 1968-2003, all years combined; salinity: 1991-
2003, all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls 
in which longfin inshore squid occurred and medium bars show, within each interval, the percentage of the total number 
of longfin inshore squid caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 13. Cont’d. 
Based on NEFSC fall bottom trawl surveys (temperature and depth: 1967-2003, all years combined; salinity: 1991-2003, 
all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in 
which longfin inshore squid occurred and medium bars show, within each interval, the percentage of the total number of 
longfin inshore squid caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 14. Distributions of pre-recruit longfin inshore squid and trawls in Massachusetts coastal waters relative to 
bottom water temperature and depth. 
Based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which longfin inshore squid occurred and 
medium bars show, within each interval, the percentage of the total number of longfin inshore squid caught. 
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Figure 14. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which longfin inshore squid occurred and 
medium bars show, within each interval, the percentage of the total number of longfin inshore squid caught. 
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Figure 15. Distributions of longfin inshore squid pre-recruits in Narragansett Bay relative to mean bottom water 
temperature and bottom depth. 
Based on Rhode Island trawl surveys, 1990-1996.  Open bars represent the proportion of all stations surveyed, while 
solid bars represent the proportion of the sum of all catches. 
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Figure 16. Distributions of longfin inshore squid pre-recruits in the Hudson-Raritan estuary relative to bottom water 
temperature, depth, dissolved oxygen, and salinity. 
Based on NEFSC Hudson-Raritan estuary trawl surveys, 1992-1997, all seasons and years combined. Open bars 
represent the proportion of all stations surveyed, solid bars represent the proportion of the sum of all standardized 
catches. 
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Figure 17. Distributions of recruit longfin inshore squid and trawls from NEFSC bottom trawl surveys relative to bottom 
water temperature, depth, and salinity. 
Based on NEFSC spring bottom trawl surveys (temperature and depth: 1968-2003, all years combined; salinity: 1991-
2003, all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls 
in which longfin inshore squid occurred and medium bars show, within each interval, the percentage of the total number 
of longfin inshore squid caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 17. Cont’d. 
Based on NEFSC fall bottom trawl surveys (temperature and depth: 1967-2003, all years combined; salinity: 1991-2003, 
all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in 
which longfin inshore squid occurred and medium bars show, within each interval, the percentage of the total number of 
longfin inshore squid caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 18. Distributions of recruit longfin inshore squid and trawls in Massachusetts coastal waters relative to bottom 
water temperature and depth. 
Based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which longfin inshore squid occurred and 
medium bars show, within each interval, the percentage of the total number of longfin inshore squid caught.  
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Figure 18. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which longfin inshore squid occurred and 
medium bars show, within each interval, the percentage of the total number of longfin inshore squid caught. 
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Figure 19. Distributions of longfin inshore squid recruits in Narragansett Bay relative to mean bottom water temperature 
and bottom depth. 
Based on Rhode Island trawl surveys, 1990-1996.  Open bars represent the proportion of all stations surveyed, while 
solid bars represent the proportion of the sum of all catches. 
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Figure 20. Distributions of longfin inshore squid recruits in the Hudson-Raritan estuary relative to bottom water 
temperature, depth, dissolved oxygen, and salinity. 
Based on NEFSC Hudson-Raritan estuary trawl surveys, 1992-1997, all seasons and years combined.  Open bars 
represent the proportion of all stations surveyed, solid bars represent the proportion of the sum of all standardized 
catches. 
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Editorial Notes on "Essential Fish Habitat Source Documents"
Issued in the NOAA Technical Memorandum NMFS-NE Series

Editorial  Production

For "Essential Fish Habitat Source Documents" issued in the NOAA Technical Memorandum NMFS-NE series, staff
of the Northeast Fisheries Science Center's (NEFSC's) Ecosystems Processes Division largely assume the role of staff of
the NEFSC's Editorial Office for technical and copy editing, type composition, and page layout.  Other than the four covers
(inside and outside, front and back) and first two preliminary pages, all preprinting editorial production is performed by,
and all credit for such production rightfully belongs to, the staff of the Ecosystems Processes Division.

Internet Availability and Information Updating

Each original issue of an "Essential Fish Habitat Source Document" is published both as a paper copy and as a Web
posting.  The Web posting, which is in "PDF" format, is available at:  http://www.nefsc.noaa.gov/nefsc/habitat/efh.

Each issue is updated at least every five years.  The updated edition will be published as a Web posting only; the
replaced edition(s) will be maintained in an online archive for reference purposes.

Species Names

The NMFS Northeast Region's policy on the use of species names in all technical communications is generally  to
follow the American Fisheries Society's  lists of scientific and common names for fishes (i.e., Nelson et al. 2004a; Robins
et al. 1991b), mollusks (i.e., Turgeon et al. 1998c), and decapod crustaceans (i.e., Williams et al. 1989d), and  to follow the
Society for Marine Mammalogy's guidance on scientific and common names for marine mammals (i.e., Rice 1998e).
Exceptions to this policy occur when there are subsequent compelling revisions in the classifications of species, resulting
in changes in the names of species.
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of  fishes from the United States, Canada, and Mexico. 6th ed.  Amer. Fish. Soc. Spec. Publ. 29; 386 p.

bRobins, C.R. (chair); Bailey, R.M.; Bond, C.E.; Brooker, J.R.; Lachner, E.A.; Lea, R.N.; Scott, W.B.  1991.  World  fishes important to
North Americans. Amer. Fish. Soc. Spec. Publ. 21; 243 p.
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Rosenberg, G.; Roth, B.; Scheltema, A.; Thompson, F.G.; Vecchione, M.; Williams, J.D.  1998.  Common and scientific names of aquatic
invertebrates from the United States and Canada: mollusks. 2nd ed. Amer. Fish. Soc. Spec. Publ. 26; 526 p.
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and scientific names of aquatic invertebrates from the United States and Canada: decapod crustaceans.  Amer. Fish. Soc. Spec. Publ. 17;
77 p.
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PREFACE TO SECOND EDITION 

One of the greatest long-term threats to the viability of 
commercial and recreational fisheries is the continuing 
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and 
Management Act (October 11, 1996) 

The long-term viability of living marine resources 
depends on protection of their habitat. 

NMFS Strategic Plan for Fisheries Research 
(February 1998) 

The Magnuson-Stevens Fishery Conservation and 
Management Act (MSFCMA), which was reauthorized 
and amended by the Sustainable Fisheries Act (1996), 
requires the eight regional fishery management councils 
to describe and identify essential fish habitat (EFH) in 
their respective regions, to specify actions to conserve 
and enhance that EFH, and to minimize the adverse 
effects of fishing on EFH.  Congress defined EFH as 
“those waters and substrate necessary to fish for 
spawning, breeding, feeding or growth to maturity.”  
The MSFCMA requires NOAA Fisheries to assist the 
regional fishery management councils in the 
implementation of EFH in their respective fishery 
management plans. 

NOAA Fisheries has taken a broad view of habitat 
as the area used by fish throughout their life cycle.  Fish 
use habitat for spawning, feeding, nursery, migration, 
and shelter, but most habitats provide only a subset of 
these functions.  Fish may change habitats with changes 
in life history stage, seasonal and geographic 
distributions, abundance, and interactions with other 
species.  The type of habitat, as well as its attributes and 
functions, are important for sustaining the production of 
managed species. 

The Northeast Fisheries Science Center compiled 
the available information on the distribution, 
abundance, and habitat requirements for each of the 
species managed by the New England and Mid-Atlantic 
Fishery Management Councils.  That information is 
presented in a series of EFH species reports (plus one 
consolidated methods report).  The EFH species reports 
are a survey of the important literature as well as 
original analyses of fishery-independent data sets from 
NOAA Fisheries and several coastal states.  The species 
reports are also the source for the current EFH 
designations by the New England and Mid-Atlantic 
Fishery Management Councils, and understandably are 
referred to as the “EFH source documents.” 

NOAA Fisheries provided guidance to the regional 
fishery management councils for identifying and 
describing EFH of their managed species.  Consistent 
with this guidance, the species reports present 
information on current and historic stock sizes, 
geographic range, and the period and location of major 
life history stages.  The habitats of managed species are 

described by the physical, chemical, and biological 
components of the ecosystem where the species occur.  
Information on the habitat requirements is provided for 
each life history stage, and it includes, where available, 
habitat and environmental variables that control or limit 
distribution, abundance, growth, reproduction, 
mortality, and productivity. 

The initial series of EFH species source documents 
were published in 1999 in the NOAA Technical 
Memorandum NMFS-NE series. Updating and review 
of the EFH components of the councils’ Fishery 
Management Plans is required at least every 5 years by 
the NOAA Fisheries Guidelines for meeting the 
Sustainable Fisheries Act/EFH Final Rule. The second 
editions of these species source documents were written 
to provide the updated information needed to meet 
these requirements. The second editions provide new 
information on life history, geographic distribution, and 
habitat requirements via recent literature, research, and 
fishery surveys, and incorporate updated and revised 
maps and graphs. This second edition of the Haddock 
EFH source document is based on the original by Luca 
M. Cargnelli, Sara J. Griesbach, Peter L. Berrien, 
Wallace W. Morse, and Donna L. Johnson, with a 
foreword by Jeffrey N. Cross (Cargnelli et al. 1999). 

Identifying and describing EFH are the first steps 
in the process of protecting, conserving, and enhancing 
essential habitats of the managed species.  Ultimately, 
NOAA Fisheries, the regional fishery management 
councils, fishing participants, Federal and state 
agencies, and other organizations will have to cooperate 
to achieve the habitat goals established by the 
MSFCMA.
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INTRODUCTION

The haddock, Melanogrammus aeglefinus, is a 
demersal gadid found on both sides of the North 
Atlantic (Figure 1).  In the northwest Atlantic, haddock 
are distributed from Cape May, New Jersey to the Strait 
of Belle Isle, Newfoundland (Klein-MacPhee 2002).  
Six haddock stocks have been identified in the 
northwest Atlantic from Newfoundland to Georges 
Bank (Begg 1998). There are two haddock stocks in 
U.S. waters: Georges Bank and Gulf of Maine. U.S. 
haddock fisheries are managed by the New England 
Fishery Management Council under the Northeast 
Multispecies Fishery Management Plan (NEFMC 
1993). The Georges Bank haddock stock is also a 
transboundary resource, which is co-managed with 
Canada. 

This Essential Fish Habitat Source Document 
provides up-to-date information on the life history 
characteristics and habitat requirements of the Georges 
Bank and Gulf of Maine haddock stocks. 

LIFE HISTORY 

The life history characteristics of Georges Bank 
and Gulf of Maine haddock are described in detail by 
Bigelow and Schroeder (1953) and Klein-MacPhee 
(2002). Some additional information on early life 
history stages may be found in Hardy (1978) and 
Chenoweth et al. (1986). Characteristics of egg, larval, 
juvenile, and adult haddock life history stages are 
described below. 

EGGS

Haddock spawn over various substrates including 
rocks, gravel, smooth sand, and mud (Klein-MacPhee 
2002). Eggs are broadcast and fertilized near the 
bottom. Fertilized eggs are buoyant and remain in the 
water column where subsequent development occurs 
(Hardy 1978; Page et al. 1989). Egg size ranges from 
1.32-1.60 mm. Incubation time varies with temperature 
(Laurence and Rogers 1976; Hardy 1978) and can range 
from 6-42 days (Klein-MacPhee 2002).  In temperature-
controlled laboratory experiments, haddock eggs 
averaged about 17-21 days to hatch (Hardy 1978).  At 
water temperatures typical of Georges Bank, haddock 
eggs hatch in about 15 days (Page and Frank 1989). 

LARVAE 

Newly-hatched haddock larvae range from 2.0-5.0 
mm in length (Klein-MacPhee 2002). Average size at 
hatch is 4.1 mm for Georges Bank and Gulf of Maine 
haddock. Length at hatch tends to decrease as the 
spawning season progresses (Colton and Marak 1969). 
Larvae absorb their yolk sack within roughly 5 days 
(Page et al. 1999).

Larval survival and growth is influenced by 
hatching date and oceanographic conditions. Larvae 
hatched earlier in the spawning season appear to have a 
survival advantage over those hatched later in the 
season (Lapolla and Buckley 2005).  On Georges Bank, 
stratified conditions appear to enhance larval survival 
and growth (Buckley and Lough 1987). Larvae may be 
advected long distances by ocean currents. In some 
years, wind-driven currents transport haddock larvae 
from Georges Bank to the Mid-Atlantic Bight 
(Polacheck et al. 1992). Larval growth appears to be 
positively correlated with temperatures of about 7-9�C,
but may be suppressed at 4 �C (Laurence 1974, 1978). 
In general, increased temperature has a positive effect 
on both larval size at age (Green et al. 2004) and 
growth rates (Caldarone 2005). Larval growth generally 
exceeds 0.2 mm d-1 and appears to peak at about 0.5 
mm d-1 in June (Green et al. 2004). 

JUVENILES

Larvae metamorphose into juveniles in roughly 30-
42 days (Laurence 1978) at lengths of 2-3 cm (Fahay 
1983).  Small juveniles initially live and feed in the 
epipelagic zone. Juveniles remain in the upper part of 
the water column for 3-5 months. After reaching 
lengths of 3-10 cm (Hardy 1978; Fahay 1983; Mahon 
and Neilson 1987; Perry and Neilson 1988; Lough and 
Bolz 1989), juveniles visit the ocean bottom in search 
of food. Once suitable bottom habitat is located, 
juveniles settle into a demersal existence (Klein-
MacPhee 2002). 

ADULTS 

Adult haddock are demersal benthivores ranging in 
size from roughly 30 cm to up to 1 meter. Haddock do 
not make extensive seasonal migrations.  In winter, they 
prefer deeper waters and tend to move shoreward in 
summer. When summer water temperatures reach 10-
11�C, haddock move to colder, deeper waters. The 
largest haddock reported from American waters was a 
13.6 kg fish (Klein-MacPhee 2002). The oldest 
haddock documented from Northeast Fisheries Science 
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Center (NEFSC) surveys during 1963-2002 was a 17 
year old fish captured in 1980. Most commercially-
caught haddock weigh from 1-3 kg. 

REPRODUCTION

Haddock are highly fecund broadcast spawners 
(Klein-MacPhee 2002). Depending upon their size, 
adult females produce on the order of hundreds of 
thousands to millions of eggs per year. Eggs are 
released near the ocean bottom in batches and fertilized 
by a courting male. After fertilization, haddock eggs 
become buoyant and rise to the surface water layer. 

Median age and size of maturity differ slightly 
between the Georges Bank and Gulf of Maine haddock 
stocks (Table 1). During the late-1980s, Georges Bank 
haddock matured at younger ages and smaller sizes than 
Gulf of Maine haddock (O’Brien et al. 1993, see also 
Clark 1959). On Georges Bank, males matured at 
younger ages and smaller sizes than females. In the 
Gulf of Maine, median age of maturity for males was 
greater than for females while male and female sizes at 
maturity were similar. Size at maturity of Georges Bank 
haddock has declined in recent years (O’Brien et al.
1993; Trippel et al. 1997). For example, female median 
length of maturity was about 40 cm during 1977-1983 
but declined to about 34-36 cm in the early-1990s. 
Density-dependence may explain the apparent decline 
in median size of maturity since haddock appear to 
mature at smaller sizes when population density is low 
(Waiwood and Buzeta 1989; Ross and Nelson 1992). 

Georges Bank is the principal haddock spawning 
area in the northeast U.S. continental shelf ecosystem.  
Haddock spawning is concentrated on the northeast 
peak of Georges Bank.  The western edge of Georges 
Bank also supports a smaller spawning concentration 
(Walford 1938). The two spawning components are 
persistent and exhibit phenotypic differences in otolith 
morphometrics (Begg et al. 2000). Although the vast 
majority of reproductive output originates from 
Georges Bank, some limited spawning activity occurs 
on Nantucket Shoals (Smith and Morse 1985) and along 
the South Channel (Colton and Temple 1961).  In the 
Gulf of Maine, Jeffreys Ledge and Stellwagen Bank are 
the two primary spawning sites (Colton 1972). In 
addition, Ames (1997) also reported numerous small, 
isolated spawning areas in inshore Gulf of Maine 
waters. Based on interviews with retired commercial 
fishers from Maine and New Hampshire, Ames (1997) 
identified 100 haddock spawning sites, covering 
roughly 500 square miles, from Ipswich Bay to Grand 
Manan Channel. 

The timing of haddock spawning activity varies 
among areas. In general, spawning occurs later in more 
northerly regions (Page and Frank 1989; Lapolla and 
Buckley 2005). There is also inter-annual variation in 

the onset and peak of spawning activity.  On Georges 
Bank, spawning occurs from January to June (Smith 
and Morse 1985), usually peaking from February to 
early-April (Smith and Morse 1985; Lough and Bolz 
1989; Page and Frank 1989; Brander and Hurley 1992; 
Lapolla and Buckley 2005) but the timing can vary by a 
month or more depending upon water temperature 
(Marak and Livingstone 1970; Page and Frank 1989). 
In the Gulf of Maine, spawning occurs from early 
February to May, usually peaking in February to April 
(Bigelow and Schroeder 1953).  Overall, cooler water 
temperatures tend to delay haddock spawning and may 
contract the duration of spawning activity (Marak and 
Livingstone 1970; Page and Frank 1989). 

FOOD HABITS 

Haddock diet changes with life history stage. 
Pelagic larvae and small juvenile haddock feed on 
phytoplankton, copepods, and invertebrate eggs in the 
upper part of the water column (Kane 1984). Juvenile 
haddock eat small crustaceans, primarily copepods and 
euphausiids, as well as polychaetes and small fishes. 
Juveniles make a transition from pelagic to demersal 
habitat at ages from 3 to 5 months.  During this 
transition, juvenile diet changes to primarily benthic 
prey (Mahon and Neilson 1987). Planktonic prey such 
as copepods and pteropods decrease in importance after 
juveniles become demersal, while ophiuroids and 
polychaetes increase in importance.  When juveniles 
reach 8 cm in length, they feed primarily on 
echinoderms, small decapods, and other benthic prey 
(Bowman et al. 1987). Benthic juveniles above 30 cm 
and adults feed primarily on crustaceans, polychaetes, 
mollusks, echinoderms, and some fish (Bowman and 
Michaels 1984; Mahon and Neilson 1987; Klein-
MacPhee 2002). Regional variation in haddock food 
habits also exists (Bowman et al. 2000). Echinoderms 
are more common prey items in the Gulf of Maine than 
on Georges Bank. In contrast, polychaetes are more 
common prey on Georges Bank than in the Gulf of 
Maine. 

Food habits data collected during Northeast 
Fisheries Science Center (NEFSC) bottom trawl 
surveys [see Reid et al. (1999) and Link and Almeida 
(2000)] reveal that the species composition of haddock 
prey varies by haddock size class (Figure 2). 
Unidentified fish (> 40%), amphipods (> 30%), and 
well-digested prey (WDP, > 10%) were the most 
common prey items by weight for small haddock less 
than 20 cm in length. The diet of haddock between 20 
and 50 cm in length was more varied and included 
WDP (> 20%), amphipods (> 15%), ophiuroids (> 
10%), and polychaetes (> 10%). Ophiuroids (> 15%), 
amphipods (> 10%), WDP (> 10%), and polychaetes (> 
10%) were the most common prey items of  large 
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haddock  with lengths between 50 and 80 cm. Extra-
large haddock over 80 cm in length fed primarily upon 
clupeids (> 25%), ophiuroids (> 20%), amphipods (> 
10%), and scombrids (> 10%). There was more 
sampling variation in the diet of extra-large haddock 
due to low sample size. Overall, the NEFSC food habits 
data show that haddock diet includes more ophiuroids 
and becomes more varied as fish increase in size. It also 
shows that amphipods are an important prey item for all 
demersal life history stages and that fish are an 
important component of the diet of very large haddock. 

LARVAL RETENTION 

The retention of haddock larvae in suitable nursery 
areas is an important factor in determining year class 
strength of Georges Bank haddock. The clockwise gyre 
around the main portion of Georges Bank provides a 
physical mechanism to retain haddock larvae on the 
Bank.  Larvae associated with the interior of the gyre 
tend to remain on Georges Bank (Smith and Morse 
1985) while those associated with the outside of the 
gyre tend to be  transported southwest by prevailing 
currents towards Nantucket Shoals. Strong year-classes 
may arise in years when circulation results in either 
retention of larvae on the Bank (Smith and Morse 1985) 
or in transport of larvae to nursery grounds to the 
southwest of the Bank (Colton and Temple 1961; 
Polacheck et al. 1992).  Comparisons of water 
residence times on Georges Bank and spawning 
locations suggest that haddock select areas and times of 
the year that enhance the probability of larval retention 
on the Bank (Page et al. 1999).

Lough and Bolz (1989) found that the southerly 
drift of larvae may be slowed, and retention on the 
shoals of Georges Bank enhanced, by larvae residing 
nearer to the bottom in waters shallower than 70 m. In 
some years, differences in wind stress and associated 
geostrophic currents alter the pattern of larval retention 
on the Bank. Wind-driven southwesterly surface 
currents can alter the pattern of larval retention and 
transport haddock larvae over hundreds of kilometers 
into the Mid-Atlantic Bight (Polacheck et al. 1992). In 
contrast, strong episodes of southeastward wind stress 
are associated with high egg and larval mortalities in 
some years (Mountain et al. 2003). There is limited 
information on retention of larval haddock in the Gulf 
of Maine. Ames (1997) suggests that haddock eggs and 
larvae in coastal Gulf of Maine waters may be retained 
in suitable habitats by tidal currents. 

GEOGRAPHICAL DISTRIBUTION 

In the northwest Atlantic, haddock are distributed 
from Cape Charles, Virginia to Labrador, Canada 
(Figure 3). Georges Bank, the Scotian Shelf, and the 
southern Grand Bank have the highest densities of 
haddock. The distributions of haddock egg, larval, and 
juvenile and adult stages on Georges Bank and the Gulf 
of Maine are described below. 

EGGS

The distribution of haddock eggs was determined 
using monthly NEFSC Marine Resources Monitoring, 
Assessment and Prediction (MARMAP) survey data. 
During 1978-1987, MARMAP ichthyoplankton surveys 
caught haddock eggs from New Jersey to southwest 
Nova Scotia (Figure 4).  The highest densities were 
found on Georges Bank and Browns Bank, which are 
important haddock spawning areas (Colton and Temple 
1961; Laurence and Rogers 1976; Brander and Hurley 
1992).  Eggs were collected from January through 
August. The highest concentrations occurred in April, 
followed by March and May.  This pattern is consistent 
with the timing of peak spawning from March to May 
(Bigelow and Schroeder 1953; Page and Frank 1989; 
Brander and Hurley 1992).  In particular, the highest 
mean densities of eggs occurred in April (77.3 eggs/10 
m2) and March (21.1 eggs/10 m2).  By July and August, 
mean densities had decreased substantially (< 0.1 
eggs/10 m2).

Data from the more recent U.S. GLOBEC Georges 
Bank surveys (February-July, 1995; January-June, 
1996-1999) showed the highest concentration of eggs to 
be on the eastern, Canadian side of Georges Bank, with 
peaks occurring during February-March and into April 
(Figure 5). 

LARVAE 

The distribution of haddock larvae was determined 
using monthly MARMAP survey data. The 1977-1987 
MARMAP ichthyoplankton surveys captured haddock 
larvae from the Delmarva Peninsula to southwest Nova 
Scotia (Figure 6).  Larvae were collected from January 
through July. The highest mean densities occurred in 
May (8.3 larvae/10 m2) and April (8.1 larvae/10 m2).
High densities of larvae were found off southwest Nova 
Scotia and Georges Bank, spreading southward.  Mean 
densities were low in January and February. Larval 
densities were highest in April through June and 
declined substantially by July (< 0.1 larvae/10 m2).
These findings are consistent with the seasonal pattern 
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of haddock spawning (Smith and Morse 1985; 
Campana 1989). 

Data from the more recent U.S. GLOBEC Georges 
Bank surveys showed the highest numbers of larvae 
were in March and April and mostly in southern areas 
of the Bank between the 50-100m isobath (Figure 7). 

JUVENILES AND ADULTS 

Seasonal catches of juvenile (< 31 cm) and adult 
haddock (> 31 cm) in NEFSC bottom trawl surveys 
[see Reid et al. (1999) for details] during 1963-2003 
show that the distributions of juvenile and adult 
haddock are generally similar (Figure 8 and Figure 10; 
note that winter and summer distributions are presented 
as presence data only, precluding a discussion of 
abundances). During winter and summer, juveniles and 
adults (Figure 8 and Figure 10) are found on Georges 
Bank, throughout the Gulf of Maine, in southern New 
England, and in the northern section of the Mid-
Atlantic (the latter is not true for adults in the summer). 
During spring, adults are generally found near 
spawning areas (Figure 10). Dense concentrations of 
adults are found on the northeast peak of Georges Bank, 
in the Great South Channel and in coastal waters of the 
Gulf of Maine. Juvenile distribution during spring is 
similar to that of adults although more juveniles occur 
on the southern flank of Georges Bank (Figure 8). In 
autumn, adults are found throughout the Gulf of Maine, 
the Great South Channel, and the northern flank and 
northeast peak of Georges Bank (Figure 10). Juvenile 
distribution during autumn is generally shallower than 
adults and in some years, extends south into the Mid-
Atlantic Bight, with large numbers around Hudson 
Canyon (Figure 8).  

Information on the inshore distribution of juvenile 
and adult haddock was collected from Massachusetts 
inshore bottom trawl surveys during 1978-2003 [see 
Reid et al. (1999) for details]. Juveniles were more 
abundant in coastal Massachusetts waters than adults 
(Figure 9 and Figure 11), and were more abundant in 
autumn than spring. In the spring, juveniles were most 
abundant north of Cape Ann, in northeastern 
Massachusetts Bay, and in two aggregations off eastern 
Cape Cod, but were not widespread in Cape Cod Bay.  
Another aggregation was found northwest of 
Provincetown, Cape Cod. Adults were more abundant 
in spring than in autumn. In spring, adults were most 
abundant in northeast Massachusetts Bay, and were also 
found northeast of Cape Ann and around Provincetown. 
In autumn, juveniles were most abundant directly north 
and northeast of Cape Ann and in northeastern 
Massachusetts Bay. They were also found in two 
aggregations off the east coast of Cape Cod, and in low 
numbers throughout Cape Cod Bay. In autumn, adults 
were mostly absent from inshore Massachusetts waters. 

The distributions and abundances of juvenile and 
adult haddock along the coasts of Maine and New 
Hampshire, based on spring and fall 2000-2004 Maine-
New Hampshire inshore groundfish surveys (Sherman 
et al. 2005), are shown in Figure 12. The majority were 
juveniles, particularly in the fall, with higher numbers 
of adults seen in the spring (Figure 13). Haddock CPUE 
along the Maine-New Hampshire coast by region and 
season/year is shown in Figure 14.  

HABITAT CHARACTERISTICS  

Detailed information on life history and habitat 
parameters for Georges Bank and Gulf of Maine 
haddock were summarized from the literature (Table 2). 
The habitat characteristics of egg and larval stages as 
well as juvenile and adult stages are described below. 

EGGS AND LARVAE 

Haddock egg and larval stages are pelagic. They 
are usually found at depths of 10-50 m below the 
surface (Marak 1960; Colton and Temple 1961; Miller 
et al. 1963; Hardy 1978), and in water temperatures of 
4-10°C (Laurence and Rogers 1976; Laurence 1978) 
and salinities of 34-36 ppt (Laurence and Rogers 1976). 
During the MARMAP surveys, most haddock eggs 
were collected at temperatures of 4-10°C and depths of 
50-130 m while most larvae were collected at 4-14°C 
and 30-90 m (Figure 15 and Figure 18). 

Haddock eggs were sampled at temperatures 
ranging from 2-10°C. The vast majority were found at 
4-10°C (Figure 15), the temperature range at which egg 
survival is highest (Hardy 1978).  In January, the 
highest densities of eggs were found at 6-7°C , while in 
February, March, and April, the highest densities 
occurred at 4-6°C.  This is consistent with Colton 
(1972) and Hardy (1978) who reported that the 
optimum spawning temperature for haddock is 2-7°C.  
In May and June, the highest abundance of eggs was at 
5-7°C. During July and August almost all eggs were 
found at 8-10°C. Thus, eggs were found at higher 
temperatures as the spawning season progressed. 

Eggs were sampled at water column depths ranging 
from 10 m to 450 m. However, the majority were found 
at 50-130 m (Figure 15). From January to May the 
highest density of eggs occurred at depths of 70-90 m, 
while in June the majority of eggs were deeper, at 110-
150 m.  In July, all eggs were found between 90-110 m, 
and in August all eggs were found at 50-70 m. 

Larvae were captured at temperatures of 2-15°C, a 
wider range than for eggs. The majority of larvae 
occurred at 4-14°C (Figure 18). There was monthly 
variation in the temperatures where larvae were caught. 
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In January, the majority of larvae were found at 
temperatures of 8-9°C. During February to April, larvae 
were at a cooler range of 4-6°C. In May and June, most 
larvae were caught at 6-9°C. In July, a few larvae were 
found at 9-11°C and 14°C. 

Larvae were captured at water column depths 
ranging from 10 m to 325 m. However the majority 
occurred at 30-90 m (Figure 18).  From January to June, 
most larvae were found at 70-90 m, and during July all 
larvae were found at 30-90 m, with the highest 
abundance at 30-50 m. 

During the more recent GLOBEC Georges Bank 
survey from January to July 1995-1999, the majority of 
eggs were found in a narrow temperature range of about 
3-4°C in January, and from about 1-3°C from February 
to May, and at temperatures of 3-6°C in June (Figure 
13). Their depth range on Georges Bank during that 
same period was centered on 61-100 m (Figure 14). 
Larvae were found at temperatures of 6-7°C in January, 
mostly from 5-6°C in February and April, and from 4-
5°C in March (Figure 16). In May, the majority were 
found at the lower temperature of 2°C, while in June 
they were spread over a temperature range of 6-12°C. 
In July, larvae were caught at 8°C and 10°C. Most were 
found at depths of 61-100 m from January to April, 
from 61-80 in May and June, and from 81-120 m in 
July (Figure 17).  

JUVENILES AND ADULTS 

Juvenile and adult haddock are demersal. Juveniles 
and adults are usually found at depths between 40-150 
m (Bigelow and Schroeder 1953; Murawski and Finn 
1988; Perry and Neilson 1988). Their preferred depth 
range is from 50-100 m (Scott 1982; Waiwood and 
Buzeta 1989), but they can sometimes be found as 
shallow as 10 m (Blacker 1971) or as deep as 200+ m 
(Colton 1972; Hardy 1978). 

Juveniles are commonly found at water 
temperatures of 4.5-10°C (Murawski and Finn 1988). 
Adults can be found at a wider range of 0-13°C (Hardy 
1978), but prefer temperatures of 2-9°C (Bigelow and 
Schroeder 1953; Colton 1972; Waiwood and Buzeta 
1989). Juvenile and adult haddock are commonly 
associated with salinities of 31-35 ppt, although 32 ppt 
is optimal (Bigelow and Schroeder 1953; Scott 1982; 
Waiwood and Buzeta 1989). 

During spring and fall NEFSC trawl surveys 
(Figure 21 and Figure 23), both juveniles and adults 
were caught at depths of 21-400 m and temperatures of 
2-16°C. During spring and fall Massachusetts inshore 
trawl surveys (Figure 22 and Figure 24), juveniles were 
caught at depths of 6-85 m and temperatures of 3-16°C, 
while adults were caught at 26-85 m and 4-12°C. 

During spring NEFSC surveys, most juveniles and 
adults were captured at temperatures of 4-7°C with 

peaks at 5-6°C (Figure 21 and Figure 23). The preferred 
juvenile depth range in spring was 71-140 m while the 
preferred salinity range was 33 ppt. The preferred adult 
depth range in spring was 51-120 m while the preferred 
salinity was 33 ppt. During autumn, the preferred 
juvenile temperature range was about 6-13°C with a 
peak at 8°C (Figure 21). Most juveniles were captured 
at depths of 41-120 m and at salinities of 32-34 ppt. The 
preferred adult temperature range during autumn was 6-
10°C, and with a peak at 7°C (Figure 23). Most adults 
were found at depths greater than 81 m, with a 
preferred salinity of 33-34 ppt. 

During the Massachusetts spring inshore trawl 
surveys, juveniles were primarily found at temperatures 
of 4-8°C and at depths of 31-65 m (Figure 22). Most 
adults occurred at temperatures of 4-8°C and depths of 
46-55 m (Figure 24). In the autumn, juveniles were 
primarily found at temperatures of 7-10°C and at depths 
of 31-50 m (Figure 22). Adults were generally absent 
from inshore waters during autumn (Figure 24); the few 
that were present occurred at temperatures of 8°C, 
10°C, and 12°C and at depths of 61-65 m. 

SUBSTRATE

Preferred bottom types include gravel, pebbles, 
clay, and smooth hard sand, particularly smooth areas 
between rocky patches (Klein-MacPhee 2002). Juvenile 
and adult haddock do not frequent ledges, rocks, kelp, 
or soft oozy mud. The distribution of substrate 
sediments on Georges Bank and in the Gulf of Maine 
area show regional differences (Figure 25). Substantial 
areas of suitable substrate for haddock (i.e., sand, 
gravelly sand, and gravel) are found on Georges Bank. 
In contrast, fewer areas of suitable substrate exist in the 
Gulf of Maine.  Consequently, haddock are more 
abundant on Georges Bank than in the Gulf of Maine. 
In particular, the principal haddock spawning area on 
the northeast peak of Georges Bank (Colton and 
Temple 1961; Lough and Bolz 1989) contains large 
areas of suitable substrate.  Similarly, the two principal 
spawning areas in the Gulf of Maine, Stellwagen Bank 
and Jeffreys Ledge (Colton 1972), also contain gravelly 
sand substrate. 

STATUS OF THE STOCKS 

The U.S. Sustainable Fisheries Act of 1996 (DOC 
1996) requires that fishery conservation and 
management measures prevent overfishing and rebuild 
depleted stocks to biomasses consistent with producing 
maximum sustainable yield (MSY). Overfishing occurs 
whenever fishing mortality exceeds a threshold that 
jeopardizes the reproductive capacity of a stock to 
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produce maximum sustainable yield. Guidelines to the 
Act also specify that a depleted resource is one that has 
been reduced below a minimum stock size threshold. 
For Georges Bank and Gulf of Maine haddock, the 
minimum stock size threshold is one-half the biomass 
needed to produce MSY (BMSY). It is possible for a 
stock to be classified as overfished (due to previous 
overharvesting) even though the annual harvest rate is 
below the overfishing threshold. This has been the case 
for haddock, which have been rebuilding in recent 
years.

For Georges Bank haddock, spawning biomass and 
the proxy fishing mortality (FMSY) to produce MSY are 
BMSY = 250,300 mt and FMSY = 0.26, respectively 
(Northeast Fisheries Science Center 2002). The 
overfished threshold for Georges Bank haddock is 
BTHRESHOLD = 125,200 mt. The overfishing threshold for 
Georges Bank haddock is FTHRESHOLD = 0.26. In the last 
formal assessment of Georges Bank haddock in 2004 
(Brodziak et al. 2005), spawning biomass was 116,800 
mt (93% of BTHRESHOLD and 47% of BMSY). Therefore, 
the Georges Bank haddock stock was overfished in 
2004. In 2004, the fishing mortality was 0.24 (92% of 
FTHRESHOLD). Therefore, overfishing was not occurring 
on the Georges Bank haddock stock in 2004. 

For Gulf of Maine haddock, the stock biomass 
index and the proxy exploitation rate index to produce 
MSY are BMSY = 22.2 kg/tow and FMSY = 0.23 
(Northeast Fisheries Science Center 2002). The 
overfished threshold for Gulf of Maine haddock is 
BTHRESHOLD = 11.1 kg/tow. The overfishing threshold 
for Gulf of Maine haddock is FTHRESHOLD = 0.23. In the 
last formal assessment of the Gulf of Maine haddock 
stock in 2004 (Brodziak and Traver 2005), the stock 
biomass index was 5.8 kg/tow (52% of BTHRESHOLD and 
26% of BMSY) with a standard error of 1.1 kg/tow. 
Based on the point estimate of the biomass index, the 
Gulf of Maine haddock stock was overfished in 2004. 
In 2004, the exploitation rate index was 0.18 (78% of 
FTHRESHOLD). Therefore, overfishing was not occurring 
on the Gulf of Maine haddock stock in 2004.

Prior to mid-1990s, Georges Bank haddock had 
been overfished for decades (Brodziak and Link 2002). 
The stock had experienced long-term declines in 
spawning biomass and recruitment (Brodziak et al.
2001) and was considered by some to have been near 
collapse in the early 1990s. It was around this time that 
fishery management actions to recover Georges Bank 
haddock and other groundfish stocks were initiated. 

Fishery management measures implemented since 
1994 have decreased fishing mortality (Figure 26a). 
These measures have included large year-round closed 
areas, restrictions on fishing effort, increases in trawl 
mesh size, and other conservation measures (Fogarty 
and Murawski 1998).  Fishing mortality on Georges 
Bank haddock averaged F=0.35 per year during 1980-
1993, or about 36% higher than the current overfishing 
limit (FMSY =0.26) for this stock. Since 1994, annual 

fishing mortality for Georges Bank haddock has 
averaged about F=0.17, about 30% below FMSY.

Stock response to reductions in fishing mortality 
during the 1990s was dramatic (Figure 26b). Under 
persistent overfishing in the 1980s, Georges Bank 
haddock spawning biomass declined from 67,400 mt in 
1980 to only 14,600 mt in 1993. Since 1994, spawning 
biomass has increased substantially as fishing mortality 
decreased. By 2003, spawning biomass had increased to 
131,900 mt, the highest abundance of adult spawners 
since 1966 and over a 9-fold increase since 1993. 
Nonetheless, the Georges Bank haddock stock is 
presently considered to be overfished since spawning 
biomass is still less than half of the rebuilding target. 

Recruitment of Georges Bank haddock has 
displayed a similar positive response as spawning 
biomass to reduced fishing mortality (Figure 26c). 
Recruitment averaged only 8 million age-1 recruits per 
year during 1980-1993. Since 1994, average 
recruitment has increased over 10-fold to about 87 
million fish. Further, prospects remain positive for 
continued high recruitment. When Georges Bank 
haddock spawning stock biomass (SSB) exceeds its 
1931-1998 median value of about 82,000 mt, the 
likelihood of above-average recruitment increases over 
20-fold (Brodziak et al. 2001). Similarly, the expected 
magnitude of recruitment increases over 3-fold when 
SSB exceeds 82,000 mt. Recent U.S. and Canadian 
assessments and research survey data suggest that the 
2003 year class is exceptionally abundant (Figure 26c). 

Recruits per spawner data shows that survival 
ratios for Georges Bank haddock were relatively low 
from the late-1960s to early-1990s in comparison to 
historic ratios during the 1930s-1960s (Figure 26d). The 
impact of the large-scale area closures, reductions in 
fishing effort, and trawl mesh size increases during the 
1990s have had a positive effect on recruits per 
spawning stock biomass (R/SSB). During 1980-1993, 
R/SSB averaged about 0.33 recruits per kg. Since 1994, 
average R/SSB, excluding the exceptional 2003 year 
class, has increased to 0.46 recruits per kg. Further 
increases in R/SSB may still occur since, at least 
historically, the expected value of R/SSB was higher. 
Overall, the recent increases in R/SSB indicate that 
survival ratios are approaching the historical average of 
about 0.76 recruits per kg observed during 1931-1960. 
If the recent increase in productivity can be sustained, it 
is possible that historic yields on the order of 50,000 mt 
per year may be achieved. 

The formal rebuilding plan for Georges Bank 
haddock adopted in Amendment 13 calls for fishing at 
the overfishing threshold FMSY=0.26 during 2004-2008 
(NEFMC 2003). In 2009, the fishing mortality would 
be reduced marginally to FREBUILD=0.245, a value 
projected to produce at least a 50% chance that 
spawning biomass will meet or exceed BMSY=250,300 
mt in 2014. This rebuilding strategy is subject to change 
in 2008 if observed progress towards rebuilding 
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spawning biomass or reducing fishing mortality is not 
consistent with the projected rebuilding trajectory. 

In May, 2004, a formal quota sharing agreement 
between Canada and the U.S. was implemented to share 
the harvest of the transboundary eastern Georges Bank 
haddock management unit (Figure 27). This agreement 
includes total allowable catch quotas for each country 
as well as in-season monitoring of the catch of haddock 
on eastern Georges Bank. 

RESEARCH NEEDS 

The biology of northwest Atlantic haddock is 
reasonably well known and the habitat matrix is 
relatively complete (Table 2).  However, more detailed 
information is needed in certain areas: 
� More information is needed on the population 

genetic structure of haddock stocks.  The present 
stock definitions are based on tagging studies, 
meristic data, age composition, and growth data 
(Northeast Fisheries Science Center 1997).  Few 
studies of genetic structure currently exist.  Purcell 
et al. (1996) detected significant temporal variation 
in gene frequencies on Georges Bank, and 
suggested that spawning on the Bank may not be 
genetically discrete.  However, Zwanenburg et al.
(1992) found that gene flow among spawning 
aggregations on five banks in the northwestern 
Atlantic, including Georges Bank, was restricted 
and that deep channels can be significant barriers 
to gene flow.  Zwanenburg et al. (1992) indicated 
that additional sampling effort was needed to 
provide a clearer understanding of haddock 
population structure. 

� A better understanding of the factors affecting 
recruitment and year-class strength is also needed.  
Research into obvious factors such as the effects of 
water temperatures, food levels, and predation on 
the survival of the early life stages is required.  
Also, the role of other factors such as hydrographic 
effects (e.g., tidal and non-tidal currents) which 
affect the retention and transport of eggs and larvae 
should be investigated more thoroughly. 

� Interactions with other closely related species (e.g., 
cod) are probably important, and need to be better 
understood. 

� Detailed information on fecundity and spawning 
behavior is needed. There is limited field data on 
haddock reproductive biology for either the 
Georges Bank or the Gulf of Maine stocks. 
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Table 1. Median size and age at maturity of haddock. 

Stock Time A50 (years) L50 (cm) Reference 
Period male female Male female  

       
Georges Bank 1985-1989 1.3 1.5 26.8 29.7 O’Brien et al. 1993 
 1986-1989 1.1-1.9 1.8-2.6 24-34 33-41 Trippel et al. 1997 
 1989-1995 1.1-1.4 1.6-2.0 23-30 34-36 Trippel et al. 1997 
Gulf of Maine 1985-1989 2.1 1.8 35.0 34.5 O’Brien et al. 1993 
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Table 2. Summary of life history and habitat parameters for haddock. 
Based on the pertinent literature. Information that applies to both juveniles and adults is listed under ‘Juveniles/Adults.’ 

Life Stage Size and Growth Habitat Substrate Temperature 

Eggs 1
Mean size at hatch is 3.33 
mm. Largest size at hatch 
occurs at approximately 8°C; 
decrease in size at lower and 
higher temperatures. 

Early stage eggs concentrated near 
the surface; later stages are 
distributed more uniformly over 
depth or have a sub-surface 
maximum. One study shows that 
stage I, II and III eggs were within 
the top 20 m, while the center of 
mass of stage IV eggs was 31 m. 

Eggs are spawned over rocks, 
gravel, smooth sand, and mud.  
After spawning, eggs become 
buoyant, rise and float near the 
surface where subsequent 
development occurs. 

Peak spawning occurs when 
mean surface temperature is 2-
10°C. Incubation duration varies 
with temperature: 20-32 days at 
2°C, 11-23 days at 4°C, 11-17 
days at 6°C, 9-13 days at 8°C,
and 6-8 days at 11°C. Highest 
survival rate occurs at 4-10°C
(mean 6°C). In temperature-
controlled lab, eggs averaged 
about 17-21 days to hatch. 

Larvae 2
Size at hatch ranges from 2 - 5 
mm (mean = 4 mm). Larval 
growth generally exceeds 0.2 
mm d-1 and appears to peak at 
about 0.5 mm d-1 in June. 

Generally pelagic. Maximum 
depth approximately 150 m. 
Majority found at depths of  
10-50 m. 

Larval growth positively 
correlated with temperatures of 
about 7-9°C , but may be 
suppressed at 4°C.
Upper lethal = 10°C; lower 
lethal = 4°C.
Time to metamorphosis: 
at 9°C = 30 days after hatching; 
at 4°C = 36-42 days. 
Growth rates: at 4°C = 3.68 
%/day, at 7°C = 5.53, at 9°C = 
13.36. 
On Georges Bank, hatching 
occurs in 2-3 weeks at normal 
spring temperatures. 
Increased temperature has a 
positive effect on both larval 
size at age and growth rates.  

Juveniles 3
Metamorphosis of larvae 
occurs at approximately 
3 cm.   

Small juveniles found near the 
surface (10-40 m), more or less 
stationary in the open sea. Descent 
to bottom (35-100 m) occurs at age 
3-5 months and length 5-10 cm 
(after metamorphosis). 
YOY found in nursery area 
between Nantucket Shoals and 
Hudson Canyon.  Occur on same 
grounds as adults. 

Pebble gravel bottom. See 
adults also. 

Occur at 4.5-11.0°C. Occur at 
colder temperatures in 
winter/spring than summer/fall. 

Adults 4
Mean size at maturity 
(female/male, cm): 
Georges Bank: 29.7/26.8  
Gulf of Maine: 34.5/35.0 
Size at maturity positively 
density dependent. 

Occur throughout the Gulf and 
offshore banks; greatest 
concentration on Georges Bank.  
More exclusively a groundfish 
than cod. Generally below 10 m, 
most in 40-150 m, few deeper than 
200 m.  
No extreme migrations, only short 
inshore/offshore movements. 

Selective as to type of substrate: 
chiefly broken ground, gravel, 
pebbles, smooth hard sand and 
smooth areas between rocky 
patches.  Avoid ledges, rocks, 
kelp, or soft mud. 

Occur at 0-13°C, but are most 
abundant at 2-9°C and prefer 4-
7°C; mortality at < 1°C; avoid > 
10°C.
Spawn at 2-7°C, optimum is 4-
6°C.

Juveniles/ 
Adults 5

Average size at age: 
1 - 17.5 cm, 2 - 33.8 cm, 
3 - 45.5 cm, 4 - 54.0 cm, 
5 - 60.1 cm, 6 - 64.5 cm, 
7 - 67.6 cm, 8 - 69.9 cm, 
9 - 71.5 cm, 10 - 72.7 cm, 
11 - 73. 6cm, 12  - 74.2 cm, 
13 - 74.6 cm, 14 - 75.0 cm, 
15 - 75.2 cm. 

   

1 Bigelow and Schroeder (1953); Miller et al. (1963); Laurence and Rogers (1976); Hardy (1978); Lough et al. (1989); Page and Frank (1989); Page et al. (1989); Waiwood  
  and Buzeta (1989); Klein-MacPhee (2002). 
2 Marak (1960); Colton and Temple (1961); Miller et al. (1963); Laurence (1974, 1978); Hardy (1978); Kane (1984); Lough and Bolz (1989); Green et al. (2004); 
   Caldarone (2005).
3 Bigelow and Schroeder (1953); Colton and Temple (1961); Blacker (1971); Colton (1972); Hardy (1978); Mahon and Neilson (1987); Murawski and Finn (1988); Perry 
  and Neilson (1988); Lough and Bolz (1989); Lough et al. (1989). 
4 Bigelow and Schroeder (1953); Marak and Livingstone (1970); Colton (1972); Hardy (1978); Scott (1982); Waiwood and Buzeta (1989); O’Brien et al. (1993); 
   Klein-MacPhee (2002). 
5 Penttila et al. (1989).
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Table 2. Cont’d. 

Life Stage Salinity Currents Prey 

Eggs 1
Highest egg survival occurs at 34-
36 ppt.  Egg mortality below 25 ppt; 
mortality decreases with increasing 
salinity (26-36 ppt).  

SW flow of water off Georges Bank 
results in a southerly flow of eggs and 
larvae from the NE spawning center.  

Larvae 2
 Larvae drift with surface currents. 

Georges Bank larvae may be swept off 
the Bank to the SW (at 0.65 cm/s), 
otherwise are retained. Southerly drift of 
larvae may be slowed, and retention on 
shoals of Georges Bank enhanced, by 
larvae residing nearer to the bottom in 
waters < 70 m. In contrast, strong 
episodes of southeastward wind stress are 
associated with high egg and larval 
mortalities in some years. Eggs and 
larvae in coastal Gulf of Maine waters 
may be retained in suitable habitats by 
tidal currents. 

Passive foragers on less motile prey: invertebrate 
eggs, copepods and phytoplankton. In general, 
ate most abundant species but restricted to prey 
of a certain size; for example larvae 4-18 mm 
fed on larval copepods, > 18 mm fed on adult 
copepods. Feeding peaks shortly before sunset.  
Larvae may need prey concentrations of 0.5 - 3.0 
plankters/ml for suitable growth. 

Juveniles 3
 Tidal current weaker near bottom, for 

example at Georges Bank, current = 1-5 
cm/s at 10 cm above bottom, and 7-24 
cm/s at 1 m above bottom. 

Indiscriminate consumers of invertebrates. 
Distinct transition from planktonic to benthic 
feeding. Planktonic prey declines after becoming 
demersal: copepods and pteropods decreased, 
while ophiuroids & polychaetes increased. 
Major benthic prey items (proportion of diet by 
weight) are crustaceans (56.5%), polychaetes 
(15.1%), and fish (1.4%). 

Adults 4
Generally found within 31.5 - 35 
ppt;  Spawn at 31.5 - 34 ppt. 

 Indiscriminate consumers of sedentary or slow 
moving invertebrates: crustaceans, annelids, 
polychaetes, mollusks and echinoderms. Fish 
make up small part of diet. Heaviest feeding in 
June; distinct seasonal changes in diet 
composition. 

Juveniles/ 
Adults 5

  Omnivorous and highly opportunistic. Prey 
almost exclusively on benthic invertebrates. 
Order of importance (proportion of diet by 
weight): echinoderms, 29.9%; polychaetes, 
17.6%; crustaceans, 16.2%; fish eggs, 14.6%; 
other polychaetes, 12.7%.  
Prey items by area (Gulf of Maine/ Georges 
Bank/Scotian Shelf) (% by weight): 
fish-2.2/28.4/3.8, 
polychaetes-14.7/23.5/11.8, 
crustacean-15.2/16.0/14.4,
mollusks-1.6/3.8/3.0, 
echinoderms-51.9/7.8/49.0. 
Echinoderms more common prey in Gulf of 
Maine than on Georges Bank; polychaetes more 
common prey on Georges Bank than in Gulf of 
Maine.
Overall, diet includes more ophiuroids and 
becomes more varied as fish increase in size; 
amphipods an important prey item for all 
demersal life history stages, with other fish an 
important component of the diet of very large 
haddock. 

1 Colton and Temple (1961); Laurence and Rogers (1976); Smith and Morse (1985); Page et al. (1989). 
2 Marak (1960); Laurence (1974); Hardy (1978); Kane (1984); Smith and Morse (1985); Campana et al. (1989); Lough and Bolz (1989); Polacheck et al. (1992); Ames 
   (1997); Mountain et al. (2003).
3 Bigelow and Schroeder (1953); Blacker (1971); Bowman and Michaels (1984); Mahon and Neilson (1987); Perry and Neilson (1988); Lough et al. (1989). 
4 Bigelow and Schroeder (1953); Wigley and Theroux (1965); Tyler (1972); Hardy (1978); Scott (1982); Bowman and Michaels (1984); Waiwood and Buzeta (1989) 
5 Langton and Bowman (1980); Bowman and Michaels (1984); Bowman et al. (2000); NEFSC food habits database.
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Table 2. Cont’d. 

Life Stage Predators Spawning Notes 

Eggs 1
Preyed upon by a wide range of 
pelagic predators. 

Northeast peak of Georges Bank and the 
Great South Channel are the principle 
spawning areas. Limited spawning along 
New England coast. Spawning occurs 
over all of Georges, but largest 
concentration is on the northeast peak. 
Spawning occurs from January to July; 
delay in peak spawning time as one 
moves north.  
Gulf of Maine: Feb.-May, peak varies 
Feb.-April;
Georges Bank: Jan.-June, peak lFeb.-
early April. 

Egg duration on Georges Bank varied from 10-
20 days over 34 year period; mean egg duration 
during peak spawning was 15.5 days. 
Haddock embryos less tolerant of temperature 
and salinity extremes than cod embryos. 

Larvae 2
Preyed upon by a wide range of 
pelagic predators. 

Nursery grounds lie (a) between Georges 
Bank and Nova Scotia and (b) to the east 
of Cape Cod. 

Young tend to drift under bells of jellyfish 
(Cyanea).
Lab results imply that the first weeks after 
hatching are a critical period for larvae. 
One study estimated daily mortality rate at 7.1%.

Juveniles 3
0+ and 1+ fish primarily preyed 
on by cod, pollock, and silver 
hake. 

 1-2 yr old fish particularly abundant on Georges 
Bank. 
Vertical migrations may depend on diel light 
cycle, thermal structure, interspecific 
competition, prey availability and tidal current 
speed.

Adults 4
Preyed upon by seals. Onset of spawning related to 

environmental conditions; earlier in 
years with moderate autumn-winter 
temperatures than in years with cold 
autumn/winter. 
Eggs released at intervals over a 3 week 
period.  
Fecundity ranges from 12,000-3,000,000 
eggs; varies with size; year to year 
variation may be correlated with 
temperature. 
Median age at maturity (female/male, 
years): 
Georges Bank: 1.5/1.3; 
Gulf of Maine: 1.8/2.1. 
Evidence that median length at maturity 
on Georges Bank has decreased (during 
1977-1983 was 40/37). 

Move into shallower water in spring and 
summer; coincides with the inshore fishery. 
Offshore fishery occurs during the winter and 
early spring. 
Distribution influenced more by restrictive 
spawning area and bottom type conditions than 
by temperature variation. 

Juveniles/ 
Adults 5

  Stock abundance clearly influenced growth rates: 
higher correlations occurred during time periods 
of highest stock abundance than at times when 
stocks were depleted. Stock size was 
significantly correlated with juvenile growth but 
not young adult growth. 

1 Walford (1938); Colton and Temple (1961); Marak and Livingstone (1970); Laurence and Rogers (1976); Hardy (1978); Smith and Morse (1985); Perry and Neilson 
   (1988); Campana (1989); Lough and Bolz (1989); Page and Frank (1989). 
2 Laurence (1974); Hardy (1978); Smith et al. (1981); Cushing (1986). 
3 Bigelow and Schroeder (1953); Miller et al. (1963); Blacker (1971); Murawski and Finn (1988); Perry and Neilson (1988). 
4 Bigelow and Schroeder (1953); Colton (1972); Hardy (1978); Smith et al. (1981); O’Brien et al. (1993). 
5 Ross and Nelson (1992). 
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Figure 1. The haddock, Melanogrammus aeglefinus (from Goode 1884). 
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Figure 2. Percent by weight of the major prey items in the diet of four size categories of haddock. 
Specimens were collected during NEFSC bottom trawl surveys from 1973-2001 (all seasons). For details on NEFSC diet 
analysis, see Link and Almeida (2000). 
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Figure 3. Overall distribution and abundance of haddock in the northwest Atlantic Ocean. 
Based on research trawl surveys conducted by Canada (DFO) and the United States (NMFS) from 1975-1994 
(http://www-orca.nos.noaa.gov/projects/ecnasap/ecnasap_table1.html).
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Figure 4. Distributions and abundances of haddock eggs collected during NEFSC MARMAP ichthyoplankton surveys. 
For all available months and years from 1978 to 1987 combined. 
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Figure 4. Cont’d. 
From MARMAP ichthyoplankton surveys, January through April, 1978-1987. 
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Figure 5. Distributions and abundances of haddock eggs collected during GLOBEC Georges Bank ichthyoplankton 
surveys.
For all available years (February-July, 1995; January-June, 1996-1999) combined. 
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Figure 5. Cont’d. 
From GLOBEC ichthyoplankton surveys, January and February, for all available years combined. 
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Figure 5. Cont’d. 
From GLOBEC ichthyoplankton surveys, March and April, for all available years combined. 
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Figure 5. Cont’d. 
From GLOBEC ichthyoplankton surveys, May and June, for all available years combined. 
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Figure 6. Distributions and abundances of haddock larvae collected during NEFSC MARMAP ichthyoplankton 
surveys.
For all available months and years from 1977 to 1987 combined. 
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Figure 6. Cont’d.  
From MARMAP ichthyoplankton surveys, January through April, 1977-1987. 
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Figure 6. Cont’d.  
From MARMAP ichthyoplankton surveys, May through July, 1977-1987.  
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Figure 7. Distributions and abundances of haddock larvae collected during GLOBEC Georges Bank ichthyoplankton 
surveys.
For all available years (February-July, 1995; January-June, 1996-1999) combined. 
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Figure 6. Cont’d.  
From GLOBEC ichthyoplankton surveys, January and February, for all available years combined. 
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Figure 6. Cont’d.  
From GLOBEC ichthyoplankton surveys, March and April, for all available years combined. 
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Figure 6. Cont’d.  
From GLOBEC ichthyoplankton surveys, May and June, for all available years combined. 
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Figure 6. Cont’d.  
From GLOBEC ichthyoplankton surveys, July 1995. 
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Figure 8. Seasonal distributions and abundances of juvenile haddock collected during NEFSC bottom trawl surveys. 
From NEFSC winter bottom trawl surveys (1964-2003, all years combined). Distributions are displayed as presence 
only. 
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Figure 8. Cont’d. 
From NEFSC spring bottom trawl surveys (1968-2003, all years combined). Survey stations where juveniles were not 
found are not shown. 
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Figure 8. Cont’d. 
From NEFSC summer bottom trawl surveys (1963-1995, all years combined). Distributions are displayed as presence 
only. 
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Figure 8. Cont’d. 
From NEFSC fall bottom trawl surveys (1963-2003, all years combined). Survey stations where juveniles were not 
found are not shown. 
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Figure 9. Seasonal distributions and abundances of juvenile haddock in Massachusetts coastal waters. 
From spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where 
juveniles were not found are not shown. 
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Figure 9. Cont’d. 
From fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where juveniles 
were not found are not shown. 
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Figure 10. Seasonal distributions and abundances of adult haddock collected during NEFSC bottom trawl surveys. 
From NEFSC winter bottom trawl surveys (1964-2003, all years combined). Distributions are displayed as presence 
only. 
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Figure 10. Cont’d. 
From NEFSC spring bottom trawl surveys (1968-2003, all years combined). Survey stations where adults were not found 
are not shown. 
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Figure 10. Cont’d. 
From NEFSC summer bottom trawl surveys (1963-1995, all years combined). Distributions are displayed as presence 
only. 
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Figure 10. Cont’d. 
From NEFSC fall bottom trawl surveys (1963-2003, all years combined). Survey stations where adults were not found 
are not shown. 
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Figure 11. Seasonal distributions and abundances of adult haddock in Massachusetts coastal waters. 
From spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where adults 
were not found are not shown. 
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Figure 11. Cont’d. 
From fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where adults 
were not found are not shown. 



Page 45

Figure 12. Distribution and abundance of haddock along the coasts of Maine and New Hampshire. 
From the Maine – New Hampshire spring 2001-2004 and fall 2000-2003 inshore groundfish trawl surveys. 
For details on the survey, see Sherman et al. (2005). 
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Figure 13. Length frequency plots for haddock caught along the Maine and New Hampshire coasts, by season/year. 
Based on the Maine – New Hampshire inshore groundfish trawl survey for spring 2001-2004 and fall 2000-2003. 
Source: Sherman et al. (2005). 
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Figure 14. Regional catch-per-unit-effort of haddock caught along the Maine and New Hampshire coasts, by 
season/year.
Based on the Maine – New Hampshire inshore groundfish trawl survey for spring 2001-2004 and fall 2000-2003.  
Region 1 = NH–Southern ME; Region 2 = Casco Bay–Midcoast ME; Region 3 = Penobscot Bay, ME; Region 4 = 
Jerico–Frenchmens Bay, ME; Region 5 = Downeast ME. Source: Sherman et al. (2005). 
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Figure 15. Distributions of haddock eggs collected during NEFSC MARMAP ichthyoplankton surveys relative to water 
column temperature and bottom depth. 
For all available months and years from 1978-1987 combined. Open bars represent the proportion of all stations which 
were surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2). Note that 
the bottom depth interval changes with increasing depth. 
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Figure 16. Distributions of haddock eggs collected during GLOBEC ichthyoplankton surveys relative to water column 
temperature. 
From GLOBEC Georges Bank surveys (February-July, 1995; January-June, 1996-1999) by month for all available years 
combined. Light bars represent the proportion of all stations surveyed, while dark bars represent the proportion of the 
sum of all standardized catches (number/10m2).
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Figure 17. Distributions of haddock eggs collected during GLOBEC ichthyoplankton surveys relative to bottom depth. 
From GLOBEC Georges Bank surveys (February-July, 1995; January-June, 1996-1999) by month for all available years 
combined. Light bars represent the proportion of all stations surveyed, while dark bars represent the proportion of the 
sum of all standardized catches (number/10m2). Note that the bottom depth intervals change with depth. 
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Figure 18. Monthly distributions of haddock larvae collected during NEFSC MARMAP ichthyoplankton surveys 
relative to water column temperature and bottom depth.  
For all available months and years from 1977-1987 combined. Open bars represent the proportion of all stations which 
were surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m2). Note that 
the bottom depth interval changes with increasing depth. 
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Figure 19. Distributions of haddock larvae collected during GLOBEC ichthyoplankton surveys relative to water column 
temperature. 
From GLOBEC Georges Bank surveys (February-July, 1995, January-June, 1996-1999) by month for all available years 
combined. Light bars represent the proportion of all stations surveyed, while dark bars represent the proportion of the 
sum of all standardized catches (number/10m2).
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Figure 20. Distributions of haddock larvae collected during GLOBEC ichthyoplankton surveys relative to bottom depth. 
From GLOBEC Georges Bank surveys (February-July, 1995; January-June, 1996-1999) by month for all available years 
combined. Light bars represent the proportion of all stations surveyed, while dark bars represent the proportion of the 
sum of all standardized catches (number/10m2). Note that the bottom depth intervals change with depth. 
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Figure 21. Distributions of juvenile haddock and trawls from NEFSC bottom trawl surveys relative to bottom water 
temperature, depth, and salinity. 
Based on NEFSC spring bottom trawl surveys (temperature and depth: 1968-2003, all years combined; salinity: 1991-
2003, all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls 
in which haddock occurred and medium bars show, within each interval, the percentage of the total number of haddock 
caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 21. Cont’d. 
Based on NEFSC fall bottom trawl surveys (temperature and depth: 1963-2003, all years combined; salinity: 1991-2003, 
all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in 
which haddock occurred and medium bars show, within each interval, the percentage of the total number of haddock 
caught. Note that the bottom depth interval changes with increasing depth. 
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Haddock
Massachusetts Inshore Trawl Survey

Spring 1978 - 2003
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Figure 22. Distributions of juvenile haddock and trawls in Massachusetts coastal waters relative to bottom water 
temperature and depth. 
Based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which haddock occurred and medium bars 
show, within each interval, the percentage of the total number of haddock caught. 
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Haddock
Massachusetts Inshore Trawl Survey

Fall 1978 - 2003
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Figure 22. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which haddock occurred and medium bars 
show, within each interval, the percentage of the total number of haddock caught. 
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Figure 23. Distributions of adult haddock and trawls from NEFSC bottom trawl surveys relative to bottom water 
temperature, depth, and salinity. 
Based on NEFSC spring bottom trawl surveys (temperature and depth: 1968-2003, all years combined; salinity: 1991-
2003, all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls 
in which haddock occurred and medium bars show, within each interval, the percentage of the total number of haddock 
caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 23. Cont’d. 
Based on NEFSC fall bottom trawl surveys (temperature and depth: 1963-2003, all years combined; salinity: 1991-2003, 
all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in 
which haddock occurred and medium bars show, within each interval, the percentage of the total number of haddock 
caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 24. Distributions of adult haddock and trawls in Massachusetts coastal waters relative to bottom water 
temperature and depth. 
Based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which haddock occurred and medium bars 
show, within each interval, the percentage of the total number of haddock caught. 
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Figure 24. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
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Figure 25. Distribution of surficial sediments along the northeast coast of the United States. 
Data are from the United States Geological Survey and NOAA. 
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Figure 27. Spatial definition of haddock management units in the Gulf of Maine and Georges Bank region along with 
locations of the western Gulf of Maine closed area (WGOM CA), Closed Area I (CA I), Closed Area II (CA II), and the 
Nantucket Lightship closed area (Nantucket Lightship CA). 



Publishing in NOAA Technical Memorandum NMFS-NE

Manuscript  Qualification

This series represents a secondary level of scientific
publishing in the National Marine Fisheries Service (NMFS).
For all issues, the series employs thorough internal scientific
review, but not necessarily external scientific review.  For most
issues, the series employs rigorous technical and copy editing.
Manuscripts that may warrant a primary level of scientific
publishing should be initially submitted to one of NMFS's
primary series (i.e., Fishery Bulletin, NOAA Professional Paper
NMFS, or Marine Fisheries Review).

Identical, or fundamentally identical, manuscripts should
not be concurrently submitted to this and any other publication
series.  Manuscripts which have been rejected by any primary
series strictly because of geographic or temporal limitations
may be submitted to this series.

Manuscripts by Northeast Fisheries Science Center
(NEFSC) authors will be published in this series upon approval
by the NEFSC's Deputy Science & Research Director.  Manu-
scripts by non-NEFSC authors may be published in this series
if:  1) the manuscript serves the NEFSC's mission; 2) the
manuscript meets the Deputy Science & Research Director's
approval; and 3) the author arranges for the printing and binding
funds to be transferred to the NEFSC's Research Communica-
tions Branch account from another federal account.  For all
manuscripts submitted by non-NEFSC authors and published
in this series, the NEFSC will disavow all responsibility for the
manuscripts' contents; authors must accept such responsibil-
ity.

The ethics of scientific research and scientific publishing
are a serious matter.  All manuscripts submitted to this series
are expected to adhere -- at a minimum -- to the ethical guidelines
contained in Chapter 1 ("Ethical Conduct in Authorship and
Publication") of the CBE Style Manual, fifth edition (Chicago,
IL: Council of Biology Editors).  Copies of the manual are
available at virtually all scientific libraries.

edition of the United States Government Printing Office Style
Manual.  That style manual is silent on many aspects of scientific
manuscripts.  NEFSC publication and report series rely more on the
CBE Style Manual, fifth edition.

For in-text citations, use the name-date system.  A special
effort should be made to ensure that the list of cited works contains
all necessary bibliographic information.  For abbreviating serial
titles in such lists, use the guidance of the International Standards
Organization; such guidance is easily accessed through the various
Cambridge Scientific Abstracts’ serials source lists (see http://
www.public.iastate.edu/~CYBERSTACKS/JAS.htm).  Personal com-
munications must include date of contact and full name and mailing
address of source.

For spelling of scientific and common names of fishes, mol-
lusks, and decapod crustaceans from the United States and Canada,
use Special Publications No. 29 (fishes), 26 (mollusks), and 17
(decapod crustaceans) of the American Fisheries Society (Bethesda,
MD).  For spelling of scientific and common names of marine
mammals, use Special Publication No. 4 of the Society for Marine
Mammalogy (Lawrence, KS).  For spelling in general, use the most
recent edition of Webster’s Third New International Dictionary of
the English Language Unabridged (Springfield, MA: G.&C.
Merriam).

Typing text, tables, and figure captions:  Text, tables, and
figure captions should be converted to WordPerfect.  In general,
keep text simple (e.g., don't switch fonts and type sizes, don't use
hard returns within paragraphs, don't indent except to begin
paragraphs).  Also, don't use an automatic footnoting function; all
notes should be indicated in the text by simple numerical super-
scripts, and listed together in an "Endnotes" section prior to the
"References Cited" section.  Especially, don't use a graphics
function for embedding tables and figures in text.

Tables should be prepared with a table formatting function.
Each figure should be supplied both on paper and on disk, unless
there is no digital file of a given figure.  Except under extraordinary
circumstances, color will not be used in illustrations.

Manuscript  Preparation

Organization:  Manuscripts must have an abstract, table
of contents, and -- if applicable -- lists of tables, figures, and
acronyms.  As much as possible, use traditional scientific
manuscript organization for sections:  "Introduction," "Study
Area," "Methods & Materials," "Results," "Discussion" and/
or "Conclusions,"  "Acknowledgments," and "References Cited."

Style:  All NEFSC publication and report series are
obligated to conform to the style contained in the most recent

Northeast Fisheries Science Center
Operations, Management & Information Division

Research Communications Branch
Editorial Office

Manuscript  Submission

Authors must submit one paper copy of the double-spaced
manuscript, one disk copy, and original figures (if applicable).
NEFSC authors must include a completely signed-off "NEFSC
Manuscript/Abstract/Webpage Review Form."  Non-NEFSC au-
thors who are not federal employees will be required to sign a
"Release of Copyright" form.

Send all materials and address all correspondence to:  Jon A.
Gibson (Biological Sciences Editor), NMFS Northeast Fisheries
Science Center, 166 Water Street, Woods Hole, MA 02543-1026.



National Marine Fisheries Service, NOAA
166 Water St.

Woods Hole, MA 02543-1026

Publications and Reports
of the

Northeast Fisheries Science Center
The mission of NOAA's National Marine Fisheries Service (NMFS) is "stewardship of living marine resources
for the benefit of the nation through their science-based conservation and management and promotion of the health
of their environment."  As the research arm of the NMFS's Northeast Region, the Northeast Fisheries Science
Center (NEFSC) supports the NMFS mission by "conducting ecosystem-based research and assessments of living
marine resources, with a focus on the Northeast Shelf, to promote the recovery and long-term sustainability of these
resources and to generate social and economic opportunities and benefits from their use."  Results of NEFSC
research are largely reported in primary scientific media (e.g., anonymously-peer-reviewed scientific journals).
However, to assist itself in providing data, information, and advice to its constituents, the NEFSC occasionally
releases its results in its own media.  Currently, there are three such media:

NOAA Technical Memorandum NMFS-NE   --   This series is issued irregularly.  The series typically includes:  data reports of long-
term field or lab studies of important species or habitats; synthesis reports for important species or habitats; annual reports of overall
assessment or monitoring programs; manuals describing program-wide surveying or experimental techniques; literature surveys of
important species or habitat topics; proceedings and collected papers of scientific meetings; and indexed and/or annotated bibliographies.
All issues receive internal scientific review and most issues receive technical and copy editing.

Northeast Fisheries Science Center Reference Document   --   This series is issued irregularly.  The series typically includes:  data reports
on field and lab studies; progress reports on experiments, monitoring, and assessments; background papers for, collected abstracts of,
and/or summary reports of scientific meetings; and simple bibliographies.  Issues receive internal scientific review, but no technical
or copy editing.

Resource Survey Report (formerly Fishermen's Report)   --   This information report is a quick-turnaround report on the distribution
and relative abundance of selected living marine resources as derived from each of the NEFSC's periodic research vessel surveys of the
Northeast's continental shelf.  There is no scientific review, nor any technical or copy editing, of this report.

OBTAINING A COPY:  To obtain a copy of a NOAA Technical Memorandum NMFS-NE or a Northeast Fisheries Science Center
Reference Document, or to subscribe to the Resource Survey Report, either contact the NEFSC Editorial Office (166 Water St., Woods
Hole, MA 02543-1026; 508-495-2228) or consult the NEFSC webpage on "Reports and Publications" (http://www.nefsc.noaa.gov/
nefsc/publications/).

ANY USE OF TRADE OR BRAND NAMES IN ANY NEFSC PUBLICATION OR REPORT DOES NOT IMPLY ENDORSE-
MENT.

MEDIA
 MAIL



NOAA Technical Memorandum NMFS-NE-198

U. S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration

National Marine Fisheries Service
Northeast Fisheries Science Center

Woods Hole, Massachusetts

June 2006

Essential Fish Habitat Source Document:

Bluefish, Pomatomus saltatrix, 
Life History and Habitat Characteristics

Second Edition



180.  Variability in Blood Chemistry of Yellowtail Flounder, Limanda ferruginea, with Regard to Sex, Season, and Geographic 
Location.  By Renee Mercaldo-Allen, Margaret A. Dawson, Catherine A. Kuropat, and Diane Kapareiko.  September 2003.  vi + 
20 p., 1 fig., 10 tables.  NTIS Access. No. PB2004-107074.

181.  Characterization of the Fishing Practices and Marine Benthic Ecosystems of the Northeast U.S. Shelf, and an Evaluation 
of the Potential Effects of Fishing on Essential Fish Habitat.  By David Stevenson, Louis Chiarella, Dianne Stephan, Robert Reid, 
Kurt Wilhelm, John McCarthy, and Michael Pentony.  January 2004.  ix + 179 p., 34 figs., 83 tables.  [Online publication only.]

182.  U.S. Atlantic and Gulf of Mexico Marine Mammal Stock Assessments – 2003.  By Gordon T. Waring, Richard M. Pace, 
Janeen M. Quintal, Carol P. Fairfield, and Katherine Maze-Foley, eds., Nicole Cabana, Phillip J. Clapham, Timothy V.N. Cole, 
Gregory L. Fulling, Lance P. Garrison, Aleta A. Hohn, Blair G. Maise, Wayne E. McFee, Keith D. Mullin, Debra L. Palka, Patricia 
E. Rosel, Marjorie C. Rossman, Frederick W. Wenzel, and Amy L. Whitingham, contribs.  May 2004.  vii + 287 p., 47 figs., 58 
tables, 4 app., index.  NTIS Access. No. PB2004-106431.

183.  NOAA Fisheries Service's Large Marine Ecosystems Program: Status Report.  By Kenneth Sherman, Peter Celone, and 
Sally Adams.  July 2004.  iv + 21 p., 11 figs., 4 tables.  NTIS Access. No. PB2006-102420.

184.  A Large Marine Ecosystem Approach to Fisheries Management and Sustainability.  By Frank J. Gable.  August 2004.  
v + 84 p., 38 figs., 10 tables.  NTIS Access. No. PB2005-101435.  [Online publication only.]

185.  Revised and Updated Edition of F. Bruce Sanford's 1957 "Planning Your Scientific Research Paper."  By Jon A. Gibson.  
August 2004.  x + 36 p.,  5 figs., 12 tables.

186.  Essential Fish Habitat Source Document: Silver Hake, Merluccius bilinearis, Life History and Habitat Characteristics.  
2nd ed.  By Meredith C. Lock and David B. Packer.  August 2004.  v + 68 p., 28 figs., 6 tables.  NTIS Access. No. PB2005-101436.  
[Online publication only.]

187.  Essential Fish Habitat Source Document: American Plaice, Hippoglossoides platessoides, Life History and Habitat 
Characteristics.  2nd ed.  By Donna L. Johnson.  August 2004.  vi + 72 p., 23 figs., 6 tables.  [Online publication only.]

188.   Northeast Regional Commercial Fishing Input-Output Model, by Scott R. Steinback and Eric M. Thunberg. NTIS Access 
No ________. April 2006.  [Online publication only.]

189.  Essential Fish Habitat Source Document: Sea Scallop, Placopecten magellanicus, Life History and Habitat Charac-
teristics.  2nd ed.  By Deborah R. Hart and Antonie S. Chute.  September 2004.  v + 21 p., 6 figs., 2 tables.  NTIS Access. No. 
PB2005-104079.  [Online publication only.]

190.  Essential Fish Habitat Source Document: Atlantic Cod, Gadus morhua, Life History and Habitat Characteristics.  2nd 
ed.  By R. Gregory Lough.  November 2004.  vi + 94 p., 27 figs., 5 tables, 1 app.  NTIS Access. No. PB2006-101528.  [Online 
publication only.]

191.  Essential Fish Habitat Source Document: Northern Shortfin Squid, Illex illecebrosus, Life History and Habitat Charac-
teristics.  2nd ed.  By Lisa C. Hendrickson and Elizabeth M. Holmes.  November 2004.  v + 36 p., 13 figs., 1 table.  NTIS Access. 
No. PB2005-101437.  [Online publication only.]

192.  Essential Fish Habitat Source Document: Atlantic Herring, Clupea harengus, Life History and Habitat Characteristics.  
2nd ed.  By David K. Stevenson and Marcy L. Scott.  July 2005.  vi + 84 p., 40 figs., 7 tables.  NTIS Access. No. PB2005-107567.  
[Online publication only.]

193.  Essential Fish Habitat Source Document: Longfin Inshore Squid, Loligo pealeii, Life History and Habitat Charac-
teristics.  2nd ed.  By Larry D. Jacobson.  August 2005.  v + 42 p., 20 figs., 1 table.  NTIS Access. No. PB2005-110684.  [Online 
publication only.]

195.  A Large Marine Ecosystem Voluntary Environmental Management System Approach to Fisheries Practices.  By Frank 
J. Gable. December 2005.  NTIS Access. No. PB____-______.

196.  Essential Fish Habitat Source Document: Haddock, Melanogrammus aeglefinus, Life History and Habitat Character-
istics.  2nd ed.  By Jon K.T. Brodziak.  December 2005.  NTIS Access. No. PB2006-103439.  [Online publication only.]

197.  In preparation by authors.

Recent Issues in This Series:



U. S. DEPARTMENT OF COMMERCE
Carlos M. Gutierrez, Secretary

National Oceanic and Atmospheric Administration
Vice Admiral Conrad C. Lautenbacher, Jr., USN (ret.), Administrator

National Marine Fisheries Service
William T. Hogarth, Assistant Administrator for Fisheries

Northeast Fisheries Science Center
Woods Hole, Massachusetts

June 2006

This series represents a secondary level of scientific publishing.  All issues employ 

thorough internal scientific review; some issues employ external scientific review.   

Reviews are -- by  design -- transparent  collegial reviews, not anonymous peer reviews.  

All issues may be cited in formal scientific communications.

NOAA Technical Memorandum NMFS-NE-198

Postal Addresses: 1National Marine Fisheries Serv., 166 Water Street, Woods Hole, MA 
 02543-1026
 2National Marine Fisheries Serv., 74 Magruder Rd., Highlands, NJ 07732
E-Mail Addresses:  gary.shepherd@noaa.gov
  dave.packer@noaa.gov

Essential Fish Habitat Source Document: 

Bluefish, Pomatomus saltatrix,
Life History and Habitat Characteristics

Second Edition

Gary R. Shepherd1 and David B. Packer2



Editorial Notes on "Essential Fish Habitat Source Documents"
Issued in the NOAA Technical Memorandum NMFS-NE Series

Editorial  Production

For "Essential Fish Habitat Source Documents" issued in the NOAA Technical Memorandum NMFS-NE series, staff
of the Northeast Fisheries Science Center's (NEFSC's) Ecosystems Processes Division largely assume the role of staff of
the NEFSC's Editorial Office for technical and copy editing, type composition, and page layout.  Other than the four covers
(inside and outside, front and back) and first two preliminary pages, all preprinting editorial production is performed by,
and all credit for such production rightfully belongs to, the staff of the Ecosystems Processes Division.

Internet Availability and Information Updating

Each original issue of an "Essential Fish Habitat Source Document" is published both as a paper copy and as a Web
posting.  The Web posting, which is in "PDF" format, is available at:  http://www.nefsc.noaa.gov/nefsc/habitat/efh.

Each issue is updated at least every five years.  The updated edition will be published as a Web posting only; the
replaced edition(s) will be maintained in an online archive for reference purposes.

Species Names

The NMFS Northeast Region's policy on the use of species names in all technical communications is generally  to
follow the American Fisheries Society's  lists of scientific and common names for fishes (i.e., Nelson et al. 2004a; Robins
et al. 1991b), mollusks (i.e., Turgeon et al. 1998c), and decapod crustaceans (i.e., Williams et al. 1989d), and  to follow the
Society for Marine Mammalogy's guidance on scientific and common names for marine mammals (i.e., Rice 1998e).
Exceptions to this policy occur when there are subsequent compelling revisions in the classifications of species, resulting
in changes in the names of species.

aNelson, J.S.; Crossman, E.J.; Espinosa-Pérez, H.; Findley, L.T.; Gilbert, C.R.; Lea, R.N.; Williams, J.D.  2004.  Common and scientific names
of  fishes from the United States, Canada, and Mexico. 6th ed.  Amer. Fish. Soc. Spec. Publ. 29; 386 p.

bRobins, C.R. (chair); Bailey, R.M.; Bond, C.E.; Brooker, J.R.; Lachner, E.A.; Lea, R.N.; Scott, W.B.  1991.  World  fishes important to
North Americans. Amer. Fish. Soc. Spec. Publ. 21; 243 p.

cTurgeon, D.D. (chair); Quinn, J.F., Jr.; Bogan, A.E.; Coan, E.V.; Hochberg, F.G.; Lyons, W.G.; Mikkelsen, P.M.; Neves, R.J.; Roper, C.F.E.;
Rosenberg, G.; Roth, B.; Scheltema, A.; Thompson, F.G.; Vecchione, M.; Williams, J.D.  1998.  Common and scientific names of aquatic
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PREFACE TO SECOND EDITION 

One of the greatest long-term threats to the viability of 
commercial and recreational fisheries is the continuing 
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and 
Management Act (October 11, 1996) 

The long-term viability of living marine resources 
depends on protection of their habitat. 

NMFS Strategic Plan for Fisheries Research 
(February 1998) 

The Magnuson-Stevens Fishery Conservation and 
Management Act (MSFCMA), which was reauthorized 
and amended by the Sustainable Fisheries Act (1996), 
requires the eight regional fishery management councils 
to describe and identify essential fish habitat (EFH) in 
their respective regions, to specify actions to conserve 
and enhance that EFH, and to minimize the adverse 
effects of fishing on EFH.  Congress defined EFH as 
“those waters and substrate necessary to fish for 
spawning, breeding, feeding or growth to maturity.”  
The MSFCMA requires NOAA Fisheries to assist the 
regional fishery management councils in the 
implementation of EFH in their respective fishery 
management plans. 

NOAA Fisheries has taken a broad view of habitat 
as the area used by fish throughout their life cycle.  Fish 
use habitat for spawning, feeding, nursery, migration, 
and shelter, but most habitats provide only a subset of 
these functions.  Fish may change habitats with changes 
in life history stage, seasonal and geographic 
distributions, abundance, and interactions with other 
species.  The type of habitat, as well as its attributes and 
functions, are important for sustaining the production of 
managed species. 

The Northeast Fisheries Science Center compiled 
the available information on the distribution, 
abundance, and habitat requirements for each of the 
species managed by the New England and Mid-Atlantic 
Fishery Management Councils.  That information is 
presented in a series of EFH species reports (plus one 
consolidated methods report).  The EFH species reports 
are a survey of the important literature as well as 
original analyses of fishery-independent data sets from 
NOAA Fisheries and several coastal states.  The species 
reports are also the source for the current EFH 
designations by the New England and Mid-Atlantic 
Fishery Management Councils, and understandably are 
referred to as the “EFH source documents.” 

NOAA Fisheries provided guidance to the regional 
fishery management councils for identifying and 
describing EFH of their managed species.  Consistent 
with this guidance, the species reports present 
information on current and historic stock sizes, 
geographic range, and the period and location of major 
life history stages.  The habitats of managed species are 

described by the physical, chemical, and biological 
components of the ecosystem where the species occur.  
Information on the habitat requirements is provided for 
each life history stage, and it includes, where available, 
habitat and environmental variables that control or limit 
distribution, abundance, growth, reproduction, 
mortality, and productivity. 

The initial series of EFH species source documents 
were published in 1999 in the NOAA Technical 
Memorandum NMFS-NE series. Updating and review 
of the EFH components of the councils’ Fishery 
Management Plans is required at least every 5 years by 
the NOAA Fisheries Guidelines for meeting the 
Sustainable Fisheries Act/EFH Final Rule. The second 
editions of these species source documents were written 
to provide the updated information needed to meet 
these requirements. The second editions provide new 
information on life history, geographic distribution, and 
habitat requirements via recent literature, research, and 
fishery surveys, and incorporate updated and revised 
maps and graphs. This second edition of the Bluefish 
EFH source document is based on the original by 
Michael P. Fahay, Peter L. Berrien, Donna L. Johnson 
and Wallace W. Morse, with a foreword by Jeffrey N. 
Cross (Fahay et al. 1999). 

Identifying and describing EFH are the first steps 
in the process of protecting, conserving, and enhancing 
essential habitats of the managed species.  Ultimately, 
NOAA Fisheries, the regional fishery management 
councils, fishing participants, Federal and state 
agencies, and other organizations will have to cooperate 
to achieve the habitat goals established by the 
MSFCMA.
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INTRODUCTION

The bluefish, Pomatomus saltatrix (Figure 1), 
ranges in the western North Atlantic from Nova Scotia 
and Bermuda to Argentina, but it is rare between 
southern Florida and northern South America (Robins 
et al. 1986). They travel in schools of like-sized 
individuals and undertake seasonal migrations, moving 
into the Middle Atlantic Bight (MAB) during spring 
and south or farther offshore during fall. Within the 
MAB they occur in large bays and estuaries as well as 
across the entire continental shelf. Juvenile stages have 
been recorded from all estuaries surveyed within the 
MAB, but eggs and larvae occur in oceanic waters 
(Able and Fahay 1998). Bluefish growth rates are fast 
and they may reach a length of 1.1 m (3.5 ft) and a 
weight of 12.3 kg (27 lbs) (Bigelow and Schroeder 
1953). They live to ages 12 and greater (Salerno et al.
2001). 

A bimodal size distribution of young-of-the-year 
(YOY) bluefish during the summer in the New York 
Bight suggests that there are two spawning events along 
the east coast. Recent studies suggest that spawning is a 
single, continuous event, but that young are lost from 
the middle portion resulting in the appearance of a split 
season. As a result of the bimodal size distribution of 
juveniles, young are referred to as the spring-spawned 
cohort or summer-spawned cohort in the habitat 
discussion and distribution maps presented below. 

LIFE HISTORY 

EGGS

Eggs from the MAB are pelagic and spherical with 
a diameter of 0.95-1.00 mm. They have a smooth, 
transparent shell and a homogeneous yolk. The single 
oil globule is 0.26-0.29 mm in diameter and the 
perivitelline space is narrow (Fahay 1983). Incubation 
times depend on temperature. At 18.0-22.2oC, hatching 
occurs after 46-48 h (Deuel et al. 1966). Eggs from the 
South Atlantic Bight (SAB) have not been described. 

LARVAE AND PELAGIC-JUVENILES 

Larvae are 2.0-2.4 mm long when they hatch; the 
eyes are unpigmented and the mouth parts are 
undeveloped. Characteristic pigment includes parallel 
lines of melanophores along the dorsal fin base, body 
midline, and anal fin base. Teeth are well developed at 
4.3 mm and fin rays are complete at a size of about 13-
14 mm (Fahay 1983). Larvae rarely occur deeper in the 

water column than 15 m; most are concentrated at a 
depth of about 4 m during the day, but they are about 
equally distributed between that depth and the surface 
at night (Kendall and Naplin 1981). The bluefish 
transforms from a larva to a "pelagic-juvenile" stage 
that is specially adapted for an oceanic, near-surface 
existence after completion of fin ray development 
(Figure 2). This specialized stage is characterized by a 
silvery, laterally compressed body, with dark blue 
counter-coloration on the dorsum. This transition 
occurs at an age of 18-25 d and at a size of 10-12 mm 
SL (Hare and Cowen 1994). Scales begin to form at 
about 12 mm on the posterior part of the lateral line 
region, then proceed forward, until the head is 
completely scaled at about 37 mm (Silverman 1975). 
Swimming ability in many fish species dramatically 
improves during this transformation (e.g. Hunter 1981; 
Stobutzki and Bellwood 1994; Leis et al. 1996) and this 
improvement presumably applies to bluefish as well. It 
is during this stage that bluefish arrive at nursery areas 
in the central part of the MAB, after advection via the 
Gulf Stream from spawning areas in the SAB and after 
crossing the Slope Sea (Hare and Cowen 1996; Hare et
al. 2001) and the continental shelf (Cowen et al. 1993). 
Active larval migration across the shelf is believed to 
be aided by oceanographic features such as warm-core 
ring streamers and Gulf-Stream filaments (Hare et al.
2001), or Eckman transport (Munch and Conover 
2000). This transport (active or passive) is crucial to the 
recruitment of these progeny to vital estuarine nursery 
areas, and therefore this life history stage might be 
considered a critical bottleneck. 

JUVENILES (INCLUDING YOUNG-OF-
THE-YEAR

Juveniles have a usual fish shape without unusual 
features. The caudal fin is forked and the body is 
somewhat laterally compressed, with a silvery, 
unpatterned color. The mouth is large and oblique and 
all fin spines are strong. Two distinct dorsal fins touch 
at their bases; the second dorsal fin is about the same 
length as the anal fin base (Able and Fahay 1998). The 
spring-spawned cohort is 60-76 d old with a mean size 
of 60 mm when they recruit to estuarine habitats in the 
MAB in late May to mid-June (McBride and Conover 
1991; Cowen et al. 1993). The summer-spawned cohort
either remains in coastal nursery areas (Kendall and 
Walford 1979; Able and Fahay 1998; Secor et al. 2002; 
Able et al. 2003) or enters estuarine nurseries in mid- to 
late August when they are 33-47 d old with a mean 
length of 46 mm (McBride and Conover 1991). 
Juveniles of both cohorts depart MAB estuaries and 
coastal areas in October and migrate to waters south of 
Cape Hatteras, North Carolina. At this time, members 
of both cohorts range from 4-24 cm long (Able and 
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Fahay 1998, Able et al. 2003). During most years, the 
spring-spawned cohort dominates in the emigrating 
young-of-the-year, although during the past decade, the 
summer-spawned cohort was dominant (Conover et al.
2003). 

ADULTS 

Adult bluefish are blue-green above, silvery below, 
moderately stout-bodied, and armed with stout teeth 
along both jaws. The snout is pointed and the mouth is 
large and oblique. The caudal fin is large and forked. 
The fin ray formulae are first dorsal: 7-9 spines; second 
dorsal: 1 spine and 23-26 rays; anal: 2-3 spines and 25-
28 rays. Vertebrae number 26. The maximum length is 
about 115 cm and maximum weights are 4.5-6.8 kg, 
although an occasional heavier fish has been taken. The 
maximum age is 12 years. The sex ratio is 1:1 for all 
age groups (Boreman 1982), although Lassiter (1962) 
reported a ratio of two females per male in North 
Carolina and Hamer (1959) found a ratio of three 
females to two males in New Jersey. 

REPRODUCTION

A seminal study, based largely on the distribution 
of eggs and larvae, concluded that there were two 
discrete spawning events in western Atlantic bluefish. 
The first occurs during March-May near the edge of the 
continental shelf of the SAB. The second occurs 
between June and August in the MAB (Kendall and 
Walford 1979). Recent studies have re-examined this 
conclusion and refined our knowledge of a complex 
reproductive pattern, and support the concept of a 
single, migratory spawning stock (Hare and Cowen 
1993; Smith et al. 1994). 

Sexual maturity and gonad ripening occur in early 
spring off Florida, early summer off North Carolina, 
and late summer off New York (Hare and Cowen 
1993). In the New York Bight, gonadosomatic studies 
indicate that both sexes are ripe or ripening between 
June and September with a strong peak in July 
(Chiarella and Conover 1990). Larvae re-occur in the 
SAB in the fall (Collins and Stender 1987) and there are 
also indications that gonads reach a second peak in 
ripeness in fish off Florida in September. Most bluefish 
are mature by age 2 (Deuel 1964). A recent study using 
histological methods indicates that bluefish are likely 
group-synchronous batch spawners (Reiss et al. 2002). 
In South Africa, individuals may spawn repeatedly over 
a period of 5-6 months (Van der Elst 1976), but there is 
no comparable information for the U.S. population. 

FOOD HABITS 

During their oceanic larval stage, bluefish 
primarily consume copepods. Fish begin to be included 
in their diet at sizes of 30 mm, and by 40 mm, fish are 
the major diet item. Soon after this shift in diet, 
juveniles migrate inshore to occupy estuarine habitats 
(Marks and Conover 1993). 

The results of several studies suggest that bluefish 
juveniles and adults eat whatever taxa are locally 
abundant (Table 1). The components of young-of-the-
year bluefish diet in Sandy Hook Bay, New Jersey and 
the effects of those components on condition were 
studied over a three-year period (Friedland et al. 1988). 
Fish dominated the diet during 1981, while crustaceans 
and polychaetes were more important during 1983 and 
1984. Weight-length relationships indicated that weight 
at length was significantly greater in 1981 than in the 
other two years. Thus, not only does the quality of diet 
differ between estuaries, but the method of foraging 
may also differ; more benthic foraging was evident in 
bluefish from Sandy Hook Bay than in bluefish 
sampled in estuaries in Delaware (Grant 1962) and 
North Carolina (Lassiter 1962). In the Chesapeake Bay, 
oyster bar and reef habitats provide an important source 
of benthic prey, particularly during time periods when 
preferred small pelagic fish prey are less abundant 
(Harding and Mann 2001). Depending on age class, 
diets might change through a season. Spring spawned 
young-of-the-year prey on invertebrates such as small 
and shrimp in early summer when the preferred fish 
prey are less available (Juanes et al. 2001). In 
Chesapeake Bay, diets of three age classes differed 
through the summer (Table 1), but all three 
concentrated on Brevoortia tyrannus in the fall 
(Hartman and Brandt 1995a, b). 

In ocean habitats, young-of-the-year bluefish 
switch to piscivory with increasing size, similar to 
estuarine habitats. By 80-100 mm FL bay anchovy 
become the primary fish prey along ocean beaches in 
New Jersey (Able et al. 2003). Similar dietary patterns 
have been observed in juvenile bluefish utilizing ocean 
habitat in coastal Maryland (Secor et al. 2002) and 
throughout the MAB (Table 1). During offshore 
residence as larger adults, bluefish target larger 
schooling species of prey such as squids, clupeids and 
butterfish (Table 1) (Buckel et al. 1999). 

PREDATION 

Sharks, tunas, and billfishes are the only predators 
large and fast enough to prey on adult bluefish. They 
are a major component in the diet of shortfin mako 
shark, composing 77.5% of the diet by volume 
(Stillwell and Kohler 1982; Wood 2002). Stillwell and 
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Kohler (1982) estimated that this shark may consume 
between 4.3 and 14.5% of the bluefish resource 
between Georges Bank and Cape Hatteras. Bluefish 
also ranked fourth in number and occurrence and third 
in volume in swordfish diets, especially off the 
Carolinas (Stillwell and Kohler 1985). A study of 
bluefin tuna diet in New England ranked bluefish as 
one of the top prey items (Chase 2002). Blue sharks and 
sandbar sharks also prey on bluefish (Kohler 1988; 
Medved et al. 1985). Young-of-the-year are preyed 
upon by four oceanic bird species, the Atlantic puffin, 
Arctic tern, common tern, and roseate tern (Creaser and 
Perkins 1994; Safina et al. 1990). Cannibalism has only 
rarely been reported, but occurs in age 1 and older year 
classes in North Carolina (Lassiter 1962), and bluefish 
compose a minor component of the diet of larger 
bluefish collected during Northeast Fisheries Science 
Center (NEFSC) bottom trawl surveys on the 
continental shelf from the Gulf of Maine to Cape 
Hatteras [NEFSC food habits database; see Link and 
Almeida (2000) for details on methodology]. 

MIGRATIONS

Bluefish are warm water migrants and do not occur 
in MAB waters at temperatures < 14-16�C (Bigelow 
and Schroeder 1953). They generally move north in 
spring-summer to centers of abundance in the New 
York Bight and southern New England and south in 
autumn-winter to the waters in the SAB as far as 
southeastern Florida. There is a trend for larger 
individuals to occur farther north during the summer 
(Wilk 1977). Larger adults may limit their southward 
migration and spend the winter on the outer part of the 
continental shelf of the MAB, culminating in an 
aggregation of fish near Cape Hatteras, NC by March. 
This winter distribution is suggested by the occurrence 
of bluefish in commercial catches as reported in vessel 
logbooks (Shepherd et al., in press). This conclusion is 
also supported by historical anecdotal evidence. One 
report witnessed a single fish landed from about 100 m 
deep off Martha’s Vineyard during mid-January 1950 
and several hauls of 80-640 kg from the vicinity of 
Hudson Canyon during early February of the same year 
(Bigelow and Schroeder 1953). Another study simply 
reported “boats engaged in the winter trawl fishery for 
fluke and scup along the outer margin of the continental 
shelf often bring in a few bluefish” (Hamer 1959). 
These reports have been perpetuated since (Lund 1961; 
Miller 1969; Lund and Maltezos 1970; Hardy 1978). 
Recent winter trawl surveys indicate the presence of 
bluefish in the MAB during winter near the shelf edge 
off Cape Hatteras (see Geographical Distribution). 

STOCK STRUCTURE 

The bluefish is presently managed as a single stock 
(MAFMC 1997). Although there is evidence of separate 
spawning events (see Reproduction), fish from these 
spawning groups mix extensively during their lives, and 
recent conclusions have ascertained that bluefish year 
classes are composed of seasonal cohorts (Chiarella and 
Conover 1990). Recent studies have re-examined this 
conclusion and refined our knowledge of a complex 
reproductive pattern, supporting the concept of a single, 
migratory spawning stock (Hare and Cowen 1993; 
Smith et al. 1994). A mitochondrial DNA study of 
spring- and summer-spawned bluefish also concluded 
that bluefish along the east coast of the United States 
comprise a single genetic stock (Graves et al. 1992). 

GEOGRAPHICAL DISTRIBUTION 

EGGS

Spring-spawned cohort: The spring spawning 
occurs near the edge of the continental shelf in the 
SAB. However, bluefish eggs have not been collected 
or identified from this region. 

Summer-spawned cohort: Eggs were collected 
from May to August over the MAB continental shelf 
during the NEFSC Marine Resources Monitoring, 
Assessment and Prediction (MARMAP) program 
surveys [see Reid et al. (1999) for methods]. Bluefish 
eggs were most abundant in July (Figure 3). Eggs were 
distributed near Cape Hatteras in May and their 
occurrences expanded rapidly northward during the 
summer. In July, eggs were distributed as far as 
southern New England waters with a center of 
abundance off Delaware Bay and New Jersey (Berrien 
and Sibunka 1999). Eggs were not collected after 
August. Bluefish eggs do not occur in estuarine waters. 
During the NEFSC MARMAP surveys, eggs occurred 
across the entire shelf, but were most concentrated in 
mid-shelf depths (Berrien and Sibunka 1999). Eggs in 
the southern part of the MAB may be advected south 
and offshore; most (80%) eggs collected in a study off 
the Chesapeake Bay mouth were > 55 km from shore, 
with peak spawning occurring in the evening (Norcross 
et al. 1974). 

LARVAE 

The distribution of all larvae collected in the MAB 
and SAB is shown in Figure 4. There has been a critical 
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lack of sampling in the area immediately south of Cape 
Hatteras.

Spring-spawned cohort: Our understanding of the 
distribution of larvae in the SAB (corresponding to the 
spring-spawned cohort) is limited. The NEFSC 
MARMAP ichthyoplankton program sampled there 
from 1973-1980; bluefish larvae generally were 
collected in low densities, both in water column 
sampling with bongo nets (Figure 5) or Isaacs-Kidd 
midwater trawls (Table 2), and at the surface with two 
types of neuston net (Figure 6). Most larvae occurred 
near the 200 m depth contour, placing them close to the 
Gulf Stream and presumably enhancing their chances of 
advection to the north as proposed by Kendall and 
Walford (1979), Powles (1981), and Hare and Cowen 
(1993, 1996). The collection of bluefish eggs in April 
and May is consistent with back-calculated birth dates 
determined from estuarine recruits in the New York 
Bight (NYB) (see Juveniles). The densest 
concentrations of larvae in NEFSC MARMAP cruises 
in the SAB occurred over the outer half of the 
continental shelf during April and May. Currents there 
flow toward the northeast and are affected by the Gulf 
Stream (Lee and Atkinson 1983), while on the inner 
shelf, wind-driven currents are important in affecting 
the drift of larvae (Powles 1981; Lee and Atkinson 
1983). A secondary concentration of larvae was 
detected during late summer/early fall of one year 
(1976) and may indicate the existence of an isolated 
spawning event (Figure 5). During 1979, all sampling 
was done by Isaacs-Kidd midwater trawl and was 
restricted to the shelf area near Charleston, South 
Carolina between February and August (Table 2). 
Larvae were collected with this gear in low densities 
between February and mid-May; two tows in April 
yielded somewhat higher densities. 

Summer-spawned cohort: The distribution of 
larvae in the MAB is similar to that of the eggs (Figure 
7). Larvae < 11 mm (the size when they become 
pelagic-juveniles) first occurred near Cape Hatteras and 
along the shelf edge in the Wilmington Canyon area 
during May, and were present through the summer in 
increasing numbers throughout the southern and central 
parts of the MAB. Although larvae are only rarely 
collected in estuarine waters, they have been reported 
from a few large systems in the MAB; e.g., one larva, 
one occurrence in Narragansett Bay (Herman 1963) and 
several estuaries in New York/New Jersey (Table 3). 
During June, peak larval abundance occured between 
Cape Hatteras and Chesapeake Bay and off New Jersey. 
Larvae are most dense in the central part of the MAB in 
July and remain dense during August. Few larvae 
occurred in the MAB during September. Larvae rarely 
occurred deeper in the water column than 15 m and 
most are concentrated at a depth of about 4 m during 
the day, but are about equally distributed between that 
depth and the surface at night. Neuston sampling, 
therefore, is likely to drastically undersample bluefish 
when done during the day. 

PELAGIC-JUVENILES (LARVAL TO 
JUVENILE TRANSITION) 

There are no available data that adequately 
describe the distribution of this transformation stage in 
bluefish life history; however, limited observations 
have been made in the NYB (Shima 1989; Hare and 
Cowen 1996). These observations support the view that 
temperatures below 13-15oC impede the progress of 
this stage into MAB estuaries. In early June, these 
pelagic-juveniles mass at the shelf-slope temperature 
front, and resume their inshore migration when that 
front dissipates (Hare and Cowen 1996). Transport of 
larvae and/or juveniles across the shelf-slope region 
may be aided by wind-driven surface flow (Munch and 
Conover 2000). 

JUVENILES

It is presently unknown if bluefish are "estuarine 
dependant" since the distribution of juveniles over the 
continental shelf has not been described. The 
distribution and relative abundance of juveniles has 
been documented for estuaries along the east coast of 
the United States (Table 3) and for estuaries in Maine 
(Table 4). In addition to estuaries, juvenile bluefish in 
the MAB utilize coastal oceanic habitats (Secor et al.
2002; Able et al. 2003). 

A survey of juvenile bluefish published in the early 
1970s (Clark 1973) noted that their distribution differed 
from historical observations (Figure 8). Bluefish were 
not observed south of Daytona Beach through the 
1970s, although juveniles were reported from estuaries 
as far south as Palm Beach, Florida in the early part of 
the century (Evermann and Bean 1898; Nichols 1913). 
This author also suggested that the apparent high 
densities of juveniles in certain regions (e.g., New 
Jersey and South Carolina) were due to greater 
sampling effort. Remaining enigmatic occurrences 
include those in the freshwaters of the upper 
Chesapeake Bay (Mansueti 1955; Lund 1961), although 
the Chesapeake and Delaware Canal may play a role in 
their presence there. 

Several young-of-the-year surveys (or surveys that 
adequately sample young stages) are conducted within 
MAB states (Figure 9). Several caveats pertaining to 
these results prevent these state data from being 
compared directly. Some surveys are conducted 
throughout the year, while others are limited in their 
seasonal extent, and the resultant densities are therefore 
unequal. Although most results are expressed as 
"number per tow," tow lengths and gear characteristics 
vary between states, thus making comparisons among 
state surveys difficult. Finally, the definition of 
"juvenile" can vary between states; in some cases, it is 



Page 5

based solely on length frequency distributions, in some 
cases it is based on an arbitrary length cutoff. In most 
states, all fish < 30 cm are considered juveniles, 
although in the Chesapeake Bay region, some of these 
could be age 1+ if they were collected early in the year 
(Munch 1997). 

Despite these caveats, certain trends are evident in 
the data. There are signs of strong year classes in each 
state data set, but these do not necessarily match 
temporally. In general, abundances are greater in states 
between Rhode Island and New Jersey, and 
considerably lower in states in the southern part of the 
MAB, further emphasizing the importance of the 
former. 

The distributions and abundances of juveniles in 
Massachusetts coastal waters, based upon the fall 
1978-2003 Massachusetts inshore trawl surveys, are 
shown in Figure 10 (none were found during the spring 
surveys). They were abundant south of Cape Cod, 
especially in Buzzards Bay. 

The seasonal distributions and abundances of 
juveniles (< 35 cm) in Narragansett Bay, based upon 
the 1990-1996 Rhode Island bottom trawl surveys, are 
shown in Figures 11 and 12. Juveniles were collected in 
summer and autumn. 

The distributions and abundances of both juvenile 
and adult bluefish in Long Island Sound from April to 
November 1984-1994, based on the Connecticut 
Fisheries Division bottom trawl surveys, are shown in 
Figures 13–19. The following description of bluefish 
distribution and abundance in Long Island Sound 
comes from Gottschall et al. (2000). 

Bluefish first appeared in the survey in May (7% 
occurrence), but were relatively rare until June when 
the occurred in 28% of samples (Figure 13D) and were 
taken throughout the Sound (Figure 14). Bluefish taken 
in May ranged from 40-76 cm, whereas in June they 
ranged from 24-78 cm (Figure 15) (Gottschall et al.
2000). 

Juveniles first appeared in the survey in July. They 
comprised 46% of the bluefish catch, but only appeared 
in 8.3% of samples (Figure 16D). Juvenile abundance 
increased quickly during summer – by August they 
comprised 94% of the catch and occurred in 63.1% of 
samples. During the summer period juveniles were 
primarily distributed on the Connecticut side of the 
Sound from New Haven to Norwalk (Figure 17), 
whereas adults appeared to be more abundant in the 
deeper portions of the Central and Western Basins 
(Figure 18 and 19C) (Gottschall et al. 2000). When 
abundance peaked in September (Figure 13A), bluefish 
were found throughout the Sound (93.3% occurrence), 
although about 93% of the bluefish taken were 
juveniles. While juvenile abundance decreased rapidly 
after September (Figure 19A), adult abundance 
increased to a peak in October before declining (Figure 
19A). By November, juveniles only comprised 60% of 
the bluefish catch, down from a high of 94% in 
September. The remaining bluefish in November were 

distributed throughout the Sound (Figure 14) 
(Gottschall et al. 2000). 

Most bluefish collected during surveys of the 
Hudson-Raritan estuary (1992-1997) were juveniles 
(Figure 20). There were no occurrences during winter, 
while in summer and fall, juveniles occurred throughout 
the area. The largest collections were made near 
navigation channels or in a basin near Graves End Bay. 

The New Jersey Department of Environmental 
Protection assessment survey samples coastal New 
Jersey inside state waters. Bottom trawling is conducted 
five times per year and bluefish are encountered 
primarily in August and October. The fish collected are 
juveniles and appear as two distinct length modes, 
presumably the result of the spring and summer 
cohorts. 

The Virginia Institute of Marine Science (VIMS) 
trawl surveys from 1988-1999 of Chesapeake Bay and 
its tributaries captured almost exclusively juveniles 
(Geer 2002). They were caught from May to 
November, with an increase in catch during October 
and November as juveniles began to migrate out of the 
Bay (Figure 21). Catches were concentrated in the 
main-stem of the Bay with some catches up the 
tributaries to near the freshwater interface (Figure 22). 
There was a clear southward movement towards the 
Bay mouth during the fall months (Figure 22) (Geer 
2002). 

The VIMS 1994-1999 beach seine surveys of 
Chesapeake Bay captured only juveniles during every 
month of sampling (May to October), with June and 
September being the peak months (Figure 23). 
Juveniles were captured throughout the brackish range 
of the survey, with highest catches occurring at the 
seaside sites and Bay mouth (Figure 24) (Brooks and 
Geer 2001; Geer 2002). 

The Southeast Area Monitoring and Assessment 
Program (SEAMAP) surveys sampled the coastal 
region between Cape Hatteras, North Carolina and 
Cape Canaveral, Florida [see Reid et al. (1999) for 
details]. After an initial several years when gear and 
methods were not standardized, methodology became 
synoptic and standardized between 1990 and 1996 
(Beatty and Boylan 1997; Boylan et al. 1998). Bluefish 
collected during the latter survey period are shown in 
Figure 25. Length frequencies of these collections 
indicate most were young-of-the-year or age 1 (Figure 
26). Information on distributions over the offshore 
portions of the SAB shelf are lacking for any size class. 
Monthly occurrences of these bluefish are shown in 
Figure 27. Occurrences decreased during spring, were 
at low levels during summer, and increased during 
October beginning in the northern part of the bight, 
which suggests an influx of migrating young-of-the-
year from the MAB. 
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ADULTS 

The distributions and abundances of adults in 
Massachusetts coastal waters, based upon the spring 
and fall 1978-2003 Massachusetts inshore trawl 
surveys, are shown in Figure 28. During spring, a few 
adults were found south of Cape Cod in the vicinity of 
Nantucket and Vineyard sounds and in Buzzards Bay. 
They were slightly more abundant in the fall; a few 
were also found in Cape Cod Bay. 

Adults were rarely collected during summer and 
autumn in a survey of Narragansett Bay (Figures 29 and 
12). 

The distribution and abundance of both adults and 
juveniles in Long Island Sound were discussed 
previously (Gottschall et al. 2000). 

Very few adults were collected in the Hudson-
Raritan estuary and Sandy Hook Bay. There were no 
occurrences during winter and only a few adults were 
collected during spring and summer (Figure 30). 

JUVENILES AND ADULTS 

Bluefish are migratory and their distribution varies 
seasonally and according to age and size of individuals 
composing schools. Length frequencies of trawl-
collected bluefish were examined to determine age and 
size composition of catches in the NEFSC bottom trawl 
surveys (Figure 31). Modes were separable into 
spawning cohorts and year classes based on published 
studies and are the bases for the NEFSC distribution 
and abundance maps. 

The distribution of all lengths during all seasons of 
the NEFSC surveys indicates that bluefish occurred 
most densely along the coast of the MAB and through 
the central part of Georges Bank, although these results 
may reflect the increased efficiency of the trawl in 
shallower waters. Winter occurrences during the 
NEFSC surveys were limited to the outer continental 
shelf near Cape Hatteras and these few occurrences 
were larger fish [Figure 32; note that winter and 
summer distributions are presented as presence data 
only, precluding a discussion of abundances, see Reid 
et al. (1999) for details]). NEFSC spring collections 
included spring-spawned young-of-the-year off North 
Carolina, spring-spawned age 1 restricted to coastal 
areas south of Cape Hatteras, age 2 individuals along 
the continental shelf edge off North Carolina, and older 
year classes distributed between Cape Hatteras and the 
Delmarva Peninsula (Figure 33). Figure 34 shows the 
NEFSC spring distributions and abundances separated 
into juvenile (< 30 cm) and adult (> 30 cm) size classes. 

In summer, juveniles were widely distributed along 
the coast from New York to Cape Hatteras. Adults were 
less concentrated along the Mid-Atlantic coast, 

occurring mostly along Long Island, offshore south of 
Cape Cod, and on Georges Bank (Figure 35). NEFSC 
fall surveys are most important for measuring relative 
year-class strength. Young-of-the-year of both spring-
and summer-spawned cohorts and age 1 individuals 
were abundant along the coast between Long Island and 
Cape Hatteras. Older year-classes were also found 
offshore in southern New England and on Georges 
Bank (Figure 36). Figure 37 shows the fall distributions 
and abundances separated into juvenile and adult size 
classes.

HABITAT CHARACTERISTICS  

The habitat characteristics for eggs, larvae, pelagic-
juveniles, juveniles, and adults based on results of this 
compendium and pertinent published reports are 
presented in Table 5. Included are observations of 
habitat use by young-of-the-year in estuaries. When 
studies of juvenile abundance have been related to 
environmental variables, such as eelgrass 
presence/absence or a substrate type, they have usually 
been conducted with seines where catch-per-unit-of-
effort is difficult to establish. Comparing the results of 
these studies between locations is usually not possible, 
and further details of essential habitats are therefore not 
yet available. Appendix 1 contains more complete data 
from various studies reported in the literature. 

EGGS

Bluefish eggs were collected at near-surface 
temperatures ranging from about 8-26°C during the 
NEFSC MARMAP surveys in the months from May to 
August (Figure 38).  During May, 100% of the eggs 
were found at 22°C, while in June they were found 
from 13-22°C, with the majority at 13 and 17°C. In 
July, most were caught over a range of 14-26°C, while 
in August the majority of eggs were found at 22°C. 
Their depth range during those months was confined 
mostly from 30-70 m, with the majority at 30 m. 

LARVAE AND PELAGIC JUVENILES 

Larvae in the MAB occur in open oceanic waters, 
near the edge of the continental shelf in the southern 
Bight and over mid-shelf depths farther north (Norcross 
et al. 1974; Kendall and Walford 1979). They migrate 
vertically in the water column, occurring near the 
surface at night, but centered at about 4 m during 
daylight (Kendall and Naplin 1981). Larvae spawned in 
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the SAB (spring-spawned cohort) are subject to 
advection north via the Gulf Stream (Hare and Cowen 
1996; Kendall and Walford 1979), but some recruit 
successfully to estuaries in the SAB (Collins and 
Stender 1987; McBride et al. 1993). 

During NEFSC MARMAP sampling from May to 
September, most larvae were collected at surface 
temperatures between 17-26�C and were concentrated 
over water depths of about 30-70 m (Figure 39). 

The transport of pelagic-juveniles was outlined by 
Kendall and Walford (1979) and elaborated by Hare 
and Cowen (1996). Many are found in the vicinity of 
Cape Hatteras as early as April. In May, several have 
been collected on the shelf in the SAB (Fahay 1975; 
Kendall and Walford 1979). By June, they occur in the 
MAB between the shore and the shelf/slope front, 
actively crossing the shelf (Hare and Cowen 1996). In 
both the SAB and MAB, there is a strong negative 
correlation between fish size and depth indicating an 
offshore origin and onshore migration with growth. 
Transport of larvae and/or juveniles across the shelf-
slope region may be aided by wind-driven surface flow 
(Munch and Conover 2000). 

Limited observations on pelagic-juveniles by 
Shima (1989) and Hare and Cowen (1996) have been 
made in the New York Bight. These observations 
support the view that temperatures below 13-15oC
impede the progress of this stage into MAB estuaries. 
In early June, these pelagic-juveniles mass at the shelf-
slope temperature front, and resume their inshore 
migration when that front dissipates (Hare and Cowen 
1996). 

JUVENILES (INCLUDING YOUNG-OF-
THE-YEAR)

Juveniles occur in estuaries, bays, and the coastal 
ocean of the MAB and SAB, where they are less 
common. They occur in many habitats, but do not use 
the marsh surface. The range of physical and structural 
conditions in which they are found is summarized in 
Table 5. Juveniles begin to depart MAB estuaries in 
October and migrate south to spend the winter months 
south of Cape Hatteras. 

The spring and fall distributions of juvenile 
bluefish (< 30 cm) relative to bottom water 
temperature, depth, and salinity based on 1963-2003 
NEFSC bottom trawl surveys from the Gulf of Maine to 
Cape Hatteras are shown in Figure 40. In the spring, 
they were found over a temperature range of 8-23°C, 
with most spread between about 10-19°C. They were 
found at shallow depths ranging from 1-40 m, with the 
majority at 1-30 m. Their salinity range was between 
33-36 ppt, with a peak in occurrence and catch at 33 
ppt. In the fall, the juveniles were spread over a 
temperature range of 10-28°C, with most between 

about 17-25°C. They were also found at shallow depths 
of 1-50 m, with > 60% found at 11-20 m. Their salinity 
range was between 29-35 ppt, with the majority at 31-
32 ppt. 

The autumn distributions of juvenile bluefish in 
Massachusetts coastal waters relative to bottom water 
temperature and depth based on 1978-2003 
Massachusetts inshore trawl surveys are shown in 
Figure 41. Juveniles were collected at temperatures 
ranging from about 9-22°C, with the majority between 
16-21°C. They were found over depths of 6-45 m, with 
most at 6-15 m. 

The seasonal distributions of juvenile bluefish 
relative to bottom water temperature and depth based 
on 1990-1996 Rhode Island Narragansett Bay trawl 
surveys are shown in Figure 42. The few juveniles that 
were caught were found in waters from 19-25ºC in 
summer and 17-23ºC in autumn. The majority were 
found at 22ºC in summer and 19ºC in the autumn. In 
summer their depth range was from 10-70 ft (3-21 m) 
and in the autumn it was from about 20-110 ft (6-34 m). 
Most were caught at 20-30 (6-9 m) in summer and 20-
50 ft (6-15 m) in the autumn. 

The distributions and abundances of juveniles in 
Long Island Sound relative to depth and bottom type, 
based on the Connecticut Fisheries Division bottom 
trawl surveys (Gottschall et al. 2000), are shown in 
Figures 13, 16, and 19. Juvenile abundance was highest 
in depths between 9-27 m over mud bottom in several 
broad areas in the Sound: the Connecticut side from 
New Haven to Mattituck. Adult abundance was also 
high in some these areas, but in contrast with juveniles, 
abundance tended to generally increase with depth in 
September, and in October abundance was similar in 
depths > 9 m (Figure 19C) (Gottschall et al. 2000). 

The distributions of juvenile bluefish relative to 
bottom water temperature, dissolved oxygen, depth, and 
salinity based on 1992-1997 NEFSC Hudson-Raritan 
estuary trawl surveys are shown in Figure 43. Over the 
entire survey, juveniles were found in waters ranging 
from 12-24ºC, with a peak catch of 45%at 21ºC. They 
were found in dissolved oxygen levels of 5-9 mg/l, with 
50% of the catch at 6 mg/l. They were found over a 
depth range of 15-65 ft (5-20 m), with over 40% found 
at 20 ft (6 m) and at about 30% found at 40-45 ft (12-14 
m).  Juveniles were found in salinities ranging from 19-
32 ppt, with peaks at 20, 24-26, and at 29 ppt. 

The hydrographic preferences of bluefish (almost 
exclusively juveniles) in Chesapeake Bay and 
tributaries from the 1988-1999 VIMS trawl surveys are 
shown in Figure 44 (all years and months combined). 
According to Brooks and Geer (2001) and Geer (2002), 
bluefish prefer salinities > 16 ppt and depths between 8-
10 m. There appears to be two peaks associated with 
water temperature, one between 14-18ºC, and the 
second at 22-26ºC. Most were found where dissolved 
oxygen levels were 6-9 mg/l. The hydrographic 
preferences of juveniles caught in the 1994-1999 seine 
surveys are shown in Figure 45 (all years and months 
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combined) (Geer 2002). Although captured throughout 
the sampling range, nearly 90% occur in waters > 18 
ppt. Dissolved oxygen is rarely a problem in shallow 
waters of the Bay (Geer 2002), but the juveniles 
occurred more at dissolved oxygen levels of 6-8 mg/l. 
Most juveniles occur at temperatures > 20ºC, with the 
majority between 24-26ºC. The majority were found at 
a pH of 8.2. 

ADULTS 

Adult bluefish occur in the open ocean, large 
embayments, and most estuarine systems within their 
range. Although they occur in a wide range of 
hydrographic conditions, they prefer warmer 
temperatures and are not found in the MAB when 
temperatures decline below 14-16oC. See Table 5 for a 
summary of habitat requirements of adult bluefish. 

The spring and fall distributions of adult bluefish 
relative to bottom water temperature, depth, and salinity 
based on NEFSC bottom trawl surveys are shown in 
Figure 46. In the spring, they were found over a 
temperature range of 8-20°C, with most spread between 
about 9-16°C. They were found at much deeper depths 
than the juveniles; they were spread over a depth range 
of 1-400 m. Their salinity range was between 33-36 
ppt, with the majority at 35 ppt. In the fall, the adults 
were spread over a temperature range of 8-28°C, with 
most spread between about 14-24°C. They were also 
found at shallower depths than in the spring: 1-100 m, 
with most found at 11-30 m. Their salinity range was 
between 29-35 ppt, with the majority at 31-32 ppt. 

The spring and autumn distributions of adults in 
Massachusetts coastal waters relative to bottom water 
temperature and depth are shown in Figure 47. The few 
that were caught in the spring were found in a 
temperature range of 10-14°C, with a depth range of 6-
25 m. In the fall, their temperature range was from 10-
22°C, with most between 17-20°C. Their depth range 
during that season was from about 6-40 m, with the 
majority at 6-15 m. 

The distributions of the few adults found during 
summer and fall in Narragansett Bay relative to bottom 
water temperature and depth are shown in Figure 48. 
They were collected in bottom water temperatures of 
15-26oC during summer and 17-21oC in autumn, and 
depths of 10-70 ft (3-21 m) in summer and 10-110 ft (3-
34 m) in autumn. 

RESEARCH NEEDS 

LIFE HISTORY AND BIOLOGY 

We lack information on the reproductive biology of 
bluefish. Observed patterns of spawning may be based 
on the population level rather than on information on 
individual reproductive traits. We presently do not 
know whether individuals spawn serially, and if so, 
how many times they are capable of spawning in a year. 
We also do not know if these reproductive 
characteristics vary with age. It is apparent that more 
study of the distribution of older stages needs to be 
correlated with spawning events. Since bluefish school 
in like-sized (and supposedly like-aged) groups, we 
need to know what groups are where and when, and 
how those aggregations are associated with the 
observed densities of eggs. Simply describing how 
many spawning events are occurring can not solve the 
issue of the number of manageable stocks. 

Our understanding of the "pelagic-juvenile" stage 
is limited despite its obvious importance. We need to 
better understand the details of transport mechanisms 
that provide progeny of reproduction in the SAB to 
nurseries in the MAB. Increased sampling of the 
neuston or near-surface layers of the ocean between 
production areas and estuarine nursery areas, associated 
with appropriate oceanographic observations, would 
provide much-needed insight into factors affecting 
transport and estuarine recruitment. 

There has been a tight correlation between 
population size and the contribution of the spring-
spawned cohort to fall trawl collections in the last three 
decades. Yet our knowledge of reproduction in the SAB 
is limited to a brief, under-sampled period in the 1970s 
when the population was at a relatively low level of 
abundance. Furthermore, larvae produced in June in the 
southern part of the MAB appear not to survive [unless 
recruits to Maine estuaries result from this output, see 
Creaser and Perkins (1994)], the fate of the remaining 
MAB summer offspring remains enigmatic. 

There is some evidence for spawning during the 
fall in the Cape Canaveral region of Florida that 
appears to be discrete, rather than a continuation of 
spawning in the MAB. This evidence has been 
demonstrated in this document with larval occurrences 
and a disjunct autumn distribution of fish between 26 
and 40 cm. Hare and Cowen (1993) present 
gonadosomatic data that suggest the same thing. 
Admittedly, some of this evidence is weak and based on 
incomplete sampling, and should be improved to 
determine the origin of these spawning fish, the 
magnitude of spawning, and the fate of any progeny. 



Page 9

HABITAT REQUIREMENTS 

It is obvious from a review of the literature that we 
lack data to address the habitat issue at EFH 
information Level 3 (i.e.; data on habitat-related 
growth, reproduction, and/or survival by life history 
stage, as defined in the EFH Technical Manual 
[NMFS/OHC 1998] and Final Rule to implement the 
EFH policy [Department of Commerce, National 
Oceanic and Atmospheric Administration 2002]). 
Assessing how characteristics of habitat might affect 
the quality of young-of-the-year is therefore not 
feasible.  Results of biological sampling, in estuaries or 
continental shelf waters, only rarely report specific 
characteristics of sampling sites. Therefore, data 
accruing from these studies are likely to be limited to 
EFH information Level 1; i.e., “presence/absence” data 
only (as defined in NMFS/OHC [1998] and Department 
of Commerce, National Oceanic and Atmospheric 
Administration [2002]). According to Miller (1984): 
“We need a reasonable schema of estuaries, 
emphasizing the factors that have the most significance 
to the fish. Unfortunately, the necessary physical data 
are often lacking for an accurate characterization. Many 
are also temporally unstable. Not even our attempts to 
classify estuaries recognize their dynamic nature…we 
need more complete descriptions of how biologically 
relevant abiotic factors within estuaries affect 
biologically relevant scales of time and space. Without 
this, we cannot hope to untangle the biological 
processes or to compare results from different estuaries. 
Biologists need to involve more physical 
oceanographers and meteorologists in our research.” 
Clearly, in the future, more attention needs to be paid to 
the details of collecting sites, and habitat research 
supported, such that the linkages between habitat 
quality and year class success can be made. 

REFERENCES CITED 

Able, K.W. and M.P. Fahay. 1998. The first year in the 
life of estuarine fishes in the Middle Atlantic Bight. 
Rutgers University Press, New Brunswick, NJ. 342 
p.

Able, K.W., P. Rowe, M. Burlas, and D. Byrne. 2003. 
Use of ocean and estuarine habitats by young-of-
year bluefish (Pomatomus saltatrix) in the New 
York Bight. Fish. Bull. (U.S.) 101(2): 201-214. 

Able, K.W., D.A. Witting, R.S. McBride, R.A. 
Rountree, and K.J. Smith. 1996. Fishes of 
polyhaline estuarine shores in Great Bay-Little Egg 
Harbor, New Jersey: a case study of seasonal and 
habitat influences. In: Nordstrom, K.F., Roman, 
C.T., editors. Estuarine shores: environments and 
human alterations. New York: John Wiley and 
Sons, Ltd. p. 335-355. 

Beatty, H.R. and J.M. Boylan. 1997. Results of the 
Southeast Area Monitoring and Assessment 
Program - South Atlantic (SEAMAP-SA) 
nearshore, day/night trawl sampling in the coastal 
habitat of the South Atlantic Bight during 1987 and 
1988. Marine Resources Research Institute, 
Atlantic States Marine Fisheries Commission, 
Special Report No. 65. South Carolina Dept. 
Natural Resources, Marine Resources Division. 
120 p. 

Berrien, P. and J. Sibunka. 1999. Distribution patterns 
of fish eggs in the United States northeast 
continental shelf ecosystem, 1977-1987. NOAA 
Tech. Rep. NMFS 145. 310 p. 

Bigelow, H.B. and W.C. Schroeder. 1953. Fishes of the 
Gulf of Maine. U.S. Fish Wildl. Serv., Fish. Bull. 
53. 577 p. 

Boreman, J. 1982. Status of bluefish along the Atlantic 
coast, 1982. U.S. Natl. Mar. Fish. Serv. Northeast 
Fish. Cent. Woods Hole Lab. Ref. Doc. No. 83-28. 
35 p. + tables. 

Boylan, J., P. Webster, J. Adriance, and R. Beatty. 
1998. Results of trawling efforts in the coastal 
habitat of the South Atlantic Bight, FY-1997. 
SEAMAP-SA annual report. A report of the South 
Carolina Department of Natural Resources 
pursuant to National Oceanic Atmospheric 
Administration Award No. NA77FS0012. 63 p. + 
appendices. 

Brooks, H. and P.J. Geer. 2001. Assessing essential fish 
habitat for bluefish, Pomatomus saltatrix
(Linnaeus, 1766), in Virginia’s portion of 
Chesapeake Bay and near shore coastal waters, 
1988-1999. Virginia Mar. Res. Rep. VMRR 2001-
01. Prepared for Chesapeake Bay Prog. Bluefish 
Manage. Plan Comm. 

Buckel, J.A. and D.O. Conover. 1997. Movements, 
feeding periods, and daily ration of piscivorous 
young-of-the-year bluefish, Pomatomus saltatrix,
in the Hudson River estuary. Fish. Bull. (U.S.) 
95(4): 665-679. 

Buckel, J.A., M.J. Fogarty and D.O. Conover. 1999. 
Foraging habits of bluefish, Pomatomus saltatrix, 
on the U.S. east coast continental shelf. Fish. Bull. 
(U.S.) 97(4): 758-775. 

Buckel, J.A. and K.A. McKown. 2002. Competition 
between juvenile striped bass and bluefish: 
resource partitioning and growth rate. Mar. Ecol. 
Prog. Ser. 234: 191-204. 



Page 10

Chase, B.C. 2002. Difference in diet of Atlantic bluefin 
tuna (Thunnus thynnus) at five seasonal feeding 
grounds on the New England continental shelf. 
Fish. Bull. (U.S.) 100(2): 168-180. 

Chiarella, L.A. and D.O. Conover. 1990. Spawning 
season and first-year growth of adult bluefish from 
the New York Bight. Trans. Am. Fish. Soc. 119(3): 
455-462. 

Clark, J.R. 1973. Bluefish. In: Pacheco, A.L., editor. 
Proceedings of a workshop on egg, larval, and 
juvenile stages of fish in Atlantic coast estuaries. 
U.S. Dep. Commer., NOAA, NMFS, Mid-Atl. 
Coastal Fish. Cent., Tech. Publ. No. 1. p. 250-251. 

Collins, M.R. and B.W. Stender. 1987. Larval king 
mackerel (Scomberomorus cavalla), Spanish 
mackerel (S. maculatus), and bluefish (Pomatomus 
saltatrix) off the southeast coast of the United 
States, 1973-1980. Bull. Mar. Sci. 41: 822-834. 

Conover, D.O., T. Gilmore, and S.B. Munch. 2003. 
Estimating the relative contribution of spring- and 
summer spawned cohorts to the Atlantic coast 
bluefish stock. Trans. Am. Fish. Soc. 132(6): 1117-
1124. 

Cowen, R.K., J.A. Hare, and M.P. Fahay. 1993. Beyond 
hydrography: Can physical processes explain larval 
fish assemblages within the Middle Atlantic Bight? 
Bull. Mar. Sci. 53(2): 567-587. 

Creaser, E.P. and H.C. Perkins. 1994. The distribution, 
food, and age of juvenile bluefish, Pomatomus 
saltatrix, in Maine. Fish. Bull. (U.S.) 92(3): 494-
508.  

Department of Commerce, National Oceanic and 
Atmospheric Administration. 2002. Magnuson-
Stevens Act Provisions; Essential Fish Habitat 
(EFH): Final rule. Federal Register. 50 CFR Part 
600 [Docket No. 961030300-1007-05; I.D. 
120996A], RIN 0648-AJ30, Vol. 67 (12), 
Thursday, Jan. 17, 2002: 2343-2383. 

de Sylva, D.P., F.A. Kalber, Jr., and C.N. Shuster. 
1962. Fishes and ecological conditions in the shore 
zone of the Delaware River estuary, with notes on 
other species collected in deeper water. University 
of Delaware Marine Laboratory, Information 
Series, Publ. No. 5. University of Delaware, 
Newark, DE. 164 p. 

Deuel, D.G. 1964. Evidence of spawning of tagged 
bluefish. Underwat. Nat. 2(2): 24. 

Deuel, D.G., J.R. Clark, and A.J. Mansuetti. 1966. 
Description of embryonic and early larval stages of 
bluefish, Pomatomus saltatrix. Trans. Am. Fish. 
Soc. 95(3): 264-271.  

Evermann, B.W. and B.A. Bean. 1898. Indian River 
and its fishes. Rep U.S. Comm. Fish., Fish. 22: 
227-262. 

Fahay, M.P. 1975. An annotated list of larval and 
juvenile fishes captured with surface-towed meter 
net in the South Atlantic Bight during four R/V 
Dolphin cruises between May 1967 and February 
1968. NOAA Tech. Rep. NMFS-SSRF. 685: 1-39. 

Fahay, M.P. 1983. Guide to the early stages of marine 
fishes occurring in the western North Atlantic 
Ocean, Cape Hatteras to the southern Scotian 
Shelf. J. Northwest Atl. Fish. Sci. 4: 1-423. 

Fahay, M.P., P.L. Berrien, D.L. Johnson, and W.W. 
Morse. 1999. Essential fish habitat source 
document: Bluefish, Pomatomous saltatrix, life 
history and habitat characteristics. NOAA Tech. 
Mem. NMFS-NE-144. 

Festa, P.J. 1979. Analysis of the fish forage base in the 
Little Egg Harbor estuary. New Jersey Dep. 
Environ. Prot., Div. Fish, Game Shellfish. Bur. 
Fish., Nacote Creek Res. Station. Tech. Rep. No. 
24M. 271 p. 

Fox, D.A. and K.W. Able. 2002. Biotic interactions 
between bluefish (Pomatomous saltatrix) and 
associated piscivorous predators in marsh creeks 
along Delaware Bay, New Jersey. Abstract from 
American Fisheries Society symposium on the 
biology, ecology, and life history of bluefish, AFS 
132nd Annual Meeting, August 18-22, 2002, 
Baltimore MD. 

Friedland, K.D., G.C. Garman, A.J. Bejda, A.L. 
Studholme, and B. Olla. 1988. Interannual 
variation in diet and condition in juvenile bluefish 
during estuarine residency. Trans. Am. Fish. Soc. 
117(5): 474-479. 

Geer, P.J. 2002. Summary of essential fish habitat 
description and identification for Federally 
managed species inhabiting Virginia waters of 
Chesapeake Bay 1988-1999. Virginia Mar. Res. 
Rep. VMRR 2001-03, Jan. 2001, Revised June 
2002. 169 p. 

Goode, G.B. 1884. The fisheries and fishery industries 
of the United States. Section I. Natural history of 
useful aquatic animals. Govt. Print. Office. 
Washington, DC. Plates. 

Gottschall, K., M.W. Johnson, and D.G. Simpson. 
2000.  The distribution and size composition of 
finfish, American Lobster, and long-finned squid in 
Long Island Sound based on the Connecticut 
Fisheries Division Bottom Trawl Survey, 1984-
1994.  NOAA Tech. Rep. NMFS 148. 195 p. 

Grant, G.C. 1962. Predation of bluefish on young 
Atlantic menhaden in Indian River, Delaware. 
Chesapeake Sci. 3(1): 45-47. 

Graves, J.E., J.R. McDowell, A.M. Beardsley, and D.R. 
Scoles. 1992. Stock structure of the bluefish, 
Pomatomus saltatrix, along the Mid-Atlantic coast. 
Fish. Bull. (U.S.) 90(4): 703-710. 

Hamer, P.E. 1959. Age and growth studies of the 
bluefish (Pomatomus saltatrix Linnaeus) of the 
New York Bight. M.S. thesis, Rutgers, The State 
University. New Brunswick, NJ. 27 p. 

Harding, J.M. and R. Mann. 2001. Diet and habitat use 
by bluefish, Pomatomus saltatrix, in a Chesapeake 
Bay estuary. Environ. Biol. Fish. 60(4): 401-409. 



Page 11

Hardy, J.D., Jr. 1978. Development of fishes of the 
Mid-Atlantic Bight: An atlas of egg, larval and 
juvenile stages. Vol. 3: Aphredoderidae through 
Rachycentridae. U.S. Fish Wildl. Serv. Biol. Serv. 
Prog. FWS/OBS-78/12. 394 p. 

Hare, J.A. and R.K. Cowen. 1993. Ecological and 
evolutionary implications of the larval transport 
and reproductive strategy of bluefish, Pomatomus 
saltatrix. Mar. Ecol. Prog. Ser. 98: 1-16. 

Hare, J.A. and R.K. Cowen. 1994. Ontogeny and otolith 
microstructure of bluefish Pomatomus saltatrix
(Pisces: Pomatomidae). Mar. Biol. 118: 541-550. 

Hare, J.A. and R.K. Cowen. 1996. Transport 
mechanisms of larval and pelagic juvenile bluefish 
(Pomatomus saltatrix) from South Atlantic Bight 
spawning grounds to Middle Atlantic Bight nursery 
habitats. Limnol. Oceanogr. 41(6): 1264-1280. 

Hare, J.A., M.P. Fahay, and R.K. Cowen. 2001. 
Springtime ichthyoplankton of the Slope Sea: 
larval assemblages, relationship to hydrography 
and implications for larval transport. Fish. 
Oceanogr. 1 (2): 164-192. 

Hartman, K.J. and S.B. Brandt. 1995a. Comparative 
energetics and the development of bioenergetics 
models for sympatric estuarine piscivores. Can. J. 
Fish. Aquat. Sci. 52(8): 1647-1666. 

Hartman, K.J. and S.B. Brandt. 1995b. Trophic 
resource partitioning, diets, and growth of 
sympatric estuarine predators. Trans. Am. Fish. 
Soc. 124: 520-537. 

Herman, S.S. 1963. Planktonic fish eggs and larvae of 
Narragansett Bay. Limnol. Oceanogr. 8: 103-109. 

Hunter, J.R. 1981. Feeding ecology and predation of 
marine fish larvae. In: Lasker, R., editor. Marine 
fish larvae: morphology, ecology and relation to 
fisheries. University of Washington Sea Grant 
Program. Seattle, Washington: University of 
Washington Press. p. 34-77. 

Juanes, F., J.A. Buckel, and F.S. Scharf. 2001. 
Predatory behaviour and selectivity of a primary 
piscivore: comparison of fish and non-fish prey. 
Mar. Ecol. Prog. Ser. 217: 157-165.  

Jury, S.H., J.D. Field, S.L. Stone, D.M. Nelson, and 
M.E. Monaco. 1994. Distribution and abundance of 
fishes and invertebrates in North Atlantic estuaries. 
ELMR Rep. No. 13. NOAA/NOS Strategic 
Environmental Assessments Division, Silver 
Spring, MD. 221 p. 

Kendall, A.W., Jr. and N.A. Naplin. 1981. Diel-depth 
distribution of summer ichthyoplankton in the 
Middle Atlantic Bight. Fish. Bull. (U.S.) 79(4): 
705-726.  

Kendall, A.W., Jr. and L.A. Walford. 1979. Sources 
and distribution of bluefish, Pomatomus saltatrix,
larvae and juveniles off the east coast of the United 
States. Fish. Bull. (U.S.) 77(1): 213-227. 

Kohler, N. 1988. Aspects of feeding ecology of the blue 
shark, Prionace glauca, in the western North 
Atlantic. Ph.D. dissertation, Univ. Rhode Island, 
Kingston, RI. 163 p. 

Lassiter, R.R. 1962. Life history aspects of the bluefish, 
Pomatomus saltatrix (Linnaeus), from the coast of 
North Carolina. M.S. thesis, North Carolina State 
College. Raleigh, NC. 103 p.  

Lee, T.N. and L.P. Atkinson. 1983. Low-frequency 
current and temperature variability from Gulf 
Stream frontal eddies and atmospheric forcing 
along the southeast U.S. outer continental shelf. J. 
Geophys. Res. 88: 4541-4567. 

Leis, J.M., H.P. Sweatman, and S.E. Reader. 1996. 
What the pelagic stages of coral reef fishes are 
doing out in blue water: Daytime field observations 
of larval behavioural capabilities. Aust. J. Mar. 
Freshw. Res. 47: 401-411. 

Link, J.S. and F.P. Almeida. 2000. An overview and 
history of the food web dynamics program of the 
Northeast Fisheries Science Center, Woods Hole, 
Massachusetts. NOAA Tech. Mem. NMFS-NE-
159. 

Lund, W.A., Jr. 1961. A racial investigation of the 
bluefish, Pomatomus saltatrix (Linnaeus) of the 
Atlantic coast of North America. Bol. Inst. 
Oceanog. Univ. Oriente. 1(1): 73-129. 

Lund, W.A., Jr. and G.C. Maltezos. 1970. Movements 
and migrations of the bluefish, Pomatomus 
saltatrix, tagged in waters of New York and 
southern New England. Trans. Am. Fish. Soc. 
99(4): 719-725. 

[MAFMC] Mid-Atlantic Fishery Management Council. 
1997. Amendment 1 to the bluefish Fishery 
Management Plan. June 1997. MAFMC. [Dover, 
DE.] 128 p. + appendices.  

Mansueti, R.J. 1955. Young bluefish found in fresh 
tidal water of the upper Patuxent River. Maryland 
Tidewater News 12(3): 3. 

Marks, R.E. and D.O. Conover. 1993. Ontogenetic shift 
in the diet of young-of-year bluefish Pomatomus 
saltatrix during the oceanic phase of the early life 
history. Fish. Bull. (U.S.) 91(1): 97-106. 

McBride, R.S. and D.O. Conover. 1991. Recruitment of 
young-of-the-year bluefish Pomatomus saltatrix to 
the New York Bight: variation in abundance and 
growth of spring- and summer-spawned cohorts. 
Mar. Ecol. Prog. Ser. 78: 205-216. 

McBride, R.S., J.L. Ross, and D.O. Conover. 1993. 
Recruitment of bluefish Pomatomus saltatrix to 
estuaries of the U.S. South Atlantic Bight. Fish. 
Bull. (U.S.) 91: 389-395. 

McBride, R.S., M.D. Scherer, and J.C. Powell. 1995. 
Correlated variations in abundance, size, growth, 
and loss rates of age-0 bluefish in a southern New 
England estuary. Trans. Am. Fish. Soc. 124: 
898-910. 



Page 12

Medved, R.J., C.E. Stillwell, and J.J. Casey. 1985. 
Stomach contents of young sandbar sharks, 
Carcharhinus plumbeus, in Chincoteague Bay, 
Virginia. Fish. Bull. (U.S.) 83: 395-402. 

Miller, J.M. 1984. Habitat choices in estuarine fish: Do 
they have any? In: Copeland, B.J., et al. editors. 
Research for managing the nation's estuaries: 
proceedings of a conference in Raleigh, North 
Carolina, March 13-15, 1984. University of North 
Carolina, Sea Grant College Publication UNC-SG-
84-08. North Carolina State University, Raleigh, 
NC. p. 337-352. 

Miller, R.V. 1969. Continental migrations of fishes. 
Underwater Nat. 6(1): 15-23. 

Milstein, C.B., D.L. Thomas and Associates. 1977. 
Summary of ecological studies for 1972-1975 in 
the bays and other waterways near Little Egg Inlet 
and in the ocean in the vicinity of the proposed site 
for the Atlantic generating station, New Jersey. 
Ichthyological Associates Bull. No. 18. 
Ichthyological Associates Inc., Ithaca, NY. 757 p. 

Munch, S.B. 1997. Recruitment dynamics of bluefish, 
Pomatomus saltatrix, on the continental shelf from 
Cape Fear to Cape Cod, 1973-1995. M.S. thesis, 
State University of New York at Stony Brook. 
Stony Brook, NY. 127 p. 

Munch, S.B. and D.O. Conover. 2000. Recruitment 
dynamics of bluefish (Pomatomus saltatrix) from 
Cape Hatteras to Cape Cod, 1973-1995. ICES J. 
Mar. Sci. 57(2): 393-402. 

Nelson, D.M. and M.E. Monaco. 1994. Distribution and 
abundance of fishes and invertebrates in the 
southeast estuaries. ELMR Rep. No. 9. 
NOAA/NOS Strategic Environmental Assessments 
Division, Silver Spring, MD. 167 p. 

Nichols, J.T. 1913. Concerning young bluefish. Trans. 
Am. Fish. Soc. 43: 169-172. 

NMFS/OHC (National Marine Fisheries Service, Office 
of Habitat Conservation). 1998. Technical 
guidance to NMFS for implementing the Essential 
Fish Habitat requirements for the Magnuson-
Stevens Act. Draft, January, 9, 1998. Silver Spring, 
Maryland. 

Norcross, J.J., S.L. Richardson, W.H. Massmann, and 
E.B. Joseph. 1974. Development of young bluefish 
(Pomatomus saltatrix) and distribution of eggs and 
young in Virginian coastal waters. Trans. Am. 
Fish. Soc. 103(3): 477-497. 

Nyman, R.M. and D.O. Conover. 1988. The relation 
between spawning season and the recruitment of 
young-of-the-year bluefish, Pomatomus saltatrix,
to New York. Fish. Bull. (U.S.) 86(2): 237-250. 

Olla, B.L. and A.L. Studholme. 1971. The effect of 
temperature on the activity of bluefish Pomatomus 
saltatrix L. Biol. Bull. (Woods Hole). 141(2): 
337-349. 

Olla, B.L., A.L. Studholme, A.J. Bejda, C. Samet, and 
A.D. Martin. 1975. The effect of temperature on 
the behavior of marine fishes: a comparison among 
Atlantic mackerel, Scomber scombrus, bluefish, 
Pomatomus saltatrix, and tautog, Tautoga onitis.
In: International Atomic Energy Agency, editor. 
Combined effects of radioactive, chemical and 
thermal releases to the environment. Vienna, 
Austria: International Atomic Energy Agency. p. 
299-308. 

Powles, H. 1981. Distribution and movements of 
neustonic young of estuarine dependent (Mugil 
spp., Pomatomus saltatrix) and estuarine 
independent (Coryphaena spp.) fishes off the 
southeastern United States. In: Lasker R., Sherman, 
K. editors. The early life history of fish: recent 
studies. Rapp. P.-V. Reun. Cons. Int. Explor. Mer, 
1978. p. 207-210. 

Pristas, P.J. and L. Trent. 1977. Comparisons of catches 
of fishes in gill nets in relation to webbing 
material, time of day, and water depth in St. 
Andrew Bay, Florida. Fish. Bull. (U.S.) 75(1): 103-
108. 

Reid, R., F. Almeida, and C. Zetlin. 1999. Essential fish 
habitat source document: Fishery independent 
surveys, data sources, and methods. NOAA Tech. 
Mem. NMFS-NE-122. 39 p. 

Reiss. C. S., C.M. Jones, and E. Robillard. 2002. Age 
validation and age-specific fecundity of bluefish 
(Pomatomous saltatrix) in the Mid-Atlantic and 
South Atlantic Bights. Abstract from American 
Fisheries Society symposium on the biology, 
ecology, and life history of bluefish, AFS 132nd 
Annual Meeting, , August 18-22, 2002, Baltimore 
MD.  

Robins, C.R., G.C. Ray, J. Douglass, and R. Freund. 
1986. A field guide to Atlantic coast marine fishes. 
Houghton Mifflin Co., Boston, MA. 354 p. 

Rountree, R.A. and K.W. Able. 1992a. Fauna of 
polyhaline subtidal marsh creeks in southern New 
Jersey: composition, abundance and biomass. 
Estuaries. 15(2): 171-185. 

Rountree, R.A. and K.W. Able. 1992b. Foraging habits, 
growth, and temporal patterns of salt-marsh creek 
habitat use by young-of-year summer flounder in 
New Jersey. Trans. Am. Fish. Soc. 121: 765-776. 

Safina, C., R.H. Wagner, D.A. Witting, and K.J. Smith. 
1990. Prey delivered to roseate and common tern 
chicks: composition and temporal variability. J. 
Field Ornithol. 61(3): 331-338. 

Salerno, D.J., J.Burnett, and R.M. Ibara. 2001. Age, 
growth, maturity and spatial distribution of 
bluefish, Pomatomus saltatrix (Linnaeus), off the 
northeast coast of the United States, 1985-96. 
J.Northwest Atl. Fish. Sci., 29: 31-39. 



Page 13

Scharf, F.S. J.P. Manderson, M.C. Fabrizio, J.P. 
Pessutti, J.E.Rosendale, A.J. Bejida, and R. J. 
Chant. 2002. Seasonal and interannual patterns of 
distribution and diet of bluefish within a Middle 
Atlantic Bight estuary in relation to abiotic and 
biotic factors. Abstract from American Fisheries 
Society symposium on the biology, ecology, and 
life history of bluefish, AFS 132nd Annual 
Meeting, August 18-22, 2002, Baltimore MD. 

Secor, D.H., L. Takata, J. Bichy, and E.D. Houde. 
2002. Neritic habitat use by young-of-the-year 
bluefish in Maryland Coastal Waters. Abstract 
from American Fisheries Society symposium on 
the biology, ecology, and life history of bluefish, 
AFS 132nd Annual Meeting, August 18-22, 2002, 
Baltimore MD.  

Shepherd, G.R., J. Moser, D. Deuel and P. Carlsen. In 
press. The migration of bluefish (Pomatomus 
saltatrix) along the Atlantic coast determined from 
tag recoveries. Fish. Bull. (U.S.). 

Shima, M. 1989. Oceanic transport of the early life 
history stages of bluefish, Pomatomus saltatrix
from Cape Hatteras to the Mid-Atlantic Bight. 
M.S. thesis, State University of New York at Stony 
Brook. Stony Brook, NY. 69 p. 

Silverman, M.J. 1975. Scale development in the 
bluefish, Pomatomus saltatrix. Trans. Am. Fish. 
Soc. 104(4): 773-774. 

Smith, B.A. 1971. The fishes of four low-salinity tidal 
tributaries of the Delaware River estuary. M.S. 
thesis, Cornell University. Ithaca, NY. 304 p. 

Smith, W., P. Berrien, and T. Potthoff. 1994. Spawning 
patterns of bluefish, Pomatomus saltatrix, in the 
northeast continental shelf ecosystem. Bull. Mar. 
Sci. 54(1): 8-16. 

Stillwell, C.E. and N.E. Kohler. 1982. Food, feeding 
habits, and estimates of daily ration of the shortfin 
mako (Isurus oxyrinchus) in the northwest Atlantic. 
Can. J. Fish. Aquat. Sci. 39: 407-414. 

Stillwell, C.E. and N.E. Kohler. 1985. Food and feeding 
ecology of the swordfish Xiphias gladius in the 
western North Atlantic Ocean with estimates of 
daily ration. Mar. Ecol. Progr. Ser. 22: 239-247. 

Stobutzki, I.C. and D.R. Bellwood. 1994. An analysis 
of the sustained swimming abilities of pre- and 
post-settlement coral reef fishes. J. Exp. Mar. Biol. 
Ecol. 175: 275-286. 

Stone, S.L., T.A. Lowery, J.D. Field, C.D. Williams, 
D.M. Nelson, S.H. Jury, M.E. Monaco, and L. 
Andreasen. 1994. Distribution and abundance of 
fishes and invertebrates in Mid-Atlantic estuaries. 
ELMR Rep. No. 12. NOAA/NOS Strategic 
Environmental Assessments Division, Silver 
Spring, MD. 280 p. 

Texas Instruments Incorporated. 1976. Predation by 
bluefish in the lower Hudson River. Prepared for 
Consolidated Edison Co. of New York, Inc. by 
Texas Instruments Inc., Ecological Services, 
Consolidated Edison Co. of New York, Inc. 17 p. + 
appendices. 

Van der Elst, R. 1976. Game fish of the east coast of 
southern Africa. I. The biology of the elf 
Pomatomus saltatrix (Linnaeus), in the coastal 
waters of Natal. Oceanogr. Res. Inst. (Durban) 
Investig. Rep. 44: 1-59. 

Wilk, S.J. 1977. Biological and fisheries data on 
bluefish, Pomatomus saltatrix (Linnaeus). U.S. 
Natl. Mar. Fish. Serv., Northeast Fish Cent. Sandy 
Hook Lab. Tech. Ser. Rep. 11: 1-56. 

Wood, A.D. 2002. Predator-prey between mako sharks 
(Isurus oxyrinchus) and bluefish (Pomatomous 
saltatrix). Abstract from American Fisheries 
Society symposium on the biology, ecology, and 
life history of bluefish, AFS 132nd Annual 
Meeting, August 18-22, 2002, Baltimore MD.  



Page 14

Table 1. Dietary items of bluefish from several study areas. 

Source Life History Stage and 
Study Location Diet Items (in order of importance) 

Texas Instruments 
Incorporated 
(1976) 

Young-of-the-year, Hudson 
River (tidal) 

Anchoa mitchilli (dominated diet through summer), 
Clupeidae, Microgadus tomcod, Alosa sapidissima, Notropis 
hudsonius, Cyprinodontidae 

Festa (1979) 11-20 cm, Little Egg 
Harbor estuary, NJ 

Fundulus spp., Atherinidae, Anchoa spp., Callinectes sapidus, 
Brevoortia tyrannus, Crangon septemspinosa

Friedland et al.
(1988) 

Juvenile, Sandy Hook, NJ 1981: Teleosts, Crustacea, Polychaeta 
1982: Crustacea, Teleostei, Polychaeta 
1983: Crustacea, Teleostei, Polychaeta 
(weight at length significantly greater in 1981) 

Hartman and 
Brandt (1995a, b) 

Age 0, Age 1, and Age 2, 
Chesapeake Bay 

(Diets of all age classes 
changed through season) 

Age 0: Anchoa mitchilli, Menidia menidia, Brevoortia 
tyrannus
Age 1: Leiostomus xanthurus, A. mitchilli, M. menidia, B. 
tyrannus
Age 2: Micropogonias undulatus, A. mitchilli, B. tyrannus
(B. tyrannus becomes important in diets of all age classes in 
Sep-Oct.) 

Buckel and 
Conover (1997) 

Young-of-the-year, Hudson 
River estuary 

Unidentified fish, Anchoa mitchilli, Alosa spp., Morone 
saxatilis, Morone americana 

Buckel et al.
(1999) 

Young-of-the-year, Hudson 
River estuary 

Morone saxatilis, Anchoa mitchilli, Menidia menidia, Alosa
spp.

Buckel et al.
(1999) 

Georges Bank and Middle 
Atlantic Bight continental 
shelf,

Young-of-the-year 

Adult 

1994-1995 

Bay anchovy, squid, butterfish, striped anchovy, round 
herring 

Squid, butterfish, and clupeids. 
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Table 1. Continued. 

Source Life History Stage and 
Study Location Diet Items (in order of importance) 

Juanes et al.
(2001) 

Young-of-the-year, Great 
South Bay, NY 

Sand shrimp, YOY Menidia spp., unidentified fish, 
menhaden, sand worms 

Harding and Mann 
(2001) 

20 – 40 cm  

Chesapeake Bay 

Other fish, polychaete worms, clupeids, unidentified fish, 
crustacea.

Buckel and 
McKown (2002) 

New York Bight 
embayments (western Long 
Island and Staten Island) 

Young-of-the-year 

Menidia menidia, Anchoa mitchelli, unidentified fish, sand 
shrimp, mysids, amphipods, polychaete worms, other 
invertebrates 

Able et al. (2003) Coastal NJ, ocean beaches  

Young-of-the-year 

Anchoa spp., unidentified fish, decapods, Menidia spp., 
copepods, amphipods

NEFSC food 
habits database 
[sampling 
conducted during 
seasonal surveys 
on the continental 
shelf from the Gulf 
of Maine to Cape 
Hatteras from 1973 
to the present; see 
Link and Almeida 
(2000) for 
methodology] 

All ages (mean size 35.6 
mm FL), continental shelf, 
Georges Bank and Middle 
Atlantic Bight 

Small (< 30 cm FL) 

Medium (>30 cm to < 70 
cm FL) 

Large (> 70 cm FL) 

1973-1980: Unidentified fish, Illex spp., Etrumeus teres, 
Loligo spp., Peprilus triacanthus, Cephalopoda 

1981-2003: Anchoa spp., Unidentified fish, Peprilus 
triacanthus, Ammodytes dubius, Loligo spp., Clupea 
harengus  

1981-2003: Clupea harengus, Unidentified fish, squids,
Peprilus triacanthus, Anchoa spp.,

1981-2003: Unidentified fish, squids, Clupea harengus, 
gadids, Ammodytes spp., Anchoa spp., flatfish, sculpins, 
butterfish 
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Table 2. Sampling in 1979 ("Southern MARMAP") for bluefish larvae in the Charleston Bump area (32�37' N - 32�80' N 
x 78�42' W - 79�00' W). Isaacs Kidd MWT only. 

Date Sampling Depth Sampling Volume Sampled Bluefish No./10m2

February 9 15 5 308  

      “ 37 27 641  

      “ 84 33 816  

February 28 31 26 693 0.89

      “ 54 25 1085  

      “ 110 35 1052  

March 13 30 22 580  

      “ 74 29 995  

March 17 114 38 1258 0.91

March 18 28 20 700  

March 27 18 20 742 1.16

      “ 58 27 1002 0.78

      “ 98 34 1261  

March 28 30 26 965  

April 6 32 25 875 0.71

      “ 62 25 875 41.48

      “ 132 40 1400 0.38

April 18 27 20 700  

      “ 38 21 735 2.22

      “ 128 33 1155  

April 19 42 22 770 1.45

April 30 28 22 770 36.99

May 1 76 27 945 21.16

      “ 134 38 1330  

      “ 50 25 875 3.97

May 16 34 22 770 2.65

      “ 58 25 875 9.55

      “ 130 35 1225 0.36

June 5 28 22 770  

      “ 58 31 1085  

June 30 37 26 910  

July 1 58 29 1015  

      “ 124 47 1645  

August 12 42 24 890  

August 13 127 31 1150  

      “ 50 22 816  

      “ 22 20 742  



Page 17

Table 3. Distribution of early life history stages of bluefish, Pomatomus saltatrix, in estuaries from Maine to Florida. 
Occurrences are not quantitative and may be based on one or very few specimens. Estimates of relative abundance after 
Nelson and Monaco (1994), Jury et al. (1994), and Stone et al. (1994). Some Middle Atlantic Bight estuaries after Able 
and Fahay (1998). 

Estuary Eggs Larvae Juveniles 

Passamaquoddy Bay, ME None None Rare

Englishman/Machias Bay, ME None None Rare

Narraguagus Bay, ME None None Rare

Blue Hill Bay, ME None None Rare

Penobscot Bay, ME None None Common

Muscongus Bay, ME None None Common

Damariscotta River, ME None None Common

Sheepscot River, ME None None Common

Kennebec/Androscoggin Rivers, ME None None Common

Casco Bay, ME None None Common

Saco Bay, ME None None Common

Wells Harbor, ME None None Common

Great Bay, ME/NH None None Common

Merrimack River, NH None None Rare

Massachusetts Bay, MA None None Common

Boston Harbor, MA None None Common

Cape Cod Bay, MA None None Common

Nauset Marsh, MA None None None

Buzzards Bay, MA None Rare Abundant

Narragansett Bay, RI None Rare/common Abundant

Connecticut River, CT None None Abundant

Long Island Sound, NY None None Abundant

Gardiners Bay, NY Rare Rare Abundant

Great South Bay, NY None None Abundant

Hudson River, Raritan/Sandy Hook Bays, NY/NJ Rare Rare Abundant

Barnegat Bay, NJ None Rare Abundant

Great Bay, NJ None Rare Common

Southern Inland bays, NJ None Rare Abundant

Delaware Bay, NJ/DE None rare Abundant

Delaware Inland bays, DE None None Common

Eastern Shore, MD/VA None Rare Common

Chesapeake Bay mainstem, MD/VA None None Abundant

Chester River, MD None None Common

Choptank River, MD None None Common
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Table 3. Continued. 

Estuary Eggs Larvae Juveniles 

Patuxent River, MD None None Common

Potomac River, MD/VA None None Abundant

Tangier/Pocomoke Sound, VA None None Abundant

Rappahannock River, VA None None Abundant

York River, VA None None Abundant

James River, VA None None Abundant

Albemarle Sound, NC None None Common

Pamlico Sound, NC None None Abundant

Pungo River, NC None None Common

Neuse River, NC None None Common

Bogue Sound, NC None None Common

New River, NC None None Common

Cape Fear River, NC None None Abundant

Winyah Bay, SC None None Common

Santee Rivers (N&S), SC None None Common

Charleston Harbor, SC None None Common

St. Helena Sound, SC None None Common

Broad River, SC None None Common

Savannah River, SC/GA None None Common

Ossabow Sound, GA None None Common

Sapelo Sound/ St. Catherine, GA None None Common

Altamaha River, GA None None Common

St. Andrew/St. Simon Sound, GA None None Common

St. Johns River, FL None None Common

Indian River, FL None None Rare 

Biscayne Bay, FL None None Rare 
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Table 4. Unpublished records of juvenile bluefish in waters of coastal Maine. Collection locations are ordered from north 
to south (after Creaser and Perkins 1994). 

Location Date of Collection O/E1 Number 
Collected Size (mm TL) Method2

Marston Pt. August 25, 1983 O 3 100-130 HW 

Seal Island July 1991 O 1 50 AT 

Matinicus Rock July 24-30, 1991 O 4 50-60 RT 

         " July 9-17, 1991 O 14 40-50 AT 

         " Mid-July 1990 O 2 30-40 AT 

         " July 5, 1989 O 2 85-90 AP 

         " July 18, 1986 O 1 77 AP 

Foot Bridge (Boothbay 
Harbor) 

Summer 1970-1974 O --- Juveniles (2 modes) HS 

DMR Dock July 4, 1984 O 3 40-50 HL 

         " August 25, 1978 O 1 86 DN 

         " September 14, 1971 O 5 95-105 --- 

Townsend Gut September 5, 1985 O 1 Juvenile HL 

Lobster Cove August 11, 1991 O 4 162-192 HL 

         " August 30, 1990 O 1 145 HL 

Sheepscot River August 2, 1989 E 1 140 HL 

Sheepscot Falls August 1967 E --- 150-200 HL 

Marsh River July 17-Sept 17, 1991 E 60 101-217 GN 

         " August 1-Sept 26, 1990 E 149 89-218 GN 

         " August 8-28, 1989 E 102 92-194 GN 

         " August 26, 1987 E 6 129-163 GN 

         " August 14, 1986 E 28 93-121 GN 

The Eddy July 9, 1991 E 3 80-85 HS 

Cross River August 8, 1991 E 1 115 HS 

Berry Island September 8, 1974 E 4 125-140 HS 

         " August 29, 1973 E 2 132-141 HS 

         " August 30, 1972 E 1 112 HS 

Kennebec Pt. August 10-22, 1990 O 29 39-70 HS 
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Table 4. Continued. 

Location Date of Collection O/E1 Number 
Collected Size (mm TL) Method2

Mouth of Abagadasset 
River 

July 18, 1991 E 2 84-94 HS 

         " July 3, 1991 E 6 112-115 HS 

         " August 3, 1989 E 8 52-76 HS 

         " September 11, 1987 E 2 142-150 HS 

         " July 17, 1986 E 5 70-77 HS 

Mouth of Androscoggin 
River 

August 5, 1983 E 2 82-86 HS 

Bath Bridge Summer 1982 E 90 < 100 OT 

Winnegance Bay Summer 1988-1990 E --- 50-150 HL 

Atkins Bay Summer 1981 E --- 80-90 HS 

Howard Point August 1988 E 3 70-130 FK 

Jenny Island July 16, 1991 E 1 40 CT 

Merepoint Bay September 26, 1991 E 97 150-174 GN 

Royal River Summer 1988 E --- Juvenile --- 

SMVTI Dock September 1986 O --- 130-150 HL 

Union Wharf September 1984 O 6 150-200 HL 

Dunston, Libby, 
Nonesuch Rivers 
(confluence) 

Summer 1987 E --- Juvenile HL 

1 mi. off amusement pier, 
Old Orchard Beach 

Summer 1961-1964 O --- Juvenile HL 

Wells Harbor August 1991 E 1 68 FN 

1 O = oceanic; E = estuarine 
2 Collection methods: OT = otter trawl; FN = fyke net; HL = hook and line; HS = haul seine; AP = Atlantic puffin; 
  GN = gill net; AT = Arctic tern; DN = dip net; CT = common tern; HW = herring weir; RT = roseate tern 
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Table 5. Summary of life history and habitat characteristics for bluefish, Pomatomus saltatrix. See Appendix 1 for a 
more complete listing of habitat variables. 

Life History 
Stage 

Habitat (Spatial 
and Temporal) Temperature Salinity Light/Vertical 

Distribution 
Currents/ 

Circulation Prey Estuarine 
Use

Eggs 1

spring cohort:
unknown. 
summer cohort:
occurs across 
continental shelf, 
southern New 
England to Cape 
Hatteras. Most in 
mid-shelf waters. 

spring cohort:
unknown. 
summer cohort: most 
in 18-22�C.

spring cohort:
unknown. 
summer cohort: 31.0 
ppt or more 
(minimum 26.0 ppt). 

spring cohort:
unknown. 
summer cohort:
peak spawning in 
the evening 
(1900-2100 hrs). 

spring cohort:
unknown. 
summer cohort: in 
southern MAB, 
surface currents 
transport eggs 
south and offshore. 

-- None 

Larvae 2 spring cohort: near 
edge of continental 
shelf, Cape 
Hatteras-Cape 
Canaveral, FL. 
Peak April-May. 
summer cohort:
most 30-70 m 
depths, May-Sept, 
peak in July. 

spring cohort:
smallest larvae in > 
24�C.
summer cohort: near 
Cape Hatteras 22.1-
22.4�C; in MAB 18-
26�C.

spring cohort:
smallest larvae in > 
35 ppt. 
summer cohort: in 
MAB in 30-32 ppt. 

spring cohort: > 4 
mm strongly 
associate with 
surface. 
summer cohort:
near surface at 
night, mostly at 
about 4 m during 
day. 

spring cohort:
subject to 
northward 
advection by Gulf 
Stream. Some 
retained in SAB by 
southerly counter-
current. 
summer cohort:
southwest winds in 
MAB may facilitate 
cross-shelf 
transport. 

summer 
cohort:
mostly 
copepod life 
history 
stages. Guts 
full during 
day. 

None 

Pelagic 
Juveniles 3

spring cohort:
smallest near 180 m 
contour; larger near 
shore. April-May. 
summer cohort:
cross MAB shelf 
from Slope Sea to 
shore, early- to 
mid-June. 

spring cohort: 19.0-
24.0�C (or higher 
well offshore). 
summer cohort: in 
MAB 15.0-20.0�C
(most > 18.0�C). As 
low as 13.0�C when 
cross shelf. 

spring cohort: Near 
180 m contour, > 
35.0 ppt. 
summer cohort:
During June, range 
36.0-31.0 ppt. 

both cohorts:
strongly 
associated with 
the surface. 

spring cohort:
shoreward 
movement with 
growth unless 
advected north. 
summer cohort:
move shoreward 
with growth. 
Currents important, 
but active 
swimming 
indicated. 

-- both cohorts:
enter 
estuarine 
nurseries 
during this 
stage 

Juveniles 4

(summer 
cohort only) 

Several estuarine 
study areas 
between 
Narragansett Bay, 
RI and Delaware 
Bay and Delaware 
River. Also coast 
beaches and surf 
zones. 

In most studies, 
arrive > 20�C,
remain in 
temperatures up to 
30�C, emigrate when 
declines to 15�C.
Can not survive 
below 10�C or above 
34�C. Fall migration 
in 18-22�C on inner 
continental shelf. 

Usually 23.0-33.0 
ppt but can intrude to 
as low as 3.0 ppt. 

Day: usually near 
shorelines or in 
tidal creeks. 
Night: usually in 
open bay or 
channel waters. 

Can occur in surf 
zone or clear to 
turbid back-
estuarine zones. 

Atlantic 
silversides, 
bay anchovy, 
clupeids, 
striped bass, 
sand shrimp, 
mysids, other 
fish, 
invertebrates. 

Mostly sand, 
particularly 
along coast, 
but some 
mud, silt, 
clay. Also 
uses Ulva,
Zostera beds, 
and Spartina
or Fucus. In 
Chesapeake 
Bay includes 
oyster bars 
and beds. 

Adults 5 Generally oceanic, 
nearshore to well 
offshore over 
continental shelf.  

Warm water, usually 
> 14-16�C. Can 
tolerate 11.8-30.4�C
but are stressed at 
either extreme. 

Oceanic salinities. -- -- Sight feeders, 
prey on other 
fish almost 
exclusively. 

Not 
uncommon in 
bays, larger 
estuaries, as 
well as 
coastal 
waters. 

1 Norcross et al. (1974); Berrien and Sibunka (1999); data from present report. 
2 Norcross et al. (1974); Kendall and Walford (1979); Kendall and Naplin (1981); Powles (1981); Collins and Stender (1987); Hare and Cowen (1996); data  
   from present report. 
3 Fahay (1975); Kendall and Walford (1979); Powles (1981); Collins and Stender (1987); Hare and Cowen (1996). 
4 Lund and Maltezos (1970); Olla et al. (1975); Milstein et al. (1977); Nyman and Conover (1988); Rountree and Able (1992a, b); McBride et al. (1995); Able  

et al. (1996); Buckel and Conover (1997); Harding and Mann (2001), Buckel and McKown (2002), Secor et al. (2002), Able et al. (2003). 
5 Bigelow and Schroeder (1953); Olla and Studholme (1971).
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Figure 1. The adult bluefish, Pomatomus saltatrix (from Goode 1884). 
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Figure 2. The pelagic juvenile bluefish, 24.3 mm SL (from Able and Fahay 1998). 
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Figure 3. Distribution and abundance of bluefish eggs collected during NEFSC MARMAP ichthyoplankton surveys in 
the Mid-Atlantic Bight from 1978-1987 [survey also covered the Gulf of Maine and Georges Bank; see Reid et al.
(1999) for details]. 
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Figure 3.  Continued. 
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Figure 4.  Distribution and abundance of bluefish larvae collected during NEFSC MARMAP ichthyoplankton surveys of 
both the Mid-Atlantic Bight (1977-1987) and South Atlantic Bight (1973-1978) [survey also covered the Gulf of Maine 
and Georges Bank; see Reid et al. (1999) for details].  

82 80 78 76 74 72 70 68 66
28

30

32

34

36

38

40

42

44

200m

Bluefish Larvae
(Pomatomus saltatrix)

MARMAP Ichthyoplankton Surveys,
Middle Atlantic Bight and South Atlantic Bight

61-cm Bongo Net; 0.505-mm mesh

MAB: 1977-1987;  SAB: 1973-1978

Larvae/10m2

None
1 to 9
10 to 99
100 to 999

1000 to 2664

No.
Tows

With
Larvae

MAB

SAB

5659 461

243 28



Page 27

Figure 5.  Distribution and abundance of bluefish larvae collected with a bongo net in the South Atlantic Bight during 
NEFSC MARMAP ichthyoplankton surveys [see Reid et al. (1999) for details].
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Figure 5.  Continued. 
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Figure 6.  Distribution and abundance of bluefish larvae collected in a neuston net in the South Atlantic Bight during 
NEFSC MARMAP ichthyoplankton surveys [see Reid et al. (1999) for details]. 
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Figure 6.  Continued. 
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Figure 7. Distribution and abundance of bluefish larvae collected during NEFSC MARMAP ichthyoplankton surveys in 
the Mid-Atlantic Bight from 1977-1987 [survey also covered the Gulf of Maine and Georges Bank; see Reid et al.
(1999) for details]. 
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 Figure 7. Continued. 
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Figure 7. Continued. 
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Figure 8.  Reported occurrences of juvenile bluefish along the east coast of the United States (Clark 1973). 
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Figure 9. Abundance (number/tow) of young-of-the-year bluefish in seine and trawl surveys by state and by year. 
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Figure 10. Distributions and abundances of juvenile bluefish in Massachusetts coastal waters collected during the fall 
Massachusetts inshore trawl surveys (1978-2003, all years combined). Survey stations where juveniles were not found 
are not shown. 
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Figure 11. Distributions and abundances of juvenile bluefish collected in Narragansett Bay during 1990-1996 Rhode 
Island bottom trawl surveys.  The numbers shown at each station are the average catch per tow rounded to one decimal 
place [see Reid et al. (1999) for details]. 
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Figure 12. Seasonal length frequency distributions of bluefish collected in Narragansett Bay during 1990-1996 Rhode 
Island bottom trawl surveys [all years combined; see Reid et al. (1999) for details]. 
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Figure 13. Relative abundance (geometric mean catch/tow) catch/tow and percent occurrence (proportion of samples in 
which at least one individual was observed) for juvenile and adult bluefish in Long Island Sound, by month, month and 
bottom type, and month and depth interval. Source: Gottschall et al. (2000). 
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Figure 14. Distributions and abundances of juvenile and adult bluefish in Long Island Sound, based on 86,192 fish taken 
in 2,859 tows during the finfish surveys of the Connecticut Fisheries Division, 1984-1994. The largest circle size 
represents a tow with a catch of > 800 bluefish. Collections were made with a 14 m otter trawl at about 40 stations 
chosen by stratified random design. Source: Gottschall et al. (2000). 
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Figure 15. Monthly log10 length frequencies (cm) of juvenile and adult bluefish collected in Long Island Sound, based on 
76,370 fish taken in 1,380 tows during the finfish surveys of the Connecticut Fisheries Division between 1989-1994. 
Source: Gottschall et al. (2000). 
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Figure 16. Relative abundance (geometric mean catch/tow) catch/tow and percent occurrence (proportion of samples in 
which at least one individual was observed) for young-of-year bluefish in Long Island Sound, by month, month and 
bottom type, and month and depth interval. Source: Gottschall et al. (2000). 
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Figure 17. Distributions and abundances of young-of-year bluefish in Long Island Sound, based on 77,514 young-of-
year fish taken in 2,859 tows during the finfish surveys of the Connecticut Fisheries Division, 1984-1994. The largest 
circle size represents a tow with a catch of > 800 bluefish. Collections were made with a 14 m otter trawl at about 40 
stations chosen by stratified random design. Source: Gottschall et al. (2000). 
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Figure 18. Distributions and abundances of age 1+ bluefish in Long Island Sound, based on 8,782 age 1+ fish taken in 
2,859 tows during the finfish surveys of the Connecticut Fisheries Division, 1984-1994. The largest circle size represents 
a tow with a catch of > 100 bluefish. Collections were made with a 14 m otter trawl at about 40 stations chosen by 
stratified random design. Source: Gottschall et al. (2000). 
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Figure 19. Relative abundance (geometric mean catch/tow) catch/tow and percent occurrence (proportion of samples in 
which at least one individual was observed) for age 1+ bluefish in Long Island Sound, by month, month and bottom type, 
and month and depth interval. Source: Gottschall et al. (2000). 
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Figure 20. Seasonal distribution and abundance of juvenile bluefish in the Hudson-Raritan estuary collected during 
Hudson-Raritan estuary trawl surveys, 1992–1997 [see Reid et al. (1999) for details]. 
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Figure 21. Catch per unit effort for total catch of juvenile and adult bluefish in Chesapeake Bay and tributaries, from the 
Virginia Institute of Marine Science’s (VIMS) trawl surveys, 1988-1999 (all years combined). Source: Geer (2002). 
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Figure 22. Seasonal distribution and abundance of bluefish in Chesapeake Bay and tributaries, from the VIMS trawl 
surveys, 1988-1999 (all years combined). Monthly surveys were conducted using a random stratified design of the main 
stem of the Bay using a 9.1 m semi-balloon otter trawl with 38 mm mesh and 6.4 mm cod end with a tow duration of five 
minutes. Source: Geer (2002). 
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Figure 23. Catch per unit effort for total catch of juvenile bluefish in Chesapeake Bay, from the VIMS seine surveys, 
1994-1999 (all years combined). Source: Geer (2002). 
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Figure 24. Juvenile bluefish catch per unit effort by site from the VIMS beach seine surveys, 1994-1999 (all years 
combined). Source: Geer (2002). 
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Figure 25.  Distribution and abundance of bluefish in the South Atlantic Bight collected during SEAMAP bottom trawl 
surveys [1990-1996, all years combined; see Reid et al. (1999) for details]. 
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Figure 26.  Length frequency distribution of bluefish in the South Atlantic Bight collected during SEAMAP bottom trawl 
surveys (1990-1996, all years combined). 
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Figure 27.  Monthly distribution, abundance, and length frequency distribution of bluefish in the South Atlantic Bight 
collected during SEAMAP bottom trawl surveys (1990-1996, all years combined). 
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Figure  27.  Continued. 
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Figure 28. Distributions and abundances of adult bluefish in Massachusetts coastal waters collected during the spring and 
fall Massachusetts inshore trawl surveys (1978-2003, all years combined). Survey stations where adults were not found 
are not shown. 
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Figure 28. Continued. 
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Figure 29. Distributions and abundances of adult bluefish collected in Narragansett Bay during 1990-1996 Rhode Island 
bottom trawl surveys.  The numbers shown at each station are the average catch per tow rounded to one decimal place 
[see Reid et al. (1999) for details]. 
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Figure 30. Seasonal distribution and abundance of adult bluefish in the Hudson-Raritan estuary collected during Hudson-
Raritan estuary trawl surveys, 1992–1997 [see Reid et al. (1999) for details]. 
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Figure 31. Seasonal length frequency distributions used to determine bluefish size and age cutoffs in NEFSC bottom 
trawl surveys. 
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Figure 32. Distributions and abundances of juvenile and adult bluefish collected during winter NEFSC bottom trawl 
surveys (1964-2003, all years combined). Distributions are displayed as presence only. 
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Figure 32. Continued. 
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Figure 33. Distributions and abundances of four size classes of bluefish collected during spring NEFSC bottom trawl 
surveys (1968-1997, all years combined). Survey stations where bluefish were not found are not shown. 
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Figure 34. Distributions and abundances of juvenile and adult bluefish collected during spring NEFSC bottom trawl 
surveys (1968-2003, all years combined). Survey stations where bluefish were not found are not shown. 
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Figure 34. Continued. 
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Figure 35. Distributions and abundances of juvenile and adult bluefish collected during summer NEFSC bottom trawl 
surveys (1963-2003, all years combined). Distributions are displayed as presence only. 
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Figure 35. Continued. 
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Figure 36. Distributions and abundances of four size classes of bluefish collected during fall NEFSC bottom trawl 
surveys (1963-1996, all years combined). Survey stations where bluefish were not found are not shown. 
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Figure 37. Distributions and abundances of juvenile and adult bluefish collected during fall NEFSC bottom trawl surveys 
(1963-2003, all years combined). Survey stations where bluefish were not found are not shown. 
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Figure 37. Continued. 
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Figure 38. Distributions of bluefish eggs collected during NEFSC MARMAP ichthyoplankton surveys relative to near-
surface water column temperature and depth, from May- August 1978-1987, all years combined. Open bars represent the 
proportion of all stations which were surveyed, while solid bars represent the proportion of the sum of all standardized 
catches (number/10 m2). Note that the bottom depth interval changes with increasing depth. 
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Figure 39. Distributions of bluefish larvae collected during NEFSC MARMAP ichthyoplankton surveys relative to near-
surface water column temperature and depth, from May- September 1977-1987, all years combined. Open bars represent 
the proportion of all stations which were surveyed, while solid bars represent the proportion of the sum of all 
standardized catches (number/10 m2). Note that the bottom depth interval changes with increasing depth. 
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Figure 40. Distributions of juvenile bluefish and trawls from NEFSC bottom trawl surveys relative to bottom water 
temperature, depth, and salinity, based on NEFSC spring bottom trawl surveys (temperature and depth: 1968-2003, all 
years combined; salinity: 1991-2003, all years combined). Light bars show the distribution of all the trawls, dark bars 
show the distribution of all trawls in which bluefish occurred and medium bars show, within each interval, the 
percentage of the total number of bluefish caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 40. Continued. 
Based on NEFSC fall bottom trawl surveys (temperature and depth: 1963-2003, all years combined; salinity: 1991-2003, 
all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in 
which bluefish occurred and medium bars show, within each interval, the percentage of the total number of bluefish 
caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 41. Distributions of juvenile bluefish and trawls in Massachusetts coastal waters relative to bottom water 
temperature and depth, based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). 
Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in which bluefish occurred 
and medium bars show, within each interval, the percentage of the total number of bluefish caught. 
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Figure 42. Seasonal distributions of juvenile bluefish and trawls relative to bottom water temperature and depth based on 
Rhode Island Narragansett Bay trawl surveys (1990-1996; all years combined). White bars give the distribution of all the 
trawls and black bars represent, within each interval, the percentage of the total number of juveniles caught. 
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Figure 43. Distributions of juvenile bluefish relative to mean bottom water temperature, dissolved oxygen, depth, and 
salinity, based on Hudson-Raritan estuary trawl surveys (January 1992 - June 1997, all years combined). Open bars 
represent stations surveyed and closed bars represent fish collected. 

Temperature (C)

Depth (ft)

0 2 4 6 8 10 12 14 16 18 20 22 24 26
0
5

10
15
20
25
30
35
40
45

Stations

Catches

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
0
5

10
15
20
25
30
35
40
45

Dissolved Oxygen (mg/l)

Salinity (ppt)

0 1 2 3 4 5 6 7 8 9 10 11 12 13
0
5

10
15
20
25
30
35
40
45
50

15 17 19 21 23 25 27 29 31 33 35
0

5

10

15

20

25

30

<Juveniles (   35 cm)



Page 77

Figure 44. Hydrographic preferences for bluefish in Chesapeake Bay and tributaries, from the VIMS trawl surveys, 
1988-1999 (all years combined). Source: Geer (2002). 
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Figure 45. Hydrographic preferences for juvenile bluefish, from the VIMS seine surveys, 1994-1999 (all years 
combined). Source: Geer (2002). 
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Figure 46. Distributions of adult bluefish and trawls from NEFSC bottom trawl surveys relative to bottom water 
temperature, depth, and salinity, based on NEFSC spring bottom trawl surveys (temperature and depth: 1968-2003, all 
years combined; salinity: 1991-2003, all years combined). Light bars show the distribution of all the trawls, dark bars 
show the distribution of all trawls in which bluefish occurred and medium bars show, within each interval, the 
percentage of the total number of bluefish caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 46. Continued. 
Based on NEFSC fall bottom trawl surveys (temperature and depth: 1963-2003, all years combined; salinity: 1991-2003, 
all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in 
which bluefish occurred and medium bars show, within each interval, the percentage of the total number of bluefish 
caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 47. Distributions of adult bluefish and trawls in Massachusetts coastal waters relative to bottom water temperature 
and depth, based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars 
show the distribution of all the trawls, dark bars show the distribution of all trawls in which bluefish occurred and 
medium bars show, within each interval, the percentage of the total number of bluefish caught. 
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Figure 47. Continued. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which bluefish occurred and medium bars 
show, within each interval, the percentage of the total number of bluefish caught. 
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Figure 48. Seasonal distributions of adult bluefish and trawls relative to bottom water temperature and depth based on 
Rhode Island Narragansett Bay trawl surveys (1990-1996; all years combined). White bars give the distribution of all the 
trawls and black bars represent, within each interval, the percentage of the total number of adults caught. 
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Appendix 1.  Bluefish habitat characteristics.  MAB = Middle Atlantic Bight; SAB = South Atlantic Bight. 

EGGS

Authors Study Period 
and Area

Habitat (Spatial 
and Temporal) Temperature Salinity Dissolved

Oxygen Currents Light Prey

Norcross et
al. (1974) 

1960-1962, 
Continental
Shelf waters off 
Virginia.

Across shelf, from 
nearshore to shelf 
edge, but most in 
outer half of shelf.  
June through August, 
peak July. 

22�C or more. 
(Minimum 
18�C).

31 ppt or 
more. 
(Minimum 
26.6 ppt). 

--- Prevailing 
surface currents 
transport eggs 
south and 
offshore. 

Peak
spawning
evening
(1900-2100 
hrs). 

---

Berrien and 
Sibunka
(1999) 

1977-1987, 
Continental
Shelf waters, 
Gulf of Maine to 
Cape Hatteras. 

Occur southern New 
England to Cape 
Hatteras across entire 
shelf.  Most in mid-
shelf waters of 
MAB, especially off 
New Jersey and 
Delaware Bay.  May-
August. 

--- --- --- --- --- --- 
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Appendix 1.  Continued. 

LARVAE

Authors Study Period 
and Area 

Habitat (Spatial 
and Temporal) Temperature Salinity Dissolved

Oxygen Currents Light/Vertical 
Distribution Prey

Norcross 
et al.
(1974) 

1960-1962, 
Continental
Shelf waters 
off Virginia. 

Surface waters, 
most near edge of 
shelf.

--- --- --- --- --- --- 

Kendall
and
Walford 
(1979) 

1965-1967, 
Continental
Shelf waters 
between Cape 
Cod and Palm 
Beach,
Florida.

Late April: in and 
near Gulf Stream 
off Cape Hatteras; 
May: near edge of 
shelf off Carolinas;  
August: mid-shelf 
depths off New 
Jersey;  
September: few in 
New York Bight;
October: 
concentration near 
shelf edge off 
Georgia. 

C. Hatteras: 
22.1-22.4�C;
MAB: 18-26�C,
SAB: 20-26�C.

MAB: 30-
32 ppt,  
SAB: 35-
38 ppt. 

--- Larvae from 
spring spawn 
advected north 
via Gulf 
Stream. 

--- --- 

Kendall
and Naplin 
(1981) 

July 1974, 
outer 
Continental
Shelf off 
Delaware 
Bay. 

Vertical 
distribution study. 
Most larvae within 
4 m of surface. 

Surface 23�C. Surface 33 
ppt. 

--- --- Near surface at 
night; mostly at 
4 m during 
daylight. 

Mostly
copepod life 
history 
stages.
Guts full 
during day; 
empty 
during 
night. 

Powles
(1981) 

1973-1976, 
Cape Fear, 
North
Carolina to 
Cape
Canaveral, 
Florida.

Peaked April-May; 
smallest near edge 
of shelf; larger 
closer to shore or 
advected north. 

Smallest larvae 
> 24�C.

Smallest 
larvae > 35 
ppt. 

--- Ekman drift 
would impede 
inshore 
migration. 

Predominately 
neustonic. 

---

Collins
and
Stender 
(1987) 

1973-1980, 
Cape Hatteras 
to Cape 
Canaveral, 
Florida.

Mostly in waters > 
40 m, primarily in 
spring, secondarily 
in late summer. 

--- --- --- Southerly 
counter-current 
retains larvae in 
SAB.

> 4 mm strongly 
associated with 
surface. 

---

Hare and 
Cowen
(1996); 
Hare et al.
(2001) 

March 1990, 
1991; April 
1989; June 
1991; Water 
masses off 
Cape
Hatteras. 

Larvae occurred 
March through 
June; different 
sizes occurred in 
different water 
masses. 

March: 20-
25�C; April: 18-
25�C; June: 21-
25�C

March: 36+ 
ppt; April: 
34.5-36.5 
ppt; June: 
31-36 ppt. 

--- SW winds in 
MAB may 
facilitate cross-
shelf transport 
of larvae. 

--- --- 
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Appendix 1.  Continued. 

PELAGIC-JUVENILES 

Authors Study Period 
and Area

Habitat (Spatial and 
Temporal)

Temperature Salinity Dissolved
Oxygen Currents Light/Vertical 

Distribution Prey

Fahay
(1975) 

Seasonal, May 
1967-Feb. 
1968. SAB 
Continental
Shelf. 

14 collected between 
North Carolina and 
Cape Canaveral, 
various depths between 
nearshore and shelf 
edge. All during May. 

19.0-24.0�C --- --- --- --- --- 

Kendall
and
Walford 
(1979) 

1965-1972, 
East Coast U.S. 
(MAB and 
SAB
Continental
Shelf into 
Slope Sea). 

April (late): many near 
Cape Hatteras; 
May: shelf in SAB, 
largest nearshore; 
June: MAB between 
shore and shelf/slope 
front;
Fall: few between 
Delaware Bay and Cape 
Hatteras;
Winter: few between St. 
Johns River and Cape 
Canaveral. 

April-May: 
22.1-24.0�C,
Jun: 15.0-
20.0�C (most > 
18.0�C),
Fall: 15.0-
18.0�C,
Winter: 13.0-
15.0�C.

--- --- Migrate across 
shelf from 
shelf/slope front 
to shore as shelf 
waters warm. 

All collected in 
near-surface 
samplers. 

---

Powles
(1981) 

1973-1976; 
SAB Cape fear-
Cape
Canaveral. 

Smallest collected near 
180 m contour; larger 
near shore. 

180 m contour: 
> 24.0�C.

180 m 
contour: > 
35.0 ppt. 

--- Weak 
association of 
size with 
proximity to 
coast. Most 
probably 
advected north. 

Strongly 
associated with 
the surface. 

---

Collins
and
Stender 
(1987) 

1973-1980, 
SAB Cape 
Fear-Cape 
Canaveral. 

Seaward of 40 m 
isobath, mostly spring, 
some fall occurrences. 

--- --- --- Strong negative 
correlation of 
size and depth 
during spring, 
indicates
shoreward 
movement with 
growth. 

Strongly 
associated with 
the surface. 

---

Hare and 
Cowen
(1996) 

1988, MAB 
shelf edge. 

Cross shelf from Slope 
Sea to shore early to 
mid-June. 

13.0-15.0�C. --- --- Wind-driven 
flow may be 
important, but 
active swimming 
probably more 
important. 

Surface oriented. --- 
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Appendix 1.  Continued. 

JUVENILES AND OLDER 

Authors
Study

Period and 
Area

Habitat 
(Spatial and 
Temporal) 

Temperature Salinity Dissolved
Oxygen Currents/Tide Substrate/ 

Vegetation Light/ Diel Prey

de Sylva et 
al. (1962) 

1958-1960, 
Delaware 
Bay and 
River.

July and 
August, 
mostly in 
shore zone of 
lower
estuary.

--- usually 
high, but as 
low as 3.0 
ppt. 

--- Surf zone, clear 
to turbid. 

Sand. --- Collected 
with small 
clupeids and 
anchovies. 

Smith (1971) 1969-1970, 
four low-
salinity
creeks, upper 
Delaware 
Bay. 

Six YOY 
occurred in 
two of the 
creeks, June 
and July. 

24.5-30.0�C. 0-5.2 ppt. 4.5-7.3. Ebb/flood. Sand/gravel. Day. --- 

Milstein et
al. (1977) 

1972-1974, 
Great Bay, 
New Jersey. 

Several
distinct
habitats
studied;
bluefish most 
abundant in 
mud-sand, 
high salinity 
sites; also 
sandy 
beaches.

--- --- --- Slow to 
moderate, swept 
by waves. 

Mostly sand, 
some gravel, 
silt, clay; 
Ulva lactuca,
Spartina 
alterniflora,
Fucus
(sometimes). 

--- --- 

Pristas and 
Trent (1977) 

1972, St. 
Andrews 
Bay, Florida. 

Range of 
depths
sampled with 
gill nets, 24 
hrs. Bluefish 
most dense in 
shallowest
zone (0.7-1.1 
m). 

11.4-27.0�C. 25.3-34.6 
ppt. 

--- --- > 80% sand; 
vegetation
most dense in 
shallow zone. 

Bluefish
most 
abundant at 
night in 
shallowest
zone. 

---

Nyman and 
Conover 
(1988) 

1985-1986, 
both shores 
of Long 
Island, New 
York.

Occur in 
embayments, 
between late 
May and 
October. 

Arrive > 20�C;
emigrate ca. 
15�C.

--- --- --- --- --- --- 

Rountree and 
Able (1992a, 
b). 

1988-1989, 
Great South 
Bay, New 
Jersey.

Occur in 
polyhaline 
subtidal
marsh creeks 
during 
summer. 

> 20.0�C. 23.0-30.0 
ppt. 

--- --- --- Day: tidal 
creeks
Night: open 
bay. 

Menidia
menidia. 

McBride et 
al. (1995) 

Narragansett 
Bay, Rhode 
Island. 

June-
October, 
shallow
beaches.

18.0-28.0�C. 25.0-34.0 
ppt. 

--- --- Cobble, 
gravel, shell, 
sand; Ulva
and some 
Zostera.

Day
sampling 
only. 

---

Able et al.
(1996) 

Great Bay, 
New Jersey. 

Most bluefish 
in subtidal 
creeks.

19.0-28.0�C. 25.0-33.0 
ppt. 

--- --- 0.3-1.2 m 
depth; Ulva
lactuca.

--- --- 
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Appendix 1.  Continued. 

JUVENILES AND OLDER (CONTINUED) 

Authors
Study

Period and 
Area

Habitat 
(Spatial and 
Temporal) 

Temperature Salinity Dissolved
Oxygen Currents/Tide Substrate/ 

Vegetation Light/ Diel Prey

Buckel and 
Conover 
(1997) 

1992-1993, 
Hudson
River
estuary.

Mid-channel 
and
nearshore
day-night 
occurrence
and feeding 
study. 

--- --- --- --- --- Most 
abundant
nearshore
during 
daylight;
mid-channel 
at night and 
twilight.

Gut fullness 
highest
twilight and 
day, usually 
low at night. 
Prey: striped 
bass, bay 
anchovy, 
clupeids. 

Fahay et al.
(1999) 

1964-1997, 
Continental
shelf MAB, 
south to Cape 
Fear, Cape 
Canaveral. 

Inner shelf 
(over depths 
< 20 m) 
during 
summer and 
fall.

Most 18-22�C. --- --- --- --- --- --- 

Harding and 
Mann (2001) 

Chesapeake
Bay 1997. 

May to 
September. 
Oyster reefs, 
oyster bars, 
and sandy 
bottoms. 

17�C to 28�C. 11 to 18 ppt. --- No significant 
effect on 
abundance. 

More 
abundant on 
oyster bars.  
More diverse 
diet on bars. 

Most 
abundant in 
samples at 
night. 

Clupeids, 
other teleosts, 
polychaetes
and
crustaceans.

Buckel and 
McKown
(2002) 

New York 
Bight
embayments, 
1997 and 
1998. 

May to 
November, 
embayments 
in western 
Long Island 
and Staten 
Island. 

15�C to 26�C. 22 to 27 ppt. --- --- --- --- Sand shrimp, 
mysids, 
Menidia spp.,
Anchoa spp.,
Fundulus 
spp. , 
amphipods. 

Scharf et al.
(2002) 

Navesink
River/Sandy 
Hook Bay. 

Shallow
estuaries
May to 
October. 

--- --- --- Low velocity 
currents. 

Depositional
habitat – high 
turbidity
zones. 

--- Primarily 
menhaden 
large niche 
overlap 
between
predator and 
prey. 

Fox et al.
(2002) 

Delaware 
Bay June – 
Nov 2001. 

Marsh creeks 
in NJ. 

--- Range from 
mesohaline 
to
oligohaline. 

--- --- --- --- Menhaden, 
Fundulus
spp., Menidia
spp. 
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Appendix 1.  Continued. 

JUVENILES AND OLDER (CONTINUED) 

Authors
Study

Period and 
Area

Habitat 
(Spatial and 
Temporal) 

Temperature Salinity Dissolved
Oxygen Currents/Tide Substrate/ 

Vegetation Light/ Diel Prey

Secor et al.
(2002) 

Chesapeake
Bay and MD 
coastal bays. 

Shoal
habitats (< 2 
m depth) and 
deeper
offshore 
habitats (4-40 
m depth). 
Concluded
that shallow 
ocean habitat 
important for 
YOY in late 
summer –  
early fall. 

--- --- --- --- --- --- Menidia spp. 
in July, 
Anchoa spp.
in August. 

Able et al.
(2003) 

Coastal NJ 
1995-1998. 

Sandy ocean 
beaches and 
Great Bay 
and Little 
Egg Harbor 
estuary.

7.7�C to 
25.4�C.

27.1 to 33.4 
ppt. 

--- High wave 
energy on 
beaches and 1.4 
m tidal range. 

Sand. --- Bay anchovy, 
Menidia spp.,
amphipods, 
decapods. 
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PREFACE TO SECOND EDITION 

One of the greatest long-term threats to the viability of 
commercial and recreational fisheries is the continuing 
loss of marine, estuarine, and other aquatic habitats.

Magnuson-Stevens Fishery Conservation and 
Management Act (October 11, 1996) 

The long-term viability of living marine resources 
depends on protection of their habitat. 

NMFS Strategic Plan for Fisheries Research 
(February 1998) 

The Magnuson-Stevens Fishery Conservation and 
Management Act (MSFCMA), which was reauthorized 
and amended by the Sustainable Fisheries Act (1996), 
requires the eight regional fishery management councils 
to describe and identify essential fish habitat (EFH) in 
their respective regions, to specify actions to conserve 
and enhance that EFH, and to minimize the adverse 
effects of fishing on EFH.  Congress defined EFH as 
“those waters and substrate necessary to fish for 
spawning, breeding, feeding or growth to maturity.”  
The MSFCMA requires NOAA Fisheries to assist the 
regional fishery management councils in the 
implementation of EFH in their respective fishery 
management plans. 

NOAA Fisheries has taken a broad view of habitat 
as the area used by fish throughout their life cycle.  Fish 
use habitat for spawning, feeding, nursery, migration, 
and shelter, but most habitats provide only a subset of 
these functions.  Fish may change habitats with changes 
in life history stage, seasonal and geographic 
distributions, abundance, and interactions with other 
species.  The type of habitat, as well as its attributes and 
functions, are important for sustaining the production of 
managed species. 

The Northeast Fisheries Science Center compiled 
the available information on the distribution, 
abundance, and habitat requirements for each of the 
species managed by the New England and Mid-Atlantic 
Fishery Management Councils.  That information is 
presented in a series of EFH species reports (plus one 
consolidated methods report).  The EFH species reports 
are a survey of the important literature as well as 
original analyses of fishery-independent data sets from 
NOAA Fisheries and several coastal states.  The species 
reports are also the source for the current EFH 
designations by the New England and Mid-Atlantic 
Fishery Management Councils, and understandably are 
referred to as the “EFH source documents.” 

NOAA Fisheries provided guidance to the regional 
fishery management councils for identifying and 
describing EFH of their managed species.  Consistent 
with this guidance, the species reports present 
information on current and historic stock sizes, 
geographic range, and the period and location of major 
life history stages.  The habitats of managed species are 

described by the physical, chemical, and biological 
components of the ecosystem where the species occur.  
Information on the habitat requirements is provided for 
each life history stage, and it includes, where available, 
habitat and environmental variables that control or limit 
distribution, abundance, growth, reproduction, 
mortality, and productivity. 

The initial series of EFH species source documents 
were published in 1999 in the NOAA Technical 
Memorandum NMFS-NE series. Updating and review 
of the EFH components of the councils’ Fishery 
Management Plans is required at least every 5 years by 
the NOAA Fisheries Guidelines for meeting the 
Sustainable Fisheries Act/EFH Final Rule. The second 
editions of these species source documents were written 
to provide the updated information needed to meet 
these requirements. The second editions provide new 
information on life history, geographic distribution, and 
habitat requirements via recent literature, research, and 
fishery surveys, and incorporate updated and revised 
maps and graphs. 

Identifying and describing EFH are the first steps 
in the process of protecting, conserving, and enhancing 
essential habitats of the managed species.  Ultimately, 
NOAA Fisheries, the regional fishery management 
councils, fishing participants, Federal and state 
agencies, and other organizations will have to cooperate 
to achieve the habitat goals established by the 
MSFCMA.
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INTRODUCTION

The black sea bass (Centropristis striata Linnaeus 
1758) (Figure 1) is a warm temperate serranid that 
ranges from southern Nova Scotia and the Bay of 
Fundy (Scott 1988) to southern Florida (Bowen and 
Avise 1990) and into the Gulf of Mexico. Fish have 
been reported on the Grand Banks of Canada (Brown et 
al. 1996), but are uncommon in cooler waters north of 
Cape Cod (Scattergood 1952; DeWitt et al. 1981). 
Black sea bass are typically found on the continental 
shelf in complex habitats such as reefs and shipwrecks, 
but young of the year (YOY) fish also occur in large 
numbers in structurally complex estuarine habitats. 

LIFE HISTORY 

EGGS

Black sea bass eggs are pelagic and the length of 
the incubation period is inversely temperature 
dependent (Able and Fahay 1998). 

Berrien and Sibunka (1999) showed that in the 
Mid-Atlantic Bight, areas with high average egg 
densities were generally located on the continental shelf 
in the vicinity of large estuaries including Chesapeake 
Bay, the Delaware River, and the Hudson River. Eggs 
are collected off Cape Hatteras as early as January but 
these may be reproductive products transported by the 
Gulf Stream from spawning areas to the south (Mercer 
1978). 

Black sea bass eggs also occur infrequently in large 
bays. They have been reported in Buzzards Bay, MA 
(Stone et al. 1994), with the highest egg concentrations 
between May and October, but eggs were also collected 
in January and April. Eggs are rare in Long Island 
Sound (Merrimann and Sclar 1952; Wheatland 1956; 
Richards 1959), and absent in Narragansett Bay Rhode 
Island (Bourne and Govoni 1988) and Delaware Bay 
(Wang and Kernehan 1979). 

LARVAE 

Larvae hatch from eggs at 1.5-2.1 mm TL and 
settle as early juveniles at 10-16 mm TL (Kendall 1972; 
Fahay 1983; Able et al. 1995). Kendall (1972) 
however, suggested that fish may delay settlement until 
they reach 25 mm TL.  

Gelatinous zooplankton may be important 
predators of larvae (Arai 1988). 

JUVENILES

In the Mid-Atlantic Bight, juveniles migrate in the 
fall from nearshore summer habitats to over wintering 
habitats on the outer continental shelf south of Long 
Island, NY. During warmer winters, juveniles may 
successfully over winter in deeper waters of lower 
Chesapeake Bay (MAFMC 1996; Chesapeake Bay 
Program 1996). The fall offshore migration of juveniles 
in most of the Mid-Atlantic Bight probably allows fish 
to avoid temperatures below the lower lethal limit 
(~2°C, see Habitat Characteristics section) (Hales and 
Able 2001). However, juveniles in the Gulf of Mexico 
also disappear in the fall from inshore collections in the 
lower reaches of Florida west coast estuaries where 
they are abundant, and appear to over winter in offshore 
areas (Reid 1954; Joseph and Yerger 1956; Springer 
and Woodburn 1960; Hastings 1972). 

The growth of juvenile black sea bass has been 
measured in situ by Able and Hales (1997) who used 
mark recapture techniques in the lower reach of a 
southern New Jersey estuary to show that growth rates 
of age-0 and age-1 fish from spring through fall 
averaged ~ 0.45 mm d (SE=0.04). Juvenile growth was 
higher during the summer (July-September; 0.74 mm d, 
SE= 0.05) than during the spring (March-June; 0.29 
mm d, SE=0.04) and fall (October-December; 0.39 mm 
d). Growth estimates for age 1+ fish derived from 
length frequencies of fish in the same region, but in a 
different study, were similar (average=0.77 mm/day) 
(Able et al. 1995). In the Hereford Estuary, New Jersey 
early juveniles ~ 20 mm SL are collected in July but 
leave the estuary in the fall at sizes > 40 mm TL (Allen 
et al. 1978). Age-1 fish enter this estuary at 60 mm TL 
but migrate in the fall at ~ 100 mm TL. In eastern 
Virginia bays juveniles are reported to be ~ 30 mm TL 
in April but reach 100-182 mm TL by the end of the 
growing season in November (Schwartz 1961). Juvenile 
black sea bass appear to allocate metabolic energy 
toward rapid growth from settlement to ~ 49 mm SL, 
but then show reduced growth as they begin to store 
energy as lipid at larger sizes (Guida, NOAA Fisheries, 
NEFSC, James J. Howard Marine Sciences Laboratory, 
Highlands, NJ, pers. comm.). Guida (pers. comm.) 
speculated that this pattern represented a two-phase 
metabolic program that allows young fish to reduce size 
dependent predation mortality during and immediately 
following settlement while allowing for the storage of 
fats necessary for over wintering survival by larger 
individuals which are less vulnerable to predators. 

In the Mid-Atlantic Bight juveniles form annuli in 
otoliths in May or June which appears to be the 
beginning of the growing season for fish after their first 
winter (Dery and Mayo 1988). Annulus formation 
occurs earlier in the South Atlantic Bight (April and 
May) (Cupka et al. 1973; Mercer 1978; Waltz et al.
1979; Link 1980; Wenner et al. 1986). 
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ADULTS 

Black sea bass are strongly associated with 
structurally complex habitats. Habitats used by adults 
include rocky reefs, cobble and rock fields, stone coral 
patches, exposed stiff clay, and mussel beds.  In the 
South Atlantic Bight adult black sea bass are associated 
with hard or live bottom sponge coral habitat 
(Struhsaker 1969; Powles and Barans 1980; Grimes et
al. 1982; Wenner 1983; Chester et al. 1984; Sedberry 
and Van Dolah 1984; Parker and Ross 1986). In the 
Gulf of Mexico, limestone and coral reefs and other low 
relief structures are important habitats, but black sea 
bass are rarely found off deeper ledges (> 25 m) 
inhabited by larger serranids (Topp 1963; Godcharles 
1970; Bortone 1977). In Long Island Sound, adults are 
generally associated with structurally complex habitats 
embedded within areas of sandy rather than muddy 
substratum (Richards 1963b). Black sea bass are 
usually observed by divers hovering near or above 
shelters and retreat into them if threatened.  Fish appear 
to remain near complex structures during the day, but 
may move to adjacent soft-bottom to feed at dawn and 
dusk (Steimle and Figley 1996). Once black sea bass 
find suitable summer habitat, they show strong habitat 
fidelity, and in the Mid-Atlantic Bight, remain until the 
fall migration (Briggs 1979). 

In the Mid-Atlantic Bight adult black sea bass 
migrate from nearshore continental shelf habitats to 
outer shelf over wintering areas, south of New Jersey, 
as bottom temperatures decline in the fall (Musick and 
Mercer 1977). Offshore migration begins as bottom 
water temperatures approach 7oC (Nesbit and Neville 
1935; June and Reintjes 1957; Colvocoresses and 
Musick 1984; Chang 1990; Shepherd and Terceiro 
1994). Larger fish appear to migrate earlier than smaller 
fish (Kendall 1977). Tag returns from fish tagged in 
Nantucket Sound (Massachusetts) suggest that fish 
migrate south to the outer shelf near Block Canyon 
(south of Rhode Island) and then move southwest along 
the outer shelf toward Norfolk Canyon off Virginia 
(Kolek 1990). 

Fish in South Atlantic Bight and Gulf of Mexico 
appear to be non-migratory and attached to specific 
reefs throughout the year (Beaumariage 1964; 
Beaumariage and Wittich 1966; Moe 1966). Most fish 
using nearshore artificial reef and wreck habitats (< 20 
m deep) support commercial and recreational fisheries 
during the winter (Chee 1977; Mercer 1989; Adams 
1993). Sedberry et al. (1998) showed that 95% of black 
sea bass tagged and at large for more than one month in 
Gray’s Reef National Marine Sanctuary were 
recaptured in the vicinity of the sanctuary. However 
some fish moved large distances as one individual was 
recaptured off St. Augustine (Florida), 167 km from 
Gray’s reef. Musick and Mercer (1977) suggested that 
some adult black sea bass in the Gulf of Mexico may 
migrate, but tagging studies performed in the 

northeastern Gulf of Mexico suggest that adult fish 
become site attached once established on a specific reef 
(Topp 1963; Beaumariage 1964; Beaumariage and 
Wittich 1966; Moe 1966). 

In the Mid-Atlantic Bight, adult black sea bass 
move from over wintering habitats on the outer 
continental shelf to inshore areas as waters warm in the 
spring. The inshore migration appears to begin in April 
as temperatures warm to > 7�C (Nesbit and Neville 
1935; June and Reintjes 1957; Colvocoresses and 
Musick 1984; Chang 1990; Shepherd and Terceiro 
1994). Primary summer habitats for adults are located 
on the nearshore continental shelf at depths < 60 m and 
fish may use complex habitats in the lower reaches of 
large estuaries which are relatively shallow (~ 5 m). 

Adult black sea bass growth appears to vary with 
latitude. Growth was nearly twice as high for fish 
collected in Massachusetts than for fish in New York 
and Virginia (Dery and Mayo 1988; Kolek 1990; 
Caruso 1995). A similar latitudinal trend was suggested 
by Mercer (1978) and Wenner et al. (1986) who 
showed fish from the Mid-Atlantic Bight were larger at 
age and grew faster than fish from the South Atlantic 
Bight. Adults show linear growth up to age 6 (Wenner 
et al. 1986). 

Several studies have suggested that growth rates 
are sex dependent in adult black sea bass, with females 
growing more rapidly than males (Lavenda 1949; 
Mercer 1978; Wilk et al. 1978). However, Alexander 
(1981) used otolith analyses of year 1 and older fish 
from New York to suggest that males grow faster than 
females. Shepherd and Idoine (1993) suggested growth 
was sex dependent for all stages including transitional 
individuals.  However, the sex dependent and 
geographic differences in growth may be related to site 
specific differences in exploitation rates, gear 
selectivity, and other sampling biases (Mercer 1978; 
Wenner et al. 1986). 

REPRODUCTION

Black sea bass are protogynous hermaphrodites, 
with fish changing sex from female to male as they 
increase in age and size. Age of sexual transition varies 
with latitude with females maturing and undergoing 
sexual transition at greater ages in northern latitudes 
(McGovern et al. 2002). Fish in the Mid-Atlantic Bight 
begin to mature at age 1 (8-17 cm TL) and 50% are 
mature at 2-3 yrs and ~19 cm SL (O'Brien et al. 1993). 
The majority of fish less < 19 cm are females, while 
larger fish are transitional individuals or males (Mercer 
1978). Detailed studies of sexual development and 
transition have been performed with individuals 
collected in the South Atlantic Bight and Gulf of 
Mexico, where the patterns are similar (Mercer 1978; 
Link 1980; Wenner et al. 1986; Hood et al. 1994). In 
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the South Atlantic Bight, frequency of occurrence for 
transitional fish is highest at ages 2-5 yrs (Waltz et al.
1979; Wenner et al. 1986). Fish older than 4-5 yrs and 
> 210 mm TL are primarily males (Hood et al. 1994).  
Maximum age and size of black sea bass are 7 yrs and 
330 mm TL, respectively. The age and size of fish 
undergoing sexual transition has decreased as a result of 
increasing fishing pressure (Alexander 1981; Shapiro 
1987). The frequency of large mature males also 
declined. A mark-recapture study of black sea bass in 
Gray’s Reef National Marine Sanctuary, Georgia also 
showed that size distributions of fish decreased 
overtime as a result of fishing pressure in the South 
Atlantic Bight (Sedberry et al. 1998). Reproductive 
potential in black sea bass may be limited by the 
availability of large males (Shepherd and Idoine 1993). 
Reproductive output varies with the abundance of large 
males for other serranids that show strong spawning 
hierarchies and paired spawning (McGovern et al.
1998). However, black sea bass reproductive behavior 
has not been studied and the participation of non-
dominant males in spawning could reduce the 
possibility that reproductive potential is depressed by 
the rarity of large dominant males (Shepherd and Idoine 
1993). 

Fecundity is related to body size and age. Female 
fish 2-5 years of age in the Mid-Atlantic Bight release 
between 191,000 and 369,500 eggs (Mercer 1978). In 
the South Atlantic Bight fecundity ranges from 17,000 
for age-2 females (108 mm SL) to 1,050,000 for age 2-
3 fish (438 mm SL) (Wenner et al. 1986). Frequency of 
occurrence for individuals in sexual transition may be 
highest just before spawning. 

Primary spawning habitats appear to be located in 
the nearshore continental shelf at depths of 20-50 m 
(Breder 1932; Kendall 1972; Musick and Mercer 1977; 
Wilk and Brown 1980; Eklund and Targett 1990; 
Berrien and Sibunka 1999). Gravid females are 
common on the continental shelf and generally not 
found in estuaries (Allen et al. 1978).  Fish may spawn 
on sand bottoms broken by ledges and move to 
structurally complex habitats in deeper water after 
spawning (Kolek 1990; MAFMC 1996). Kolek (1990) 
showed that some tagged black sea bass return to the 
spawning grounds in Nantucket Sound and suggested 
that the animals may home to spawning grounds. The 
population Kolek (1990) studied appeared to spawn 
earlier and in shallower water than reported for other 
populations in the Mid-Atlantic Bight (Kendall 1977). 

In the Mid-Atlantic Bight, black sea bass spawn 
from April through October (Able and Fahay 1998; 
Reiss and McConaugha 1999). Spawning occurs earlier 
in the year at southern latitudes. In the South Atlantic 
Bight, spawning occurs from January through June with 
a peak from March through May (Mercer 1989). 
Spawning may also occur from September-October 
(Wenner et al. 1986). Fish in the Gulf of Mexico spawn 
from December through April (Hood et al. 1994). 

STOCK STRUCTURE 

The black sea bass population is currently managed 
as three separate stocks: Mid-Atlantic, South Atlantic, 
and Gulf of Mexico. The geographic dividing line for 
the Mid- and South Atlantic stocks is located at Cape 
Hatteras, North Carolina. The South Atlantic stock 
extends to Cape Kennedy, Florida (Ginsburg 1952; 
Mercer 1978; Shepherd 1991; Klein-MacPhee 2002), 
while the Gulf of Mexico stock ranges from Cape 
Kennedy to Texas (Bowen and Avise 1990). Ginsburg 
(1952) considered fish in the Atlantic and Gulf of 
Mexico to be separate species (C. striata and C. 
melana, respectively) based on meristic characteristics. 
Miller (1959) analyzed morphometric and meristic data 
from a larger number of specimens and concluded that 
the difference between populations warranted only 
subspecific designations: C. striata striata and C.
striata melana. Miller’s subspecific classification has 
been supported by analyses of osteological differences, 
allozyme and plasma protein variation, and mtDNA 
variation (Bortone 1977; Chapman 1977; Bowen and 
Avise 1990). 

Recently, black sea bass year class strength has 
been strong in the Mid-Atlantic Bight (Atlantic States 
Marine Fisheries Commission 2004). The 2002 year-
class was strong; the fourth highest since 1968; and the 
2003 year-class appear to show moderate strength. 
However, South Atlantic Bight black sea bass stock 
appears to be declining (Harris and Sedberry 2004). 
Virtual population analyses (Vaughan et al. 1995, 
1998) show the South Atlantic Bight stock population 
decreased from about 4 million individuals during 1979 
to about 2.2 million in 1986. This trend was followed 
by an increase to over 3 million in 1988 and 1989 
before the population decreased to 1.4 million in 1995 
(Vaughan et al. 1995, 1998). Estimates of total 
mortality ranged from 1.00 in 1979 to 1.76 in 1982 
(McGovern et al. 2002). In the Gulf of Mexico, black 
sea bass are federally managed but the status of the 
stock is unknown, which is why the Florida Fish and 
Wildlife Conservation Commission is proposing to 
regulate fishing practices (Florida Fish and Wildlife 
Conservation Commission 2004). 

FOOD HABITS 

Following the completion of the yolk sac stage (~ 
2-d), larvae starve after three days if not exposed to 
appropriate prey (microalgae and zooplankton) (Tucker 
1989). 

Food habits data collected during Northeast 
Fisheries Science Center (NEFSC) bottom trawl 
surveys [see Link and Almeida (2000) for 
methodology] reveal that decapods were the dominant 
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prey item for all size classes of black sea bass (Figure 
2). Juveniles, which are diurnal, visual predators, prey 
on benthic and epibenthic crustaceans (isopods, 
amphipods, small crabs, sand shrimp, copepods, 
mysids) and small fish (Richards 1963a; Kimmel 1973; 
Allen et al. 1978; Link 1980; Werme 1981; Hood et al.
1994), and their diets appear to change with body size. 
Bowman et al. (2000), using the same NEFSC food 
habits database, but only for the years 1977-1980, 
found that crustaceans dominated the diet for all size 
classes of juvenile black sea bass (Table 1). Amphipods 
were among the more important crustacean prey for the 
smallest juveniles (1-5 cm), and although decapods 
dominated the diet of fish 11-20 cm, the euphausiid, 
Meganyctiphanes norvegica, was also an important 
prey item for that size class. Among the important 
decapod prey for juveniles were Cancer irroratus and 
Crangon septemspinosa. Crustaceans are also dominant 
prey for juveniles in New Jersey coastal and estuarine 
areas, but fish > 110-180 mm SL incorporate fish prey 
(anchovy and silversides Menidia sp.) in their diets 
(Allen et al. 1978). Large juveniles in New Jersey 
estuaries also feed on lady (Ovalipes sp.), blue and 
xanthid crabs, as well as caridean shrimp (Festa 1979). 
In lower Chesapeake Bay eelgrass beds, fish 140-165 
mm TL consume juvenile blue crabs (Callinectes 
sapidus) and pipefish (Syngnathus sp.), as well as 
isopods, caprellid amphipods, and shrimp (Orth and 
Heck 1980). Kimmel (1973) reported a dietary shift in 
juveniles sampled in Magothy Bay, VA. Fish 30-90 mm 
SL consumed mysids (55%) and amphipods (15%), 
while juveniles 91-146 mm SL fed on larger 
brachyurian and xanthid crabs (35%) as well as mysids 
(19%), and polychaetes (14%). In nearshore continental 
shelf habitats in the South Atlantic Bight, amphipods, 
isopods and decapods are also important prey for 
juveniles 50-100 mm SL while larger individuals also 
consume more decapods and small fishes (Sedberry 
1988). 

Adult black sea bass are generalist carnivores that 
feed on a variety of infaunal and epibenthic 
invertebrates, especially crustaceans (including juvenile 
American lobster Homarus americanus, crabs, and 
shrimp) small fish, and squid (Bigelow and Schroeder 
1953; Miller 1959; Richards 1963a; Mack and Bowman 
1983; Hood et al. 1994; Steimle and Figley 1996). The 
Bowman et al. (2000) study showed that while 
crustaceans continue to be important diet items for the 
adults, fish also become more significant (Table 1), 
particularly for the largest black sea bass (> 40 cm), 
where sand lance (Ammodytes dubius) and scup 
(Stenotomus chrysops) were prominent. Sheepshead 
minnow (Cyprinodon variegates) was a major diet item 
for adults 36-40 cm. Decapods, and in particular, the 
crab Cancer irroratus, was the major crustacean prey. 
Squids are notable diet items for black sea bass 21-25 
cm. 

Regionally, in the Mid-Atlantic Bight, the winter 
diet of adult black sea bass is poorly known, although 

Bowman et al. (2000) showed that crustaceans, 
especially decapods, dominated the diet in that region. 
Other important prey in over wintering habitats may 
include echinoderms [e.g., sand dollars 
(Echinarachnius parma) and sea stars], mollusks [e.g., 
razor clams (Ensis directus)], and polychaetes; average 
benthic biomasses are 50-75 g/m2 wet weight (Wigley 
and Theroux 1981; Steimle 1990). Squid (Loligo sp. 
and Illex sp.) and butterfish are also available during the 
winter. Species co-occurring with sea bass in over 
wintering habitats, including scup (Stenotomus 
chrysops), may be competitors for food (Austen et al.
1994.) Bowman et al. (2000) also showed that 
crustaceans, and again, especially decapods, dominated 
the diet in southern New England, Georges Bank, and 
inshore north of Cape Hatteras. In the South Atlantic 
Bight, black sea bass diets do not vary with season 
(Sedberry 1988). Fish, as well as epibenthic reef 
organisms (amphipods, stomatopods, shrimp, decapods) 
are dominant prey (Sedberry 1988; Bowman et al.
2000). Diets of fish in the Gulf of Mexico are similar to 
those of the South Atlantic Bight population (Miller 
1959; Cupka et al. 1973; Link 1980; Sedberry 1988; 
Hood et al. 1994). 

CO-OCCURRING SPECIES 

During the summer, adult black sea bass in the 
Mid-Atlantic Bight share complex coastal habitats with 
other fishes including tautog (Tautoga onitis), spotted 
hake (Urophycis regia), red hake (U. chuss), conger eel 
(Conger oceanicus), ocean pout (Macrozoarces 
americanus), pinfish (Lagodon rhomboides), northern 
sea robin (Prionotus carolinus), and transients such as 
gray triggerfish (Balistes capriscus) (Chee 1977; 
Musick and Mercer 1977; Eklund and Targett 1991). 
Butterfish (Peprilus triacanthus), smooth dogfish 
(Mustelus canis), round herring (Etrumeus teres), and 
windowpane flounder (Scophthalmus aquosus) co-
occur in samples with black sea bass in inshore trawl 
surveys (Phoel 1985; Gabriel 1992; Brown et al. 1996). 
Adult black sea bass in the South Atlantic Bight co-
occur with southern porgy and scad (Powles and Barans 
1980). Grouper, vermillion snapper, and red porgy 
occur on reef structures with black sea bass in the Gulf 
of Mexico (McGovern et al. 2002). Competition for 
food and shelter space with co-occurring species could 
affect habitat quality for black sea bass on specific reef 
structures.

Hartman and Brandt (1995) found black sea bass, 
presumably juveniles, in the summer diets of one year 
old weakfish (Cynoscion regalis) and other predators in 
Chesapeake Bay. 

Resource species that co-occur with black sea bass 
in soft bottom over wintering habitats include scup, 
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summer flounder, butterfish, squid, and American 
lobster (Chang 1990; Able and Kaiser 1994). 

GEOGRAPHICAL DISTRIBUTION 

EGGS

Black sea bass eggs were collected during the 
1978-1987 NEFSC Marine Resources Monitoring, 
Assessment and Prediction (MARMAP) 
ichthyoplankton surveys mostly from New Jersey to 
Cape Hatteras (Figure 3). Eggs first appear in large 
numbers in June, with the highest mean monthly 
densities in July, August, and September, and the 
highest mean monthly density in August (6.63 eggs/10 
m2). Egg numbers decline sharply in October. 

LARVAE 

During the NEFSC MARMAP surveys, peak 
months for larval abundance in the Mid-Atlantic were 
from July-September, with the highest mean monthly 
density in August (3.36 larvae/10 m2) (Figure 4). 
Larvae first appear near Cape Hatteras and occur farther 
north as the year progresses. A few larvae occur in the 
Mid Atlantic Bight in November (Kendall 1972; Able 
et al. 1995). Infrequent collections of larvae in deeper 
water (> 200 m) water may be the result of the cross 
shelf transport from near shore spawning areas and 
away from high quality settlement habitats. 

Larvae have been reported in high salinity coastal 
areas of southern New England in August and 
September (Stone et al. 1994).  Black sea bass in the 
near shore coastal larval assemblage were collected 
within 48 km in the New York Bight during the 
summer months (Cowen 1993).  Larvae are abundant 
on the inner shelf outside Chesapeake Bay but not in 
association with estuarine plume water (Reiss and 
McConaugha 1999). Larvae may be more abundant in 
subsurface than in surface plankton tows in June near 
the mouth of Chesapeake Bay (Pearson 1941). Larval 
black sea bass also occur in surf zone plankton 
collections from northern New Jersey (Burlas et al.
2001). 

While black sea bass larvae are collected close to 
shore on the continental shelf, they rarely occur within 
estuaries.  Larvae are not reported in Delaware Bay 
(Wang and Kernehan 1979), Great Bay, NJ (Able and 
Fahay 1998), or the Hudson-Raritan Estuary (Croker 
1965; Dovel 1981). Few larvae are collected in Cape 
Cod Bay (Scherer 1984), Narragansett Bay (Herman 
1962; Bourne and Govoni 1988), and other southern 
New England estuaries (Stone et al. 1994). Both eggs 

and larvae have not been collected in Mystic River 
estuary (Connecticut) (Pearcy and Richards 1962).  
Black sea bass larvae occurred in the Indian River 
estuary (Delaware) during one of three survey years 
(Pacheco and Grant 1965) but were absent in a 
subsequent two-year survey of the estuary (Scotton 
1970; Derickson and Price 1973; Klein-MacPhee 
2002).  Able et al. (1995) speculated that most larvae 
settle in near shore continental shelf habitats and then 
move into estuarine nurseries where post-settlement 
stage juveniles can be abundant. 

JUVENILES

Because black sea bass are generally associated 
with structurally complex habitats and steep depth 
gradients, patterns of habitat specific distribution are 
not well described using standard trawl surveys. Black 
sea bass also use a variety of man-made habitats 
including artificial reefs, shipwrecks, bridge abutments, 
piers, pilings, jetties, groins, submerged pipes and 
culverts, navigation aids, anchorages, rip-rap barriers, 
fish and lobster traps, and rough bottom along the sides 
of navigation channels. The NEFSC and state trawl 
surveys avoid excessively rough bottom, shipwrecks, 
and reefs, or use roller gear, and thus under-sample fish 
that use structurally complex habitats. Furthermore 
these surveys avoid sampling in shallow coastal 
habitats where black sea bass may be abundant during 
juvenile life history stages. Thus habitat specific 
patterns of distribution derived from trawl survey data 
should be viewed with caution. 

The distributions and abundances of juvenile black 
sea bass collected during NEFSC bottom trawl surveys 
from the Gulf of Maine to Cape Hatteras are shown in 
Figure 5. Note that winter and summer distributions are 
presented as presence data only. In winter they occurred 
mostly offshore on the shelf in the Mid-Atlantic and 
southern New England between the 50-200 m isobaths. 
In the spring the highest numbers are found off 
Chesapeake Bay and Cape Hatteras near the 200 m 
isobath, small numbers also occur inshore. In summer, 
the few juveniles that were present were found mostly 
nearshore from Delaware Bay to Cape Hatteras. In the 
fall, the highest numbers were found nearshore in 
southern New England around Buzzards Bay, Rhode 
Island Sound, and the tip of Long Island, as well as at 
the mouth of the Hudson-Raritan estuary; high numbers 
were also found in the nearshore Mid-Atlantic from 
Delaware Bay to Cape Hatteras (Figure 5). 

Recently settled juveniles have been reported near 
the mouths of large estuaries from North Carolina to 
southern Cape Cod, and occasionally into the southern 
Gulf of Maine. At many locations, juvenile recruitment 
shows strong inter-annual variability (Adams 1993; 
Able et al. 1995) which may indicate that 
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meteorological forcing and other “stochastic” factors 
strongly affect the transport and recruitment of larvae to 
specific settlement habitats. 

Juveniles appear to be most abundant in oceanic 
waters and polyhaline regions of many estuaries, but 
can occur at salinities as low as 8 ppt.  Juveniles can be 
relatively common in estuaries south of Cape Cod, and 
are found in estuaries such as Narragansett Bay, Long 
Island Sound, the Hudson-Raritan estuary, Great Bay 
(NJ), Delaware Bay, Chesapeake Bay and tributaries, as 
well as many estuaries farther south (Bean 1902; 
Sherwood and Edwards 1902; Mansueti 1955; Richards 
1963a, b; Kimmel 1973; Allen et al. 1978; Chesapeake 
Bay Program 1996; Wilk et al. 1997; Able and Fahay 
1998; Geer 2002; Gottschall et al. 2000).  

The distributions and abundances of juveniles in 
Massachusetts coastal waters, based upon the spring 
and fall 1978-2003 Massachusetts inshore trawl 
surveys, are shown in Figure 6. Small numbers were 
found mostly in Buzzards Bay and around Martha’s 
Vineyard in the spring, in contrast to the fall, where 
very high numbers were found in the Bay and south of 
Cape Cod; a large catch was found on the eastern tip of 
Martha’s Vineyard. 

The seasonal distributions and abundances of 
juveniles in Narragansett Bay from 1990-1996, based 
on the Rhode Island bottom trawl surveys, are shown in 
Figure 7. They were not very common in the Bay; the 
largest mean catch (1.3 individuals/tow) occurred in 
summer in Mount Hope Bay.  

The distributions and abundances of both juvenile 
and adult black sea bass in Long Island Sound from 
April to November 1984-1994, based on the 
Connecticut Fisheries Division bottom trawl surveys 
(Gottschall et al. 2000), are shown in Figures 8, 9, and 
10. The size range of black sea bass captured in the 
survey ranged from 5-57 cm (Figure 8), with the 
majority of juveniles captured in October and 
November (84% and 57% respectively), many of which 
were YOY (< 10 cm) (Gottschall et al. 2000). Most 
black sea bass taken from May through August were 
adults. The following description of their distributions 
relative to depth and bottom type is taken from 
Gottschall et al. (2000). 

During May and June, when black sea bass were 
most commonly encountered (about 13.6% occurrence), 
they were mostly captured on the Mattituck Sill and 
along the Connecticut side of the Sound from Norwalk 
to Guilford (Figure 9). In contrast, during the summer, 
sea bass were found almost exclusively among sand 
wave formations on the Mattituck Sill in depths 
between 18-27 m. During the fall, they were once again 
more dispersed; however, during September they were 
taken only in depths < 27 m, whereas in October and 
November abundance was highest in depths > 27 m 
(Figure 10C) (Gottschall et al. 2000). 

Surveys of the Hudson-Raritan estuary (1992-
1997) show that juveniles were found from spring 
through fall, and the highest numbers were concentrated 

mainly around the center of Raritan Bay in summer and 
fall (Figure 11). 

The Virginia Institute of Marine Science (VIMS) 
trawl surveys from 1988-1999 of Chesapeake Bay and 
its tributaries showed that black sea bass was common 
in the lower Bay and James River, although they were 
rarely captured in large numbers (Geer 2002). The trawl 
survey caught 4,907 juveniles and 1,832 adults, with a 
size range from 2.0-35.4 cm (mean = 10.9 cm). 
Juveniles were common throughout the Bay and lower 
portions of the James and York Rivers during spring 
and summer (April to July) (Figures 12 and 13). Small 
juveniles (> 7.0 cm) first recruited to the gear in 
August, so Geer (2002) considered this month to be the 
beginning of the biological year. Juveniles migrated 
offshore in the winter and returned to the Bay the 
following spring at a maximum length of 11 cm. By 
July it was assumed that YOY fish are a maximum of 
17.5 cm (Geer 2002). 

The VIMS 1994-1999 beach seine surveys of 
Chesapeake Bay showed that juvenile black sea bass 
was uncommon, with only 98 fish captured, ranging in 
size from 2.2-15.3 cm (mean = 7.4 cm) (Geer 2002). 
The catch peaked during May (Figure 14), primarily 
along the ocean sites (Figure 15). 

ADULTS 

The distributions and abundances of adult black sea 
bass collected during NEFSC bottom trawl surveys are 
shown in Figure 16. Note again that winter and summer 
distributions are presented as presence data only. In 
winter they were found offshore near the 200 m isobath 
from southern New England to Cape Hatteras. High 
numbers were also found along the 200 m isobath in 
spring, with comparatively small numbers scattered 
along the Mid-Atlantic coast. In summer, the adults 
were found mostly closer to shore from the Delmarva 
peninsula to Cape Hatteras, In the fall, relatively small 
numbers were found along the coast of southern New 
England and Mid-Atlantic, but occurred farther 
offshore towards the Delmarva peninsula and Cape 
Hatteras; some higher numbers were found near the 200 
m isobath off Virginia. 

During the spring 1978-2003 Massachusetts 
inshore trawl surveys (Figure 17), adults were mostly 
found south of Cape Cod, around the islands, and in 
Buzzards Bay, with the highest numbers near Nantucket 
Island and south of the Cape in Nantucket Sound. 
Distributions were similar in the fall, with the highest 
numbers occurring in Nantucket Sound and in Buzzards 
Bay.

Very few adults were found in Narragansett Bay; 
none were found in winter (Figure 18). 

The distributions and abundances of both juvenile 
and adult black sea bass in Long Island Sound, based 
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on Gottschall et al. (2000), were discussed previously. 
Very few adults were found in the Hudson-Raritan 

estuary (Figure 19); those few that were present were 
found mostly around the middle of Raritan Bay. None 
were found in winter.  

The VIMS trawl and beach seine surveys of 
Chesapeake Bay and tributaries show that adults were 
more common during the latter part of the summer and 
into the fall on the eastern side of the Bay (Figures 12 
and 20) (Geer 2002). 

HABITAT CHARACTERISTICS  

EGGS

In the laboratory, the incubation period is 38 h at 
23oC (Hoff 1970) and approximately 120 hrs at a 
temperature of 15oC (Kendall 1972). Eggs are sensitive 
to high salinity, low pH, high nitrite-nitrate 
concentrations, and temperature extremes. 

During the MARMAP ichthyoplankton surveys, 
eggs were collected mostly between temperatures of 
about 10-25oC (Figure 21). During July through 
September, the months of highest mean monthly 
densities, most of the eggs were found at increasing 
temperatures over the three months: for July, about 16-
22oC; for August, about 17-24oC; and for September, 
about 17-21oC. Their depth range over the period of the 
survey was between 10-375 m (Figure 21); however, 
overall they were found in relatively shallow depths. 
During July through September, the majority of eggs 
were found at 30 m.   

LARVAE 

Larval growth and development rates are inversely 
temperature dependant. In the laboratory, larval 
duration is 24 days at 18°C and 21 days at 22°C 
(Berlinsky et al. 2000). At 22°C, larvae grew from 3.5 
� 0.1 to 12.2 � 0.6 mm in about 18 days, which was 
significantly faster than those cultured at 18°C 
(Berlinsky et al. 2000). Growth was significantly higher 
in greenwater (algae-water) than in cultures without 
greenwater. 

During the MARMAP ichthyoplankton surveys, 
larvae were collected between temperatures of 11-26oC
(Figure 22). During July through September, the 
months of highest mean monthly densities, most larvae 
were found at about 15-19oC in July, at 15-20oC in 
August, and in 17-21oC in September. During the 
survey period they were found over a depth range 
between 10 m to > 2000 m (Figure 22); however, as 
with the eggs, the majority were found in shallow 

depths. During July through September, most were 
found at 30-50 m. 

JUVENILES

Structural complexity appears to be essential 
component of juvenile black sea bass habitat in offshore 
as well as inshore nurseries throughout the species 
range. In offshore areas, recently settled fish occur in 
accumulations of shell on sand substrata, complex 
microtopographies on exposed clay, on rocky reefs, and 
on wrecks (Able et al. 1995). Because eggs and larvae 
are largely absent in estuaries, Able et al. (1995) 
speculated that primary black sea bass settlement 
habitats were probably located along the near shore 
continental shelf in accumulations of the shells of 
bivalves, including Atlantic surf clams (Spisula 
solidissima). Large numbers of newly settled black sea 
bass were observed on sandy substrates with shell 
fragments adjacent to an artificial reef 15 km off the 
coast of Virginia-North Carolina (Adams 1993). 
Settlers were also observed on the reef. Within 
estuaries, young fish use shallow shellfish (oyster and 
mussel), sponge (including Microciona prolifera), 
amphipod (Ampelisca abdita), seagrass beds (especially 
Ruppia sp.), and cobble habitats as well as manmade 
structures such as wharves, pilings, wrecks, reefs, crab 
and conch pots (Bean 1888; Moore 1892; Sherwood 
and Edwards 1902; Hildebrand and Schroeder 1928; 
Arve 1960; Kendall 1972; Derickson and Price 1973; 
Musick and Mercer 1977; Clayton et al. 1978; 
Weinstein and Brooks 1983; Feigenbaum et al. 1989; 
Able et al. 1995). Early juveniles are rare on un-
vegetated sandy intertidal flats and beaches (Allen et al.
1978) as well as deeper, muddy bottoms (Richards 
1963b). Juveniles are primarily associated with shell 
bottom throughout the year in the lower reaches of a 
Georgia estuary (Dahlberg 1972). 

Juvenile black sea bass display extremely high site 
fidelity. Recapture rates of tagged juveniles 34-111mm 
TL (N = ~ 700) ranged from 20% to 30%, and 99% of 
recaptured fish occurred within 30 m of a release site in 
a New Jersey estuary (Able and Hales 1997). Young 
fish may be territorial and defend structured habitat 
from con-specifics (Werme 1981; Able and Fahay 
1998). Like many reef species, juvenile recruitment 
strength for black sea bass may be strongly affected by 
the availability of shelters that serve as predation 
refuges (Huntsman et al. 1983; Richards and Lindeman 
1987). Arve (1960) attributed black sea bass stock 
declines in the late 1950s in Chincoteague Bay, MD to 
declines in oyster populations that provided important 
shelter habitat for juveniles. Oysters, once common but 
now effectively extinct in Raritan Bay, NY and NJ, 
were once important juvenile black sea bass habitat in 
that estuary (Nichols and Breder 1927). 
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In the Mid and South Atlantic Bights, black sea 
bass nursery habitats occur at depths < 50 m (Sedberry 
et al. 1998).  Most nurseries are located at depths < 20 
m (Sedberry et al. 1998). Juvenile depth distributions 
appear to increase with age and body size (Kendall 
1977; Musick and Mercer 1977). Within estuaries, 
older juveniles use habitats < 10 m deep but the YOY 
are collected in shallower shoal habitats (1 m) (Musick 
and Mercer 1977). Older juveniles use deeper estuarine 
channels (Bean 1888; de Sylva et al. 1962; Richards 
and Castagna 1970; Zawacki 1976; Allen et al. 1978; 
Szedlmayer and Able 1996), jetties (Schwartz 1964), 
and bridge abutments (Allen et al. 1978). 

Laboratory studies show that growth rates of 
juvenile black sea bass vary with temperature, salinity, 
dissolved oxygen and prey quality (Berlinsky et al.
2000). Several studies have shown that juveniles grow 
most rapidly at intermediate salinities. Fish exposed to 
a salinity of 20 ppt showed higher growth than those 
exposed to 10 and 32 ppt in the laboratory (Berlinskiy 
et al. 2000). Optimal salinities for the growth of fish 
appear to be similar in the South Atlantic Bight (Cotton 
et al. 2003). Osmoregulatory costs are reduced for fish 
at intermediate salinities. High growth at polyhaline 
salinities may indicate that habitat suitability is higher 
in the lower reaches of estuaries and shelf areas under 
estuarine influence, than offshore nurseries, but 
experimental comparisons of habitat suitability in 
estuarine and continental shelf nursery habitats has not 
been performed. 

In the South Atlantic Bight, fish 20-140 mm SL are 
most abundant on reefs where salinities exceed 30 ppt, 
but have been collected in estuarine regions where 
salinities are as low as 9 ppt (Cupka et al. 1973). In the 
St. John’s River, FL, young-of the year black sea bass 
(28-71 mm TL) are primarily associated with salinities 
ranging from 15-25 ppt (Tagatz 1967). However, larger 
juveniles can occur in estuarine reaches where salinities 
are as low as 8-13 ppt.  Juveniles were generally most 
abundant in the lower reaches of a Georgia estuary 
where salinities are > 30 ppt (Dahlberg 1972).  

Hales and Able (1995) showed that laboratory 
exposure to short term periods of low dissolved oxygen 
result in poor growth and significant mortality in age-0 
and 1+ black sea bass. In their study fish did not grow 
and showed respiratory distress and reduced feeding 
when exposed to oxygen concentrations < 2 ppm. In 
contrast exposure to ~ 6 ppm produced significantly 
positive growth rates (0.3% d TL). Fifty percent 
mortality occurred after short-term exposure to ~1 ppm.  
The authors speculated that conditions producing 
episodes of hypoxia near continental shelf settlement 
habitats could depress juvenile recruitment in some 
areas.

In the laboratory, juvenile black sea bass showed 
100% mortality when exposed to temperatures of 2-3°C 
in seawater pumped from a New Jersey estuary. 
Temperatures < 6°C resulted in increased shelter use 
and burial behavior and feeding decreased dramatically 

at values < 4°C (Able and Hales 1997). These data are 
consistent with early observations of juvenile mortality 
during episodic cold temperatures in shallow nursery 
areas in southern New England (Baird 1873). The fall 
migration of juvenile black sea bass from shallow 
estuarine and coastal nursery habitats to deeper offshore 
waters in the Mid-Atlantic Bight appears to be triggered 
by declining temperatures. Juveniles begin to move into 
deeper warmer offshore water as temperatures decline 
below 14oC, and few individuals are collected in 
shallow areas when temperatures fall below 6oC (Able 
and Fahay 1998; Klein-MacPhee 2002). In the Mid-
Atlantic Bight, juveniles return to nearshore and 
estuarine habitats in the spring and are collected as 
early as March in the Chesapeake Bay region (Kimmel 
1973). 

Juveniles (20-140 mm SL) are collected at 
temperatures ranging from 6-30oC in the South Atlantic 
Bight (Cupka et al. 1973). In North Carolina, young-of 
the year (30-50 mm SL) are abundant along inshore 
jetties at temperatures 6-29°C (Link 1980; Schwartz et 
al. 1981). Young of the year fish (28-71 mm FL) are 
also collected in June and July at temperatures ranging 
from 26.6-27.4oC in the Saint John’s River, Florida 
(Tagatz 1967). During the winter and spring, larger 
juveniles (91-176 mm FL) occur at temperatures 
between 11.0-17.4oC in the estuary. 

The spring and fall distributions of juvenile black 
sea bass relative to bottom water temperature, depth, 
and salinity based on 1963-2003 NEFSC bottom trawl 
surveys from the Gulf of Maine to Cape Hatteras are 
shown in Figure 23. In the spring, they were found over 
a temperature range of 4-18°C, with most spread 
between about 8-15°C and a peak in catch at 12°C. 
They were found at depths ranging from 1-400 m; there 
were peaks in the catch at 101-140 m. Their salinity 
range was between 28-36 ppt, with the majority spread 
between 33-35 ppt. In the fall, the juveniles were spread 
over a warmer temperature range than in the spring: 7-
28°C, with the majority found at temperatures > 15°C. 
They were also found at shallower depths than in the 
spring, with a range from 1 m to about 140 m, with 
most found between 11-40 m. Their salinity range was 
between 29-36 ppt, with the majority at 31-33 ppt. 

The spring and autumn distributions of juvenile 
black sea bass in Massachusetts coastal waters relative 
to bottom water temperature and depth based on 1978-
2003 Massachusetts inshore trawl surveys are shown in 
Figure 24. The few that were found in spring were 
found over a temperature range of 9-12°C and a depth 
range of 6-35 m. The much larger numbers that were 
found in the fall were found over a higher temperature 
range of about 10-22°C, with most between 17-21°C. 
Their depth range during that season was between 1-35 
m, with the majority between 6-15 m. 

The seasonal distributions of the few juveniles 
found in Narragansett Bay, relative to bottom water 
temperature and depth, based on 1990-1996 Rhode 
Island Narragansett Bay trawl surveys are shown in 
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Figure 25. In the spring they were found in 11ºC 
waters, in summer almost all were found at 24ºC, and in 
the fall they were found at a temperature range of 14-
22ºC. Juvenile black sea bass were found at depths of 
30-40 ft (9-12 m) in the spring, 10-30 ft (3-9 m) in the 
summer, and from 10 ft to about 70 ft (21 m) in the fall, 
with most found in that latter season at 30-40 ft. 

The distributions and abundances of both juveniles 
and adults in Long Island Sound relative to depth were 
discussed previously, and can be seen, along with their 
relation to bottom type, in Figure 10 (Gottschall et al.
2000). 

The distributions of juvenile black sea bass relative 
to bottom water temperature, dissolved oxygen, depth, 
and salinity based on 1992-1997 NEFSC Hudson-
Raritan estuary trawl surveys are shown in Figure 26. 
Over the entire survey, juveniles were found in waters 
ranging from 3-23ºC, with higher percentages found at 
temperatures > 15ºC. They were found in dissolved 
oxygen levels of 4-11 mg/l, with most between 5-7 
mg/l. They were found over a depth range of 10-75 ft 
(3-23 m), most were found at relatively shallow depths 
from approximately 20-50 ft (6-15 m).  Juveniles were 
found in salinities ranging from 20-33 ppt, with the 
majority found at 25-27 ppt. 

The hydrographic preferences of juveniles in 
Chesapeake Bay and tributaries from the 1988-1999 
VIMS trawl surveys are shown in Figure 27 (all years 
and months combined). According to Geer (2002), most 
juveniles were caught at dissolved oxygen levels of 5-8 
mg/l, at temperatures > 16ºC, at salinities > 18 ppt, and 
at depths > 8 m, (Figure 27). The hydrographic 
preferences of juveniles caught in the 1994-1999 seine 
surveys are shown in Figure 28 (all years and months 
combined). Geer (2002) suggests that the majority were 
caught in slighter higher temperatures than that of the 
trawl survey, which may be due to sampling only 
during months where water temperatures are fairly 
warm. Most juveniles were also caught in higher 
salinity waters, with nearly 90% of the catch occurring 
in waters > 26 ppt (Figure 28). The majority of 
juveniles caught in the seine surveys were found at 
dissolved oxygen levels of both 3 mg/l and 6-7 mg/l, 
and at pH levels of 7.4-8.2. 

ADULTS 

As stated previously, black sea bass are strongly 
associated with structurally complex habitats, including 
rocky reefs, cobble and rock fields, stone coral patches, 
exposed stiff clay, and mussel beds (see the Life 
History section for further discussion).  

Over wintering habitats in the Mid-Atlantic Bight 
appear to occur at depths between 60-150 m (range: 30-
410 m) (Musick and Mercer 1977). Some fish may also 
over winter in deep water (> 80 m) off southern New 

England (Bigelow and Schroeder 1953; Chang 1990; 
Kolek 1990). Larger fish, that are generally male, occur 
in deeper water (Nesbit and Neville 1935; Musick and 
Mercer 1977; Able et al. 1995). Potential over 
wintering habitat may be defined by bottom water 
temperatures > 7.5�C (Neville and Talbot 1964; 
Colvocoresses and Musick 1984). The lowest bottom 
temperatures recorded in the depth range inhabited by 
adult black sea bass off South Carolina was 5.6°C 
(Walford and Wicklund 1968). Adult fish exposed to 
temperatures near 6°C become inactive and were often 
found resting in holes and crevices (Adams 1993). 
Schwartz (1964) showed that adult black sea bass 
stopped feeding when exposed to a temperature of 8°C 
(salinity = 15 ppt) and died when temperatures were 
reduced below 2°C. Fish may not over winter in South 
Atlantic Bight estuaries in the northern part of the 
region, except during warm winters.  Adult sea bass 
burrow into soft sediments during particularly cold 
winters off the coast of North and South Carolina 
(Parker 1990). Winter association of black sea bass 
with soft substrata on the continental shelf in the Mid-
Atlantic Bight (Wigley and Theroux 1981) could be 
related to winter burial. 

In the South Atlantic Bight, black sea bass occur in 
habitats 10-120 m deep but are most abundant between 
20-60 m and occur at temperatures below 29°C 
(Struhsaker 1969; Link 1980). In the Gulf of Mexico 
they occur at depths of 7.3-18.3 m, and are most 
abundant between Tampa and Apalachee Bay 
(Godcharles 1970; Powers et al. 2003). Larger fish are 
generally found in deeper habitats than smaller fish 
(Musick and Mercer 1977). Fish have been collected at 
relatively low salinities (range: 1-36 ppt) in North 
Carolina estuaries but are most frequent where values 
exceed 14 ppt (Link 1980). Salinity ranges for fish in 
Gulf of Mexico and South Atlantic Bight estuaries are 
similar (Springer and Woodburn 1960). 

Adult black sea bass also appear to be vulnerable to 
low dissolved oxygen stress. Episodic hypoxia in the 
New York Bight has resulted in mortality for fish and 
benthic invertebrates, and avoidance on the nearshore 
continental shelf (Ogren and Chess 1969; Azarovitz et
al. 1979; Steimle and Radosh 1979). During such 
events commercial fishermen and sport divers have 
reported the disappearance and mortality of black sea 
bass and other fishes from shipwrecks and artificial 
reefs near the New Jersey coast. These hypoxic 
conditions are produced by meteorologically driven 
upwelling events that are followed by early and strong 
water column stratification that result in an unusually 
large dinoflagellate blooms. The transport of nutrients 
from the Hudson River estuary to the nearshore 
continental shelf may also be important. The Asbury 
Park Press (NJ) newspaper reported black sea bass 
mortality in an area where dissolved oxygen 
concentrations fell below 2 ppm off the New Jersey 
coast in June of 1997, which followed coastal 
upwelling. 
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The spring and fall distributions of adult black sea 
bass relative to bottom water temperature, depth, and 
salinity based on 1963-2003 NEFSC bottom trawl 
surveys are shown in Figure 29. In the spring, they were 
found over a temperature range of about 3-21°C, with 
most at 9-12°C. Their depth range was 1-400 m with 
higher percentages concentrated between 61-140 m. 
They were found in a salinity range of 32-36 ppt, with 
the majority between 34-35 ppt. In the fall, adults were 
spread over a warmer temperature range of 8-28°C, 
with most spread between about 16-27°C. Their depth 
range was shallower than in the spring: from 1m to 
greater than 160 m, with the majority at 11-40 m. Their 
salinity range was between 30-36 ppt, with the majority 
at 31-32 ppt. 

The spring and autumn distributions of adults in 
Massachusetts coastal waters relative to bottom water 
temperature and depth are shown in Figure 30. In spring 
they were found over at temperature range of 3-17°C, 
with the majority at 10-14°C. Their depth range during 
the spring survey was from 1-65 m, with most between 
6-25 m. The adults were found at warmer temperatures 
in the fall, being found over a range of approximately 
8-22°C, with the majority between 16-21°C. Almost all 
were found between depths of 6-20 m. 

The seasonal distributions of the few adults found 
in Narragansett Bay, relative to bottom water 
temperature and depth, are shown in Figure 31. In the 
spring they were mostly found in 13-14ºC waters, in 
summer they were found in a temperature range of 15-
24ºC, with peaks at 91-20ºC, and in the fall the majority 
were at 19-20ºC. Adults were found mostly at a depth 
of 100 ft (30 m) in the spring, 20-80 ft (6-24 m) in the 
summer, and from 30-50 ft (9-15 m) and from 100-110 
ft (30-34 m) in the fall. 

The distributions and abundances of both juveniles 
and adults in Long Island Sound relative to depth were 
discussed previously, and can be seen, along with their 
relation to bottom type, in Figure 10 (Gottschall et al.
2000). 

The distributions of the few adults found in the 
Hudson-Raritan estuary, relative to bottom water 
temperature, dissolved oxygen, depth, and salinity are 
shown in Figure 32. Over the entire survey, adults were 
found in a temperature range of 11-23ºC, in a depth 
range of about 15-65 ft (5-20 m), and were spread over 
a salinity range spread 20-33 ppt. The majority were 
found at a dissolved oxygen level of 7mg/l. 

In Chesapeake Bay and its tributaries, adults had 
similar hydrographic preferences to the juveniles in the 
VIMS trawl surveys (Figure 33) (Geer 2002). 

RESEARCH NEEDS 

� Studies examining hydrographic mechanisms and 
larval behaviors controlling larval transport from 

adult spawning and settlement habitats, including 
effects of hydrographic processes on the spatial 
characteristics of settlement habitats and on inter-
annual variation in local early juvenile recruitment  

� Studies of the mechanisms determining successful 
migration from offshore settlement to estuarine 
nursery grounds. 

� Comparative studies of the functional habitat 
quality of coastal ocean and estuarine nursery 
grounds. 

� All aspects of reproductive biology and behavior 
including the spatial and environmental 
characteristics of primary spawning habitats, 
factors controlling sexual transition, and density 
dependent reproductive success. 
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Table 1.  Diet composition of black sea bass by fish length category. Data expressed as percentage of stomach content by 
weight. Squared brackets indicate major taxon subtotal; parentheses indicate minor taxon subtotal. Source: Bowman et
al. (2000); from NEFSC groundfish surveys, 1977-1980.  
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Table 2.  Diet composition of black sea bass by geographic area. Data expressed as percentage of stomach content by 
weight. Squared brackets indicate major taxon subtotal; parentheses indicate minor taxon subtotal. Source: Bowman et
al. (2000); from NEFSC groundfish surveys, 1977-1980. 
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Figure 1. The black sea bass, Centropristis striata (from Goode 1884). 
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Diet Composition of Major Prey Items

Figure 2. Percent by weight of the major prey items in the diet of two size categories of black sea bass. Specimens were 
collected during NEFSC bottom trawl surveys from 1973-2001 (all seasons). For details on NEFSC diet analysis, see 
Link and Almeida (2000). 
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Figure 3. Distributions and abundances of black sea bass eggs collected during NEFSC MARMAP ichthyoplankton 
surveys, for all available months and years from 1978-1987 combined. 
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Figure 3. Cont’d. 
From MARMAP ichthyoplankton surveys, January, April, May, and June, 1978-1987. 
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Figure 3. Cont’d. 
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Page 24

Black Sea Bass

Larvae, <13mm length
(Centropristis striata)

MARMAP Ichthyoplankton Surveys
61-cm Bongo Net; 0.505-mm mesh

1977 to 1987
(Jan, Mar, Apr, May, Jun,
Jul, Aug, Sep, Oct, Nov)

Number of Tows = 10149; with larvae = 376

76 75 74 73 72 71 70 69 68 67 66 65
35

36

37

38

39

40

41

42

43

44

45

Larvae / 10m2

1 to <10

10 to <100
100 to 295

Figure 4. Distributions and abundances of black sea bass larvae collected during NEFSC MARMAP ichthyoplankton 
surveys, for all available months and years from 1977-1987 combined. 
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Figure 4. Cont’d. 
From MARMAP ichthyoplankton surveys, January, March April, and May, 1977-1987. 
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Figure 4. Cont’d. 
From MARMAP ichthyoplankton surveys, June through September, 1977-1987. 
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Figure 5. Seasonal distributions and abundances of juvenile black sea bass collected during NEFSC bottom trawl 
surveys, based on NEFSC winter bottom trawl surveys (1964-2003, all years combined). Distributions are displayed as 
presence only. 
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Figure 5. Cont’d. 
Based on NEFSC spring bottom trawl surveys (1968-2003, all years combined). Survey stations where juveniles were 
not found are not shown. 
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Figure 5. Cont’d. 
Based on NEFSC summer bottom trawl surveys (1963-1995, all years combined). Distributions are displayed as 
presence only. 
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Figure 5. Cont’d. 
Based on NEFSC fall bottom trawl surveys (1963-2003, all years combined). Survey stations where juveniles were not 
found are not shown. 
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Figure 6. Seasonal distributions and abundances of juvenile black sea bass in Massachusetts coastal waters, based on 
spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where juveniles 
were not found are not shown. 



Page 33

Figure 6. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where 
juveniles were not found are not shown. 
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Figure 7. Seasonal distribution and abundance of juvenile black sea bass collected in Narragansett Bay during 1990-1996 
Rhode Island bottom trawl surveys.  The numbers shown at each station are the average catch per tow rounded to one 
decimal place [see Reid et al. (1999) for details]. 
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Figure 8. Monthly log10 length frequencies (cm) of juvenile and adult black sea bass collected in Long Island Sound, 
based on 155 fish taken in 106 tows during the finfish surveys of the Connecticut Fisheries Division between 1989-1994. 
Source: Gottschall et al. (2000). 
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Figure 9. Distribution and abundances of juvenile and adult black sea bass in Long Island Sound, based on 334 fish taken 
in 2,859 tows during the finfish surveys of the Connecticut Fisheries Division, 1984-1994. The largest circle size 
represents a tow with a catch of nine black sea bass. Collections were made with a 14 m otter trawl at about 40 stations 
chosen by stratified random design. Source: Gottschall et al. (2000). 
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Figure 10. Relative abundance (geometric mean catch/tow) catch/tow and percent occurrence (proportion of samples in 
which at least one individual was observed) for juvenile and adult black sea bass in Long Island Sound, by month, month 
and bottom type, and month and depth interval. Source: Gottschall et al. (2000). 
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Figure 11. Seasonal distribution and abundance of juvenile black sea bass in the Hudson-Raritan estuary collected during 
Hudson-Raritan estuary trawl surveys, 1992–1997 [see Reid et al. (1999) for details].
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Figure 12. Catch per unit effort for total catch of juvenile and adult black sea bass in Chesapeake Bay and tributaries, 
from the Virginia Institute of Marine Science’s (VIMS) trawl surveys, 1988-1999 (all years combined). Source: Geer 
(2002). 
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Figure 13. Seasonal distribution and abundance of juvenile black sea bass in Chesapeake Bay and tributaries, from the 
VIMS trawl surveys, 1988-1999 (all years combined). Monthly surveys were conducted using a random stratified design 
of the main stem of the Bay using a 9.1 m semi-balloon otter trawl with 38 mm mesh and 6.4 mm cod end with a tow 
duration of five minutes. Source: Geer (2002). 
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Figure 14. Catch per unit effort for total catch of juvenile black sea bass in Chesapeake Bay, from the VIMS seine 
surveys, 1994-1999 (all years combined). Source: Geer (2002). 
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Figure 15. Juvenile black sea bass catch per unit effort by site from the VIMS beach seine surveys, 1994-1999 (all years 
combined). Source: Geer (2002). 
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Figure 16. Seasonal distributions and abundances of adult black sea bass collected during NEFSC bottom trawl surveys, 
based on NEFSC winter bottom trawl surveys (1964-2003, all years combined). Distributions are displayed as presence 
only. 
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Figure 16. Cont’d. 
Based on  NEFSC spring bottom trawl surveys (1968-2003, all years combined). Survey stations where adults were not 
found are not shown. 
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Figure 16. Cont’d. 
Based on NEFSC summer bottom trawl surveys (1963-1995, all years combined). Distributions are displayed as 
presence only. 
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Figure 16. Cont’d. 
Based on NEFSC fall bottom trawl surveys (1963-2003, all years combined). Survey stations where adults were not 
found are not shown. 
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Figure 17. Seasonal distributions and abundances of adult black sea bass in Massachusetts coastal waters, based on 
spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where adults were 
not found are not shown. 
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Figure 17. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Survey stations where adults 
were not found are not shown. 
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Figure 18. Seasonal distribution and abundance of adult black sea bass collected in Narragansett Bay during 1990-1996 
Rhode Island bottom trawl surveys.  The numbers shown at each station are the average catch per tow rounded to one 
decimal place [see Reid et al. (1999) for details]. 
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Figure 19.  Seasonal distribution and abundance of adult black sea bass in the Hudson-Raritan estuary collected during 
Hudson-Raritan estuary trawl surveys, 1992–1997 [see Reid et al. (1999) for details]. 
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Figure 20. Seasonal distribution and abundance of adult black sea bass in Chesapeake Bay and tributaries, from the 
VIMS trawl surveys, 1988-1999 (all years combined). Source: Geer (2002).  
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Figure 21. Distributions of black sea bass eggs collected during NEFSC MARMAP icthyoplankton surveys relative to 
water column temperature and bottom depth, for the years 1978-1987, by month for all years combined. Open bars 
represent the proportion of all stations which were surveyed, while solid bars represent the proportion of the sum of all 
standardized catches (number/10 m2). Note that the bottom depth interval changes with increasing depth. 
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Figure 22. Distributions of black sea bass larvae collected during NEFSC MARMAP icthyoplankton surveys relative to 
water column temperature and bottom depth, for the years 1977-1987, by month for all years combined. Open bars 
represent the proportion of all stations which were surveyed, while solid bars represent the proportion of the sum of all 
standardized catches (number/10 m2). Note that the bottom depth interval changes with increasing depth. 
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Figure 23. Distributions of juvenile black sea bass and trawls from NEFSC bottom trawl surveys relative to bottom 
water temperature, depth, and salinity, based on NEFSC spring bottom trawl surveys (temperature and depth: 1968-2003, 
all years combined; salinity: 1991-2003, all years combined). Light bars show the distribution of all the trawls, dark bars 
show the distribution of all trawls in which black sea bass occurred and medium bars show, within each interval, the 
percentage of the total number of black sea bass caught. Note that the bottom depth interval changes with increasing 
depth. 
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Figure 23. Cont’d. 
Based on NEFSC fall bottom trawl surveys (temperature and depth: 1963-2003, all years combined; salinity: 1991-2003, 
all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in 
which black sea bass occurred and medium bars show, within each interval, the percentage of the total number of black 
sea bass caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 24. Distributions of juvenile black sea bass and trawls in Massachusetts coastal waters relative to bottom water 
temperature and depth, based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). 
Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in which black sea bass 
occurred and medium bars show, within each interval, the percentage of the total number of black sea bass caught. 
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Figure 24. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which black sea bass occurred and medium 
bars show, within each interval, the percentage of the total number of black sea bass caught. 
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Figure 25.  Seasonal distributions of juvenile black sea bass and trawls relative to bottom water temperature and depth, 
based on Rhode Island Narragansett Bay trawl surveys (1990-1996; all years combined).  White bars give the 
distribution of all the trawls and black bars represent, within each interval, the percentage of the total number of 
juveniles caught. 
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Figure 27. Hydrographic preferences for juvenile black sea bass in Chesapeake Bay and tributaries, from the VIMS trawl 
surveys, 1988-1999 (all years combined). Source: Geer (2002). 
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Figure 28. Hydrographic preferences for juvenile black sea bass, from the VIMS seine surveys, 1994-1999 (all years 
combined). Source: Geer (2002). 
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Figure 29. Distributions of adult black sea bass and trawls from NEFSC bottom trawl surveys relative to bottom water 
temperature, depth, and salinity, based on NEFSC spring bottom trawl surveys (temperature and depth: 1968-2003, all 
years combined; salinity: 1991-2003, all years combined). Light bars show the distribution of all the trawls, dark bars 
show the distribution of all trawls in which black sea bass occurred and medium bars show, within each interval, the 
percentage of the total number of black sea bass caught. Note that the bottom depth interval changes with increasing 
depth. 
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Figure 29. Cont’d. 
Based on NEFSC fall bottom trawl surveys (temperature and depth: 1963-2003, all years combined; salinity: 1991-2003, 
all years combined). Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in 
which black sea bass occurred and medium bars show, within each interval, the percentage of the total number of black 
sea bass caught. Note that the bottom depth interval changes with increasing depth. 
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Figure 30. Distributions of adult black sea bass and trawls in Massachusetts coastal waters relative to bottom water 
temperature and depth, based on spring Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). 
Light bars show the distribution of all the trawls, dark bars show the distribution of all trawls in which black sea bass 
occurred and medium bars show, within each interval, the percentage of the total number of black sea bass caught. 



Page 65

Black Sea Bass
Massachusetts Inshore Trawl Survey

Fall 1978 - 2003
Adults (>=19 cm)

0

10

20

30

40

50

60

1
-5

6
-1

0

1
1

-1
5

1
6

-2
0

2
1

-2
5

2
6

-3
0

3
1

-3
5

3
6

-4
0

4
1

-4
5

4
6

-5
0

5
1

-5
5

5
6

-6
0

6
1

-6
5

6
6

-7
0

7
1

-7
5

7
6

-8
0

8
1

-8
5

Bottom Depth (m)

P
e

rc
e

n
t

Trawls N=2338

Occurrence N=205

Catch N=1067

0

10

20

30

40

50

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Bottom Temperature (°C)

P
e

rc
e

n
t

Trawls N=2244

Occurrence N=200

Catch N=1054

Figure 30. Cont’d. 
Based on fall Massachusetts inshore bottom trawl surveys (1978-2003, all years combined). Light bars show the 
distribution of all the trawls, dark bars show the distribution of all trawls in which black sea bass occurred and medium 
bars show, within each interval, the percentage of the total number of black sea bass caught. 
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Figure 31.  Seasonal distributions of adult black sea bass and trawls relative to bottom water temperature and depth, 
based on Rhode Island Narragansett Bay trawl surveys (1990-1996; all years combined).  White bars give the 
distribution of all the trawls and black bars represent, within each interval, the percentage of the total number of adults 
caught.
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Figure 32.  Distributions of adult black sea bass relative to mean bottom water temperature, dissolved oxygen, depth, and 
salinity, based on Hudson-Raritan estuary trawl surveys (January 1992 - June 1997, all years combined). Open bars 
represent stations surveyed and closed bars represent fish collected. 
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Figure 33. Hydrographic preferences for adult black sea bass in Chesapeake Bay and tributaries, from the VIMS trawl 
surveys, 1988-1999 (all years combined). Source: Geer (2002). 
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ABSTRACT

Information on the biology and fisheries of cobia, Rachycentron
canadum, is compiled and reviewed in the FAD species synop
sis style. Topics include taxonomy, morphology, distribution,
reproduction, pre-adult and adult stages, food, growth, migra
tion, population characteristics, and various aspects of exploita
tion. Data and information were obtained from unpublished as
well as published sources.

Cobia, the only species in the family Rachycentridae, is a
migratory pelagic fish that occurs in tropical and subtropical
seas of the world, except in the central and eastern Pacific
Ocean. In the western Atlantic Ocean, spawning occurs during
the warm months. Eggs and larvae are planktonic. Females grow
faster than males: at 1 year, females are 36 cm FL and 0.4 kg;
at 4 years, 99 cm and 11 kg; and at 8 years, 137 cm and 31 kg.
Comparable data for males are: at 1 year, 31 cm and 0.3 kg;
4 years, 82 cm and 6 kg; and 8 years, 108 cm and 15 kg. Sexual
maturity is attained by males at about 52 cm FL in their second
year and by females at about 70 cm in their third year. Fecun
dity for females 100-125 cm FL varies from 1.9 to 5.4 million
eggs. Cobia favor crustaceans for food, but will feed on other
invertebrates and fishes as well. They attain a maximum size
of over 60 kg. Cobia are fished both commercially and recrea
tionally. Commercially, they are usually caught incidentally in
both hook-and-Iine and net fISheries. In the United States, which
ranks behind Pakistan, Mexico, and the Philippines in com
mercial production of cobia, recreational landings exceed
commercial landings by more than ten-fold.

1 IDENTITY

1.1 Nomenclature

1.11 Valid name

Rachycentron canadum (Linnaeus 1766) (Fig. 1): Original
ly described by Linnaeus as Gasterosteus canadus in 1766.
The type locality was listed as Carolina (Linnaeus 1766;
Systema Natura, p. 491).

1.12 Synonymy

The following synonymy is based on the work of Gill (1895),
Jordan (1905), and Jordan and Evermann (1896):

Gasterosteus canadus Linnaeus 1766 (type locality, Caro
linas)

Scomber niger Bloch 1793

Centronotus gardenii Lacepede 1802 (Carolinas)

Centronotus spinosus Mitchill 1815 (New York)

Rachycentron typus Kaup 1826

Elacate atlantica Cuvier and Valenciennes 1831 (Brazil)

Elacate bivittata Cuvier and Valenciennes 1831 (Molucca)

Elacate malabarica Cuvier and Valenciennes 1831 (Malabar)

Elacate motta Cuvier and Valenciennes 1831 (Orixa)

Elacate pondiceriana Cuvier and Valenciennes 1831 (Pondi
cherry)

Meladerma nigerrima Swainson 1839

Naucrates niger Swainson 1839

Elacatc canada DeKay 1842 (New York)

Elacate jalcipinnis Gosse 1851 (Jamaica)

Elacate nigra Gunther 1860

Rachycentron canadus Jordan and Evermann 1896

Rachycentron pondicerrianum (sic) Jordan 1905

Rachycentron canadum Jordan 1905

1.2 Taxonomy

1.21 Affinities

Suprageneric

Phylum Chordata
Subphylum Vertebrata

Superclass Gnathostomata
Class Osteichthyes

Superorder Acanthopterygii
Order Perciformes

Suborder Percoidei
Family Rachycentridae

Generic

Genus Rachycentron Kaup 1826. Monotypic genus, see 1.22
and 1.3.



Figure 1
The Cobia, Rachycentron canadum (Goode 1884, plate 174).

Specific The following diagnosis of Rachycentron canadum
is from Collette (1978): "Body elongate, subcylindrical; head
broad and depressed. Mouth large, terminal, with project
ing lower jaw; villiform teeth in jaws and on roof of mouth
and tongue. First dorsal fin with 7-9 (usually 8) short but
strong isolated spines, not connected by a membrane; second
dorsal fin long, anterior rays somewhat elevated in adults;
pectoral fins pointed, becoming more falcate with age; anal
fin similar to dorsal, but shorter; caudal fin lunate in adults,
upper lobe longer than lower (caudal fin rounded in young,
the central rays much prolonged). Scales small, embedded
in thick skin; lateral line slightly wavy anteriorly."

1.22 Taxonomic status

Rachycentron canadum is the only species in the family
Rachycentridae.

Affinities based on morphology of early life stages as well
as adults of species in the families Nematistiidae, Carangidae,
Coryphaenidae, Rachycentridae, and Echeneididae are dis
cussed by Johnson (1984). He states that Rachycentron and
echeneidids have been assumed to be closely related (sister
groups) based on similarities in form, color, and fin shape
of juveniles of Rachycentron and Echeneis naucrates, but
that osteological examinations reveal a greater likelihood of
sister groups between Rachycentron and Coryphaena. This
latter affinity is especially shown in larval morphology of
the two genera. He also states, "Three synapomorphies unite
the Carangidae, Coryphaenidae, Rachycentridae, and Eche
neididae as a monophyletic group ... Within the carangoids,
the Coryphaenidae, Rachycentridae, and Echeneididae form
a monophyletic group."

1.23 Subspecies

No subspecies are recognized.

1.24 Standard common names, vernacular names

The accepted common name for Rachycentron canadum in
the United States is cobia (Robins et al. 1980). The standard
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FAO common names are: English, cobia; French, mafou;
Spanish, cobie (Collette 1978). Other names appearing in
the literature are:

United States Ling, sergeant fish, bonito, coalfish (Goode
1884); cabio, crabeater (La Monte 1952); lemonfish
(Manooch 1984); black bonito (Hildebrand and Schroeder
1928); lingcod, black salmon (Moe 1970); cubby-yew,
flathead (Burgess 1983)

Argentina Bonito negro (Menni et al. 1984)

Australia and India Black kingfish (La Monte 1952, Pillai
1982)

Brazil Bijupini (Figueiredo and Meneses 1980); ceixupira
(Duarte-Bello and Buesa 1973)

Colombia Bacalao (Menni et al. 1984)

Cuba Bacalao (Menni et al. 1984); medregal (Duarte-Bello
and Buesa 1973)

Guyanas Cabilo (Org. Econ. Coop. Develop. 1978)

Japan Sugi (Veno 1965)

Madagascar Sao ambina; poisson-sergent (Fourmanoir
1957)

Mexico Bacalao (La Monte 1952); bonito (Duarte-Bello and
Buesa 1973); esmedregal (Sec. Ind. Comer. Mex. 1976)

Pakistan Black kingfish; sanghra; sanglor (Bianchi 1985)

Persian Gulf Sikin (Kuronuma and Abe 1972)

Puerto Rico Bacalao (La Monte 1952, Erdman 1956)

Senegal and Gambia Warangall (Menni et al. 1984)

South Africa Runner; prodigal son (Smith 1965)

Tanzania Runner; songoro (Hatchell 1954)

U.S.S.R. Kobievye; serzhant-ryby (Lindberg and Krasyu
kova 1971)

Uruguay Bonito; bonito negro (Menni et al. 1984)

Venezuela Bacallao (Menni et al. 1984, Cervig6n 1966)
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Figure 2
Range of the cobia, Rachycentron canadum.

1.3 Morphology

1.31 External morphology

Body elongate, fusiform; head very long, depressed; eye
small, interorbital wide, no adipose lid; snout broad, its
length 2.45-2.85 in head, eye 4.85-6.35 in head; head
4.05-5.3 in standard length (SL), depth 5.55-8.1; dorsal
spines 7-9, each depressible into a groove; dorsal rays 28-33;
anal fin with 1-3 spines, 23-27 rays; mouth moderate, lower
jaw projecting; maxillary reaching anterior margin of the eye,
2.3-2.6 in head; premaxillaries not protractile; gillrakers
short, 7-9 on lower limb of first arch; branchiostegals 7;
preopercle and opercle finely serrate marginally; vertebrae
11-14; caudal vertebrae 13 or 14; no air bladder; pyloric
appendages branched (Briggs 1974, Fowler 1936, Hardy
1978, Kuronuma and Abe 1972). A detailed study of the
cobia lateral-line canal system may be found in Siming and
Hongxi (1986). Veno (1965) gives morphometric data from
a Japanese specimen.

Color dark-brown above, a paler brown on sides and
below; a black lateral band, as wide as the eye, extending
from snout to base of caudal, bordered above and below by
paler bands; below this is a narrower dark band. The black
lateral band is very pronounced in the juvenile, but tends
to become obscured in the adult. Fins mostly all deep or
dusky brown; anal and pelvics pale with gray or dusky mark
ings; ventral surface grayish white to silvery (Briggs 1974,
Fowler 1936, Hardy 1978, Smith 1907).
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2 DISTRIBUTION

2.1 Total area

Cobia are widely distributed, occurring nearly worldwide
in tropical, subtropical, and warm temperate waters (Fig.
2). In the western Atlantic, they occur from Massachusetts
and Bermuda to the Rio de la Plata, Argentina (Briggs 1958,
Menni et al. 1984, Nichols and Breder 1926), with the
northern range record of a 42.7-mm SL specimen collected
from the Scotian Shelf in Canada (Markle et al. 1980).

In the eastern Atlantic, cobia range from the Atlantic coast
of Morocco to South Africa (Monod 1973, Smith 1965).
They do not occur in the Mediterranean, except for possible
strays from the Red Sea through the Suez Canal (Golani and
Ben-Tuvia 1986). Cobia range throughout the Indian Ocean,
and in the western Pacific they are reported from Hokkaido,
Japan to Australia and the East Indies (Bianchi 1985, Four
manoir 1957, Grant 1972, Hatchell 1954, Jordan and Seale
1906, La Monte 1952, Lindberg and Krasyukova 1971,
Relyea 1981, Veno 1965). Cobia do not occur in the eastern
Pacific.

2.2 Differential distribution

2.21 Spawn, larvae, and juveniles

Most cobia eggs and larvae are found in offshore waters (see
3.16). Early juveniles move inshore and inhabit coastal areas,
near beaches, river mouths, barrier islands, lower reaches
of bays and inlets, or bays of relatively high salinities (Ben
son 1982, Hoese and Moore 1977, McClane 1974, Swingle



Table 1
Environmental data from cobia collections.

Water temp. Salinity
Location Date N Length/wt. (0C) (ppt) References

Western Atlantic
New Jersey Aug.* 2 49 mm TL; 51 mm TL 16.8 30.0 Milstein and Thomas 1976
North Carolina-Florida Sept. 1969- 10 22-126 cm TL 19.6-25.2 32.0-36.4 Wilk and Silverman 1976

May 1972
Jupiter Inlet, Florida Aug. 1960 22 cm SL >30.0 22.5 Christensen 1965

Gulf of Mexico
Gulf of Mexico Nov. 1950- 23.0-25.0** Springer and Bullis 1956

Dec. 1952
Buttonwood Canal, Florida July 1963 2 132 mm TL; 29.8 44.5 Roessler 1967

166 mm TL
Tampa Bay, Florida July 1958 I 77.0 mm SL 28.0 33.3 Springer and Woodburn 1960
Cedar Key, Florida Aug. 1950 2 7 kg; 14 kg 28.9 24.6 Reid 1954
Dog Keys Pass, Mississippi June and July 1967; IO 12.6-27 mm SL 25.9-32.0 28.9-37.7 Dawson 1971

June 1968

Eastern Atlantic
Ivory Coast Jan. 1983 3.8 kg 22.5 35.4 Lhomme 1983

*1972, 1973, or 1974
**Bottom temperatures, trawl-caught samples

1971). Dawson (1971) indicated that small juveniles (13-15
mm) were taken offshore in the Gulf of Mexico, whereas
larger specimens (45-140 mm) were most frequently '::01
lected from inshore locations.

2.22 Adults

Adult cobia are coastal and continental shelf fish, occasionally
entering estuaries (Benson 1982, Collette 1978, Robins and
Ray 1986). They are pelagic, but may occur throughout the
water column (Freeman and Walford 1976), and have been
taken at depths of 50 m, and over waters as deep as 1200 m
(Springer and Bullis 1956). They are found in a variety of
habitats: Over mud, rock, sand and gravel bottoms; over cor
al reefs and in mangrove sloughs; inshore around pilings and
buoys, and offshore around drifting and stationary objects
(Freeman and Walford 1976, Goodson 1985, Hoese and
Moore 1977, Relyea 1981, Sonnier et al. 1976, Springer and
Bullis 1956).

2.3 Determinants of distribution changes

Temperature The distribution of cobia is greatly affected
by temperature. Generally, cobia occur in the cooler por
tion of their range only during the warm months of the year.
Cobia either migrate to warmer waters, or move offshore
to deeper waters during the colder months (see 3.51). They
have been collected from waters of 16.8-32.0°C (Table 1).
Hassler and Rainville (1975) reported 37.rC to be lethal
to juveniles. The juveniles tolerated temperatures down to
17.7°C, although they ceased feeding entirely at 18.3°C.
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According to Richards (1967), cobia do not appear in the
Chesapeake Bay until water temperatures exceed 19°C.

Salinity Cobia generally occur in areas of oceanic or near
oceanic salinities, and can tolerate fairly hypersaline con
ditions. They have been taken from waters with salinities
ranging from 22.5 to 44.5 ppt (Table 1), but they may be
able to acclimate to slightly lower salinities. Hassler and
Rainville (1975) were able to rear cobia larvae successfully
in salinities as low as 19 ppt.

Food Cobia are known to move to areas of high food abun
dance, particularly abundances of crabs and other crustaceans
IDarracott 1977).

2.4 Hybridization

No hybrids of cobia are known (Schwartz 1972, 1981).

3 BIONOMICS AND LIFE HISTORY

3.1 Reproduction

3.11 Sexuality

Cobia are gonochoristic. No external sexual dimorphism has
been reported.

3.12 Maturity

Male cobia mature at a smaller size than females. Richards
(1967) reported that male cobia from the Chesapeake Bay
reached earliest maturity in their second year, at 51.8 cm
FL and 1.14 kg. Females reached earliest maturity in their
third year, at 69.6 cm FL and 3.27 kg.



Table 2
Fecundity estimates of cobia collected from Windmill Point and York Spit, Chesapeake Bay (Richards

1967). Ova measured 0.50-0.90 mm diameter.

Total ovarian Estimated total

Fork length Wt. Date Ovary tissue Egg count fecundity

(inches) (Ibs) (July 1963) condition (g) (avg.lg) (103 eggs)

57.75 17 Full 2113 2574 543949.1
54.75 17 Full 1877 2316 434748.8

46.5* 45.50 6** Partly spent 1121 2497 2799

39.2 26.25 17 Full 506 3825 1935

47.0 45.25 17 Partly spent 769 2866 2204

41.8 33.00 18 Full 1083 2464 2669

*Collected only at York Spit.
**1962

Cobia in other parts of the world may mature earlier. In
Indian waters, Rajan et al. (1968) collected a 42.6-cm TL
female with ovaries in the third stage of maturity.

3.13 Mating

Cobia form spawning aggregations (Richards 1967).

3.14 Fertilization

Fertilization is probably external, with both eggs and sperm
released simultaneously.

3.15 Gonads

Fecundity In the Chesapeake Bay area, Richards (1967)
reported that fecundity ranged from 1.9 to 5.4 million e~gs

for six cobia (Table 2). Richards also gave the relation
between fecundity (F), in 1()4 ova, and the body weight (wt)
in pounds of four fully-gravid females as F= 0.98 (wt)
- 6.39.

3.16 Spawning

Western North Atlantic The presence of gravid females
and appearance of cobia eggs in plankton collections indicated
that spawning occurs between mid-June and mid-August in
the Atlantic Ocean adjacent to the mouth of the Chesapeake
Bay (Joseph et al. 1964). Richards (1967) indicated that cobia
spawn from late June through mid-August off Virginia, and
that multiple spawning may occur.

Spawning may occur earlier in North Carolina waters.
Hassler and Rainville (1975) collected nearly 2000 cobia eggs
from 23 May to the end of their sampling period on 28 June
in Gulf Stream waters 25-50 km from the coast. Spawning
appeared to peak between 10 and 17 June. Off South
Carolina, spawning has been recorded as early as mid-May,
extending to the end of August in offshore waters, approx
imately 80 km from the coast (Donald Hammond, S.c. Dep.
Wildl. Mar. Resour., P.O. Box 12559, Charleston, SC
29412, pers. commun., 8 Apr. 1987).
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Table 3
Cobia larvae collected from Gulf of Mexico waters off the coast of

Texas (adapted from Finucane et al. 1978a).

Size Water depth Km from
Date Stn. no. N (mm) (m) coast (est.)

7/6/77 11-3 2 3.8 135 90
9/7/77 IV-3 3 4.0 90 80
9/8/77 111-2 4 6.8 "-'70 50
9/10/77 1-3 3 5.1 135 85

Gulf of Mexico Finucane et al. (l978a) implied cobia
spawning in the Gulf of Mexico from the collection of small
larvae (3.8-6.8 mm) off the Texas coast in July and
September (Table 3). In an additional study, Finucane et al.
(l978b) collected six larvae (5.9-23.0 mm) off the coast of
Texas in July. Dawson (1971) reported that cobia less than
30 mm SL were taken from gulf coastal waters between 31
May and 12 July; the smallest specimens (16-19 mm SL)
were collected on 5 June. He also noted that the occurrence
of small specimens follows the appearance of adults in
northern gulf waters in March and April. Baughman (1950)
indicated that young cobia were common off Texas in May,
June, and July. Observations of what was believed to be
spawning by cobia have been made by James M. Barkuloo
(U.S. Fish Wildl. Serv., Panama City, FL, pers. commun.,
23 March 1988). On 8 and 10 August 1974, while on an oil
drilling ship in the Gulf of Mexico about 30 miles southwest
of Panama City, Florida, Barkuloo saw as many as nine cobia
ranging from 30 to 50 pounds each. The cobia separated into
groups of two or more and released eggs ("bubble-like")
and sperm ("white cloud") while undergoing changes in
body color from uniform brown to a light horizontal-striped
pattern on their lateral surfaces.

Caribbean Sea Erdman (1968) indicated that August was
the peak month of spawning for cobia in Puerto Rican waters.
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Figure 3
Development of cobia eggs Crom Ryder 1887, plate 3): A) Developing egg of Rachycentron canadum, showing
the spacious cleavage cavil· (s), Kupffer's vesicle (kv), the chorda (ch), segments (m) of the embryo, the
limbs (br) of the concresciug blastophore, the oil drop (0), and the optic vesicles (op); and B) an earlier

phase of the developing egg.

Indian Ocean Little is known regarding cobia spawning
in waters other than the western Atlantic. Darracott (1977)
indicated that cobia eggs have not yet been recorded from
the Indian Ocean, although ripe fish are found year-round.
She also indicated that cobia may migrate from the southern
Indian Ocean to spawn off coastal areas of the Arabian Sea.
Rajan et al. (1968) collected two small juveniles (7 mm TL)
in a lagoon of the Bay of Bengal, India, on 25 March 1960.
Day (1967) took a ripe female from Indian waters in March.
In Pakistan waters, ripe cobia are found in March and April
along the Baluchistan coast (Bianchi 1985). A female with
maturing eggs was collected from Madagascar waters in
October 1964 (Richards 1967).

3.17 Spawn

Unfertilized eggs from female cobia were described by
Richards (1967) as having three stages:

Immature Clear, nucleated cells, 0.10-0.30 mm in
diameter

Maturing Eggs with a clouded appearance and the oil
globule vaguely discernible, 0.36-0.66 mm in diameter

Mature Eggs clear or transparent, 1.09-1.31 mm in diam
eter (average 1.20 mm), with an oil globule 0.29-0.44 mm
in diameter (average 0.37)

Fertilized cobia eggs are pelagic, and can be identified by
the distinctively large oil globule. The yolk is segmented.
Both the oil globule and the embryo are yellow and mottled
with melanin pigment (Hassler and Rainville 1975). Joseph
et al. (1964) collected fertilized cobia eggs and described
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them as ranging from 1.16 to 1.42 mm in diameter (mean
1.27 mm), with a single oil globule ranging from 0.34 to
0.44 mm in diameter (mean 0.38).

3.2 Preadult phase

The preadult phase has been summarized by Hardy (1978).

3.21 Embryonic phase

The development of cobia eggs in the laboratory has been
described by Ryder (1887) (Fig. 3). He reported a rapid
growth of the blastoderm; within 8 hours from fertilization,
the entire vitellus was included and covered by the blasto
derm's epibolic growth. Eggs hatched within approximate
ly 36 hours from fertilization (temperature unspecified).

Hassler and Rainville (1975) collected naturally spawned
cobia eggs, and found the highest hatching rates to occur in
tank water salinities of 33-35 ppt, with a water temperature
of approximately 26.5°C.

3.22 Larval and early juvenile phase

The following descriptions were taken from Hassler and
Rainville (1975):

Day 1 The l-day-old larvae are approximately 3 mm long
and colorless. Only a light-green tint is to be noted in the
area of the developing eye. The larvae have not yet begun
to feed actively and the yolksac is large and conspicuous.
A single fin extends dorsally from the head and ventrally
from the yolksac to the posterior, where it extends around
the caudal tip of the body.



Table 4
Measurements (mm) of selected characters of prejuvenile and juvenile Rachycentron canadum from the Gulf of Mexico (Dawson 1971).*

Cal. No. 4355 4354 4356 4356 4355 4353 4353 2359 4352 373 373

Standard length 12.6 12.9 13.6 13.7 15.3 16.6 18.2 23.5 27.0 44.3 55.0

Caudal fin length 3.1 2.6 3.0 3.3 3.7 4.3 5.1 7.1 9.3 15.0 16.8

Least caudal peduncle depth 0.7 0.8 0.8 0.8 0.9 0.9 1.0 1.2 1.4 2.4 2.8

Depth at anal fin origin l.l 1.4 1.4 1.3 1.5 1.6 1.6 2.1 2.7 4.6 5.4

Pectoral fin length 1.6 1.3 1.4 1.6 1.8 2.1 2.4 2.8 4.0 6.1 9.4

Pelvic fin length 0.7 0.7 0.9 1.0 0.7 1.4 1.8 3.1 4.5 8.7 10.1

Pelvic fin insertion to anal fin origin 3.5 3.9 4.1 4.1 4.7 4.5 4.9 6.2 7.3 12.3 15.3

Head length 3.6 3.5 3.8 3.8 4.7 13.7

Snout length 1.0 0.9 l.l 1.0 1.5 4.4

Eye diameter l.l 1.0 l.l l.l 1.2 1.3 1.5 1.6 1.8 3.1 3.5

Postorbital length 1.5 1.6 1.6 1.7 1.8 1.9 2.1 2.5 2.8 4.8 5.8

Interorbital width 0.6 0.9 1.0 l.l 1.5 1.5 3.2 4.5

Maxillary length 1.3 1.5 1.5 1.4 1.6 5.2

*AIl specimens are from the Museum of the Gulf Coast Laboratory. Ocean Springs. MS. except for Cal. no. 2359 collected by the Florida Department

of Natural Resources. Sl. Petersburg. FL.

Day 5 After 5 days, the larvae are 4-5 mm long. Eyes are
dark-brown and prominent. The yolksac is absorbed, and
development of the eye and mouth permits active feeding.
A faint yellow streak extends the length of the body, and
scattered blotches of melanin are evident. The fin structure
is the same as the day-l larvae; however, limited swimming
is now possible.

Day 10 By the tenth day, definite changes can be noted in
the larvae. The mouth, head, and eye are fully developed.
Musculature is now apparent throughout the body, permit
ting prolonged, active swimming. The single finfold persists,
and fin rays begin to appear in some areas. Pectoral fins are
now present. The larvae are light-brown and 5-10 mm in
length.

Day 30 The day-30 juvenile has begun to take on the
appearance of the adult fish. Distinct dorsal, anal. caudal.
pectoral, and pelvic fins develop. The dorsal fin extends from
midbody to a point just anterior to the caudal fin. The [anal]
fin also ends just before the caudal fin and begins just behind
the anus. The caudal fin is large and fan-shaped. Eight short
spines develop just anterior to the dorsal fin. Two color bands
run from the head to the posterior tip of the 30-day-old
juvenile. The white-to-yellow dorsal band and the black ven
tral band meet along the lateral line of the juvenile.

Day 59 After 59 days, the juveniles have grown con
siderably, but their general appearance is similar to the
30-day cobia. The most striking change has occurred in the
banding of the fish, which now appears to be black with
dorsolateral and ventrolateral gold or white bands. The dorso
lateral bands extend anteriorly over the head, just above the
eye, and posteriorly to the caudal fin. The ventrolateral band
is not as distinct, and extends from under the mouth to the
caudal fin. The dorsal, anal, and caudal fins are black with
light-yellow tips.
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Dawson (1971) gave detailed descriptions of prejuvenile
and juvenile cobia, 12.6-55.0 mm SL. His measurements
of selected characters are given in Table 4. Illustrations of
larval and juvenile cobia are given in Figures 4 and 5.

3.23 Juvenile phase

Joseph et al. (1964) described two juvenile cobia, 108 and
120 mm TL, collected from the mouth of the York River,
Virginia. These juveniles differed from adults most notably
in color pattern. They displayed a prominent black longi
tudinal band, extending the full length of the body, bordered
above and below by white stripes. The paired fins were black,
except for an inconspicuous margin on the pectorals. Dor
sal and anal fins were marked with white margins on the
anterior portions. The caudal fin was broadly rounded, with
white margins on the dorsal and ventral edges (Fig. 6).
Hildebrand and Schroeder (1928) indicated that juveniles dif
fer markedly from adults in having a "more elongate body,
less strongly depressed head, in having the caudal fin trun
cate instead offorked, and in being somewhat lighter in col
or and having a black lateral band, which extends from the
snout, through the eye, to the base of the caudal."

Wang and Kernehan (1979) described juvenile cobia 50
mm and larger as resembling the adult, but having a truncate
to-broadly-rounded caudal fin rather than the lunate caudal
of the adult. They gave the following characteristics: Head,
long and depressed; lower jaw projecting out farther than
the upper jaw; all fin rays and spines developed (dorsal fin
with 8-9 spines, 30 rays; anal fin with 1 spine, 23 rays);
dorsal, pectoral, and anal fins elongate; dark horizontal band
extending from tip of snout to base of caudal fin; dorsum,
ventrum, and fins darkly pigmented (Fig. 7).



A

B

17.0mm

Figure 4
Larval development stages of cobia collected off the Texas outer continental shelf (Finucane et al. 1978a, fig. 146).

14.6 mm SL

31.0mmSL

.:".-.

Figure 5
Late larva and juvenile cobia (Hardy 1978, fig. 226): A) Late lana, preopercular spines prominent, preanal finfold still evident; and B) juvenile.
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180 mm TL

Figure 6
Composite drawing of a juvenile cobia (Joseph et a!. 1964, fig. 3).

82.9 mm TL

Figure 7
A juvenile cobia (Wang and Kernehan 1979, fig. 75).

3.3 Adult phase

3.31 Longevity

Cobia may reach a length of2 m (Cadenat 1950). The world
hook-and-line weight record for cobia is a 61.5-kg fish from
Australian waters in 1985 (lnt. Game Fish Assoc. 1988). Ac
cording to Wheeler (1975), cobia weighing 68 kg have been
reported.

Cobia are known to live at least 10 yrs (Richards 1967),
and may reach an age of 15 yrs or more (Gulf Mex. S. Atl.
Fish. Manage. Counc. 1985).

3.32 Hardiness

Cobia are relatively adaptable to their environment and are
able to utilize a variety of habitats and food sources (see 2.2,
2.3, 3.35, 3.42).

3.33 Competitors

No studies have been done regarding the competitors of
cobia, but given the wide range of the cobia's habitats and
prey species, competition is probably not an important fac
tor in their survival.
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3.34 Predators

No studies have been done regarding the predators of cobia,
but they are presumably eaten by larger pelagic fishes.
Dolphin (Coryphaena hippurus) have been reported to prey
upon small cobia (Rose 1965).

3.35 Parasites, diseases, and abnormalities

Parasites of cobia include trematodes, monogeneans, ces
todes, nematodes, acanthocephalans, and copepods (Table
5). Infections by some parasites appear to be heavy on
occasion. Madhavi (1976) reported 30 specimens of the
trematode Stephanostomum pseudoditrematis from a cobia
intestine. Intestinal damage from acanthocephalid worms was
severe in cobia examined by George and Nadakal (1981).
Rasheed (1965) and Overstreet (Robin Overstreet, Gulf Coast
Res. Lab., P.O. Box 7000, Ocean Springs, MS 39564-7000,
pers. commun., 12 Aug. 1987) noted that whenever a cobia
was dissected for study, the stomach was found to be heavily
infected with the nematode Iheringascaris inquies.

Some parasites of cobia demonstrate a high degree of host
specificity. The monogenean Dionchus rachycentris is
reported only from the cobia (Hargis 1957). The closely



Table 5
A partial list of parasites of cobia.

Parasite

Monogeneans
Dionchus rachycentris

(syn. D. hopkinsi)

Dionchus sp.

Digenetic trematodes
Laruea straightum
Lecithocladium jagannathi
Sclerodistomum rachycentri
Stephanostomum cloacum
S. dentatum

(syn. Distomum dentatum)
S. imparaspine

(syn. Distomum imparispine)
S. microsomum
S. pseudoditrematis
Sterrhurus monticelli

(syn. Distomum monticellii)
Tormopsolus flli/ormis

T. spatulum

Cestodes (metacestode stage)
Rhinebothrium sp.
Rhynchobothrium sp.
Scolex polymorphus
Tetrarhynchus bisulcatus

Nematodes
Goezia pelagia
lheringascaris inguies

(syn. Ascaris inguies,
Thynnascaris inguies,
Neogeozia elacateidae,
Contracaecum inguies,
I. iheringascaris)

Acanthocephalans
Serrasentis nadakali
S. sagittifer

(syn. Echinorhynchus sagittifer,
S. socialis)

Copepods
Euryphorus nympha

(syn. E. coryphaenae)
Lernaeenicus longiventris
Lernaeolophus hemiramphi
L. sultanus
Parapetalus gunteri

P. occidentalis

Tuxophorus caligodes

Geographic region

Gulf of Mexico-Texas
Gulf of Mexico-Florida
SW Pacific-Australia
SW Pacific-Australia

Arabian Sea-Pakistan
Bay of Bengal-India
Indian Ocean
Bay of Bengal-India
NW Atlantic-North Carolina

Gulf of Mexico-Florida

Bay of Bengal-India
Bay of Bengal-India
NW Atlantic-North Carolina

Gulf of Mexico-Florida
Bay of Bengal-India
Bay of Bengal-:ndia

NW Atlantic-North Carolina
NW Atlantic-North Carolina
NW Atlantic-North Carolina
NW Atlantic-North Carolina

Gulf of Mexico
NW Atlantic-North Carolina
Arabian Sea-Pakistan
Arabian Sea-Pakiston
Gulf of Mexico
Various

Arabian Sea-India
NW Atlantic-North Carolina
E. Atlantic-Senegal
Gulf of Mexico
Arabian Sea-India

Gulf of Mexico-Texas

Gulf of Mexico-Texas
Gulf of Mexico-Texas
Gulf of Mexico-Mississippi
Gulf of Mexico-Texas
SW Pacific-Australia
Indian Ocean-India

(Trivandrum)
NW Atlantic-North Carolina
Gulf of Mexico
Indian Ocean-India

(Trivandrum)
NW Atlantic-North Carolina
Gulf of Mexico-Texas
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Site on host

Gills

Gills

Intestine
Stomach

Intestine

Rectum

Intestine
Intestine

Rectum
Intestine
Intestine

Alimentary canal

Stomach wall

Stomach

Stomach
Alimentary canal
Stomach and pyloric caeca
Stomach and pyloric caeca

Intestine and pyloric caeca
Intestine
Intestine
Intestine and pyloric caeca
Intestine

Fin surface

Body surface
Gills
Gills
Gills

Inside surface of operculum
Body surface
Gills and inner surface of

operculum
Body surface
Body surface

Reference

Koratha 1955
Hargis 1957
Young 1970
Rohde 1978

Jahan 1973
Ahmad 1981
Parukhin 1978
Hafeezullah 1978
Linton 1905

Sogandares-Bernal and Hulton 1959

Madhavi 1976
Madhavi 1976
Linton 1905

Sogandares-Bernal and Hulton 1959
Madhavi 1976
Hafeezullah 1978

Linton 1905
Linton 1905
Linton 1905
Linton 1905

Deardorff and Overstreet 1980
Linton 1905
Rasheed 1965
Khan and Begum 1971
Overstreet 1978
Deardorff and Overstreet 1981

George and Nadakal 1981
Linton 1905
Golvan 1956
Overstreet 1978
Soota and Bhaltacharya 1981

Causey 1953

Causey 1953
Causey 1953
Dawson 1969
Pearse 1952
Kabata 1967
Pillai 1962

Wilson 1908
Causey 1955
Pillai 1962

Wilson 1908
Causey 1953



related D. remorae is specific to some remoras. This similar
ity has been suggested as an indicator of a close phylogenetic
relationship between the two fishes (Hargis 1957, Koratha
1955). The adult nematode Iheringascaris inquies appears
to be restricted to cobia (Deardorff and Overstreet 1981).

A barnacle (Conchoderma virgatum) has been found on
a cobia from Mississippi waters. It was not attached direct
ly to the fish, but to the parasitic copepod Lemaeolophus
sultanus, embedded just posterior to the last dorsal fin ray
(Dawson 1969).

There is little information in the literature regarding
diseases of cobia. Heart abnormalities have been reported.
Several cobia hearts examined by Howse et al. (1975)
revealed pericardial adhesions, probably resulting from
pericarditis. Also, the cobia is reported to be one of the fishes
affected by red tide organisms (Galtsoff 1954).

3.36 Chemical composition

The composition of cobia (raw muscle tissue) was reported
by Sidwell (1981): Moisture 74.9%, protein 18.9%, fat
5.4 %, ash 1.3%, carbohydrates 0%. The caloric content was
124 calories per 100 g.

Moderately high levels of mercury have been found in
cobia from Texas offshore waters. Bright and Pequegnat
(1974) reported a concentration of 0.71 parts per million of
mercury in cobia muscle tissue.

of occurrence of Callinectes, and a 46 % frequency of occur
rence of penaeid shrimp in cobia stomachs. Crustaceans
occurred in 100% of the cobia stomachs examined by Darra
cott (1977). Out of a total of 40 organisms found in cobia
stomachs by Miles (1949), 29 were crabs.

Donald Hammond raised cobia from 30 days to 1 yr of
age, and found that they did not thrive unless they received
crustaceans in their diet (S.c. Dep. Wild!. Mar. Resour.,
P.O. Box 12559,Charleston, SC 29412, pers. commun.,
8 Apr. 1987). Cobia also feed upon squid and a variety of
small, particularly demersal fish, such as eels, sea catfish,
and sciaenids. Cobia food habit studies are summarized in
Table 6.

Little is known regarding the food habits of larval and
young juvenile cobia. Hassler and Rainville (1975) suc
cessfully fed laboratory-raised cobia a diet of wild zooplank
ton, dominated by copepods.

3.43 Growth rate

Cobia appear to grow rapidly and have a moderately long
life span. Richards (1967, 1977) studied the growth of cobia
from the Chesapeake Bay and found that scale annuli were
formed in midsummer. His age, length, and weight data are
given in Table 7. His growth equations for male and female
cobia were:

Female W = -4.57 U·79 (n=9, r=0.97)

Male W = -5.19 L315 (n=9, r=0.99)

Total W = -4.58 U83 (n=48, r=0.96)
(18 could be sexed)

where W = weight in kilograms, and L = length in centi
meters.

As scaling parameters in the negative range are unreason
able, it is likely that Darracott (1977) substituted the log
parameter values into the non-log form of the equation.
Therefore, the correct equations should read:

where FL = fork length in centimeters, W = weight in
kilograms, and t = time in years. Solutions for these equa
tions for 1-8 years are given in Table 8 (Richards 1977).
Female cobia appear to grow more rapidly and attain greater
size than males (Richards 1967, 1977).

The length-weight relationship for cobia was calculated by
Richards (1967) to be: Log W = (3.088 log L) - 3.506,
where W = weight in pounds. and L = fork length in inches.
The curvilinear relationship was the same for males and
females (Fig. 8). Darracott (1977) reported the length-weight
relationship of cobia from the Tanzanian area of the Indian
Ocean as:

Females

FL = l64(1-e-o.226(I+o.o8)

W = 54.5(1-e-02251)3088

Males

FL = 121 (1-e-028(I+006)

W = 21.3(1-e-O.281)3.088
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3.4 Nutrition and growth

3.41 Feeding

Cobia are known to be voracious feeders, often engulfing
whole prey. Darracott (1977) reported undamaged crusta
ceans in cobia stomachs. Fisher (1891) compared cobia's
feeding with that of the pike. To a large extent, cobia feed
near the bottom; however, the presence of pelagic fish in
some samples indicates that they also take prey near the sur
face (Knapp 1951).

Cobia exhibit some degree of commensalism. They are
known to associate with rays, sharks, and other large fish.
and have been observed in captivity to take in a larger fish's
rejected food scraps (Takamatsu 1967, Smith and Merriner
1982). The rays may also stir up benthos upon which the
cobia feed (Smith and Merriner 1982).

Feeding appears to decrease with lowered temperatures.
Hassler and Rainville (1975) observed that 90-day-old
laboratory-reared juvenile cobia ceased feeding when water
temperatures were lowered to 18.3°C. Also, cobia may cease
feeding during spawning (Richards 1967). No studies have
been done regarding the cobia's diurnal feeding habits. Cobia
may time their migrations with the availability of important
prey species, such as crustaceans (Darracott 1977).

3.42 Food

Cobia are carnivorous, feeding extensively on crabs, other
benthic invertebrates, and fish. They have been called the
"crabeater" due to the prevalence of this food item in their
diet (Randall 1983). Knapp (1951) found a 42 % frequency



Female Log W = 2.79 Log L

Male Log W = 3.15 Log L

Total Log W = 2.83 Log L

4.57

5.19

4.58

Hassler and Rainville (1975) also described the length
weight relationship of larval and juvenile cobia with the
exponential equation: Log W = 2.4035 Log L - 1.3007.
Table 9 provides the average weight and length-at-age of
cobia to 131 days of age.

(J. Jeffery Isely, Panama City Lab., Southeast Fish. Cent.,
Nat!. Mar. Fish. Serv., NOAA, Panama City, FL 32408,
pers. commun., 28 Sept. 1989).

Hassler and Rainville (1975) described exponential weight
and length increases in cobia larvae and juveniles older than
10 days with the equations:

Log W = 4.360 Log X - 4.318,

where W = weight in mg, and X = age in days.

Log L = 1.425 Log X - 0.587,

where L length in mm, and X = age in days.
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Table 7
Calculated fork lengths and average length-weight data for cobia samples from catches within Chesapeake Bay, 1960-64 (Richards 1967).

Mean capture No. Mean capture Calculated lengths (inches) at successive annuli
Sample weight of length

Age size (lbs) fish (in.) 2 3 4 5 6 7 8 9 10

Males
I 3 3.3 4 21.4 15.1

II 32 8.3 37 28.1 14.1 24.6

III 16 16.7 18 33.2 13.9 22.9 30.1

IV 9 21.2 10 37.1 13.9 23.6 30.2 34.8

V 12 26.3 13 39.7 13.9 23.7 30.1 34.7 38.0

VI 9 30.3 12 40.9 13.4 20.2 27.0 32.3 36.3 39.3

VII 4 32.0 4 41.4 12.8 19.1 25.4 29.8 33.4 36.8 39.7

VIII 0 0
IX 2 39.1 2 43.0 10.6 16.2 20.5 24.0 29.6 34.0 36.4 39.2 41.6

X I 41.8 I 47.0 11.8 20.2 23.7 27.1 32.5 38.2 40.5 42.4 44.3 45.9

Total 88 101 Grand average 13.8 23.1 28.8 32.9 36.2 38.3 39.1 40.3 42.5 45.9

Females
I 6 4.0 6 22.9 15.3

11 11 10.2 15 30.7 14.3 25.0
III 25 24.5 30 37.5 14.0 24.5 34.4
IV 17 29.2 20 41.0 13.9 23.3 31.6 38.1
V 34 43.5 39 45.6 14.3 24.2 32.7 38.5 42.8

VI 19 48.1 22 47.1 14.0 23.0 30.3 35.7 40.8 44.7
VII 13 55.4 14 49.5 14.7 23.5 30.7 36.2 40.6 44.2 47.4

VIII 7 62.7 7 51.3 14.2 22.3 28.6 33.5 38.4 42.8 45.8 49.2
IX 3 67.3 3 52.5 13.3 22.8 31.0 34.5 39.2 42.2 44.6 47.7 50.3

Total 135 156 Grand average 14.2 23.8 32.0 37.0 41.4 44.1 46.6 48.7 50.3

Table 8
Length and weight solutions for cobia growth equations

(Richards 1977).

Females Males

Fork Fork
length Weight length Weight

t

(years) in. cm Ibs kg in. cm Ibs kg

I 14.0 36 0.85 0.4 12.2 31 0.6 0.3
2 24.2 61 5.2 2.4 20.8 53 3.4 1.5
3 32.3 82 13.3 6.0 27.3 69 8.2 3.7
4 38.8 99 24.0 10.9 32.3 82 13.9 6.3
5 44.0 112 35.7 16.2 36.0 91 19.6 8.9
6 48.1 122 47.5 21.5 38.8 99 24.8 11.2
7 51.4 131 58.6 26.6 40.9 104 29.3 13.3
8 54.0 137 68.7 31.2 42.5 108 33.1 15.0

Figure 8
Length-weight relationship for
cobia collected from Virginia
waters (Richards 1967, fig. 2).
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Table 9
Age and average weight and length data of larval and juvenile cobia

(modified from Hassler and Rainville 1975).

Weight (mg) Length (mm)
Age No. of

(days) specimens Avg. Range Avg. Range

1 5 1.0 3.0
2 5 2.2 2-3 3.6 3.0-4.0
3* 3 1.0 3.7
4* 3 2.7 2-3 3.7 3.5-4.0
5 3 8.7 8-9 4.7 4.5-5.0
6* 4 9.2 9-10 4.9 4.5-5.0
7* 3 8.0 7-10 4.8 4.5-5.0
8* 3 1.0 5.3 5.0-5.5
9 2 7.0 6-8 6.5 6.0-7.0

10 1 10.0 9.0
10* 1 4.0 6.0
12* 3 4.0 6.7
13* I 9.0 9.0
14 1 30.0 16.0
15* 1 8.0 9.5
18 1 30.0 19.0
19 7 11.4 20-10 12.1 10.0-15.5
20 I 20.0 16.0
22 11 42.7 20-90 24.2 10.0-30.0
23 3 41.7 35-50 23.1 22.5-24.0
24 13 46.9 20-120 24.2 19.0-33.0
25 1 90 24.5
28 1 60 29.0
30 1 90 29.0
36 1 920 65.0
43 1 130 34.0
51 I 3,750 93.0
59 8 4,140 1,350- 7,500 98.2 69-120
71 2 19.745 6,900-12,590 138 128-149
73 I 12,480 141
83 4 10,425 8,900-12,520 142 134-148
88 2 22,865 22,390-23,340 166 165-166
99 I 25,350 183

102 I 33,610 196
107 1 43,200 201
109 I 34,300 187
110 I 12,000 127
111 I 25,000 178
112 I 71.000 205
120 I 64,000 210
124 1 74,000 225
131 1 80,000 231

*Larvae were reared on Brachionus plicatilis and Artemia Salina.

3.5 Behavior

3.51 Migrations

Western North Atlantic Cobia make seasonal migrations
in connection with changes in water temperature and with
spawning. In the Chesapeake Bay, cobia were found to enter
the bay in late Mayor early June, and leave by mid-October
(Richards 1977). Tagging studies indicated that there was
a distinct group that returned to the bay every summer
(Richards 1977).
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Cobia have long been reported to have a north-south/
spring-fall movement pattern along the southeastern United
States (Smith 1907, Hardy 1978), and fishermen have been
known to track their spring run from Florida to South
Carolina (McNally 1985). Recent tagging studies, however,
show an inshore-offshore/spring-fall movement by the cobia
population off the coast of South Carolina (Donald Ham
mond, S.C. Dep. Wildl. Mar. Resour., P.O. Box 12559,
Charleston, SC 29412, pers. commun., 8 Apr. 1987). A
record of extensive migration resulted from that study: A
cobia tagged off Charleston in June 1984 was recovered in
April 1986 off Biloxi, Mississippi.

Gulf of Mexico In Gulf of Mexico waters, cobia winter
in the Florida Keys, and move north and west along the gulf
coast in the spring. Fish tagged in the Florida Keys during
the winter of 1974 were recovered during the spring and sum
mer of subsequent years from locations ranging from St.
Petersburg, Florida, to the Texas-Louisiana border. The
following winter, four were recaptured from the original tag
ging locations (Donald Hammond, pers. commun., see
above). More recently, a cobia tagged off Galveston, Texas,
in July 1987 was recovered off Sisal, Yucatan, Mexico, in
January 1988 (Steve Qualia, P.O. Box 4746, Corpus Christi,
TX 78469, pers. commun., 9 Feb. 1988).

Indian Ocean Little information is available on movements
of cobia in other parts of the world. Darracott (1977) in
dicated that cobia from southern Indian Ocean waters may
move north to spawn off the coast of Arabia. Smith and
Heemstra (1986) reported that cobia migrate to South African
waters during the austral summer, occasionally reaching
False Bay.

Eastern Atlantic In June, cobia move north along the
African coast from the Senegal-Guinea area, returning there
in December (Champagnat and Domain 1978).

3.52 Schooling

Cobia may be solitary or travel in small groups or "pods"
of2-8 or more fish (Benson 1982, Burgess 1983, Moe 1970).
They form aggregations during the spawning season
(Richards 1967).

Associations Cobia associate with larger fish, such as rays
and sharks, and sea turtles (Baughman 1950). This behavior
has been observed in captivity (Smith and Merriner 1982,
Takamatsu 1967) as well as at sea. It is so well known that
fishermen often consider schools of large rays to be indicators
of cobia (McNally 1985, Moe 1970). In South Africa, cobia
are often observed with groups of remoras (Smith and
Heemstra 1986). Explanations for the cobia's associations
have been proposed, e.g., the increased availability of food
(Smith and Merriner 1982, Takamatsu 1967), and as part
of the cobia's generalized sheltering behavior (Carr 1987)
(see also 3.53).



3.53 Responses to stimuli

Cobia are known to be attracted to inanimate objects in the
sea. According to Baughman (1950), "They are found
around buoys, under floating debris, around large fish and
under sea turtles, to name only a few of the many items with
which they have been observed associating. " They are also
found around pilings, wrecks, and other artificial structures
(Hardy 1978, Wickham et al. 1973). Cobia show a strong
tendency to lie in the shadow of a boat (Joseph et al. 1964).
They appear to be attracted to noise (Goodson 1985, Sasser
1984).

Cobia are a favorite with sport fishermen due to their
fighting ability, strength and speed (Henshall 1895, McClane
1974). They are known to make determined runs and leaps
when hooked (Grant 1972, Smith 1965).

4 POPULATION

4.1 Structure

4.11 Sex ratio

Richards (1967) found a female-to-male ratio of 1.54: 1 for
257 cobia from the Chesapeake Bay region. Of 48 cobia from
Tanzanian waters, 9 were identified as male and 9 as female
(Darracott 1977). Out of 301 cobia from southeastern U.S.
and Gulf of Mexico waters, the female-to-male ratio was
1.20: 1 (L. Alan Collins, Panama City Lab., Southeast Fish.
Cent., Natl. Mar. Fish. Serv., NOAA, Panama City, FL
32408, pers. commun., 10 Nov. 1987).

4.12 Age composition

The only study on age composItIon of cobia is that of
Richards (1967). He examined 257 fish from Chesapeake
Bay area landings, 1960-64, and showed that for males,
age-II fish were the most abundant, whereas for females,
age-V fish predominated, followed closely by age-III fish
(Table 7).

4.13 Size composition

Darracott (1977) reported that the modal length of 48 cobia
caught off Tanzania was 75-85 cm FL, and the modal weight
was 5-10 kg. Richards (1967) found that females attain
greater size than males; the most abundant size range for
females was 95-120 cm FL, and 70-85 cm FL for males
(Table 7).

4.14 Subpopulations

From tagging studies, Richards (1977) concluded that
"Chesapeake Bay cobia may be a distinct group or sub
population." A separate stock of cobia in the Gulf of Mex
ico has also been suggested (Jones et al. 1985, Gulf Mex.
S. Atl. Fish. Manage. Counc. 1985).
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4.2 Abundance and density

Cobia is considered to have low abundance throughout its
range. It has relatively higher abundance in the Arabian Sea
and in the Gulf of Mexico. See section 5.43.

4.3 Natality and recruitment

4.31 Reproduction rates

See section 3.15.

4.32 Factors affecting reproduction

No studies have been done regarding factors affecting repro
duction.

4.33 Recruitment

The rate of recruitment for cobia is considered to be low
(Gulf Mex. S. Atl. Fish. Manage. Counc. 1985).

4.4 Mortality

Richards (1977) noted that the total mortality rate for cobia
from the Chesapeake Bay area, including both commercial
and sport fishing as well as natural mortality, could be ex
cessive. From tagging studies, he calculated a sport fishing
mortality for cobia of 0.30 ± 0.21, with a probability of
95 %. From his data, an annual survival rate was calculated
with 95% confidence limits: S = 0.66 ± 0.04 (Gulf Mex.
S. Atl. Fish. Manage. Counc. 1985).

5 EXPLOITATION

5.1 Fishing equipment

Commercial fishery Throughout most of its range, cobia
is an incidental catch in the various fisheries. In Pakistan,
the world's largest producer of cobia, fishermen catch them
with handlines, bottom trawls, driftnets, and floating gillnets
(Bianchi 1985). In India, they are usually taken with drift
gill nets, handlines, and troll lines from the inshore coastal
waters (Pillai 1982). In the Philippines, cobia are caught in
cidentally in the purse-seine and trawl fisheries (Aprieto
1985, Aprieto and Villoso 1979). In the Persian Gulf, cobia
are a common bycatch of the shrimp fishery (Kuronuma and
Abe 1972).

In the United States, cobia are caught commercially in
pound nets, gill nets, and seines (Manooch 1984). They are
also taken incidentally by shrimp trawlers in the Gulf of Mex
ico, and as a commercial supplement to the Texas charter
boat fishery (Gulf Mex. S. Atl. Fish. Manage. Counc. 1985).

Recreational fishery Cobia are highly prized and sought
by recreational fishermen, who angle for them from boats,
beaches, piers, and jetties. According to McClane (1974),
"The most popular tackle for cobia is heavy spinning gear
designed to cast 15-25-pound test monofilament lines. Large
plugs, similar to those used for striped bass in blue scale or
silver-flash finishes, and 1V2-3-ounce jigs with white or



yellow skirts are standard baits. A 3-foot wire leader (No.
7-9) or a 6O-80-pound test monofilament shock tippet is
necessary. " Other baits used for cobia include a variety of
small, live fish, squid, cut bait, large shrimp, and artificial
spoons (Daigle 1984, McClane 1974).

5.2 Fishing areas

Cobia are caught incidentally in commercial fisheries
throughout their range, particularly in the Gulf of Mexico
and the Arabian Sea. The primary recreational fishery for
cobia is located in United States waters. They are also fished
recreationally in Australia (Grant 1972), southeastern Africa
(Hatchell 1954, Smith 1965), and the Caribbean (La Monte
1952). They are usually caught in shallow coastal waters,
but have been taken in trawls from waters as deep as 50 m
(Springer and Bullis 1956).

5.3 Fishing seasons

Since water temperature influences the movement of cobia,
they are generally fished in the cooler portions of their range
in the summer and the warmer portions juring the winter.
In the Chesapeake Bay region, cobia season extends from
May to October, with a peak in July (Richards 1965). Along
the east coast of the United States, sport fishermen can follow
the northward movement of cobia from south Florida in
January to the Carolinas in May (McNally 1987). In south
Florida, cobia are fished mostly in the winter (Gulf Mex.
S. Atl. Fish. Manage. Counc. 1985). In North Carolina
waters, cobia are caught from May to August, with a peak
in June (Manooch and Laws 1979). In South Carolina, cobia
season extends from May to September (Bearden 1961). In
the Gulf of Mexico (U.S. waters), cobia are fished in the
spring and summer, with a strong "spring run" in the
northern Gulf from mid-March to May (Burgess 1983, Gulf
Mex. S. Atl. Fish. Manage. Counc. 1985).

In Tanzania, anglers catch cobia during August and
September (Hatchell 1954), and in Australia from September
to November (La Monte l(52).

5.4 Fishing operations and results

5.42 Selectivity

Cobia is generally an incidental catch of various commer
cial fisheries. Selectivity in the recreational fishery is prob
ably limited to hook size.

5.43 Catches

Cobia is a highly prized food fish, generally sold fresh. It
holds up well as a frozen product, and also makes a fine
smoked product (Seafood Leader 1987).

Commercial landings of cobia are the highest in Pakistan,
Mexico, and the Philippines (Table 10). India is also a major
producer of cobia, reporting widely fluctuating landings;
e.g., between 1969 and 1980, annual landings ranged from
200 to 880 metric tons (Pillai 1982). Most cobia landed in
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Table 10
Commercial landings (metric tons) of cobia by country, 1980-86
(FAD 1983,1988). (U.S. landings have been revised by NMFS data;

see Table 11.)

Country 1980 1981 1982 1983 1984 1985 1986

Pakistan 606 1405 1971 1384 1134 887 769
Mexico 134 385 334 753 626 497 472
Philippines 395 334 298 412 741 378 629
United States 31 45 55 55 73 74 97
United Arab Emirates 70 30 36 36 30 30
Bahrain 19 39 44 42 22 19 16
Qatar 19 21 49 62 37
Saudi Arabia 74

Total 1185 2278 2751 2703 2681 1947 2124

the United States are taken from Gulf of Mexico waters
(Table 11).

Recreational landings of cobia are not well documented.
An estimated 216,000 cobia (2,029,000 Ibs or 920 mt) were
landed in U.S. waters in 1965 (Deuel and Clark 1968), while
119,000 (900,000 Ibs or 408 mt) were landed in 1970 (Deuel
1973). Recreational landings (Table 12) are substantially
greater than commercial landings (Table II) in the United
States.

6 PROTECTION AND MANAGEMENT

6.1 Regulatory measures

In the United States, the cobia fishery is managed by the Gulf
of Mexico and South Atlantic Fishery Management Coun
cils, and is included in the fishery management plan for
coastal migratory pelagic resources (Gulf Mex. S. Atl. Fish.
Manage. Counc. 1985). The current regulation consists of
a size limit (33 in. or 83.8 cm FL); no allocations or quotas
are applied at this time.

7 CULTURE

Few studies have been done on the culture of cobia. How
ever, Hassler and Rainville (1975), in a small-scale study,
raised cobia from fertilized eggs to l31-day-old juveniles.
They found them to be good potential aquaculture organisms
due to their fast growth, ease of handling, and tolerance of
variable environmental conditions.

7.1 Procurement of stocks

In May and June of 1974, Hassler and Rainville (1975) col
lected 1979 naturally spawned cobia eggs in plankton tows
off Hatteras Village, North Carolina. Most of the eggs were
hatched and larvae reared in 38-liter tanks, although some
76-liter tanks were also used. The seawater was filtered



Table 11
u.s. commercial cobia landings (pounds), 1978-87. (Data from NMFS Southeast and Northeast Fisheries Centers.)

State 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Atlantic
Massachusetts 100

Maryland 100 100

Virginia 600 600 1,400 1,400 2,000 900 1,900 2,400 1,180 536

North Carolina 1,928 3,552 5,128 5,260 10,574 4,279 6,701 6,640 18,303 32,672

South Carolina 219 220 1,363 10,137 16,286 11,367 2,523 1,464 3,690 4,718

Georgia 168 497 1,126 2,304 1,497 2,570 611 2,561 2,705

East Florida 9,200 7,100 19,971 22,008 13,604 12,936 16,742 15,069 32,588 55,002

Subtotal 11,947 11,640 28,359 39,931 44,868 30,969 30,436 26,384 58,322 95,633

Gulf
West Florida 40,200 36,900 29,900 42,400 51,300 69,400 103,300 104,895 89,546 99,336

Alabama 3,304 5,700 2,491 1,799 776 3,291 3,604 2,097 11,454 5,169

Mississippi 280 250 700 100 7,370 5,513 9,940 11,427

Louisiana 359 332 4,718 2,905 153 1,033 3,247 16,873 33,628 39,092

Texas 13,600 7,674 2,200 13,100 24,200 17,200 12,702 6,442 11,628 8,140

Subtotal 57,463 50,886 39,559 60,204 77 ,129 91,024 130,223 135,820 156,196 163,164

U.S. total
(pounds) 69,410 62,526 67,918 100,135 121,997 121,993 160,659 162,204 214,518 258,797
(metric tons) 31.5 28.4 30.8 45.4 55.3 55.3 72.9 73.6 97.3 117.4

Table 12
U.S. recreational cobia landings (1()3 Ibs) for the years 1981-87.
(Data from Marine Recreational Fishing Statistics Survey, NMFS,

Wash., D.C.)

Year Atlantic Gulf of Mexico Total

1981 5 2632 2637
1982 336 1106 1442
1983 175 1637 1812
1984 896 778 1674
1985 655 600 1255
1986 542 1250 1792
1987 608 759 1367
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before use. Water quality in the tanks was maintained by the
use of algae, subgravel filters, and external filters. The tanks
were continuously aerated and illuminated. Water exchanges
were made when necessary. Most eggs hatched within 12
to 20 hrs after placement in tanks. The hatching percentage
ranged from 24 to 76% per tank. Most mortality occurred
in the first 10 days. Temperatures were generally held at
26.5°C, salinity at 35 ppt, pH at 8.3, dissolved oxygen above
5.5 mg/L, and nitrite levels below 1 ppm.

7.3 Spawning

Artificial spawning of cobia in the laboratory has not been
recorded; however, R.E. Earll reportedly succeeded in
artificially fertilizing cobia eggs in 1880 (Goode 1884).

7.4 Rearing

In the Hassler and Rainville (1975) study, cobia larvae were
fed wild zooplankton collected from a saltmarsh creek, at
the rate of 1.33 food organisms per cubic centimeter of tank
capacity per day. The size of the zooplankters, dominated
by copepods, was increased as the larvae grew. In three of
the tanks, larvae were fed laboratory-raised rotifers (Brachi
onus plicatilis) and brine shrimp (Artemia salina) during
day-I to day-14. After eight days of growth, the larvae fed
wild zooplankton showed a much greater growth rate, up
to twice the growth of the larvae fed laboratory-raised food.
After 40 days, juvenile cobia were fed a diet of small mos
quito fish (Gambusia affinis holbrookii), supplemented by
shrimp, cooked bluefish, and ground trout chow. Growth
results were given in section 3.43.
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TECHNICAL EXPERTISE 
 

PROFESSIONAL PROFILE 

Ms. James is a wetland biologist and an environmental scientist 
skilled at managing individual and team projects related to 
wetlands, regulatory and environmental issues. Her experience 
includes wetland delineation and evaluation, natural resource 
habitat assessment, benthic surveys and analysis and 
permitting for major infrastructure design projects. Initial 
projects have involved field-related activities from soil and 
groundwater sampling to environmental management planning. 
Recently she has conducted a number of regulatory-required 
assessments including wetland delineation, permitting, 
environmental assessments, terrestrial and benthic habitat 
analysis and environmental management plans for state / 
federal agencies. 

 
• Wetlands, regulatory and 

environmental issues 
• Wetland delineation and 

evaluation 
• Benthic surveys 
• Natural resource habitat 

assessment 
• Permitting 
• Environmental management/ 

land management plans 
• Flora and fauna surveys 
 

 

 
PROJECT ASSIGNMENT 

Environmental Scientist 
 
 

YEARS OF EXPERIENCE 
Maguire: Since 2005 

Total: Since 2001 
 
 

EDUCATION 
BS/2001/Wildlife Biology/ 

University of Rhode Island 
MS/2010/Wetland Biology/ 
University of Rhode Island 

(in progress) 
 
 

PROFESSIONAL 
TRAINING 

OSHA 40-Hour HazWhopper 
Wildlife Certification 

Hunter Safety Course 
 
 

PROFESSIONAL 
REGISTRATIONS 

RI Soil Evaluator D-4081  
Wildlife Society Member 

Society of Wetland Scientists 
New England  

Invasive Plant Group 
 

 

 
REPRESENTATIVE PROJECTS 

Environmental Assessment Report and wetland 
delineation, Anguilla Landfill, St. Croix USVI: As part of the 
closure of the Anguilla Landfill a Coastal Zone Management 
permit was submitted this included an environmental 
assessment report (EAR). As part of the EAR a terrestrial 
resource review, wetland resource delineation and analysis, 
benthic survey and impact analysis for the project were 
preformed. Additional services include the overall impact of the 
project on the island and the coastal resources, water quality 
management and extensive mitigation efforts on the 
neighboring salt ponds, mangrove wetlands and Caribbean 
Sea. 

Environmental Assessment Report and Natural Resource 
Survey, Diageo Distillery, St. Croix USVI: As part of the 
construction of a new distillery for Captain Morgan Rum a Major 
Tier 1 Coastal Zone Management permit was submitted this 
included an environmental assessment report (EAR). As part of 
the EAR are a terrestrial resource review, wetland resource 
delineation and analysis, benthic survey, endangered species 
review and impact analysis were performed. Due to the location 
of this project an extensive archaeological review was 
necessary and coordination with the Virgin Island State 
Preservation Officer was required. 

Environmental Assessment Report and Natural Resource 
Survey, Bovoni Landfill, St. Thomas USVI: As part of the 
closure of the Bovoni Landfill a terrestrial resource study 
including endangered species mitigation (terrestrial and 
marine), CZM Permits and over five acres of wetland mitigation 
was conducted in accordance with EPA and Army Corps of 
Engineers.  Additional permits included stormwater pollution 
prevention plans and air permits for the operation of the gas 
flare. 

 



Jennifer Ann James 
Wetland Biologist/Environmental Scientist  
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 Permitting, Oak Bluffs Ferry Terminal/Pier, Martha’s Vineyard, MA:  Drafted 
permits for new construction of the Steamship Authority pier in Oak Bluffs that was 
being extended over the ocean and thus had potential impacts on endangered 
species.  The permitting required a Notice of Intent, Essential Fish Habitat 
Assessments, Stormwater Management Policy, and Chapter 91 License.   

Feasibility Study, MA Maritime Academy, Buzzard’s Bay, MA:  Prepared initial 
permit review and initial review of essential fish habitat which would be affected by 
maintenance dredging and instillation of new docks at the MMA.  Additional review of 
what impacts these structures would have on other endangered species and eel grass.  
In addition to permit and endangered species review, the academy wanted more 
information about different types of aquaculture practices which could be used as part 
of this project. 

Phase I Site Investigation and Wetland Permit Consulting, Cross Mills Fire 
Department, Charlestown, RI: This Phase I Environmental Assessment determined 
the potential for any hazardous materials or oil release and outlined potential problems 
building a new fire station within 50 feet of freshwater wetlands and under CRMC 
regulations. 

Wetland Delineation and Permitting for Nickerson State Park, Brewster, MA: 
Delineated freshwater wetlands throughout a 1,900-acre State Park.  Prepared 
Eastern Box Turtle work plan for Natural Heritage for the Protection of the Endangered 
Eastern Box Turtle.  Prepared a Notice of Intent (NOI) for the local Conservation 
Commission and for MADEP, and attended public meetings. Coordinated and 
permitted a sewer replacement and electrical line replacement project for the Park with 
Massachusetts Historical, MADEP, the local Conservation Commission, and the 
Natural Heritage and Endangered Species Program.   

Wetland Delineation and NOI Submittal, North Adams, MA: Delineated Freshwater 
vegetated wetlands for municipal road reconstruction.  All permits were submitted and 
prepared for MADEP and the local conservation commission.  Wetland Delineation, 
Pearl Street Sewer Connection, Gardner, MA: Delineated bordering freshwater 
wetlands for a section of road approximately five miles long.   

Permitting and Wetland Delineation, WBDC Sewer Construction, Shrewsbury, 
MA: Delineated freshwater wetlands and prepared a NOI for the WBDC to construct a 
cross-county sewer line which connected to an undeveloped parcel. Prepared all 
documents and attended public meetings for the Conservation Commission. 
Permitting and Wetlands Delineation, Gorton Pond, Warwick, RI: Delineated 
freshwater vegetated wetlands containing state endangered species.  Prepared a 
preliminary determination on behalf of Warwick for the Rhode Island Department of 
Environmental Management (RIDEM).  

Wetland Delineation for Road Construction, Hubbardston, MA:  Delineated 
bordering vegetated wetlands for approximately one-and-a-half miles of road for a 
municipal road reconstruction project. 

Permitting Terminal License, St. Croix Renaissance Group (SCRG), St. Croix, 
U.S. Virgin Islands (USVI): Prepared a terminal license application for EPA for a 
large-scale oil storage and oil transfer facility in the USVI.  Follow-up documentation 
for a U.S. Coast Guard submittal was also prepared.  

 

Public Perception, RI WINDS, RI: Reviewed public documents concerning the use of 
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Maguire Group Inc. 
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wind power for New England.  Authored document defining public perception of large 
public works projects in Southern Massachusetts and all of Rhode Island.  Documents 
created for the Energy Council of Rhode Island and the Governor of Rhode Island.  

Wetland Delineation and NOI Submittal, Robins Road, Westborough, MA: 
Delineated freshwater vegetated wetlands and an ACOE (area of critical 
environmental concern) for municipal road reconstruction.  All permits were submitted 
and prepared for MADEP and the local Conservation Commission.   

Permitting/Wetland Delineation, Private Owner, Lincoln RI: Delineated freshwater 
vegetated wetlands and prepared permit deliverables for a private owner to expand on 
current building.  Deliverables were prepared for RIDEM.  

Permitting/Wetland Delineation, CVS Corporation, Smithfield, RI: Delineated 
freshwater vegetated wetlands and prepared permitting associated with parking lot 
expansion for RIDEM.  

Coastal Resources Management Council (CRMC) Assent Application, Conanicut 
Yacht Club, Jamestown, RI: Created supporting documentation for the repairs to an 
existing seawall in accordance with CRMC regulations and concerns. Also permitted 
additional docks and building repair work to be done within the coastal zone.  

Environmental Assessment, Togus, ME: Field surveying done to asses the 
ecological communities and the potential effects of development on a local National 
Guard Base. Completed inventory of flora and fauna.  

Permitting and Delineation, Dexter Road, East Providence, RI: Delineated coastal 
vegetated wetlands and also inland vegetated wetlands. Also delineated areas of 
critical concern. Prepared permitting for RIDEM.  

Wetland Delineation and Permitting, Parker Pond, Gardner, MA: Delineated 
wetland boundaries for the replacement of sewer lines running under land under water.  
Also drafted permits for borings and pipe-bursting activities.  

Environmental Management Plan, Stone’s Ranch Military Base, East Lyme CT:  
Created an environmental improvement and habitat management plan for the 
Connecticut U.S. Army National Guard.  Plan was to be implemented and utilized by 
the entire base for any future development and maintenance of natural communities on 
the base.  Created plan for over 1,800 acres of land.  Incorporated plans for invasive 
species management, land-use trends, wildlife and fisheries habitat improvement, 
timber harvest, and rare species management. 

 
ADDITIONAL EXPERIENCE 
Small Mammal Surveying: Surveyed different state-owned management areas for the 
purpose of cataloging species and abundance present in different areas of Rhode 
Island. 
Freshwater Fish Population Surveying: Surveyed different freshwater lakes, ponds 
and streams throughout Rhode Island for the purpose of cataloging species and 
abundance in difference areas of Rhode Island for the Department of Environmental 
Management. 
Osprey Population Study: Responsible for all Osprey-related data collected for the 
State of Rhode Island.  Required field work to conduct visual observations of nesting 
sites and dynamics of the species.  Published annual newsletter stating the yearly 
finds and other general Osprey information. 
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Species Name

Species Prioritization for Bird 
Conservation Region 30 (Mid‐

Atlantic/Southern New 
England)

Number of Mass 
Audubon Sightings 

Within Bristol 
County Between 

2000‐2010 

Paskamansett Bird Club 
2007 Christmas Bird 

Count****

Field Observation 1: 
Sighted New Bedford 

and Fairhaven Between 
2005‐2008 By New 

Bedford Amateur Bird 
Watcher Dan Harper*

Field 
Observation 2: 

1987 New 
Bedford 

Superfund Site 
Bird Survey** 

Field Observation 
3: Mass Breeding 

Bird Atlas New 
Bedford North ‐ 

06***

Acadian Flycatcher 2
Accipiter sp. 6
American Bittern M 6
American Black Duck HH 9793 341 X X
American Black Duck x Mallard (hybrid) 13
American Coot 295
American Crow 2423 126 X X
American Golden‐Plover H  4
American Goldfinch 2797 151 X X
American Kestrel 23 1
American Oystercatcher HH 347 X X
American Pipit 135
American Redstart 160
American Robin 10264 640 X X X
American Tree Sparrow 505 140
American White Pelican 3
American Wigeon M 619
American Woodcock HH 15
Arctic Tern 1
Bald Eagle M 29
Baltimore Oriole H 342 X X
Bank Swallow 129
Barn Swallow 1871 X X
Barnacle Goose 1
Barred Owl 3
Barred Owl 3
Barrow's Goldeneye 16 1 X
Bay‐breasted Warbler H 3
Belted Kingfisher 98 5 X
Black Guillemot 1
Black Scoter H 6135 1
Black Skimmer M 2
Black Tern 16
Black Vulture 40
Black‐and‐white Warbler H 53
Black‐bellied Plover H 416
Black‐billed Cuckoo 11
Blackburnian Warbler M 1
Black‐capped Chickadee 3021 221 X X X
Black‐crowned Night‐Heron M 48 X X
Black‐headed Gull 3
Black‐necked Stilt 45
Blackpoll Warbler 76
Black‐throated Blue Warbler 7
Black‐throated Green Warbler 13
Blue Grosbeak 1
Blue Jay 1932 185 X X
Blue‐gray Gnatcatcher 79 X
Blue‐headed Vireo 6
Blue‐winged Teal 24
Blue‐winged Warbler HH 148 X
Bobolink 106
Bonaparte's Gull 159 4 X
Brant HH 2899 65 X
Broad‐winged Hawk H 25
Brown Creeper 49 5
Brown Thrasher H 58 2 X
Brown‐headed Cowbird 2574 6 X
Bufflehead H 8219 349 X
Buteo sp. 5
Cackling Goose 1
Calliope Hummingbird 4
Canada Goose H 21380 964 X X
Canada Warbler M 5
Canvasback H 619
Carolina Wren 1234 58 X X
Cattle Egret 2
Cave Swallow 2
Cedar Waxwing 1505 5 X X
Chestnut‐sided Warbler 9
Chimney Swift H 245 X X X
Chipping Sparrow 987 X X
Clapper Rail H 2  

TABLE 1A: SUMMARY SITE SPECIFIC AVIAN INFORMATION (RAW)

1 of 5



Species Name

Species Prioritization for Bird 
Conservation Region 30 (Mid‐

Atlantic/Southern New 
England)

Number of Mass 
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Paskamansett Bird Club 
2007 Christmas Bird 
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Sighted New Bedford 

and Fairhaven Between 
2005‐2008 By New 

Bedford Amateur Bird 
Watcher Dan Harper*

Field 
Observation 2: 
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Field Observation 
3: Mass Breeding 

Bird Atlas New 
Bedford North ‐ 

06***

TABLE 1A: SUMMARY SITE SPECIFIC AVIAN INFORMATION (RAW)

Clay‐colored Sparrow 3
Cliff Swallow 6
Common Eider H 46554 420 X
Common Goldeneye M 6862 440 X
Common Grackle 4374 12 X X
Common Loon 840 13 X
Common Merganser 665 1 X
Common Nighthawk 2
Common Raven 15
Common Redpoll 48
Common Tern M 4564 X
Common Yellowthroat 545 X X
Cooper's Hawk 148 2 X X
Dark‐eyed Junco 2207 182 X
Dickcissel 2
Double‐crested Cormorant 9039 X X
Downy Woodpecker 787 44 X
Dunlin H 6103 8
Eastern Bluebird 444
Eastern Kingbird H 183 X X
Eastern Meadowlark 182 43
Eastern Phoebe 191 X
Eastern Screech‐Owl 32 X
Eastern Towhee H 583 19 X
Eastern Wood‐Pewee 82
Empidonax sp. 8
Eurasian Wigeon 7
European Starling 45904 713 X X X
Field Sparrow H 146 18
Fish Crow 73
Forster's Tern H 15
Fox Sparrow 40 2
Gadwall M 87 17 X
Glaucous Gull 2
Glossy Ibis H 150
Golden‐crowned Kinglet 401 10
Grasshopper Sparrow M 5
Gray Catbird M 1790 8 X X
Great Black‐backed Gull 4222 37 X X
Great Blue Heron 522 8
Great Cormorant 771 10
Great Crested Flycatcher H 181 X X
Great Egret 1226 X
Great Horned Owl 23 2
Greater Scaup H 3158 2085 X
Greater White‐fronted Goose 6
Greater Yellowlegs H 593
Greater/Lesser Scaup 526
Green Heron 80 X
Green‐winged Teal M 192
Hairy Woodpecker 101 5 X
Harlequin Duck M 146
hawk sp. 13
Hermit Thrush 160 3
Herring Gull 53140 503 X X
Hooded Merganser M 1000 15
Hooded Warbler 4
Horned Grebe H 973 158 X
Horned Lark 686 171 X
House Finch 1746 96 X X
House Sparrow 3834 331 X X
House Wren 175 X X
Iceland Gull 2
Indigo Bunting 36
Killdeer M 401 X X
Lapland Longspur 1
Laughing Gull 641
Least Bittern M 1 X
Least Flycatcher 52
Least Sandpiper M 1695
Least Tern H 2362 X X X
Lesser Black‐backed Gull 7
Lesser Scaup H 1310 19
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Species Prioritization for Bird 
Conservation Region 30 (Mid‐

Atlantic/Southern New 
England)
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TABLE 1A: SUMMARY SITE SPECIFIC AVIAN INFORMATION (RAW)

Lesser Yellowlegs M 236
Lincoln's Sparrow 2
Little Blue Heron M 14
Long‐billed Dowitcher 2
Long‐tailed Duck H 498 32 X
Magnolia Warbler 16
Mallard H 5634 577 X X X
Manx Shearwater M 1
Marsh Wren H 17
Merlin 35 4
Monk Parakeet 21
Mourning Dove 2587 229 X X
Mourning Warbler 0
Mute Swan 2336 51 X X X
Nashville Warbler 7
Nelson's Sparrow M 13 X
Northern Cardinal 2480 128 X X
Northern Flicker H 533 28 X X
Northern Gannet H 407
Northern Harrier 186 4
Northern Mockingbird 580 27 X X X
Northern Parula 19
Northern Pintail M 1508 4
Northern Rough‐winged Swallow 111 X
Northern Saw‐whet Owl 1
Northern Shoveler 7
Northern Shrike 2
Northern Waterthrush 15
Olive‐sided Flycatcher 1
Orange‐crowned Warbler 10
Orchard Oriole 28 X
Osprey 1703 X
Ovenbird 218
Palm Warbler 25
Pectoral Sandpiper 50
peep sp. 106 X
Peregrine Falcon 32 1 X X
Philadelphia Vireo 1
Pied‐billed Grebe 51
Pileated Woodpecker 1
Pine Siskin 1278
Pine Warbler 144 X
Piping Plover HH 723
Prairie Warbler HH 48
Purple Finch 92 6
Purple Martin 22
Purple Sandpiper H 910
Red Knot HH 52
Red‐bellied Woodpecker 404 13 X
Red‐breasted Merganser M 4552 60 X
Red‐breasted Nuthatch 73 7
Red‐eyed Vireo 167 X
Redhead 10
Red‐necked Grebe 8
Red‐shouldered Hawk 124 11 X
Red‐tailed Hawk 467 8 X
Red‐throated Loon HH 459
Red‐winged Blackbird 4847 X X X
Ring‐billed Gull 21388 876 X
Ring‐necked Duck 648
Ring‐necked Pheasant 3 1
Rock Pigeon 2876 365 X X X
Roseate Tern HH 2827
Rose‐breasted Grosbeak 38 X
Rough‐legged Hawk 2 1
Ruby‐crowned Kinglet 61 1
Ruby‐throated Hummingbird 269 X
Ruddy Duck M 707 3
Ruddy Turnstone HH 987
Ruffed Grouse 1
Rusty Blackbird H 6
Saltmarsh Sparrow HH 606 X
Sanderling HH 4299
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Species Prioritization for Bird 
Conservation Region 30 (Mid‐

Atlantic/Southern New 
England)
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Field Observation 1: 
Sighted New Bedford 
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Watcher Dan Harper*
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Field Observation 
3: Mass Breeding 

Bird Atlas New 
Bedford North ‐ 

06***

TABLE 1A: SUMMARY SITE SPECIFIC AVIAN INFORMATION (RAW)

Savannah Sparrow 272 15 X
Scarlet Tanager 58
scoter sp. 497
Seaside Sparrow HH 143
Sedge Wren M 1
Semipalmated Plover M 2537 X
Semipalmated Sandpiper H 1720
Sharp‐shinned Hawk 76 5 X
Short‐billed Dowitcher H 250
Short‐billed/Long‐billed Dowitcher 54
Short‐eared Owl 11
Snow Bunting 288 83
Snow Goose 2
Snowy Egret M 791 X X
Solitary Sandpiper H 17
Song Sparrow 3605 163 X X X
Spotted Sandpiper M 236 X
Sterna sp. 20
Stilt Sandpiper 1
Surf Scoter H 4147 14
Surf/Black Scoter 111
swallow sp. 263
Swallow‐tailed Kite 1
Swamp Sparrow 226 2
Tennessee Warbler 3
Tree Swallow 16898 X X
Tricolored Heron M 7
Tufted Duck 18
Tufted Titmouse 2046 180 X X
Turkey Vulture 1132 5 X
Veery 88
Vesper Sparrow 2
Virginia Rail 5
warbler sp. 60
Warbling Vireo 56
Western Sandpiper M 2
Whimbrel HH 50
White‐breasted Nuthatch 604 21 X
White‐crowned Sparrow 228 1
White‐eyed Vireo 76 X
White‐rumped Sandpiper H 66
White‐throated Sparrow 1517 247 X
White‐winged Scoter H 2511 23
Wild Turkey 131 17
Willet H 1349 X
Willow Flycatcher H 101 X
Wilson's Phalarope H 4
Wilson's Snipe 157
Wilson's Storm‐Petrel 36
Wilson's Warbler 2
Winter Wren 71
Wood Duck M 165 X X
Wood Thrush HH 157
Worm‐eating Warbler H 2
Yellow Warbler 1483 X
Yellow‐bellied Flycatcher 2
Yellow‐bellied Sapsucker 11
Yellow‐billed Cuckoo 32
Yellow‐breasted Chat 11 1
Yellow‐crowned Night‐Heron M 1
Yellow‐rumped Warbler 1394 10 X
Yellow‐throated Vireo H 3

Species Prioritization for Bird Conservation Region 30 (Mid‐Atlantic/Southern New England)

HH = Highest Priority

H = High Priority

M = Moderate Priority

Notes: 

1). Mass Audubon bird sighting data compiled via archived data collected via eBird, an interactive computerized database that allows individual 
birdwatchers to report data online. 

2). Bird Conservation Regions were formulated via the North American Bird Conservation Initiative, a forum of governmental agencies, private 
organizations, and bird initaives helping partners across the continent meet common bird conservation objectives.   Priority Species for Bird 
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Field 
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Bird Survey** 

Field Observation 
3: Mass Breeding 

Bird Atlas New 
Bedford North ‐ 
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TABLE 1A: SUMMARY SITE SPECIFIC AVIAN INFORMATION (RAW)

**** ‐ This study counted the birds on Christmas in 2007 in Dartmouth, New Bedford, Acushnet, Fairhaven, and Mattapoisett.

*** ‐ This study counted the birds within the New Bedford Hurricane Barrier during breeding months (May 15 ‐ August 1).  Birds present within 
this time‐frame were assumed to be breeding birds. .

** ‐ This study specifically contrasted shorebird populations within the Inner New Bedford Harbor, to those at a location immediately outside 
of the Hurricane Barrier in Fairhaven, Massachusetts. 

Conservation Region 30 (which includes New Bedford Harbor) were produced by the Atlantic Coast Joint Venture, another partnership of 
federal, state, and private entities formulated to improve bird habitat conservation within the Atlantic Flyway, and includes the U.S. Fish and 
Wildlife Service among its membership and leadership.  

* ‐ Amateur bird watching results published on Web Log by Dan Harper at http://www.danielharper.org/blog/?page_id=454.   From 2005 ‐ 
2008 Mr. Harper recorded bird sightings within New Bedford and Fairhaven.  At that time, Mr. Harper was the minister for the First Unitarian 
Church of New Bedford.   Mr. Harper currently resides in Palo Alto, California.
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Species Name

Species Prioritization for 
Bird Conservation Region 30 
(Mid‐Atlantic/Southern New 

England)

Number of Mass 
Audubon Sightings 

Within Bristol 
County Between 

2000‐2010 

Paskamansett Bird 
Club 2007 Christmas 

Bird Count****

Field Observer 1: Sighted 
New Bedford and 

Fairhaven Between 2005‐
2008 By New Bedford 
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Dan Harper*

Field Observer 2: 
1987 New Bedford 

Superfund Site 
Bird Survey** 

Field Observer 3: 
Mass Breeding 
Bird Atlas New 
Bedford North ‐ 

06***

American Black Duck HH 9793 341 X X
American Crow 2423 126 X X
American Goldfinch 2797 151 X X
American Oystercatcher HH 347 X X
American Robin 10264 640 X X X
Baltimore Oriole H 342 X X
Barn Swallow 1871 X X
Barrow's Goldeneye 16 1 X
Belted Kingfisher 98 5 X
Black‐capped Chickadee 3021 221 X X X
Black‐crowned Night‐Heron M 48 X X
Blue Jay 1932 185 X X
Blue‐gray Gnatcatcher 79 X
Blue‐winged Warbler HH 148 X
Bonaparte's Gull 159 4 X
Brant HH 2899 65 X
Brown Thrasher H 58 2 X
Brown‐headed Cowbird 2574 6 X
Bufflehead H 8219 349 X
Canada Goose H 21380 964 X X
Carolina Wren 1234 58 X X
Cedar Waxwing 1505 5 X X
Chimney Swift H 245 X X X
Chipping Sparrow 987 X X
Common Eider H 46554 420 X
Common Goldeneye M 6862 440 X
Common Grackle 4374 12 X X
Common Loon 840 13 X
Common Merganser 665 1 X
Common Tern M 4564 X
Common Yellowthroat 545 X X
Cooper's Hawk 148 2 X X
Dark‐eyed Junco 2207 182 X
Double‐crested Cormorant 9039 X X
Downy Woodpecker 787 44 X
Eastern Kingbird H 183 X X
Eastern Phoebe 191 X
Eastern Screech‐Owl 32 X
Eastern Towhee H 583 19 X
European Starling 45904 713 X X X
Gadwall M 87 17 X
Gray Catbird M 1790 8 X X
Great Black‐backed Gull 4222 37 X X
Great Crested Flycatcher H 181 X X
Great Egret 1226 X
Greater Scaup H 3158 2085 X
Green Heron 80 X
Hairy Woodpecker 101 5 X
Herring Gull 53140 503 X X
Horned Grebe H 973 158 X
Horned Lark 686 171 X
House Finch 1746 96 X X
House Sparrow 3834 331 X X
House Wren 175 X X
Killdeer M 401 X X
Least Bittern M 1 X
Least Tern H 2362 X X X
Long‐tailed Duck H 498 32 X
Mallard H 5634 577 X X X
Mourning Dove 2587 229 X X
Mute Swan 2336 51 X X X
Nelson's Sparrow M 13 X
Northern Cardinal 2480 128 X X
Northern Flicker H 533 28 X X
Northern Mockingbird 580 27 X X X
Northern Rough‐winged Swallow 111 X
Orchard Oriole 28 X
Osprey 1703 X
peep sp. 106 X
Peregrine Falcon 32 1 X X
Pine Warbler 144 X
Red‐bellied Woodpecker 404 13 X
Red‐breasted Merganser M 4552 60 X

(Includes only birds observed by one of three Field Observers)
TABLE 1B: SUMMARY SITE SPECIFIC AVIAN INFORMATION (INITIAL SORT)
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TABLE 1B: SUMMARY SITE SPECIFIC AVIAN INFORMATION (INITIAL SORT)

Red‐eyed Vireo 167 X
Red‐shouldered Hawk 124 11 X
Red‐tailed Hawk 467 8 X
Red‐winged Blackbird 4847 X X X
Ring‐billed Gull 21388 876 X
Rock Pigeon 2876 365 X X X
Rose‐breasted Grosbeak 38 X
Ruby‐throated Hummingbird 269 X
Saltmarsh Sparrow HH 606 X
Savannah Sparrow 272 15 X
Semipalmated Plover M 2537 X
Sharp‐shinned Hawk 76 5 X
Snowy Egret M 791 X X
Song Sparrow 3605 163 X X X
Spotted Sandpiper M 236 X
Tree Swallow 16898 X X
Tufted Titmouse 2046 180 X X
Turkey Vulture 1132 5 X
White‐breasted Nuthatch 604 21 X
White‐eyed Vireo 76 X
White‐throated Sparrow 1517 247 X
Willet H 1349 X
Willow Flycatcher H 101 X
Wood Duck M 165 X X
Yellow Warbler 1483 X
Yellow‐rumped Warbler 1394 10 X

Species Prioritization for Bird Conservation Region 30 (Mid‐Atlantic/Southern New England)
HH = Highest Priority
H = High Priority
M = Moderate Priority

**** ‐ This study counted the birds on Christmas in 2007 in Dartmouth, New Bedford, Acushnet, Fairhaven, and Mattapoisett.

*** ‐ This study counted the birds within the New Bedford Hurricane Barrier during breeding months (May 15 ‐ August 1).  Birds 
present within this time‐frame were assumed to be breeding birds. .

Notes: 
1). Mass Audubon bird sighting data compiled via archived data collected via eBird, an interactive computerized database that allows 
individual birdwatchers to report data online. 

2). Bird Conservation Regions were formulated via the North American Bird Conservation Initiative, a forum of governmental agencies, 
private organizations, and bird initaives helping partners across the continent meet common bird conservation objectives.   Priority 
Species for Bird Conservation Region 30 (which includes New Bedford Harbor) were produced by the Atlantic Coast Joint Venture, 
another partnership of federal, state, and private entities formulated to improve bird habitat conservation within the Atlantic Flyway, 
and includes the U.S. Fish and Wildlife Service among its membership and leadership.  
* ‐ Amateur bird watching results published on Web Log by Dan Harper at http://www.danielharper.org/blog/?page_id=454.   From 
2005 ‐ 2008 Mr. Harper recorded bird sightings within New Bedford and Fairhaven.  At that time, Mr. Harper was the minister for the 
First Unitarian Church of New Bedford.   Mr. Harper currently resides in Palo Alto, California.

** ‐ This study specifically contrasted shorebird populations within the Inner New Bedford Harbor, to those at a location immediately 
outside of the Hurricane Barrier in Fairhaven, Massachusetts. 
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Species Name

Species Prioritization for 
Bird Conservation Region 30 
(Mid‐Atlantic/Southern New 

England)

Number of Mass 
Audubon Sightings 

Within Bristol 
County Between 

2000‐2010 

Paskamansett Bird 
Club 2007 Christmas 

Bird Count****

Field Observer 1: Sighted 
New Bedford and 

Fairhaven Between 2005‐
2008 By New Bedford 
Amateur Bird Watcher 

Dan Harper*

Field Observer 2: 
1987 New Bedford 

Superfund Site 
Bird Survey** 

Field Observer 3: 
Mass Breeding 
Bird Atlas New 
Bedford North ‐ 

06***

American Black Duck HH 9793 341 X X
American Crow 2423 126 X X
American Goldfinch 2797 151 X X
American Oystercatcher HH 347 X X
American Robin 10264 640 X X X
Baltimore Oriole H 342 X X
Barn Swallow 1871 X X
Black‐capped Chickadee 3021 221 X X X
Black‐crowned Night‐Heron M 48 X X
Blue Jay 1932 185 X X
Blue‐gray Gnatcatcher 79 X
Blue‐winged Warbler HH 148 X
Brown‐headed Cowbird 2574 6 X
Canada Goose H 21380 964 X X
Carolina Wren 1234 58 X X
Cedar Waxwing 1505 5 X X
Chimney Swift H 245 X X X
Chipping Sparrow 987 X X
Common Grackle 4374 12 X X
Common Yellowthroat 545 X X
Cooper's Hawk 148 2 X X
Downy Woodpecker 787 44 X
Eastern Kingbird H 183 X X
Eastern Phoebe 191 X
Eastern Screech‐Owl 32 X
Eastern Towhee H 583 19 X
European Starling 45904 713 X X X
Gadwall M 87 17 X
Gray Catbird M 1790 8 X X
Great Crested Flycatcher H 181 X X
Green Heron 80 X
Hairy Woodpecker 101 5 X
Horned Lark 686 171 X
House Finch 1746 96 X X
House Sparrow 3834 331 X X
House Wren 175 X X
Killdeer M 401 X X
Least Tern H 2362 X X X
Mallard H 5634 577 X X X
Mourning Dove 2587 229 X X
Mute Swan 2336 51 X X X
Nelson's Sparrow M 13 X
Northern Cardinal 2480 128 X X
Northern Flicker H 533 28 X X
Northern Mockingbird 580 27 X X X
Northern Rough‐winged Swallow 111 X
Orchard Oriole 28 X
Peregrine Falcon 32 1 X X
Pine Warbler 144 X
Red‐bellied Woodpecker 404 13 X
Red‐eyed Vireo 167 X
Red‐shouldered Hawk 124 11 X
Red‐winged Blackbird 4847 X X X
Rock Pigeon 2876 365 X X X
Rose‐breasted Grosbeak 38 X
Ruby‐throated Hummingbird 269 X
Saltmarsh Sparrow HH 606 X
Savannah Sparrow 272 15 X
Snowy Egret M 791 X X
Song Sparrow 3605 163 X X X
Spotted Sandpiper M 236 X
Tree Swallow 16898 X X
Tufted Titmouse 2046 180 X X
Turkey Vulture 1132 5 X
White‐breasted Nuthatch 604 21 X
White‐eyed Vireo 76 X
Willet H 1349 X
Willow Flycatcher H 101 X
Wood Duck M 165 X X
Yellow Warbler 1483 X

Species Prioritization for Bird Conservation Region 30 (Mid‐Atlantic/Southern New England)
HH = Highest Priority

TABLE 1C: SUMMARY SITE SPECIFIC AVIAN INFORMATION (SECOND SORT)
(Includes only birds observed by Observer 2 or 3)
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Species Name

Species Prioritization for 
Bird Conservation Region 30 
(Mid‐Atlantic/Southern New 

England)

Number of Mass 
Audubon Sightings 

Within Bristol 
County Between 

2000‐2010 

Paskamansett Bird 
Club 2007 Christmas 

Bird Count****

Field Observer 1: Sighted 
New Bedford and 

Fairhaven Between 2005‐
2008 By New Bedford 
Amateur Bird Watcher 

Dan Harper*

Field Observer 2: 
1987 New Bedford 

Superfund Site 
Bird Survey** 

Field Observer 3: 
Mass Breeding 
Bird Atlas New 
Bedford North ‐ 

06***

TABLE 1C: SUMMARY SITE SPECIFIC AVIAN INFORMATION (SECOND SORT)
(Includes only birds observed by Observer 2 or 3)

H = High Priority
M = Moderate Priority

**** ‐ This study counted the birds on Christmas in 2007 in Dartmouth, New Bedford, Acushnet, Fairhaven, and Mattapoisett.

** ‐ This study specifically contrasted shorebird populations within the Inner New Bedford Harbor, to those at a location immediately 
outside of the Hurricane Barrier in Fairhaven, Massachusetts. 

*** ‐ This study counted the birds within the New Bedford Hurricane Barrier during breeding months (May 15 ‐ August 1).  Birds 
present within this time‐frame were assumed to be breeding birds. .

Notes: 
1). Mass Audubon bird sighting data compiled via archived data collected via eBird, an interactive computerized database that allows 
individual birdwatchers to report data online. 

2). Bird Conservation Regions were formulated via the North American Bird Conservation Initiative, a forum of governmental agencies, 
private organizations, and bird initaives helping partners across the continent meet common bird conservation objectives.   Priority 
Species for Bird Conservation Region 30 (which includes New Bedford Harbor) were produced by the Atlantic Coast Joint Venture, 
another partnership of federal, state, and private entities formulated to improve bird habitat conservation within the Atlantic Flyway, 
and includes the U.S. Fish and Wildlife Service among its membership and leadership.  
* ‐ Amateur bird watching results published on Web Log by Dan Harper at http://www.danielharper.org/blog/?page_id=454.   From 
2005 ‐ 2008 Mr. Harper recorded bird sightings within New Bedford and Fairhaven.  At that time, Mr. Harper was the minister for the 
First Unitarian Church of New Bedford.   Mr. Harper currently resides in Palo Alto, California.
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Species Name

Species Prioritization for 
Bird Conservation Region 30 
(Mid‐Atlantic/Southern New 

England)

Number of Mass 
Audubon Sightings 

Within Bristol 
County Between 

2000‐2010 

Paskamansett Bird 
Club 2007 Christmas 

Bird Count****

Field Observer 1: Sighted 
New Bedford and 

Fairhaven Between 2005‐
2008 By New Bedford 
Amateur Bird Watcher 

Dan Harper*

Field Observer 2: 
1987 New Bedford 

Superfund Site 
Bird Survey** 

Field Observer 3: 
Mass Breeding 
Bird Atlas New 
Bedford North ‐ 

06***

American Black Duck HH 9793 341 X X
American Oystercatcher HH 347 X X
Baltimore Oriole H 342 X X
Black‐crowned Night‐Heron M 48 X X
Blue‐winged Warbler HH 148 X
Canada Goose H 21380 964 X X
Chimney Swift H 245 X X X
Eastern Kingbird H 183 X X
Eastern Towhee H 583 19 X
Gadwall M 87 17 X
Gray Catbird M 1790 8 X X
Great Crested Flycatcher H 181 X X
Killdeer M 401 X X
Least Tern H 2362 X X X
Mallard H 5634 577 X X X
Nelson's Sparrow M 13 X
Northern Flicker H 533 28 X X
Saltmarsh Sparrow HH 606 X
Snowy Egret M 791 X X
Spotted Sandpiper M 236 X
Willet H 1349 X
Willow Flycatcher H 101 X
Wood Duck M 165 X X

Species Prioritization for Bird Conservation Region 30 (Mid‐Atlantic/Southern New England)
HH = Highest Priority
H = High Priority
M = Moderate Priority

**** ‐ This study counted the birds on Christmas in 2007 in Dartmouth, New Bedford, Acushnet, Fairhaven, and Mattapoisett.

** ‐ This study specifically contrasted shorebird populations within the Inner New Bedford Harbor, to those at a location immediately 
outside of the Hurricane Barrier in Fairhaven, Massachusetts. 

*** ‐ This study counted the birds within the New Bedford Hurricane Barrier during breeding months (May 15 ‐ August 1).  Birds 
present within this time‐frame were assumed to be breeding birds. .

TABLE 1D: SUMMARY SITE SPECIFIC AVIAN INFORMATION (THIRD SORT)
(Includes only birds observed by Observer 2 or 3 and are Priority Species Within Bird Conservation Region 30)

Notes: 
1). Mass Audubon bird sighting data compiled via archived data collected via eBird, an interactive computerized database that allows 
individual birdwatchers to report data online. 

2). Bird Conservation Regions were formulated via the North American Bird Conservation Initiative, a forum of governmental agencies, 
private organizations, and bird initaives helping partners across the continent meet common bird conservation objectives.   Priority 
Species for Bird Conservation Region 30 (which includes New Bedford Harbor) were produced by the Atlantic Coast Joint Venture, 
another partnership of federal, state, and private entities formulated to improve bird habitat conservation within the Atlantic Flyway, 
and includes the U.S. Fish and Wildlife Service among its membership and leadership.  
* ‐ Amateur bird watching results published on Web Log by Dan Harper at http://www.danielharper.org/blog/?page_id=454.   From 
2005 ‐ 2008 Mr. Harper recorded bird sightings within New Bedford and Fairhaven.  At that time, Mr. Harper was the minister for the 
First Unitarian Church of New Bedford.   Mr. Harper currently resides in Palo Alto, California.
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SUMMARY


Wetlands are important ecological areas for: habitat, nurseries, wildlife foraging, very 

high productivity, wilderness aesthetics, nature recreation, and nature education In April 

1985, the U.S. EPA Environmental Photographic Interpretation Center (EPIC) completed an 

identification of the vegetated tidal wetlands in the Acushnet River estuary area. This study 

identified over 160 ha of wetlands using the Federal definition. The Corps of Engineers has 

regulatory authority over wetlands. The New England Division (NED) of the Corps was 

requested by the Environmental Protection Agency (EPA), Region I to evaluate these wetlands 

as part of EPA's superfund activities in the Acushnet River Estuary/New Bedford Harbor, 

Massachusetts. This study consisted of: field surveys, laboratory tests, and literature search 

over a 3 yr period from 1985 to 1988. 

The area of PCB contamination extends from the northern end of the Acushnet River 

Estuary to sediments in the vicinity of Clark's Point, Buzzards Bay, a distance of over 10 km 

(MCZM 1982). Toxic metals such as copper (Cu), chromium (Cr), cadmium (Cd), zinc (Zn), 

and lead (Pb) were also discharged to these waters by metals manufacturing and textile dying 

operations. Due to the very high contamination levels; many regulatory biologists were of 

the opinion, that these wetlands were no longer a significant resource and destruction during 

clean-up would be acceptable. This paper contains a description and comparison of 

hydrological, physical, chemical, and biotic conditions within the Acushnet River estuary 

vegetated tidal wetlands. Since EPAs' proposed remedial action plans may eliminate some of 
the wetland system within the estuary, it was appropriate to examine the functional integrity of 
these ecosystems. The results of this study showed that there was no statistical differences: 
in avifauna habitat utilization; vegetative cover type, stem height, and stem density; in fish 
species, number of individuals, and weight/length measurements between the reference site and 

the contaminated site. The utilization by wildlife was high and diverse. The gut contents of 

the fish species examined showed the usual prey species within an estuary environment. 
Pseudopleuronectes americanus were visually surveyed for neoplasms on their livers none 

recorded The data indicated an increase of the PCB concentration, from vegetative matter to 

herbivore/filter feeder to the gull. The metals analyses indicate an elevated levels in most 
samples, but are not an indication of biomagnification. Concentrations of metals and PCBs in 

the grass shrimp (Palaemonetes pugio) showed a trend reflective of the sediment 

contamination. The infauna data showed a statistical difference between Site 1 (lower) and 

Site 2 (higher) in diversity. 
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There were many administratively important species in the esturay: fisheries: soft-

shelled clam (Mya arenaria), hard shelled clam (Mercenaria mercanarid), American eel 

(Anguilla rostrata), winter flounder (Pseudoplewonectes americanus), summer flounder 

(Paralichthys dentatus), alewives (Alosa pseudoharengus), blue back herring (Alosa aestivalis); 

avifauna: American black duck, Mallard, Canvasback, Canada Goose, Peregrine Falcon 

Federal endangered species, Sharp-shinned Hawk State special concern, Least tern State 

special concern. Despite high levels of PCBs, Cr, Zn, Hg, Pb, Cd, and Cu these wetlands 

continue to function as effective systems; and from a regulatory and administrative view point 

have high resource values. Although these data showed no clear evidence for 

biomagnification, the data does suggest a trend of bioaccumulation. The potential for 

contaminant release through the food chain does exist and the ramification of PCB pollution are 

very significant. Therefore, the focus should be on the need for selective sediment removal 

and site specific wedand restoration. 

INTRODUCTION 

For decades, tidal wetlands have been known to be valuable as avifauna habitat, fish 

nursery areas, and mammal foraging areas. Tidal wetlands also have high productivity rates, 

as well as, aesthetics, recreation, and education values. Teal (1964) estimated 40% of marsh 

vegetation productivity was exported into the tidal creeks. Odum (1980) presented 

conclusions that wedand production is exported to coastal waters. Turner (1977) showed the 

dependence of shrimp fishery on salt marshes. Pomeroy and Wiegert (1981) showed the 

relationship between blue crab fisheries and salt marshes. Canadian geese feed on a 

significant amount of the Spartina production (Buchsbaum, et al. 1982). Because of the 

important values and functions of marshes, several Federal and State wetland protection laws 

have been put into affect A study completed in April 1985 by the Environmental 

Photographic Interpretation Center had identified 9 tidal wetlands (mostly high salt marsh) with 

a total area of 157.0 ha within a 6 km radius of this estuary. The mouth of the Acushnet river 

forms New Bedford Harbor (Figure 1) at the confluence with Buzzards Bay. This river (the 

only tributary) has a mean annual discharge estimated at 0.85 m^/sec., which represents < 1% 

of the average tidal prism. 



The Acushnet River estuary is part of the Buzzards Bay coastal drainage area and is one 

of a series of tidal estuaries and bays along the southern coast of Massachusetts. Previous 

investigations have documented that the upper estuary, north of the Coggeshall Street Bridge, 

is severely contaminated with polychlorinated biphenyls (PCB's) and heavy metals (NUS 

1984). The area of PCB contamination extends from the northern end of the Acushnet River 

Estuary to sediments in the vicinity of Clark's Point, Buzzards Bay, a distance of over 10 km 

(MCZM 1982). Toxic metals such as copper (Cu), chromium (Cr), cadmium (Cd), zinc (Zn), 

and lead (Pb) were also discharged to these waters by metals manufacturing and textile dying 

operations. Due to the very high contamination levels; many regulatory biologists had the 

opinion that the wetlands were no longer a significant resource and destruction during clean-up 

would be acceptable. Preliminary studies focusing on vegetation, ornithology and social 

values were undertaken to evaluate the existing biological resources. These preliminary 

studies showed a potentially viable wetland system and the need a for the detailed indepth 

studies presented in this paper. 

The effort presented here was in support of remedial clean up alternatives developed by 

the Environmental Protection Agency Region I (EPA) to address the sediment contamination 

issues of the Acushnet River estuary area. One proposed alternative considered sediment 

dredging and disposal within the wetlands. New England Division Corps of Engineers (NED) 

was requested to provide technical expertise and assistance in the form of a wetland study to 

EPA in order to evaluate existing biological functions and values relative to the Clean Water 

Act NED's responsibilities consisted of a study focused on contaminant availability and the 

effects of contamination on the wetland ecosystems. In addition to studying the estuary, a 

similar tidal marsh and mudflat system on Buzzards Bay was evaluated as a reference site. 

These studies involved limited field efforts during winter, summer, fall, and spring from 

February 1985 to May 1988. Since EPA's proposed remedial action plans may eliminate 

some of the wetland system within the estuary, it was appropriate to examine the functional 

integrity of these ecosystems. The questions to address were: 

• Despite contamination, do these wetlands support a viable and productive 

community of organisms? 

• How do these wetlands compare with a similar, but less contaminated 

wetland? 

• How would these wetlands be rated under Federal and State evaluation 

procedures? 



• Which habitat characteristics should be preserved during the remedial 

clean-up action? 

Study Site Description 

Cover Types: Four (4) major cover types are dominant within the estuary: tidal flats, salt 

marsh, common reed marsh, and upland. These tidal marshes (Sites 1, 3,4, 5,9) are 

primarily located in the upper estuary, and are dominated by high salt marsh vegetation (Figure 

2). A predominantly high salt marsh (34.2 ha) similar to the Acushnet River estuary wetlands 

and in the closest proximity (EPIC 1986) was used as a "reference" site (Site 2). Site 1 has 

one major tidal creek with extensive lateral and longitudinal ditching. The estuary edge is 

marked by a peat bank rising from 15 to 30 cm above the intertidal flat with dense aggregates 

of Geukensia demissa Site 3, located directly north of Site 1, fringes a small cove and with a 

drainage ditch on the landward side. Site 5 consists of Spartina alterniflora which forms a 

narrow fringe around a cove, with a few isolated clumps in the cove of unconsolidated mud. 

G. dimessa is present throughout the Spartina alterniflora. My a arenaria is abundant in the 

sandy intertidal area. Site 4 is a narrow band of salt marsh which surrounds a cove of 

unconsolidated mud. G. demissa are abundant throughout the tall Spartina alterniflora zone. 

Site 9 is small Spartina marsh with a gravel beach, south of site 4. G. demissa were 

uniformly distributed throughout the tall Spartina alterniflora and the gravel areas between this 

vegetation. Two major creeks trisect Site 2 with mouths 6-7 m across and 1-2.5 m depths. 

The bank is scattered with dense aggregates of G. dimessa. 

Estuary Characteristics: A large body of data has been collected on the hydrography, 

sediments and water quality of the Acushnet River estuary by Hoff (1973), Summerhayes, et. 

al. (1977), EPA (1983), and ACOE (1986). The estuary is shallow, characterized by a well 

defined channel and extensive shoals and tidal flats. Circulation ranges from weakly stratified 

(Pritchard, 1975) during periods of high fresh-water discharge to vertically well mixed at other 

times. The hydrology of the estuary is complex, with constrictions at 3 locations: Coggeshall 

Street bridge, Popes Island, and the hurricane barrier creating a complex series of eddies and 

greyers. The tide (mixed semi-diurnal, mean 1.2 m) is the force controlling circulation 

patterns. Tidal current velocities in the upper estuary are generally low, ranging from 0.0 to 

0.3 m/sec. with average velocities of approximately 0.15 m/sec. (ACOE, 1986). 

Summerhayes, et al.(1977) found that flood current velocities are generally higher than ebb 

current velocities in this estuary. An asymmetric temporal flow pattern occurs in many 

marshes in which a briefer period of faster flow characterizes flood tide and longer periods of 

slower flow occur during ebb tide (Mitch & Gosselink, 1986). Tidal flushing of the upper 



estuary is estimated at about 1.4 tidal cycles (18.2 hrs), based on tidal prism calculations; 

detailed estimates based on net flux through the Coggeshall Street Bridge range from 2 days 

(winter conditions) to 8 days (summer conditions) (R. Geier, pers. comm.). Suspended 

sediment concentrations in the Acushnet River estuary, which were found to be generally low 

(< 10 ppm) by Teeter (1987), increased upstream resulting in a turbidity maximum in the upper 

harbor. The net flux of total suspended materials was found to be in an upstream direction, 

although contaminant transport was found to be in the opposite direction. Summerhayes, et 

al. (1977), found that, under average conditions, near bottom concentrations of suspended 

sediments are generally highest, with peak concentrations occurring during flood tide. Due to 

the asymmetric current velocities, the silt and clay portions of the suspended load tend to 

fractionate, resulting in a net import of silt into the estuary and a net export of clay. 

Salinities: A large salinity data base has been collected in the vicinity of the Coggeshall Street 

Bridge, with ranges from 10 to 32 0/00 (ave. 30 0/00). Salinities in the upper estuary ranged 

from 7 to 31 0/00 (ave. 30 0/00). Vertical salinity gradients varied with an average of 1 0/00. 

The average horizontal salinity gradient was 4 0/00 per 5000 m Salinity was higher in the low 

marsh than the high marsh, with salinity fluctuations greatest near mean high water. 

Interstitial salinities increased from that of the adjacent estuary to a maximum value at the 

low/high marsh transition and decrease again in a landward direction. Salinity values within 

low marsh soils are generally fairly constant with depth, whereas in high marsh soils, salinity 

values fluctuate with depth, depending on seasonal effects (Mitsch & Gosselink, 1986; Frey 

and Basan, 1978). 

METHODS 

Sediment Sampling 

The sediment sampling methodology used for Site 1 is described in Condike (1986). 

The reference Site 2 was sampled at random using a grid for the placement of 7 samples. Soil 

cores were collected 0-15 cm deep (7 cm). The upper layer of sediment was collected using a 

soil auger; samples were placed in Teflon-lined glass containers, and stored at 4°C. These 

samples were obtained from high marsh and low marsh. Grain-size analysis was conducted 

on 1 sample (0.0081 m^ core) from each station. Due to the large amount of peat in the 

substrate, the percent of organic material was also measured. Sediment samples taken from 



Sites 1 and 2 were analyzed for copper, chromium, lead, zinc and PCB's. Samples taken 

from Sites 4,5, and 9 were analyzed for these parameters, plus mercury, and cadmium. 

Vegetation Survey 

The community-types were defined and delineated reflecting the hydrologic regime and 

vegetative species composition which dominate within each wetland as defined by Cowardin et 

al. (1979). S. patens community-type has been associated with higher interstitial salinities 

and more reduced soil conditions than regularly flooded zones of 5. aherniflora (Teal 1986; 

Neiring and Warren 1980; Nixon 1980). In order to assess productivity and characterize the 

composition of plant communities indirect indices of vegetation productivity were measured for 

Sites 1, 2, 3, 5, & 9 during late summer 1987. Vegetation was sampled along randomly 

placed transects, which were evenly spaced (100 m intervals) and perpendicular to the estuary. 

One hundred and fifty (150) sample plots were distributed proportionately according to the size 

of each site. Within each community, 1 m^ random sample plots were established. Percent 

cover and height were measured for all species with a cover greater than 5%. In addition, 

mean stem density was measured for all species occurring in a sub-plot (0.2 m x 0.5 m). 

Above-ground vegetative primary productivity was measured at Sites 1, 2,5 & 9 by collecting 

all above-ground vegetation within 0.1 m^ plots. Three (3) samples were taken in each of the 

major communities (total of 36 samples): 12 samples (4 communities) at Sites 1, and 2; 9 

samples (3 communities) at Site 9; and 3 samples (1 community) at Site 5. All vegetation 

was cut to within 2 cm of the substrate. Ten percent of each sample was dried at 105° C for 

48 hrs to determine dry weight 

Mammal Utilization 

Mammal utilization was documented by direct observation or signs (ie. tracks, scat, 

scrapes, nests, dens, burrows, signs of foraging activity). Efforts to attract mammals to scent 

posts were conducted (4 days) in September 1987. Scent posts (fox urine) were established at 

500 m intervals along the wetland/upland boundary on Sites 1, 3, 4,5, & 9 and were revisited 

at 3 days(Taber and Cowan 1969). In addition to scent posts, in April 1985, field personnel 

placed 206 snap-traps (a 206 trap night effort) randomly along the eastern edge of Sitel to 

collect small mammals. Traps (baited and unbaited) were placed along the salt marsh upland 

border in grass and shrubs. 

Avifauna Survey 

To document the abundance and diversity of resident avifauna species during the 

breeding season, surveys were conducted at Sites 1 & 2 .during summer 1987. All surveys 



were begun within 1 hour after sunrise. Three habitats (tidal open water, salt marsh and salt 

marsh/upland edge) were censused at each site. Only individuals observed using the habitat 

(foraging, resting, preening, & courtship display) were included in the analysis. Breeding 

status was confirmed by a nest or observing: copulation, parent with food in bill, or parent 

feeding newly fledged young. At Site 1, surveys of the open water habitat were conducted 

from 2 points on the marsh edge. Birds were enumerated in the open water habitat by 

scanning pre-established segments and recording individuals. All tidal open water, mudflat, 

and shore habitats were surveyed with the aid of a 20 x 60 spotting scope. The salt marsh and 

marsh/upland edge habitats were censused using the variable-strip method Emlen (1971). 

Transects were staked at 100 m intervals. At Site 1, a continuous transect of 800 m was 

established, and a 900 m transect, split in 2 sections, was established in the marsh/upland 

edge. At Site 2, an 800 m transect, in 3 sections, and a single transect 800 m on the 

marsh/upland edge were established. 

Benthos Sampling 

A stratified random sampling of Sites 1 & 2 benthos was conducted during June and 

September 1987. Mud bank and tidal creek habitats were sampled in 3 random locations on 

each Site. Three replicate 1 L. cores (surface area = 0.0081 m^; depth = 0.12 m) were 

collected. Each sample was sieved through a 0.5-mm sieve, and all organisms retained were 

identified and counted. Blotted wet weight biomass was determined to 0.01 g for major taxon 

groups (Arthropoda, Annelida, Mollusca). Two-way analysis of variance (ANOVA) was 

used to determine sampling period and station differences in abundance (log (*+!)) for: 

Annelida, Oligochaeta, Polydora ligni, Mya arenaria, taxa number, and biomass (square root). 
Shannon-Weaver diversity, H' and evenness, J' indices were used to compare Sites and 

sampling period differences in number of taxa and distribution of abundance among taxa. 

These indices were computed for each station and date using the mean abundance of each 

species. Skewedness was calculated for each station and date using the total abundance (sum 

of all individual species abundances) from each of 3 replicates. Shellfish were sampled by 

tossing a 0.25 m^ frame randomly within the station boundaries to obtain 3 replicate samples. 

Material within the frame was excavated to a depth of 0.1 m, washed through a 1 mm sieve, all 

organisms retained were identified and counted. Bivalve shell length and gastropod shell 

height were measured to the nearest millimeter. ANOVA (log (x + 1)) was used to compare 

sampling periods and stations for: bivalve abundance, bivalve taxa number, gastropod 

abundance, and bivalve taxa number. One mm increments were used to calculate mean size. 

Length frequency histograms were developed by summing replicate data for each species. 

Bivalve species data were grouped into 5 mm size classes. 



A limited survey was conducted to statistically compare the benthic fauna (as an 

indication of secondary production) between a site (Site 1) within the influence of the PCB 

contamination and one that was relatively unpolluted (Site 2). Sampling took place during two 

months (June and September) to bracket the summertime recruitment period. In addition, a 

comparison of Sites 1,2,3,4,5 & 9 was made in the fall of 1987 emphasizing the wetland-

open water interface. Shellfish samples (using a 0.0625 m^ frame) were stratified at the tidal 

flat-mud bank interface. Samples were sieved through a 1.0 mm sieve and bivalve shell length 

and gastropod shell height measured. Comparisons were made using abundance and length 

frequency data. 

Fisheries Population Sampling 

Fish populations were sampled with beach seines and minnow traps in summer at 6 

Sites. Commercial minnow traps (1/4-inch mesh) were baited and set for two consecutive 

tidal cycles (24 hours). Seining was conducted with 3/8-inch mesh beach seine (50 by 6 feet 

or 25 by 4 feet). Seining stations (from 3 to 8 seine hauls) were a pseudo-random 

distribution. All individuals collected were identified and counted. Twenty individuals per 

species from each trap sample and 50 specimens per species from each seine sample were 

preserved and total length and wet weight recorded. The stomach contents (>10 full 

stomaches) ofFundulus heteroditus and Pseudopleuronectes americanus were analyzed. 

The contents were identified to the lowest practical taxon and grouped into categories which 

were weighed to the nearest 0.01 g (blotted wet weight). 

Bioaccumulation & Body Burden Analysis 

To determine the bioaccumulation of PCB's, Cu, Cr, Hg, Pb, Zn, Cd, & aromatic 

hydrocarbons (PHC's), G. demissa were collected during April from Site 2 (5 stations) and 3, 

4, 5, & 9 (2 stations each). All G. demissa were collected at random locations along a 15 m 

transect located within the S. alterniflora zone. Replicates from 1 station at each Site were 

analyzed, with the remaining samples archived. On the remaining mussels whole wet weight, 

shell weight, meat wet weight & length were measured. Within each station, sufficient tissue 

weight were pooled to form 3 replicate laboratory analyses samples. Palaemonetes pugio 

were collected from randomly generated stations on Sites (1, 2, 3,4, 5, & 9) during the 

summer for body burden analysis. Sufficient biomass was obtained to conduct 3 replicate 

analyses for Cu, Cr, Pb, Zn, Cd, Fe, Hg, & PCB measurements. Standard EPA methods 

(level 1 QA/QC procedures) for CG and metals analysis were used to measure concentrations 

for all tissue analyzed. 
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Fundulus heteroclitus and Pseudopleuronectes americanus specimens were collected 

and analyzed for body burdens of PCB, Cu, Cr, Hg, Pb, Zn, & Cd. The individuals were 

collected by groups (3 groups: Sites 1, 3, & 5 (group 1); Sites 4 & 9 (group 2); and Site 2 

(group 3); pooled analysis of 3 replicates per group and each species was analyzed separately 

to establish invertebrate-fish food chain, bioaccumulation links, for a total of 18 replicates. 

The livers of P. americanus were visually surveyed for neoplasms. 

To determine the bioaccumulation of PCBs in the trophic system; Ring-billed gulls 

and Peromyscus leucopus food chains were sampled (April, 1985); 10 birds and 20 G. 

demissa were collected from 5 stations. In addition, 36 Orchestia grillus were collected at 5 

stations. P. leucopus (15) were trapped at the upland-marsh border. It's food source were 

collected including: Distichlis spicata, Spartina alterniflora, Juncus gerardii, and Orthoptera, 

Hemiptera, Coleoptera. 

In addition, to determine the bioaccumulation of PCBs in the G. demissa — Ring-billed 

gull food chain, 20 G. demissa were collected. At each station G. demissa were collected at 

random points along a 15 meter transect located 1-2 meters below the estuary limit of 5. 

alterniflora. Whole wet weight, shell length, shell weight, and meat wet weight were 

measured. G. demissa shells were scrubbed before weighing. Shell length was measured to 

0.05 mm, and meats were placed on filter paper for 2 min. before weighing. Ten G. demissa 

from each of the 5 stations were measured (total of 50). Within each station, the meats of 5 

G. demissa were pooled to form 2 replicate samples for analysis from each of the 5 stations 

and then frozen. Melampus bidentatus were collected, counted, weighed wet, and frozen. 

Orchestia grillus (abundant in the upper estuary) were collected at each station (average of 36) 

and frozen. Ring-billed gulls were chilled until breast muscle and subcutaneous fat samples 

could be separated, and the birds sexed, measured, weighed and frozen. U. Lactuca and G. 

demissa were collected, during winter, at random locations. Two samples were collected at 

each stations (total of 10 samples). The samples were washed with sea water, blotted dry, and 

weighed. One Black duck was killed (shotgun) and frozen until subcutaneous fat and muscle 

tissure was removed. 

The collection of P.leucopus food was concentrated at the upland-wetland edge. In 

April 1985, bayberry fruits, acorns, horse-brier fruits, rose fruits, black grass shoots (J. 

gerardi), insects (Orthoptera, Hemiptera, Coleoptera), isopods, and millipedes were collected 

and stored. M. bidentatus was also collected. The number of specimens in each sample 



were counted (excepting bayberry fruits), wet weight determined, and the samples frozen. 

Collection consisted of 206 snap-traps randomly set One hundred and fifty-two traps were 

baited with a mixture of oatmeal and peanut butter, and 50 with beef hotdogs. Traps were 

checked after 24 hrs, captured P. leucopus were sexed, weighted, homogenized, and frozen. 

RESULTS 

Sediment Findings 

Sediment grain size characteristics were determined for the upper estuary (Table 1). 

The surface sediments were predominately silt and clay. Site 1 tidal creek substrates were 62 

% clay/silt, with 7 % organic matter (peat). The creek sediments in Site 2 were coarser, with 

over 50% sand and 3% peat These grain size differences are attributable to numerous factors 

(e. g. tidal current speed, wave exposure, and sediment origin). The proportion of peat was 

higher in the mud banks than the tidal creeks. At the mud banks in Site 2, peat composed 28% 

of the sediments, with 46% silty sand. On Site 1, the mud banks were characterized as 33% 

sand, with 16% peat. 

The concentration of heavy metals (Cr, Cu, Pb, & Zn) and PCBs in the surface marsh 

sediments (15 cm) was highest at Sites 1 and 3. There was a trend for the lower elevations to 

have higher levels of contaminations and contaminant levels to decrease toward the harbor 

entrance. The reference Site 2 outside the harbor had the lowest levels. These data show a 

pattern of widespread elevated contaminant levels and may indicate a distribution related both to 

chronic disposal and to distribution from many localities throughout the region. Previous 

studies demonstratea substantial PCB content in the estuary sediments (ACE, 1986). Portions 

of this contaminant reservoir in the sediment may be potentially available for redistribution. 

The chemical and physical characteristic of the contaminants and the surrounding sediment may 

effect levels and state. 

Vegetation Findings 

Cover types: Site 1 (17.4 ha) is nearly 1.41 km. in length and 200 m wide at its widest point 

(Table 2). It is dominated by two near monotypic cover types, S. patens (> 48%) and Iva 

frutescens (> 32%) (Table 3). The tall form of 5. alterniflora (>18% of the vegetation) 

grows in a narrow (< 50m) band along the entire marsh/river border. Site 3 (5.4 ha) has a 

variety of species, but the community size is limited by its narrow width and small size. Tall 
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S. alterniflora and S. patens high marsh communities and Phragmites australis stands are the 

dominant cover types, all occupying 30% of the vegetated wetland Site 5 (1.4 ha) has steep 

banks supporting a narrow band of tall S. alterniflora (covering 68%), S. patens (covering 

26%), and small patches of Iva sp. and P. australis. Site 4 (4.3 ha) has been altered 

considerably and as a result, P.australis covers over 80% of the area. A narrow band of tall 

S. alterniflora covering 9% lines the water edge. Site 9 (0.69 ha) is dominated (53%) by S. 

patens. 

Site 2 (49.8 ha) has seasonally flooded freshwater habitats which are contiguous on the 

north and east sides, with the estuarine marsh comprising 28.7 ha of the area. The widespread 

distribution of tidal creeks and mosquito ditches has created zonation patterns that are complex, 

with cover types patchily distributed and high marsh communities co-dominated with a variety 

of species (Table 4). This site is dominated (55%) by 5. patens cover type, with stands of tall 

S. alterniflora (coverage 3%) occurring along the water edge. Stands of P. australis, limited 

to the upland edge, dominate (over 23%) the area north of the floodgate structure. 

Productivity: Sample-plot data for Site 1 (consisting of 63 plots distributed among 10 

transects) correspond well with the data obtained from the cover type mapping (Figure 4). 

Analysis of these data reflects' a wetland dominated by the high marsh grasses S. patens, which 

occurred in 50.8% of the plots, and D. spicata which occurred in 49.2% of the plots. For 

plots in which it occurred, the mean percent cover of S. patens was 77.6 and the mean stem 

density 259.1 stems/O.lm^. The percent cover of D. spicata, with a mean of 54.4%, varied 

considerably; mean stem density for plots in which this species occurred was 72.8 

stems/0. Im2. High marsh communities were dominated by up to 5 species, a complex 

community composition that could not be delineated in the cover type mapping. Juncus 

gerardi occurred in 40% of the plots, with a mean cover of 66.7 % and a mean stem density of 

22.7 stems/0. Im^. Solidago sempervirens also occurred in 40% of the plots, but had an low 

percent cover (26%) with stem density (7 stems/0. Im^). Distichlis spicata and Ivafrutescens 

both occurred in 33.3% of the plots. Spartina patens, which occurred in 20% of the plots, had 

a high percent cover (75%) and stem density (274.5 stems/O.lm^). Twelve (12) sample plots 

were distributed among 9 transects in Site 5. Tall S. alterniflora dominated this site occurring 

in 83.3% of the sample plots. The 5. alterniflora at this site had the highest density (mean % 

cover = 96.5; mean stem density = 32.3 stems/0. Im^) and tallest (mean height = 150cm) 

recorded in this study. Two (2) transects and 14 sample-plots established in Site 9 indicated a 

predominantly high marsh; the 3 most frequently encountered species were D. spicata, S. 

patens, and J. gerardi. D. spicata occurred in the greatest number of plots (50%), but had a 
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low mean percent cover (40.7%) and stem density (76.1 stems/0. Im2) when compared to 5. 

patens, which occurred in 42.8% of the sample plots and had a mean percent cover of 66.7% 

and mean stem density of 237.8 stems/0.1m2, and Juncus gerardi, which occurred in 21.4% 

of the plots and had the highest percent cover (86.7) and stem density (330 stems/0.1m2) of all 

species encountered at this site. 

Fifty-one (51) sample plots were distributed among 6 transects in Site 2. The 17 

species encountered was the highest number of species recorded in this study. 5. patens had 

the highest (51%) frequency of occurrence, with a mean cover of 63.9 % and a mean stem 

density of 244.4 stems/0.1m2. D. spicata (47% occurrence) was often co-dominant in the 

high marsh communities with a mean stem density of 59.5 stems/0.1m2. Five (5) species 

occurred in more than 20% of the plots making this community composition fairly complex. 

The short form of 5. alterniflora, occurring in 43.1% of the plots, had the highest mean 

percent cover (79.5%) and a high stem density of 91.4 stems/O.lm2. Limmonium nashii 

occurred in 23.5% of the plots and had a low percent cover of 17%. Juncus gerardi occurred 

in 21.6% of the plots with a mean cover of 62.8%; stem densities for this species varied 

considerably, the mean stem density for plots in which this species occurred was 264 stems/ 

0.1m2. The tall form of 5. alterniflora occurred in 7.8% of the plots, but had the highest 

mean cover (80%). 

The estimates of above-ground primary productivity for this study compare well with 

values from other studies conducted in southern New England. Values for tall S. alterniflora 

correspond well with both data from Teal (1986) and with the indirect indices data collected 

here. In the Sites where samples of tall S. alterniflora were collected, above-ground primary 

productivity values ranged from 1023 g dry wt./m2/yr (Site 1) to 1800 g dry wt/m2/yr (Site 5). 

In comparison, Teal (1986) reports a value of 1320 g dry wt/m2/yr for tall 5. alterniflora 

communities. The high productivity value for tall 5. alterniflora at Site 5 can be expected 

based on the height and density values obtained in the collection of indirect indices data. 

These values may be due to the high degree of tidal flushing this community receives (Teal 

1986): tall 5. alterniflora at Site 5 occurs in a very narrow (< 5m) band along steep banks 

which are completely flooded and exposed twice daily, thus facilitating constant nutrient 

exchange and oxidation of soils. Productivity values for 5. patens communities on the high 

marsh ranged from 935 g dry wt/m2/yr (Site 2) to 1040 g dry wt/m2/yr (Site 9). In 

comparison, Nixon (1980) reports a value of 1100 g dry wt/m2/yr for a Massachusetts salt 

marsh, and a value of 430 g dry wt/m2/yr for a Rhode Island salt marsh. Using the ratios 

given by Teal (1986) for below-ground productivity of 5. alterniflora communities, and that 
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given by Nixon (1980) for below-ground productivity of high marsh communities, estimates 

of total marsh productivity for those communities ranged from 2557 g dry wt/m^/yr (Site 1) to 

4500 g dry wt/m^/yr (Site 5) for tall S. alterniflora communities, and from 2874 g dry 

wt/m^/yr (Site 2 ) to 4220 g dry wt/m^/yr (Site 9) for high marsh communities (includes S. 

patens, short S. alterniflora, & high marsh mix communities). 

Mammals Findings 

The 206 trap night effort yielded (Table 5): Mus musculus (3), Rattus norvegicus (1) 

and Peomyscus leucopus (15) with a trapping success of 9.2 percent Based on this study, 

the characteristics of these wetlands, and existing literature (e.g., DeGraaf and Rudis, 1986), 

small mammals are the most abundant resident vertebrates. Mammal use was observed in all 

the habitat types. Scat, tracks, small mammal nests and clippings, burrows and dens of 

medium sized mammals were the most frequently observed signs. Results of scent post 

sampling yielded 3 additional species: Sylvilagus floridanus scat (Site 1) in S. patens habitat, 

Procyon lotor tracks (Site 4) adjacent to Phragmites habitat, and Vulpesfulva and S. 

floridanus scat (Site 3) in 5. patens habitat. 

S. floridanus was the only mammal observed directly at Site 1, with scat found 

throughout the high marsh. Two (2) active Marmota monax burrows were found in the /. 

frutescens community; a Microtus pensylvanicus nest and system of runways were found in 

the 5. patens habitat; Ondatra zibethica scat was found on the high marsh; and Procyon lotor 

tracks were observed in the non-vegetated portion of the wetland. Other observations 

recorded Mephitis mephitis and Peromyscus leucopus. At Site 3 Ondatra zibethica was 

observed swimming. A Vulpesfulva compound withlO burrows was found on an adjacent 

upland knoll. S. floridanus scat was found in the high marsh. At Site 5 5. floridanus scat 

was littered throughout the upland edge. 5. floridanus were observed foraging in 

Ammophila breviligulata habitat and a Marmota monax was observed at the upland edge of 

Site 4. Procyon lotor tracks were present at a scent post placed adjacent to a stand of 

Phragmites. At Site 9 a Sciurus catolinensis was observed foraging on the high marsh and S. 

floridanus scat was found on the high marsh. Procyon lotor tracks and Ondatra zibethica scat 

were found in the regularly flooded areas; and S. floridanus scat was found on the high marsh 

of Site 2. Sciurus caatolinensis, Didelphis virginiana, and Tamias striatus utilize the wooded 

swamp in the northeast section of Site 2. 

Avifauna Findings 
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Open Water Habitat: The size and exposure of Sites 1 and 2 differ, with Site 1 abutting 

relatively shallow upper estuary waters, and Site 2 abuting deeper open water habitat (Table 7). 

Intertidal flats are minimal at Site 2, but extensive at Site 1. Comparisons of use at these two 

sites required a combination of quantitative measures and site utilization knowledge. Thus 

avian densities, the total number of a species observed, and the frequency in which a species 

occurred were analyzed. A total of 16 species were observed Site 1, for a total density of 13.0 

birds/405 ha, and 24 species at Site 2, for a total density of 12.8 birds/405 ha. Five species 

were common (observed >50% of the time) to both sites: Herring Gull, Double-crested 

Cormorant, Mallard Duck, Great Black-backed Gull and Rock Dove. Four species were 

unique to wetland 1: Mute Swan, Black-crowned Night Heron, Great Egret, and Least Tern. 

The Least Tern (a species of special concern of the Massachusetts Natural Heritage Program, 

MNHP) nests primarily on mainland beaches in variable sized colonies and forages on Menidia 

menidia in the waters adjacent to Site 1 throughout August and early September. Twelve 

species were unique to Site 2: Horned Grebe, Great Blue Heron, Green-backed Heron, Lesser 

Yellowlegs, Spotted Sandpiper, peep sp. (one or more of the small calidrid sandpipers 

including the Least and Semi-palmated Sandpipers), Laughing Gull, Common Tern, Common 

Grackle, Osprey, and American Kestrel. Osprey and Common Tern are species of special 

concern of the MNHP. Of the observed species, the Herring Gull was the most abundant and 

most frequently seen. The greater number of Herring Gulls observed at Site 2 reflects the 

greater size of the study area. Although this group was frequently observed, greater 

abundance may be expected at both sites in the fall/winter when post-breeding gulls come 

inshore. 

Shorebird numbers were low and reflect trends observed throughout the region (Lloyd 

Center 1986) during this part of the year when the vast majority of shorebirds are on their 

breeding ground to the north. Except for the Killdeer and Spotted Sandpiper breeders at Site 

2, the few shorebirds observed were recorded at Site 2 near the end of the census period and 

probably represented the first migrants of the fall. These early migrants included the Lesser 

Yellowlegs, Greater Yellowlegs, and peep sp. The Killdeer was the only shorebird observed 

at Site 1 during the study period. However, sightings throughout August and September of 

Yellowlegs, Spotted Sandpipers, and peep sp., suggest that the tidal open water habitat of the 

estuary receive increased use by shorebirds as fall migration progresses. Shorebirds observed 

at Site 2 (Killdeer and Spotted Sandpiper) were resident and suspected breeders. The Mallard 

Duck was common at Sites 1 and 2; and was a breeder at Site 2. The American Black Duck 

was less common at both sites, but was a breeder at Site 3. Sightings of up to 25 Black Ducks 

were recorded throughout August and September at Site 3. Although not abundant, herons 
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and egrets were observed throughout the study period The Snowy Egret was the most 

frequently observed wader at both Sites. The sightings at Site 1 throughout August and 

September show a much greater abundance of this group, especially immature birds, which 

foraged in the shallow water adjacent to Site 3 in the post-breeding season. The doves and 

passerines observed at both wetlands used the intertidal habitat for foraging. Least Bittern 

(listed as a threatened species by Massachusetts Natural Heritage Program) was observed 

foraging at the edge of a P. australis community adjacent to Site 3. 

This study also censused the open water/mud flat habitats from Tarklin Hill Road to the 

estuary mouth during late winter/early spring of 1985 and late summer of 1986. Based on 

trends reported by the Lloyd Center (1986), the abundance of the various bird groups reported 

here were within the expected range for this region during the spring/summer. The Lloyd 

Center data showed a decrease in the numbers of bird species and densities as summer 

approaches. Heron, egret, and tern numbers at both sites were lower than those reported by 

the Lloyd Center (1986). However, this may be due to the proximity of this study area to the 

breeding grounds. Both the Common and Least Tem are known to breed in the Plymouth 

County region of Buzzards Bay (Lloyd Center 1986). Furthermore, the broad, shallow 

lagoon, along with the undeveloped and undisturbed shoreline characteristic of the Lloyd 

Center (1986) study site, offers favorable foraging and resting areas for long-legged waders 

and terns, and nesting habitat for the latter group. This accounts for the overall greater 

abundance of these groups reported by the Lloyd Center. Although species diversity was 

greater at Site 2, densities between Sites 1 and 2 were nearly equal. Differences between 

wetlands in the abundance of certain species may be expected based on their location. Site 2 is 

more centrally located with respect to nesting grounds of colonial nesters such as terns and 

long-legged waders. Greater use of Site 2 by these groups can be expected, as birds 

commuting to and from coastal foraging areas are more likely to encounter Site 2 than Site 1. 

Trends observed at Site 1 in August and September suggest that the tidal open water habitat at 

this site become more important during fledgling dispersion and migration, when terns and 

long-legged waders are not restricted in their foraging range, and when shorebirds pass 

through the region on their journey south. 

Salt Marsh Habitat: Twelve (12) species for a total density of 276 birds/405 ha were recorded 

in the salt marsh habitat at Site 1. Eighteen species for a total density of 305.4 birds/405 ha 

were recorded in Site 2. These densities are within typically reported values for southern New 

England salt marshes (Reinert and Kilpatrick 1986; Reinert et al 1981). Of the seven species 

unique to Site 2, only the Clapper Rail and Spotted Sandpiper, had densities greater than 1.9 
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birds/405 ha. The Clapper Rail was a nesting species at Site 2 which was placed in a stand of 

short (< 40cm) 5. alterniflora. The Spotted Sandpiper may be nesting at Site 2. Sites 1 and 

2 received the greatest use by passerines species. Passerine densities were very similar (231 

birds/40 ha, Site 1; 236.3 birds/40 ha, Site 2), but use of the salt marsh habitat between Sites 

differed. Use at Site 1 was dominated by birds nesting in the upland edge that use the marsh 

to forage. One salt marsh obligative (Sharp-tailed Sparrow) was recorded at this Site. The 

Sharp-tailed (nesting species) had a density of 22.6 birds/405 ha which was low compared to 

Site 2 of 143.0 birds/405 ha. The greater diversity and more highly interspersed nature of the 

cover types at Site 2 contributed to the higher densities. Site 2 use was dominated by the 

Sharp-tailed Sparrow, which was abundant and distributed throughout the marsh. Both Sites 

received irregular use by American Kestrels, and regular, similar use by Mourning Doves and 

aerial insectivores (e.g. Chimney Swifts, Barn Swallows, and Tree Swallows). The narrow 

width of Site 1 allows upland edge nesting species easy access to foraging areas in the 5. 

alterniflora habitat and also provides suitable foraging areas for the Sharp-tailed Sparrow. 

The vegetation communities at Site 2 are much more heterogeneous and provide different 

habitats for foraging, nesting, and mating activities of marsh nesting birds. 

Upland Edge Habitat: Shrub communities < 75 m wide form a broad transition zone between 

the salt marsh and forested upland habitat; this transition zone supported the highest density of 

birds (531.0 birds/405 ha). Twenty-seven (27) species were recorded at Site 1. Five (5) 

species were confirmed breeding with 17 additional species suspected breeding. The 5 

dominant species at this site (Red-winged Blackbird, European Starling, Northern 

Mockingbird, Song Sparrow, and American Robin) account for 66% of the total density of 

birds recorded in this habitat. At Site 2, the upland edge habitat is dominated by P. australis 

which occurs in narrow (< 50 m) strips. Shrub communities are sparsely distributed and the 

transition from salt marsh to oak-hickory forest is abrupt. The influence of forest associated 

species (e.g. Black-capped Chickadee, Tufted Titmouse, House Wren, and White-eyed Vireo) 

at this site contributed to the highest species diversity observed (32 species). These species 

were observed singing and foraging along the edge and made up 6% of the total density found 

in this habitat. The 5 dominant species (Red-winged Blackbird, Common Yellowthroat, Song 

Sparrow, and European Starling) made up 50% of the total species density; all, except the 

European Starling, are commonly found nesting in wetland or wetland edge habitat. 

Dominance by this group of primarily wetland associated species indicates a greater 

homogeneity of habitat at Site 2. Other wetland species including the Mallard Duck 

(confirmed nesting species) the Killdeer, a suspected nesting species, the American Black Duck 

and the Clapper Rail were recorded in this habitat 
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A least bittern (listed as threatened by the MNHP) was observed foraging adjacent to 

Site 3. Least terns Qisted as a species of special concern by MNHP) were observed 

throughout August and early September foraging in the waters adjacent to Sites 1 and 3. Both 

the osprey and common tern (listed as species of special concern MNHP) were observed at Site 

2 in July and during July and August for the latter species. A peregrine falcon was observed 

in the vicinity of Site 1 in February 1985. 

Benthic Infaunal Community Findings 

Tidal Creeks: Tidal creek stations at Site 1 were dominated by oligochaetes and Capitella sp. 

during both sampling periods (Table 8). Abundances of the spionid Streblospio benedicti 

were also high during September. Three taxa were important numerically in the tidal creek 

stations of Site 2 as well. During both sampling periods, numerous additional taxa were 

apparent in moderate (< 102/m2) to high densities (> 103/m2) at Site 2, while the number of 

abundant taxa at Site 1 was limited. The most abundant taxa are typical estuarine species; 

primarily surface and subsurface deposit feeders. The bivalves collected from tidal creeks at 

Site 2 are filter feeders, with Mya arenaria being very abundant The pattern of community 

structure was evidenced in the diversity and evenness indices for the tidal creeks. Diversity 

values varied between Sites, with Site 2 values higher than Site 1 values. Only one station x 

sampling period combination result had values over 1.0 (ranged from 0.883-3.098). From 

Site 1, only one station exceeded a value of 1.0 (September), and was close to 1.0 in June. 

The other stations on Site 1 had low diversity values ranging from 0.120 to 0.330. Site 2 

supported 3 times as many taxa as Site 1. The greatest disparity between the 2 sites was the 
number of polychaete species. Evenness values were low, indicating that each station had 

only a few species with high abundances, while the remaining species had low abundances. 

Only at 2 stations was evenness moderately high (> 0.6). There was no strong difference 

between sampling periods, suggesting a similar distribution of species abundances in the 2 

months. In June, skewness values for Site 2 were greater than for Site 1, indicating greater 

within-station (i.e. among replicates) variability in abundance in Site 2 than Site 1. A reverse 

trend was noted in September. 

The tidal creek stations at Site 2 tend to support a greater variety of infaunal particularly 

polychaetes and bivalve species than those on Site 1, regardless of the month sampled. There 

were 3 to 4 times as many taxa with abundances greater than lOO/m^ at Site 2 than Site 1 

during June and September. Site 2 stations were more likely to have several abundant co

dominant species than were Site 1 stations. Sample period was less of a contributing factor 
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than location. The influence of sediment grain size is apparent at Site 2 in June, where 

sediments at station 2T1 (gravel) are much coarser than those at stations 2T2 and 2T3 (medium 

sand). Taxa such as M. arenaria, Scoloplos sp., Scolecolepides sp. and syllidae were much 

more abundant at station 2T1, while S. benedicti was more abundant at stations 2T2 and 2T3. 

The presence of herbivores (e.g. L. littorea and G. inucronatus) at station 2T1 was the result 

of the presence of algae rather than substrate differences. Wet-weight biomass measurements 

for major taxa showed that the stations containing mollusks had the highest biomass values, 

partially attributable to shell weight 

Mud Banks: The mud bank stations at Site 1 was dominated by Oligochaeta, Fabricia sabella, 

Capitella sp. and S. benedicti during both sampling periods. In June, amphipods, bivalves 

and gastropods were moderately abundant (102-103/m2). Of these taxa, all but gastropods 

were moderately abundant in September. These species encompass several feeding: types; 

filter feeding, surface grazing/scraping, burrowing deposit feeding, and surface deposit 

feeding. Of the 30 taxa collected from Site 1,10 were polychaetes and 7 were amphipods. 

Oligochaetes and F. sabella also predominated on Site 2 during June and September. The 

surface deposit feeder P. ligni was numerous also. Abundances of M. arenaria, Nereis 

succinea (June), Capitella sp., Edotea triloba and Syllis typosyllis sp. (September) exceeded 

103/m2. Moderately abundant (102-103/m2) taxa represented several major taxonomic 

(polychaetes, bivalves, amphipods) and feeding (surface deposit feeders, burrowing deposit 

feeders, carnivores, filter feeders) groups. Sixty-one taxa were recorded from Site 2, 

predominantly polychaetes, amphipod, and bivalve species. 

The diversity index varied more between the 2 sampling periods than Sites. For both 

Sites, all stations exhibited diversity indices above 1.0 (ranging from 1.025 to 1.357) in 

September. In June, with the exception of one station (H'= 1.285) values fell below 1.0 

(ranging from 0.262 to 1.285). Evenness values were highest in September at most stations, 

although no value exceeded 0.5. There were no apparent differences between the Sites. This 

implies that all stations had only a few species with high abundances, while the remaining 

species had low abundances. Skewness was affected more by Site and station location than 

by sampling period. Highest values were in Site 2 indicating greatest within station 

variability. Species distributions appeared to be affected by the presence of mussel clusters 

(both Mytilidue & G. demissa) which were patchy in their distribution throughout the mud 

bank surface. These clumps provide habitat and refuge for other organisms, as seen in 

September at Site 2. The station with mussel clumps had more taxa (37) than stations without 

18




(26 taxa) and (12 taxa), including infaunal (Neresis succinea, Petricola pholadiformis ) as well 

as epifaunal taxa (Edotea triloba, Hiatella sp.). 

Habitat Comparisons: The most abundant taxa (> 104) were similar in all wetland-habitat 

groups. These species arc adapted to the stressful intertidal habitat by their burrowing or tube 

dwelling existence. Abundant (> 103) and moderately abundant (> 102) species were variable 

between habitats and between Sites. This may be due to the physical differences in the 

habitats. Mud bank stations provide a somewhat more complex substrate than tidal creeks due 

to the presence of S. alierniflora and large pieces of detritus. This provides a niche for 

grazers (e.g. L. littorea, Llyanassa obsoleta) and detritivores (e.g. Hydrobia totteni, 

Corophiwn insidiosum and Gammarus sp.). Tidal creek bed may be a less stressful habitat 

because the exposure duration during the tidal cycle is shorter. In addition, longer and earlier 

exposure to flooding may provide a slight advantage in terms of recruitment. Within a 

particular habitat, sediment grain size characteristics were sufficiently different to account for 

some of the among-station variability. In all cases, significant differences were observed 

among stations and among station x sampling period groups. Of the parameters tested 

statistically, differences between sampling periods were observed only for P. ligni, M. arenaria 

and biomass. Four (4) of the 6 stations at Site 2 exhibited a significantly greater number of 

taxa than all stations at Site 1.' Tidal creek stations at Site 1 contained significantly fewer taxa 

than the mud bank stations. The significance test on station x season interaction exhibited no 

strong pattern as evidenced by large numbers of overlapping groups. Each Site tended to 

exhibit differences between the months. At Site 2, number of taxa was higher in June than in 

September. The opposite was true on Site 1. In addition, the Site 1, habitat seemed to affect 

the number of taxas, with mud banks higher than tidal creeks. 

Total abundance and annelida abundance (including F. sabelld) paralleled each other, 

indicating the dominance of this phylum in the marsh environment Patterns among stations 

are not clear. There is much overlap among station groups and among station x sampling 

period groups. Generally, mud bank stations at Site 2 achieved higher abundances than the 

same habitat at Site 1. Tidal creek stations at Site 2 exhibited lowest abundances. Stations 

2M4 and 2M5 attained highest abundances during both sampling periods, in part due to the 

abundance of F. sabella . Site stations sampled in September were next in abundance. Four 

(4) stations were consistently lower in abundance. Annelida abundance (excluding F. sabella) 

and oligochaeta abundance, exhibited very similar patterns. Site 1 tended to rank higher than 

Site 2. Neither habitat nor sampling period seemed to be a major factor influencing the results. 

Abundance of P. ligni was higher at Site 2 than Site 1. Within Site 2, abundances tended to be 
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higher in June than September at each station. Abundances at Site 1 were low, therefore 

patterns between months or habitat were not apparent. Abundance of M. arenaria was greater 

in the June than the September. This species was present in cores from 6 of the 12 stations. 

Only at one station did M. arenaria occur during both sampling periods. The stations 

exhibiting the highest abundances were at Site 2 (during both months). 

Biomass was higher in September than June, but station and station x sampling period 

patterns were indistinct (Figure 5). Significant differences were due to the presence of large 

organisms (particularly mollusks) in a few of the samples. An examination of mean annelid 

biomass suggests that the biomass of this group was higher at Site 2 stations. The greater 

abundances of such large species as N. succinea, as well as the extremely high abundances of 

F. sabella, may account for biomass differences. The relatively high annelid biomass 

observed at 1 Site 1 station during June was due to high abundances of 5. benedicti, 

Oligochaeta and Capitella sp. Among the tidal creek stations annelid biomass showed no 

patterns. Although the mean values at 2 site 1 stations were relatively high in September, the 

high standard deviations indicated that the mean was strongly influenced by 1 or 2 replicates. 

Of the annelids at these stations, oligochaetes were the most abundant and exhibited variability 

among the replicates. 

Shellfish: Twenty-three (23) species were collected in total, only 10 of which were mollusks. 

Non-molluscan species were not treated quantitatively. However, the presence of these other 

species is at least indicative of their distribution on the study marshes. The omnivorous 

burrowing polychaete N. succinea was collected from the banks of both marshes. Xanthid 

crabs, Rhithropanopeus harrisii and Neopanope sayi were collected from Site 2. The marsh 

crab Sesarma reticulatwn, whose burrows generally occur in the 5. alterniflora zone, (Daiber 

1982) was collected at Site 1 as was the fiddler crab Ucapugnax. Absence of any of these 

species from the collections in a particular area may be an artifact of sampling. Sampling the 

tidal creek habitat at Site 1 revealed low abundances of bivalves represented by only 1 species, 

G. demissa . Only the mud snail L. obsoleta, a typical inhabitant of salt marsh creeks, (Daiber 

1982) ever reached moderate densities. As this species feeds on benthic unicellular algae, its 

presence in September suggests that the sediment surface of Site 1 tidal creeks supports 

microfloral production. The tidal creeks on Site 2 supported populations of filter feeding 

bivalves (M. arenaria and M. mercenaria) as well as the deposit feeding Macoma balthica. 

M. arenaria and M. balthica are often associated with salt marsh creeks (MacDonald 1969 a,b). 

Sediment-grazing gastropods were in evidence during June. Three (3) bivalve and 2 

gastropod species were collected from Site 2 tidal creeks. Sediment textural differences 
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between the two Sites is one factor affecting their diversity. The 2 stations that contained the 

highest proportion of coarse sediments, also exhibited the highest number of bivalve species. 

G. demissa was the only bivalve collected at any of the other stations. The presence of L. 

littorea at station 2T1 may have been related to its exposed location and secondarily, to its 

coarse substrate since this species is generally associated with rocky intertidal areas. L. 

obsoleta, present in all sampling of Site 1 tidal creeks, occurred only occasionally at Site 2. 

In this case, the finer sediments occurring at Site 1 probably influenced the distribution. G. 

demissa was the predominant member of the molluscan assemblage in the mud bank habitat at 

both Sites. This species has been reported to have a mutual relationship with S. alterniflora 

(Bertness 1984). In addition, aggregations of the mussel help to stabilize the seaward edge of 

the marsh, reducing erosion from wave action. M. arenaria occurred in low numbers at both 

Sites. Other than G. demissa and M. arenaria no other bivalves were collected from Site 1. 

In addition to the 2 species occurring at Site 1, M. balthica, M. edulis , M. mercenaria and 

Petricola pholadiformis were found at Site 2. Differences in sediment grain size distribution 

between the two Sites contribute to the observed differences in species composition. 

Gastropods were present on mud bank stations at both Sites. L. obsoleta was abundant at 

Site 1 in June. L. littorea was abundant during both collection periods at Site 2. Its presence 

at Site 2 is influenced by higher energy there than at Site 1. Bittium alternation occurred at 

Site 2 in September. 

Habitat Comparisons: Analysis of variance was conducted to assess differences among 

stations, between sampling periods and among station sampling period groups on 4 

parameters: number of bivalve taxa, total bivalve abundance, number of gastropod taxa, and 
total gastropod abundance. The number of bivalve taxa was significantly different among 

stations, but the groups of similar stations were not distinct from one another. Site 2 stations 

had the largest number of taxa, followed by the mud bank stations from Site 1. Tidal creek 

stations from Site 1 had the lowest number of taxa 1 (G. demissa ) or 0. The 6 stations with 

the smaller numbers of taxa were also those with the lowest abundances. Site 1 mud bank 

stations had the highest bivalve abundances, since random sampling fell within patches of G. 

demissa . Only 4 gastropod species were collected in the shellfish quadrats. Tidal creek 

stations never contained more than 1 species in any collection. Three mud bank stations 

(2M4, 2M5, IMS), however, were inhabited by 2 or more gastropod species in at least 1 

sampling period. Gastropod abundance station groupings fell in roughly the same order as a 

number of taxa. Significant differences in station x sampling period groups were detected. 

Highest abundances occurred in September for Site 1 tidal creek stations and in June for mud 

bank samples (stations from both sites). 
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Population Size Structure: Shell length data were obtained for all bivalve individuals collected 

as part of the current study. Mean length and size class distribution for the dominant bivalve, 

G. demissa and the commercially valuable M. arenaria were determined. The mean size of G. 

demissa were not different among stations or Sites, since the means generally fall within one 

standard deviation of each other. Apparent differences might be attributable to a number of 

factors: the number of individuals varied widely among the samples; location within a patch 

of mussels can affect the size of the individuals; the random sampling did not evenly sample 

different locations in the patches; and there may be environmental differences affecting 

growth. Hampson and Moul (1978) observed that G. demissa was virtually the only species 

to recover within a few years from the effects of a spill of Bunker C oil. If G. demissa 

populations experienced mortalities from exposure to PCBs, a comparison of length data 

between Sites 1 and 2 suggests that the effects are no longer manifested in population structure, 

despite continued uptake of PCBs. Rough age groups can be ascribed only to small mussels: 

1 year old (< 10 mm); 2 year old (< 40 mm); 3 -4 year old (< 60 mm). Older mussels 

may grow more slowly, depending on environmental conditions, and may survive 10-20 

years. Thus, stability of an aggregate or population is not dependent on frequent input of 

juveniles. Relatively low numbers of small G. demissa is attributable to several factors such 

as preferential predation on small individuals, low recruitment rates, or intraspecific 

competition. Few M. arenaria were collected, with most occurring at Site 2. Shell lengths 

ranged from 10-80 mm. Based on growth rates observed in this species (Brousseau 1978), 

recruitment has occurred over a number of years. The smallest clams (10-15 mm) are 

probably young-of-the-year clams. Few M. arenaria were collected from Site 1, none in the 

tidal creeks. Most were collected from Station IMS, because of the relatively large proportion 

of sandy sediment. M. arenaria was found to be tolerant of moderate levels of PCB's (0.05-

0.16 ppm) and metals in the ranges observed (Tsai, et al. 1979). However, the concentrations 

of PCBs observed in this study are much higher than Tsai, et al. tested and may reduce the 

success of recruitment of M. arenaria to Site 1. Collection of other bivalve species was sparse 

and was restricted to Site 2. 

The gastropods L. littorea and L. obsoleta both distribute their larvae planktonically 

(Yamada 1987; Gooch et al. 1972). Thus, within an ecosystem such as the estuary, it is 

expected that population size class structures are similar throughout. This appeared not to be 

the case for L. obsoleta collected at Site 1 versus 2, although data from Site 2 may be less 

representative of the overall population due to the relatively low numbers of specimens 

collected. Sediment textural characteristics varied between the two Sites, potentially 
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contributing to the disparity in occurrence. Other environmental factors affecting growth could 

include sediment-borne contaminants either directly ingested by the gastropods or which inhibit 

production of benthic microalgae or salinity. L. littorea occasionally occurred in moderate 

numbers, particularly at mud bank stations. Size class structure exhibited no differences 

between these stations or between sampling periods. The collection of M. bidentatus was 

incidental, since this species generally resides in the S. patens zone. Absence of larger 

specimens may indicate that the marsh environment provides unsuitable habitat for this species. 

Fin Fisheries Findings 

A total of 16 species of fin fish were collected. P. americanus were collected only at 

Site 2. A total of 13 P. americanus were examined for neoplasms and tumors. No 

neoplasms or tumors were observed on the livers of the examined fish. Neoplasms have been 

found in soft shell clams from the Harbor (Reinisch et al. 1984). Cell extracts from the 

tumors showed detectable levels of PCB congeners which suggest an association between the 

high prevalence of diseased tissue (10-90%) and the presence of contaminated sediment. In 

another study (Brown et al. 1977) soft shell clam neoplasms were common (12.5%) in New 

England sites with varying degrees of hydrocarbon contamination. Hydrocarbon levels in 

clam tissue were related to sediment hydrocarbon concentrations. 

The beach seine efforts were characterized by large numbers of Menidia menidia 

(76.8% of the total catch). M. menidia were the most numerous fish caught in the estuary and 

marsh making up 97.7% and 88.6% of the catch in Sites 9 and 2, respectively. In the upper 

estuary (Sites 1, 3, & 5), M. menidia accounted for 74.7% of the fish caught. The second 

most numerous species, F. heteroclitus, was present in greater numbers in the upper estuary. 

In the upper estuary F. heteroclitus accounted for 24.4% of the fish caught, compared to 0.7% 

and 3.0% in lower estuary and Buzzards Bay, respectively. The F. majalis exhibited the 

reverse situation accounting for only 0.2% of the fish caught in the upper estuary compared to 

1.4% and 7.5% in the lower estuary and Buzzards Bay, respectively. Of the other 8 species 

caught, each contributed < 1% of the total. There were 4 species caught in the minnow traps. 

F. heteroclitus, the most numerous, accounted for 95.5% of the total catch from all Sites. 

This species made up 98.9% of the catch in the upper estuary, 95.8% in the middle estuary and 

87.0% in Buzzards Bay. F. majalis, the second most abundant species, accounted for 12.9% 

of the catch in Buzzards Bay and only 4.1% of the total number. The 2 remaining species 

combined contributed less than 1 % of the total number and catch at any Site. 
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Length and Weights: Length and weight measurements were obtained from 1,781 specimens 

of 11 species from 5 Sites (beach seines). Lengths for M. menidia (the most numerous 

species caught) ranged from 22-132 mm, with 95.3% of them measuring < 80 mm. The 

larger specimens (89-132 mm) were only caught at Sites 2 & 9. Weights ranged from 0.1 -

13.6 gms, most of them measuring from 0.1 - 3.0 gms. M. menidia were caught at 5 Sites. 

F. heteroclitus lengths ranged from 22-100 mm, with 66.7% of the specimens measuring 

from 30 - 50 mm. Weights for F. heteroclitus ranged from 0.1 -17.5 gms, with 68.5% < 1.5 

gms. F. heteroclitus was caught at all Sites. F. majalis lengths ranged from 26-131 mm, 

with 98.1% < 60 mm. Weights ranged from 0.1 - 33.3 gms, with almost all < 3.0 gms. F. 

majalis was caught at all Sites. Length for A sapidissima caught at all Sites, ranged from 33 

- 57 mm, with all weights <= 2.5 gms. Apeltes quadracus, caught at Sites 1 & 2, had narrow 

lengths (27 - 39 mm) and weights (0.1 - 0.3 gms). The length range for M. cephalus was 

from 54 - 113 mm, with weight measurements from 1.1 - 17.7 gms. This species was caught 

at 3 Sites (1, 5, & 9). The last species present in any number, Pomatomus saltatrix, was 

caught at Sites 1 & 2, with lengths 107 - 139 mm and weights 12.0 - 21.3 gms. During this 

study only one specimen of Tautoga onitis, Caranx hippos, Pseudopleur-onectes americanus, 

and Alosa pseudoharengus were caught. A total of 1318 fish from 4 species were collected in 

minnow traps from 6 Sites. F. heteroclitus (91.7% individuals) had ranges of lengths 33 

112 mm and weights 0.5 - 26!7 gms. This was the only species to be caught at all Sites. F. 

majalis (7.2% individuals) had lengths from 37 to 56 mm and weights from 0.5 to 2.3 gms. 

M. menidia (1 % individuals) had lengths of 52 - 70 mm and weights of 0.9 - 2.3 gms. There 

was 1 specimen of A. pseudoharengus caught at Site 4. The length frequency distribution of 

M. menidia at Site 2 exhibited a bimodal pattern indicating two age classes. Site 9 had fish of 

the larger size group. In the upper estuary (Sites 1, 3, 5) the larger size group was not 

present, due to the physical make-up of this area. Percent composition of F. heteroclitus was 

the highest at Site 1 and exhibited a decrease further down the estuary. The length frequencies 

of F. heteroclitus exhibited a bimodal distribution indicating the presence of two size groups. 

However, unlike M. menidia, both size groups were present at all Sites. F. majalis had the 

highest percent composition at Site 1. Although only a few specimens of larger fish were 

caught, there are also indications of a bimodal distribution in the length frequencies of F. 

majalis. 

Gut Contents: Seventeen specimens of F. heteroclitus were examined for gut contents, 10 of 

which contained food. All fish ranged from 70-75 mm in length. Gut contents included 7 

major groups of organisms. Bivalve mollusks accounted for 53% of the total number of 

organisms found. Fish and fish eggs, decapod crustaceans, and polychaets accounted for 
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17.8%, 13.3%, and 11.1% respectively. Chordates and gastropods each accounted for 2.2%. 

Plant material, which was found in 3 of the 10 stomaches, was less than 1%. Biomass 

(blotted wet weight in gms) was measured for each prey category. Bivalves comprised 44% 

of the total biomass found in the guts. Fish and fish eggs and decapods accounted for 29% 

and 14%, respectively. Plant material accounted for 13% of the biomass. The remaining 3 

groups (polycheats, chordates, & gastropods) each accounted for less than 1% of the biomass. 

Analysis of the gut contents were performed on 10 P. americanus individuals (from Site 2), 

with lengths between 50-60 mm. Two taxa (isopods & polychaetes) were found: isopods 

(63.8% of number of organisms) accounted for 21% of the biomass; polychaetes (31.9% of 

number of organisms) made up 73% of the biomass. The only other group present was 

amphipods, accounting for 4.3% of the total number of organisms and 6% of the biomass. 

Bioaccumulation Findings 

Biota within two food chains were sampled to help assess the potential for bio-

concentration/ bioaccumulation of PCBs and selected heavy metals (Cu, Cr, Pb and Zn) in site 

organisms (Table 9). Ring-billed gulls were collected along with some of their food items 

(e.g. ribbed mussels, amphipods, and gastropods). Other major foods of the ring-billed gull 

include: fish, amphibians, insects, polychaets, grubs, and sometimes bird eggs and mice; they 

also scavenge (DeGraaf and Rudis 1986, Martin et al. 1951). Ring-billed gulls breed near 

open beaches, mud flats and harbors, and winter near salt water. P. leucopus along with 

some foods items were collected at Sites 1 and 2. P. leucopus diet is versatile, reflecting 

availability of food (eg. insects, snails, centipedes & small amounts of carrion). Plant foods 

include seeds, fruits, acorns, tender green plants, and roots or tubers (DeGraaf and Rudis 

1986, Martin et al. 1951). P. leucopus are most abundant within the upland border of the 

salt marsh and areas of salt marsh shrub. In February and March the collection of Black 

ducks, G. demissa and U. lactusa occurred. Black ducks are a game bird. If contaminated, 

they may pose a potential risk to humans. Black ducks are known to breed in brackish 

marshes and winter exclusively in open marshes of the coast and interior. Their major foods 

include: mollusks, submerged aquatic plants, algae, acorns, seeds of marsh plants, salt marsh 

grasses, crustaceans, polychaets, amphibians and fishes (DeGraaf and Rudis 1986, Martin et 

al. 1951). 

PCBs and selected metals (Cr, Cu, Pb, & Zn) were detected in tissue samples (Tables 

10 & 11). These data indicate that PCBs are incorporated in the tissue of the sampled 

organisms. PCBs were detected in all of the G demissa (Figure 6), O. grillus and M. 

bidentatus tissues which comprise the lower trophic level of the Ring billed gull food chain; 
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and in selected fruit and composite animal food samples which comprise the lower trophic level 

of the P. leucopus food chain (Martin, Zim, & Nelson, 1951). Average PCB concentration 

in G demissa was 10.6 ug/g. The PCB concentration in G demissa was highest at locations 

closest to the area with the highest contaminated sediment. The PCBs concentration in M. 

bidentatus sample was 3.2 ppm and 29.0 ppm in the O. grillus sample. The average PCB 

concentration in Ring-billed gull muscles and fat samples were 13.99 ug/g and 153.67 ug/g, 

respectively. These data indicate that biomagnification may be taking place within this food 

chain. The average PCB concentration in all mouse foods was 4.31 ug/g. PCBs levels in /. 

gerardi and acorns were below detection levels. P. leucopus PCB concentrations averaged 

22.33 ug/g. These data suggest that biomagnification of PCBs may be taking place within this 

food chain as well. Concentrations of metals appear to be comparable throughout the samples 

with some exceptions. Relatively high concentrations of copper and zinc were detected in the 

O. grillus (Cu = 36.0 ug/g; Zn = 140 ug/g) and M. bidentatus (Cu = 25.0 ug/g; Zn = 630 

ug/g) samples. The M. bidentatus sample also contained relatively high concentrations of 

lead (9.0 ug/g). The levels of zinc detected in the muscle and fat portions of Ring-billed gull 

suggest that zinc may be concentrated in fat tissue. Although these data do indicate that certain 

metals may be selectively concentrated, they do not suggest transfer within the two food chains 

or a potential trend for biomagnification as do the PCB data. 

Evaluation of the concentrations of metals and PCBs taken from samples of 

Palaemonetes pugio show a similar trend as demonstrated in the sediment samples. Metal 

concentrations from P. pugio taken in upper estuary Sites are more elevated than Site 9 or 2. 

P. pugio from Site 1 exhibited the highest levels for chromium, copper, and iron. The 

highest PCB values were found in P. pugio taken at Site 3 (25.3 mg/kg). The P. pugio PCB 

values were 7.63 mg/kg from Site 1. P. pugio taken near Site 2 has the lowest average 

concentrations for chromium, copper, PCB and iron. The most evident change was the two 

order of magnitude drop in PCBs between the P. pugio collected at Site 3 (25.3 mg/kg) and 

that from Site 2 (0.33 mg/kg). G. demissa were taken at Sites 2, 3,4, 5, and 9. Metal and 

PCB concentrations from G. demissa tissue taken at Site 5 were generally higher than other 

stations, followed by decreasing concentrations from Sites 4,  9 to 2. The total PCB and zinc 

concentrations were highest in tissue from Site 5. Copper and mercury concentrations were 

high from tissue from Site 2. The cadmium level was highest at Site 2. F. heteroclitus were 

taken from Sites 1,2, and 4 and P. americanus from Site 2. With the exception of chromium 

and lead concentrations found in fish tissue from Site 1, there was little differences between 

contaminant values from the various wetland stations. Fish samples taken from Site 5 

exhibited PCB values an order of magnitude higher (44 mg/kg) than all other stations. PCB 
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concentrations at Sites 9 and 2 were 8.1 mg/kg and 3.0 mg/kg respectively. Concentrations 

of PCBs in the tissues of F. heteroclitus were 4 times higher in the middle estuary (Site 4) 

than in the fish caught at Site 2. The upper estuary (Site 1) had concentrations 5 times higher 

than the middle estuary. There was 20 times as much PCB contamination in the fish from the 

upper estuary than fish from Site 2. Concentrations of copper and lead were higher in upper 

estuary fish than in fish from Buzzards Bay. F. heteroclitus would be susceptible to PCB 

and heavy metal contamination from prey species. Analysis of tissue from P. americanus 

from Site 2 showed much lower concentrations of copper, lead, and zinc than the 

concentrations found in F. heteroclitus from Sites 1 & 4. Concentrations from P. americanus 

and F. heteroclitus caught at Site 2 were almost identical. The PCB concentrations for F. 

heteroclitus at Site 2 were 5% of the concentrations found in fish from Site 1. Analysis of 

tissue from P. americanus caught at Site 2 showed half the concentration of PCBs in F. 

heteroclitus caught at the same Site. If the high levels of PCBs and metals in F. heteroclitus 

in the upper estuary are a result of its diet, then P. americanus would also be expected to 

contain higher contaminant levels than in the fish sampled from Buzzards Bay. 

DISCUSSION 

Biological trends 

Sediment: Salt marshes are known to be sinks for nutrients, organic material and toxins, 

although they also export large quantities of nutrients and detritus on a seasonal basis. These 

marshes have trapped large quantities of metals and PCBs. Most of this is associated with the 

sediment deposition within the accretion portions of the wetlands, as the metals and PCBs are 

adsorbed onto the particulates. Although there is debate in the scientific literature regarding the 

specifics of salt marsh import-export behavior (Nixon 1980), largely because of the difficulties 

in measuring these processes, a general understanding is possible. Import-export roles are 

affected by the structure, age, and hydrology of the marsh, and are parameter-specific. Odum 

et al. (1979) classification of salt marshes by flow and tidal exchange characteristics show that 

marshes with low currents have limited export. Age is also a factor. As the marsh fills its 

basin to the high tide level it only acts as a sediment sink primarily in relation to sea level rise. 

The lower metal and PCB concentrations in the high marsh portions of the study wetlands 

support the notion that sediment accretion rates within these older parts of the marsh is minimal 

at present. Younger marshes typically have greater accretion rates, and may actually show a 

net import of paniculate organic carbon, while older marshes tend to export carbon through 

their creek systems. 

27 



The Sites in this study appear to be primarily older marshes and occur in a setting 

which is moderately constricted This indicates that they likely have a net export of organic 

carbon within, or slightly below, the normal range determined for east coast marshes of 100

200 g C/m^/yr (Nixon 1980). The significance of this export in secondary production of 

adjacent waters is difficult to assess; Nixon (1980) notes that "the path from the emergent 

marsh to the open coastal water is not through a pipe, but through a complex chain of sub

systems, each of which is characterized by its own internal cycling as well as its own inputs, 

outputs, transformations and storages". Tidal flats adjacent to the wetlands may be important 

sites for trapping nutrients which leave the marsh on ebb tides, ultimately converting plant 

production into animal biomass (Whitlatch 1982). 

Benthos: Sediment characteristics and other physical differences determines species 

distribution. A comparison of the benthic communities between Sites 1 and 2 is complicated 

by the physical differences. Based on the relationship of particle size and current speed 

(Hjulstrom 1939), sediment particles at Site 2 measuring less than 4.5 mm, over 90% of the 

surface sediments could be resuspended by the estimated 0.6 kt current speed. Current speeds 

at Site 1, estimated at 0.2 kt could potentially transport particles measuring less than 1.4 mm, 

or an average 90% of all surface sediments. Another difference is the contaminant levels. Site 

1 is located adjacent to the highest polluted sediment, while Site 2 is located in much less 

polluted area. Site 1 exhibited a higher proportion of fine grained sediments, suggesting a 

greater potential for contaminant concentration, because fine grained sediments tend to have a 

higher affinity for contaminants. There were marked differences in infauna between tidal 

creeks on Sites 1 and 2. Dominant species on Site 1 were surface deposit feeders and shallow 

burrowing deposit feeders. The dominant taxa (Oligochaeta, Capitella sp., Streblospio 

benedicti) are generally considered to be opportunistic (Grassle and Grassle 1974). Diversity 

was low, indicative of a stressed environment, as estuaries generally are (Rhoads et al. 1978). 

The shellfish fauna (2 species) was depauperate in Site 1 tidal creeks. There were 3 times as 

many infaunal species in the creeks on Site 2 than at Site 1 (particular in polychaetes & 

bivalves). 

A greater variety of mollusks species (most filter feeders) occurred at Site 2 than at Site 

1. The same taxa dominating tidal creek fauna at Site 1 were also numerical dominants in the 

mud banks. Several amphipod species were also moderately abundant in the mud banks. 

These species generally have a strong association with the marsh grasses, either as detritivores 

or grazers of microorganisms associated with the plants (Daiber 1982). Species composition 
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in Site 2 mud banks exhibited higher diversity, particularly among polychaetes, bivalves and 

amphipods than at Site 1. The higher proportion of organic material and fine grained 

sediments at Site 2 may offer an enhanced habitat value for deposit feeders and detritivores 

over Site 1. Mud banks on neither Site support a wide array of mollusks. The dominant 

bivalve, G. demissa, is especially adapted to existence in and near the S. alterniflora zone by 

its ability to "air gape" (Daiber 1982). There was no size difference in the G. demissa 

populations at the two Sites. The higher diversity at Site 2 suggests that this site provides a 

more conducive environment for benthic fauna. 

Sites 1 and 2, both include a variety of intertidal habitats which contribute to the 

potential primary and secondary (invertebrate) production. Some of the biological differences 

found are due to physical differences (e.g. location in or out of the estuary, exposure to high 

energy environment, and/or sediment characteristics). The abundance and diversity of fauna at 

Site 2 indicates a high level of secondary production. Although diversity is greatly reduced at 

Site 1, the size (especially linear distance of marsh-open water interface) and elevated 

abundances of a few taxa suggest that this invertebrate production makes a substantial 

contribution to the system. Although Site 3 is large, it exhibited low invertebrate production 

and diversity, a combination which does not provide good feeding habitat. Sites 4 and 5 are 

both small fringing marshes associated with very soft mud flats. G. demissa are prominent 

features of both Sites. Site 5 has a greater variety of microhabitats (determine by grain size) 

than Site 4, and consequently supported a greater variety of shellfish. At Site 9 G. demissa 

and L. littorea are abundant, but the gravel substrate is not conducive for benthic infauna. 

This Site provides minimal feeding habitat for demersal fish and limited export of primary and 

secondary production. 

Flora: Tidal marshes are among the most productive ecosystems in the world. Net primary 

productivity values reported for northeastern U.S. low marsh vegetation range from 507 - 840 

g dry wt/m^/yr, high marsh values are about 430 g dry wt/m^/yr (Mitsch and Gosselink 

1986). The mature salt marsh in this study was about 68% high and 17% low marsh 

vegetation. The average plant height for high marsh grasses was about 53 cm and for low 

marsh grass 143 cm. In general, plant heights were greater in the estuary Sites than the 

reference Site (Figure. The greater grass growth is probably due to the elevated nitrogen and 

phosphorous levels in the waters. Based on plant heights these Sites appear very productive 

for their age. Estimates of net marsh productivity (Figure 4) derived solely from above-

ground plant harvesting are known to underestimate the total energy within a marsh system 

(Nixon 1980; Teal 1986). However, net above-ground productivity values for S. alterniflora 
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have been correlated with below-ground production (Nixon 1980; Teal 1986). Teal (1986) 

reports ratios of above/below - ground productivity in Massachusetts of 2.5 for stands of tall 

S. aherniflora and 8.3 for stands of short 5. alternlflora. Nixon (1980) reports a ratio of 4.0 

for high marsh communities in a Massachusetts marsh. The values presented here are well 

above those expected for this region. The detritus, dead leaves and stems of the salt marsh 

grasses, are broken down by bacteria, fungi, protozoa, and nematodes which are in turn eaten 

by large deposit feeders (Weibe and Pomeroy 1972). Estuaries with a constricted opening 

such as this tend to trap and recirculate materials instead of exporting them. 

The plant species composition of these marshes is representative of that found in this 

region for regularly flooded marshes (Teal 1986) and high salt marshes (Nixon 1980). One 

unusual feature is the relative abundance ofl.frutescens at Site 1; this is related to the 

hydrologic regime which has developed. There were no indications of stress related to 

contamination in this study. There are no signs of abnormal rates of plant mortality or stress 

as might be reflected in chlorosis or other color or morphological aberrations. The above-

ground standing crop data indicate vascular plant productivity is within the range of reported 

values for southern New England. The highest biomass of herbaceous vegetation was 

recorded for tall S. aherniflora at Site 5. This site is close to contamination sources, yet no 

indication of reductions in plant productivity were observed. There is little available data on 

what levels of contaminants such as heavy metals or PCBs are damaging to salt marshes (Teal 

1986). Existing studies are limited (see Giblin, 1982, Hampson & Moul, 1978). Since 

PCBs are not known to accumulate in S. aherniflora tissues, no manifestion is visible relative 

to species composition or productivity 

Fauna: S.floridanus were the most frequently observed mammals (Table 5). Medium-sized 

mammals (e. g. M. monax, O. zibethica, and P. lotor) were found at the larger Sites and V. 

fulva have inhabited these Sites for some time. Mammals were abundant on all of the Sites. 

Small mammal diversity and abundance was the lowest on the marsh proper where M. 

pensylvanicus and P. leucopus are known to nest In the upland edge, a greater abundance 

and diversity of species, (including S. cinereus, S. aquations, M. musculus, & Z. hudsonius ) 

were found. Differences in the size and compositional characteristics of these sites affects the 

mammal diversity and abundance among them because the majority of use is foraging by 

animals which live in marsh edge or upland habitats. Therefore Sites containing larger 

transition zones had the greatest diversity and abundance of small and medium sized mammals. 

Sites 1 and 3 provide suitable habitat for M. pensylvanicus, which builds its nest in S. patens 

(sometimes in S. aherniflora), and feeds exclusively on salt marsh plants. Foraging areas are 
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also found for larger mammals (e.g. S.floridanus, O. zibethica , P. lotor, D. verginiana , M. 

mephitis , M.frenata, and V.fulva, which live in upland areas, but feed in marshes. In 

addition, the extensive transition zones provide suitable habitat for burrowing mammals (e.g. 

5. cinereus, M. monax), and for seed eaters (eg. P. leucopus, Z. hudsonius) which build 

nests in old logs or tufts of grass. 

There is little inhabitable area at Site 5, since it is dominated by the intertidal form of 5. 

alterniflora. The mammal density and diversity is low. Site 4 is not inhabitated by mammals, 

rather it is used by mammals living in the adjacent stand of P. australis and upland areas (e.g. 

P. leucopus, S.floridanus, P. lotor, D. virginiana, & M. mephitis). The small size of Site 9 

precludes extensive use of by mammals other than M. pensylvanicus and P. leucopus. 

Although Site 2 has less transitional marsh/upland edge habitat than Site 1, adjacent shrub and 

forested areas provide suitable habitat for small mammals (e.g. 5. cinereus and P. leucopus, 

and larger mammals (e.g. M. erminea, M. vison, M. mephitis , D. verginiana , & P. lotor). 

The extensive area of salt marsh at this site and its high interspersion of cover types provides 

rich foraging areas for the species living in adjacent upland areas, as well as for wetland 

nesting species such as the O. zibethica and M. pensylvanicus. 

Fish: Fish species composition (Table 6)in the study area was found to be comparable to that 

of other estuaries (Curley et. al. 1971,1974; Nixon & Oviatt 1973). The dominant species 

(M. menidia, F. heteroclitus, & F. majalis) were also dominant in the other estuary studies of 

Massachusetts. M. menidia, which accounted for 76.8% of the total catch was also reported 

by Curley et al. (1974) for the Taunton River and Mount Hope Bay estuary where M. menidia 

made up 66.6% of the total catch. The dominant species caught at all 5 Sites, were consistent 

with McHugh's (1967) classification.which considers them to be general estuarine residents. 

M. menidia enter the shallows and tidal creeks of the upper estuary to feed and breed. A. 

sapidissima and M. cephalus, both migratory species, appeared to be more abundant in the 

upper estuary (Sites 1, 3, 5). These 2 species utilize the estuary as a nursery area. The 

specimens caught were all young-of-the-year. A. quadracus, categorized as an estuarine 

resident, was restricted almost entirely to Site 1. P. saltatrix was found at Sites 1 and 2, 

occurring in comparable numbers in those two areas. This species, a top predator, usually 

enters estuaries in pursuit of migratory planktivores such as A. sapidissima and M. cephalus. 

C. hippos and P. americanus, primarily marine species, were caught at Site 2. There were 

only 4 species of fish caught with minnow traps. Of these species F. heteroclitus and F. 

majalis were caught in large numbers. The M. menidia and A. sapidissima swim and feed in 

the middle to upper areas of the water column. In the beach seines, F. heteroclitus was 
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present at all Sites and was more abundant in the estuary than at Site 2. Length frequencies 

from fish caught in minnow traps showed a bimodal distribution, though less distinctly than in 

the beach seine data. F. majalis was caught at 3 Sites (1,2, and 9). The number of 

specimens increased further down the estuary; similar to observations in the beach seine 

collections. The average number of F. heteroclitus caught by minnow traps did not differ 

substantially among the 6 Sites, showing that comparable concentrations of this species are 

present in suitable habitat throughout the estuary. The higher the contamination in a Site, the 

greater the total amount of contamination is likely to be in the fish biomass in that area. F. 

heteroclitus would come into contact with contaminants associated with paniculate matter in 

the water column as well as the sediments since they tend to burrow in the soft mud to over

winter (Chidester 1920). F. heteroclitus also tend to stay in the same general area throughout 

the year, moving very little within an estuary (Lotrich 1975). F. majalis would exhibit the 

same general behavior as F. heteroclitus, but F. majalis is a smaller component of the fish 

fauna in the areas of high contamination. The plankton feeding species M. menidia and A. 

sapidissima would come into contact with the contaminants bound to the particulate matter in 

the water column either through ingestion or physical contact The diet of F. heteroclitus 

consists of: benthic organisms, decapods and other crustaceans, and plant material. 

Comparison of the diets of examined specimens with fish caught in other estuaries shows no 

variation in diet composition; however there is a difference in the percent occurrence of 

various groups in their diets. F. heteroclitus usually consume prey items in proportion to 

prey occurrence in the environment (Fraser,1973). 

Functional attributes and values 

Despite very heavy levels of contaminants, the project area Sites continue to function as 

effective systems and to have high values. The Wetland Evaluation Technique (WET) 

developed by the Corps of Engineers (1987) has been employed for the assessment of the 

relative wetland significance for 15 functions. The WET method assumes that wetland 

characteristics in combination contribute certain functions, and therefore rating those 

characteristics can provide a relative assessment of how well a particular wetland functions for 

certain purposes. This method was unable to distinguish differences in functional values 

between these sites. Larger size wetlands.with more diversity of vegetative types would be 

expected to have a greater potential to provide a wider array of functions to a degree which has 

more local significance than smaller, less diverse marshes. In considering the range of factors 

which, in combination, determine overall wetland value, the following ranking of these Sites 

(from highest to lowest) is suggested: 2,1, 3,5,4,9. The first three areas would be logically 
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grouped together in a "higher value" assessment, versus the latter three in a "lower value" 

category. 

Estuary resources are presumed to have functional values in the Massachusetts 

Wetlands Protection Act (M.G.L. Chapter 131, Section 40) and selected literature (Adamus 

1983). These regulations contained in the Act (310 CMR 10.00), identify 7 resource 

categories that are present in this estuary: 

• land under the ocean, banks of, or land under, the ocean, river, or creek that 

underline anadromous fish runs (ie. A. pseudoharengus & A. aestivalis); 

• coastal beach (ie. tidal mud flats); 

• salt marsh (all sites); 

• land containing shellfish (ie. M. arenaria & M. mercenaria); 

• coastal bank (ie. vegetative wetland edge); 

• bordering vegetated wetland (ie. all sites); 

• land subject to coastal storm flowage (ie. all sites within lOOyr flood plain). 

The Massachusetts Wetlands Protection Act identifies and protects 7 statutory interests. 

Coastal wetlands also have additional functioonal values that include: shoreline anchoring, 

dissipation of erosive forces, sediment trapping, wildlife habitat and socio-economic attributes 

(Adamus 1983). The wetlands also afford storm damage protection (wave erosion, etc.) to 

adjacent uplands. The marsh vegetation secures the substrate beneath the sediment-water 

interface and thus promotes the accumulation of clayey, cohesive sediments. Salt marsh 

cordgrass may reduce wave heights by as much as 71% and wave energy by 92% (Wayne 

1976). Stems and leaves of salt marsh vegetation help trap suspended sediment and nutrients 

by impeding current flow. Salts extruded from the leaves of salt marsh grasses may increase 

salinity within the vicinity of the plants. This increased salinity may in turn promote clay 

flocculation (Pestrong, 1972). Wetlands are also presumed by the Act to aid in the removal of 

contaminants through uptake of nitrogen and phosphorous, removal of suspended particulates, 

immobilization of heavy metals, etc. 

The Sites in this study contain abundant G. demissa beds along their banks. These 

gregarious bivalves increase substrate coherence by their network of byssal threads and their 

rigid framework structures (Davis, 1985). Suspension feeders, like G. demissa, extract 

organic and inorganic material from the water column and pellitize it. Average rates of 

biodeposition in the form of pseudofeces for G. demissa is 549 g feces/year (Davis 1985). 

Because much of the PCBs and metals in the water column is attached to fine organic particles, 
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the deposition of pseudofeces by bivalves increases the levels of contaminants within the 

surface sediments of the marsh. Adjacent tidal flats in the upper estuary contain shellfish 

which are a food source for higher trophic level organisms. A number of fish species feed in 

the upper estuary and migrate through to spawn in the Acushnet River. In addition to the 

many fish and shellfish that feed along the marshes edges and on the marsh surface are crabs, 

snails, insects, birds and some small mammals that inhabit these marshes. The salt marshes of 

the Acushnet River estuary provide wildlife with open water, mud flat, herbaceous vegetation, 

low shrub habitat and a transition zone at the upland edge of the salt marsh which contains 

herbaceous, shrub and tree strata. The availability of food and protection are abundant in these 

wetlands. The estuary, because of its location amidst extensive development, is a habitat 

which provides valuable food, shelter and nesting sites for migratory waterfowl, herons and 

egrets, and year round residents such as, marsh sparrows. The wetland socio-economic 

attributes consist of observational, educational and scientific endeavors, and the amenities of 

open space located in the midst of heavy urban development Sites 1 and 2 are located in the 

Sycamore Street wetland (Fairhaven conservation area) .which make these wetlands important 

administratively. 

Pollution trends: There is a trend of decreasing concentrations of metals and PCBs from the 

upper estuary wetlands south;' and a weak trend of stations close to mudflats or tidal waters 

having higher concentrations of metals and PCBs. This study has shown that metals and PCB 
contamination is tied to particulate matter. This estuary has been subjected to long term 

exposure to contaminated effluent from various activities. Although a previous study 

(Eisenriech, 1980) has indicated a net flow of contaminants south from the upper estuary to the 

lower portions, depending upon the mass of metals and PCBs released over time, a substantial 

residual mass of metals and PCBs exist in the sediments of the upper estuary. This large 

source of material makes potentially available a large mass of contaminants for redistribution 

within the estuary by both natural events (Eisenriech, 1980) (estuarine circulation, nutrient 

cycling) and anthropogenic events (dredging, filling, etc.). These events are similar to those 

described by Turk (1980) as being responsible for the redistribution of PCBs in the Hudson 

River. The distribution of PCB's within the entire estuary is influenced by estuarine 

circulation patterns. The highest concentrations of PCBs are found in low marsh which are 

subjected to daily tidal and circulation patterns and depositional processes. Periodic 

inundation of the high marsh areas, especially those close to open water, replenish these areas 

with contaminants during high water events. Sites 1 and 5 demonstrate similar levels of PCB. 

These are probably a reflection of their distance from contamination sources and the circulation 

effects. The low marsh station at Site 4 had elevated levels of PCBs, comparable to those in 
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Site 1 and 5. These levels are likely due to the Site 4 location relative to the harbor bridges and 

its intrusion into the central portion of the traditional channel. The physical structure of the 

bridge pilings and associated appurtances may also affect circulation patterns immediately 

downstream, which, when combined with the intrusion of the site, could result in depositional 

patterns leading to increased PCB concentrations. Low marsh PCB concentrations in Site 9, 

which is more physically remote from the center line of the traditional channel, are an order of 

magnitude less than those at Site 4. Though less than those at Site 4, the Site 9 PCB 

concentrations are yet an order of magnitude higher than at Site 2. 

There is a weak upper to lower estuary trend in metals distribution; however there 

does not appear to be a quantitative difference between low and high marsh metal 

concentrations. The distribution patterns may result from both physical and biologically 

mediated processes which act both dependently or independently of each other. Metal 

contaminants may have been released from industrial activities into the estuary over a longer 

period of time, and in higher concentrations than PCBs. The sediment-metal reaction kinetics 

may be such that movement of metals from soluble aqueous forms in association with 

particulates differs from those for PCBs. Biologically mediated processes leading to the 

uptake of metals by the entire spectrum of biological systems may affect nutrient cycling rates 

in the water-mud-wetland system and the residence time within the various biological and 

physical resource sinks (Eisenreich, et. al. 1980). The pattern of chemical distribution is 

likely mediated by: the frequency, duration and concentrations of previous contaminant 

releases; depositional patterns created by the geographic, hydrologic, and circulatory processes 

specific to the confines of the estuary; and anthropogenic activities such as wetlands alteration, 

dredging and filling, construction within the estuary, and upland activities which can influence 

downstream physical, chemical and biological processes. 

Bioaccumulation 

PCBs enter the terrestrial environment primarily by attaching to fine particulate matter in 

the atmosphere. These fine particulates then deposit on vegetation and are available to the food 

chain through ingestion by herbivores. PCBs in the water are directly absorbed by organisms 

through gill membranes and other exposed tissue, or from the food chain via ingestion. The 

means of exposure to PCBs from an estuary would occur through ingestion, or contact with 

contaminated soil. Studies on the uptake and accumulation of heavy metals by marsh 

vegetation indicate that vegetation plays a major role in retention of various metals including 

cadmium, copper, lead, manganese, nickel, iron and zinc (Windom 1977, Gambrell et al. 

1977, Chan and Hantzsche 1982, Simpson et al. 1983, Taylor and Crowder 1981). 
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Maximum uptake of metals in above ground tissues of marsh plants apparently occurs during 

the growing season, prior to the production of peak above ground biomass. During the 

dormant season, heavy metals are not translocated back to the roots and rhizomes, but remain 

in the stem and leaf parts. Studies have demonstrated correlations between metal 

contamination in the soil-sediment material and the uptake of various metals by marsh 

vegetation. Taylor and Crowder (1981) showed that the patterns of uptake of metals (Cu, Ni, 

Zn, Mn, and Mg) were similar. Roots showed higher concentrations than the rhizomes and 

above ground parts and young leaf tissue showed lower concentrations than the older tissue. 

Gambrell et al. (1977) determined that physiochemical parameters (e.g., Eh, pH, & salinity) 

play a major role in the availability of metals to salt marsh plants. 

Fish and other aquatic organisms accumulate PCBs and metals by direct water intake, 

by absorption through gills, and by the ingestion of other aquatic organisms lower in their food 

chain. Because PCBs and some other chemicals are persistent in the body tissues of both the 

food source and the organisms, magnification occurs in organisms which are higher in the food 

chain. This phenomenon can result in contaminant concentrations one or several orders of 

magnitude higher than concentrations in the water or sediment Larger fish, bottom feeders, 

and carnivores tend to accumulate (biomagnify) higher levels of contaminants (NUS, 1984). 

Many studies have documented the presence of contaminated materials in the estuary (NUS, 

1984; Battelle, 1985; Reinisch et. al, 1984; Genest and Hatch, 1981). Many of the fish and 

shellfish living in the estuary exceed the FDA limit (2 ppm PCBs in the edible portion) while 

several others have concentrations near that limit (NUS, 1984). Species feeding in those areas 

of elevated contaminants can be expected to accumulate metals and PCBs. As massive 

volumes of sediment contaminated with PCB occur in the upper estuary, normal biological and 

abiotic forces (Eisenreich, 1980) will continue to make a portion of the PCBs and metals in the 

sediment sink available for bioaccumulation. 

These data indicate that PCBs are incorporated into the tissue of the selected organisms 

from the estuary trophic levels. Concentrations of Aroclor 1254 exceeded FDA levels in the 

tissues of: G. demissa, Ring billed gull muscle tissue, M. bidentatus, and P. leucopus 

indicating that biomagnification may be taking place within this food chain. These data for P. 

leucopus system suggest that biomagnification of PCBs may be taking place within this food 

chain as well. Biomagnification of metals in the food chain(s) is less well defined. The 

inability to document metal biomagnification in this study may be due to a number of factors: 

the ubiquitous and chronic nature of metals contamination in the region leading to constant 

elevated levels of metals in water and sediment; differential metal uptake rates in the various 
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biological systems sampled; lack of statistical power (number of replicate samples) to 

mathematically describe uptake trends between the various trophic levels. Bioaccumulation 

data indicate a trend of a gradual decrease in concentrations of PCBs from the upper to the 

lower harbor. 

Other literature has discussed food chain implications resulting from contamination that 

relate to in this estuary (Genest and Hatch, 1981; NUS, 1984). Substantial literature exists 

about food chain impacts on other systems (Swartz and Lee, 1980; Goerke et al., 1979; 

Marinucci, 1981), including modeling efforts in the Hudson River (Turk, 1980) for PCB 

cycling and bioaccumulation (Battelle, 1988). At the study area elevated levels of PCBs were 

found in nearly all samples, indicating an uptake of this contaminant at all the trophic levels in 

the wetland system. In general, the data shows a gradual increase in the order of magnitude of 

the PCB concentration, from vegetative matter to herbivore/filter feeder to gulls. The data do 

not support a comparison between different wetland sites for different PCB uptake rates. Data 

from the metals analyses are less indicative of biomagnification, although elevated levels of 

metals were found in most samples. These data indicate a potential for 

bioaccumulation/biomagnification trend in the estuary. PCBs have been shown to 

bioaccumulate from sediment to S. alterniflora tissue (Marinucci, 1981). PCB concentrations 

were 3 to 4 times higher in decomposing cordgrass detritus than in the sediment This has 

obvious implications for detritivore based food chains. Lobsters have been shown to 

accumulate PCBs from the ingestion of contaminated mussels, and hard shelled clams have 

been shown to accumulate amounts of PCBs from contaminated sediment (Battelle, 1984). 

Bioaccumulation of PCBs by sandworms, grass shrimp and hard clams was demonstrated in 4 

sites in New York Harbor (Rubinstein, et al., 1983). Uptake was highest for the sediments 

and was affected by the organic content of the substrate. Other studies (Black et al 1987) have 

been conducted to determine if the accumulation of PCBs has an effect on the growth and 

survival of the P. americanus. Eggs of the P. americanus taken from the harbor contained 

significantly higher levels of PCBs than reference populations, and larvae hatched from these 

eggs were significantly smaller than reference larvae. Biologically mediated processes leading 

to the uptake of metals by the entire spectrum of biological systems may affect nutrient cycling 

rates in the water-mud-wetland system and the residence time within the variolus biological and 

physical resource sinks (Eisenreich et al. 1980). The patterns seen here may result from both 

physical and biologically mediated processes which act independently. The sediment-metal 

reaction kinetics may be such that movement of metals from soluble aqueous forms in 

association with particulates differs from those for PCBs. 
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The issue of whether there is net import or export of inorganic nutrients by salt marshes 

remains unresolved. Valiela, Teal and Sass (1974) found that salt marshes can act as nutrient 

sinks when high-nutrient waters pass through them. The waters of the Acushnet River estuary 

are enriched with nitrogen and phosphorous. Since salt marsh sediments are usually high in 

organic matter and sulfides they are presumed to retain heavy metals. However, factors which 

tend to reduce metal retention such as increased redox and low sediment pH's are often 

overlooked Fifty to one hundred percent of the Zn, Cu, Cd, and Hg entering wetlands may 

subsequently be lost from the system. Fe, Mn, and Pb are retained to a higher degree. Their 

losses range from 0-50% (Kelly, Harwell and Giblin 1982). The retention of metals may 

decrease under higher loading rates as the sorptive abilities of the sediments become saturated. 

In addition, there is an interaction between nutrient levels and heavy metal retention. Under 

eutrophic conditions wetland sediments are more oxidized due to increased vegetative growth. 

The increased oxidation decreases sulfides in the sediment and increases the solubility of metals 

in the pore water (Kelly, Harwell and Giblin 1982). This estuary is somewhat eutrophied and 

has been exposed to high concentrations of metals for a number of years, therefore, it is likely 

that metal retention by these salt marshes is poor. Although PCBs are relatively stable with 

long half lives in the natural environment, there is some evidence to indicate that transformation 

of PCBs is promoted under anaerobic conditions (EPA 1983). However, transformation of 

PCBs may lead first to more toxic compounds (polychlorinated dibenzofurans) prior to 

degradation to innocuous chemicals. 

Administrative Biological considerations 

There are no visual signs of heavy metal or PCB toxicity in the floral community. 
PCBs in the marsh sediments were not readily taken up by wetland vegetation. The metals 

(Cr, Cu, Pb, & Zn) did accumulate in the salt marsh vegetation. Kelly, Harwell and Giblin 

(1982) found several times higher concentrations of Hg, Pb, Zn, Cu, Cd, and Cr in salt marsh 

vegetation growing in contaminated marshes compared to vegetation from nearby control areas. 

These contaminated salt marshes had no reduction in yield. Metals released from marsh 

sediments can enrich metal levels in salt marsh grass litter, an integral part of the detrital food 

web within salt marshes. U. lactuca and other algae found within the Acushnet River estuary 

also accumulate metals (U.S. EPA 1981). The most northern marsh (Site 3) had no sign of 

G. demissa, few /. obsoleta on adjacent tidal flats and no U. pugnax. U. pugnax populations 

are known to decline when exposed to polychlorinated hydrocarbons (Krebs et al. 1974). The 

macrobenthic population in the estuarine bottom sediment at the northern most end of the 

estuary was dominated by the opportunistic "pollution indicator," Streblospio benedicti. It is 

not known what factor(s) are regulating the distribution of these organisms within the estuary. 
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It may be a combination of stresses including possible exposure to low salinity water, nutrient 

enrichment, and sublethal, toxic or terratogenic effects of heavy metals or PCBs that has 

excluded/ eliminated certain organisms from the northern most reaches of wetland. Some 

organisms, such as birds do not show any decreased diversity or numbers at the estuary when 

compared to a "reference" site (for PCBs only) on Buzzards Bay. However, these birds are 

feeding on contaminated organisms within the estuary and accumulating PCBs. PCBs 

degrade Vitamin D and estrogen in birds which results in eggshell-thinning and reproductive 

failure (Weaver 1982). To ascertain whether animal populations are in decline due to the 

presence of contaminants or other biotic or abiotic factors within the estuary, transplant 

experiments and experiments which expose organisms to known quantities of existing 

contaminants need to be performed. The administratively important species are presented in 

Table 12. 

Using the definitions of the Council on Environmental Quality (40 CFR 1508.20), 

wetland mitigation includes: avoiding adverse impacts by not taking a certain action; 

minimizing impacts by limiting the magnitude of action; rectifying the impact by repairing, 

rehabilitating, or restoring the affected wetland; reducing or eliminating the impact by 

preservation and maintenance operations; and compensating for losses by replacing or 

providing substitute resources or wetlands. The heavy metal and PCB contamination has done 

some harm to the wetlands in the study area; the actions to clean up these pollutants should 

not do more harm. The most contaminated portions of the wetlands are generally those where 

accretion continues to occur. The elevated levels in these sediments appears to be reflected in 

detritivores, which ingest the sediments and detrital matter. Similar trends are indicated for 

consumers of the detritivores. Biomagnification of PCBs may be occurring in the food chains 

invesitigated. These same studies suggest a trend of decreased levels away from the source of 

contaminants. 

Despite very high levels of contaminants as well as evidence of bioaccumulation, these 

wetlands are functioning as effective systems and they have high resource values. These 

wetlands continue to support and produce biota representative of New England estuaries. 

Plant biomass and vegetative structure, benthic and fish community compostion and structure, 

and avian and mammal do not demonstrate PCB and heavy metal contamination effects. Most 

data for PCBs found in the literature are from tissue level studies. Without correlation with 

source of exposure concentrations, various physiological parameter studies and low solubility 

acutelly toxic static tests may result in erroneous interpurations. Natural environment impact 

evaluation is very complicated, because of several mixtures of PCBs were manufacatured and 

over 200 different chlorobiphenyls may have been produced. Each of these PCB components 
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is different in its physical, chemical, and biological properties. The environment subjected to 

each component may be modified by, but may in turn also modify it. Therefore, more field 

ecological assessment studies are needed to accurately document changes in wetlands due to 

contamination. 
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TABLE 1 Sediment Characteristics 

ollutant 3 s d  l s d  2 s d  5 s d  4 s d  9 s  d 

Cadmium 0 0 0 7.3 12.7 0.3 0.69 0.3 0.81 

Chromium 44.6 35.19 53.7 62.6 58.4 58.0 188.0 247.6 86.8 70.91 188.0 247.6 

Copper 186.9 122.96186.9 189.17335.1 482.02364.9 407.6 195.3 145.5 275.0 185.77 

Lead 202.9 93.21 131.8 127.37172.1 160.62275.0 185.77135.3 111.96375.3 367.26 

Mercury  0 0 0 0 0 .  3 0.39 0 .  1 0.24 0.22 0.28 

Zinc 354.7 434.83145.9 168.5 229.0 262.1 1637.83501.4131.0 79.48 172.6 139.31 

PCB 225.9 256.1 135.9 456.492.0 1.29 94.0 156.4472.9 111.8820.3 19.38 

Grain size 0.03 0.01 0.03 0.01 0.25 0.12 0.07 0.04 0.08 0.04 0.024 0.008 



TABLE 2 Cover-type Hectares by Site Number 

Covertypes Site Number 

1 2 3 4 5 9 

Spartina 
aherniflora Shrt 0.2 2.6 0.1 - 

Spartina 
aherniflora tall 2.8 0.8 0.9 0.4 1.0 

S. aherniflora 
short / tall - 1.9 - - 

Spartina patens 7.3 15.5 0.9 0.1 0.3 0.4 

S. patens 1 Iva 
frutescens - - 0.2 - -

Ivafrutescens 4.8 0.4 0.2 0.1 0.1 

Phragmites australis 0.1 6.3 0.9 3.2 0.1 0.1 

Phragmites 1 S. patens - - - 0.1 

Shrub swamp (FW) - 3.0 - - 

Wooded swamp (FW) - 16.5 - - 

Wet Meadow (FW) - 0.5 - - -

Mudflat 2.1 2.3 2.5 0.5 0.2 

Total Hectares 17.3 49.8 5.7 4.3 1.5 0.8 

# Covertypes 6 10 7 5 4 4 

Note: FW freshwater wetlands. 



TABLE 3 Occurrence, Distribution, and Species Characteristics 1 for Vegetation Site 1 

Percent Relative Mean Mean Mean 
Frequency of Frequency Percent Height Stem 
Occurrence Distribution Cover (cm) Density 

Spartina 
patens 50.8 22.4 77.6 (6.2) 29.7 (3.1) 259.1 (39.3) 
Distichlis 
spicata 
Iva 

49.2 21.7 54.4 (32.3) 31.5(1.9) 72.8 (22.8) 

frutescens 28.6 12.6 64.4 (6.6) 87.8 (5.6) 28.6 (9.6) 
Spartina 
alterniflora 
(shrt<lm) 19.0 8.4 74.5 (9.1) 73.4(4.1) 33.4 (7.7) 
Juncus 
gerardii 
Spartina 

19.0 8.4 83.6 (8.0) 41.6(4.0) 327.3 (72.5) 

alterniflora 
(tall>lm) 
Atriplex 

14.3 6.3 89.4 (5.4) 133.1 (9.0) 27.5 (3.5) 

patula 12.7 5.6 5.0 47.0 5.0 
Salicornia 
europaea 11.1 4.9 95.0 27.0 245.0 
Suaeda 
linearis 4.8 2.1 5.0 17.0 1.0 
Aster 
tenifolius 4.8 2.1 20.0 40.0 20.0 
Spergularia 
marina 4.8 2-1 30.0 10.0 9.0 
Efymus 
virginicus 1.6 0.7 
Solidago 
sempervirens 1.6 0.7 5.0 21.0 5.0 

Note: Reported mean (standard error) 
Total number of sample plots = 63 
Percentage of plots in which species was found. 
Measure of distribution, or chance of finding species in random selection. 
Derived only from plots in which species occurred; measure of community characteristics. 
Number of stems / 0. Im2. 



TABLE 4 Occurrence, Distribution and Species Characteristics for Vegetation Site 2 

Percent Relative Mean Mean Mean 
Frequency of Frequency Percent Height Stem 
Occurrence Distribution Cover (cm) Density 

Spartina 
patens 51.0 19.5 63.9(7.1) 34.3 (1.5) 244.4 (33.2) 
Distichlis 
spicata 49.0 18.8 53.1 (7.6) 34.8 (1.8) 59.5 (10.7) 
Spartina 
alterniflora 
(shrt<lm) 43.1 16.5 79.5 (22.4) 43.2 (4.3) 91.4(14.7) 
Limonium 
nashii 23.5 9.0 17.1 (6.2) 30.4 (2.6) 40.0 (5.4) 
Juncus 
gerardii 21.6 8.3 62.8 (10.8) 41.9 (3.4) 264.1 (80.0) 
Salicornia 
europaea 5.7 6.0 5.0 9.0 
Solidago 
sempervirens 9.8 3.8 7.5 40.0 
Spartina 
alterniflora 
(tall>lm) 7.8 3.0 80.0 (5.4) 105.5 (2.0) 30.0(1.0) 
Gerardia 
maritima 5.8 2.2 35.0 15.0 56.0 
Iva 
frutescens 5.8 2.2 48.3 (13.6) 77.0 (4.4) 20.5 (7.7) 
Ammophila 
breviligulata 3.9 ' 1.5 52.5 (7.5) 50.0 (0.0) 45.5 (1.5) 
Atriplex 
panda 3.9 1.5 
Elymus 
virginicus 3.9 1.5 
Triglochin 
maritima 3.9 1.5 10.0 57.0 
Suaeda 
maritima 2.0 0.8 
Convolvulus 
sp. 2.0 0.8 10.0 2.0 
Plantago 
sp. 2.0 0.8 65.0 15.0 56.0 

Note: Reported mean (standard error) 
Total number of sample plots = 63 
Percentage of plots in which species was found. 
Measure of distribution, or chance of finding species in random selection. 
Derived only from plots in which species occurred; measure of community characteristics. 
Number of stems / 0. Im2. 



TABLE 5 Mammals Utilizing Contaminated Sites (3,1,5,4,9) 

Procyon lotor
Mephitis mephitis
Vulpesfulva
Marmota monax
Ondatra zibethica
Tamias striatus
Sciurus carolinensis
Peromyscus leucopus
Microtus pennsylvanicus
Sylvilagus floridanus

 Raccoon 
 Striped skunk 

 Red Fox 
 Woodchuck 

 Muskrat 
 Eastern Chipmunk 

 Gray Squirrel 
 White-footed Mouse 

 Meadow Vole 
 Eastern Cottontail 



TABLE 6 Dominant Fish Species Catch Comparisons 

Species Sitel Site 3 SiteS Site 9 Site 2 

Menidia menidia 12800 389 1954 855 287 
378 208 52 316 654 
6078 2 65 718 318 

15 15 
1 0 
2 167 

55 
0 

Fundus heterclitus 1070 137 4 6 0 
0 46 43 2 8 
33 47 160 6 0 
118 13 
189 1 

5329 0 
2 
34 

F. majalis 48 1 0 17 1 
8 0 0 8 13 
1 0 6 3 0 
0 13 
1 1 
0 36 

5 
57 

Alosa sapidissima 6 0 0 0 0 
0 29 3 1 0 
12 0 5 0 0 
1 1 
0 0 
1 1 

0 
0 

Apeltes quadracus 5 0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 0 
69 0 
0 0 
0 0 
1 0 

0 
3 



TABLE 7 Comparison of Avifauna Utilization of Sites 1 and 2 

Survey Sitel Site 2 

Species Density Species Density 

June / July 87 OW 16 13.0/40ha 24 12.8/40ha 

June / July 87 SM 12 276.0/40ha 18 305.4/40ha 

Spring 85 SM 13 12.2/40ha 15 12.9/40ha 

June /July 87 M/UE 27 531.0/40ha 32 484.4/40ha 

Spring 85 M/UE 28 281.4/40ha 26 211.6/40ha 

Note: OW = open water 
SM = salt marsh 
M/UE = marsh upland edge 



TABLE 8a Infaunal Species Numbers for Sites 1 and 2 

Site 1

Tidal Creeks (June) 

1 5.0
2 4.0
3 5.0
Mud Banks (June) 

1 8.0
2 7.0
3 11.0

 Site2 

 17.0 
 6.0 
 12.0 

 16.0 
 11.0 
 16.0 

 12.0 
 13.0 
 4.0 

 32.0 
 17.0 
 7.0 

Tidal Creeks (September) 
1 12.0
2 11.0
3 12.0

Mud Banks (September) 

1 16.0
2 16.0
3 11.0

TABLE 8b Infaunal Density for Sites 1 and 2 (numbers / m2) 

Site 1

Tidal Creeks (June) 

1 19070.4
2 40154.8
3 15618.3

Mud Banks (June) 

1 7809.0
2 99914.0
3 157207.7

Tidal Creeks (September) 

1 42374.2
2 43889.3
3 153179.3

Mud Banks (September) 

1 119313.1

2 6521.9

3 94570.3


 Site2 

 14796.0 
 66617.1 
 46606.9 

 8836.5 
 8102.1 
 49813.2 

 32551.5

 51621.3

 15289.6


 251902.4

 76898.0

 14919.3




TABLE 9 PCB Tissue Levels from Different Food Chains 

Biota Muscle sd Fat sd 

Ring billed Gull 13.9 12.91 153.7 163.69 
Geukensia demissa 39.1 24.06 
Amphipoda 46.0 
Gastropoda 5.6 
Peromyscus leucopus 22.3 22.95 
P. leucopus food 1.6 2.44 
Black duck 100.5 5042 
G. demissa 21.0 20.23 
Ulva lactuca 6.4 14.07 

Note: mean values; Amphipoda whole organism 



TABLE 10 Metal Tissue Levels (mean and sd) (ppm) 

Tissue Cr sd Cu sd Pb sd Zn sd 

Ring billed gull muscle 2.23 0.72 5.48 0.651 1.59 1.396 41.2 26.046 
Ring billed gull fat 2.9 1.1 2.933 0.603 1.767 0.987 100 36.056 
Geukensiademissame&t 2.82 0.692 6.17 1.068 1.16 0.375 62.2 46.816 
Amphipoda 2.8 36 1.3 140 
Gastropoda 2.5 25 9 630 
Peromyscus leucopus 2.975 0.525 7.275 1.367 2.55 1.136 57.25 24.473 
P.leucopusfood 2.7 0.7 6.233 2.597 2.667 1.71 39.66725.17 
Black Duck 0.2 5.7 0.9 10 
G.demissamert 0.3 0.067 3.362 1.231 1.03 0.457 12.8 2.348 
Ulvalactuca 3.418 1.007 17.9097.727 12.7915.061 52 28.125 



TABLE 11 Palemonetes pugio Contaminant Tissue Levels (mean and sd) 

Site Cr Cu Pb Zn Fe PCS 

3 0.35 0.30 40 1 0.82 0.08 20 0 41.3 2.08 25.33 6.80 

1 0.97 0.13 44 2.64 0.89 0.02 20.33 0.57 72.33 1.15 7.63 1.35 

5 0.81 0.01 36.33 0.88 1.16 0.05 20 0 76 2 3.6 0.17 

4 0.16 0.28 35 1.15 0.22 0.38 15.33 0.57 50 1 2.4 0.44 

9  0 0 38.66 1.20 0.62 0.01 17.33 0.57 43 2.64 1.66 0.41 

2 0 0 33 1 0.85 0.35 20 1 41.33 4.16 0.35 0.11 



TABLE 12 Species with Special Status 

Administratively Important Species: 

Fisheries: 

- soft-shelled clam My a arenaria 
- hard shelled clam Mercenaria mercanaria 
- American eel Anguilla rostrata 
- winter flounder Pseudopleuronectes americanus 
- summer flounder Paralichthys dentatus 
- alewives Alosa pseudoharengus 
- blue back herring Alosa aestivalis 

Avifauna: 

- American black duck, Mallard, Canvasback, Canada Goose 
- Peregrine Falcon (Federal endangered species ) 
- Sharp-shinned Hawk (State species of special concern) 
- Least tern (State species of special concern) 
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Good News for Massachusetts Birds! 

Mass Audubon and the Cornell Lab of Ornithology 
are collaborating to promote the revision of a 
powerful new tool for protecting native birdlife with 
the release of eBird 2.0 at www.ebird.org, an 
updated version of the powerful Internet-based 
program currently used by thousands of birders. 
eBird is a free, user-friendly way for birders across 
North America to record, archive, and share their 
observations at any hour of the day. The data come 
to life via eBird's colorful new interactive maps. It is 
also an important tool for conservation, providing 
researchers with a comprehensive picture of the abundance and distribution of birds. 
Observations entered by birders will support the objectives of Mass Audubon's major 
bird conservation programs, including its Important Bird Area (IBA) program, biological 
inventories of our 30,000 acres of wildlife sanctuaries, and other new programs we are 
developing. 

In addition to a completely new look and feel, eBird 2.0 has a streamlined data entry 
process and a suite of new output tools geared toward the interests of today's birders. 
On customized "My eBird" pages users can now view their life, state and county lists—
all generated automatically as individual reports are entered. 

There are two primary ways to search the data: by location and by species. For 
example, trip-planners can view a list of all the species recorded near their destination. 
Those interested in learning more about a particular species can view maps and charts 
showing seasonal distribution and frequency of reports. eBird allows participants to do 
more than just record sightings; it helps them understand how their observations fit into 
the big picture. 

Mass Audubon and Cornell encourage citizen ornithologists to record species from 
their backyard, favorite Mass Audubon sanctuary, IBA, or other publicly accessible 
birding spot in Massachusetts in a user-friendly system. Massachusetts birders have 
thousands of checklists into eBird and the new improvements will enhance birders' 
ability to instantly retrieve and analyze not only their own data, but also that of all 
contributors to a particular list. Please help Mass Audubon and Cornell make 
Massachusetts's birdlife the most thoroughly documented state avifauna in eBird's 
national database.  

Learn more! 

Learn more about eBird, including how you can contribute:  

What is eBird?  
Who uses eBird?  
Why should I use eBird?  
How do I use eBird?  
Start eBirding now!  
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And you can also access the entire 
database to find out what other eBirders 
are reporting from across Massachusetts. 

Perhaps the most exciting thing about 
eBird is that your records, combined with 
those of other observers, become a powerful tool for bird conservation by supplying 
scientifically useful data on species distribution and movement patterns in 
Massachusetts and across the continent. 
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Bird Conservation Regions (BCRs)  

 
View an interactive BCR Map with BCR descriptions, contacts,  

and links to bird conservation plans. 

 
 

or use Acrobat Reader or similar program to download the following 
documents: 

Bird Conservation Region Map | Bird Conservation Region Descriptions  
 

Don't have Adobe Acrobat Reader? Get it free online.To access ArcInfo files 
of the BCRs, click here. 

What are Bird Conservation Regions? Bird Conservation Regions (BCRs) are 
ecologically distinct regions in North America with similar bird communities, habitats, and 
resource management issues. BCRs are a single application of the scale-flexible 
hierarchical framework of nested ecological units delineated by the Commission for 
Environmental Cooperation (CEC). The CEC framework comprises a hierarchy of 4 levels 
of ecoregions. At each spatial level, spatial resolution increases and ecoregions 
encompass areas that are progressively more similar in their biotic (e.g., plant and 
wildlife) and abiotic (e.g., soils, drainage patterns, temperature, and annual precipitation) 
characteristics. BCRs may be partitioned into smaller ecological units when finer scale 
conservation planning, implementation, and evaluation are necessary. Conversely, BCRs 
may be aggregated to facilitate conservation partnerships throughout the annual range of 
a group of species, recognizing that migratory species may use multiple BCRs throughout 
their annual life cycle. BCRs also facilitate domestic and international cooperation in bird 
conservation because these areas of relatively homogenous habitats and bird 
communities traverse state, provincial, and national borders. 

How were BCRs developed? A mapping team comprised of members from United 
States, Mexico, and Canada assembled at the first international NABCI workshop held in 
Puebla, Mexico, in November 1998, to develop a consistent spatial framework for bird 
conservation in North America. After agreeing on general principles and considering 
numerous ecoregion delineations, they adopted CEC's hierarchical framework of nested 
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ecological units. The team's US members met in December of that year in Memphis, 
Tennessee, to apply the framework to the United States and developed a proposed map 
of BCRs. BCRs were created by aggregating CEC level II, III, and IV ecoregions in 
combinations that reflect current understanding of bird species distribution and life history 
requirements. The map was presented to and approved by the US NABCI Committee 
during its November 1999, meeting.The map is a dynamic tool. Its BCR boundaries will 
change over time as new scientific information becomes available. It is expected that the 
map will be updated every three years, with the next update occurring in November 2002. 

What are the primary purposes of BCRs? The primary purposes of BCRs, as proposed 
by the mapping team in 1998 and approved in concept by the US Committee in 1999, are 
to:  

facilitate communication among the bird conservation initiatives;  
systematically and scientifically apportion the US into conservation units;  
facilitate a regional approach to bird conservation;  
promote new, expanded, or restructured partnerships; and  
identify overlapping or conflicting conservation priorities.  

As integrated bird conservation progresses in North America, Bird Conservation Regions 
should ultimately function as the primary units within which biological foundation issues 
are resolved, the landscape configuration of sustainable habitats is designed, and priority 
projects originate. 

For more information on the ecological framework and the philosophy behind the 
development of BCRs, download the following document: 
A Proposed Framework for Delineating Ecologically-based Planning, 
Implementation, and Evaluation Units for Cooperative Bird Conservation in the US 
 
For more information on BCRs and their relationship to Joint Ventures, download 
the following document: 
BCRs and JVs: Evolving Roles for Bird Conservation Delivery  

NABCI | Contact Us | Conservation Plans | Related Links | Stories from the Field 
Bird Conservation Regions | Species Assessment | Bird Info and Data | Events | News 

 
Return to home | Return to top 

 

Links to national and international NABCI efforts:  

Last updated January 2010  

Copyright © 2002 NABCI-US All rights reserved 
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Advancing  
integrated bird conservation 

in North America 
 

Links to other NABCI efforts:  

 NABCI International  
 

 NABCI Mexico  
 

 NABCI Canada 
 
 

Integrated bird conservation  
is about conserving birds: 

Across geopolitical boundaries 
 

Across taxonomic groups  

Across landscapes  

It's about people working together  
to secure the future  

for North America's wild birds. 

Welcome to the official Web site of the 
United States NABCI Committee. 

The U.S. North American Bird Conservation Initiative 
(NABCI) Committee is a forum of government agencies, 
private organizations, and bird initiatives helping partners 
across the continent meet their common bird conservation 
objectives.  
 
The Committee's strategy is to foster coordination and 
collaboration on key issues of concern, including 
coordinated bird monitoring, conservation design, private 
land conservation, international conservation, and 
institutional support in state and federal agencies for 
integrated bird conservation.  

U.S. NABCI Committee January 2010 meeting summary 
 
Next U.S. NABCI Committee meeting: August 2010 in 
Arlington, Virginia  

U.S. NABCI Subcommittees:  

Policy and Legislative 
Monitoring and Database Management Team  
Private Lands 
Conservation Design 
Communications  
State of the Birds  

Tri-national NABCI Committee is the international 
expression of NABCI and serves to increase cooperation 
and effectiveness of bird conservation efforts among the 
three countries. 

News: NABCI and Association of Joint 
Venture Management Boards announce 2010 
bird conservation award winners:  
Gary Myers, Kirk Nelson, and Charles Baxter. 
Read more here...  
 
News: On March 11, Secretary of the Interior 
Ken Salazar released the 2010 State of the 
Birds Report, the first themed State of the Birds 
report which explores the vulnerability of birds 
and their habitats to climate changes across the 
major biomes of the United States.  
For more information, visit: 
 
State of the Birds Web site  

News: Field Guide to the 2008 Farm Bill for 
Fish and Wildlife Conservation, a publication of 
U.S. NABCI and the Intermountain West Joint 
Venture, is now available! Version 1.1 
You can also read the Farm Bill Guide online at 
www.nabci-us.org/fbguidehome.htm 

The All-Bird Bulletin - News and information 
from the U.S. NABCI Committee 
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1. Aleutian/Bering Sea Islands

2. Western Alaska

3. Arctic Plains and Mountains

4. Northwestern Interior Forest

5. Northern Pacific Rainforest

6. Boreal Taiga Plains

7. Taiga Shield and Hudson Plains

8. Boreal Softwood Shield

9. Great Basin

10. Northern Rockies

11. Prairie Potholes

12. Boreal Hardwood Transition

13. Lower Great Lakes/St. Lawrence Plain

14. Atlantic Northern Forest

15. Sierra Nevada

16. Southern Rockies/Colorado Plateau

17. Badlands and Prairies

18. Shortgrass Prairie

19. Central Mixed-grass Prairie

20. Edwards Plateau

21. Oaks and Prairies

22. Eastern Tallgrass Prairie

23. Prairie Hardwood Transition

24. Central Hardwoods

25. West Gulf Coastal Plain/Ouachitas

26. Mississippi Alluvial Valley

27. Southeastern Coastal Plain

28. Appalachian Mountains

29. Piedmont

30. New England/Mid-Atlantic Coast

31. Peninsular Florida

32. Coastal California

33. Sonoran and Mohave Deserts

34. Sierra Madre Occidental

35. Chihuahuan Desert

36. Tamaulipan Brushlands

37. Gulf Coastal Prairie

38. Islas Marías

39. Sierras de Baja California

40. Desierto de Baja California

41. Islas del Golfo de California

42. Sierra y Planicies de El Cabo

43. Planicie Costera, Lomeríos y 
Cañones de Occidente

44. Marismas Nacionales

45. Planicie Costera y Lomeríos del Pacífico Sur

46. Sur del Altiplano Mexicano

47. Eje Neovolcánico Transversal

48. Sierra Madre Oriental

49. Planicie Costera y Lomeríos Secos 
del Golfo de México

50. Cuenca del Río Balsas

51. Valle de Tehuacán–Cuicatlán

52. Planicie Costera y Lomeríos Húmedos 
del Golfo de México

53. Sierra Madre del Sur

54. Sierra Norte de Puebla–Oaxaca

55. Planicie Noroccidental de Yucatán

56. Planicie de la Península de Yucatán

57. Isla Cozumel

58. Altos de Chiapas

59. Depresiones Intermontanas

60. Sierra Madre de Chiapas

61. Planicie Costera del Soconusco

62. Archipiélago de Revillagigedo

63. Isla Guadalupe

64. Arrecife Alacranes

65. Los Tuxtlas

66. Pantanos de Centla–Laguna de Términos

67. Hawaii

• Important Bird Area (displayed for Mexico only)

Initiative de conservation des
oiseaux de l’Amérique du Nord

Regiones NABCI para la
conservación de la Avifauna 
de Norteamérica

North American 
Bird Conservation Initiative 

Bird Conservation Regions

North American 
Bird Conservation Initiative 

Bird Conservation Regions

Initiative de conservation des
oiseaux de l’Amérique du Nord

Regiones NABCI para la
conservación de la Avifauna 
de Norteamérica



 
 

Bird Conservation Region 30 

New 
England/Mid-
Atlantic Coast 
 
Description: This area 
has the densest human 
population of any 
region in the country. 
Much of what was 
formerly cleared for 
agriculture is now 
either in forest or in 
residential use. The 
highest priority birds 
are in coastal wetland 
and beach habitats, 
including the 
Saltmarsh Sharp-tailed 
Sparrow and Nelson’s 
Sharp-tailed Sparrow, 
Seaside Sparrow, 
Piping Plover, 
American 
Oystercatcher, 
American Black Duck, 
and Black Rail. The 
region includes critical 
migration sites for Red 
Knot, Ruddy 
Turnstone, Sanderling, 
Semipalmated 
Sandpiper, and Dunlin. 
Most of the continental 
population of the 
endangered Roseate 
Tern nests on islands 
off the southern New 
England states. Other 
terns and gulls nest in 
large numbers, and 
large mixed colonies 
of herons, egrets, and 

 

Note: Hawaii (not shown) is BCR 67 
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ibis may form on 
islands in the Delaware 
and Chesapeake Bay 
regions. Estuarine 
complexes and 
embayments created 
behind barrier beaches 
in this region are 
extremely important to 
wintering and 
migrating waterfowl, 
including 
approximately 65 
percent of the total 
wintering American 
Black Duck 
population, along with 
large numbers of 
Greater Scaup, Tundra 
Swan, Gadwall, Brant, 
and Canvasback. 
Exploitation and 
pollution of 
Chesapeake Bay and 
other coastal zones, 
and the accompanying 
loss of submerged 
aquatic vegetation, 
have significantly 
reduced their value to 
waterfowl. 

Bird Conservation 
Plans 
Landbirds - Mid-
Atlantic Coastal 
Plains, Southern New 
England 
Shorebirds - Northern 
Atlantic  
Waterbirds - Mid 
Atlantic/New 
England/Maritimes 
Waterfowl - Atlantic 
Coast Joint Venture 
Waterfowl 
Implementation Plan 
All Birds -New 
England/Mid-Atlantic 
Coast BCR 
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Implementation Plan, 
Atlantic Coast Joint 
Venture Strategic Plan  

Joint Venture area: 
Atlantic Coast 

Back to BCR Map | 
Back Home | Back to 

International Site 
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About Us

What is the Atlantic Coast Joint Venture?

The Atlantic Coast Joint Venture (ACJV) is a partnership focused on the conservation of habitat for native birds in 
the Atlantic Flyway of the United States from Maine south to Puerto Rico. The joint venture is a partnership of the 
18 states and commonwealths and key federal and regional habitat conservation agencies and organizations in 
the joint venture area. The joint venture was originally formed as a regional partnership focused on the 
conservation of waterfowl and wetlands under the North American Waterfowl Management Plan in 1988 and has 
since broadened its focus to the conservation of habitats for all birds consistent with major national and continental 
bird conservation plans and the North American Bird Conservation Initiative.

This joint venture includes a total area of 283 million acres (442,000 square miles) representing 12% of the total 
area of the United States. It is the most densely populated region in the United States with a total of over 105 
million people living in the area.
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There is a tremendous diversity of ecosystems and habitats in the joint venture area from the boreal forests and 
rocky coastline at the northern reaches of the joint venture in Maine to the tropical mangrove swamps and coral 
reefs of Florida and Puerto Rico to the south and from the rugged peaks of the Appalachian Mountains in the west 
to the low-lying Atlantic Coastal Plain with its many coastal rivers, bays and estuaries forming the joint venture's 
eastern boundary. The Atlantic Ocean coastline extends for 2,069 miles from Maine to Florida with a combined 
shoreline of all tidal areas along the coast adding up to 28,673 miles. The variety of habitats in the joint venture 
supports a high abundance and diversity of bird species including 37 native species of waterfowl, 40 species of 
shorebirds, 72 species of colonially-nesting waterbirds (including pelagic species) and over 200 landbird species.
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Landcover types within the joint venture boundary.
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Mission Statement

The Atlantic Coast Joint Venture will provide a forum for federal, state, regional and local partners to 
coordinate and improve the effectiveness of bird habitat conservation planning, delivery and 
evaluation in the Atlantic Flyway.

ACJV Strategy

The objectives, strategies and measures of achievement for the ACJV can be grouped into three 
major components: Biological Foundation, Conservation Coordination and Delivery, and 
Communication and Outreach. Each of these three components is described in the ACJV Strategic 
Plan approved in July, 2004. The plan contains the goal(s) of each component, objectives and 
strategies are described for reaching each goal and overall and annual measures of achievement. 
The Plan was recently updated and revised in 2009.

Download the ACJV Strategic Plan (2.67 MB Adobe pdf file)

You will need Adobe Acrobat Reader software to open this document. If you do not have this 
software, you may obtain it free of charge by following the link above.
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Joint Venture Structure

Board and Committees—Management Board

The ACJV Management Board is comprised of representatives from the organizations that form the joint venture 
partnership. Their purpose is to provide overall leadership, guidance, resources and support to the joint venture 
partnership for the planning and delivery of bird habitat conservation in the joint venture area. Each member is 
responsible for ensuring that their member organization contributes to the overall goals of the ACJV.

Name Affiliation Telephone E-mail
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Jon Andrew, Regional 
Refuge Chief

U.S. Fish and Wildlife 
Service, Region 4 jon_andrew@fws.gov

John Austin, Acting Director 
of Wildlife

Wildlife Division, 
Vermont Fish and 

Wildlife Department
(802)241-3707 JohnM.Austin@state.vt.us

Tim Breault, Director, 
Division of Habitat and 
Species Conservation

Florida Fish and 
Wildlife Commission (850)488-3831 Tim.Breault@MyFWC.com

Gwen Brewer, Science 
Program Manager

Natural Heritage 
Program, Maryland 

DNR
(410)260-8558 gbrewer@dnr.state.md.us

David Cobb, Chief NC Wildlife Resources 
Commission (919)733-7291 cobbdt@mail.wildlife.state.nc.us

Jose Cruz-Burgos

PR Department of 
Natural & 

Environmental 
Resources

(787)999-2200 jcruzburgos@drna.gobierno.pr

Calvin Dubrock, Bureau 
Director PA Game Commission (717)787-5529 cdubrock@state.pa.us

Robert Ellis, Assistant 
Director

VA Department of 
Game & Inland 

Fisheries
(804)367-6482 robert.ellis@dgif.virginia.gov

Ken Elowe, Director
ME Department of 
Inland Fisheries & 

Wildlife
(207)287-5252 ken.elowe@maine.gov

Patrick Emory, Director DE Division of Fish 
and Wildlife (302)739-5295 patrick.emory@state.de.us

James Fenwood U.S.D.A. Forest 
Service jfenwood@fs.fed.us

Dan Forster, Director GA Department of 
Natural Resources (770)918-6401 dan_forster@dnr.state.ga.us

John Frampton, Director SC Department of 
Natural Resources (803)734-4007 framptonj@dnr.sc.us
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Larry Herrighty, Deputy 
Director

NJ Division of Fish and 
Wildlife (609)292-6685 Larry.Herrighty@dep.state.nj.us

Greg Smith, Director
USGS Patuxent 

Wildlife Research 
Center

(301)497-5503 smithg@usgs.gov

Catherine Sparks, Chief of 
Wildlife & Forestry

RI Division of Fish & 
Wildlife (401)6473367 catherine.sparks@dem.ri.gov

Craig LeSchack, Director of 
Conservation Programs Ducks Unlimited, Inc. (843)745-9110 cleschack@ducks.org

Wayne MacCallum, Director MA Division of 
Fisheries & Wildlife (508)389-6300 wayne.maccallum@state.ma.us

Marvin Moriarty, Regional 
Director, Region 5

U.S. Fish and Wildlife 
Service (413)253-8300 Marvin_Moriarty@fws.gov

Edward Parker, Chief
CT Department of 

Environmental 
Protection

(860)424-3010 edward.parker@po.state.ct.us

Patricia Riexinger, Director
NY Department of 

Environmental 
Conservation

(518)402-8924 pxriexin@gw.dec.state.ny.us

Mike Slattery, Director National Fish and 
Wildlife Foundation (202)857-0166 mike.slattery@nfwf.org

Terry Sullivan, Director of 
Government Relations, 

Eastern Region

The Nature 
Conservancy (401)270-9132 terry_sullivan@tnc.org

Steven Weber, Executive 
Director

NH Fish & Game 
Department (603)271-3511 sweber@nh.gov

Ray Whittemore, Director, 
Conservation Programs, 

Annapolis Office
Ducks Unlimited (603)487-2175 rwhittemore@ducks.org

Scot Williamson, Vice 
President

Wildlife Management 
Institute (802)748-6717 wmisw@together.net
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Game Bird Technical Committee

The ACJV Game Bird Technical Committee comprises staff members of joint venture member agencies and 
organizations appointed by their respective management board members and representatives of migratory game 
bird initiatives relevant to the ACJV area. ACJV staff serve as ex-officio members of this committee. The purpose 
of the ACJV Game Bird Technical Committee is to provide input, guidance and assistance on waterfowl and other 
game bird conservation in the joint venture based on the best available information to the management board and 
staff. This committee is responsible for the technical aspects of the planning and delivery of the North American 
Waterfowl Management Plan and other game bird plans in the joint venture area.  Although the technical 
committee is focused primarily on waterfowl and other game bird science and delivery of conservation to benefit 
game birds, it is also aware of the efforts of the other bird conservation initiatives in order to make better informed 
decisions in delivering bird habitat conservation actions. The game bird technical committee will coordinate 
activities with the ACJV Nongame Bird Technical Committee, the Black Duck Joint Venture Technical Committee, 
and the Atlantic Flyway Migratory Game Bird Technical Section.  This committee shall appoint standing and ad 
hoc subcommittees as needed to accomplish its objectives. 

Nongame Bird Technical Committee

The ACJV Nongame Bird Technical Committee comprises staff members of joint venture member agencies and 
organizations appointed by their respective management board members and other representatives of the major 
continental, national and regional bird conservation initiatives in the joint venture area as appropriate.  ACJV staff 
serve as ex-officio members of this committee. The Nongame Technical Committee recognizes and builds upon 
the existing infrastructure and responsibilities of continental and national bird initiatives including Partners in Flight, 
U.S. Shorebird Conservation Plan and Waterbird Conservation for the Americas.  The purpose of the Nongame 
Bird Technical Committee is to provide guidance on integrating biological planning, conservation design, 
conservation delivery and evaluation among the major nongame bird conservation initiatives operating within the 
joint venture area and to compile and provide priority actions for consideration by the ACJV member agencies and 
organizations.  The game bird technical committee will coordinate activities with the ACJV Game Bird Technical 
Committee and the Atlantic Flyway Migratory Nongame Bird Technical Section.  This committee shall appoint 
standing and ad hoc subcommittees as needed to accomplish its objectives. 

Waterfowl Technical Committee

The purpose of the Atlantic Coast Joint Venture Waterfowl Technical Committee (WTC) is to provide input and 
guidance to the management board and staff on waterfowl conservation in the joint venture based on the best 
information available. The WTC has the primary responsibility for translating the objectives of the North American 
Waterfowl Management Plan to the ACJV area and implementing projects to achieve those objectives.
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Joint Venture Staff

The ACJV staff are employees of the U.S. Fish and Wildlife Service and coordinate the day to day activities of the 
joint venture partnership related to the biological foundation, conservation coordination and delivery and 
communication and outreach. The ACJV Coordinator has overall responsibility for achieving the goals of the joint 
venture, hiring and supervising joint venture staff, managing the budget, maintaining contacts with the joint venture 
management board and technical committees, seeking additional funding, and ensuring compliance with U.S. Fish 
and Wildlife Service policies. The Assistant Joint Venture and/or BCR coordinators are responsible for compiling 
the results of biological planning, maintaining partnerships, and coordinating the delivery of habitat conservation 
within specific regions of the joint venture (See map for these regions). The ACJV Science Coordinator has overall 
responsibility for the biological foundation of the joint venture including biological planning, conservation design, 
research, evaluation and information management. The ACJV GIS Analyst is responsible for developing and 
maintaining a GIS database for the ACJV. (This position is filled initially through an intra-agency agreement with 
USGS). The ACJV Communications/Outreach Coordinator coordinates all aspects of outreach and 
communications for the joint venture including accomplishment tracking and reporting, Web site development and 
maintenance, congressional outreach planning and developing specific outreach products for specific audiences, 
including Congress.

Contact the ACJV staff members.

BCR Steering Committees

 
Click here to see the 

There are eight Bird Conservation Regions (BCRs) partially or wholly within the joint 
venture boundary. In each of these BCRs, the ACJV is or will be leading, supporting or 
facilitating integrated bird conservation planning by hosting workshops, writing 
conservation plans, developing GIS and other conservation tools and facilitating 
project development. In each of the BCRs where there are active planning efforts 
underway, a steering committee made up of a representative from each of the states in 
the BCR and other key partners is guiding this effort. These BCR steering committees 
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eight BCR regions 
in the ACJV.

provide guidance on developing and implementing bird conservation plans for the 
BCR.

State Working Groups

In some states within the ACJV, there are working groups of partners that have come together to plan and 
implement projects based on priorities in the bird conservation plans at the state level or the portion of a state 
within a BCR. These working groups can effectively step down regional goals to the state level and prioritize 
conservation actions within their states. Several states have recently formed bird conservation working groups to 
help compile information for the bird portion of the state Comprehensive Wildlife Conservation Strategy in their 
state. The joint venture supports and facilitates the formation of working groups in each state or commonwealth.

Focus Area Working Groups

In some ACJV focus areas or regions, there are working groups of partners that have come together to achieve 
the goals for that focus area or focus region. Examples include the Great Bay Resource Protection Partnership in 
New Hampshire, South Carolina Coastal Task Forces, St. Lawrence Valley Working Group in New York, Delaware 
Bay Partnership (New Jersey, Pennsylvania and Delaware) and Chesapeake Bay Waterfowl Working Group 
(Maryland, Delaware, Virginia and West Virginia). These partnerships can be particularly effective at pooling 
funds, resources and match to apply for grants. The Atlantic Coast Joint Venture supports the formation of these 
local partnerships and may be able to provide seed funds to assist in their development or coordination.
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Contact the ACJV Staff

 
From left to right: Kirsten Luke, Tim Jones, Melanie Steinkamp, Mitch Hartley,  

Debra Reynolds, Andrew Milliken, Craig Watson

 

Andrew Milliken, USFWS 
Joint Venture Coordinator 
300 Westgate Center Dr. 
Hadley, MA 01035 
Phone: (413) 253-8269 
Fax: (413) 253-8424 
Andrew_Milliken@fws.gov

Mitch Hartley, USFWS 
North Atlantic Coordinator 

Tim Jones, USFWS 
Science Coordinator 
Nelson Lab, Room 209 
11410 American Holly Dr. 
Laurel, MD 20708 
Phone: (301) 497-5674 
Fax: (301) 497-5706 
Tim_Jones@fws.gov
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300 Westgate Center Dr. 
Hadley, MA 01035 
Phone: (413) 253-8779 
Fax: (413) 253-8424 
Mitch_Hartley@fws.gov

Melanie Steinkamp, USFWS 
Mid-Atlantic Coordinator 
Nelson Lab, Room 203 
11410 American Holly Drive 
Laurel, MD 20708 
Phone: (301) 497-5678 
Fax: (301) 497-5706 
Melanie_Steinkamp@fws.gov

Craig Watson, USFWS 
South Atlantic Coordinator 
176 Croghan Spur Rd., Suite 200 
Charleston, SC 29407 
Phone: (843) 727-4707 ext. 304 
Fax: (843) 727-4218 
Craig_Watson@fws.gov

Brian Smith, American Bird Conservancy  
Appalachian Mountain Coordinator 
3761 Georgetown Road 
Frankfort, KY 40601 
Phone: (502) 573-0330 ext. 227 
Fax: (502) 573-0335 
bsmith@abcbirds.org

Kirsten Luke  
GIS Specialist  
Panama City Field Office 
U.S. Fish and Wildlife Service 
1601 Balboa Avenue 
Panama City, FL 32405 
Phone: (850) 769-0552 x253 
Fax: (850) 763-2177 
Kirsten_Luke@fws.gov

Debra Reynolds, USFWS 
Outreach Coordinator 
300 Westgate Center Dr. 
Hadley, MA 01035 
Phone: (413) 253-8674 
Fax: (413) 253-8424 
Debra_Reynolds@fws.gov

*Deaf/Hard of Hearing individuals 
may reach the ACJV through the 
following relay services:

Massachusetts Relay Service•
Maryland Relay•
Relay South Carolina•
Relay North Carolina•
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Priority Bird Species in Bird Conservation Regions partially or wholly within the Atlantic Coast Joint Venture
BCR 13 (Lower Great 

Lakes/St. Lawrence Plain)
BCR 14 (Atlantic Northern 

Forest)
BCR 30 (Mid-Atlantic/Southern 

New England)
BCR 27 (Southeastern 

Coastal Plain)
BCR 28 (Appalachian 

Mountains) BCR 29 (Piedmont)
BCR 31 (Peninsular 

Florida)  
Acadian Flycatcher M H M  
American Avocet M H H
American Bittern H M M H M M H
American Black Duck HH HH HH HH HH M
American Coot HH M
American Kestrel (Southeast.) HH
American Golden Plover H H H H H
American Kestrel H
American Oystercatcher M HH H HH
American Redstart H
American White Pelican H M
American Wigeon M H
American Woodcock H HH HH HH HH H H
Anhinga H
Antillean Nighthawk H
Arctic Tern H
Atlantic Brant M HH
Atlantic Puffin M
Audubon’s Shearwater H HH HH
Bachman’s Sparrow M H M H H
Bachman’s Warbler HH HH
Bald Eagle M M M M
Baltimore Oriole M H M
Band-rumped Storm-Petrel H
Bank Swallow M M
Barn Owl M
Barn Swallow M
Barrows Goldeneye H HH
Bay-breasted Warbler M HH H
Bermuda Petrel HH
Bewick's Wren H
Bewick's Wren, Appalachian 
population HH

Bicknell’s Thrush HH H H M H
Black Guillemot H
Black Rail HH H M H
Black Scoter H H HH
Black Skimmer H HH
Black Skimmer M
Black Tern M H H
Black Vulture M
Black-and-white Warbler H M
Black-backed Woodpecker M
Black-bellied Plover M H H M M
Black-billed Cuckoo H M H M
Black-necked Stilt M
Blackburnian Warbler M M M
Black-capped Chickadee, 
Southern Blue Ridge population M

Black-capped Petrel H H
Black-crowned Night Heron M H M H
Black-legged Kittiwake M
Blackpoll Warbler M M
Black-throated Blue Warbler M H M M
Black-whiskered Vireo H
Black-throated Green Warbler M HH
Blue-winged Teal M H
Blue-winged Warbler H H HH HH M
Bobolink M H M M
Bonaparte’s Gull M M M
Boreal Chickadee H
Boreal Owl M
Brant HH
Bridled Tern H H
Broad-winged Hawk H M
Brown Booby H
Brown Creeper M
Brown Noddy M
Brown Pelican H H
Brown Thrasher H H H M M
Brown-headed Nuthatch M H H HH HH



Buff-breasted Sandpiper H H HH M H HH
Bufflehead H
Burrowing Owl M H
Canada Goose, resident population MC
Canada Goose, Atlantic 
Population HH H HH HH H H

Canada Goose, North Atlantic 
Population H

Canada Warbler M HH M H
Canvasback H H HH H
Cape May Warbler H M M
Carolina Wren M
Cattle Egret MC MC
Cerulean Warbler HH M HH HH M
Chesnut-sided Warbler H
Chimney Swift M H H H H H
Chuck-will’s-widow H M H H
Clapper Rail H M H
Coastal Plain Swamp Sparrow M M
Common Eider HH H
Common Goldeneye HH M M H
Common Ground-Dove HH H
Common Loon M M H
Common Merganser M
Common Moorhen H
Common Nighthawk H H
Common Snipe M
Common Tern H H M HH H
Connecticut Warbler M M
Cooper’s Hawk M
Cory’s Shearwater M H
Crested Caracara HH
Dickcissel M
Double-crested Cormorant MC M
Dunlin M H H H
Eastern Kingbird H H M
Eastern Meadowlark M H M M H
Eastern Towhee H H M M
Eastern Wood-Pewee H H M M
Florida Scrub Jay HH
Field Sparrow H H H H M M
Forster’s Tern H M M
Gadwall M
Glossy Ibis H H H
Golden Eagle H
Golden-winged Warbler HH M HH
Grasshopper Sparrow M M H M H  
Grasshopper Sparrow 
(floridanus) HH
Gray Catbird M
Gray Jay M
Gray Kingbird M
Great Black-backed Gull MC
Great Cormorant HH
Great Crested Flycatcher H
Great White Heron HH
Great Egret M M
Greater Flamingo H
Greater Scaup H M H
Greater Shearwater HH H H
Greater Snow Goose M MC HH
Greater Yellowlegs M H M M
Green-winged Teal M
Gull-billed Tern HH H H
Harlequin Duck HH M
Henslow’s Sparrow HH M HH HH M HH
Herring Gull H MC
Hooded Merganser M H
Hooded Warbler M H
Horned Grebe M H H M H
Horned Lark M
Hudsonian Godwit M M H
Indigo Bunting M M M
Ipswich Savannah Sparrow HH M



Ivory-billed Woodpecker HH HH
Kentucky Warbler H H HH H
Killdeer M M
King Rail H M H M H H 
Kirtland’s Warbler HH HH
Lark Sparrow M
Laughing Gull MC
Le Conte’s Sparrow H M H
Leach's Storm-Petrel M
Least Bittern M M H M H
Least Sandpiper M M M H M H
Least Tern H H
Lesser Scaup HH H HH H
Lesser Yellowlegs M H M H 
Limpkin HH HH
Little Blue Heron M H M H
Little Gull H
Loggerhead Shrike M M HH M H HH
Long-billed Curlew HH HH
Long-eared Owl H
Long-tailed Duck HH M H
Louisiana Waterthrush H M H
Mallard M MC H HH M M
Magnificent Frigatebird HH
Mangrove Cuckoo H
Manx Shearwater M H
Marbled Godwit M H H H
Marsh Wren H M M
Masked Booby H
Mississippi Kite M
Mottled Duck M HH
Nelson’s Sharp-tailed Sparrow HH M H H
Northern Bobwhite M H H M H H
Northern Flicker M M H H M M H
Northern Gannet H H H H
Northern Goshawk M
Northern Goshawk, Appalachian 
Population H

Northern Harrier M M M H
Northern Parula M M
Northern Pintail H M HH H
Northern Saw-whet M
Olive-sided Flycatcher H M
Orchard Oriole M M
Osprey M
Ovenbird M
Painted Bunting HH M HH
Palm Warbler M
Pectoral Sandpiper M M M
Peregrine Falcon M M M M
Pied-billed Grebe M H M M
Pine Grosbeak M
Pine Warbler M M
Piping Plover HH HH HH HH M HH
Prairie Warbler (Florida) HH
Prairie Warbler M HH H HH HH
Prothonotary Warbler M H H M M M
Purple Finch H
Purple Gallinule HH H
Purple Martin M
Purple Sandpiper HH H
Purple Swamphen MC
Razorbill H M H
Red Crossbill, Appalachian 
population H

Red Knot M H HH H H
Red Phalarope H M H
Red-bellied Woodpecker M
Red-breasted Merganser M
Red-cockaded Woodpecker M HH M H HH
Reddish Egret M HH
Redhead M HH H
Red-headed Woodpecker M M H M M H
Red-necked Grebe H



Red-necked Phalarope HH M
Red-shouldered Hawk M
Red-throated Loon M HH H H
Roseate Spoonbill H 
Roseate Tern HH H HH
Rose-breasted Grosbeak M M
Royal Tern M M M
Ruddy Duck M
Ruddy Turnstone H HH H H
Ruffed Grouse M M M
Rusty Blackbird M H H H H H
Sacred Ibis MC
Saltmarsh Sharp-tailed Sparrow HH HH HH
Sanderling M M HH H H
Sandhill Crane (FL subspecies) M
Sandhill Crane HH M M
Sandwich Tern H H H
Seaside Sparrow (Atl. Coast races) HH
Seaside Sparrow (Gulf Coast races) H
Scarlet Tanager M M M
Seaside Sparrow (Cape Sable) HH
Seaside Sparrow HH H
Sedge Wren M M M M M
Semipalmated Plover M M M M
Semipalmated Sandpiper M HH H H H
Sharp-shinned Hawk M
Short-billed Dowitcher H H H H H
Short-eared Owl M M H M M
Smooth-billed Ani HH
Short-tailed Hawk HH
Snail Kite HH
Snowy Egret M M M
Snowy Plover HH HH
Solitary Sandpiper H H H M H
Sooty Shearwater H
Sooty Tern M
Song Sparrow M HH
Sora M M
Spotted Sandpiper M M M
Stilt Sandpiper H H
Summer Tanager M
Surf Scoter M H
Swainson’s Warbler M H H M
Swallow-tailed Kite H HH
Tricolored Heron M H H
Tundra Swan H H HH
Upland Sandpiper M H M H M H H
Veery H
Vesper Sparrow M H H
Virginia Rail M HH M
Western Sandpiper M H M M H
Whimbrel M H HH HH H
Whip-poor-will M H H H
White-breasted Nuthatch HH
White Ibis H H
White-crowned Pigeon H
White-eyed Vireo M
White-rumped Sandpiper H
White-tailed Kite HH
White-tailed Tropicbird H
White-throated Sparrow H M
White-winged Scoter M H H
Whooping Crane HH H M HH
Willet M H H
Willow Flycatcher M H HH M
Wilson’s Phalarope M H H H
Wilson’s Plover H H HH
Wilson’s Snipe M M H M
Wood Duck H M M HH H M
Wood Stork HH M HH
Wood Thrush H HH HH H HH H
Worm-eating Warbler M H H HH M
Yellow Rail M M H H 
Yellow-bellied Flycatcher M M



Yellow-bellied Sapsucker H M
Yellow-bellied Sapsucker, 
Appalachian Population H

Yellow-billed Cuckoo H
Yellow-breasted Chat M
Yellow-crowned Night Heron M H H
Yellow-throated Vireo H M M M
Yellow-throated Warbler M M M

HH = Highest Priority
H = High Priority
M = Moderate Priority
MC = Management Concern (Overabundant species in need of management)

Rules For Species Prioritization
Priority Criteria/Rule 
HIGHEST High BCR Concern and High 

BCR Responsibility and 
(High or Moderate 
Continental Concern) 
High Continental Concern 
and Moderate BCR 
Responsibility 
OR 
Moderate BCR Concern and 
High BCR Responsibility 

OR
High BCR Concern and 
Moderate BCR 
Responsibility
OR
Non-breeding High 
Continental Concern species 
whose primary area of spring 
or fall migration overlaps the 
BCR 

Moderate BCR Concern and 
Moderate BCR responsibility 

OR 
High Continental Concern 
and Low BCR Responsibility 

OR 
High BCR Concern and Low 
BCR Responsibility and 
Regionally Threatened 
Species (PIF Tier IIC)
OR
High BCR Responsibility 
and Low BCR Concern
OR
Sub-species of Regional 
Importance 

Sources:  
BCR 13, 14, 27, 30 based on approved BCR plans (http://www.acjv.org/bird_conservation_regions.htm)
BCR 29 based on ACJV and partner input, list prepared by Chuck Hunter, BCC list, list likely to change with additional input
BCR 28 based on Appalachian Mountains JV, ACJV staff and partner input, BCC list, list likely to change with additional input
BCR 31 based on list prepared by Chuck Hunter, BCC list, FNAI list, FFWCC list, FBCI partner input

HIGH 

MODERATE 
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Local birders heed the call to help Audubon's National 
Christmas Bird Count
Photo 1 of 6  |  Zoom Photo +

WOODY WOODPECKER: A male downy woodpecker clings to a crab 
apple tree looking for some food while he's counted for the National 
Audubon's 108th Christmas Bird Count. PHOTOS BY DAN KING/The 
Chronicle

December 26, 2007 5:20 PM

By Daniel H. King

Staff Writer

DARTMOUTH — On a crisp, clean Saturday Dec. 22 morning local 
birders, Mike Boucher, Ken Machado and Beverly King head out on 
the King Farm to count birds for National Audubon's 108th Annual 
Christmas Bird Count.

The bird count, which is a 24 hour event, gives local bird enthusiasts 
a chance to participate in a nationwide bird survey that identifies and 
records all the species one sees throughout the day and tallies the 
total number of individuals from each species.

Locally, The Paskamansett Bird Club has been participating in the 
bird count for over forty years. The count area for this bird club 
locality covers a 15 mile circle encompassing parts of Dartmouth, 
New Bedford, Achusnet, Fairhaven and Mattapoisett.
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Along with the 24 hour bird count there is also count week. Count week runs three days prior to and post of the 
bird count day, and is similar to the day-long event except only different species are kept track of, not the total 
number of birds.

"We try to count everything we see," said Paskamansett Bird Club member Mike Boucher as he scoured the King 
Farm for birds with Mr. Machado and Mrs. King. The farm would be only one stop on Mr. Boucher's and Mr. 
Machado's long birding day.

They explained they would be visiting Demarest Lloyd State Park, a nice site along Slade's Corner Road, and 
even counting at their own feeders. They even look along the roads, Mr. Boucher noted, "We drive very slowly 
and if we see anything we'll stop."

As the three local bird enthusiasts walked carefully on the ice and frozen crackling snow they listened through the 
stillness in the air and aimed to snag bird songs in between the crushing of their boots.

 
"Knowing your bird calls is important because we can hear a lot of things we can't see," explained Mr. Boucher, 
noting, it saves the trouble of trying to track down some of the hiding birds.

As they wind down the farm fields into the swampier parts, the three birders are always stopping to survey the 
skies and the trees, aiming to dig into their secrets slowly and methodically with binoculars and telephoto lenses. 
Being thorough is a necessity though when one's trying to count each and every bird they see.

To find even more birds, Mr. Boucher tries pishing the birds out of hiding. Pishing is like a distress call to make 
birds who are down in a thicket pop up, he explained.

As the path ends to a clearing before the woods, Mr. Boucher decided to walk a new path and remain on the 
edge of a field rather than enter the winter woodland. "You get more diversity on the edge habitat," he explained.

On the new trail, the birders see bird tracks in the snow along a stream, but the little feet, which they feel may 
belong to a woodcock, disappear into the cold water leaving no answers and only their researchers guessing. 
"The bird could have been feeding and just flew up," Mr. Boucher suggested.

 
Near the bird's tracks along the stream there were also the markings of raccoon, deer and rabbits.

Once the bird counters emerge from the stream and back into edge habitat, they see an enormous red-tailed 
hawk's nest. The nest, currently empty of any hawk, could have easily been four feet across and two feet deep 
and was built of sticks in the fork of a pine tree. "You couldn't have asked for a nicer nest," said Mr. Boucher to 
Mrs. King, whose property the nest is on.

Near the nest a large female sharp-shinned hawk landed. The hawk, ever-aware, sat high up in an oak tree and 
watched them watching him until he was satisfied and flew away.

As the birders neared their morning walk's completion, they reentered the woods to find the densely criss-
crossing tracks of animal critters and the food they were chasing. "As you can see it's not just birds that interest 
us," noted Mr. Boucher who was examining the tracks, "it's all kinds of natural things."

 
"It's amazing, the abundance of wildlife you have here," Mr. Boucher says of the farm.

One never realizes the true expanse of the wild until you adventure out on a morning when the snow's soft 
enough to dent, but too hard to melt. It paints a clean canvas on which all the creature's of the wood tell their 
stories and leave their marks which would otherwise be hidden.

"I'm amazed at all the tracks, it really shows you there's quite a diversity of wildlife," said Mr. Boucher. "It shows 
you what's so important about preserving farmland."

T
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For the Audubon Christmas Bird Count, Mr. Boucher explained this year over the 24 hour period the total 
individual birds counted was 12,417 and there were 89 total species. Some highlights found throughout the 
Greater New Bedford Area were eight great blue heron, four northern pintail, one barrow's goldeneye (the bird of 
the day Mr. Boucher noted), four merlins, one peregrine falcon, one ring-necked pheasant, two great-horned owls 
and 17 wild turkeys among many others.

 
HOME 

Site index
Full index

Marketplace
Classifieds
Jobs
Cars
Real Estate
Apartments
Place an ad
Local search

Interact
Blogs
RSS Feeds
Rate / Review

News
Local
State
National
Education
Business
Weather / 
Traffic
Death Notices / 
Obituaries
Politics
Religion

Multimedia
Photos
Videos
Out & About
Submit a Photo

YourTown
Acushnet
Dartmouth
Fairhaven
Fall River
Freetown
Lakeville
Marion
Mattapoisett
Middleboro
New Bedford
Rehoboth
Rochester
Somerset
Swansea
Wareham
Westport

Sports
High School
Red Sox
Patriots
Celtics
Bruins
Sports Blogs
Sports Columns
Golf Guide
Youth Sports

Services
Subscribe
Email Alerts
TextAlerts
Toolbar
NIE

Lifestyle
Health
Gardens
Outdoors
Pets
Family Room
Weddings
Columnists
WiFi HotSpots
Waterfront 
Guide
Family 
Milestones
BookLovers
Locks of Love

SUBSCRIBER AGREEMENT & TERMS OF USE - UPDATED COPYRIGHT PRIVACY POLICY COOKIE DISCLOSURE  SITE MAP CONTACT U

Copyright © 1995-2010 South Coast Media Group, a division of Dow Jones Local Media Group. All Rights Reserved. 

Print this Article  Email this Article  
Ads by Google

Boston Coupons
1 ridiculously huge coupon a day. It's 
like doing Boston at 90% off! 
www.Groupon.com/Boston

Michael Paul Photo
Passionate, Creative Art Documenting 
Timeless moments 
www.MichaelPaulPhoto.com

Fiberglass Insulation
Save on MA Fiberglass Insulation 
Receive a 30% Tax Credit. Act Now! 
www.Moonworkshome.com/Insulation

Page 3 of 3Local birders heed the call to help Audubon's National Christmas Bird Count | SouthCoas...

9/10/2010http://www.southcoasttoday.com/apps/pbcs.dll/article?AID=/20071226/PUB02/712260415



2007 Christmas Bird Count 
 

Common Loon 13   Rock Pigeon 365 Eastern Meadowlark 43 
Horned Grebe 158 Mourning Dove 229 Common Grackle 12 

Great Cormorant 10 Great-horned Owl 2 Brown-head.Cowbird 6 
Great Blue Heron 8 Belted Kingfisher 5 Purple Finch 6 

Mute Swan 51 R.-bellied Woodpecker 13 House Finch 96 
Brant 65 Downy Woodpecker 44 American Goldfinch 151 

Canada Goose 964 Hairy Woodpecker 5 House Sparrow 331 
American Black Duck 341 Northern Flicker 28 Rough-legged Hawk 1 

Mallard 577 Horned Lark 171 Peregrine Falcon 1 
Northern Pintail 4 Blue Jay 185 Wild Turkey 17 

Gadwall 17 American Crow 126   
Greater Scaup 2085 Bl.-capped Chickadee 221   
Lesser Scaup 19 Tufted Titmouse 180 Total Species 89 

Scaup species 528 Red-breasted Nuthatch 7 Total Individuals 12,417 
Common Eider 420 White-breast. Nuthatch 21   

Long-tailed Duck 32 Brown Creeper 5   
Black Scoter 1 Carolina Wren 58 Yellow-Bellied Saps CW 

Surf Scoter 14 Golden-crowned Kinglet 10 (CW) count week  
White-winged Scoter 23 Ruby-crowned Kinglet 1   
Common Goldeneye 440 Hermit Thrush 3   
Barrow’s Goldeneye 1 American Robin 640   

Bufflehead 349 Gray Catbird 8   
Hooded Merganser 15 Northern Mockingbird 27   

Common Merganser 1 Brown Thrasher 2   
Red-breasted Merg. 60 Cedar Waxwing 5   

Ruddy Duck 3 European Starling 713   
Turkey Vulture 5 Yellow-rumped Warbler 10   

Northern Harrier 4 Yellow-breasted Chat 1   
Sharp-shinned Hawk 5 Northern Cardinal 128   

Cooper’s Hawk 2 Eastern Towhee 19   
Red-shouldered Hawk 11 American Tree Sparrow 140   

Red-tailed Hawk 8 Field Sparrow 18   
American Kestrel 1 Savannah Sparrow 15   

Merlin 4 Fox Sparrow 2   
Ring-neck. Pheasant 1 Song Sparrow 163   

Dunlin 8 Swamp Sparrow 2   
Herring Gull 503 White-throated Sparrow 247   

Bonaparte’s Gull 4 White-crowned Sparrow 1   
Ring-billed Gull 876 Dark-eyed Junco 182   

Great Bl.-backed Gull 37 Snow Bunting 83   
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Yet Another Unitarian Universalist
Since 2005: progressive spirituality from a postmodern heretic and unashamed intellectual

Birds of New Bedford harbor
From August, 2005, to September, 2008, including the following locales: 
New Bedford’s inner harbor from Rte. I-195 south, including water, islands, wetlands, and block or so 
inland; 
Outer harbor as visible from hurricane barrier and Fort Phoenix state park; 
Downtown neighborhood bounded by Spring St., County St., and U.S. 6.; 
Fort Phoenix State Park in Fairhaven; 
Riverside Cemetery in Fairhaven, including wetlands and open land to the harbor and Acushnet River.

Relative abundance, based on my limited observations and estimates:

ab=abundant, 500-1,000 per day•
vc=very common, 100-499 per day•
com=common, 10-99 per day•
unc=uncommon, 1-9 per day•
rare, 1-10 per season•
no indication given for apparent strays, or if insufficient data•

The List

Gaviiformes 
Common Loon (unc winter, unc spring) 
Podicipediformes 
Horned Grebe (unc winter, unc spring) 
Pelecaniformes 
Double-crested Cormorant (summer, fall) 
Ciconiiformes 
Snowy Egret (summer) 
Anseriformes 
Mute Swan (unc winter) 
Canada Goose (com fall, com winter) 
Brant (com-vc winter, com spring) 
Wood Duck (summer) 
Mallard (com summer, fall, winter, spring) 
American Black Duck (unc winter, unc spring) 
Greater Scaup (com fall, com winter) 
Common Eider (com winter, com spring) 
Long-tailed Duck (com winter, com spring) 
Common Goldeneye (com fall, com winter, unc spring) 
Barrow’s Goldeneye (rare winter) 
Bufflehead (com fall, com-vc winter, com spring) 
Red-breasted Merganser (com winter, com spring) 
Common Merganser (unc fall, unc winter, unc spring) 
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Falconiformes 
Osprey (fall) 
Sharp-shinned Hawk (winter) 
Cooper’s Hawk (winter) 
Northern Goshawk (winter) 
Peregrine Falcon (winter) 
Red-tailed Hawk (fall) 
Charadriiformes 
Semipalmated Plover (summer) 
American Oystercatcher (summer) 
Peeps (Calidris spp.) (summer) 
Ring-billed Gull (vc-ab summer, fall, winter, spring) 
Great Black-backed Gull (com summer, fall, winter, spring) nesting colony 
Herring Gull (ab summer, fall, winter, spring) nesting colony 
Bonaparte’s Gull (com summer, fall) 
Common Tern (summer) 
Least Tern (summer) 
Columbiformes 
Rock Pigeon (ab summer, fall, winter, spring) 
Apodiformes 
Chimney Swift (spring, summer) 
Coraciiformes 
Belted Kingfisher (summer) 
Piciformes 
Northern Flicker (summer, unc winter) 
Passeriformes 
Great Crested Flycatcher (spring) 
Tree Swallow (summer) 
Eastern Kingbird (spring) 
Blue Jay (spring, summer) 
American Crow (com summer, fall, winter, spring) 
Black-capped Chickadee (spring, summer) 
Carolina Wren (spring) 
American Robin (com winter, spring, summer, fall) 
Gray Catbird (spring, summer) 
Northern Mockingbird (spring, summer, fall) 
Brown Thrasher (spring) 
European Starling (ab summer, fall, winter, spring) 
American Goldfinch (winter) 
Cedar Waxwing (winter) 
Yellow-rumped Warbler (winter) 
Rufous-sided Towhee (spring) 
Chipping Sparrow (com spring, summer) 
Lark Sparrow (winter) 
Song Sparrow (com-vc fall, winter, spring) 
White-throated Sparrow (winter, spring) 
Dark-eyed Junco (summer, fall) 
Northern Cardinal (com winter, spring) 
Red-winged Blackbird (fall, spring) 
Baltimore Oriole (spring) 
Common Grackle (spring) 
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House Finch (winter, spring, summer) 
House Sparrow (vc fall, winter)

Note: Unfortunately, May is one of my busiest months at work and so I have missed most of the 
spring migration the past two years.

Where to bird

New Bedford harbor is primarily a marine industrial landscape, interspersed with dense residential 
development on the Fairhaven side, and a mixed urban setting on the New Bedford side. There are 
two urban green spaces on the Fairhaven side: Fort Phoenix State Park, and Riverside Cemetery. The 
heavy human development means we see lots of Rock Pigeons, House Sparrows, and European 
Starlings. Major points of interest for birders include the Herring Gull nesting colony on the rooftops 
of downtown New Bedford, and wintering ducks and waterfowl on the waters of the harbor. New 
Bedford harbor is probably not worth a trip for those living elsewhere, but it can provide interest if 
you’re here anyway.

Summer: June 21 to September 20 — Summer is dominated by gulls, starlings, pigeons, and House 
Sparrows. Heavy recreational use by humans tends to keep birds away. Post-breeding dispersal and 
early fall migrants liven up late summer.

Fall: September 21 to December 20 — Beginning in October, ducks and other water birds beging to 
move into the area. By December, waterfowl have reached their highest concentrations, and the 
birding can sometimes be quite good.

Winter: December 21 to March 20 — Waterfowl continue on the harbor through March or April, with 
gradually decreasing numbers. Occasional raptors over the harbor. Early spring migrants may be seen 
at Fort Phoenix and Riverside Cemetery.

Spring: March 21 to June 20 — Spring migrants can be seen in Riverside Cemetery and at Fort 
Phoenix. Herring Gulls breed in late spring and early summer in the diffuse nesting colony on the 
roofs of downtown New Bedford (some nests visible from the roof of the Elm St. parking garage).

Best places to bird New Bedford harbor, roughly in order of interest:

Pope’s Island off Route 6, including the city park on south and the parking lot on north (best in 
winter; can see most of inner harbor). Also: Route 6 bridges across the harbor (from here, can 
see the parts of harbor not visible from Pope’s Island; seals in winter)

•

Fort Phoenix State Reservation including Fairhaven side of hurricane barrier (best in winter; 
good views of outer and inner harbor; small areas of wetlands and forests)

•

New Bedford side of hurricane barrier including Palmer Island (best in winter; can see much of 
inner harbor as well as outer harbor; Palmer’s Island sometimes shelters migrants)

•

Riverside Cemetery, 274 Main St., Fairhaven and Marsh Island (year-round; Marsh Is. had 
wetlands, view of entire upper harbor)

•

S end of Main St. in Fairhaven (this cove cannot be easily seen from other vantage points 
mentioned)

•

End of State Pier in New Bedford (easily accessible from downtown, can see much of the inner 
harbor, seals and waterfowl close by in winter)

•

Roof of Elm St. Parking Garage, downtown New Bedford (in June, watch Herring Gull nests on 
nearby rooftops)

•
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3 Responses to “Birds of New Bedford harbor”

 Mary Anne McQuillan says: 
January 8, 2007 at 6:19 pm

Hi, 
Have you looked north from the Coggeshall St brige over the Acushnet River next to Nye 
Lubricants? There are usually birds along the marsh on the Fairhaven side. Also, there is a 
small park in Acushnet along the upper part of the “remediated” river north of where the Wood 
St. bridge crosses from NB to Acushnet. 
Fair Winds, 
Mary Anne

1.

 Claire says: 
March 4, 2007 at 10:35 am

Not sure if you can comment but I was at Gull Island yesterday and noticed some rather 
large black birds. I think they may be cormorants but it seems this is not the time of 
year for them, according to your notes here. I didn’t get a close look at them. Any ideas 
what they might be?

2.

 Administrator says: 
March 5, 2007 at 7:54 pm

Claire — Along the South Coast, you could see both Great Cormorants and Double-Crested 
Cormorants during the winter, according to the standard reference “Birds of Massachusetts” by 
Richard Veit and Wayne R. Petersen (Mass Audubon, 1993). Also, both cormorants have been 
reported within 25 miles of New Bedford during the last two Christmas Bird Counts. The only 
thing the list above indicates is that I have not seen either cormorant in the small area I keep 
track of — that doesn’t mean they’re not here, it just means that I haven’t seen them.

Remember too that Gull Island is outside the area that I keep tabs on. And I would expect to see 
both cormorants along the coast during winter within a few miles of New Bedford harbor. 
Cormorants are pretty distinctive, so if you think you saw one, you probably did.

3.

Leave a Reply

 Name (required)

 Mail (will not be published) (required)

 Website

Comments may be held for moderation at any time. See comments policy. Please be patient.
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An Introduction to Atlas Methodology 

Creating a Breeding Bird Atlas: The Basics 

Breeding bird atlases follow a standard 
field technique and protocol. Most 
simply described, an atlas divides the 
county, state or province into equally 
sized blocks or squares. Each square 
is surveyed for the presence of 
breeding birds. The breeding status of 
the species is determined by 
evaluating the behavior of the birds, 
and comparing what is observed to a 
set of predetermined breeding criteria. 

After all blocks are surveyed, the 
information regarding the strength of 
the breeding evidence is collated for all 
species in all blocks. This creates a 
data set of the distribution of all 
breeding species in the area – a 
detailed and repeatable snapshot of 
the distribution of the breeding birds. 

Atlas methods are firmly established 
and should be followed conscientiously 
to assure compatibility between the data from Atlas 1 and Atlas 2. They will help you to 
focus your energy in the field. To accurately measure changes in bird distribution over 
time and use the data to set conservation priorities, we need to ensure consistency in 
the details of data collection. 

  

Frequently asked questions on Atlasing 

How large is a survey area?  
How do I know if I found a breeding bird?  
When do I survey?  
For how long do I survey?  
When is my block finished?  
What about teamwork and safety?  
Help! How do I choose where to look in my block?  

NOTE: This is an abbreviated outline of atlas methods, designed to give the 
newcomer a general understanding of the work involved. Please use these pages as 
a primer, but not as your detailed guide to atlas methodology. 
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What do I look and listen for?  
How do I keep track of my data in the field?  
Where do I enter my field data online?  
Are rare species reported differently?  
Can I report single species or additional sightings?  
Where do I sign_up? 

  

How large is a survey area? 

Atlas survey areas are created by dividing the state into small blocks. Each block is 
given a unique name. These blocks, which are exactly the same blocks used in Atlas 1 
and in the Massachusetts Butterfly Atlas and Massachusetts Herpetological Atlas, are 
1/6th of a 7 1/2 X 7 1/2 minute USGS quadrangle map – most of you know these maps 
as topo maps. Each block is about 10 mi², and there are approximately 1055 blocks in 
the state. The blocks can be located using the MassGIS Breeding Bird Atlas 2 
mapping tool, which allows volunteers to find the name of a block anywhere in the 
state, and can be printed using the USGS map printing tool.  

The number of blocks assigned to a volunteer depends mainly on how much time the 
volunteer can commit during the survey period. Blocks must be surveyed for a 
minimum of 20 hours, so it is difficult for any one volunteer to complete more than four 
blocks in a single field season. 

While surveying your block your goal is to find as many breeding species as you can. 
Once you Confirm breeding for a species you don't need to collect any more 
information on that species, unless it is a state or federally listed species. 

Back to faq 

  

How do I know if I found a breeding bird? 

Most birds that you see from May 15 – July 1 are breeding adults or recently fledged 
young. There are species that are present in Massachusetts during the summer that 
do not breed (e.g. Ring-billed Gull), but we would still like to know that you saw those 
species in your block. Atlas volunteers should try to find all the species in their blocks 
and to gather clues to confirm that the species is breeding. Watching birds for signs of 
their reproductive status may sound tedious, but you'll soon discover that this is the 
most fascinating part of this work. Some behaviors provide stronger evidence of 
breeding than others, so you will have a choice of three levels of evidence: Possible, 
Probable, and Confirmed breeding. (Please review the complete list of breeding and 
behavior codes. 

While the first goal of the Atlas is to find all the species in the block, the second goal is 
to collect the strongest evidence of breeding for each species. 

Back to faq 

  

When do I survey? 

Time of Year: Blocks will be surveyed when most species are breeding, typically 

It is very important to not disrupt or disturb breeding birds – don't play tapes 
and don't approach nests or young. You can collect all the information you need 
by carefully watching the birds. 

Page 2 of 6Atlas 2 Methods | Methods | Mass Audubon

9/10/2010http://www.massaudubon.org/birdatlas/bba2/methods/index.php



from May 15 – August 1, although after July 10 it can become difficult to 
separate recently fledged young from adults. Some species breed well before 
May 15, and we encourage you to visit your block for the early breeders as well.
Safe Dates: To streamline the task of collecting data on breeders, not migrants, 
we have assigned a Safe Date for each breeding species. The Safe Date is the 
period when most passage migrants will have left, and when our breeding 
behavior codes for Possible or Probable breeding are most accurate. The 
Confirmed code, as the name implies, has less error, and this is the only set of 
codes that can be used before the Safe Date. 
Time of Day: Birds are most active early in the morning and from late in the 
afternoon to the early evening. On cooler days, the period of morning activity 
may be lengthened, and on warmer days it may be shortened.  

Back to faq 

  

For how long do I survey? 

Each block must be surveyed for at least 20 hours. The amount of time needed to 
survey a block completely depends on topography, habitat complexity and diversity, 
accessibility of habitats, and the skill level of the volunteer. If you are working with 
other volunteers and you are together in the field, count each hour as one hour. If you 
work independently during surveys, count volunteer hours separately (e.g., two 
volunteers working independently should record two hours of survey time). 

Back to faq 

  

When is my block finished? 

The amount of time needed to completely survey a block depends on topography, 
habitat complexity and diversity, accessibility of habitats, and to some extent, the skill 
level of the volunteer. The rate of new species additions declines after 10-15 hours, 
and the rate of upgrades declines after 30 total hours. Most blocks can be called 
"finished" after 30 hours - but atlasers can spend as much time as they want to in a 
block. 

Back to faq 

  

What about teamwork and safety? 

Working in pairs, or even in larger teams, is 
a great way to get the block done quickly, 
and to maximize your block totals. Two or 
more people working a block and reporting 
species found to one another via cell phone 
can help you to focus your work – and it 
makes the work more fun. If you had four 
people working in different locations within a 
block, and you each spent from 6:30 am to 
11:30 am censusing different habitats within 
the block and communicating Confirmations 
to each other via cell phone or text message, 
you would have accomplished 20 hours in 
the block. 
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Your safety is extremely important to us. Working in pairs or teams is encouraged. 
Please don't survey alone at night. Don't trespass on posted land. If your atlas work 
takes you out into remote areas or out in a boat, don't go alone. Be sensible – follow 
all biking, wilderness, and boat safety laws and precautions. Let people know where 
you are going and when you expect to return. Carry a charged cell phone – and please 
remember that if a situation doesn't feel safe, it probably isn't safe. 

Back to faq 

  

Help! How do I choose where to look in my block? 

One of the exciting things about the fieldwork is getting to know new areas, and 
discovering new birding "patches". This can also be daunting. If you know your area 
well, chances are you know how you would cover the area if you were doing a "Big 
Day" - you'd want to get the maximum number of breeding species in the minimum 
amount of time. Remember that different species prefer different habitats. Therefore to 
find as many breeding species as possible, you will want to visit all the different 
habitats in your block. 

Study your map. Use Google Earth or Google Map to view recent aerial photos. Study 
your list of species found in the block during Atlas 1. If you don't know the songs of all 
the potential bird species in your block, try to learn a few each day (the Birding By Ear 
series, by Richard Walton, is a great tool). The Birder's Handbook (by Ehrlich, Dobkin 
and Wheye) can help you interpret behavior. 

Back to faq 

  

What do I look and listen for? 

It is important to bird with some expectation for what you may see; "Chance" favors the 
prepared mind. Every atlaser develops a personalized way of looking for breeding 
evidence, and, after you have finished your first block you too will have your own style. 
The most important thing is to know the likely species, know the breeding codes, listen 
carefully, watch birds closely, and expect the unexpected. Your ears will lead you to 
singing birds, and once you know the sound, your ears will also lead you to begging 
young birds. 

Back to faq 

  

How do I keep track of my data in the field? 

The paper-less office was a great idea in theory; but it turns out that paper trails are 
indispensable on research projects. Don't rely on your memory while you are in the 
field – write everything down, or record it in your PDA/Pocket PC! Please download a 
field checklist (PDF 410KB) to carry with you. We encourage you to fill-out the checklist in 
the field, and then enter the data online shortly after you return from the field. Although 
this seems redundant, the only way we can check for errors in data entry is for you to 
also send in a paper copy of your field card. 

Many people have their own strategies for taking field notes – notebooks, 
PDAs/Pocket PCs etc. If you use a paper notebook to record field notes, please 
download and fill out an Atlas 2 checklist, and enter your data promptly (in case you 
lose your notebook!) You can then send us a copy of the checklist at the end of the 
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field season. 

Back to faq 

  

Where do I enter my field data online? 

We have partnered with USGS biologists to build a data entry tool for Atlas 2. They 
have managed the data for many other Atlas projects, and the collaboration is a great 
benefit. When you have been assigned your block, you will be given access to the data 
entry portion of the site, although the Results portion of the site is open to anyone. 

This site has a block map downloading tool, helps you keep track of data from the 
blocks you are working on, the hours you have spent in the blocks, the species you 
have reported, reports any problems with the data codes or species entered. Those 
not registered for the Atlas still use the site to review the results from Atlas 1 or Atlas 2. 

Back to faq 

  

Are rare species reported differently? 

This is some of the most important information we will collect during this project. We 
need exact point locations and Rare Bird Reporting Forms for state and federally listed 
and species. Please alert your Regional Coordinator if you find Species of Special 
Concern, a Threatened or Endangered Species, or a species with "N" in the Status 
column of the checklist. As always, double check the ID, and call in others if you are 
unsure.  

Species that are listed as "L" "C" or "I" on the checklist only need to be mapped - they 
do not need a Rare Bird Report form.  

Creating the point location is easy-just make a copy of your block map, put an "X" on 
the map where you found the species, write your name, the block name, and include 
the species and dates on the map. Please mail the completed form to: 

Information on state and federally listed species will be sent to the Natural Heritage 
database. In the case of the targeted Mass Audubon species, we will use these maps 
to help design future projects. 

Back to faq 

  

Can I report single species or additional sightings? 

Once you know how to do the 
fieldwork, you will begin to notice 
breeding birds everywhere – at the 
beach or near your office or school. 
We need all of those sightings. 
Please don't rely on your memory – 

Mass Audubon - Breeding Bird Atlas 2
208 S. Great Road
Lincoln, MA 01773

Page 5 of 6Atlas 2 Methods | Methods | Mass Audubon

9/10/2010http://www.massaudubon.org/birdatlas/bba2/methods/index.php



 

write them down! It is easy to figure out the block you were in by looking at the 
MassGIS mapping tool. As long as you know the block name, the species, the 
behavior code, and the date you can contribute to Atlas 2 by entering them at the data 
entry site as an Incidental Sighting. 

If you are not a registered atlaser you can still enter your sightings using the Report a 
Breeding Bird link to our Single Sighting tool. If you know the species, date, behavior 
and location you can send us information of all the breeding birds you see. 

Back to faq 

  

Where do I sign up? 

Simply complete our online Atlas Volunteer sign-up form. Based on your answers, we 
will assign you to a region. The Regional Coordinator will assign you a block. 

If this is too great a time commitment, you can help us by learning the codes for 
breeding and reporting your observations of breeding birds on the data entry page for 
single bird observations. 

If you have read this far, chances are you are already interested in helping us with this 
important conservation effort. Please don't let a lack of experience hold you back. 
Learning the ropes is half the fun of atlasing. And We Need You! 

Back to faq 

  

Back to top 

Home | Contact Us | About | What's New! | Advocacy | Nature Connection | Membership | Donations  
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Safe Dates and Preferred Habitats 
  

This table summarizes the most frequently used breeding habitats for a species, and lists the Safe 

Date period. The Safe Date is the period when most migrants will have left, and those birds that 

remain are likely nesters. Safe dates are also the only period when you can use our breeding 

behavior codes for Observed, Possible or Probable. Both the Courtship code of Probable, and the 

Confirmed code can be used before, during or after the Safe Date. 

 

All species in bold face type are rare breeders, and require maps and further documentation. See 

the handbook on Reporting Rare Species. 

 

Species Safe 

Dates 

Habitat 

Canada Goose 4/15-8/1 Shore or islands in any wetland 

Mute Swan 4/15-8/1 Large ponds and marshes 

Wood Duck 5/1-8/5 Wooded swamps, freshwater marshes, streams, rivers 

Gadwall 5/15-8/5 Fresh/brackish water or saltmarsh 

American Wigeon 5/15-8/5 Fresh/brackish pond or marsh  

Am. Black Duck 5/1-8/5 Most wetlands, from beaver ponds to saltmarsh 

Mallard 5/1-8/5 All wetlands, occasionally suburban yards with swimming pools 

Blue-winged Teal 5/10-8/5 Fresh/brackish pond or marsh  

North. Shoveler 5/15-8/5 Fresh/brackish pond or marsh  

North. Pintail 5/15-8/5 Fresh/brackish pond or marsh  

Green-winged Teal 5/15-8/5 Fresh/brackish pond or marsh  

Ring-necked Duck 5/25-8/5 Wooded swamps, beaver  ponds, stump ponds 

Common Eider 5/15-8/1 Coastal islands  

Hooded Merganser 5/15-8/5 Wooded swamps, freshwater marshes, streams 

Common Merganser 5/10-8/5 Lake or river 

Red-breasted Merganser 6/1-8/5 Coastal marsh 

Ruddy Duck 5/15-8/1 Fresh/brackish pond or marsh  

Ring-necked Pheasant 5/1-8/15 Open scrub, pastures, fields 

Ruffed Grouse 1/1-12/31 Mixed upland woods 

Wild Turkey 1/1-12/31 Mature deciduous woods, edge 

North. Bobwhite 4/30-8/15 Open scrub, pastures, fields 

Common Loon 6/1-8/1 Lakes and ponds 

Pied-billed Grebe 5/10-8/1 Fresh/brackish reedy pond or marsh  

Leach's Storm-Petrel 6/1-8/15 Coastal Islands 



Double-cres. Cormorant 5/10-8/5 Islands on coast or lake 

Great Cormorant 5/1-8/5 Islands on coast 

American Bittern 5/15-8/1 Fresh/brackish reedy pond or marsh  

Least Bittern 5/25-8/1 Fresh/brackish reedy pond or marsh  

Great Blue Heron 5/1-7/15 Wooded swamps, beaver ponds, islands 

Great Egret 5/15-7/15 Islands on coast or lake 

Snowy Egret 5/15-7/15 Coastal Islands 

Little Blue Heron 5/15-7/15 Coastal Islands 

Tricolored Heron 5/25-7/15 Coastal Islands 

Cattle Egret 5/10-7/15 Coastal Islands 

Green Heron 5/10-8/1 Woody growth near marshes or open water 

Black-crown. Night-Heron 5/5-7/15 Coastal Islands 

Yellow-crown. Night-Heron 5/5-7/15 Coastal Islands 

Glossy Ibis 5/1-7/15 Coastal Islands 

Black Vulture 5/10-8/15 Woods, cliffs, caves, buildings 

Turkey Vulture 5/10-8/15 Woods, cliffs, caves, buildings 

Osprey 5/10-8/15 Coastal marshes; rarely large wetlands inland 

Bald Eagle 4/15-8/15 Margins of large lakes, rivers 

North. Harrier 5/10-8/20 Coastal dunes, beaches, marshes, heathlands 

Sharp-shinned Hawk 5/10-8/1 Conifers in mature woodlands 

Cooper's Hawk 5/5-8/1 Mixed woodlands, groves, copses 

Northern Goshawk 4/10-8/15 Mature, mixed woodlands 

Red-shouldered Hawk 4/10-8/15 Wet mixed forests, swamps 

Broad-winged Hawk 5/15-7/25 Mature, mixed woodlands 

Red-tailed Hawk 4/15-8/1 Mature woodlands, often near edges 

American Kestrel 5/10-7/20 Open country, scattered trees, edge 

Merlin 5/10-7/20 Conifers   

Peregrine Falcon 5/15-8/1 Cliffs, tall buildings, towers 

Clapper Rail 5/15-8/1 salt and brackish marsh 

King Rail 5/15-8/1 Fresh/brackish reedy pond or marsh  

Virginia Rail 5/15-8/1 Salt, fresh, or brackish pond or marsh 

Sora 5/15-7/25 Fresh/brackish reedy pond or marsh  

Com. Moorhen 5/25-8/15 Fresh/brackish reedy pond or marsh  

American Coot 6/1-8/15 Fresh/brackish reedy pond or marsh  



Sandhill Crane 5/1-8/1 Extensive, freshwater marsh or bog  

Piping Plover 5/15-8/15 Coastal, sandy beach 

Killdeer 4/20-7/1 Open, sparsely vegetated areas; flat rooftops 

Am. Oystercatcher 5/15-8/15 Upper portions of coastal beach, dunes 

Willet 5/15-7/15 Coastal beach, dunes, saltmarsh 

Spotted Sandpiper 5/25-7/5 Coastal shores, shores of freshwater lakes, ponds, rivers, streams 

Upland Sandpiper 5/20-7/15 Extensive grasslands, especially airports 

Least Sandpiper 5/25-6/15 Variety of coastal habitats 

Wilson's Snipe 5/20-8/1 Bog, wet meadow 

Am. Woodcock 4/15-7/15  Forest edges 

Wilson's Phalarope 6/1-7/25 Saltmarsh 

Laughing Gull 5/1-8/1 Coastal islands 

Ring-billed Gull 5/1-8/1 Lakes, reservoirs 

Herring Gull 5/1-8/1 Coastal shores/islands, flat rooftops 

Lesser Black-back. Gull 5/1-8/1 Coastal shores/islands 

Greater  Black-back. Gull 5/1-8/1 Coastal islands 

Roseate Tern 6/1-8/5 Coastal islands 

Common Tern 6/1-8/5 Coastal islands, saltmarsh 

Arctic Tern 6/1-8/5 Coastal sandy beaches, islands 

Forster's Tern 6/1-8/5 Saltmarsh 

Least Tern 5/25-8/15 Coastal sandy beach, esp dredge spoils 

Black Skimmer 6/1-8/1 Coastal, sandy beach   

Black Guillemot 6/1-8/1 Coastal rock ledge 

Rock Pigeon 1/1-12/31 Buildings, bridges, towers in urban areas, farms 

Mourning Dove 4/1-8/15 Suburbs, woodlots, farmlands 

Monk Parakeet 6/1-8/1 Urban streets, large trees, telephone poles 

Black-billed Cuckoo 6/5/8/15 Forested habitats, edge 

Yellow-billed Cuckoo 6/5-8/15 Forested habitats, edge 

Barn Owl 4/1-8/1 Open habitats 

Eastern Screech-Owl 4/1-8/1 Open deciduous forests, woodlots, orchards, residential areas 

Great Horned Owl 1/1-12/31 Wide variety of habitats from forest to farmland 

Barred Owl 4/1-7/15 Moist woods, wooded swamps, bottomlands.  

Long-eared Owl 4/1-8/1 Conifers 

Short-eared Owl 5/1-8/1 Extensive coastal grassland/heathland 



North. Saw-whet Owl 4/15-8/15 Mixed moist woods with conifers 

Com. Nighthawk 6/5-8/1 Barren habitats including river bars and flat rooftops 

Chuck-will's-widow 6/1-7/15 Scrub Oak 

Whip-poor-will 5/25-7/15 Secondary forest, copses, pine barrens, scrub oak, edge 

Chimney Swift 5/25-8/15 Urban chimneys 

Ruby-throated Hum. 6/1-8/1 Open woodland, rural and suburban gardens, edge 

Belted Kingfisher 5/1-8/10 Stream, river, lake, or bay shore with banks  

Red-headed Woodpecker 5/20-8/25 Open country with scattered trees 

Red-bellied Woodpecker 4/15-8/1 Older-growth forest and woodlots 

Yellow-bellied Sapsucker 5/20-8/1 higher-elevation hardwoods 

Downy Woodpecker 5/1-7/25 Forests, copses, suburbs 

Hairy Woodpecker 4/25-7/20 Forests  

North. Flicker 5/25-7/25 Forests, parks,  

Pileated Woodpecker 1/1-12/31 Matured forest, especially bottomland 

Olive-sided Flycatcher 6/5-8/1 Spruce/Larch bog 

Eastern Wood-Pewee 6/5-8/1 Mature forest 

Yellow-bellied Flycatcher 6/5-8/1 Spruce/Sphagnum bog 

Acadian Flycatcher 6/5-8/1 Red Maple swamp (SE) and Hemlock (elsewhere) 

Alder Flycatcher 6/5-8/1 Shrub (esp. Alder) swamp 

Willow Flycatcher 6/5-8/1 Shrub (esp. Willow) swamp 

Least Flycatcher 5/25-8/5 Open deciduous forests, forest edge 

Eastern Phoebe 5/1-8/15 Ledges, bridges, porch sills, etc., usually near water   

Great Crested Flycatcher 5/25-8/1 Mature forest, edge 

Eastern Kingbird 5/25-7/25 Open habitats, including edge, copses, often near water 

Loggerhead Shrike 5/15-8/1 Farmland and other open habitats 

White-eyed Vireo 5/15-8/1 Moist areas, thickets, tangle of vines or briers. 

Yellow-throated Vireo 5/20-8/10 Open deciduous and mixed forest and riparian woodlands 

Blue-headed Vireo 5/15-8/10 Mature coniferous or mixed woods  

Warbling Vireo 5/15-8/10 Semi-open borders of river meadows, ponds, and streams 

Red-eyed Vireo 6/1-8/10 Mixed and deciduous Woods 

Blue Jay 5/1-8/15 Varied; most forest types, thickets, suburban yards, parks 

American Crow 3/25-7/15 Conifers in forested areas, woodlots, suburban yards, parks 

Fish Crow 5/1-7/15 Mixed woods, woodlots, suburban yards, parks 

Common Raven 3/20-7/20 Remote forested areas 



Horned Lark 4/25-8/1 Coastal dunes and beaches, abandoned agricultural fields, airports 

Purple Martin 5/25-7/1 Open areas; edge of saltmarsh, coastal farmland, and golf courses 

Tree Swallow 5/15-7/1 Open areas or woodland edge near wetlands; including saltmarsh 

Northern Rough-winged 

Swallow 

5/20-7/1 Often near water, in cavity, pipe, or excavated burrow  

Bank Swallow 5/25-7/1 Earthen embankments 

Cliff Swallow 5/25-7/1 Eves and sides of old barns and other buildings, bridges 

Barn Swallow 5/25-7/1 Structures offering access to interior; barns, garages, porches, 

sheds, etc. 

Black-capped Chickadee 4/1-8/15 Woodlands, orchards, shade trees, yards, and city parks 

Tufted Titmouse 4/5-8/1 Deciduous (especially oak) forest, riparian woodlands, and 

residential areas 

Red-breast. Nuthatch 5/15-8/10 Coniferous forest 

White-breast. Nuthatch 4/25-8/10 Deciduous forest 

Brown Creeper 5/20-8/1 Mature, mixed, and swampy forest, including Atlantic White 

Cedar swamps 

Carolina Wren 4/1-8/15 Wet woods, stream edges with dense thickets, tangles, brush piles, 

etc. 

House Wren 5/20-8/15 Open forests, wood edges, farms, orchards, suburbs, parks, 

gardens  

Winter Wren 5/1-8/5 Cool, moist, coniferous or mixed woods, swamps, bogs, streams, 

brooks 

Sedge Wren 6/1-8/1 Wet meadows, freshwater marshes 

Marsh Wren 5/15-8/15 Cattail and other tall marshes, including saltmarsh edges 

Golden-crowned Kinglet 5/10-8/1 Coniferous woods 

Ruby-crowned Kinglet 5/20-8/1 Coniferous woods 

Blue-gray Gnatcatcher 5/15-8/1 Wooded edges along ponds, rivers, streams, swamps, beaver ponds 

Eastern Bluebird 5/1-8/15 Fields with scattered trees; farmland, orchards, pastures, etc.  

Veery 5/25-8/10 Moist mixed forest 

Bicknell's Thrush 6/1-8/10 High elevation spruce/fir forest 

Swainson's Thrush 6/1-8/10 High elevation spruce/fir forest 

Hermit Thrush 5/10-9/10 Damp mixed forest with dense undergrowth including pine barrens 

Wood Thrush 5/25-8/10 Mature forest 

Am. Robin 5/1-9/1 Almost anywhere except the most open habitats such as marsh, 

grasslands 

Gray Catbird 5/20-8/15 Dense tangles and thickets 

North. Mockingbird 5/5-8/15 Suburban or semi-rural habitats with thickets, brushy forest edges, 

hedgerows 



Brown Thrasher 5/15-8/10 Dry second-growth; powerlines, overgrown pastures, coastal 

thickets 

European Starling 1/1-12/31 Everywhere except remote rural areas 

Cedar Waxwing 6/10-8/15 Second-growth forest, parks, orchards, gardens, and margins of 

waterways 

Blue-winged Warbler 5/20-8/1 Old, brushy fields, copses, edge with low undergrowth, powerline 

cuts 

Golden-winged Warbler 5/20-8/1 Damp brushy fields, powerline cuts  

Brewster's Warbler 5/20-8/1 Old, brushy fields, copses, edge with low undergrowth, powerlines 

Lawrence's Warbler 5/20-8/1 Old, brushy fields, copses, edge with low undergrowth, powerlines 

Tennessee Warbler 6/1-8/1 Coniferous forest  

Nashville Warbler 5/25-8/15 Open Scrub Oak woodlands (SE), overgrown pastures, bogs (C, 

W) 

Northern Parula 6/1-8/10 Woodlands with Usnea lichen 

Yellow Warbler 5/25-8/1 Margins of freshwater marsh, other wet brushy areas, farmland 

Chestnut-sided Warbler 5/25-8/1 Brushy, open second-growth, edges 

Magnolia Warbler 6/5-8/10 Coniferous forest 

Black-throat. Blue Warbler 5/25-8/10 Mixed woods with dense understory, esp. Mountain Laurel 

Yellow-rumped Warbler 5/25-8/10 Mature White Pines (SE), coniferous forest (C, W) 

Black-throat. Green Warb. 5/25-8/5 Coniferous and mature mixed forest 

Blackburnian Warbler 5/25-8/5 Coniferous forest 

Pine Warbler 5/1-8/5 Variety of pine forest types 

Prairie Warbler 5/25-8/1 Brushy fields, powerline cuts, edges 

Blackpoll Warbler 6/10-8/10 High elevation spruce, Balsam Fir forest 

Cerulean Warbler 6/1-8/1 Mature, moist deciduous forest 

Black-and-white Warbler 5/25-8/1 Mainly deciduous forest 

American Redstart 6/1-8/1 Secondary forest, copses 

Prothonotary Warbler 6/1-8/1 Variety of deciduous or mixed forest types, saplings in field edge 

bordered by forest, wooded swamps 

Worm-eating Warbler 5/20-8/1 Brushy undergrowth of rocky, wooded hillsides and ravines, 

usually near water 

Ovenbird 5/20-8/5 Open forests with little or no understory vegetation and ample leaf 

litter 

North. Waterthrush 5/20-7/25 Wooded swamps, bogs, backwaters 

Louisiana Waterthrush 5/10-7/20 Rocky streams in deciduous or mixed forest 

Kentucky Warbler 6/1-8/1 Wet thickets, dense understory in moist or wet deciduous forest, 

bottomland 

Mourning Warbler 6/5-8/10 High elevation; dense, early second growth, tangles, esp. raspberry 



canes in clearcut 

Common Yellowthroat 6/1-8/10 Brushy areas, thickets, powerline cuts, preferably wet 

Hooded Warbler 6/1-8/1 Moist thickets in woodlands  

Canada Warbler 6/5-8/1 Thick undergrowth in moist deciduous or mixed forest; cedar 

swamp, Red Maple (SE) 

Yellow-breasted Chat 6/1-8/5 Thickets, esp. regenerating fields and pastures 

Scarlet Tanager 5/25-8/10 Mature deciduous forest 

Eastern Towhee 5/1-8/10 Dry, open forest, edge, brushy habitats, including coastal thickets, 

powerline cuts 

Chipping Sparrow 5/1-8/15 Open mixed forest, suburbs, parks, and cemeteries with conifers 

Clay-colored Sparrow 6/1-8/1 Shrubby grasslands 

Field Sparrow 5/1-8/5 Brushy areas, weedy fields, powerline cuts 

Vesper Sparrow 5/10-8/5 Short grass areas, agricultural fields, clearings in pine barrens, 

coastal moors  

Savannah Sparrow 5/10-8/1 Grasslands, including airports, hayfields 

Grasshopper Sparrow 5/25-8/10 Grasslands, including airports, hayfields 

Henslow's Sparrow 6/1-8/1 Weedy fields, wet meadows 

Nelson's Sharp-tail. 

Sparrow 
6/1-8/1 Saltmarsh 

Saltmarsh Sharp-tail. Sparrow 5/25-8/10 Saltmarsh 

Seaside Sparrow 5/25-8/10 Saltmarsh 

Song Sparrow 5/1-8/10 Forest edge, brushy areas, marsh edges, suburbs 

Lincoln's Sparrow 6/1-8/1 High elevation boreal bog 

Swamp Sparrow 5/1-8/5 Freshwater wetlands including cattail marsh, swamps, river 

meadow, and pond edges 

White-throated Sparrow 5/20-8/20 Scrubby habitats esp with conifers (C, W); Red Maple, Atlantic 

White Cedar (SE) 

Slate-colored Junco  5/1-9/5 Edges in coniferous or mixed woodlands; saplings and brushy 

thickets at higher elevations 

North. Cardinal  4/15-8/20 Suburban or semi-rural areas; forest edge, woodlots, thickets, 

parks, gardens 

Rose-breasted Grosbeak  5/25-8/5 Deciduous and mixed forest, woodlots, shade trees of parks and 

suburbs 

Indigo Bunting  5/25-8/10 Brushy habitats including forest edge, overgrown fields, powerline 

cuts 

Bobolink 6/1-8/1 Grasslands, including airports, hayfields 

Red-winged Blackbird 5/1-7/15 Wide variety of densely vegetated freshwater habitats, higher 

saltmarsh 

Eastern Meadowlark 5/5-7/25 Extensive grasslands, including airports, margins of saltmarsh 



Rusty Blackbird 5/25-7/25 Boreal bog 

Common Grackle 5/15-7/10 Wide variety of urban and rural habitats from open forest to fresh 

and salt marshes, parks, etc.  

Brown-headed Cowbird 5/1-7/15 Virtually all habitats; anywhere host species are found 

Orchard Oriole 5/25-7/15 Open, patchy forest, copses, often near river, stream, or pond 

Baltimore Oriole 5/25-8/1 Open deciduous forest, shade trees in urban or rural areas 

Purple Finch 5/25-8/10 Conifers in mixed woods, suburbs, parklands  

House Finch 4/15-8/1 Scattered trees- especially conifers- mainly in residential areas 

Red Crossbill 5/1-7/15 Coniferous forest 

White-winged Crossbill 5/1-7/15 Coniferous forest 

Pine Siskin 5/1-7/15 Conifers 

American Goldfinch 6/1-8/1 Forest edge, copses, brushy areas, marsh edges, residential 

Evening Grosbeak 5/25-8/15 Mixed forest  

House Sparrow 1/1-12/31 Residential, farms 
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Breeding Codes 

The Massachusetts Breeding Bird Atlas 2 will use the following codes for describing 
bird behavior. It is worthwhile to study the codes and know them well – this is what you 
are looking for in the field. Breeding birds are often short on time, and careful 
observation of an actively nesting bird will usually uncover one of these behaviors. 
Remember to try to upgrade a species code, and pay attention to the Safe Dates. 
Breeding Codes are listed below and you can download full breeding codes (PDF 27KB), 
or abbreviated breeding codes (PDF 66KB). 

OBSERVED: (all observations must be within Safe Dates)
 

O

 

Species known to breed in Mass, but seen "passing through" (e.g. 
vultures, gulls), or a colonial species observed with no colony found 
in block, or a bird seen in unsuitable nesting habitat. Only use this 
code when no further evidence of breeding is uncovered. Work to 
upgrade these species if you suspect they are breeding in the 
block!

 
POSSIBLE: (all observations must be within Safe Dates)
 

X

 

Male or female seen or heard in suitable nesting habitat but no 
further evidence of breeding is uncovered. This includes a single 
drumming woodpecker, although the species must be seen to ID 
the woodpecker.

 
PROBABLE: (all observations must be within Safe Dates)
 

P  A pair (male and female together) seen in suitable nesting habitat.
S

 

Permanent territory presumed through song, heard at same location 
on at least two occasions, 7 days (or more) apart. This code can be 
used for drumming woodpeckers – although the species must be 
seen to ID the woodpecker. Both observations must be within 
Safe Dates.

T
 

Permanent territory presumed through defense of territory (often 
one male chasing another). This is a tricky code to use, and if the 
bird is watched longer, you'll probably find better evidence.

A

 

Agitated behavior or anxiety calls from adult. These calls are 
frequently directed at cats or snakes. Don't use this code if the bird 
is responding to "pishing". If the call is directed at you, back off. 
Much like "T" code, watch for better evidence.

C

 

(NEW: OK to use outside of the Safe Dates, except for ducks) 
Courtship behavior seen. Some species have courtship feeding 
rituals (e.g. cuckoos), some raptors have spectacular courtship 
displays (Broad-winged and Red-tailed Hawks, falcons), and this is 
one of the best codes to use for hummingirds. Consult "The Birder's 
Handbook" for succinct display descriptions.
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N

 

Visiting probable nest site. Do not approach nests to check 
contents! Some nests are too high (e.g. the tops of trees) or 
enclosed (e.g. chimneys) for the contents to be seen. Listen for 
calls of begging young and watch for food deliveries to upgrade to 
Confirmed. If neither is seen or heard, the birds may still be on eggs 
– return a few days later if you can.

B

 

Building a nest by a wren, or excavation of holes by woodpeckers. 
Wrens often build "dummy" nests – a series of nests of which none 
may be used. Woodpeckers will excavate roost holes as well as 
nest holes. Don't despair – finding a wren nest means you are very 
close to a Confirmation. It is usually easy to Confirm wrens with CF, 
and woodpeckers with CF or NY.

 
CONFIRMED: (can be use at any time)
 

ON  Occupied nest: adult seen sitting on nest and likely incubating eggs 
or brooding hatchlings. No eggs or young seen.

CN
 

Carrying nesting material, such as sticks, grass, bark, etc. Don't use 
for wrens, crows, Monk Parakeet, or for colonial species for which 
you never find a colony (e.g. Great Blue Heron).

NB
 

Nest building at the actual nest-site. Don't use for wrens – attempt 
to upgrade wrens with CF or by the noisy NY. Don't use for Monk 
Parakeet.

PE
 

Physiological evidence of breeding (e.g. highly vascularized brood 
patch or egg in oviduct, based on bird in hand.). To be used by bird 
banders.

DD
 

Distraction display or injury feigning. Look for this in Killdeer and in 
many other species – other shorebirds, rails, some ducks, some 
warblers.

UN  Used nest or eggshells found. Caution: these must be carefully 
identified if they are to be accepted.

PY  Precocial young. Flightless young of precocial species restricted to 
the natal area by dependence on adults or limited mobility.

FL
 

Recently fledged young (either precocial or altricial) incapable of 
sustained flight, restricted to natal area by dependence on adults or 
limited mobility.

CF
 

Carrying food: adult carrying food for the young. Don't use for 
crows, Common Raven, raptors, gulls or terns unless you see them 
go into a nest site.

FY  Adult feeding recently fledged young. Adults feeding Brown-headed 
Cowbird young confirms both the host species and the cowbird.

FS

 

Adult carrying fecal sac. Fecal sacs, white membranous pellets 
excreted by the young, are usually carried from the nest then 
dropped. Occasionally birds drop them in the same place, and they 
form a spattered whitewash on cars, pavement, decks etc.

NE

 

Nest with egg(s). Do not approach nests to check contents! If 
you have the time to watch a bird through binoculars or with a 
scope, watch as the incubating bird turns the eggs in the nest. 
Many birds remove eggshells, and you'll find them on the ground 
sometimes – they can be difficult to identify! Nests containing 
Brown-headed Cowbird eggs confirms both the host species and 
the cowbird.

NY

 

Nest with young seen or heard. Frequently used code – young are 
usually noisy when parents return with food. Learn the sounds of 
begging young birds, and let that direct you to the general area of 
the nest where you can identify the parents.
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Breeding Codes 
Observed: Use during Safe Dates for species known to breed in Massachusetts, but 

only seen “passing through” your block. Record date in column. Examples; vultures 

seen in transit through block, late migrants out of habitat, or colonial nesting birds 

without a colony. 

  

Possible: Use during Safe Dates for male or female seen or heard in suitable nesting 

habitat but no further evidence of breeding was uncovered. Record date in column.  

  

Probable: With the exception of the “C” code, only use during Safe Dates. 

Record date and code. 

P A pair (male and female, together, not fighting) seen in suitable nesting habitat.  

S Permanent territory presumed through song (or drumming), heard at same 

location on at least two occasions, 7 days (or more) apart. 

T Permanent territory presumed through defense.  Most birds will not tolerate 

another bird of the same species, other than their mate or young, near them 

while nesting. Birds are quite aggressive when breeding, and some territory 

squabbles are intense. 

A Agitated behavior or anxiety calls from adult. 

C Courtship and/or reproductive behavior seen or heard. (OK to use out of Safe 

Dates, but not out of Safe Dates for ducks). 

N Visiting probable nest site (e.g. the tops of trees, chimneys).  

B Building a nest by a wren, or excavation of holes by single woodpeckers. 

  

Confirmed: (can be used outside of Safe Dates) Record date and code. 

ON Occupied nest: adult seen sitting on nest and likely incubating eggs or 

brooding.  

CN Carrying nesting material, such as hair, sticks, grass, bark, etc.  

NB Nest building at the actual nest-site.   

PE Physiologic evidence of breeding (e.g. brood patch or egg in oviduct.).  

DD Distraction display or injury feigning. 

UN Used nest or eggshells found.   

PY Precocial young (downy, capable of walking – think duck hatchling) .  

FL Recently fledged young (either precocial or altricial) incapable of sustained 

flight. 

CF Carrying food: adult carrying food for the young. 

FY Adult feeding recently fledged young.  

FS Adult carrying fecal sac. 

NE Nest with egg(s). 

NY Nest with young seen or heard. 

 



Mass. Breeding Bird Atlas 2 Field Checklist  

Atlaser Name(s) 

 

Phone    

Email 

Do you live in the block?  

Have you mapped all bold species? 

Have you entered all data into USGS? 

Block Name  

 

 

Year  

Record all hours on back 

page. Thank You! 

Submit maps and forms via USGS data entry link. 
E= Listed by Natural Heritage as Endangered 

T= Listed by Natural Heritage as Threatened 

SC= Listed by Natural Heritage as Special Concern 

N= has NOT YET NESTED in state 

L= LOCAL and/or Rare breeder, submit map, no form 

Submit maps only, no form needed, via mail. 

C= map only those in natural CAVITIES. 

I= map only INLAND records. 

After all data entry is complete, 

please mail a copy of this card 

and all maps of special species to: 

Mass Audubon 

Breeding Bird Atlas 2 

208 S. Great Road 

Lincoln, MA 01773 

Date Hours Date Hours Date Hours 

      

      

      

      

      

Circle One: Primary or Supporting 

Canada Goose 4/15-8/1               

Mute Swan 4/15-8/1               

Wood Duck 5/1-8/5               

Gadwall 5/15-8/5               

Am. Wigeon 5/15-8/5 L             

Am. Black Duck 5/1-8/5               

Mallard 5/1-8/5               

Blue-winged Teal 5/10-8/5               

North. Shoveler 5/15-8/5 L             

North. Pintail 5/15-8/5               

Green-winged Teal 5/15-8/5               

Ring-necked Duck 5/25-8/5 L             

Com. Eider 5/15-8/1 L             

Hooded Merg. 5/15-8/5               

Common Merg. 5/10-8/5               

Red-breasted Merg. 6/1-8/5 L             

Ruddy Duck 5/15-8/1 L             

Ring-necked Pheasant 5/1-8/15               

Ruffed Grouse 1/1-12/31               

Wild Turkey 1/1-12/31               

North. Bobwhite 4/30-8/15               

Dates and Hours of Atlas Trips: Please record all trips. 

 

 

OBServed: Use during Safe Dates for species known to breed in Massachusetts, but only 

seen “passing through” your block. Record date in column. Examples; vultures seen in tran-

sit through block, late migrants out of habitat, or colonial nesting birds without a colony. 

 

POSSible: Use during Safe Dates for male or female seen or heard in suitable nesting habi-

tat but no further evidence of breeding was uncovered. Record date in column.  

 

PROBable: Only use during Safe Dates, except for the “C” code. Record date & code. 

P A pair (male and female, together, not fighting) seen in suitable nesting habitat.  

S Permanent territory presumed through song (or drumming), heard at same location on 

at least two occasions, 7 days (or more) apart, both singing dates during safe dates. 

T Permanent territory presumed through defense.  Most birds will not tolerate another 

bird of the same species, other than their mate or young, near them while nesting. 

Birds are quite aggressive when breeding, and some territory squabbles are intense. 

A Agitated behavior or anxiety calls from adult. 

C Courtship and/or reproductive behavior seen or heard. (OK to use out of Safe Dates, 

but not out of Safe Dates for ducks). Consult “Birder’s Handbook” for breeding dis-

plays. 

N Visiting probable nest site, no nest seen (e.g. the tops of trees, nest boxes, chimneys).

  

B Building a nest by a wren, or excavation of holes by single woodpeckers. 

 

CONFirmed: (can be used outside of Safe Dates) Record date & code. 

ON Occupied nest: adult seen sitting on nest and likely incubating eggs or brooding.  

CN Carrying nesting material, such as hair, sticks, grass, bark, etc.  

NB Nest building at the actual nest-site.   

PE Physiologic evidence of breeding (e.g. brood patch or egg in oviduct.).  

DD Distraction display or injury feigning. 

UN Used nest or eggshells found.   

PY Precocial young (downy, capable of walking – think duck hatchling) .  

FL Recently fledged young (either precocial or altricial) incapable of sustained flight. 

CF Carrying food: adult carrying food for the young. 

FY Adult feeding recently fledged young.  

FS Adult carrying fecal sac. 

NE Nest with egg(s). 

NY Nest with young seen or heard. 

Breeding Codes 



OBS POSS

Species Safe Date Status Date Date Date Code Date Code

PROB CONF

Common Loon 6/1-8/1 SC             

Pied-billed Grebe 5/10-8/1 E             

Leach's Storm-Petrel 6/1-8/15 E             

Double-cres. Cormorant 5/10-8/5 I             

Great Cormorant 5/1-8/5 L             

Am. Bittern 5/15-8/1 E             

Least Bittern 5/25-8/1 E             

Great Blue Heron 5/1-7/15               

Great Egret 5/15-7/15 I             

Snowy Egret 5/15-7/15               

Little Blue Heron 5/15-7/15               

Tricolored Heron 5/25-7/15 L             

Cattle Egret 5/10-7/15 L             

Green Heron 5/10-8/1               

Bl-crown. Night-Heron 5/5-7/15               

Yel.-crown. N.-Heron 5/5-7/15 L             

Glossy Ibis 5/1-7/15               

Black Vulture 5/10-8/15 L             

Turkey Vulture 5/10-8/15               

Osprey 5/10-8/15 I             

Bald Eagle 4/15-8/15 E             

North. Harrier 5/10-8/20 T             

Sharp-shinned Hawk 5/10-8/1 SC             

Cooper's Hawk 5/5-8/1               

North. Goshawk 4/10-8/15               

Red-shouldered Hawk 4/10-8/15               

Broad-winged Hawk 5/15-7/25               

Red-tailed Hawk 4/15– 8/1               

Am. Kestrel 5/10-7/20 L             

Merlin 5/10-7/20 N             

Peregrine Falcon 5/15-8/1 E             

Clapper Rail 5/15-8/1               

King Rail 5/15-8/1 T             

Virginia Rail 5/15-8/1               

Sora 5/15-7/25 L             

Com. Moorhen 5/25-8/15 SC             

Am. Coot 6/1-8/15 L             

Sandhill Crane 5/1- 8/1 L             

Piping Plover 5/15-8/15 T             

Killdeer 4/20-7/1               

Am. Oystercatcher 5/15-8/15               

Willet 5/15-7/15               

Spotted Sandpiper 5/25-7/5               

Upland Sandpiper 5/20-7/15 E             

Least Sandpiper 5/25-6/15 L             

Wilson's Snipe 5/20-8/1 L             

Am. Woodcock 4/15-7/15                

Wilson's Phalarope 6/1-7/25 L             

Laughing Gull 5/1-8/1               

Ring-billed Gull 5/1-8/1 L             

Herring Gull 5/1-8/1 I             

Les. Black-back. Gull 5/1-8/1 N             

Gr. Black-back. Gull 5/1-8/1 I             

Roseate Tern 6/1-8/5 E             

Common Tern 6/1-8/5 SC             

Arctic Tern 6/1-8/5 SC             

Forster's Tern 6/1-8/5 L             

Least Tern 5/25-8/15 SC             

Black Skimmer 6/1-8/1               

Black Guillemot 6/1-8/1 N             

Rock Pigeon 1/1-12/31               

Mourning Dove 4/1-8/15               

Monk Parakeet 6/1-8/1 N             

Black-billed Cuckoo 6/5/8/15               

Yellow-billed Cuckoo 6/5-8/15               

Barn Owl 4/1-8/1 SC             

Eastern Screech-Owl 4/1-8/1               

Great Horned Owl 1/1-12/31               

Barred Owl 4/1-7/15               

Long-eared Owl 4/1-8/1 SC             

Short-eared Owl 5/1-8/1 E             

North. Saw-whet Owl 4/15-8/15               

Com. Nighthawk 6/5-8/1               

Chuck-will's-widow 6/1-7/15 N             

Whip-poor-will 5/25-7/15               
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Chimney Swift 5/25-8/15 C             

Ruby-throated Hum. 6/1-8/1               

Belted Kingfisher 5/1-8/10               

Red-headed Woodpecker 5/20-8/25               

Red-bellied Woodpecker 4/15-8/1               

Yellow-bellied Sap. 5/20-8/1               

Downy Woodpecker 5/1-7/25               

Hairy Woodpecker 4/25-7/20               

North. Flicker 5/25-7/25               

Pileated Woodpecker 1/1-12/31               

Olive-sided Flycatcher 6/5-8/1 L             

Eastern Wood-Pewee 6/5-8/1               

Yellow-bellied Flycatcher 6/5-8/1 N             

Acadian Flycatcher 6/5-8/1               

Alder Flycatcher 6/5-8/1               

Willow Flycatcher 6/5-8/1               

Least Flycatcher 5/25-8/5               

Eastern Phoebe 5/1-8/15               

Great Crested Fly. 5/25-8/1               

Eastern Kingbird 5/25-7/25               

Loggerhead Shrike 5/15-8/1 L             

White-eyed Vireo 5/15-8/1               

Yellow-throated Vireo 5/20-8/10               

Blue-headed Vireo 5/15-8/10               

Warbling Vireo 5/15-8/10               

Red-eyed Vireo 6/1-8/10               

Blue Jay 5/1-8/15               

American Crow 3/25-7/15               

Fish Crow 5/1-7/15               

Com. Raven 3/20-7/20 L             

Horned Lark 4/25-8/1               

Purple Martin 5/25-7/1 L             

Tree Swallow 5/15-7/1               

N. Rough-wing. Swallow 5/20-7/1               

Bank Swallow 5/25-7/1               

Cliff Swallow 5/25-7/1 L             

Barn Swallow 5/25-7/1               

Black-cap. Chickadee 4/1-8/15               

Tufted Titmouse 4/5-8/1               

Red-breast. Nuthatch 5/15-8/10               

White-breast. Nuthatch 4/25-8/10               

Brown Creeper 5/20-8/1               

Carolina Wren 4/1-8/15               

House Wren 5/20-8/15               

Winter Wren 5/1-8/5               

Sedge Wren 6/1-8/1 E             

Marsh Wren 5/15-8/15               

Golden-crowned Kinglet 5/10-8/1               

Ruby-crowned Kinglet 5/20-8/1               

Blue-gray Gnatcatcher 5/15-8/1               

Eastern Bluebird 5/1-8/15 C             

Veery 5/25-8/10               

Bicknell's Thrush 6/1-8/10 L             

Swainson's Thrush 6/1-8/10               

Hermit Thrush 5/10-9/10               

Wood Thrush 5/25-8/10               

Am. Robin 5/1-9/1               

Gray Catbird 5/20-8/15               

North. Mockingbird 5/5-8/15               

Brown Thrasher 5/15-8/10               

European Starling 1/1-12/31               

Cedar Waxwing 6/10-8/15               

Blue-winged Warbler 5/20-8/1               

Golden-winged Warbler 5/20-8/1 E             

Brewster's Warbler 5/20-8/1               

Lawrence's Warbler 5/20-8/1               

Tennessee Warbler 6/1-8/1 N             

Nashville Warbler 5/25-8/15               

North. Parula 6/1-8/10 T             

Yellow Warbler 5/25-8/1               

Chestnut-sided Warbler 5/25-8/1               

Magnolia Warbler 6/5-8/10               

Black-throat. Blue Warbler 5/25-8/10               

Yellow-rumped Warbler 5/25-8/10               



Black-throat. Green Warb. 5/25-8/5               

Blackburnian Warbler 5/25-8/5               

Pine Warbler 5/1-8/5               

Prairie Warbler 5/25-8/1               

Blackpoll Warbler 6/10-8/10 SC             

Cerulean Warbler 6/1-8/1 L             

Black-and-white Warb. 5/25-8/1               

American Redstart 6/1-8/1               

Prothonotary Warbler 6/1-8/1 L             

Worm-eating Warbler 5/20-8/1               

Ovenbird 5/20-8/5               

North. Waterthrush 5/20-7/25               

Louisiana Waterthrush 5/10-7/20               

Kentucky Warb. 6/1-8/1 N             

Mourning Warb. 6/5-8/10 SC             

Com. Yellowthroat 6/1-8/10               

Hooded Warb. 6/1-8/1 L             

Canada Warb. 6/5-8/1               

Yellow-breasted Chat 6/1-8/5               

Scarlet Tanager 5/25-8/10               

Eastern Towhee 5/1-8/10               

Chipping Sparrow 5/1-8/15               

Clay-colored Sparrow 6/1-8/1 L             

Field Sparrow 5/1-8/5               

Vesper Sparrow 5/10-8/5 T             

Savannah Sparrow 5/10-8/1               

Grasshopper Sparrow 5/25-8/10 T             

Henslow's Sparrow 6/1-8/1 E             

Nelson's Sharp-tail. Spar. 6/1-8/1 N             

Saltmarsh Sharp-tail. Spar. 5/25-8/10               

Seaside Sparrow 5/25-8/10               

Song Sparrow 5/1-8/10               

Lincoln's Sparrow 6/1-8/1 L             

Swamp Sparrow 5/1-8/5               

White-throated Sparrow 5/20-8/20               

Dark-eyed Junco 5/1-9/5               

North. Cardinal  4/15-8/20               

Rose-breasted Grosbeak  5/25-8/5               

Indigo Bunting  5/25-8/10               

Bobolink 6/1-8/1               

Red-winged Blackbird 5/1-7/15               

Eastern Meadowlark 5/5-7/25               

Rusty Blackbird 5/25-7/25 L             

Common Grackle 5/15-7/10               

Brown-headed Cowbird 5/1-7/15               

Orchard Oriole 5/25-7/15               

Baltimore Oriole 5/25-8/1               

Purple Finch 5/25-8/10               

House Finch 4/15-8/1               

Red Crossbill 5/1-7/15 L             

White-winged Crossbill 5/1-7/15 L             

Pine Siskin 5/1-7/15               

American Goldfinch 6/1-8/1               

Evening Grosbeak 5/25-8/15               

House Sparrow 1/1-12/31               
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Canada Goose   CO   FL  

Mute Swan   CO   ON  

Wood Duck   PR   P  

Gadwall   CO   PY  

Mallard   CO   FL  

Ring-necked Pheasant      

Green Heron   CO   FY  

Black-crowned Night-Heron   OB   O  

Turkey Vulture   PR   C  

Cooper's Hawk   PR   P  

Red-shouldered Hawk   CO   CN  

Piping Plover      

Killdeer   PR   C  

American Oystercatcher   PR   C  

Willet   PR   T  

Spotted Sandpiper   PR   T  

Least Tern   PR   C  

Rock Pigeon   PR   C  

Mourning Dove   CO   CN  

Eastern Screech-Owl   CO   FL  

Chimney Swift   CO   CN  

Ruby-throated Hummingbird   CO   CF  

Red-bellied Woodpecker   OB   O  

Downy Woodpecker   CO   FL  

Hairy Woodpecker   PR   C  

Northern Flicker (Yellow-shafted Flicker)   PR   C  

Willow Flycatcher   PR   S  
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Eastern Phoebe   CO   FY  

Great Crested Flycatcher   CO   NB  

Eastern Kingbird   CO   CN  

Red-eyed Vireo   CO   FY  

Blue Jay   CO   CN  

American Crow   CO   FY  

Horned Lark   CO   FL  

Northern Rough-winged Swallow   CO   FY  

Barn Swallow   CO   FY  

Black-capped Chickadee   CO   NB  

Tufted Titmouse   CO   FL  

White-breasted Nuthatch   CO   FY  

Carolina Wren   CO   FL  

House Wren   PR   P  

Blue-gray Gnatcatcher   CO   FY  

American Robin   CO   CN  

Gray Catbird   CO   CN  

Northern Mockingbird   CO   CN  

European Starling   CO   FL  

Cedar Waxwing   CO   CN  

Blue-winged Warbler   PR   P  

Yellow Warbler   CO   ON  

Pine Warbler   CO   CF  

Common Yellowthroat   CO   CF  

Eastern Towhee   OB   O  

Chipping Sparrow   CO   FY  

Savannah Sparrow      

Nelson's Sharp-tailed Sparrow   OB   O  

Saltmarsh Sharp-tailed Sparrow   CO   FS  

Song Sparrow   CO   CF  

Northern Cardinal   CO   FY  

Rose-breasted Grosbeak      

Red-winged Blackbird   CO   ON  

Common Grackle   CO   CN  

Brown-headed Cowbird   CO   FL  

Orchard Oriole   CO   CN  

Baltimore Oriole   CO   NB  

House Finch   CO   FY  

American Goldfinch   CO   FL  

House Sparrow   CO   CN  
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COMMON TERN (Sterna hirundo) 

State Status: Special Concern 


Federal Status: None 


B. Byrne, MDFW 

The Common Tern is a small seabird that returns in 
the spring from warmer locales to enliven 
Massachusetts beaches with its raucous cries. It is a 
gregarious and charismatic creature, joining its 
neighbors to boldly mob, peck, and defecate on 
intruders to drive them away from their nests, which 
are situated on the ground. Probably numbering in the 
hundreds of thousands in the state before 1870, the 
Common Tern is considerably more scarce today. 
Protection, management, and restoration of nesting 
colonies have allowed populations to gradually 
increase, but the Common Tern remains a Species of 
Special Concern in Massachusetts. 

Description. The Common Tern measures 31-35 cm 
in length and weighs 110-145 g. Breeding adults have 
light gray upperparts, paler gray underparts, a white 
rump, a black cap, orange legs and feet, and a black-
tipped orange bill. The tail is deeply forked and 
mostly white, and does not extend past the tips of the 
folded wings. In non-breeding adults, the forehead, 
lores, and underparts become white, the bill becomes 
mostly or entirely black, legs turn a dark reddish-
black, and a dark bar becomes evident on lesser wing 
coverts. Downy hatchlings are dark-spotted buff 
above and white below with a mostly pink bill and 
legs. Juveniles are variable: they have a pale 
forehead, dark brown crown and ear coverts, buff-
tipped feathers on grayish upperparts resulting in a 
scaly appearance, white underparts, pinkish or 
orangish legs, and a dark bill. The voice has a sharp, 

“irritable” timber, and includes a keeuri advertising 
call and kee-arrrr alarm call. 

Similar Species in Massachusetts. The Arctic Tern 
(Sterna paradisaea) is similar in size, but has a 
shorter, blood-red bill, very short red legs, much 
grayer underparts with contrasting white cheeks, a 
longer tail that extends past the tips of the folded 
wings, and a higher-pitched voice (although some 
calls are similar). The Roseate Tern (Sterna 
dougallii) is also similar in size, but has a mostly or 
entirely black bill during the breeding season, much 
paler gray upperparts, white or very pale pink 
underparts, a very long tail (longer than that of the 
Arctic Tern), and a distinctively different voice. The 
Least Tern (Sterna antillarum) is markedly smaller, 
with a yellow-orange bill, a white forehead, and a 
proportionately much shorter tail. 

Figure 1. Distribution of present and historic 
Common Tern nesting colonies in Massachusetts. 

Distribution and Migration. Outside the breeding 
season, the Common Tern is widely distributed 
primarily at temperate latitudes. It breeds in the 
northern hemisphere, principally in the temperate 



zones of Europe, Asia, and North America, and at 
scattered tropical and sub-tropical locations. In North 
America, it breeds along the Atlantic Coast from 
Labrador to South Carolina, and along lakes and 
rivers as far west as Montana and Alberta. 
Massachusetts birds arrive in April and May to nest 
at coastal locations statewide (Fig. 1). The largest 
populations occur on Cape Cod and in Buzzards Bay 
(see Status, below). Massachusetts birds depart from 
breeding colonies in July and August, and 
concentrate in “staging areas” around Cape Cod to 
feed before beginning their migratory journeys 
southward. Birds breeding on the Atlantic coast 
generally winter on the north and east coasts of South 
America as far south as northern Argentina. 

Breeding and Foraging Habitat. In Massachusetts, 
the Common Tern generally nests on sandy or 
gravelly islands and barrier beaches, but also occurs 
on rocky or cobbly beaches and salt marshes. It 
prefers areas with scattered vegetation, which is used 
for cover by chicks. Along the Atlantic coast in the 
breeding area, it usually feeds within 1 km of shore, 
often in bays, tidal inlets, or between islands; it may 
forage as far as 20 km from the breeding colony. 

Food Habits. The Common Tern feeds mainly on a 
wide variety of small fish; frequently it includes 
crustaceans and insects in its diet. The primary prey 
item in most Atlantic coast breeding colonies is the 
American sand lance. In Massachusetts, silversides, 
cunner, herring, pipefish, and hake are also 
important. Over water, it captures food by plunge-
diving (diving from heights of 1-6 m and submerging 
to ≤ 50 cm), diving-to-surface, and contact-dipping; it 
catches flying insects on the wing. It often forages 
singly or in small groups, but it may congregate in 
feeding flocks of ≥ 1000 birds, especially over 
schools of predatory fish that drive smaller prey to 
the surface. It commonly feeds in association with 
Roseate and Arctic Terns, and sometimes gulls. 

Breeding. 
Phenology. Birds begin arriving in late-April or 

early-May. They select breeding sites and begin 
courting. Egg dates are 4 May – 15 August. 
Incubation lasts about 3 wk, and the nestling period 
about 3-4 wk. Most birds have departed for winter 
quarters by mid-October. 

Colony. The Common Tern is gregarious, nesting 
in colonies of a few to thousands of pairs. It often 
breeds in colonies with Roseate and Arctic Terns, 
Black Skimmers (Rynchops niger) and, rarely, with 
the Least Tern. Pairs vigorously defend their nesting 
territory and sometimes also maintain a linear near-
shore feeding territory. (See also Predation, below).  

Pair bond and parental care. Courtship involves 
both aerial and ground displays, including High 
Flights (in which a pair spirals to 30-100 m above 
ground and then glides down), Low Flights (in which 
a fish-carrying male is chased by a female), Parading 
(circling on ground), and Scraping. Males feed 
females during courtship and early incubation. The 
Common Tern is socially monogamous, but 
sometimes seeks extra-pair copulations. While both 
parents incubate eggs and attend chicks, females do 
more incubating and brooding (especially at night), 
and males generally do more feeding. Birds of similar 
age tend to pair. Mate fidelity is high; data from 
Germany showed that two-thirds of pair bonds were 
retained from year-to-year; the rest were broken by 
death or divorce in approximately equal frequencies. 
Pair-bond durations of up to 14 years have been 
documented.  

Nests. Nests are depressions or “scrapes” in the 
substrate, to which nesting material, usually dead 
vegetation or tide wrack, is added throughout 
incubation. Nest density is highly variable, but 
usually in the range of 0.06-0.5 nests/m2. 

Eggs. Eggs are cream, buff, or medium brown 
(sometimes greenish or olivish) with dark spots or 
streaks. Markings are often evenly distributed on the 
egg, but may be concentrated at the blunt end -- 
especially for the third egg of the clutch, which also 
may be paler than the first two. Eggs measure 
approximately 40 x 30 mm, and are subelliptical in 
shape. Clutch size is usually 2-3 eggs, occasionally 1 
or 4. Incubation is sporadic until the clutch is 
complete. The period between laying and hatching is 
about 23 d for the first egg and about 22 d for the 
second and third eggs. Incubation shifts last 
anywhere from <1 min. to several hours. 

Young. Chicks are semi-precocial. At hatching, 
they are downy and eyes are open. They are able to 
stand and take food within hours after hatching. They 
wander away from the nest to seek cover, but still 
remain in the territory, at 2-3 d. Chicks are 
brooded/attended most of the day and night for the 
first few days of life. Parental attendance drops off 
after that, except for cold, wet, or hot weather. 
Parents carry prey to chicks in their bills. Feeding 
rates vary by location, but are usually on the order of 
1-2 feedings per chick per hour.  Chicks fledge at 22 
to > 29 d, but they remain at first within the colony 
and are still dependent on parents for food. After 
about a week, they venture out with parents to the 
feeding grounds, but are unable to catch fish for 
themselves until 3-4 wk post-fledging. Families leave 
the colony 10-20 d after chicks fledge and remain 
together during the staging period. Little is known of 
family cohesion during migration. 



Predation. 
Predators. In North America, predators of 

Common Tern eggs, young, and adults include a 
wide variety of birds and mammals, snakes, ants, and 
land crabs.  Nocturnal mammals (especially fox, 
mink, and rat; sometimes skunk, raccoon, feral cat, 
weasel, and coyote) are the most important predators 
in mainland or near-shore colonies. Mammalian 
predation often causes birds to abandon the site. A 
local example of this is Plymouth Beach: in 1999, a 
family of foxes hunting on the beach displaced a 
thriving colony of about 5,000 pairs of mostly 
Common Terns. At islands further from the 
mainland, Great Horned Owl and Black-crowned 
Night-Heron are important predators. Herring and 
Great Black-backed Gulls, Short-eared Owl, 
American Crow, Ruddy Turnstone, Great Blue 
Heron, and Peregrine Falcon can also be significant 
predators. 

Responses to predators and intruders. The 
Common Tern prefers to nest on islands lacking 
predatory mammals or reptiles. Eggs and chicks are 
cryptically colored. Hatched eggshells are removed 
from the nest site and feces are dispersed (the white 
of the feces and of the inner shell is obvious). 

Behavioral response to diurnal predators is very 
variable, and depends on predator species and 
behavior, stage in nesting cycle, and degree of 
habituation to threat. Hunting Peregrine Falcons 
cause “panics”, during which terns rapidly flee the 
nesting area and fly over the water; Peregrines may 
delay colony occupation. Many other diurnal 
predators (including crows, Herring and Great Black-
backed Gulls, Northern Harriers, and Bald Eagles) 
are “mobbed” (chased and attacked) by terns. 
Common Terns distinguish between hunting and non-
hunting gulls and falcons, and respond to them 
differently. Common Terns attack human intruders 
by diving at them, pecking exposed body parts, and 
defecating on them. Inexperienced birds may merely 
circle overhead and give alarm calls, whereas more 
experienced birds may launch intense attacks -- to 
which many researchers will attest. Common Terns 
also distinguish between individual humans, and 
familiar humans are attacked more vigorously. 
Attacks intensify as chicks begin to hatch, but 
diminish as chicks mature and become less 
vulnerable. Adults’ alarm calls cause very young 
chicks (≤3 d) to crouch motionless, while older, more 
mobile chicks seek cover. 

There is little information on how the Common 
Tern responds to nocturnal mammalian predators; 
however, nocturnal predation by owls and night-
herons causes terns to abandon the colony at night. 
This has several consequences: prolonged incubation 
periods for eggs; chick deaths due to exposure; 

increased predation on eggs and chicks, particularly 
by night-herons and ants; and sometimes 
inattentiveness to eggs by day, which increases egg 
vulnerability to diurnal predators. 

Life History Parameters. In Massachusetts, most 
Common Terns breed annually starting at 3 yr, some 
at 2 or 4 yr. As birds age, they nest progressively 
earlier in the season. Only one brood per season is 
raised, but birds renest 8-12 d after losing eggs or 
chicks. Productivity is highly variable, and may range 
from zero to > 2.5 chicks fledged per pair, depending 
on food availability, degree of flooding, and 
predation. Productivity increases with age through 
the lifetime of the bird. Survival from fledging to 4 yr 
was estimated at about 10% for Massachusetts birds. 
Annual survival of adults in Massachusetts was 
estimated about 90%. The oldest documented 
Common Terns are two individuals that bred at age 
26 yr. 

Status. The Common Tern is listed as a Species of 
Special Concern in Massachusetts. Populations are 
well below levels reported pre-1870, when hundreds 
of thousands are reported to have bred.  Egging 
probably limited populations throughout the 1700s 
and 1800s. More seriously, hundreds of thousands 
were killed along the Atlantic coast by plume-hunters 
in the 1870s and 1880s, reducing the population to a 
few thousand at fewer than ten known sites by the 
1890s. In Massachusetts, only 5,000 to 10,000 pairs 
survived, almost exclusively at Penikese and 
Muskeget Is. The state’s population grew to 30,000 
pairs by 1920, following protection of the birds in the 
early part of the century. Populations subsequently 
declined through the 1970s, reaching a low of 
perhaps 7,000 pairs, largely as a result of 
displacement of terns from nesting colonies by 
Herring Gulls and, later, by Great Black-backed 
Gulls. Since then, numbers have edged upwards 
(Figure 2). In 2005, 15,447 pairs nested at 34 sites in 
the state. About 90% of these birds were concentrated 
at just three sites: Monomoy National Wildlife 
Refuge (S. Monomoy and Minimoy Is)., Chatham 
(9,747 pairs); Bird I., Marion (1,857 pairs); and Ram 
I., Mattapoisett (2,278 pairs). While populations in 
the state are relatively well-protected during the 
breeding season, trapping of birds for food on the 
wintering grounds may be a source of mortality for 
Common Terns. 

Conservation and Management. Populations in 
Massachusetts continue to be threatened by predators 
and displacement by gulls.  Also, should established 
nesting colonies be disrupted, lack of suitable (i.e., 
predator-free) alternative nesting sites is a serious 



110 

concern in the state. Most colonies are protected by 
posting of signs, by presence of wardens, and/or by 
exclusion of visitors. Lethal gull control (initially), 
continual gull harassment, and predator control at S. 
Monomoy and Ram Is. have resulted in thriving tern 
colonies at these restored sites (see Status, above). 
Two other tern restoration projects are currently 
underway, both involving clearing gulls from small 
portions of islands. At Penikese I., in Buzzards Bay, 
after a pilot project in 1995, aggressive 
discouragement of gulls (using harassment by trained 
dogs and human site occupation) was initiated in 
1998. The colony increased from 137 pairs of 
Common Terns in 1998 to 756 pairs in 2006. Non-
lethal gull control at Muskeget I., in Nantucket 
Sound, began in 2000; however, the budding tern 
colony is struggling against predators. Tern 
restoration is a long-term commitment that requires 
annual monitoring and management to track progress, 
identify threats, manage vegetation, prevent gulls 
from encroaching on colonies, and remove predators.  
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Figure 2. Common Tern population trends in 
Massachusetts, pre-1870s to 2005 (modified 
from Blodget and Melvin 1996). 
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ROSEATE TERN (Sterna dougallii) 

State Status: Endangered 


Federal Status: Endangered 


B. Byrne, MDFW 

The elegant Roseate Tern, with its long, white tail-
streamers and rapid flight, alights on Massachusetts 
beaches in the spring. It tunnels under vegetation to 
nest within colonies of its more rough-and-tumble 
relative, the Common Tern, from which it derives 
protection from intruders. The Roseate Tern is a 
plunge-diver that feeds mainly on the sand lance, and 
availability of this fish may influence the timing of 
breeding. Depredations of plume hunters in the 19th 

century and displacement from breeding sites by 
gulls and increased predation in the 20th century 
contributed to a decline in numbers and loss of major 
breeding sites in the northeast. In a sense, the Roseate 
Tern is emblematic of the Commonwealth, because 
for the past century, about half the northeastern 
population has nested in Buzzards Bay and outer 
Cape Cod. The Roseate is now considered an 
Endangered Species. The population, which 
increased from the 1980s through 2000, is now in 
decline. Several projects are in progress to restore the 
Roseate to historical breeding locations in 
Massachusetts. 

Description. The Roseate Tern measures 33-41 cm 
in length and weighs 95-130 g. Breeding adults have 
pale gray upperparts, white underparts (flushed with 
pale pink early in the breeding season), a black cap, 
orange legs and feet, and a black bill (which becomes 
more red at the base as the season progresses). The 
tail is mostly white, and is deeply forked with two 

very long outer streamers, which extend well past the 
tips of the folded wings. In non-breeding adults, the 
forehead becomes white and the crown becomes 
white marked with black, merging with a black patch 
that extends from the eyes back to the nape. The 
down of hatchlings is distinctive: it is grizzled 
buff/black or gray/black, and is spiky-looking 
because the down filaments are gathered at the tips. 
Juveniles are buff or gray above, barred with black 
chevrons, and have a mottled forehead and crown, 
black eye-to-nape patch, and black bill and legs. The 
Roseate’s vocal array includes a high-pitched chi-vik 
advertising call, and musical kliu and raspy aaach 
alarm calls, the latter sometimes likened to the sound 
of tearing cloth. 

Similar Species in Massachusetts. The Common 
Tern (Sterna hirundo) is similar in size, but has a 
black-tipped orange bill, darker gray upperparts, pale 
gray underparts, a shorter tail that does not extend 
beyond the folded wingtips, and an “irritable” voice. 
The Arctic Tern (Sterna paradisaea) is also similar in 
size, but has a shorter, blood-red bill, very short red 
legs, gray underparts with contrasting white cheeks, a 
shorter tail (which still extends past the folded 
wingtips), and a very different, high-pitched voice. 
The Least Tern (Sterna antillarum) is markedly 
smaller, with a yellow-orange bill, a white forehead, 
and a short tail. 

Figure 1. Distribution of present and historic 
Roseate Tern nesting colonies in Massachusetts. 



Distribution and Migration. The Roseate Tern has a 
scattered breeding distribution primarily in the 
tropical and sub-tropical Atlantic, Indian, and Pacific 
Oceans. In North America, it breeds in two discrete 
populations: from Nova Scotia south to New York 
and in the Caribbean. The northeast population, at 
about 40-45° N, is among the most northernmost 
nesting groups of this mostly tropical species. 
Roseates arrive in Massachusetts from late-April to 
mid-May to nest at just a handful of coastal locations 
(Fig. 1). The largest colonies occur in Buzzards Bay 
(see Status, below). Massachusetts birds depart from 
breeding colonies in late-July and August and 
concentrate in “staging areas” around Cape Cod and 
the Islands, before departure for wintering grounds in 
September. Roseates appear to feed offshore and 
return to the staging areas to rest and roost. Most 
have departed staging areas and have begun 
migrating southward by mid- to late-September. The 
Roseate’s wintering range remains poorly known, but 
increasing evidence indicates that Northeastern birds 
winter along the north and east coasts of South 
America southward along the coast of Brazil to 
approximately 18° S. 

Breeding and Foraging Habitat. In Massachusetts, 
the Roseate Tern generally nests on sandy, gravelly, 
or rocky islands and, less commonly, in small 
numbers at the ends of long barrier beaches. 
Compared to the Common Tern, it selects nest sites 
with denser vegetation, such as seaside goldenrod 
and beach pea, which is also used for cover by 
chicks. Large boulders are used for cover at other 
locations in the northeast. It feeds in highly 
specialized situations over shallow sandbars, shoals, 
inlets or schools of predatory fish, which drive 
smaller prey to the surface. The Roseate is known to 
forage up to 30 km from the breeding colony. 

Food Habits. The Roseate Tern feeds almost 
exclusively on small fish; occasionally it includes 
crustaceans in its diet. It is fairly specialized, 
consuming primarily sand lance (about 70% of diet in 
Massachusetts). Other prey species of importance in 
Massachusetts are herrings, bluefish, mackerel, 
silversides, and anchovies. In the northeast, it often 
forages with Common Terns. The Roseate captures 
food mainly by plunge-diving (diving from heights of 
1-12 m and often submerging to ≥ 50 cm), but also 
by surface-dipping and contact-dipping. Some 
individuals specialize in stealing fish from Common 
Terns. 

Breeding. 
Phenology. Roseates usually begin to arrive in 

Massachusetts in late-April or the first week of May. 

Egg dates are 12 May to 18 August, and laying 
usually begins about 8 d later than that of Common 
Terns in the host colony. Incubation lasts about 3 wk, 
and the nestling period about 4 wk. 

Colony. The Roseate Tern is gregarious. In the 
northeast it nests in colonies of a few to about 1,700 
pairs, and the largest colony in Massachusetts 
numbers about 1,100 pairs (see Status, below). In this 
portion of its range, the Roseate invariably nests with 
the Common Tern, forming clusters or sub-colonies 
within larger Common Tern colonies. Pairs defend 
their nest site. (See also Predation below).  

Pair-bond. Courtship involves both aerial and 
ground displays, including spectacular High Flights 
(in which ≥ 2 birds spiral up to 30-300 m above 
ground and then descend in a zig-zag glide), and Low 
Flights (in which a fish-carrying male is chased by up 
to 12 other birds). Males feed females before and 
during the egg-laying period. The Roseate Tern is 
socially monogamous, but extra-pair copulations 
occur. Both parents spend roughly equal amounts of 
time incubating, and incubation shifts last about 26 
min.  Males and females also contribute 
approximately equally to brooding and feeding 
chicks. The average length of pair bonds in 
Connecticut was 2.5 yr. The sex ratio in 
Massachusetts (and probably other northeast 
colonies) is skewed towards females (1.27 females:1 
male). This results in multi-female associations (≥ 2 
females), and often ≥ 3-egg clutches, at nests. 

Nests. Nests (usually beneath vegetation or 
debris, or in special nest boxes) are depressions or 
“scrapes” in the substrate, to which nesting material 
may or may not be added throughout incubation. In 
the northeast, nests are usually 50-250 cm apart, 
depending on the distribution of vegetation and 
rocks. 

Eggs. Eggs are various shades of brown with 
dark spots and streaks. The second egg may be paler 
than the first. Eggs measure approximately 43 x 30 
mm, and are subelliptical in shape. The eggs are 
difficult to distinguish from those of the Common 
Tern, but Roseate eggs are generally longer, more 
conical, less rounded, darker, and more uniformly 
and finely spotted. Clutch size is usually 1-2 eggs; 
older females generally lay 2 eggs (laid about 3 d 
apart), and younger females, 1. Nests with ≥ 3 eggs 
are often attended by more than one female. 
Incubation, which begins after laying of the first egg, 
may be sporadic until the second egg is laid. The 
period between laying and hatching is about 23 d for 
both eggs. 

Young. Chicks are semi-precocial. They are 
downy at hatching. Eyes open after a couple hours, 
and chicks are able to waddle and take food within 
hours after hatching. In 2-chick broods, there is often 



a substantial size difference between the young that 
persists throughout the growth period; this is because 
the first chick (A-chick) is usually 3 d older. Chicks 
are brooded/attended most of the day and night for 
the first few days of life. Parental attendance ceases 
after about a week, except for cold, rainy days. 
Parents carry prey to chicks in their bills one fish at a 
time. Feeding rates at sites in Massachusetts and 
Connecticut are about 1 fish/h. At sheltered nests, 
undisturbed chicks may remain at the nest site until 
they are nearly fledged. Where there is more 
disturbance, chicks may move more than 60 m away 
to new hiding spots. In 2-chick broods, the younger 
chick (B-chick) is less likely to survive than the A-
chick. Most losses of B-chicks appear to be due to 
starvation. The peak of fledging is at 27-30 d.  Four 
to 10 d after fledging, young birds accompany 
parents to fishing grounds. They begin to catch fish 
after 3 wk, but remain dependent on parents for food 
at least 6 wk, or until migration in September. This 
notably long period of dependence reflects the highly 
specialized fishing techniques that the young must 
master. At Bird I., MA, family units depart the 
nesting colony 5-15 d post-fledging to congregate at 
staging locations. When two chicks are raised, the 
male leaves first with the older chick and the female 
leaves up to 7 d later with the younger chick. Nothing 
is known of family cohesion during migration. 

Predation. 
Predators. In North America, predators of 

Roseate Tern eggs, young, and adults include birds 
and mammals, snakes, ants, and land crabs. In the 
northeast, the Great Horned Owl is the primary 
predator on adults, and predation on adults by the 
Peregrine Falcon has also been documented. Other 
significant avian predators (on eggs or chicks) 
include: Black-crowned Night-Heron, Herring and 
Great Black-backed Gulls, American Crow, and Red-
winged Blackbird.  

Responses to predators and intruders. The 
Roseate Tern prefers to nest on islands lacking 
mammalian predators. Eggs and chicks are 
cryptically colored and well-concealed under 
vegetation, debris, or rocks. Roseates are less 
aggressive birds than Common Terns, and rely on 
Commons for defense in the nesting colony. Attack 
rate peaks at hatching. Roseates dive at, and 
sometimes strike, various avian predators. Roseates 
circle above humans and dive at them, but do not 
make physical contact or defecate on them. Roseates 
in the Caribbean have been shown to respond more 
vigorously to familiar versus unfamiliar humans. As 
is the case for Common Terns, Roseates desert 
colonies at night when subject to nocturnal predation. 
This prolongs incubation periods for eggs, and 

exposes eggs and chicks to the elements and 
predation.  Roseate nests and chicks, however, are 
better concealed, and thus less vulnerable, than those 
of Common Terns. Roseate adults, in contrast, are 
often disproportionately preyed upon in comparison 
to Common Terns from the same colony. Perhaps for 
this reason Roseates are quicker to abandon a site 
when predators are active. 

Life History Parameters. In Massachusetts, most 
Roseate Terns breed annually starting at 3 yr, some at 
≥ 4 yr. Only one brood per season is raised, but birds 
renest after losing eggs or chicks. Estimating 
productivity is challenging due to inaccessible nest 
sites and chicks’ hiding behavior, but productivity 
usually exceeds 1 chick fledged per pair (range: 0-1.6 
chicks fledged per pair); older birds are more 
productive than younger ones. Survival from fledging 
to first breeding was estimated at about 20% for 
Connecticut birds. Annual survival of adults in the 
northeast was estimated to be about 80%. The oldest 
Roseate Tern documented was 25.6 yr old; it was 
originally banded as a chick in Massachusetts. 

Status.  The northeastern population of the Roseate 
Tern is listed as Endangered federally and in 
Massachusetts principally because of its range 
contraction and secondarily because of its declining 
numbers. Prior to 1870, its status was somewhat 
obscure, but the Roseate was considered to be an 
abundant breeder within Common Tern colonies on 
Nantucket and Muskeget Is., MA.  Prior to the 20th 

century, egging was a problem in northeast colonies, 
but it was persecution of terns for the plume industry 
that greatly reduced numbers in the northeast to 
perhaps 2,000 pairs, mostly at Muskeget and 
Penikese Is., MA, by the 1880s.  Following 
protection, numbers rose to the 8,500 pair level in 
1930. From the 1930s through the 1970s, Roseates 
were displaced from nesting colonies by Herring and 
Great Black-backed Gulls, and had declined to 2,500 
pairs by 1979. Following two decades of fairly steady 
increase, the Northeast  U.S. population peaked at 
4,310 pairs in 2000. Since then, however, the 
population has declined rapidly to 3,320 pairs 
(Roseate Tern Recovery Team, unpubl. 2006 data). 
The cause of this has not been identified, but data 
suggest that it may be related to mortality on the 
wintering grounds. Approximately 85% of the 
population is dangerously concentrated at just 3 
colonies: Great Gull Island, NY (1,227 pairs); Bird I., 
Marion, MA (1,111); and Ram I., Mattapoisett, MA 
(463). The only other nesting colonies in 
Massachusetts in 2006 were at Penikese I. (48 pairs) 
and Monomoy National Wildlife Refuge (NWR) (S. 
Monomoy and Minimoy Is)., Chatham (26 pairs). 



Desertion of ≥ 30 major breeding sites over the past 
80 years in most cases has been related to occupation 
of sites by gulls, and secondarily, to predation in the 
colonies (which may have intensified as terns were 
displaced by gulls to sites closer to the mainland). 
While populations in the state receive protection 
during the breeding season, the species is unprotected 
by South American governmental entities and while 
in international waters. Prior to the 1980s, 
persecution by humans (trapping for food) on the 
wintering grounds may have affected Roseates 
nesting in the northeast. Major wintering areas for 
this population have not been identified; this, along 
with investigation of current threats on the wintering 
grounds, is badly needed. 
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Figure 2. Roseate Tern population trends in 
Massachusetts, 1880s to 2006 (modified from 
Blodget and Melvin 1996). 

Conservation and Management. Colonies are 
protected by posting of signs, by presence of 
wardens, and/or by exclusion of visitors. Wooden 
nest boxes and boards, partially buried tires, and 
other structures enhance the number of potential nest 
sites. Vegetation control is sometimes necessary 
when plant growth is dense enough to actually 
impede adults’ ability to access nesting sites. The 
gradual loss of breeding sites in the Northeast, 
coupled with the Roseate’s reluctance to colonize 
new sites, is a serious obstacle to recovery of the 
northeast population. The current overwhelming 
concentration of Roseates in Massachusetts in just 
two colonies in Buzzards Bay (Bird and Ram Is.), 
despite suitable conditions elsewhere, does not bode 
well for the population should one of these sites 
become unsuitable. Because of the regional 
importance of Massachusetts for Roseate recovery, 
several restoration projects have been initiated in the 

state. Restoring Common Terns to nesting sites is a 
necessary first step in restoring Roseates because of 
the Roseate’s close association with the Common 
Tern at breeding colonies. Roseates were successfully 
restored to Ram I. after a gull control program in 
1990-1991. A similar program at Monomoy NWR, 
begun in 1996, encouraged the expansion of a huge 
colony of Common Terns (9,747 pairs in 2005), but 
only a handful of Roseates nest there. Two other tern 
restoration projects -- at Penikese I., in Buzzards Bay, 
and at Muskeget I., in Nantucket Sound -- are 
currently underway, both involving aggressive 
discouragement of gulls from small portions of the 
islands; Roseates returned to Penikese in 2003, but 
numbers have fluctuated widely since then. Tern 
restoration is a long-term commitment that requires 
annual monitoring and management to track progress, 
identify threats, manage vegetation, prevent gulls 
from encroaching on colonies, and remove predators. 
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F igu re  1. Sand lance. 

SAND LANCE 

............ S c i e n t i f i c  name.. Ammodytes 
SPP. 

Preferred common name ........... Sand 
lance (F igure  1) ......... Other common names Sand eel ,  
sand launce, l a n t ,  lance, equi  1 le,  
n o r t h e r n  sand l a n c e  (A_. dubius), 
American sand lance (A, americanus) 

Class. ................... Osteichthyes 
Order..................... Perciformes 
Family. ................... Ammodytidae 

G e o g r a p h i c  range:  From n o r t h e r n  
Labrador  and Hudson Bay south t o  
Cape Hatteras (Bigelow and Schroeder 
1953; Richards e t  a l .  1963; Liem and 
Sco t t  1966) and from upper es tua r ies  
(Norcross e t  a l .  1961) t o  the  edge 
o f  t he  Cont inental  She l f  (Richards 
and Kendall  1973)(Figure 2). Th is  
genus i s  most  abundant,  however, 
a l o n g  t h e  i n n e r  h a l f  o f  t h e  
Cont inental  She l f  and i s  most 
commonly a s s o c i a t e d  w i t h  sandy 
s u b s t r a t e s  ( B i  gelow and Schroeder 
1953; Gross le in  and Azarovi t z  1982). 

MORPHOLOGY/IDENTIFICATION AIDS 

s p a t i a l  changes i n  t h e  genus Ammodytes 
f r o m  t h e  n o r t h w e s t  A t l a n t i c  and 
d i s t i n g u i s h e d  g r o u p s  w i t h  h i g h ,  
i n t e r m e d i a t e ,  and  l o w  m e r i s t i c  
counts .  The in termedia te  group was 
s p l i t ,  and f i s h  w i t h  h i g h  t o  i n t e r -  
m e d i a t e  counts  were named A, dubius 
and t h o s e  w i t h  l ow  t o  in termedia te  
c o u n t s  w e r e  named A_. h e x a p t e r u s  
(= A. americanus). The range o f  
m e r i s t i c  c h a r a c t e r i s t i c s  and over lao  
between species o f  t h i s  genus over 
wide geographic area were s i g n i f i c a n t  
(Table 1). As a r e s u l t  of t h i s  
v a r i a t i o n ,  sand lance i n  t h e  North 
A t l a n t i c  area o f f  t he  coast  of t he  
U. S. (Ammod t e s  spp. ) w i l l  be covered 
as a com -li-'%- i n e  group i n  t h i s  p r o f i l e .  

The body o f  t h e  sand lance i s  
sma l l ,  e longate,  and slender. Body 
d e p t h  i s  un i fo rm from t h e  opercu lar  
reg ion  t o  t h e  beginning o f  t h e  anal 
f i n .  Body depth then begins t o  tape r  
towards t h e  caudal peduncle. The t a i l  
i s  fo rked.  The anal f i n  o r i g i n a t e s  
under  t h e  2 9 t h  o r  3 0 t h  d o r s a l  f i n  
r a y .  The l a t e r a l  l i n e  i s  s t r a i g h t .  
The mouth i s  t e rm ina l  w i t h  lower jaw 
p r o j e c t i n g  forward and no t e e t h  (Liem 
and S c o t t  1966). F i n  r a y  counts vary  
as i n  Table 1. 

M e r i s t i c  v a l u e s  o f  sand lance Color  o f  i n d i v i d u a l  f i s h  i s  v a r i -  
va ry  g r e a t l y  w i t h  l a t i t u d e  as w e l l  as a b l e .  The d o r s a l  s u r f a c e  can be 
w i t h  d is tance from shore a t  t h e  same o l i v e ,  brown, o r  b l u i s h  green. Lower 
l a t i t u d e  (Backus 1957; Richards e t  a l .  s i d e s  a r e  s i l v e r  w i t h  a d u l l  wh i te  
1963; Winters 1970; Sco t t  1972; v e n t r a l  region. Some i n d i v i d u a l s  have 
P e l l e g r i n i  1976). R ichards  e t  a l .  a s t e e l - b l u e  i r i d e s c e n t  l o n g i t u d i n a l  
(1963) demonstrated var ious  types o f  s t r i p e .  
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F igu re  2. D i s t r i b u t i o n  o f  sand lances a long t h e  Nor th  A t l a n t i c  coast. 
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Sand l a n c e  eggs, l a r v a e ,  and 
pos t1  arvae were descr ibed by Norcross 
e t  a l .  (1961), Wi l l iams e t  a l .  (1964). 
Richards (1965). and Smig ie l sk i  e t  a l .  
(1984). and can be d i s t i n g u i s h e d  f rom 
those o f  o the r  species on the  bas i s  o f  
morphol ogy. 

REASON FOR INCLUSION IN SERIES 

Sand lance a re  widespread a long 
t h e  n o r t h e a s t  c o a s t  o f  t h e  U.S. 
(Sherman e t  a l .  1981; Morse 1982). 
They are  abundant and a r e  an impor tan t  
p rey  species f o r  many p reda to ry  f i s h e s  
impor tan t  t o  commercial and 
r e c r e a t i o n a l  f i s h e r i e s  and a re  a1 so 
i m p o r t a n t  p r e y  f o r  mar ine  mammals. 
Sand lance occur i n  estuar ine,  open 
c o a s t a l ,  and o f f s h o r e  h a b i t a t s .  
Con t i guous  o v e r l a p p i n g  p o p u l a t i o n s  
p rov ide  l i nkages  between these h a b i t a t  
types and coas ta l  regions. 

LIFE HISTORY 

Spawni ng 

Sand l a n c e  mature d u r i n g  t h e i r  
f i r s t  o r  s e c o n d  y e a r  ( W e s t i n  e t  
a l .  1979). and males reach m a t u r i t y  
several  months be fo re  females ( S c o t t  
1968). Spawning occurs p r i n c i p a l l y  
f r o m  November t o  March (Bigelow and 
Schroeder 1953; Norcross e t  a l .  1961 ). 
Larva l  f i s h  survey data i n d i c a t e  t h a t  
spawning o c c u r s  p r i n c i p a l l y  inshore  
a l t h o u g h  e v i d e n c e  e x i s t s  o f  some 
o f f s h o r e  spawning a c t i v i t y  (Richards 
and Kendal l  1973; Sherman e t  a l .  1981 ; 
Sherman e t  a l .  1984). Sand lance l a y  
demersal eggs t h a t  a re  deposi ted on o r  
i n  sand  s u b s t r a t e s  o r  on g r a v e l  
sur faces (Ehrenbaum 1904; W i  11 i ams e t  
a l .  1964). Sand l a n c e  l a r v a e  a r e  
d i s t r i b u t e d  over a  wide area o f  t h e  
s h e l f  i n  w i n t e r  (Sherman e t  a l .  1984). 

Fecundi ty  and Egqs 

Westin e t  a l .  (1979) showed t h a t  
sand l a n c e  i n  t h e  Merr imack R i v e r  
e x h i b i t e d  s i z e  s p e c i f i c  f e c u n d i t y .  

T h e  m o d e l  w h i c h  d e s c r i b e s  t h i s  
r e l a t i o n s h i p  i s :  f = 0.328 1  3-857 
where f i s  f e c u n d i t y  (number o f  eggs) 
and 1  i s  f o r k  l e n g t h  (cm). Est imates 
o f  w e i g h t  l o s s  d u r i n g  spawning o f  
females range f rom 30Z t o  45Z ( S c o t t  
1972; Westin e t  a l .  1979; Smig ie l sk i  
e t  a l .  1984). 

Sand lance eggs range i n  d iameter  
from 0.67 t o  1.03 mm and have a  s i n g l e  
b r i g h t  ye l l ow  o i l  g l obu le  (Wi l l iams e t  
a l .  1964; S m i g i e l s k i  e t  a l .  1984). 
Eggs hatch  f rom November t o  May when 
w a t e r  t e m p e r a t u r e s  drop below 9  OC 

(Wheatland 1956; Norcross e t  a l .  1961 ; 
R i c h a r d s  a n d  K e n d a l  1  1 9 7 3 ) .  
I n c u b a t i o n  t imes o f  eggs spawned i n  
t h e  l a b o r a t o r y  ranged f rom 30 days a t  
10 OC t o  82 days a t  2  OC (Smig ie l sk i  
e t  a l .  1984). 

Larvae 

Larvae a r e  approximately 3  t o  4  
mm i n  l e n g t h  a t  hatching. A f t e r  a  
p l a n k t o n i c  s t a g e  o f  2  t o  3  months 
(Gross le in  and Azarovi  t z  1982). du r i ng  
which they  grow t o  about 35 mm ( S c o t t  
1973a).  t h e y  become semidemersal .  
La rvae  r e a r e d  i n  c a p t i v i t y  a t  7  OC 

e x h i b i t e d  schoo l ing  behav ior  a t  a  s i z e  
o f  35 t o  40 mm 90 days a f t e r  hatching, 
and f i r s t  burrowed i n t o  t h e  sand a t  
133 days a f t e r  a t t a i n i n g  a  s i z e  o f  35 
t o  40 mm (Smig ie l sk i  e t  a l .  1984). 

Larvae a r e  most abundant o f f  t h e  
mouths o f  m a j o r  e s t u a r i e s  b u t  a r e  
common o u t  t o  t h e  e d g e  o f  t h e  
Cont inenta l  She1 f (Norcross e t  a1 . 
1961; Richards and Kendal l  1973). 
Major concent ra t ions  o f  l a r vae  have 
c o n s i s t e n t l y  occur red i n  t h e  Georges 
Bank and t h e  Nantucket Shoals t o  Long 
I s l a n d ,  New York, reg ions  s ince 1976 
(Sherman e t  a l .  1981; Morse 1982). 
N o r c r o s s  e t  a l .  (1961)  f o u n d  t h a t  
l a r v a e  increased i n  s i z e  i n  samples 
t a k e n  a l o n g  n e a r s h o r e  t o  o f f s h o r e  
t ransects ,  suggest ing t h a t  t h e  l a rvae  
may be a b l e  t o  u n d e r t a k e  d i r e c t e d  
m ig ra t i ons  away from t h e  shore. 



R i c h a r d s  (1976) r e p o r t e d  t h e  
occurrence o f  h e t e r o t y p i c  schools o f  
s a n d  l a n c e  a n d  h e r r i n g  ( C l u p e a  
harengus harengus)  post larvae.  The 
u b i q u i t y  o f  t h i s  behavior  i s  unknown. 
H e t e r o t y p i c  s c h o o l i n g  h a s  b e e n  
r e p o r t e d  i n  several  d i ve rse  species 
g roups  ( N u r s a l l  and P i n s e n t  1969; 
Ogden and E r l i c h  1977; F rank  and 
L e g g e t t  1983; A u s t e r  1984).  T h i s  
behavior  i s  be l i eved  t o  be an adapt ive  
response t o  predat ion :  increased 
school s i z e  reduces t h e  p r o b a b i l i t y  o f  
p reda t i on  on any i n d i v i d u a l .  

Sand lance l a rvae  feed d i u r n a l l y .  
The i r  d i e t  c o n s i s t s  o f  phytoplankton, 
i n v e r t e b r a t e  e g g s ,  a n d  c o p e p o d  
n a u p l i i .  As t h e  f i s h  increases i n  
s i z e ,  p h y t o p l a n k t o n  s u c h  a s  
p e r i d i n i a n s  decrease i n  importance and 
copepod naupl i i increase. When 1 arvae 
become about 21 mm long, t h e i r  d i e t  
c o n s i s t s  m o s t l y  o f  a d u l t  copepods 
( C o v i l l  1959). 

Juven i les  and Adu l ts  

J u v e n i l e  and a d u l t  sand lance 
have g e n e r a l l y  been found i n  schools 
du r i ng  t h e  day. Meyer e t  a l .  (1979) 
observed s c h o o l  s i z e s  rang ing  f rom 
abou t  100 t o  t e n s  o f  thousands o f  
f i s h .  We have observed schools o f  
about 20 t o  100 i n d i v i d u a l s  a long t h e  
coast. Th is  observa t ion  i s  c o n s i s t e n t  
w i t h  t h o s e  r e p o r t e d  f o r  Hyperoplos 
lanceo la tus  and A, tobianus o f f  Europe 
by Kuhlmann and K-1967)~ who 
observed school s izes  o f  30 t o  300. 
I n  general, school s i z e  seems t o  be 
smal le r  i n  shoaler  water, i nc reas ing  
as w a t e r  dep th  increases. However, 
schools may occur a t  any depth i n  t h e  
water column (Meyer e t  a l .  1979). 

The shape o f  sand lance schools 
i s  general 1 y compressed v e r t i c a l  1 y and 
lengthwise. I n  shal low water, schools 
tend t o  be more compressed v e r t i c a l l y  
and longer  than i n  deeper water 
(Kuhlmann and Kars t  1967; Meyer e t  a l .  
1979). 

Sand l a n c e  a r e  g e n e r a l l y  found 
over sandy substrates.  Sand i s  used 
as a r e f u g e .  I n d i v i d u a l  f i s h  have 
been observed t o  burrow i n t o  t h e  sand 
and remain e i t h e r  p a r t l y  b u r i e d  ( w i t h  
e i t h e r  a n t e r i o r  o r  p o s t e r i o r  body 
p a r t s  exposed) o r  t o t a l l y  b u r i e d  a f t e r  
emerging h e a d f i r s t  and then backing up 
(Meyer e t  a l .  1979). European sand 
lance species a re  repo r ted  t o  school 
d i u r n a l l y  and seek r e f u g e  i n  sand 
subst ra tes  a t  n igh t .  Schools re form 
a t  dawn (Kuhlmann and Kars t  1967). 

Copepods a r e  t h e  major  p rey  o f  
j u v e n i l e  and a d u l t  sand lance (Reay 
1 9 7 0 ;  S c o t t  1 9 7 3 b ;  M e y e r  e t  
a l .  1979).  The i n c l u s i o n  o f  l e s s  
i m p o r t a n t  p r e y  i t e m s  s u c h  a s  
c r u s t a c e a n  1 arvae ( S c o t t  1973b) and 
chae togna ths  (Meyer e t  a l .  1979) i n  
t h e  sand lance d i e t  p robab ly  r e f l e c t s  
t h e  u t i  1  i z a t i o n  o f  l o c a l l y  abundant 
Prey 

GROWTH CHARACTERISTICS 

Reay (1970) repo r ted  t h a t  1- t o  
3 -yea r -o ld  f i s h  dominate sand lance 
popu la t ions  bu t  i n d i v i d u a l s  can l i v e  
t o  9 years o f  age and grow t o  a t o t a l  
l e n g t h  o f  3 7  cm ( S c o t t  1 9 6 8 ) .  
C o m p a r i s o n  o f  l e n g t h - a t - a g e  d a t a  
sugges ts  t h a t  growth r a t e  increases 
from t h e  New York B i g h t  t o  t h e  Nova 
Sco t i a  banks (Gross le i  n and Azarovi t z  
1982). 

Pel l e g r i n i  (1976) found t h a t  sand 
lance from t h e  Merrimack River ,  
Massachusetts, had a we ight - length  
re1  a t i o n s h i p  descr ibed by t h e  model : 

l o g  W (g) = -2.718 + 3.098 l o g  L (mm) 

T h i s  model agrees w i t h  weight- length 
r e l a t i o n s h i p s  found by S c o t t  (1972) 
f o r  sand l a n c e  on t h e  Newfoundland 
Grand Banks and Emerald Bank. 

G r o w t h  i s  f a s t e s t  d u r i n g  t h e  
f i r s t  y e a r  o f  l i f e  and s lows w i t h  
i nc reas ing  age. The Von B e r t a l a n f f y  
growth model f o r  sand lance from t h e  



Merr imack River,  generated from t h e  s o u t h  t o  n o r t h  ( G r o s s l e i n  and 
Ford-Wal f o r d  re1 a t i onsh ip ,  i s  Azarovi t z  1982). 

T h i s  model i n c l u d e s  both  males and 
females because t h e i r  growth r a t e s  d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  ( P e l l e g r i n i  
1976). 

FISHERY 

The use o f  sand l a n c e  i n  t h e  
U.S., l i m i t e d  t o  occasional use i n  t h e  
b a i  t f i  s h  i n d u s t r y ,  h a s  n o t  been 
e x t e n s i v e .  Annual landings between 
1965 and 1973 ranged from 0 t o  75 
m e t r i c  tons (Gross le in  and Azarov i t z  
1982) .  H i s t o r i c a l l y ,  B i g e l o w  and 
Schroeder  ( 1  953) repor ted t h a t  more 
t h a n  30 m e t r i c  tons  (67,800 pounds) 
were landed i n  1919 and over 9 m e t r i c  
t o n s  (20,000 pounds) i n  1946, from 
t r a p s  i n  Massachuset ts .  N a t i o n a l  
Marine F i she r ies  Serv ice  survey data  
i n d i c a t e  t h a t  t h e  s a n d  l a n c e  
popu la t ion  i n  t h e  northwest A t l a n t i c  
i n c r e a s e d  g r e a t l y  a f t e r  1 9 7 4  
(Grossle in e t  a l .  1980; Sherman e t  a l .  
1981). No p l a n s  now e x i s t  f o r  t h e  
m a n a g e m e n t  o f  s a n d  l a n c e  i n  
U.S. waters o f  t he  northwest A t l a n t i c .  

ECOLOGICAL ROLE 

Sand l a n c e  a r e  a m a j o r  l i n k  
between z o o p l a n k t o n  p r o d u c t i o n  and 
f i s h e s  o f  c o m m e r i c i a l  impor tance.  
They have been found i n  t h e  stomachs 
o f  a w i d e  v a r i e t y  o f  s p e c i e s ,  
i n c l u d i n g  A t l a n t i c  cod, Gadus morhua; 
haddock, Melanogrammus a e g l e f i n u s ;  
s i l v e r  hake, Mer lucc ius  b i l i n e a r i s ;  
w h i t e  h a k e ,  U r o p h y c i s  t e n u i s ;  
y e 1  l o w t a i  1 f l o u n d e r ,  L i m a n d a  
f e r r u q i n e a ;  and l o n g h o r n  s c u l p i n ,  
Myoxocephal us octodecemspi nosus ( S c o t t  
1968.  1973b:  Bowman e t  a l .  1976;  owm man and ~ a n ~ t o n  1978). They are  
a l s o  i m p o r t a n t  p r e y  o f  wha les  and 
porpoi  ses (B ige l  ow and Schroeder 1953; 
O v e r h o l t z  and Nico las  1979; Hain e t  
a l .  1982). The importance o f  sand 
lance as prey o f  cod increases from 

Although no s p e c i f i c  da ta  e x i s t  
on diseases o f  sand lance i n  t h e  North 
A t l a n t i c ,  o t h e r  s t u d i e s  i n  t h e  
l i t e r a t u r e  suggest t h a t  c e r t a i n  t rends 
have been d i s c e r n e d  i n  p o l l u t i o n -  
r e l a t e d  d i s e a s e s .  Sand l a n c e  i n  
coasta l  waters o f  nor theastern  Un i ted  
Sta tes  a r e  associated w i t h  s u r f i c i a l  
s e d i m e n t s  t h r o u g h  t h e i r  b u r r o w i n g  
behavior. I n  f i s h e s  o t h e r  than sand 
l a n c e ,  f i n  n e c r o s i s  h a s  b e e n  
associated w i t h  h i g h  c o l  i f o r m  counts 
i n  c o a s t a l  w a t e r s  (Mahoney e t  
a l .  1973) and w i t h  h i g h  concent ra t ions  
o f  heavy metals i n  sediments (Carmody 
e t  a l .  1973). The frequency o f  s k i n  
tumors  i n  g e o g r a p h i c a l l y  separated 
p o p u l a t i o n s  o f  f l a t f i s h e s  has been 
c o r r e l a t e d  w i t h  environmental r a t h e r  
t h a n  w i t h  genet ic  f a c t o r s  ( S t i c h  e t  
a l .  1 9 7 6 ) .  T h e  r e l a t i o n s h i p s  
d iscerned i n  these s tud ies  may app ly  
t o  sand lance popu la t ions  as we l l .  

ENVIRONMENTAL REQUIREMENTS 

Temperature 

Sand lance occur a long t h e  Nor th  
American c o a s t  f r o m  350N t o  690N. 
Temperatures w i t h i n  t h i s  l a t i t u d i n a l  
range vary  widely.  Dur ing t h e  t ime o f  
egg development, bottom water tempera- 
t u r e s  can be near 0 OC (Richards e t  
a l .  1963; Richards and Kendall  1973). 
Sco t t  (1968) repor ted t h a t  sand lance 
were taken from t h e  Nova Sco t ia  banks 
a t  temperatures rang ing from -2 t o  11 
OC,  b u t  t h e y  w e r e  mos t  abundant  
between 3 and 6 OC. No records o f  an 
upper  t e m p e r a t u r e  l i m i t  have been 
pub1 ished. Reay (1970) repor ted t h a t  
A, tobianus along t h e  south coast  o f  
England i s  a c t i v e  a t  temperatures as 
h i g h  as 18 OC. 

S a l i n i t y  

T o l e r a n c e  o f  f l u c t u a t i o n s  i n  
s a l i n i t y  a p p a r e n t l y  decreases w i t h  
i nc reas ing  age. Sand lance la rvae  



h a v e  been f o u n d  i n  w a t e r s  w i t h  
s a l i n i t i e s  l e s s  than 1.8 p p t  a l though 
o n l y  a  small percentage were taken i n  
samples a t  s a l i n i t i e s  l e s s  than 30 p p t  
(Norcross e t  a l .  1961). Richards e t  
a l .  (1963) repor ted t h a t  sand lance 
j u v e n i l e s  a n d  a d u l t s  o c c u r  i n  
s a l i n i t i e s  rang ing from 26 t o  36 pp t .  

Hab i ta t  

Sand lance occur throughout t h e  
w a t e r  column o v e r  sandy subst ra tes  
i n t o  which they  burrow (Bigelow and 
Schroeder 1953; Reay 1970; Meyer e t  
a l .  1979). The sand lance burrows f o r  
r e s t  and escape from predators;  hence 
much t i m e  may be s p e n t  w i t h i n  t h e  
s u b s t r a t e ,  i s o l a t e d  f rom t h e  water 
co lumn.  R e l a t i v e l y  h i g h  b o t t o m  
c u r r e n t  v e l o c i t i e s  must t h e r e f o r e  be 
p r e s e n t  t o  main ta in  ae ra t i on  o f  t h e  
i n t e r s t i t i a l  water. The i n t e r a c t i o n  
o f  c u r r e n t  v e l o c i t y  w i t h  subs t ra te  
t y p e  i n  keep ing  i n t e r s t i t i a l  water 
oxygenated i s  more c r i t i c a l  i n  

d e f i n i n g  proper h a b i t a t  than i s  t h e  
range  o f  s u b s t r a t e  p a r t i c l e  s i z e s  
(Reay 1970). 

Other Environmental Factors 

European s tud ies  have repor ted on 
t h e  l i g h t - m e d i a t e d  d i e 1  c y c l e  o f  
a c t i v i t y  i n  o t h e r  sand lance species. 
D i r e c t  underwa te r  o b s e r v a t i o n s  b y  
Kuhlmann and Kars t  (1967) showed t h a t  
s a n d  l a n c e  (H. l a n c e o l a t u s  and 
A_. t o b i a n u s )  a r e  d i u r n a l  schoolers, 
r e s t i n g  i n  t h e  sand i n  g roups  a t  
n i g h t .  A t  dawn, schools re- form and 
begin feeding. I n  l a b o r a t o r y  s tud ies  
of & marinus, swimming a c t i v i t y  was 
h i g h  a t  l i g h t  l e v e l s  o f  1000 and 100 
l u x  b u t  was g r e a t l y  reduced a t  l e v e l s  
below 10 l u x  (Winslade 1974). I n  the  
same s tudy ,  i t  was found  t h a t  t h e  
th resho ld  l i g h t  i n t e n s i t y  f o r  swimming 
a c t i v i t y  i n  t h e  f i e l d  w a s  
approximately 100 lux, and t h a t  bu r ied  
sand l a n c e  may be a b l e  t o  d e t e c t  
l i g h t ,  v i a  t h e  p i n e a l  g land ,  t o  
respond t o  changes i n  l i g h t  i n t e n s i t y .  
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Executive Summary 

This report compiles and analyzes information regarding the threat of marine oil 
spills to coastal communities in Massachusetts. The report was developed by 
Nuka Research and Planning Group, LLC under contract to the Massachusetts 
Department of Environmental Protection (MassDEP) under the “Project to 
Identify Priority Coastal Communities for Distribution of Future Oil Spill 
Response Equipment, Training and Geographic Response Plans for the 
Commonwealth of Massachusetts.”1 The content of this report may be used by 
MassDEP to facilitate oil spill prevention and response resource allocation 
decisions.  

This report represents an assessment of threat levels by threat categories in the 
harbors, communities, and regions of coastal Massachusetts. To assess overall 
threat levels and to compare oil spill threats among geographic locations, a 
methodology was developed to estimate threat exposure at the harbor and 
community level to three different categories of threat and ten discrete threat 
factors. Three general categories were used to distinguish threat types – vessel 
movement, resident vessel fleets, and land-based storage. A measure of gallons 
of petroleum exposure (GPE) was calculated for ten different threat factors by 
geographic area. The methodology used to develop the assessment, a 
description of the data sources used, and an analysis and evaluation of the 
results are included in this report. This report aggregates and analyzes various 
measures of oil spill threat exposure, but it is not a quantitative or numeric risk 
assessment.  

The use of GPE to estimate oil spill threat levels is based on the assumption that 
oil spill risks are directly related to the amount of petroleum storage, transfer, 
and utilization activity occurring within a designated geographic area. In most 
cases, the GPE at the local level can be summed to estimate regional threat 
levels. No effort is made to rank the various threat categories relative to each 
other; therefore all types of spill threats are considered to have equal priority.  

This report finds that the largest oil spill threat for all factors combined occurs in 
the Boston Harbor Region, due mainly to the level of petroleum imports. The 
Cape and Islands Region has the second highest threat level largely due to the 
amount of vessel transits in shipping lanes near their coast. The other regions in 
order of decreasing threat levels are: South Coastal, North Shore and South 
Shore. At the harbor level, Boston Harbor, New Bedford Harbor, Sandwich Boat 
Basin and Great Harbor (Woods Hole) ranked among the highest in terms of 
total exposure to oil spill threats. 

Across all harbors and regions, the oil spill threat from vessel movement was 
much higher in terms of gallons of petroleum exposure than any other source. 
This is mostly attributable to the fact that tank vessels moving through shipping 
channels and in and out of harbors (primarily the Port of Boston) represent the 
single largest exposure to oil by quantity. Land-based storage in regulated tanks 
is the second largest total exposure. The third largest threat factor is nontank 

                                                
1 Project #101300. 
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vessel activity. After nontank vessel activity, fishing fleets account for the fourth 
highest exposure threat. After fishing vessels, recreational and charter vessels 
seem to pose the fifth largest overall exposure level. 

This study is presented as an initial assessment of the magnitude of the threat 
of an oil spill in coastal Massachusetts and a methodology for continued 
analysis. One of the goals of this study was to create a basic data set that could 
be used in future risk assessment or risk management planning. The data 
supporting the analysis for each threat category can be revised as additional and 
more detailed sources of information are identified, and additional threat 
categories can be analyzed and added to the model. Additional factors that may 
magnify or reduce spill threats could be considered as part of a more 
comprehensive risk assessment.  

Based on the threat evaluation by harbor, region, and threat factor and the 
conclusions of the companion Response Equipment report, this report 
recommends specific measures that MassDEP may consider in developing future 
oil spill prevention and response planning projects, including: 

• Tailor prevention activities to the highest-exposure locations and activities by 
continuing with targeted prevention measures such as escort tugs in high-
threat areas, ensuring that GRPs are developed for high threat areas, and 
ensuring that sufficient equipment is available to support priority GRP 
deployments. 

• Enhance response capacity and spill preparedness in highest-exposure 
harbors and regions through development of additional tactical plans, 
supplementing oil spill response inventories, developing harbor and regional 
spill response plans, and conducting scenario analyses to better assess 
preparedness in high threat areas. 

• Diversify state-owned equipment stockpiles to enhance overall response 
capability. 

• Identify opportunities for outreach and education to encourage awareness 
of oil spill threats from resident vessel fleets and other smaller magnitude 
threats that may have cumulative impacts. 
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Evaluation of Marine Oil Spill Threat to 
Massachusetts Coastal Communities 
Report to Massachusetts Department of Environmental Protection 

April 2009 

 

1  Introduction 

This report presents the analysis and recommendations developed by Nuka 
Research and Planning Group, LLC under contract to the Massachusetts 
Department of Environmental Protection (MassDEP) under the “Project to 
Identify Priority Coastal Communities for Distribution of Future Oil Spill 
Response Equipment, Training and Geographic Response Plans for the 
Commonwealth of Massachusetts.”2 The content of this report is intended to be 
used by MassDEP to facilitate oil spill prevention and response resource 
allocation decisions. This report presents an estimate of oil spill threat by 
geographic area using a measure of gallons of petroleum exposure (GPE).  

This report discusses the rationale for estimating oil spill threats in order to 
develop comparisons of relative spill threats by geographic area. The 
methodology used to estimate oil spill threat exposure is presented. The report 
also presents a description of the data sources used, and an analysis and 
evaluation of the results. While this report discusses how the GPE threat 
estimate may be analyzed in the context of overall oil spill risk, the report does 
not present a quantitative or numeric risk assessment and the results, which 
estimate comparative oil spill threats, should not be confused with a 
comprehensive risk assessment.  

This report is a companion report to the Inventory and Assessment of Marine 
Oil Spill Response Resources in Massachusetts and New England States report 
(hereafter, Equipment Report). This report discusses the major findings from the 
Equipment Report in the context of this analysis and makes recommendations to 
MassDEP regarding the current state of oil spill threats and response readiness. 
Both reports establish a foundation for further analysis and activity regarding oil 
spill prevention and response. 

1.1 Background  

The three-year plan for implementing the Massachusetts Oil Spill Prevention and 
Response Act and Amendments (June 2009) outlines oil spill prevention and 
response planning efforts to be led by the Massachusetts Department of 
Environmental Protection to implement lessons learned from the 2003 Buzzards 
Bay spill as reflected in the mandates of the 2004 Oil Spill Act and Amendments 
(2008 and 2009).3  

                                                
2 Project #101300. 
3 Chapter 251 of the Acts of 2004: An Act Relative to Oil Spill Prevention and Response in Buzzards Bay and Other 
Harbors and Bays of the Commonwealth. "The Oil Spill Act", including 2008 and 2009 amendments. 
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A major planning task in the implementation plan is to conduct a coastal oil spill 
threat evaluation that will serve as the basis for prioritizing future equipment 
and training deliveries and Geographic Response Plan development. This report 
presents recommendations regarding relative spill threats, and establishes a 
foundation that may be used in the future to develop a more robust risk analysis 
and management program. 

Other programs and activities conducted to date in support of the interim plan to 
improve oil spill preparedness and response capabilities include:  

• The delivery of oil spill response trailers to 68 coastal communities. 

• The development of geographic response plans (GRP) to protect 
environmentally sensitive areas in Buzzards Bay, Cape Cod and the Islands, 
and the North Shore. 

• The execution of oil spill response training field exercises to familiarize local 
first responders with oil spill response equipment, tactics, and GRPs. 

• The compilation of an inventory of oil spill response equipment by town, city 
and region to compare against actual requirements and help determine 
procurement decisions.  

Additional activities in support of the interim Plan will be developed by MassDEP 
through the Bureau of Waste Site Cleanup with the support of the Massachusetts 
Oil Spill Act Advisory Committee (OSAAC).  

1.2 Purpose and Objectives 

An overarching goal of the Oil Spill Act is to develop a statewide oil spill 
response capability. The purpose of this project was to conduct an informal 
evaluation of the marine oil spill threats in the Commonwealth of Massachusetts 
to support future expenditures from the Massachusetts Oil Spill Act Fund for oil 
spill response equipment trailers, geographic response plans, and other efforts.  

The main objective of this report is to develop an assessment of the relative oil 
spill threat levels in the coastal Massachusetts region and report on the analysis 
in a manner that can be used in procurement and operational planning 
decisions.  

A secondary objective of this project is to develop the methodology and analysis 
in such a way that it can be: 

• Scaled to provide additional information for specific threat factors as part of 
future studies;  

• Replicated to assess trends in oil spill threats by town, city, and region; and 

• Utilized as a first step in a larger risk management program. 

1.3 Scope of Work 

The comparison of spill threats by region contained in this report may be used to 
develop or validate intermediate priorities for allocation of spill response 
planning efforts. This report also presents recommendations for additional 
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planning and response activities that might supplement the overall response 
capability within Massachusetts. 

The Oil Spill Threat Analysis has been conducted to present an initial assessment 
of the oil spill threats by geographic location and by relative size of each threat. 
To complete the analysis the following major tasks were undertaken: 

• Identification of those towns and cities in Massachusetts that may be 
considered “coastal” based on the potential threat for an oil spill from any 
source that would require a coastal (on-water or nearshore) oil spill 
response; 

• Identification of harbors within each coastal town that would likely be 
exposed to oil spill threats, thus allowing for analysis and evaluation at the 
harbor level and aggregation of data to the regional level; 

• Identification of the major threat factors and activities that contribute to the 
potential for a marine oil spill to impact a Massachusetts coastal community; 

• A compilation of recent, available data regarding the presence or absence of 
each major threat factor and the size of the threat or activity by geographic 
location (harbor, town, city, or region); 

• Calculation of gallons of petroleum exposure (GPE) for each threat factor at 
different geographic levels in order to develop a comparative analysis of the 
relative threats levels;  

• Consideration of relative threat levels compared to oil spill response 
equipment stockpile levels; and 

• Publication of the final analysis along with recommendation for future 
analysis. 

1.4 Study Approach 

This report identifies potential oil spill threats by geographic region as part of a 
larger effort to identify and mitigate the risk of an oil spill and the consequent 
damage the spill would cause. By focusing on the threats, the report presents 
information that can be used in the initial stages of a comprehensive risk 
management program.  

Risk management can be defined as a logical and systematic method of 
identifying, evaluating and managing the risks associated with any activity, 
function or process in a way that will enable an organization to minimize losses 
and maximize opportunities. Risk management is an iterative process consisting 
of well-defined steps which, taken in sequence, support better decision-making 
by contributing a greater insight into risks and their impacts.  

Risk assessment, which is a subset of risk management, is the process of 
identifying the likelihood of a particular event occurring and its potential 
consequences. Likelihood can be measured in quantitative terms of probability 
based on the historical frequency of similar events. Or it can be measured in 
qualitative terms, such as more and less or high and low, and based on an in 
depth understanding of the system or systems and the possible failure points.  
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The major components of a risk management program are as follows:4 

Establish the context - Establish the strategic, organizational and risk 
management context in which the rest of the process will take place.  

Identify risks - Identify what, why and how things can arise as the basis for 
further analysis. 

Analyze risks - Determine the existing controls and analyze risks in terms of 
consequence and likelihood in the context of those controls.  

Evaluate risks - Compare estimated levels of risk against the pre-established 
criteria. 

Treat risks - Accept and monitor low-priority risks. For other risks, develop and 
implement a specific management plan. 

Monitor and review - Monitor and review the performance of the risk 
management system. 

Communicate and consult - Communicate and consult with internal and 
external stakeholders as appropriate.  

This study focuses on the first two components of risk management: 1) 
Establish the context and 2) Identify risks. The identification of threats is an 
important step in the overall risk assessment process. The study identifies the 
types of oil spill threats that exist and compiles relative measures of threat 
levels by geographic location in order to estimate the comparative level of 
exposure an area has to the threat of an oil spill. 

This study provides MassDEP with a basis from which to conduct further risk 
analysis and evaluation potentially leading to programs which may reduce the 
risk of an oil spill or prepare to mitigate the consequences.  

The study was designed to include input and review from local, state and federal 
agencies with harbor management or oil spill oversight authority. Questionnaires 
and surveys have been sent to stakeholders to determine threat components 
and draft reports and interim data sets have been reviewed by representatives 
of MassDEP, the U.S. Coast Guard (USCG), and the National Oceanic and 
Atmospheric Administration (NOAA) Office of Restoration and Response.  

The final report will be made available to OSAAC for their consideration and 
review. 

1.5 Geographic Scope 

Geographic designations are important to the final analysis and presentation of 
the data collected in this study since response planning efforts and projects are 
to be allocated by community (town or city) and region. In the interest of 
consistency with other statewide ocean and coastal planning and management 
initiatives, this study uses the same regional designations used by the 
Massachusetts Coastal Zone Management (CZM) program.  

                                                
4 Standards Association of Australia, Risk Management AS/NZS 4360 1999, 12 April 1999  
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1.5.1 Municipality and Region 

As shown in Figure 1.1, the state is divided into five regions for the purpose of 
coastal oil spill response planning: North Shore, Boston Harbor, South Shore, 
Cape and Islands, and South Coastal. Three major criteria were applied to 
Massachusetts communities within the coastal regions to determine whether or 
not they would be included in the threat evaluation study: 5  

• Does the municipality have a boundary that reaches the marine coast? If 
yes, the community was included. If no, then question #2 was considered. 

• Does the municipality include a tidal river, estuary, marsh or inlet that flows 
to marine waters without impediment? If yes, then the community was 
included. If no, then question #3 was considered. 

• Based on best professional judgment, are there reasonable scenarios where 
spilled oil from a marine transportation related facility could migrate to the 
tidal rivers within the community? If yes, then the community was included. 
If no, then the community was excluded.  

Based on the above criteria, 71 towns and cities were identified as being at risk 
of being impacted from a marine oil spill and/or being a potential source of a 
marine oil spill. Municipalities that are included in each region are shown on the 
map in Figure 1.1. 

1.5.2 Harbor and Waterbody 

In addition to municipality and region, two other levels of geographic 
information were identified to assist with the analysis. First, a list of individual 
harbors within each community was compiled to allow for analysis of oil spill 
threats by source and quantity. Second, each harbor was listed by the 
waterbody that it is adjacent to so that information can be aggregated by major 
waterbody. 

A geographic location was considered a harbor if it met at least one of the 
following criteria:  

• The location was called a harbor on the NOAA chart for the area. 

• The location provides a refuge from waves and wind and has mooring or 
docking facilities for more than 25 – 50 vessels. 

• The location has a marina or boatyard. 

• The location has a significant amount of commercial maritime activity6.  

The analysis identified 95 harbors in the 71 coastal towns and cities with 14 of 
the 95 harbors shared by more than one municipality. Boston, Everett and 
Chelsea, for example, each have waterfront commerce, but they each abut 
Boston Harbor. Seven towns do not have a harbor - Freetown, Dighton, 

                                                
5 For a more detailed discussion of how coastal towns were identified, see the report to MassDEP entitled “Rationale 
for Identifying Massachusetts Communities for Inclusion in Coastal Oil Spill Threat Evaluation,” June 2008. 
http://www.mass.gov/dep/cleanup/ctrec.pdf. 
6 For purposes of this study; A “port” is defined as a location on a waterway that has facilities for loading or 
unloading cargo from ships or barges. 
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Acushnet, Berkeley, and Peabody abut rivers above identifiable harbors, and 
Swampscott and West Tisbury are coastal towns that do not have an identified 
harbor. Falmouth has fourteen harbors and abuts two waterbodies. The 
remaining towns have between one and six harbors.  

To assist with future analysis of oil spill threats, the waterbody that each harbor 
is adjacent to was added as an additional geographic identifier. Aggregation of 
the oil spill threat data by waterbody may be valuable in future studies to assess 
the effect of very large spills across regions. For example, the Cape and Islands 
region is adjacent to five different waterbodies (Cape Cod Bay, Atlantic Ocean, 
Nantucket Sound, Vineyard Sound, and Buzzards Bay) and shares two of the 
waterbodies with other regions. For a large spill in Cape Cod Bay, the response 
would likely involve resources from the Cape and Islands and the South Shore 
regions. For a spill in Buzzards Bay, the response will likely involve resources 
from the Cape and Islands and the South Coast regions. 

Figures 1.2.1 through 1.2.5 contains five maps showing the harbor locations by 
region. The 95 harbors are numbered in the map and the accompanying index, 
beginning in the North Shore region and then working south through Boston 
Harbor and the South Shore, then clockwise around the Cape and Islands and 
counterclockwise around Buzzards Bay and Mount Hope Bay in the South 
Coastal Region. Appendix A provides the list of Massachusetts harbors by region, 
municipality, and waterbody. 
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Figure 1.1 Map of Coastal Regions and Municipalities Included in this Study 
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Figure 1.2.1 Harbors located in the North Shore Region 

 



 Nuka Research and Planning Group, LLC 
 

Massachusetts Coastal Oil Spill Threat Analysis  Page 13 of 102 
December 09  

Figure 1.2.2 Harbors Located in the Boston Harbor Region 
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Figure 1.2.3 Harbors Located in the South Shore Region 
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Figure 1.2.4 Harbors Located in the Cape and Islands Region 
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Figure 1.2.5 Harbors Located in the South Coastal Region 
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2  Threat Categories  

This study evaluates relative oil spill threat levels using a measure of total 
gallons of petroleum product that a harbor, town, city or region could be 
exposed to on an annual basis. The resulting measurement of Gallons of 
Petroleum Exposure (GPE) then allows for comparative assessment of marine oil 
spill threats within and among Massachusetts harbors, towns, cities, and 
regions.  

This study considers the oil spill threats to coastal communities from both 
marine and land-based sources. Three categories of oil spill threats were 
analyzed. The first category includes indicators of large vessel movements in the 
major ports of the state and along shipping routes. The analysis focused on 
petroleum deliveries in tank vessels and on the movement of large vessels that 
use petroleum as fuel. The second category of threat factors includes residential 
vessel fleets that are moored or docked in a harbor. These indicators were 
analyzed for their total fleet size and average vessel size to determine estimates 
on the total amount of fuel carried. The third category accounts for land-based 
bulk fuel storage and non-EPA regulated fuel tanks to provide a total number of 
gallons of exposure from these sources. The threat factors identified through 
this study are not exhaustive, but reflect those factors for which sufficient data 
was available to make a reasonable assessment. 

One threat category not considered in this study is the history of oil spills by 
location. An initial review of local oil spill records indicated that the accuracy of 
the data was not sufficient to draw meaningful conclusions. Data sets reviewed 
included MassDEP records, USCG records, and a survey sent to local fire chiefs. 
Problems with data quality and consistency were noted both within and across 
databases. A more expansive review of these and possibly other data sets may 
be useful for future studies of probability and/or frequency of oil spills. Historical 
studies of oil spills by location and threat type combined with an analysis of oil 
spill prevention methods and an ongoing accurate tracking of oil spills could 
become part of a more comprehensive risk management program as discussed 
in Section 1.4.  

Another potential area of study that is not addressed by this report is a 
location’s vulnerability to oil impacts. The NOAA Office of Response and 
Restoration has classified shoreline types from least vulnerable to most 
vulnerable and inventoried the natural resources found along the shorelines of 
Massachusetts. A vulnerability analysis of the NOAA data combined with the 
threat analysis would provide another layer of information that could be used to 
better understand overall risks by community and/or region. 

Mitigating measures are also not accounted for in this study. Every gallon of oil 
present in a location is considered to have an equivalent likelihood for being 
spilled. This is a somewhat artificial assumption, since there are a wide range of 
spill prevention and mitigation measures in place for vessels and shoreside 
facilities that can impact the likelihood of a spill from one source as compared to 
another. A broader risk management program would also factor in such 
preventative measures and account for the corresponding potential reduction of 
spill threat or magnitude. 
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2.1 Vessel Movements 

Vessel movements into and out of major ports and along traffic routes can 
impact the threat of coastal oil spills in a number of ways. A port with a large 
number of vessel calls may have a higher relative threat of spills than a less 
active harbor. Vessel traffic patterns in shipping lanes or ship channels may 
contribute to oil spill threats due to navigational challenges, congestion areas, or 
other factors. The size and type of vessels that call on a port and the quantity of 
petroleum they carry as either cargo or fuel (bunker) may also contribute to oil 
spill threats. An oil spill in Alaska from the vessel Selendang Ayu and a spill in 
San Francisco Bay, CA from the vessel Cosco Busan are both examples of fuel oil 
(bunker) spills.  

The individual threat factors for vessel activities that were considered in this 
study are: 

• Oil tank vessel or tank barge activity in ports  
• Large nontank vessel activity in ports (freight, passenger, or other vessels – 

over 300 gross tons) 
• Oil tank vessel and large nontank vessel transits in major shipping lanes. 

Data on vessel activity in Massachusetts harbors was gathered from several 
sources, including port entry data, vessel movement information, and surveys 
with professional mariners and harbor managers in the communities and region. 

In aggregating the data from the harbor level up to the regional level, 
information regarding tank vessel or tank barge activity and large nontank 
vessel activity within each harbor has been added together to create the 
regional GPE measure. 

However, quantities of GPE calculated as a result of vessel transits are recorded 
only once per vessel route and then applied without aggregation to each level of 
analysis. Each gallon of petroleum cargo or fuel in tanks that transits by a 
harbor adjacent to the vessel routes presents only a single threat of being 
spilled. Therefore, the same threat level is experienced whether the analysis is 
by harbor or by region. To aggregate these numbers from the harbor level up to 
the regional level would overstate the exposure.  

2.2 Residential Vessel Fleets 

For many harbors in Massachusetts the most likely threat of an oil spill comes 
from the thousands of recreational and charter vessels, fishing vessels, and 
commercial vessels that operate within the harbor and utilize it for moorage and 
dockage. These vessels typically range in size from 18 ft to 65 ft; however a few 
harbors have recreational and commercial vessels that exceed 100 ft in length. 
Oil spills from these sources occur during fuel transfer operations, bilge 
pumping, as a result of a collision or grounding, and as a result of accidental or 
illegal discharges of fuel, lube oil, or hydraulic oil. 

To estimate the magnitude of the threat factors from residential vessel fleets, 
the following data was collected for this study:  
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• Recreational and charter vessel range of lengths and average size along with 
the total number of recreational and charter vessel moorings and slips in the 
harbor.  

• Commercial fishing vessel range of length, average size, and type of vessel. 
• Ferryboat lengths and type. 
• Information on other large vessels moored and operated in the harbor (i.e. 

tugboats, whale watching boats, research vessels, and training ships). 
• Information on shipyards within a harbor that service large vessels. 

For this study, information on moorings and slips was used to estimate the size 
of the recreational and charter vessel fleet rather than use USCG, state or local 
registries of vessels. While a detailed analysis of these registries may provide an 
accurate assessment of the actual vessel fleet size; utilizing mooring and slip 
counts as an indicator of fleet size allows for an efficient method of information 
gathering, a high level of accuracy and a consistent measure across different 
harbors. The assumption made for the study is that all moorings and slips are 
utilized during the summer season. Thus the total size of the fleet in any given 
harbor will include vessels that are registered to the harbor as well as transient 
vessels that utilize the harbor for less than a full season. This assumption then 
works well for harbors such as Cuttyhunk Harbor in the town of Gosnold, where 
nearly all moorings are occupied during the summer months by transient 
vessels, yet there are very few vessels registered with Cuttyhunk as a 
homeport.  

Data collected on these threat factors came from surveys to harbormasters, 
web-based research on commercial vessel activity and phone conversations with 
industry personnel, mariners, and harbor managers. 

2.3 Land-Based Bulk Fuel Storage  

Coastal communities in close proximity to land-based bulk fuel storage have an 
increased threat of being impacted by a spill. Bulk fuel storage facilities 
considered for this study include EPA regulated facilities with storage tanks over 
10,000 gallons (per the Oil Pollution Act of 1990 requirements for Facility 
Response Plans) as well as smaller bulk fuel storage tanks at harbors and 
marinas (typically between1,000 gallons and 4,000 gallons). 

The individual threat factors for land-based bulk fuel transportation and storage 
that were considered in this study are: 

• EPA Regulated facility with potential to discharge to tidal waters 
• Locally regulated bulk fuel storage at harbor or marina (any product) 

Information about spill threats from fuel storage was compiled from several 
sources. The Environmental Protection Agency (EPA) provided a list of all 
regulated facilities in Massachusetts (those required to file Facility Response 
Plans with the EPA, which generally have at least 42,000 gallons of total 
aboveground storage).7 Information on smaller bulk fuel storage at harbors and 

                                                
7 United States, U.S. Code of Federal Regulations, 40 CFR 112. 
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marinas (1,000 gallons total or more) was gathered through surveys municipal 
fire chiefs and harbor masters. 

Spills during transfers or vessel refueling are considered the primary oil spill 
threat from these sources, although it is possible that oil could also be spilled 
through primary leaks from the tanks themselves or catastrophic tank failures. 
The GPE from these sources are therefore used as in indicator of the relative 
level of oil spill threat in any given harbor and can be aggregated together to 
calculate regional threat indicators.  

The evaluation of fuel storage does not distinguish between the types of 
petroleum product stored; however, it is important to acknowledge that a 
gasoline spill would pose a much different response scenario than a home 
heating oil or marine diesel fuel spill. Therefore, as this threat factor is evaluated 
for the purpose of future planning decisions, it may be salient to consider the 
type of petroleum storage and tailor prevention and response planning 
strategies accordingly. 



 Nuka Research and Planning Group, LLC 
 

Massachusetts Coastal Oil Spill Threat Analysis  Page 21 of 102 
December 09  

3  Data Sources, Assumptions and Methods 

Section 3.1 describes data sets used to estimate the threat factors discussed in 
Section 2 and identifies limits and constraints encountered in their compilation. 
One of the objectives of the study was to conduct the analysis using readily 
available data sources, and the information collected does provide reasonable 
indications of the type, location and quantity of oil spill threats along coastal 
Massachusetts. However, to assist future studies, each data set description also 
discusses some of the constraints encountered while collecting and analyzing the 
information. These lessons can be applied to future efforts to compile data for 
analysis of trends, causes, and potential mitigation programs. Section 3.2 
discusses several sets of data that were reviewed but not used in this study. 

The assumptions used to guide the data collection process are presented in 
Section 3.3. These assumptions may or may not apply to future studies; 
however, a review of the criteria presented will be useful to future efforts to 
either replicate or expand on this study. 

To assess the level of oil spill threat in the coastal areas of Massachusetts, this 
study converts the collected data into a measurement of gallons of petroleum 
exposure (GPE). The underlying assumption of the method is that the level of 
threat for an oil spill is directly related to the amount of petroleum in the area. 
In converting the data to the GPE measure and aggregating the amounts to 
assess municipal and regional threat levels, it is important to understand that 
the threat categories have different temporal scales and thus the aggregated 
numbers provide an indication of the threat level rather than a quantitative 
measurement of risk.  

All GPE estimates are limited by the strength of the data that underlie their 
calculation, and for this reason data sources are described in this section and 
their strengths and limitations identified. 

The Vessel Movement threat factors capture the quantity of oil that is in transit 
(both as cargo and as vessel fuel) through the ports and shipping lanes, and the 
petroleum cargo that is in transition as it is being discharged to shoreside 
storage tanks. Data gathered for this category are presented as annual numbers 
and represent the total threat factor for the area over the time span of one year. 

For the other two categories, Residential Vessel Fleets and Land-based Bulk Fuel 
Storage, the GPE measure is a static measure of how much petroleum can be 
expected to be in a location on any given day based on total storage capacity. 
This measure then represents the potential of an oil spill based on the number of 
point sources in the area and the maximum quantity that each source may 
contain.  

To assess the total threat factor to various geographic locations, this study 
aggregates the quantities from all three categories and presents them as an 
indication of oil spill threat for the municipality or region. This method allows for 
a valid comparison across areas and thus meets the objectives of the study. 
Other approaches that could be used in additional analysis could include 
calculating an average daily vessel activity GPE and using that as the component 
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of overall threat or identifying the maximum static or transit/transitional GPE 
and assessing threat on a worst case scenario basis.  

3.1 Data Sources 

Table 3.1 identifies the sources used to compile information for the study and 
indicates the threat factors that were associated with each data set. Some of 
these sources provided necessary background information and others provided 
specific values directly entered into the GPE calculation.  

Table 3.1 Threat Factors and Data Sources 
Threat Category Threat Factor Data Sources 
Vessel Movement 

Tank Vessel Port Visits  

Army Corp of Engineers - Waterborne Commerce Reports  
USCG - Port of Entry Reports 

Nontank Vessel Activity 
Army Corp of Engineers - Waterborne Commerce Reports  
USCG - Port of Entry Reports 

Tank and Nontank Vessel Transits 
USCG - Port of Entry Reports 
Army Corp of Engineers - Cape Cod Canal traffic data 

 

 

NOAA navigational charts 
Vessel Resident Fleets 

Recreational and Charter  
Harbormaster Surveys 
Massachusetts Harbormaster Association Web-site 

 

Interviews with Coastal Zone Managers 
Fishing Vessels 
 Harbormaster Surveys 
Ferryboats 

Harbormaster Surveys  

Follow-up research on websites and with phone calls 
Other Large Vessels 

Harbormaster Surveys  
Follow-up research on websites and with phone calls 

Shipyards 
Harbormaster Surveys 

 

 
Follow-up research on websites and with phone calls 

Land-based Storage 
EPA Regulated Storage Tanks 
 EPA Schedule of facilities with Facility Response Plans 
Locally (Non-EPA) Regulated Storage Tanks  

 

 Harbormaster and Fire Chief Surveys 
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3.1.2 USCG Port Call Data 

The USCG port call data was reviewed to identify the type, size, cargo and fuel 
capacity of vessels arriving at Massachusetts commercial ports. Vessels over 300 
gross tons (GT) arriving at U.S. ports are required to submit an arrival notice to 
the U.S. Coast Guard. In Massachusetts, these arrival notices are collected and 
compiled by two different units – Sector Boston and Sector Southeastern New 
England (SENE). Sector Boston compiles port call records for Boston Harbor and 
the North Shore. Sector SENE compiles port call records for commercial ports in 
Buzzards Bay, Mt. Hope Bay and the Cape and Islands. 

Sector Boston provided data on port calls for 2006 through 2008 for the Port of 
Boston. Sector SENE provided data on port calls for 2002, 2003, and 2006. 
Since data sets are for different years and each data set only shows three years 
worth of information, they should be considered as snapshots of “typical” vessel 
traffic. They were used to compile data regarding the gross size and type of 
cargo for vessels calling at major ports in Massachusetts.  

For the GPE analysis, the vessel information from 2006 was used since this was 
the one year that overlapped for both data sets. 

3.1.3 Army Corps of Engineers Waterborne Commerce Reports 

The Army Corps of Engineers (ACOE) Waterborne Commerce Reports were 
reviewed to identify the type, size, cargo, and fuel capacity of vessels traveling 
through Massachusetts waterways monitored by the Army Corps. The ACOE 
Navigational Data Center publishes annual reports summarizing waterborne 
commerce traffic through U.S. waterways. The Atlantic Coast report includes 
data for the following Massachusetts harbors: Port of Boston (including Chelsea, 
and Everett), Fore River, New Bedford Harbor, and the Port of Fall River. The 
reports summarize the total short tonnage of vessels transporting various 
cargoes through these waterways. The reports also contain information 
comparing current-year data to previous years. Data reports were available from 
2002, 2003, 2005, and 2006. The 2006 report was used in this analysis to 
identify the volume of petroleum delivered to Massachusetts ports. 

The ACOE Waterborne Commerce Reports also contains information on vessel 
trips by draft within each reporting port. This information was found to be 
unusable do to the lack of detail provided. A vessel trip is recorded for each 
movement of a commercial vessel within a port including tank vessels, freight 
vessels, transfers of barges from one dock to another and all ferry transits. 
However, the report only provides the total number of trips by draft of vessel, 
not by type of vessel. In analyzing the traffic from each port, the busiest port in 
Massachusetts would appear to be Edgartown, MA at 143,058 vessel transits in 
2006. For comparison, the port of Boston had 88,801 vessel transits. 
Conversations with the ACOE staff in New Orleans, LA revealed that the high 
number of trips was due to the Edgartown ferry operation. A follow-up call to 
the Edgartown Harbormaster indicated that the ferry service between Edgartown 
and Chappaquiddick Island runs two vessels every 6 minutes during the summer 
season. Two trips every six minutes for 12 hours a day for 90 days would equal 
129,600 trips, or close to the recorded amount for the harbor. If this level of 
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detail could be supplied for all ports in Massachusetts by the ACOE, then the 
information would prove valuable for future risk studies. At the current level of 
detail however, the raw data could lead to incorrect conclusions regarding the 
true level of port activity. 

3.1.4 Army Corps of Engineers Cape Cod Canal Transit Data 

The ACOE is responsible for operating the Cape Cod Canal and maintains 
detailed records of all vessel transits. Data was reviewed for the calendar years 
2006 and 2007. Data collected by the ACOE includes the vessel name, vessel 
type, vessel tonnage, date of transit, and cargo carried. This information was 
then analyzed to estimate the number and size of tank vessels and nontank 
vessels transiting the canal and Buzzards Bay. Values from the 2006 Cape Cod 
Canal data set were used in the GPE model for the vessel transit threat 
indicator. 

This data proved to be the most useful for analyzing vessel activity. Detailed 
information at the individual recorded transit level allowed the data to be 
categorized to fit the needs of this study much better than the summarized data 
provided in the ACOE Waterborne Commerce Reports. For a risk management 
program, this level of detail would be preferable for all commercial traffic. 

3.1.5 NOAA Navigational Charts for the Massachusetts Coastlines  

NOAA navigational charts for the Massachusetts coastline, numbered 13226 
through 13282, were analyzed to determine those towns and cities that were 
within twelve nautical miles of a major shipping channel. Four shipping channels 
were identified: the Mount Hope Bay Channel depicted on NOAA chart 13266, 
the Buzzards Bay Vessel Traffic Lane depicted on NOAA chart 13230, the Cape 
Cod Traffic Separation Scheme depicted on NOAA chart 13246, and the Boston 
Harbor Traffic Separation Scheme depicted on NOAA chart 13267. Using 
estimates of the volume of ship traffic through those traffic lanes and estimates 
of the amount of product and/or fuel carried on nontank vessels, the GPE 
quantity was established.  

Actual vessel transit movement measurements in these lanes were not available 
for this study. For future studies, vessel monitoring information such as 
Automatic Information System (AIS) data could be compiled to get a more 
accurate assessment of the actual traffic in these lanes. 

3.1.6 Survey of Massachusetts Harbormasters and Fire Chiefs 

Information was collected through written and oral surveys of fire chiefs and 
harbormasters for several purposes: (1) to identify smaller, local threat factors; 
(2) to compile information on vessel fleet size; (3) to query local stakeholders 
regarding their perception of “high threat” areas and activities; and (4) as an 
outreach tool to inform local communities that this project was underway.  

Appendix B contains a copy of the fire chief survey, which was distributed during 
summer 2008. The survey was sent to the fire chiefs in all 71 coastal 
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communities and the response rate was approximately 40%.8 Table 3.2 
summarizes the response record for the fire chief surveys. 

Appendix C contains a copy of the harbormaster survey. This survey was 
distributed to 39 of the 71 coastal cities and towns based on an initial review of 
the number of threat factors that the harbor was likely exposed to. A second 
criterion for receiving the survey was an identifiable harbormaster to complete 
the survey. Follow-up phone interviews were conducted to encourage survey 
completion and explain the purpose of the project. The response rate for the 
harbormaster surveys was 29 of 39, or approximately 75%. Table 3.3 
summarizes the response record for the harbormaster surveys. Additional 
surveys could be conducted as part of a follow-up study. 

Table 3.2 Summary of Fire Chief Survey Responses 
Town/ 
Survey  

Returned 

Town/ 
Survey  

Returned 

Town/ 
Survey  

Returned  

Town/ 
Survey  

Returned 
Barnstable Yes Mashpee Yes Gloucester  No Quincy  No 
Beverly Yes Mattapoisett  Yes Gosnold  No Revere  No 
Bourne  Yes Nahant Yes Harwich  No Rockport  No 
Braintree  Yes Salem  Yes Hingham  No Salisbury No 
Brewster  Yes Sandwich Yes Hull  No Saugus  No 
Chatham Yes Wellfleet Yes Kingston  No Scituate  No 
Chelsea  Yes Westport  Yes Lynn  No Somerset  No 
Danvers  Yes Yarmouth Yes Marblehead No Swampscott  No 
Dartmouth  Yes Acushnet  No Marshfield No Swansea  No 
Duxbury  Yes Aquinnah  No Nantucket  No Tisbury  No 
Eastham  Yes Berkley No New Bedford  No Truro  No 
Edgartown  Yes Boston No Newbury  No Wareham  No 
Essex  Yes Chilmark  No Newburyport  No West Tisbury No 
Everett  Yes Cohasset  No Oak Bluffs  No Weymouth  No 
Fairhaven Yes Dennis  No Orleans  No Winthrop No 
Ipswich Yes Dighton No Peabody  No   
Manchester Yes Fall River  No Plymouth  No   
Marion Yes Falmouth No Provincetown  No   

 

                                                
8 Responses were voluntary and were beyond the scope of the fire chiefs’ regular responsibilities. 
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Table 3.3 Summary of Harbormaster Survey Responses 
Town/ 
Survey  

Returned 

Town/ 
Survey  

Returned 

Town/ 
Survey  

Returned 

Town/ 
Survey  

Returned 

Barnstable Yes Gosnold Yes Provincetown Yes Hingham No 
Beverly Yes Hull Yes Rockport Yes Lynn No 
Boston Yes Marblehead Yes Salem Yes Manchester No 
Bourne Yes Marion Yes Sandwich  Yes Nahant No 
Chilmark Yes Marshfield Yes Scituate Yes Newburyport No 
Dartmouth Yes Mattapoisett Yes Tisbury Yes Oak Bluffs No 
Edgartown Yes Nantucket Yes Wareham Yes Quincy No 
Fairhaven Yes New Bedford Yes Wellfleet Yes Weymouth No 
Falmouth Yes Orleans Yes Westport Yes Winthrop No 
Gloucester Yes Plymouth Yes Chatham No   

3.1.7 Ferry Operator Websites and Route Maps 

A list of ferryboat operators was compiled based on the information contained in 
the harbormaster surveys and follow-up investigations were conducted using the 
operator’s websites and individual phone calls. The Massachusetts Steamship 
Authority provided copies of their route maps. The quantity of fuel carried by the 
ferry vessels was estimated based on conversations with industry professionals. 
These amounts were added to each home port’s GPE measurements for vessel 
fleets. 

3.1.8 Boston and Buzzards Bay PAWSA reports 

Reports generated through the Ports and Waterways Safety Assessment 
(PAWSA) workshops were reviewed for information about specific threats 
associated with vessel traffic in certain high-traffic areas of the state. PAWSAs 
are held periodically by the U.S. Coast Guard to collect information from 
waterway users and other experts regarding navigational safety threats in major 
U.S. waterways. Within Massachusetts, PAWSA workshops have been held for 
two areas: Boston Harbor and Buzzards Bay. The most recent workshop reports 
from each PAWSA (June 2000 for Boston and September 2003 for Buzzards Bay) 
were reviewed for information pertaining to navigational hazards and vessel 
casualty threats. The results of this review were used to determine the initial 
assessment of exposure to oil spill threat factors by town or city. 

3.1.9 Information from Massachusetts CZM Regional Coordinators 

The Regional Coordinators from the Massachusetts Coastal Zone Management 
(CZM) Program were surveyed informally regarding the activity levels in their 
local harbors and their perceptions of which coastal communities were at the 
highest threat of an oil spill. The Regional Coordinators (North Shore, Boston 
Harbor, South Shore, Cape and Islands, South Coastal) manage and implement 
a number of local planning projects, including reviewing Harbor Management 
Plans, overseeing pollution prevention initiatives, and working with local 
harbormasters to improve harbor safety and environmental protection. 
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Therefore, they have an “expert” understanding of many of the factors that 
might contribute to the threat of a spill at each harbor within their jurisdiction. 

The Regional Coordinators were asked to answer two questions: (1) identify all 
“active” harbors within the region (meaning harbors with some level of 
municipal harbor facilities and services); and (2) indicate which harbors within 
the region you would consider to be at highest threat for a marine oil spill, and 
explain as necessary. 

This information was considered among other subjective input from local, state, 
and federal agencies and stakeholders regarding relative threats within regions 
and statewide and used in the initial assessment of oil spill threat factors by city 
or town. 

3.1.10 EPA Facility Response Plan Database 

The EPA Facility Response Plan (FRP) database was queried to show all facilities 
with FRPs on file in Massachusetts. The resulting data set was used to identify 
which cities and towns have one or more EPA regulated bulk fuel facilities in 
operation. While the presence of one of these larger storage facilities increases 
the threat of a major oil spill, the fact that these facilities are required to have 
planning and resources in place to respond to such a spill is an example of a 
mitigating measure that is not considered in this study.  

The size of each tank farm was determine or estimated based on one of three 
methods: 1) information contained in the harbormaster or fire chief surveys, 2) 
direct communication with tank farm operator, or 3) estimate of fuel tank 
capacity based on analysis of aerial photos of the tank farms and an average 
size per tank based on the previous information. The EPA was approached to 
provide the actual quantities per tank farm, however, the data was not provided. 
Future risk management programs would benefit from a detailed report of the 
quantities held at each facility. 

3.2 Data Reviewed but Not Included in this Analysis 

Three sources of data that were reviewed and initially considered likely 
contributors to this threat analysis are 1) oil spill history data sets, 2) 
Massachusetts Department of Revenue data base for petroleum imports to the 
State, and 3) vessel traffic information from vessel Automatic Identification 
Systems (AIS). Although these data sets were not used in this study, a quick 
summary of the analysis that was completed may help future risk management 
projects. 

3.2.1 Historical Oil Spill Records 

Historical oil spills were reviewed from three sources: the USCG Sector Boston 
spills database, the MassDEP Emergency Response historical oil spills database, 
and as part of the surveys sent to the fire chiefs. Measurement of historical oil 
spills by location, size, type, cause and impact would allow future risk 
management and oil spill reduction programs to calculate the probability of an 
oil spill by threat category and allow for assigning resources by threat type and 
location to reduce the likelihood of future spills. Over time, trends could be 
analyzed to determine which programs are effective and which could be 
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improved. However, at present, the information reviewed in the two data sets 
and from the interviews was not recorded in sufficient detail to develop a 
reliable estimate of oil spill threat level based on historical occurrences. Future 
projects conducted by MassDEP could address this gap by establishing new 
guidelines and requirements for oil spill data compilation that provides the 
necessary level of information to analyze the data for location, frequency, type, 
cause, and other factors that could then be used to develop oil spill reduction 
programs. Other efforts to coordinate state and federal data bases would be 
useful for tracking oil spills in different jurisdictions.  

3.2.2 Massachusetts Department of Revenue Petroleum Import Data 

The Massachusetts Department of Revenue (MassDOR) collects a $.02 per barrel 
fee on all petroleum products imported into the state’s ports and harbors in tank 
vessels. Nuka Research obtained and analyzed copies of MassDOR’s 2007 
monthly “Uniform Oil Response and Prevention Fee Report” which provided 
petroleum import information by customer, type of petroleum and quantity. 
However, because the information was provided by customer and not by port, 
and some customers have operations in more than one port, the information 
could not used in this analysis. Additionally, the total gallons reported by the 
ACOE for 2006 of petroleum commerce was approximately 4.5 billion gallons 
while the MassDOR quantity for imported petroleum gallons in 2007 was 3.9 
billion gallons. This difference in total amounts may be due to the conversion 
factor used to convert the ACOE data from short tons to gallons, a difference in 
oil imports during 2007 versus 2006, and/or the fact that ACOE data includes 
transfers of product between Massachusetts terminals, while the MassDOR data 
includes only imports. The ACOE data also accounts for vessels that transit 
through the Cape Cod Canal en route from one out-of-state port to another. 

For future risk management studies, additional information may be mined from 
the MassDOR data and should be considered a possible source of detailed 
information. 

3.2.3 Vessel Traffic Monitoring Data 

In estimating vessel traffic, Nuka Research relied on vessel arrival information 
provided by the USCG NOA data and the ACOE Waterborne Transit and Cape 
Cod Canal data. In total, these data sets provide an overview of vessel traffic for 
the region. To improve the accuracy of the information by vessel type, size, 
route and frequency, efforts should be made to procure Automated Information 
System (AIS) data for detailed analysis. This information is available through 
private database queries; however the fees associated with accessing the 
information were prohibitive for this study. 

Information that has already been aggregated, such as the port of Boston arrival 
information, does not answer questions such as days in port by vessel, average 
size of vessels, seasonality trends, or accurate tracking of vessel routes. 
Answers to these questions and others would be valuable to any risk 
management program and can be developed through analysis of AIS data. The 
data is available through purchase from the private sector. Future MassDEP 
projects could be designed to include the acquisition of the data and design the 
tracking programs necessary to support a risk management program.  
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3.3 Assumptions 

A number of assumptions were made during the process of gathering and 
compiling data for each of the threat categories. Assumptions applied to the 
data collection, analysis and interpretation are listed in no particular order.  

• The threat categories address only those activities that increase the threat of 
an oil spill that may impact the Massachusetts coastline. Threat mitigation 
and oil spill prevention measures, as they relate to a specific threat category, 
are not considered. (e.g. single and double-hulled tank vessels are 
considered to pose equal threats, despite the fact that most studies show 
that double-hulled vessels have a lower probability of spilling oil than single-
hulled vessels do).  

• This study assumes that every gallon of oil present in any given location at 
any given time has an equal opportunity of being spilled.  

• The data does not distinguish between type of petroleum product (gasoline, 
diesel, heavy fuel oils), although some of the discussion points later in the 
report do address this issue as it relates to spill response readiness and 
cleanup equipment. 

• This study does not take into consideration vulnerabilities to oil spill impacts. 
Therefore, the potential for shoreline oiling at any given location is weighted 
equally, despite the fact that certain stretches of shoreline may be much 
more vulnerable to oil spill impacts than others.  

• This study does not consider spill threats that were determined to be 
pervasive throughout most or all of the state. Therefore, the study does not 
attempt to compile the threat of spills from home heating oil tanks 
(regardless of size), bulk oil storage tanks that hold less than 1,000 gallons, 
or tank vessel trucks.  

• This study does not consider the role of environmental and oceanographic 
conditions such as wind, tides, currents, and sea state in oil spill threats. It is 
assumed that all coastal communities and water bodies have an equivalent 
potential for adverse weather or environmental conditions that could 
contribute to oil spill threats. 

• This study does not consider seasonal variations in threat factors.  

Assumptions related to how data was compiled, weighted, and used to 
determine oil spill planning priorities are discussed in Sections 4, 5, and 6. 
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4 Oil Spill Threats at Harbor and Municipal Levels 

This threat analysis was conducted in two parts. First, all Massachusetts coastal 
harbors were evaluated for the presence or absence of oil spill threat factors. 
Harbors that were identified as having two or more threat factors present 
underwent a second level of analysis, while harbors where less than two threat 
factors were present were not examined further. For the second part of this 
analysis, information was gathered on the “high threat” (two or more factors 
present) harbors to develop a relative measure of the size of each threat based 
on the estimated amount of petroleum in each category. This section of the 
report details the analysis conducted in each of these two phases. Section 5 
presents regional aggregation of this data. 

4.1 Initial Assessment of Threat Factors by Harbor 

The initial assessment of exposure to the identified threat factors by harbor used 
all of the data sources identified in Table 3.1, with the exception of the 
harbormaster surveys. The initial assessment only assessed whether the threat 
was present or not, and did not consider the size or quantity of the threat.  

Data analysis for the initial assessment did not include data from the 
harbormaster surveys because it had not been fully compiled at that point. 
Because of this, the locally (non-EPA) regulated oil storage tank threat factor 
was not included in the initial assessment. Similarly, for the initial assessment, 
information on vessel fleet size by harbor was estimated based on a review of 
the available data and using firsthand knowledge. Fleet size information was 
updated in the second phase of the study after receipt of the harbormaster 
surveys. Therefore, the threat factors used in the initial assessment for the 
presence of an oil spill threat factor were: 

Vessel Movements 

• Oil tank vessel or tank barge activity in ports  
• Large nontank vessel activity in ports (freight, passenger, or other vessels – 

over 300GT) 
• Oil tank vessel and large nontank vessel activity in major shipping lanes. 

Resident Vessel Fleets 

• Recreational and charter vessel fleet estimated at greater than 500 vessels 
• Commercial fishing vessel fleet estimated at greater than 10 vessels 
• Initial indication of ferryboat service from the harbor  
• Initial indication of large vessels moored and operating in the harbor (i.e. 

tugboats, small fuel barges, whale watching boats, research vessels, and 
training ships) 

• Initial indication of shipyards within a harbor that service large vessels 

Land-Based Storage Facilities 

• Regulated facility identified by the EPA with potential to discharge to tidal 
waters 
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Based on the initial analysis, 45 of the 71 coastal communities were determined 
to have harbors that are exposed to two or more threat factors. At the harbor 
level, of the 95 harbors identified, 60 were found to have exposure to two or 
more threat categories. Table 4.1 contains the entire list of harbors along with 
their identified threat factors. The analysis points out that some of the mid-size 
harbors face nearly the same number of threats as the largest harbors. The 
town of Tisbury on Martha’s Vineyard, for example, has seven identified threat 
factors, a relatively high number for a small town. Figure 4.1 shows the 
locations of the municipalities with two or more threat factors present. 

4.2 Detailed Assessment and Measurement of Oil Spill Threat Levels  

The initial assessment described in Section 4.1 identified 45 municipalities that 
were likely exposed to two or more of the identified threat factors. To estimate 
the magnitude of each oil spill threat for the purpose of comparison, a gallons of 
petroleum exposure measure (GPE) was calculated for each threat within each 
harbor. Data on two of the oil spill threats, EPA regulated and locally (non-EPA) 
regulated tanks, was collected in units of gallons. Data on tank vessel transits 
provided in the ACOE Waterborne Commerce Reports is measured in short tons 
of cargo and has been converted to gallons using the formula:  

 Gallons of petroleum = (2000 lbs/ton * tons of petroleum) / (8 
gallons/lb).  

The other nine measures depend on an estimate of average gallons of petroleum 
carried on board the identified vessels. Therefore, to calculate the GPE for each 
vessel fleet, a table of average fuel tank size was created using information from 
industry representatives and vessel databases.9 Table 4.2 presents the averages 
used in this study along with notes supporting the estimates. 

The main threat of spills in many harbors and ports is the possibility that a 
vessel will accidentally discharge petroleum through a vessel sinking, collision, 
fire, or through accidental or illegal discharges from vessel operations such as 
bilge pumping, changing engine oil, or refueling. For this study, an assumption 
has been made that the larger the size of the resident fleets, the larger the 
threat of an oil spill from any of these possible scenarios. The harbormaster 
survey was used to estimate the actual size of the fleets in each harbor of 
interest. Each vessel fleet was then analyzed for their GPE. Surveys were sent to 
those municipalities that have a harbormaster contact listed with the 
Massachusetts Harbormaster Association.10 Of the 45 municipalities of interest, 
39 of them have harbormasters and received a copy of the survey. 

                                                
9 Chris Bryant, Burr Brothers Boatyard, Marion, MA, personal communications regarding recreational and charter 
Vessels; Ron Fortier, Fairhaven Shipyard, Fairhaven MA, personal communications regarding large private vessels 
and fishing vessels; Adam Doherty, Arthur Fournier, Canal Towing, Bourne, MA, personal communications 
regarding tugboats; Greg Gifford, MA Steamship Authority, Falmouth, MA, personal communications regarding 
ferry vessels; Mike McGurl, Harbor Express, Quincy, MA, personnel communications regarding ferry vessels, tank 
vessels, and NTVs.  
 
 
10 Mass Harbormaster Association, Website, February 2009, http://mass.harbormasters.org/members.shtml  
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Approximately 75% of the harbormaster surveys were returned by the 
harbormasters.  

Additional information on the methods used to calculate the GPE for each threat 
factor along with an analysis of the results is presented in Sections 4.2.1 
through 4.2.10. 

Table 4.1 Identified Threat Factors by Municipality  
Municipality Tank 

Vessel  
NTV Vessel 

Transit 
Rec. and 
Charter 

Fishing 
Vessels 

Ferry Other 
Large 
Vessel 

Ship-
yard 

Reg. 
Tank 

 Boston/ Chelsea/ 
Everett          

New Bedford/ 
Fairhaven          

Fall River/ 
Somerset          

Sandwich          

Tisbury          

Gloucester          

Falmouth          

Nantucket          

Salem          

Plymouth          

Barnstable          

Beverly          

Bourne          
Braintree/ 
Weymouth          

Chatham          

Chilmark           

Cohasset          

Dartmouth          

Edgartown          

Gosnold          

Hingham          

Hull          

Lynn          

Manchester          

Marblehead          

Marion          

Marshfield          

Mattapoisett          

Nahant          
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Municipality Tank 
Vessel  

NTV Vessel 
Transit 

Rec. and 
Charter 

Fishing 
Vessels 

Ferry Other 
Large 
Vessel 

Ship-
yard 

Reg. 
Tank 

Newburyport          

Oak Bluffs          

Orleans          

Provincetown          

Quincy          

Rockport          

Scituate          

Wareham          

Wellfleet          

Westport          

Winthrop          

Table 4.2 Estimated Average Fuel Capacity by Vessel Fleet 
Fleet Vessel Size 

(length in feet) 
Average 

Fuel 
Capacity 

(gal) 

Notes 

15-200 200  
15-135  150  
15-110  125  
15-90  110  
15-70  100  
15-50  80  
15-40  60  

Recreational 

15-35  50  

A power vessel of 30 ft has a fuel tank capacity of 
approximately 80 -100 gallons. A sailboat of 30 to 60 ft 
has a fuel tank capacity of approximately 30 - 50 
gallons. Large yachts in the 65 - 100 ft range carry 
about 10,000 gallons of fuel. Super yachts carry up to 
30,000 gallons of fuel (Bryant, C., Fortier, R)  
 

20- 35  300  
25-45 500 
25-65  5,000  

Commercial 
Fishing 

25-110 15,000  

Smaller inshore vessels carry between 200 and 1000 
gallons. Larger offshore fishing vessels carry 
approximately 10,000-20,000 gallons of fuel. (Fortier, 
R) 

65-100 17,500 Commercial 
Tugs 100-130  80,000  

Inshore tugs carry between 15,000 and 20,000 gallons 
of fuel. Offshore tugs carry between 60,000 and 
100,000 gallons of fuel. (Doherty, A., Fournier, A.)  

Small Displacement  750  
Hi-Speed 2,000 
Passenger 5,000 

Commercial 
Ferry Boats 

Passenger/Vehicle  7,500  

Hi-speed ferries carry between 1,000 and 4,000 
gallons of fuel. Small displacement ferries carry 
between 500 and 1000 gallons of fuel. Large 
displacement ferries carry between 5,000 and 10,000 
(Gifford, G., McGurl, M) 

Boston, Fall River, Salem (150-
1,000) 

 100,000 

Cape Cod Canal, New Bedford 
(150 -750*) 

75,000 
 

Nontank 
Vessels  
 

Nantucket and Martha’s 
Vineyard* 

50,000 

Freight vessels carry between 50,000 and 150,000 
gallons of fuel (McGurl, M). 
* Draft restrictions prevent larger ships from entering 
these ports. 
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Figure 4.1 Massachusetts Municipalities with Two or More Threat Factors  
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4.2.1 Oil Tanker or Tank Barge Activity in Ports and Harbors 

The ports that were listed in the ACOE Waterborne Commerce Report as having 
received oil deliveries in 2006 along with the quantity received are listed in 
Table 4.3. Boston Harbor (Boston, Chelsea, and Everett combined) accounts for 
approximately 93% of the total volume. The ACOE data is recorded in short tons 
(2000 lbs) of petroleum. An average weight of 8 lbs per gallon of petroleum 
product was used to convert tons of petroleum into gallons of petroleum. Figure 
4.2 shows a graph of the GPE from tank vessel activity for the top ten ports in 
Massachusetts.  

Table 4.3 Tank Vessel Oil Spill Threat in Estimated Gallons of Petroleum Exposure (000)11 by 
Port or Harbor (based on data for 2006) 

Port/Harbor 
(City) 

GPE Port/Harbor 
(City) 

GPE Port/Harbor 
(City) 

GPE 

Everett  1,760,500 Town River  
(Quincy)

92,250 Vineyard Haven 
(Tisbury)

 5,250 

Chelsea  1,237,000 New Bedford 43,250 Nantucket  3,500 

Boston  1,075,750 Port of Fall River 39,250 Gloucester  2,250 

Fore River  
(Braintree & Weymouth)

 115,000 Salem  8,750 Plymouth  1,000 

 

Figure 4.2 Tank Vessel Oil Spill Threat in Estimated Gallons of Petroleum Exposure (000)12 by 
Port or Harbor (based on data for 2006) 

 
                                                
11 All values in table should be multiplied by a factor of 1,000. 
12 All values in table should be multiplied by a factor of 1,000. 
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4.2.2 Large Nontank Vessel Activity in Ports 

Information on Large nontank vessels (freight, passenger, or other vessels over 
300 gross tons that carry oil as fuel rather than cargo) was determined from 
vessel arrival data provided by the USCG. Notice of Arrivals are required to be 
filled out by all foreign vessels entering the U.S. ports and by all U.S. vessels 
over 300 GT (not including tug/barge combinations) traveling between US Coast 
Guard Captain of the Port areas. Information on nontank vessel (NTV) traffic 
from Boston Harbor, Fore River, Town River, and Salem Harbor were received 
from USCG Sector Boston as one total quantity. USCG Sector Southeastern New 
England provided the information for the Port of Fall River, Hyannis Harbor, 
Nantucket Harbor, New Bedford Harbor, Sandwich, and Vineyard Haven.  

Because NTV traffic for Salem was included in the USCG Sector Boston NTV 
report and this volume should be applied to the North Shore Region, the ACOE 
Waterborne Commerce Report was analyzed to estimate that 22 of the 297 NTV 
trips into the Sector Boston area were for the port of Salem. The main activity in 
Salem is the delivery of coal to the Salem power plant.  

For this analysis, NTV shipments do not include tank vessel shipments as these 
are accounted for in the previous indicator (tank vessel activity). However, an 
argument could be made the fuel carried in tank vessels and tug/barge 
combinations adds an additional threat to the port and future studies may want 
to consider this added volume of petroleum.  

Finally, the data used in this analysis was taken from 2006 activity as presented 
in the ACOE and USCG reports. This one-year data set provides a snap shot of 
vessel activity but does not necessarily reflect trends or changes in traffic levels, 
which might be better captured in a multi-year data set. For example, the port 
of Boston realized a significant increase in NTV traffic from 297 arrivals in 2006 
to 510 arrivals in 2007. The increase was largely due to an increase in container 
ships.  

To calculate the NTV vessel traffic petroleum exposure, the number of NTV trips 
was multiplied by the GPE quantities presented in table 4.2. The total amount of 
petroleum exposure by port for 2006 is presented in Table 4.4. As indicated, 
Boston Harbor accounts for 69% of the NTV activity in Massachusetts ports. 
Figure 4.3 shows a graph of the gross petroleum exposure volumes from the 
nine ports reporting NTV traffic in 2006. 
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Table 4.4 Nontank Vessel Oil Spill Threat in Estimated Gallons of Petroleum Exposure (000)13 
by Port or Harbor (based on data for 2006) 

Municipalities Harbors Annual 
NTV 

Traffic 

Average 
Fuel Tank 

Size 

GPE 

Boston, Braintree, Chelsea, Everett, 
Revere, Quincy, Weymouth

Boston Harbor, Fore River, 
Town River

275  100,000 27,500,000 

Fall River/ Somerset Port of Fall River 72 100,000 7,200,000 
New Bedford/ Fairhaven New Bedford Harbor 23 75,000 1,725,000 
Salem Salem Harbor 22 100,000 2,200,000 
Tisbury Vineyard Haven Harbor 13 50,000 650,000 
Sandwich Sandwich Boat Basin 5 75,000 375,000 
Nantucket Nantucket Harbor 5 50,000 250,000 
Falmouth Great Harbor (Woods Hole) 3 50,000 150,000 

Barnstable Hyannis Harbor 1 50,000 50,000 

 

Figure 4.3 Nontank Vessel Oil Spill Threat in Estimated Gallons of Petroleum Exposure (000)14 
by Port or Harbor (based on data for 2006) 

 

                                                
13 All values in table should be multiplied by a factor of 1,000. 
14 All values in table should be multiplied by a factor of 1,000. 
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4.2.3 Tank Vessel and Nontank Vessel Activity in Major Shipping   
 Lanes  

Vessel transits into and out of Massachusetts ports, through the Cape Cod 
Canal, and traveling near the coast of outer Cape Cod represent the largest oil 
spill threat for many coastal communities. The municipalities determined to be 
at risk were selected based on the assumption that harbors within twelve miles 
of a major shipping lane were most likely to be impacted from an oil spill. NOAA 
charts for the region were analyzed to determine the location of shipping lanes 
and the municipalities they abut. The shipping lanes from the NOAA charts and 
the towns within twelve miles of the lanes are shown in Figure 4.4.  

In Table 4.5, the total threat level from vessel activity in shipping lanes is listed 
by region and by harbor. Although each municipality is affected by the threat, it 
is assumed that the threat is transient, passing by each municipality within a 
relatively short period of time. Thus the threat is the same at the regional level 
as it is at the harbor level. However, for each harbor that has identified tank 
vessel or NTV traffic, these quantities are removed from the vessel transit 
quantity so as not to double count the threat from vessels that both visit the 
port and transit by it. 

Therefore, for the towns within the Boston Harbor region, the vessel transit 
threat was calculated as the net difference between the quantity of petroleum 
shipped into each port and the quantity that was shipped into the region, to 
avoid double counting the shipped quantities.  

For municipalities to the north and south of Boston, and for municipalities on the 
outer Cape, vessel transits were estimated using 1/3 of the total vessel traffic 
volume in the Boston Region. Traffic into Boston converges from the north, east, 
and south and because specific traffic pattern information was not available, the 
study divides the traffic evenly by the three possible routes. This method of 
calculating the threat factor could be greatly enhanced by an analysis of actual 
AIS data. However, these estimates provide a reasonable quantity to use in this 
analysis with the understanding that should a study of AIS data become 
available; the quantities can be updated in the GPE model. 

For Mount Hope Bay, the transit quantity is based on petroleum deliveries and 
NTV traffic into the Port of Fall River/Taunton River. Thus, the municipalities of 
Fall River and Somerset15 do not experience any additional threat over the 
amount that was calculated in the Tank Vessel and NTV threat categories. 
However, the town of Swansea would be exposed to the entire vessel transit 
quantity.  

For towns close to the Buzzards Bay traffic zone, the ACOE Cape Cod Canal 
traffic data was analyzed and provided an accurate assessment of vessel 
transits. The data set has information on each vessel transit and includes the 
vessel type and size. An assumption was made for the report that all vessels 
transiting the canal also transit the entire length of Buzzards Bay. This likely 

                                                
15 Fall River and Somerset are considered as a single port in this analysis because they are located on 
opposing banks of the Taunton River.  The Army Corps of Engineers uses the same convention in their 
vessel transit data, considering Fall River and Somerset together as the Port of Fall River. 
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overstates the threat to some of the towns in the lower part of the Bay because 
some commercial traffic entering the Canal from the east discharges at the 
Sandwich power plant and does not transit the entire Bay. A future analysis 
should attempt to separate out these vessels from the impact to towns further 
south in the Bay.  

Figure 4.5 shows total estimate gallons of petroleum exposure from vessel 
activity in shipping lanes for each region. 

 

Figure 4.4. Major Shipping Lanes and Proximity to Massachusetts Coastal Towns.  
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Table 4.5 Vessel Transit Oil Spill Threat in Estimated Gallons of Petroleum Exposure by 
Municipality and Region 

Region Municipalities 
Affected 

GPE Quantity Method of Calculation 

Lynn 
Marblehead 
Nahant 

North Shore 

Swampscott 

1,436,000,000 
 

Estimated using one third of the vessel 
traffic into Boston Region. 

Winthrop 4,308,000,000 
Quincy 4,215,750,000 
Braintree/ 
Weymouth 

4,339,900,000 

Boston 3,204,750,000 
Chelsea 3,071,000,000 

Boston 
 

Everett 2,547,500,000 

Based on Boston Region vessel traffic of 
4,308,000,000 minus individual port 
traffic. 

Cohasset 
Hingham 
Hull 

South Shore 

Scituate 

1,436,000,000 Estimated using one third of the vessel 
traffic into Boston Region. 

Bourne 
Gosnold 
Falmouth 
Sandwich 

1,562,611,000 Based on Cape Cod Canal Data 

 
Eastham 
Orleans 
Provincetown 
Truro 

Cape and Islands 

Wellfleet 

1,436,000,000 Estimated using one third of the vessel 
traffic into Boston Region. 

Dartmouth 
Fairhaven 
Marion 
Mattapoisett 
Wareham 
Westport 

1,562,611,000 

New Bedford 1,517,636,000 

Based on Cape Cod Canal traffic of 
1,562,611,000 minus individual port 

traffic. 

 
Fall River/ Somerset - 

South Coastal 

Swansea 46,450,000 
Based on Fall River/ Somerset vessel 
traffic minus individual port traffic. 
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Figure 4.5 Vessel Transit Oil Spill Threat in Estimated Gallons of Petroleum Exposure (000)16 by 
Region 

 
 

4.2.4 Recreational and Charter Vessels 

Harbors initially identified as having a recreational and charter vessel fleet larger 
than 500 vessels were flagged as having a threat of oil spills in this category. As 
described in Section 2.2, the information collected to indicate the actual size of 
the recreational and charter fleet was the total number of moorings and slips in 
the harbor. Additional information was collected in the harbormaster survey 
regarding the range of vessel lengths in each harbor. Most harbors reported a 
fleet size ranging from 18 to 65 feet, with five harbors reporting vessel sizes in 
excess of 100 feet.  

To estimate the petroleum exposure for each harbor, the average fuel capacities 
identified in Table 4.2 were multiplied by the number of moorings and slips. 
Boston, Nantucket, New Bedford and Hyannis all reported having recreational 
vessels up to 200 feet in length. Each also had a high number of moorings and 
slips. Sippican Harbor, in the town of Marion, appears fifth on this list with the 
third highest number of moorings and slips reported. The GPE for the 
recreational and charter fleets by harbor is presented in Table 4.6 and the 
quantities for the top ten harbors are graphed in Figure 4.6. 

                                                
16 All values in table should be multiplied by a factor of 1,000. 



 Nuka Research and Planning Group, LLC 
 

Massachusetts Coastal Oil Spill Threat Analysis  Page 42 of 102 
December 09  

Table 4.6 Recreational and Charter Fleet Oil Spill Threat in Estimated Gallons of Petroleum 
Exposure by Harbor 

Harbor GPE Harbor GPE Harbor GPE 
Nantucket Harbor  523,600  Scituate Harbor  104,000  Wellfleet Harbor  40,000  
Boston Harbor  400,000  Onset Harbor  88,800  Green Harbor  38,800  
New Bedford Harbor  300,000  Beverly Harbor  85,000  Great Harbor (Woods 

Hole) 
 33,800  

Hyannis Harbor  186,400  Red Brook Harbor  82,160  Nauset Harbor  29,520  
Sippican Harbor  185,000  Pleasant Bay  78,960  Rockport Harbor   21,600  
Apponagansett Bay  168,000  Plymouth Harbor  68,000  Sandwich Boat Basin  18,000  
Salem Harbor  160,000  Gloucester Harbor  64,600  Buttermilk Bay  12,100  
Edgartown Harbor  150,000  Barnstable Harbor  61,000  Cuttyhunk Harbor  11,000  
West Bay  146,630  Wareham Harbor  60,720  Weweantic River  8,700  
Marblehead Harbor  140,000  Allerton Harbor  52,500  Buttermilk Bay  7,900  
Vineyard Haven  125,000  Falmouth Harbor  50,400  Little Harbor  5,800  
Westport River  122,000  Mattapoisett Harbor  42,720  Menemsha Creek  4,480  

 

Figure 4.6 Recreational and Charter Fleet Oil Spill Threat in Estimated Gallons of Petroleum 
Exposure (000)17 by Harbor 

 

                                                
17 All values in table should be multiplied by a factor of 1,000. 
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4.2.5 Commercial Fishing Vessel Fleet 

Information collected in the harbormaster surveys included the number and type 
of fishing vessels in the harbor. Lobster and other trap vessels, tuna and 
shellfish vessels were assumed to be inshore vessels of under 45 feet in length. 
Draggers, scallopers, and trawlers were assumed to be larger offshore vessels 
up to 130 feet in length with fuel capacities capable of staying offshore for 
multiple days or weeks. New Bedford Harbor reported having fishing vessels up 
to 150 feet in length that are part of the herring fishing fleet. The information 
provided by the harbormasters along with information gained in the follow-up 
phone calls was used to determine the average number of vessels in each 
category. The GPE was then calculated by multiplying the number of vessels by 
the average fuel tank capacity. The results for the top ten harbors are presented 
in Figure 4.7 while Table 4.7 contains the GPE for all 30 harbors that reported 
fishing activity. New Bedford Harbor reported the highest number of vessels with 
a fleet size of 500, many of which are large offshore scallopers and draggers. 
The GPE for the New Bedford Harbor fishing fleet is estimated at 7,500,000 
gallons, more than three times the next largest amount.  

Figure 4.7 Fishing Fleets Oil Spill Threat in Estimated Gallons of Petroleum Exposure (000)18 by 
Harbor 

 
 

                                                
18 All values in table should be multiplied by a factor of 1,000. 
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Table 4.7 Fishing Fleets Oil Spill Threat in Estimated Gallons of Petroleum Exposure by Harbor 
Harbor GPE Harbor GPE Harbor GPE 

New Bedford Harbor 7,500,000 Beverly Harbor 45,000 Vineyard Haven Harbor 7,500 
Gloucester Harbor 2,250,000 Scituate Harbor  41,250 Barnstable Harbor 3,750 

Plymouth Harbor  240,000 Sandwich Harbor 30,000 Allerton Harbor 1,800 

Provincetown Harbor 168,000 Marblehead Harbor 24,000 Buttermilk Bay 900 

Wellfleet Harbor 131,250 Westport River 22,500 Apponagansett Bay 900 

Green Harbor 112,500 Edgartown Harbor 18,750 Sippican Harbor 900 

Rockport Harbor 112,500 Nauset Harbor 18,750 Mattapoisett Harbor 900 

Hyannis Harbor 90,000 Menemsha Creek  15,000 Pocasset River  300 

Boston Harbor 75,000 Salem Harbor 9,000 Cuttyhunk Harbor  300 

Nantucket Harbor 54,750 Great Harbor (Woods 
Hole)

7,500 Wareham Harbor 300 

4.2.6 Ferry Terminals  

Commercial ferry traffic can represent a significant portion of the daily activity 
within a harbor. Some ferries operate on a year round basis, while others are 
operated on a seasonally adjusted basis. Based on the information supplied by 
the harbormasters regarding which harbors had ferry service, an investigation 
was then conducted on each operation regarding the type, size, and vessel 
routes of the ferry service. Much of the information was gathered from ferry 
company websites while additional information was gathered from personal 
conversation with company managers. The petroleum exposure for the fourteen 
harbors that were found to have ferry service is shown in Table 4.8 and Figure 
4.8.  

Table 4.8 Ferry Fleet Oil Spill Threat in Estimated Gallons of Petroleum Exposure by Harbor 
Harbor GPE Harbor GPE Harbor GPE 

Boston Harbor 62,750 Provincetown Harbor 10,000 Plymouth Harbor 3,000
Nantucket Harbor 43,000 Oak Bluffs Harbor 9,000 Salem Harbor 2,000
Great Harbor (Woods Hole) 30,000 New Bedford Harbor 5,500 Cuttyhunk Harbor 1,500

Vineyard Haven Harbor 30,000 Hingham Harbor 4,000 Edgartown Harbor 750
Hyannis Harbor 26,500 Falmouth Harbor 3,750
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Figure 4.8 Ferry Fleet Oil Spill Threat in Estimated Gallons of Petroleum Exposure by Harbor 

 
 

4.2.7 Other Large Vessel Activity  

Many other vessels less than 300GT operating or moored within a harbor contain 
large amounts of fuel. Examples are harbor tugs, training ships, military vessels, 
and excursion vessels. The harbormaster survey was used to identify these 
vessels by harbor location. Estimates of fuel capacity for these vessels represent 
a best professional estimate of these quantities. The vessels by harbor included 
in the analysis are presented in Table 4.9 along with the calculated GPE 
estimate. Figure 4.9 presents the GPE estimates for the top ten harbors.  
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Table 4.9 Other Large Vessel Oil Spill Threat in Estimated Gallons of Petroleum Exposure by 
Harbor  

Harbor Vessels Types Est. # of 
Vessels 

 Average Fuel 
Capacity  

 GPE  

Boston Harbor Coast Guard, Harbor Tugs, Work Boats, 
USS Constitution 

50  15,000 750,000 

Great Harbor (Woods Hole) NOAA Vessels 3  50,000 150,000 
Buttermilk Bay TS Kennedy 1  100,000 100,000 
New Bedford Harbor Tugs, Training Vessels 7  12,000 84,000 
Vineyard Haven Harbor 4 Tugs 4  15,000 60,000 
Gloucester Harbor 8 Whale Watching Vessels 8  3,000 24,000 

Salem Harbor Whale Watching, Tug 4  6,000 24,000 
Plymouth Whale Watching 3  3,000 9,000 
Little Harbor Coast Guard 3  2,000 6,000 
Barnstable Harbor Whale watching vessels 1  3,000 3,000 
Allerton Harbor Research Vessel 1  600 600 
Sandwich Boat Basin Pilot Boats 3  200 600 
Scituate Harbor NOAA Vessel Auk 1  600 600 
Wellfleet Harbor 1 commercial vessel 1  600 600 

Westport River 1 commercial vessel 1  600 600 
Sippican Harbor Tabor Boy 1  500 500 

Figure 4.9 Other Large Vessel Oil Spill Threat in Estimated Gallons of Petroleum Exposure by 
Harbor 
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4.2.8 Shipyards  

Large shipyards in harbors represent a source of increased activity for vessel 
movement. While Massachusetts once had a number of shipyards, only four 
harbors reported having operating shipyards that service vessels larger than 70 
feet. These are Gloucester, Boston, New Bedford/Fairhaven, and Fall 
River/Somerset. The shipyards and their estimated addition to the total threat 
are listed in Table 4.10. A graph of the GPE quantities is presented in Figure 
4.10. The GPE was calculated for these locations based on an estimate of the 
number of vessels that are being serviced on any given day. For Gloucester, 
New Bedford and Boston, the estimates were based on follow-up conversations 
with the harbormasters. The Fall River/Somerset shipyard activity was estimated 
to be in line with the other three; however this should be updated upon further 
investigation. 

 

Table 4.10 Shipyard Oil Spill Threat in Estimated Gallons of Petroleum Exposure by Harbor 
Harbor Number of 

Shipyards 
Average Size Vessels in 

Repair or 
Construction 

Average 
Fuel 
Capacity 

GPE 
Shipyard 

New Bedford/Fairhaven 2 45-110 20 45,000 900,000 

Gloucester 1 45-110 5 45,000 225,000 
Boston 1 45-110 4 45,000 180,000 
Somerset 1 25-80 4 25,000 100,000 

  

Figure 4.10 Shipyard Oil Spill Threat in Estimated Gallons of Petroleum Exposure by Harbor 
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4.2.9 Land-Based Bulk Oil Storage Facilities - EPA Regulated 

The EPA requires that all oil storage facilities with a capacity to hold 42,000 
gallons or more of petroleum products in aboveground storage tanks must file a 
Facility Response Plan (FRP) with the Environmental Protection Agency (EPA). 
The EPA provided a list of all of the FRPs on file for Massachusetts, and this 
information was used to identify communities with bulk fuel oil storage facilities.  

The information provided did not include the total quantity of oil per facility, nor 
did it identify the size of individual fuel tanks. Quantity information was also not 
available on the EPA’s website listing of facility plans by plan number, status and 
contact information. Fire chiefs from Braintree, Chelsea, and Sandwich provided 
information on storage quantities for the facilities in their towns. Additional 
information on the storage tank sizes for Nantucket was provided by the 
harbormaster and for Tisbury from the terminal operator.  

To estimate the quantities in the remaining facilities, an average amount per 
tank was calculated based on the information received from Braintree, Chelsea, 
Sandwich, Tisbury, and Nantucket and the number of tanks in each facility 
based on a review of aerial photographs of each tank farm. For example, the 
two facilities in Braintree hold 58,000,000 gallons of petroleum in approximately 
18 tanks. The five facilities in Chelsea hold 57,000,000 gallons in approximately 
17 tanks. The average quantity for these facilities then is 3.2 million gallons per 
tank. The amounts for Tisbury and Nantucket were calculated at approximately 
100,000 gallons per tank. The amount per tank for Sandwich was calculated at 
400,000 per tank. These ranges were then applied to the visual count and 
approximate size of the tanks for the other municipalities to estimate the tank 
farm quantity in gallons. The largest concentration of facilities occurs in the 
Braintree, Boston, Chelsea, Everett, and Revere area with an estimated 92% of 
the total capacity in coastal Massachusetts.  

For the facilities with FRPs in Beverly, Lynn, and Peabody, it was not possible to 
estimate the number or size of storage tanks with available aerial photographs. 
Therefore, the total storage quantity for each of these three is assumed to be 
42,000 gallons, which is the minimum regulated quantity. This is likely an 
underestimate for these three locations.  

The estimated GPE values by municipality and harbor are presented in Table 
4.11. Figure 4.11 presents the GPE quantities for the top ten municipalities. 
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Table 4.11 EPA Regulated Storage Tank Oil Spill Threat in Estimated Gallons of Petroleum 
Exposure by Municipality 

Municipality Harbor # of Tank 
Farms (EPA) 

Approx. 
# Tanks 

 GPE  GPE Source 

Braintree Fore River 2 18 58,000,000 Fire Chief survey
Chelsea Boston Harbor 5 17 52,230,000 Fire Chief survey 
Revere Boston Harbor 7 34 51,000,000 Estimated at 1.5 mil per Tank
Boston Boston Harbor 9 22 33,000,000 Estimated at 1.5 mil per Tank
Everett Boston Harbor 3 40 20,000,000 Estimated at 1.0 mil per Tank
Weymouth Fore River 2 10 10,000,000 Estimated at 1.0 mil per Tank
Fall River/ 
Somerset

Port of Fall River 4 17  8,500,000 Estimated at 500,000 per tank

Quincy Town River Bay 3 8  8,000,000 Estimated at 1.0 mil per tank
Salem Salem Harbor 2 8  8,000,000 Estimated at 1.0 mil per tank
Sandwich Sandwich Harbor 3 8  3,225,000 Fire Chief survey
New Bedford/ 
Fairhaven

New Bedford 
Harbor (2)

3 6  2,400,000 Estimated at 400,000 per tank

Nantucket Nantucket Harbor 2 10  953,000 Harbormaster survey
Tisbury Vineyard Haven 1 8  780,000 Per Direct Contact
Beverly Beverly Harbor 1 Plant  42,000 Estimated at the minimum for FRP
Lynn Lynn Harbor 1 Plant  42,000 Estimated at the minimum for FRP

Peabody None 1 Plant  42,000 Estimated at the minimum for FRP

Figure 4.11 EPA Regulated Storage Tank Oil Spill Threat in Estimated Gallons of Petroleum 
Exposure (000)19 for Ten Municipalities with Highest Threat Levels 

 

                                                
19 All values in table should be multiplied by a factor of 1,000. 
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4.2.10 Locally Regulated Bulk Fuel Storage at Harbor or Marina  

Information on locally regulated tanks, greater than 1,000 gallons but less than 
10,000 gallons that are not regulated by the EPA, was compiled from data 
contained in the fire chief survey and the harbormaster survey. Additional 
information was gathered by telephone calls to selected sites to validate 
information. Most of the fuel storage tanks identified in the surveys are used for 
providing fuel to marine traffic and are part of marina or boatyard operation. 
However, at least one (in the town of Gosnold on Cuttyhunk Island) is also used 
to provide fuel for a small number of vehicles. Table 4.12 presents the data on 
non-regulated tanks and Figure 4.12 shows the quantities in a graph.  

Table 4.2 Non-EPA Regulated Storage Tank Oil Spill Threat in Estimated Gallons of Petroleum 
Exposure by Harbor 

Harbor GPE Harbor GPE Harbor GPE 
Falmouth Harbor  64,000 Gloucester Harbor  10,000 Sippican Harbor  6,000 
Hyannis Harbor  38,500 Little Harbor  10,000 Pleasant Bay  6,000 
Onset Harbor  37,000 Plymouth Harbor  10,000 Scituate Harbor  6,000 
Cuttyhunk Harbor  36,000 Wellfleet Harbor  10,000 Vineyard Haven Harbor  6,000 
Manchester Harbor  27,000 Edgartown Harbor  9,000 Westport River  5,000 
Beverly Harbor  22,000 Nantucket Harbor  8,000 Apponagansett Bay  4,000 
Wareham Harbor  16,000 Red Brook Harbor  7,500 Allerton Harbor  4,000 
Boston Harbor  12,000 Popponesset Bay  6,500 Green Harbor  4,000 
New Bedford Harbor  12,000 Barnstable Harbor (1)  6,000 Buttermilk Bay  4,000 
Provincetown Harbor  12,000 West Bay  6,000 Menemsha Creek  3,000 
Neponset River  12,000 Fore River  6,000 Weweantic River  2,500 
Sandwich Boat Basin  12,000 Marblehead Harbor  6,000 Rockport Harbor  1,200 

Figure 4.11Locally (Non-EPA) Regulated Storage Tank Oil Spill Threat in Estimated Gallons of 
Petroleum Exposure for Ten Harbors with Highest Threat Levels 

 

 

Locally 
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4.3 Analysis of Combined Oil Spill Threats by Harbor 

The analysis in the previous section provided estimates of GPE for each threat 
factor by harbor. In this section, the combined GPE for each harbor is 
considered.  

In considering each threat factor separately, the scale of the threat among the 
highest-ranking harbors varied considerably. The scale of four of the threat 
factors – tank vessel activity, NTV activity, vessel transit activity and EPA 
regulated tanks – was generally in the range of hundreds of millions to billions of 
gallons. The other six factors – all of those in the residential vessel fleet 
category as well as locally regulated tanks – were on a scale of tens of 
thousands to millions of gallons.  

Because the magnitude of threats varied so greatly in scale, the threat factors 
were considered in two sets– as “high magnitude” threats and “low magnitude” 
threats. In order to allow for a more meaningful analysis of total threat by 
harbor, the aggregated totals for high and low magnitude threat categories are 
considered separately.  

4.3.1 Analysis by Harbor for High Magnitude Threat Factors 

Table 4.13 presents the aggregated GPE for the harbors that registered threat 
estimates in this study for the four high magnitude threat factors - tank vessel 
activity, NTV activity, vessel transit volume, and EPA regulated land-based 
storage tanks. Of the 95 harbors identified in Section 1.5, 60 are represented on 
this list. Within those 60 harbors, 43 of the harbors are exposed to only the 
vessel transit threat factor while 17 are exposed to the vessel transit threat 
factor and at least one of the other three high magnitude threats.  

The eight Boston area harbors have the largest high magnitude GPE total, 
ranging from 4.31 billion gallons to 4.41 billion gallons due to the amount of 
petroleum delivered to Boston Harbor and the large tank farms located in 
Boston, Chelsea and Everett. Five of the eight harbors are exposed to only the 
vessel transit GPE and to no other high magnitude threats.  

Outside of the Boston Harbor region, New Bedford Harbor and the other harbors 
on Buzzards Bay have the next highest GPE. This is mainly attributable to the 
number of vessel transits through Buzzards Bay, generating a GPE of 1.56 
billion. In addition to being exposed to the vessel transit threat, New Bedford 
has 44.9 million gallons in tank vessel and NTV GPE and 2.4 million gallons in 
land-based storage GPE. Sandwich has 3.2 million gallons in land-based storage 
and 500,000 in NTV GPE. The tank vessel traffic into Esco Terminal in Sandwich 
was not separated from the Cape Cod Canal data in the ACOE database and thus 
is included in the vessel transit GPE. The only other harbor on Buzzards Bay to 
have a threat exposure other than the vessel transit quantity is Great Harbor 
(Woods Hole), which recorded 150,000 GPE for NTV traffic.  

Revere is listed with a GPE of 1.48 billion due to two factors: 1.44 billion in 
vessel transits and 51 million in land-based storage. The land-based storage 
tanks in Revere are located on the upper portion of the Chelsea Creek and could 
have been assigned to the Boston Harbor Region. However, because the 
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municipality of Revere is part of the North Shore Region, the tank farm quantity 
was assigned to the Pines River in Revere.  

The next group of harbors by total GPE amount includes those of the North 
Shore, South Shore and Cape and Islands regions that are exposed to vessel 
traffic entering and leaving Boston Harbor. The vessel traffic GPE for each of 
these harbors is 1.44 million. The only harbor of this group with additional GPE 
is Lynn Harbor, which has a manufacturing site with a facility response plan with 
an estimated 42,000 GPE for regulated tanks.20 

Of the Harbors not located near the Port of Boston or Buzzards Bay shipping 
lanes, the Port of Fall River has the next highest GPE, due to their 54.9 million 
gallons of tank vessel and NTV activity. Salem, Vineyard Haven, Nantucket, 
Gloucester, Plymouth, Hyannis, and Beverly all have exposure to tank vessel, 
NTV, and/or regulated tank threat factors.  

Figure 4.12 shows the GPE estimates for harbors that have exposure to “high 
magnitude” threat activities. The harbors with less than 100 million GPE are 
combined in the “all other” column.  

Table 4.13 Total GPE by Harbor for Vessel Activity and EPA Regulated Tanks (000)21 
Harbors   Total GPE   Harbors   Total GPE   Harbors   Total GPE  
Boston   4,413,230  Little Harbor   1,562,611  Cohasset Harbor   1,436,000  
Fore River   4,366,000  Mattapoisett   1,562,611  Hingham Harbor   1,436,000  
Town River Bay   4,316,000   Nasketucket Bay   1,562,611  Marblehead   1,436,000  
Back River   4,308,000  Onset Harbor   1,562,611  Nahant Harbor   1,436,000  
Dorchester Bay   4,308,000  Phinneys Harbor   1,562,611  Nauset Harbor   1,436,000  
Neponset River   4,308,000  Pocasset Harbor   1,562,611  Pleasant Bay   1,436,000  
Quincy Bay   4,308,000  Pocasset River   1,562,611  Provincetown   1,436,000  
Winthrop   4,308,000  Quissett Harbor   1,562,611  Rock Harbor   1,436,000  
Sandwich Basin   1,565,836  Rands Harbor   1,562,611  Scituate Harbor   1,436,000  
New Bedford   1,565,011  Red Brook   1,562,611  Weir River   1,436,000  
Sandwich Harbor   1,562,611  Sippican Harbor   1,562,611  Wellfleet Harbor   1,436,000  
Great Harbor   1,562,611  Squeteague   1,562,611  Port of Fall River   54,950  
Apponagansett   1,562,611  Wareham Harbor   1,562,611  Lee River   46,450  
Aucoot Cove   1,562,611  Weweantic   1,562,611  Salem Harbor   18,950  
Brant Island   1,562,611  West Falmouth   1,562,611  Vineyard Haven   6,680  
Buttermilk Bay   1,562,611  Westport River   1,562,611  Nantucket  4,703  
Clarks Cove   1,562,611  Wild Harbor   1,562,611  Gloucester   2,250  
Cuttyhunk   1,562,611  Pines River   1,487,000  Plymouth Harbor   1,000  
Fiddlers Cove   1,562,611  Lynn Harbor   1,436,042  Hyannis   50  
Hadley Harbor   1,562,611  Allerton Harbor   1,436,000  Beverly   42  

                                                
20 This is a conservative estimate and may in fact be much higher. The EPA did not provide data on total storage 
amounts at each regulated facility. 
21 All quantities should be multiplied by a factor of 1,000. 
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Figure 4.12 Total GPE for Selected Harbors (in billions of gallons) for Combination of Four “High 
Magnitude” Threat Factors 

 

4.3.2 Analysis by Harbor for Low Magnitude Threat Factors  

Table 4.13 presents the aggregated GPE for the harbors that registered threat 
estimates in this study for the six low magnitude threat factors – fishing fleets, 
recreational/charter vessel fleets, ferry fleets, homeport fleet, shipyards, and 
locally regulated storage tanks. Of the 95 harbors identified in Section 1.5, 43 
are listed as having exposure to the low magnitude threat factors. Harbors that 
were not included in the Harbormaster survey because they did not have two or 
more identified threat factors or harbors for which a survey was not returned 
would account for the other 52 harbors. 

New Bedford harbor, with a combined GPE of 8.8 million gallons, has the highest 
estimated GPE for the measures analyzed in this section. Their resident fishing 
fleet accounts for 7.5 million gallons, the two shipyards account for 900,000 
gallons, and the recreational and charter fleet account for 300,000 gallons.  

Gloucester’s 2.57 GPE is largely due to the 2.25 million gallons in the resident 
fishing fleet GPE and the 225,000 gallons in the one Gloucester shipyard.  
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Boston Harbor has the third highest combined GPE for these low magnitude 
factors at 1.48 million gallons, mainly due to the 750,000 gallons in the resident 
homeport fleet and the 400,000 gallons in the recreational and charter fleet. 
Boston Harbor does not have a large fishing fleet compare to some of the other 
harbors, placing ninth among the harbors represented.  

Nantucket follows in fourth place with a combined GPE of 629,350 gallons, 
mostly due to having the highest estimated recreational and charter fleet GPE of 
523,600 gallons. Plymouth and Provincetown harbors have relatively large 
fishing vessel fleets at 240,000 and 168,000 gallons respectfully. Great Harbor 
falls in eighth place due to the homeport fleets at the Woods Hole 
Oceanographic Institute, while Vineyard Haven, Salem and Sippican harbors 
round out the top ten each with relatively large recreational and charter fleets. 

Figure 4.13 shows the GPE estimates for those harbors that have recorded 
exposure to the resident vessel fleet and locally regulated tank threat factors. 
The harbors with less than 100,000 GPE are combined in the “all other” column.  

Table 4.14 Combined GPE by Harbor in Order of Magnitude 
Harbors  Total GPE Harbors Total GPE Harbors Total GPE
 New Bedford  8,801,500  Green Harbor  155,300  Allerton Harbor  58,900 
 Gloucester  2,573,600  West Bay  152,630  Cuttyhunk  48,800 
 Boston  1,479,750  Beverly  152,000  Nauset Harbor  48,270 
 Nantucket  629,350  Scituate Harbor  151,850  Mattapoisett  43,620 
 Hyannis  341,400  Westport River  150,100  Manchester  27,000 
 Plymouth  330,000  Rockport Harbor  135,300  Menemsha Creek  22,480 
 Vineyard Haven  228,500  Onset Harbor  125,800  Little Harbor  21,800 
 Great Harbor  221,300  Buttermilk Bay  124,900  Neponset River  12,000 
 Salem Harbor  195,000  Falmouth Harbor  118,150  Weweantic  11,200 
 Sippican Harbor  192,400 Port of Fall River 100,000  Oak Bluffs  9,000 
 Provincetown  190,000  Red Brook  89,660  Popponesset Bay  6,500 
 Wellfleet  181,850  Pleasant Bay  84,960  Fore River  6,000 
 Edgartown  178,500  Wareham  77,020  Hingham Harbor  4,000 
 Apponagansett  172,900  Barnstable  73,750  Pocasset River  300 
 Marblehead  170,000  Sandwich Basin  60,600   
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Figure 4.13 Total GPE for Selected Harbors (in billions of gallons) for Combination of Four “Low 
Magnitude” Threat Factors 

 

 

4.3.3 Harbors with Highest Concentration of Threat Factors 

Of the eight harbors with the highest level of exposure to high magnitude threat 
factors (Section 4.3.1) and the twenty-four harbors with the highest level of 
exposure to low magnitude threat factors, the following harbors overlap: Boston, 
New Bedford, and Great Harbor. The harbors which have a high level of 
exposure to the high magnitude threats but minimal exposure to the low 
magnitude threats are the Fore River and Town River in the Boston Harbor 
region, the Pines River and Lynn in the North Shore Region, and the Sandwich 
Boat Basin in the Cape and Islands Region. Figure 4.14 shows the highest-
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ranking harbors for exposure to both low and high magnitude threats. Section 5 
discusses regional threat factors based on aggregated data from all harbors in 
each region. 

Figure 4.14 Map Showing Harbors with Highest Exposure to Oil Spill Threat Factors 
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5  Regional Assessment of Threat Factors 

Previous sections of this report estimate the location, source, and relative size of 
oil spill threats by harbor. The information provided should be useful for local 
harbor planning and oil spill preparedness activities, and also to MassDEP and 
other state and federal agencies interested in preventing and responding to 
coastal oil spills. It provides a useful reference for general oil spill threats at the 
harbor and municipal level, which is discussed further in Section 6 of this report. 

Section 5 of the report considers some of the threat factors discussed in 
Sections 3 and 4 aggregated to the regional level, in order to compare types and 
magnitude of threats across geographic region. A major objective of this report 
is to facilitate the decision making process used by MassDEP to allocate oil spill 
prevention and response resources. Programs and supplies may be allocated at 
the harbor or municipal level, but others are likely be allocated by region. This 
section discusses threat exposure by region and highlights those activities that 
have the highest comparative contribution to regional oil spill threats.  

Like the harbor analysis, the regional assessment uses an estimate of gallons of 
petroleum exposure (GPE) to compare threat factors within and across regions. 
All of the GPE estimates are derived from the data described in Section 3, and 
are limited as noted in that discussion. This section compares threats both by 
region and by individual threat factor in order to highlight both the geographic 
areas where spill threats are highest as well as those activities that contribute to 
these higher oil spill threat levels. 

For the regional analysis, the comparative level of individual and aggregated 
threat, as expressed by estimated gallons of petroleum exposure, is described in 
order to compare overall oil spill threat among regions. Within each region, the 
total contribution of each of the ten threat factors is described and the major 
threats are highlighted. This region-by-region analysis also compares the level 
of threat from individual factors within the three main threat categories: vessel 
movement, resident vessel fleet, and land-based storage.  

5.1 Comparison of Regional Oil Spill Threats by Category 

This study identified three broad categories of oil spill threat for the purpose of 
data compilation and analysis: vessel movement activity, resident vessel fleets, 
and land-based bulk fuel storage. Within each of these three categories, 
individual threat factors were identified.  

Figure 5.1 shows the total threat exposure for each coastal region of 
Massachusetts, and also shows the proportional contribution of the three 
categories of threats – vessel movements, residential vessel fleets, and land-
based storage – to the total threat level in each region. Figure 5.2 shows the 
proportionate contribution of the ten individual threat factors to total threat in all 
regions. 

Figure 5.1 shows that vessel movement activity dominates the total threat for all 
five regions. Figure 5.2 shows that, within the vessel movement category, two 
threat factors – tank vessel activity and transit volume – account for nearly 
100% of the threat exposure, with a minimal contribution from nontank vessel 
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activity. Transit volume is by far the largest contributor to vessel movement 
threat and to total threat overall. Transit volume refers to the quantity of oil 
carried in bulk through shipping channels and in and out of ports and harbors. 

Land-based storage provides a minimal contribution to total threat level in two 
regions (North Shore and Boston Harbor), and accounts for approximately 1% of 
the total threat for all regions. 

The overall threat from residential vessel fleets does not register for any of the 
regions, and contributes less than 1% to the total threat for all regions, because 
the total GPE from residential vessel fleets is an order of magnitude less than 
the total from vessel movement and land-based storage. 

Figure 5.1 Total Threat Exposure for Each Region by Threat Category (000)22 

 

                                                
22 All values in table should be multiplied by a factor of 1,000. 
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Figure 5.2 Proportionate Contribution of all Threat Factors to Total Threat Level for All Regions  

 

5.1.1 Vessel Movement Threat Exposure 

Figure 5.3 shows that the total threat exposure from vessel movement activity is 
highest in the Boston Harbor region, followed by the Cape and Islands and 
South Coastal regions. The North Shore and South Shore both have similar 
exposure levels. 

Figures 5.4 through 5.7 contain four pie charts. The first chart (Figure 5.4) 
shows the proportionate contribution of the three threat factors that comprise 
the vessel movement estimate – tank vessel activity, nontank vessel activity, 
and vessel transits – to the overall threat for all regions. This chart shows that 
70% of the threat exposure from vessel movement is attributable to the volume 
of petroleum products transported as cargo through shipping channels. The 
other 30% of the total threat exposure is attributed to tank vessels calling on 
ports and harbors. Nontank vessels, which are larger vessels that carry oil as 
fuel rather than cargo, account for less than 1% of the total threat exposure for 
vessel movement.  

When analyzing vessel activity at the region level, the North Shore, South 
Shore, and Cape and Islands regions do not have any overlap in GPE between 
the tank vessel and nontank vessel activity with the vessel transit activity. Some 
overlap does occur in the South Coastal Region where approximately 5% of the 
transit activity was associated with South Coastal ports. For the Boston Region 
there is a 100% overlap between the tank vessel and NTV activity with the 
vessel transit activity. When accounting for the overlaps at the harbor level in 
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Section 4, the GPE calculation subtracted out the overlap in the estimate of 
these threat factors. However, at the region level, the tank vessel, NTV, and 
transit threat factors are considered as independent threat indicators to highlight 
the magnitude of the activity within ports as well as the magnitude of the 
activity in the shipping lanes. Nevertheless, it is important to note that the 
aggregated levels of vessel movement activity is double counting the traffic in 
Boston Harbor and, to a lesser extent, in the South Coastal Region because the 
same vessels calling on those ports are also transiting offshore. 

Figures 5.5 through 5.7 show the proportionate contribution from each region to 
the total threat exposure for the three vessel movement threat factors. The 
Tanker Activity chart (figure 5.5) shows that 98% of the total tank vessel threat 
exposure occurs in Boston Harbor, with the remaining 2% in the South Coastal 
region. The Nontank Vessel Activity chart (Figure 5.6) shows that the majority of 
the exposure to nontank vessel spill threats also occurs in Boston Harbor (69%). 
The second highest threat exposure to nontank vessel spills is in the South 
Coastal Region (22%), with the remaining exposure allocated to the North Shore 
(5%) and Cape and Islands (4%). The South Shore region contributes less than 
1% of the total GPE from tank vessel activity. 

The Transit Volume chart (Figure 5.7) shows a more even allocation of threat 
from vessels in transit, with all five regions contributing to the total threat. The 
highest level is still in Boston Harbor (37%), followed by the Cape and Islands 
(25%), and with similar levels attributed to the North Shore, South Shore, and 
South Coastal (12-14% each). Since the transit volume threat is transient, and 
all regions have some exposure to shipping routes, this more even distribution 
makes sense. It is important to note that the GPE estimates for the North Shore, 
South Shore and part of the Cape and Islands (those communities abutting the 
Atlantic Ocean) were based on an equal distribution of one-third of the volume 
in and out of Boston Harbor. Further analysis of vessel movement data for 
specific waterbodies may show that a larger proportion of vessel traffic in and 
out of Boston Harbor may concentrate in one region or another.  

In considering the breakdown of vessel movement threat factors within each 
region, it becomes obvious that transit volume is the primary contributor to 
vessel movement threats for all regions except Boston Harbor, where the threat 
is allocated evenly between tank vessel activity and transit volume. Tanker 
activity contributes a small amount to the total threat in the South Coastal and 
North Shore regions. 

Overall, the vessel movement activity threat exposure shows that transit volume 
accounts for more than two-thirds of the total exposure level (measured in 
gallons of petroleum) to oil spill threats from vessel movements. The Boston 
Harbor region has the highest threat level for oil spills from vessel movement.  
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Figure 5.3 Vessel Movement Activity Threat Exposure by Region (000)23 

 
Figure 5.4 Contribution of Threat Factors to total Vessel Movement Threat and Comparison of 

Threat Factors by Region – Vessel Movement 

 

                                                
23 All values in table should be multiplied by a factor of 1,000. 
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Figure 5.5 Contribution of Threat Factors to total Vessel Movement Threat and Comparison of 
Threat Factors by Region – Tanker Activity 

 
Figure 5.6 Contribution of Threat Factors to total Vessel Movement Threat and Comparison of 

Threat Factors by Region – Nontank Vessel Activity 
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Figure 5.7 Contribution of Threat Factors to total Vessel Movement Threat and Comparison of 
Threat Factors by Region – Transit Volume 

 
 

5.1.2 Resident Vessel Fleet Threat Exposure 

Figure 5.8 shows that the total threat exposure from resident vessel fleets is 
highest in the South Coastal region, followed by the North Shore, Cape and 
Islands, Boston Harbor and the South Shore. 

Figure 5.9 shows the proportionate contribution of the five threat factors that 
comprise the vessel movement estimate – fishing vessels, recreational and 
charter vessels, ferry boats, homeported vessels, and shipyards – to the overall 
threat for all regions. This chart shows that 59% of the threat exposure from 
resident vessel fleets is attributable to the volume of petroleum stored onboard 
fishing vessels. The next-highest contributor to total threat exposure is 
recreational and charter vessels. For all regions combined, shipyards and 
homeported vessels contribute 9% and 8% respectively to the total threat 
exposure. The smallest contributor to this threat factor is ferry vessels, at 2% of 
the total. 

Figures 5.10 through 5.14 show the proportionate contribution from each region 
to the total threat exposure for the five resident vessel fleet threat factors. The 
recreational and charter fleet chart shows that 42% of the total threat exposure 
from residential and charter vessels occurs in the Cape and Islands, with the 
next highest level (27%) in the South Coastal region. The North Shore 
contributes slightly more (13%) to the total threat exposure than Boston Harbor 
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(11%). The South Shore contributes the smallest amount (7%) to the total GPE 
for recreational and charter vessel fleets.  

The fishing fleet in the South Coastal region has 68% of the total statewide 
exposure to oil spill threats from fishing vessels, followed by the North Shore 
(22%). This makes sense, since the two largest fishing ports in Massachusetts 
are New Bedford (South Coastal) and Gloucester (North Shore). Figure 5.8 
shows the relatively high contribution of fishing vessel fleets to total threat 
exposure in these two regions. The remaining three regions contribute between 
1% and 5% to the total threat exposure for fishing vessel fleets. 

Of the small amount of oil spill threat exposure attributable to the ferry fleet, 
67% of this threat occurs in the Cape and Islands. Boston Harbor has 27% of 
the total exposure to the ferry fleet spill threat, and the remaining three regions 
contribute between 1% and 3% to the total threat exposure.  

Boston Harbor has the majority (62%) of the exposure to oil spill threats from 
homeport vessel fleets, with the next highest exposure in the Cape and Islands 
(26%). The remaining three regions contribute between 1% and 7% to the total 
threat exposure from homeport vessels. 

The threat exposure to petroleum on vessels in shipyards is highest in the South 
Coastal region (73%). The North Shore contributes 15% to the total threat 
exposure for this factor, and Boston Harbor contributes 12%. The South Shore 
and Cape and Islands both account for less than 1% of the total threat exposure 
statewide for shipyards. 

Overall, the resident vessel fleet threat exposure shows that fishing vessels 
account for more than half of the total exposure level (measured in gallons of 
petroleum) to oil spill threats from resident vessels in Massachusetts ports and 
Harbors. The South Coastal region has the highest threat level for oil spills from 
vessel fleets, and most of this threat is attributable to the large commercial 
fishing fleet in New Bedford harbor as well as to recreational and charter fleets 
in several municipalities and harbors. The Cape and Islands region is most 
exposed to oil spill threats from recreational and charter fleets. 
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Figure 5.8 Residential Vessel Fleet Threat Exposure by Region (000) 24 

 
Figure 5.9 Contribution of Threat Factors to total Residential Vessel Fleet Threat  

 

                                                
24 All values in table should be multiplied by a factor of 1,000. 
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Figure 5.10 Comparison of Threat Factors by Region – Recreational and Charter Fleets 

 
Figure 5.11 Comparison of Threat Factors by Region – Fishing Fleet 
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Figure 5.12 Comparison of Threat Factors by Region – Ferry Fleet 

 
Figure 5.13 Comparison of Threat Factors by Region – Homeport Fleet 
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Figure 5.14 Comparison of Threat Factors by Region – Shipyards 

 
 

5.1.3 Land-Based Petroleum Storage Threat Exposure 

Figure 5.15 shows that the total threat exposure from land-based petroleum 
storage is highest in the Boston Harbor region, followed by the North Shore, 
South Coastal, and the Cape and Islands. The South Shore has virtually no 
exposure. 

Figure 5.16 shows the proportionate contribution of the two threat factors that 
comprise the land-based storage estimate – EPA regulated and locally regulated 
tanks – to the overall threat for all regions. This chart shows that virtually all of 
the threat exposure from land-based storage is attributable to the volume of 
petroleum stored in regulated tank farms (those tank farms with over 42,000 
gallons total storage capacity that are required to file oil spill response plans 
with the EPA). Locally (non-EPA) regulated tanks (smaller storage tanks at 
harbors and marinas, used primarily for vessel fueling) make up less than 1% of 
the total exposure. This is a reflection of the order of magnitude difference 
between the size and number of tanks at some of the larger tank farms and the 
relatively smaller size of locally regulated tanks. 

Figure 5.17 and 5.18 show the proportionate contribution from each region to 
the total threat exposure for the two types of land-based storage threat factors. 
For regulated tank farms, which make up more than 99% of the total threat 
exposure from land-based storage, 71% of the exposure is located in Boston 
Harbor, with 23% in the North Shore. The South Coastal region has 4% of the 
total exposure to spill threats from regulated tank farms, and the Cape and 
Islands has 2%. The South Shore does not have any regulated tank farms and 
therefore contributes less than 1% to the total statewide exposure. 
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The allocation of threat exposure among regions for locally regulated tanks is 
much different than for EPA regulated tanks. More than half (54%) of the threat 
exposure is allocated to the Cape and Islands region. The South Coastal and 
North Shore regions have similar proportions of the total exposure (19% and 
15% respectively). Boston Harbor is the second smallest contributor to 
statewide exposure from locally regulated tank vessels (7%) followed by the 
South Shore (5%). 

The threat exposure for land-based storage varies by region. Overall, regulated 
tank farms account for nearly 100% of the total exposure level (measured in 
gallons of petroleum) to oil spill threats from oil storage tanks in Massachusetts 
coastal communities. This threat is concentrated in the Boston Harbor region, 
and to a lesser extent the North Shore. Locally regulated tanks contribute less 
than 1% of the total exposure from storage tanks. This much lower threat level 
is concentrated in the Cape and Islands region, where there are a large number 
of marinas.  

Figure 5.15 Land-Based Storage Threat Exposure by Region (000) 25 

 
 

                                                
25 All values in table should be multiplied by a factor of 1,000. 
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Figure 5.16 Contribution of Threat Factors to total Land-based Bulk Storage Threat  

 
Figure 5.17 Comparison of Threat Factors by Region – Locally Regulated Tanks 
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Figure 5.18 Comparison of Threat Factors by Region –EPA Regulated Tanks 

 
 

5.2 Comparison of Oil Spill Threat Exposure by Region 

Figure 5.19 shows the aggregated totals by region for estimated gallons of 
petroleum exposure from all threat factors. Table 5.1 summarizes the estimated 
gallons of petroleum exposure for of each of the ten threat factors by region. 
Boston Harbor has the highest threat level of any region, with an estimated 8.8 
billion gallons of petroleum exposure. The next highest level is in the Cape and 
Islands, and just over 3 million estimated gallons of petroleum exposure – 
nearly one-third the level in Boston Harbor. The South Coastal, North Shore, 
and South Shore regions all have similar total threat levels – ranging from 1.4 to 
1.7 billion gallons of estimated petroleum exposure – less than one-quarter of 
the level in Boston Harbor. 
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Figure 5.19 Regional Oil Spill Threat in Estimated Gallons of Petroleum Exposure (000)26 for all 
Threat Factors Combined 

 
 

Table 5.1 Regional Summary of Oil Spill Threats in Estimated Gallons of Petroleum Exposure 
(000)27 

 North Shore Boston 
Harbor 

South Shore Cape and 
Islands  

South 
Coastal 

Total 

Tanker Activity  11,000.0  4,280,500.0  1,000.0  8,750.0  82,500.0  4,372,750.0 
NTV Activity  2,200.0  27,500.0  -  1,600.0  8,925.0  38,025.0 
Transit Volume  1,436,000.0  4,308,000.0  1,436,000.0  2,998,611.0  1,609,061.0  10,351,672.0 
Recreational 
and Charter 
Fleets 

 471.2  400.0  263.3  1,558.9  983.8  3,206.0 

Fishing Fleet  2,440.5  75.0  395.6  546.8  7,525.5  8,542.8 
Ferry Fleet  2.0  62.8  7.0  154.5  5.5  229.8 
Homeport 
Fleet 

 48.0  750.0  10.2  320.2  85.1  1,165.5 

Shipyards  225.0  180.0  -  -  1,100.0  1,280.0 
Locally 
regulated 
Tanks 

 66.2  30.0  24.0  240.5  86.5  381.0 

Regulated 
Tanks 

 59,126.0  181,230.0  -  4,958.0  10,900.0  197,088.0 

Total by 
Region 

1,511,578.9 8,798,727.8 1,437,700.1 3,016,739.8 1,721,172.4

                                                
26 All values in table should be multiplied by a factor of 1,000. 
27 All values in table should be multiplied by a factor of 1,000. 



 Nuka Research and Planning Group, LLC 
 

Massachusetts Coastal Oil Spill Threat Analysis  Page 73 of 102 
December 09  

 

5.2.1 North Shore Region 

The North Shore Region has an estimated threat level of approximately 1.5 
billion GPE. Figure 5.20 shows the comparative threat levels for all threat factors 
within the North Shore region. The largest threat within the region is from vessel 
transit activity, which is attributed primarily to the volume of oil transiting into 
and out of Boston Harbor as it passes through the region.  

As Figure 5.21 shows, the comparative threat from vessel transit activity 
accounts for 99% of the total threat from vessel movements. While tank vessel 
activity represents only 1% of the total vessel movement threat, it is actually 
the third largest threat exposure for the North Shore region. 

The second highest threat level is from EPA regulated tank farms, most of which 
are located in Revere. Regulated tank farms make up nearly 100%28 of the 
threat for spills from land-based storage in the North Shore region. 

Approximately 76% of the threat exposure for the resident vessel fleet comes 
from fishing vessels. This is primarily attributable to the large fishing vessel fleet 
in Gloucester. 

Within the North Shore region, Pines River and Lynn Harbor are the two harbors 
with the highest exposure to the high magnitude threat factors discussed in 
Section 4.3 (tanker activity, NTV activity, transit activity and regulated tanks). 
Gloucester has by far the highest level of exposure to low magnitude threats 
(resident vessel fleet and locally regulated tanks), and has the second highest 
level of exposure statewide in all regions. Other North Shore harbors with high 
levels of exposure to oil spill threats from resident vessels and locally (non-EPA) 
regulated tanks are Salem, Marblehead, Beverly, and Rockport. 

Not included in these estimates are current and planned shipments of liquefied 
natural gas (LNG) to the two new offshore LNG terminals located 10 miles and 
13 miles southeast of Gloucester. The first terminal, built and operated by 
Gateway/Excelerate Energy experienced its first delivery of LNG in May of 2008 
and is now operating at less than full capacity.29 The second terminal, built and 
operated by Neptune/Suez LNG is scheduled to come on line in September of 
2009.30 The Gateway/Excelerate Energy terminal can discharge one ship at a 
time while a second ship is moored in standby. The Neptune/Suez project will be 
able to discharge two ships at the same time. According to a Neptune/Suez 
project update press release, ships will discharge in four to eight days with some 
overlap between the two discharge ports. Given this information, an estimate of 
one ship arriving each 5 days would lead to 73 ships per year under full 
operation for Neptune/Suez and 35 – 40 ships per year for Gateway/Excelerate 
Energy.  

                                                
28 As Table 5.1 shows there is a small amount of GPE from non-regulated tank farms in the North Shore region, but 
it accounts for less than 1% of the total GPE from land-based storage. 
29 Greg Farmer, Boston Harbor Pilots, personal conversation, March 27, 2009 
30 Neptune-Suez, Project Update, March 2009, website, http://www.neptunelngconstruction.com/ 
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The impact on the North Shore threat estimate will be an increase in the Vessel 
Transit estimate by 10.0 million GPE per year if both terminals operate at full 
capacity. A small increase to the resident fleet GPE for Boston Harbor will also 
occur due to the 2 – 4 support vessels that will berth in the port. 

5.2.2 Boston Harbor Region 

The aggregated estimates of total threat level shown in Figure 5.1 emphasizes 
the level of threat in Boston Harbor, which has the largest total threat amount 
for any regional area at approximately 8.8 billion GPE. As shown in Figure 5.22, 
Boston Harbor’s high threat level can be attributed to the fact that the region 
has the highest total threat level for four factors - tank vessel activity, nontank 
vessel activity, vessel transits, and bulk petroleum storage. 

Boston Harbor has the largest amount of tank vessel deliveries at an estimated 
4.3 billion GPE within the municipalities of Boston, Chelsea, Everett, Quincy, 
Braintree, and Weymouth, accounting for the top six municipalities in the state. 
Figure 5.23 shows that tank vessel activities account for 50% of the threat from 
vessel movement, with the other 50% attributable to vessel transit activity. 
Although nontank vessel activity is the fourth largest component of overall spill 
threat within the Boston Harbor region and is the highest overall compared to 
the other four regions in the state, it accounts for less than 1% of the overall oil 
spill threat exposure for vessel movement activities within Boston Harbor.  

As discussed in Section 5.1.1, there is a 100% overlap between the tank vessel 
and NTV activity and the vessel transit activity. This overlap was discounted at 
the harbor and municipal levels, but was not removed from the regional 
aggregation of data. This means that the GPE for vessel movement activity is 
double counting the traffic in Boston Harbor because the same vessels calling on 
those ports are also transiting offshore. To avoid counting the same vessels 
twice, the GPE estimate for vessel transit volume could be cut in half for Boston 
Harbor, which would reduce the total GPE to approximately 4.4 billion. This 
would still represent the highest overall threat for any region, due largely to 
tank vessel traffic. 

The homeport fleet comprises just over half of the total petroleum exposure 
from resident vessels in Boston Harbor. Despite the fact that Boston Harbor has 
the highest homeport volume of any region in the state, the relative contribution 
of resident vessel exposure to total GPE in the Boston Harbor region is minimal.  

The Boston Harbor region also has the highest amount of petroleum storage at 
181 million GPE. This threat is derived from the large number and size of 
regulated tank farms within the region. 

Within the Boston Harbor region, Boston, Fore River, and Town River Bay are 
the three harbors with the highest exposure to the high magnitude threat 
factors discussed in Section 4.3 (tanker activity, NTV activity, transit activity and 
regulated tanks). They also have the three highest exposure levels statewide, 
due to tanker activity in Boston and vessel transits in Fore and Town Rivers. All 
can be attributed to tanker traffic in and out of the Port of Boston. Boston also 
has the highest level of exposure within the region to low magnitude threats 
(resident vessel fleet and locally regulated tanks), and has the third highest 
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level of exposure statewide in all regions. No other harbors within the Boston 
Harbor region are exposed to high levels oil spill threats from resident vessels 
and locally regulated tanks. Again, this fact emphasizes the relative contribution 
of tanker activity and transits to overall threats in the Boston Harbor region. 

5.1.3 South Shore Region 

The South Shore Region has an estimated threat level of approximately 1.5 
billion GPE. Figures 5.24 and 5.25 show the comparative threat levels for all 
threat factors within the South Shore region. The largest threat within the region 
is from vessel transit activity, which is attributed primarily to the volume of oil 
transiting into and out of Boston Harbor as it passes through the region. The 
threat from vessel transit activity accounts for 100% of the total threat from 
vessel movements.  

All other threats combined make up less than 1% of the total exposure in the 
South Shore when compared to vessel transits. The threat factors that 
contribute most to this much smaller exposure are recreational and charter 
fleets, fishing fleets, and locally regulated tank farms. 

None of the harbors in the South Shore region have a high level of exposure to 
the high magnitude threat factors discussed in Section 4.3 (tanker activity, NTV 
activity, transit activity and regulated tanks). Plymouth has the highest level of 
exposure to low magnitude threats (resident vessel fleet and locally regulated 
tanks), and has the sixth highest level of exposure statewide in all regions. 
Other South Shore harbors with high levels of exposure to oil spill threats from 
resident vessels and locally regulated tanks are Green Harbor and Scituate 
Harbor. 

5.1.4 Cape and Islands Region 

The Cape and Islands Region has the second largest total threat quantity of the 
five regions with a total GPE of 3.02 billion (Figure 5.26). Figures 5.26 and 5.27 
show the comparative threat levels for all threat factors within the region. The 
largest component of the total quantity is from the transit volumes through the 
Cape Cod Canal and around the outside of Cape Cod at 3.00 billion gallons, 
presenting the threat of an oil spill to the towns of Bourne, Falmouth, Sandwich, 
Provincetown, Truro, Eastham, and Wellfleet. The Cape and Islands Region also 
has the highest recreational and charter fishing fleet largely due to the size of 
the Nantucket fleet.  

Ferry traffic for the Cape and Islands is the highest of the five regions due to the 
ferry routes between Cape Cod, Martha’s Vineyard, and Nantucket. Lastly, Cape 
Cod has the fourth highest regulated tank farm quantity due to the tank farms 
located in Tisbury. 

Within the Cape and Islands region, Sandwich Boat Basin and Great Harbor 
(Woods Hole) are the two harbors with the highest exposure to the high 
magnitude threat factors discussed in Section 4.3 (tanker activity, NTV activity, 
transit activity and regulated tanks). Nantucket Harbor has the highest level of 
exposure to low magnitude threats (resident vessel fleet and locally regulated 
tanks), and has the fourth highest level of exposure statewide in all regions. Of 



 Nuka Research and Planning Group, LLC 
 

Massachusetts Coastal Oil Spill Threat Analysis  Page 76 of 102 
December 09  

all regions, the Cape and Islands region by far has the largest number of 
harbors with high levels of exposure to oil spill threats from resident vessels and 
locally regulated tanks. In decreasing order of magnitude, these harbors are 
Hyannis, Vineyard Haven (Tisbury), Great Harbor (Woods Hole), Provincetown, 
Wellfleet, Edgartown, West Bay, Buttermilk Bay, and Falmouth Harbor. 

5.1.5 South Coastal Region 

The South Coastal Region has the third highest total threat factor at 1.7 billion 
GPE. Figure 5.28 shows that vessel transit volume comprises most of this threat, 
which can be attributed to the volume of oil transiting Buzzards Bay and the 
Cape Cod Canal. The South Coastal Region also has the second highest threat 
level of tank vessel deliveries at 82.5 million GPE due to the shipping volume 
into New Bedford/Fairhaven and Fall River/Somerset. As discussed in Section 4, 
there is approximately a 5% overlap between the tank vessel and NTV activity 
and the vessel transit activity in Mt. Hope Bay. This overlap was discounted at 
the harbor and municipal levels, but was not removed from the regional 
aggregation of data. This means that the GPE for vessel movement activity is 
double counting the traffic in Mt. Hope Bay because the same vessels calling on 
those ports are also transiting the region. Even if the transit volume GPE 
estimate were reduced to reflect this 5% overlap, transit volume would still 
present the largest threat factor to this region due to the Buzzards Bay/Cape 
Cod Canal traffic. 

The South Coastal region has the highest level of resident fishing fleet threat 
quantities of all regions, at 7.5 million GPE. New Bedford Harbor has more than 
three times the number of fishing vessels as the next highest port. Many of 
these are large offshore trawlers and scallopers. Three of five working shipyards 
in Massachusetts are also located in the South Coastal Region. Despite the fact 
that the resident vessel fleet threat level in South Coastal is high compared to 
other regions, the total quantity of exposure still accounts for less than 1% of 
the oil spill threat in the South Coastal region, because the comparative volume 
of oil in tank vessel deliveries and vessel transits is so high. 

Land-based storage of petroleum products in regulated tanks is the second 
highest overall threat in the South Coastal region, after vessel transits, at 
approximately 59 million GPE. This amount makes up approximately 4% of the 
total threat exposure in the South Coastal region (Figure 5.29). 

Within the South Coastal region, New Bedford Harbor has the highest overall 
exposure to the high magnitude threat factors discussed in Section 4.3 (tanker 
activity, NTV activity, transit activity and regulated tanks). New Bedford also has 
by far the highest level of exposure to low magnitude threats (resident vessel 
fleet and locally regulated tanks) both in the South Coastal region and 
statewide. Other South Coastal harbors with high levels of exposure to oil spill 
threats from resident vessels and locally (non-EPA) regulated tanks are 
Sippican, Apponagansett Bay, Westport River, and Onset Harbor. 
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Figure 5.20 Comparative Oil Spill Threat Levels within North Shore Region in Estimated Gallons 
of Petroleum Exposure (000)31 

 
Figure 5.21 Comparative Oil Spill Threat Levels within North Shore Region by Threat Category 

 

                                                
31 All values in table should be multiplied by a factor of 1,000. 
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Figure 5.22 Comparative Oil Spill Threat Levels within Boston Harbor Region in Estimated 
Gallons of Petroleum Exposure (000)32 

 
Figure 5.23 Comparative Oil Spill Threat Levels within Boston Harbor Region by Threat 

Category 

 

                                                
32 All values in table should be multiplied by a factor of 1,000. 
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Figure 5.24 Comparative Oil Spill Threat Levels within South Shore Region in Estimated Gallons 
of Petroleum Exposure (000)33 

 
Figure 5.25 Comparative Oil Spill Threat Levels within South Shore Region by Threat Category 

 

                                                
33 All values in table should be multiplied by a factor of 1,000. 
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Figure 5.26 Comparative Oil Spill Threat Levels within Cape and Islands Region in Estimated 
Gallons of Petroleum Exposure (000)34 

 

Figure 5.27 Comparative Oil Spill Threat Levels within Cape and Islands Region by Threat 
Category 

 

                                                
34 All values in table should be multiplied by a factor of 1,000. 
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Figure 5.28 Comparative Oil Spill Threat Levels within South Coastal Region in Estimated 
Gallons of Petroleum Exposure (000)35 

 
Figure 5.29 Comparative Oil Spill Threat Levels within South Coastal Region by Threat Category 

 
 

                                                
35 All values in table should be multiplied by a factor of 1,000. 
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5.3 Summary of Regional Oil Spill Threats by Region 

The aggregated data for oil spill threat factors by region provides some insight 
into how oil spill threats compare across region both overall and by threat 
factor, and also provide some relative measure of the magnitude of various 
threats within each region. Figure 5.30 compares the GPE for all threat factors 
for all five regions. This graph shows that The Boston Harbor region has the two 
highest GPE levels, for tanker activity and transit volume. Because of the 
overlap between these two measures at the regional level, this threat can be 
considered as a single exposure. Still, it shows that tank vessel movements in 
and out of the Boston Harbor region present the single largest quantity of 
exposure for any activity in any region of the state. Moreover, vessel transit 
activity represents the single highest exposure level for the other four regions as 
well, with the second highest regional level in the Cape and Islands. 

The total exposure to petroleum from vessel transits and tanker activity is so 
much higher than all other threat factors that it is difficult to see much beyond 
that threat in Figure 5.30. To look further, Figure 5.31 displays the same data 
with the exception of the tanker and vessel transit estimates. This shows clearly 
that regulated tanks comprise the second largest regional exposure, with the 
highest level in the Boston Harbor region, followed by the North Shore.  

The third largest threat factor in terms of regional threat is from nontank 
vessels, with the highest regional exposure again in the Boston Harbor region, 
followed by the South Coastal, North Shore, and Cape and Islands (see Figure 
5.32). After nontank vessel activity, fishing fleets account for the fourth highest 
exposure threat, particularly in the South Coastal Region and the North Shore 
(see Figure 5.33). After fishing vessels, recreational and charter vessels seem to 
pose the fifth largest overall exposure level, most prominently in the Cape and 
Islands and South Coastal Regions. 

Since the Boston Harbor region accounts for the highest threat level of all 
regions for the four largest threat factors, Boston Harbor data is excluded from 
Figure 5.34, as is data for the top four threat factors. This shows the relative 
threat of the remaining six low magnitude threat factors for the other four 
regions of the state on a more meaningful scale, and shows that the South 
Coastal region has the highest exposure to these “lower magnitude” threats, 
followed by the North Shore. 
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Figure 5.30 Comparison of Estimated Gallons of Petroleum Exposure (000)36 for all Threat 
Factors Across Regions 

 

Figure 5.31 Comparison of Estimated Gallons of Petroleum Exposure (000)37 for all Threat 
Factors Across Regions, Excluding Transit Volume and Tanker Activity 

 

                                                
36 All values in table should be multiplied by a factor of 1,000. 
37 All values in table should be multiplied by a factor of 1,000. 
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Figure 5.32 Comparison of Estimated Gallons of Petroleum Exposure (000)38 for all Threat 
Factors Across Regions, Excluding Transit Volume, Tanker Activity, and Regulated Tanks 

 

Figure 5.33 Comparison of Estimated Gallons of Petroleum Exposure (000)39 for all Threat 
Factors Across Regions, Excluding Transit Volume, Tanker Activity, Nontank Vessel Activity, 

and Regulated Tanks 

 
                                                
38 All values in table should be multiplied by a factor of 1,000. 
39 All values in table should be multiplied by a factor of 1,000. 
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Figure 5.34 Comparison of Estimated Gallons of Petroleum Exposure (000)40 for all Threat 
Factors Across Regions, Excluding All Data for Boston Harbor Region and Excluding Transit 

Volume, Tanker Activity, Nontank Vessel Activity, and Regulated Tank Data for Other Regions 

 

                                                
40 All values in table should be multiplied by a factor of 1,000. 
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6 Discussion 

This study was conducted to identify, measure, and compare oil spill threats to 
coastal Massachusetts. This analysis is more informal and qualitative than a 
comprehensive risk assessment, and represents a “snapshot” measurement of 
various factors that may contribute to the overall threat of an oil spill occurring. 
This report provides specific details about the data sources and data sets 
developed, in the interest of encouraging future studies to build on this effort.  

While none of the observations in this report should be interpreted as absolute 
measure of oil spill risk, they are still extremely useful in that they provide a 
methodical approach to identifying and estimating how various types of activities 
contribute to the overall threat of marine oil spills, and identifying differences 
and similarities in these threat factors across geographic areas. 

Sections 2 and 3 of this report described the types of threat factors considered 
for this study and Sections 4 and 5 compiled and analyzed data describing each 
factor by harbor, municipality, and region. Three general categories were used 
to distinguish threat types – vessel movement, resident vessel fleets, and land-
based storage. Across the board, the oil spill threat from vessel movement was 
much higher in terms of gallons of petroleum exposure than any other source. 
This is largely attributable to the fact that tank vessels moving through shipping 
channels and in and out of harbors (primarily the Port of Boston) represents the 
single largest exposure to oil by quantity. A typical tank vessel can carry millions 
of gallons of petroleum onboard, compared to hundreds of thousands on a large 
nontank vessel and thousands to tens of thousands on a large fishing or 
recreational vessel.  

These differences in scale highlight the need to look closely at the data for each 
threat type, harbor, town, and region. While the total threat exposure from all 
other factors combined does not approach the vessel transit threat level, there 
are other reasons to consider these lower magnitude exposures in attempting to 
interpret overall spill threats and to allocate planning and resources accordingly. 

6.1 High Threat Activities 

The highest total exposure to oil spill threats comes from tank vessel activity 
and vessel transits in shipping lanes. Land-based storage in regulated tanks is 
the second largest regional exposure. The third largest threat factor is nontank 
vessel activity. After nontank vessel activity, fishing fleets account for the fourth 
highest exposure threat. After fishing vessels, recreational and charter vessels 
seem to pose the fifth largest overall exposure level. 

 6.2 Geographic Areas of Concern 

Sections 4 and 5 of this report describe the relative threat levels for coastal oil 
spills at the harbor and regional levels. These analyses show that by far the 
highest level of exposure to oil spill threats occurs in the Boston Harbor region, 
due to the high level of tank vessel activity and the concentration of bulk 
storage facilities in the Port of Boston. After Boston Harbor, the Cape and 
Islands region has the second highest total exposure to oil spill threats. The 
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South Coastal, North Shore, and South Shore regions all have comparable levels 
of overall exposure, although the composition and relative contributions of 
threat factors varies in each region. 

At the harbor level, Boston Harbor, New Bedford Harbor and Great Harbor 
(Woods Hole) are the only three harbors that ranked among the highest 
exposure to both high magnitude threats (tankers, NTV, transits and regulated 
storage) and low magnitude threats (resident vessel fleets and locally regulated 
tanks). High magnitude threats were most prevalent in Boston Harbor’s harbors, 
followed by the Cape and Islands, North Shore, and South Coastal regions. None 
of the South Shore harbors had a significant concentration of high magnitude 
threat factors. 

Ten of the twenty-four harbors with high levels of exposure to low magnitude 
threat factors are located in the Cape and Islands region, although the harbor 
with by far the highest level of exposure to lower magnitude threats is New 
Bedford, in the South Coastal Region. Gloucester Harbor had the second highest 
level of exposure to low magnitude threats. Other harbors with high levels of 
exposure for low magnitude threats were Boston, Nantucket, Hyannis, and 
Plymouth. 

6.3 Considerations in Interpreting the Gallons of Petroleum Exposure 

Estimates 

 6.3.1 Temporal Considerations 

As discussed earlier in this report, the GPE measurement does not account for 
temporal distribution of oil spill threats. In other words, although the total 
amount of oil transported by tank vessel is highest compared to all other threat 
factors, this estimate reflects and annual total and not a daily average. So there 
is some degree of artificiality in comparing a threat such as vessel transit 
volume, which can vary considerably over time and is never all present in one 
area at one time, with a threat such as land-based fuel storage, which is more 
constant (although storage volumes also fluctuate over time). Neither threat 
factor attempts to allocate the threat exposure by season, despite the fact that 
both the volume of vessel transits and the volume of oil stored in land-based 
tanks may be much higher in winter because of the widespread use of home 
heating oil in this region. 

Similar seasonal variations affect other threat factors. Commercial fishing 
vessels, which are the single largest contributor to total threat exposure from 
resident vessel activity, vary their operations based on which fisheries they are 
targeting. Recreational and homeport vessels are typically only present during 
the summer boating season, and most are dry-docked through the colder 
months. Therefore, the total exposure to a spill from resident vessels will vary 
considerably over the course of a year depending on which fishing vessel are in 
port, and the level of recreational boating activity. 

6.3.2 Oil Type Not Considered 

The type of oil transported or stored is not factored into this analysis, yet the 
type of petroleum product is an important consideration in planning for and 
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responding to oil spills. The data sets for tank vessel activity and land-based 
storage (both regulated by EPA and locally regulated) contain some information 
about types of oil stored and transported, but this information was not 
consistent enough to allow for analysis across data sets. Types of petroleum 
stored and transported include gasoline, marine diesel, aviation fuel, home 
heating oil, and intermediate to heavy fuel oils. Future analyses could look more 
closely at fuel types in order to consider potential response scenarios and 
planning needs.  

6.3.3 Exposure Does Not Equal Risk 

In this study, the measurement of gallons of petroleum exposure by region and 
threat type presumes that every gallon of oil has the same likelihood of spilling. 
In the real world, this is not the case. Mitigation and prevention measures such 
as secondary containment at tank farms, double hulls on tank vessels, or 
transfer procedures at marine terminals may reduce the likelihood of a spill 
occurring, and/or reduce the total amount spilled in the case that a spill does 
occur. A quantitative risk assessment would take into considerations these types 
of factors; this study does not. 

This study estimates total exposure by aggregating and comparing the total 
storage amounts across type of threat and geographic area. While this study 
uses gallons of petroleum exposure as a unit of measure to estimate and 
compare spill threats, these gallon measurements should not be confused with a 
worst case spill size for a single event. It is important to recognize that the 
aggregation of total volumes within each threat factor means that the GPE 
estimates far exceed a worst case discharge estimate. For example, the 8.8 
billion GPE estimate for the Boston Harbor region does not mean that an 8.8 
billion gallon oil spill should be expected or planned for in this region.  

6.4 Assessment of Spill Threat Levels Compared to Equipment Stockpiles  

A separate study done in parallel to this Threat Evaluation, the Inventory and 
Assessment of Marine Oil Spill Response Resources in Massachusetts and New 
England States (Equipment Inventory) considered the comparative stockpiles of 
oil spill response equipment by region, and found that the overwhelming 
majority of skimmers, skimming systems, and temporary storage capacity in 
Massachusetts is concentrated in the Boston Harbor region. The inland region 
has a small stockpile of skimming systems, but otherwise all other regions of the 
state have virtually no recovery or storage capacity. 

The distribution of boom statewide is more even, with the highest percentage of 
all types of boom combined in the Boston Harbor region, followed closely by the 
Cape and Islands. Boston Harbor has the highest concentration of larger boom 
suitable for open water response. Calm water boom is more evenly distributed, 
with the highest concentration in the Cape and Islands region, followed by 
Boston Harbor, the North Shore, South Coastal, South Shore, and Inland 
regions. 

Interestingly, the two regions of the state with the highest threat exposure also 
have the highest overall equipment levels. However, in looking at those specific 
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communities and harbors with the highest threat exposure, outside of Boston 
Harbor there are limited response resources with the exception of calm water 
(up to 18 inch) boom. In considering those harbors with the highest total 
exposure (combined GPE by harbor, see Figure 4.14), all have state spill 
response trailers within their town, containing 1,000 feet of calm water boom. 
Some harbors are in close proximity to several state response trailers. However, 
beyond the hard boom, sorbents, and associated equipment in the trailers, there 
are no significant stockpiles in several of the highest risk harbors, including 
Gloucester, Woods Hole, and New Bedford. While the oil boom is useful for initial 
containment or protection, skimming systems and temporary storage devices 
are needed to recover spilled oil. Adding such capacity to some of the highest 
risk harbors might improve the likelihood of successful spill response and reduce 
overall impacts by cutting down on the time required to transport and deploy 
these resources. 

6.5 Use of Threat Estimates in Other Planning Activities 

A common approach to oil spill contingency planning, which is based to some 
degree on an assessment of overall spill risks, is to consider various categories 
of oil spill types and to plan accordingly for each type. Two terms are commonly 
used to differentiate between the types of spills that may occur for a particular 
operation or region – worst case and average most probable. A worst case event 
represents the maximum possible spill size based on the total quantity of oil 
stored in a given location or operation. An average most probably event takes 
into consideration the source and severity of a spill that is considered most likely 
to occur, again based on the nature of the operations. 

The data collected for this study could be used to estimate the potential 
magnitude of worst case and/or average most probable oil spills by harbor, 
municipality, region, and threat factor. For example, a worst case discharge for 
the South Coastal region from a tank vessel could be estimated as the total 
capacity of the largest tank vessel transiting through or calling on a local port in 
that region. The average most probable spill source could be estimated by 
looking at some of the lower magnitude threats that were most prevalent for a 
harbor or region. For example, the South Coastal region has the highest 
exposure to petroleum from the resident fishing fleet; therefore a fishing vessel 
spill could be used as an average most probably spill scenario in that region. The 
data collected and analyzed for this study could also be useful to developing 
scenarios for oil spill drills and exercises. 
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7 Recommendations 

The information and analysis compiled for this study has two broad applications: 
1) to facilitate decision-making regarding oil spill prevention and response 
planning projects in Massachusetts based on relative threat types and 
concentrations; and 2) provide a foundation for future data collection and 
analysis. The recommendations in this section address each of these two areas. 

7.1 Oil Spill Prevention and Response Planning for Coastal Massachusetts 

This study represents the first attempt to measure and assess the types of 
factors that contribute to oil spill threats for Massachusetts coastal communities 
and the relative magnitude of these threats statewide, by region, and by harbor. 
While the presence and size of these threats is only one component of the 
overall risk picture, it is still useful to directing future planning and prevention 
efforts. 

This study concludes that vessel transits adjacent to coastal communities and 
tank vessel activity within ports are the two major contributors to the volume of 
oil present in the state’s coastal regions and therefore at risk of spilling. This 
threat is most significant in the Boston Harbor region, due to the proportionately 
high level of activity in the Port of Boston compared to the rest of the state. 
Other harbors with particularly high oil spill threat exposure from all sources, 
outside of the Port of Boston and surrounding Harbors, are New Bedford, 
Gloucester, Fall River/Somerset, Sandwich Boat Basin, Great Harbor (Woods 
Hole), Nantucket, Hyannis, and Plymouth.  

Looking beyond the threat from the four high magnitude threat factors (vessel 
transits, tankers, NTV, and regulated storage), the data showed that every 
harbor seemed to have its own unique combination of factors. Harbors with 
large fishing fleets, such as New Bedford and Gloucester, are exposed to 
relatively high oil spill threats from those resident fleets. Ferry traffic and 
recreational vessel fleets contribute to oil spill threats in many of the Cape and 
Islands harbors. This next level of granularity is important to consider because it 
emphasizes the fact that there is a great deal of local variation by harbor, by 
waterbody, and by region. Thus, it is important incorporate local considerations 
and expertise in the oil spill planning process and to tailor prevention programs 
to address localized risks. 

After the Boston Harbor Region, the Cape and Islands has the next highest 
overall threat exposure, with the other three regions at comparable total levels. 
While the state has been divided into five regions for the purpose of oil spill 
planning projects and equipment allocation, it is important to also consider that 
waterbody distinctions seem to impact oil spill threat levels more so than 
regional designations. This is particularly evident in the Cape Cod region, where 
threat levels from vessel transits in particular vary significantly by waterbody.  

Specific recommendations for allocation of oil spill prevention and planning 
projects are: 

• Tailor prevention activities to the highest-exposure locations and activities. 
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o Continue with efforts such as escort tugs that would provide an 
immediate response/mitigation asset for vessel transits. 

o Ensure that adequate equipment is available and GRPs are in place for 
areas adjacent to harbors with the highest exposure to oil spill threats. 

o Ensure that adequate equipment is available and GRPs are in place for 
areas that could be impacted by a spill from land-based EPA regulated 
storage facilities. Review Facility Response Plans to assess the level of 
planning in place. 

o Develop GRPs for Boston Harbor region. 
• Enhance response capacity and spill preparedness in highest-exposure 

locations. 
o Consider developing additional tactical spill response plans for highest 

exposure harbors, to supplement GRPs. 
o Supplement oil spill response equipment in high-exposure harbor 

areas (i.e. additional boom, larger boom, skimming equipment). 
o Develop harbor or town-level oil spill response action plans that define 

responsibilities and initial response priorities. Engage harbormasters 
and port authorities in oil spill prevention and response planning 
programs. Encourage oil spill response planning within Harbor 
Management Plans to address the specific threats associated with each 
harbor. 

o Develop regional plans that consider how responders and equipment 
will come together for a spill that impacts multiple harbors and towns 
in regions with high threat exposure. 

o Develop oil spill response scenario analyses for high-exposure harbors 
to work through the amount of resources that might be required to 
respond to a worst case and average most probable discharge and 
estimate the timeline for mobilization and deployment of the necessary 
resources. 

• Consider diversifying equipment stockpiles to enhance overall response 
capability (see discussion and conclusions in Equipment Report). Also assess 
adequacy of equipment stockpiles through scenario analyses. 

• Identify opportunities for outreach and education to encourage awareness of 
oil spill threats from resident vessel fleets. 

7.2 Building on this Study 

The process of collecting and compiling data for this study highlighted a number 
of gaps in data quality or availability. Many of these issues are attributable to 
the fact that the organizations and agencies that compile the data needed for 
this study do not necessarily do so from a perspective of oil spill planning or 
analysis. For example, the EPA Facility Response Plan database did not identify 
total storage by facility, which would have made the analysis of EPA regulated 
tank farms much easier. Similarly, vessel transit data sets use different 
measurements and do not cover all waterbodies of the state. AIS data is not 
publicly available and must be purchased at a considerable cost.  
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Historical spill data was also problematic, to the degree that it was not included 
in this study. While information on historical spill occurrences is commonly used 
to assess future spill risks, this study found that data sets maintained by both 
the U.S. Coast Guard and MassDEP were incomplete. There were also 
discrepancies in how data was recorded within MassDEP in different response 
regions. Standardization of data fields such as spill type, source, location, size, 
etc. would benefit future analyses. The State of Washington has developed a 
model for oil spill data keeping that could be adapted in Massachusetts. Efforts 
are underway to improve historical spill databases at the state and federal level. 
If efforts to improve and standardize oil spill recordkeeping are successful, then 
data on historical oil spill occurrences could be factored into future analyses. 
Once a comprehensive set of historical spill data is established, annual reports 
could be generated to identify trends in oil spill occurrences and to evaluate the 
impact of planning and prevention measures. 

In addition to the ten threat factors included in this study, several other factors 
that may contribute to oil spill threats were identified but were not included in 
this study due to limits on available data and other practical constraints. Future 
analyses could take into consideration additional threat factors such as vessel 
refueling from tanker trucks, location of bridges or roadways where tanker truck 
accidents could impact coastal waters, and vessel refueling from harbor barges. 

The data compiled for this study was done so in a manner that would make it 
relatively easy to revisit and update the study periodically. Continued data 
compilation would allow for future analyses to look at trends and changes in 
threat factors, and to assess threats based on a more mature data set. It would 
also allow for new threats – such as changes to vessel traffic in North Shore 
ports with new LNG developments or addition of offshore wind farms as 
proposed by Cape Wind. 

Finally, it is important to clarify that the threats measured in this study are only 
one component of the overall risk equation. Risk is broadly defined as probability 
times consequence. This study uses a gross measurement of whether or not oil 
is present in order to estimate the likelihood of a spill occurring. The threat 
factors identified in this study inform on both components of the risk equation, 
but they do not provide a definitive estimate of risk. Future studies could 
consider other components of the risk equation – such as probability of spills 
from various sources or vulnerability to oil spill impacts. 

Specific recommendations for building on this study are: 

• Encourage agencies and organizations that compile the data used in this 
study to update databases and record-keeping to standardize measurements 
and facilitate future analyses of oil spill threats. 

• Improve data recording and management practices for historical oil spill 
databases by standardizing data fields within and across agencies, with the 
goal of developing a data set that could be analyzed for trends in oil spill 
occurrences. 

• Continue to populate the data sets developed for this report, and periodically 
review and analyze. 

• Acquire and analyze AIS data. 
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• Consider additional oil spill threat factors such as: 
o Vessel refueling from tanker trucks 
o Potential for spills from tanker trucks on roads or bridges 
o Vessel refueling from harbor barges 
o Other new or emerging threats (LNG activities, Cape Wind, etc.) 

• Investigate other factors related to overall spill risks such as probabilities of 
spill occurrence and vulnerability to spill impacts. 

• Use the information in this report as the foundation for a spill risk 
management program as described in Section 1.4 of this report. 
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Appendix A – List of Massachusetts Harbors by Region and Waterbody 

 

Region Waterbody Town/City Harbor # 

North Shore Gulf of Maine Newburyport/Salisbury Newburyport/Merrimack River  1 

North Shore Gulf of Maine Newbury Parker River 2 

North Shore Gulf of Maine Rowley Rowley River 3 

North Shore Gulf of Maine Ipswich Ipswich River 4 

North Shore Gulf of Maine Essex Essex Bay 5 

North Shore Gulf of Maine Rockport Rockport Harbor  6 

North Shore Massachusetts Bay Gloucester Gloucester Harbor 7 

North Shore Massachusetts Bay Manchester Manchester Harbor 8 

North Shore Massachusetts Bay Beverly/Danvers Beverly Harbor/Danvers River 9 

North Shore Massachusetts Bay Salem Salem Harbor  10 

North Shore Massachusetts Bay Lynn Lynn Harbor 11 

North Shore Massachusetts Bay Marblehead Marblehead Harbor 12 

North Shore Massachusetts Bay Nahant Nahant Harbor 13 

North Shore Massachusetts Bay Revere Pines River/Saugus River 14 

Boston Harbor Massachusetts Bay Winthrop Winthrop Harbor 15 

Boston Harbor Massachusetts Bay Boston/Chelsea/Everett Boston Harbor  16 

Boston Harbor Massachusetts Bay Boston Dorchester Bay 17 

Boston Harbor Massachusetts Bay Quincy Neponset River 18 

Boston Harbor Massachusetts Bay Quincy Quincy Bay 19 

Boston Harbor Massachusetts Bay Quincy Town River Bay 20 

Boston Harbor Massachusetts Bay Braintree/Weymouth Fore River  21 

Boston Harbor Massachusetts Bay Weymouth Back River 22 

South Shore Massachusetts Bay Hingham Hingham Harbor 23 

South Shore Massachusetts Bay Hingham Weir River 24 

South Shore Massachusetts Bay Hull Allerton Harbor 25 

South Shore Cape Cod Bay Cohasset Cohasset Harbor 26 

South Shore Cape Cod Bay Scituate Scituate Harbor 27 

South Shore Cape Cod Bay Scituate North River 28 

South Shore Cape Cod Bay Marshfield Green Harbor 29 

South Shore Cape Cod Bay Duxbury Duxbury Harbor 30 

South Shore Cape Cod Bay Kingston Kingston Bay/Jones River 31 

South Shore Cape Cod Bay Plymouth Plymouth Harbor 32 

Cape and Islands Cape Cod Bay Sandwich  Sandwich Boat Basin/Esco  33 

Cape and Islands Cape Cod Bay Sandwich  Sandwich Harbor 34 

Cape and Islands Cape Cod Bay Barnstable Barnstable Harbor  35 

Cape and Islands Cape Cod Bay Brewster Sesuit Harbor 36 

Cape and Islands Cape Cod Bay Orleans Rock Harbor  37 

Cape and Islands Cape Cod Bay Wellfleet Wellfleet Harbor 38 
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Region Waterbody Town/City Harbor # 

Cape and Islands Cape Cod Bay Truro Pamet River 39 

Cape and Islands Cape Cod Bay Provincetown Provincetown Harbor 40 

Cape and Islands Atlantic Orleans Nauset Harbor 41 

Cape and Islands Atlantic Orleans Pleasant Bay 42 

Cape and Islands Atlantic Chatham Chatham Harbor 43 

Cape and Islands Atlantic Chatham Stage Harbor 44 

Cape and Islands Nantucket Sound Harwich Saquatucket Harbor 45 

Cape and Islands Nantucket Sound Harwich Wychmere Harbor 46 

Cape and Islands Nantucket Sound Harwich Allen Harbor 47 

Cape and Islands Nantucket Sound Dennis Dennis Port/Herring River 48 

Cape and Islands Nantucket Sound Dennis/Yarmouth Bass River   49 

Cape and Islands Nantucket Sound Barnstable Hyannis Harbor/Lewis Bay  50 

Cape and Islands Nantucket Sound Barnstable Centerville /Hyannis Port 51 

Cape and Islands Nantucket Sound Barnstable West Bay 52 

Cape and Islands Nantucket Sound Barnstable Cotuit Bay 53 

Cape and Islands Nantucket Sound Mashpee Popponesset Bay  54 

Cape and Islands Vineyard Sound Falmouth Waquoit Bay 55 

Cape and Islands Vineyard Sound Falmouth Eel Pond 56 

Cape and Islands Vineyard Sound Falmouth Bourne Pond 57 

Cape and Islands Vineyard Sound Falmouth Green Pond 58 

Cape and Islands Vineyard Sound Falmouth Great Pond 59 

Cape and Islands Vineyard Sound Falmouth Falmouth Harbor 60 

Cape and Islands Nantucket Sound Nantucket Nantucket Harbor 61 

Cape and Islands Nantucket Sound Nantucket Madaket Harbor 62 

Cape and Islands Vineyard Sound Edgartown Edgartown Harbor 63 

Cape and Islands Vineyard Sound Oak Bluffs Oak Bluffs Harbor 64 

Cape and Islands Vineyard Sound Tisbury Vineyard Haven Harbor 65 

Cape and Islands Vineyard Sound Aquinnah/Chilmark Menemsha Creek  66 

Cape and Islands Buzzards Bay Gosnold Cuttyhunk Harbor 67 

Cape and Islands Buzzards Bay Gosnold Hadley Harbor 68 

Cape and Islands Vineyard Sound Falmouth Little Harbor 69 

Cape and Islands Buzzards Bay Falmouth Great Harbor (Woods Hole) 70 

Cape and Islands Buzzards Bay Falmouth Quissett Harbor 71 

Cape and Islands Buzzards Bay Falmouth West Falmouth Harbor 72 

Cape and Islands Buzzards Bay Falmouth Wild Harbor 73 

Cape and Islands Buzzards Bay Falmouth Fiddlers Cove 74 

Cape and Islands Buzzards Bay Falmouth Rands Harbor 75 

Cape and Islands Buzzards Bay Bourne/Falmouth Squeteague Harbor  76 

Cape and Islands Buzzards Bay Bourne Red Brook Harbor 77 

Cape and Islands Buzzards Bay Bourne Pocasset Harbor 78 
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Region Waterbody Town/City Harbor # 

Cape and Islands Buzzards Bay Bourne Pocasset River 79 

Cape and Islands Buzzards Bay Bourne Phinneys Harbor/Back River 80 

Cape and Islands Buzzards Bay Bourne/Wareham Buttermilk Bay  81 

South Coastal Buzzards Bay Wareham Onset Harbor 82 

South Coastal Buzzards Bay Wareham Wareham Harbor 83 

South Coastal Buzzards Bay Marion/Wareham Weweantic River  84 

South Coastal Buzzards Bay Marion Sippican Harbor 85 

South Coastal Buzzards Bay Mattapoisett/Marion Aucoot Cove 86 

South Coastal Buzzards Bay Mattapoisett Mattapoisett Harbor 87 

South Coastal Buzzards Bay Mattapoisett Brant Island Cove 88 

South Coastal Buzzards Bay Fairhaven Nasketucket Bay 89 

South Coastal Buzzards Bay New Bedford/Fairhaven New Bedford Harbor  90 

South Coastal Buzzards Bay New Bedford Clarks Cove 91 

South Coastal Buzzards Bay Dartmouth Apponagansett Bay 92 

South Coastal Buzzards Bay Westport Westport River 93 

South Coastal Mount Hope Bay Fall River/Somerset 
Port of Fall River/Taunton 
River 94 

South Coastal Mount Hope Bay Swansea Lee River 95 
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Appendix B Fire Chief Survey 
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Appendix C – Harbormaster Survey 
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New Bedford Harbor
Winter Flounder Mitigation Areas

Salinity Data

Location ID Depth (Feet) Salinity (ppt)
1 0 30.38
1 11 30.57
1 20 30.6
2 0 30.46
2 11 30.4
2 20 30.57
3 0 30.36
3 11 30.47
3 20 30.58
4 0 30.4
4 10 30.4
4 20 30.57
5 0 30.35
5 11 30.38
5 20 30.6
6 0 30.35
6 10 30.45
6 20 30.46
7 0 30.33
7 11 30.48
7 20 30.46
8 0 30.32
8 10 30.24
8 20 30.52
9 0 30.31
9 10 30.35
9 20 30.5

10 0 30.32
10 10 30.36
10 20 30.49
11 0 30.34
11 10 30.36
11 20 30.52

1 of 2



New Bedford Harbor
Winter Flounder Mitigation Areas

Salinity Data

Location ID Depth (Feet) Salinity (ppt)
12 0 28.76
12 10 28.83
12 20 28.84
13 0 28.86
13 10 28.88
13 20 28.86
14 0 28.82
14 10 28.92
14 20 28.97
15 0 28.88
15 10 28.98
15 20 28.96
16 0 28.84
16 10 28.94
16 20 28.95
17 0 28.93
17 10 29.01
17 20 28.99
18 0 28.91
18 10 29
18 20 28.97

Background 0 30.1
Background 5 30.05
Background 10 30.07

2 of 2



Table 1: 
Analytical Data: Potential Winter Flounder Mitigation Areas 

South Terminal CDF
New Bedford, Massachusetts
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FLOU-MIT-1 12/7/2010 41 18 140 31 150 100 75 120 42 2.3 U 41 150 6 21 120 92 13 14 13 2.3 U 2.3 U 2.3 U
FLOU-MIT-2 12/7/2010 49 22 130 37 190 130 100 160 48 1.4 U 58 200 6.5 32 160 120 18 19 19 1.4 U 2 1.4 U
FLOU-MIT-3 12/7/2010 40 20 120 31 150 110 90 140 49 1.5 U 53 170 7.1 39 150 110 16 18 17 1.5 U 1.5 U 1.5 U
FLOU-MIT-4 12/7/2010 31 13 74 23 100 68 58 100 37 1.3 U 39 130 4.5 29 130 81 12 14 14 1.3 U 1.3 U 1.3 U
FLOU-MIT-5 12/7/2010 69 36 180 53 240 150 140 220 91 2.2 U 74 270 10 44 230 160 26 28 24 2.2 U 2.2 U 2.2 U
FLOU-MIT-6 12/7/2010 120 46 180 70 260 170 160 230 110 1.9 U 83 260 11 61 240 150 26 28 22 2.4 1.9 U 1.9 U
FLOU-MIT-7 12/7/2010 67 59 84 140 500 220 120 700 380 7.9 U 250 610 34 180 770 380 77 81 49 7.9 U 7.9 U 7.9 U
FLOU-MIT-8 12/7/2010 120 44 240 64 250 160 160 230 100 1.7 U 96 270 12 70 240 150 25 28 24 2.2 2.3 1.7 U
FLOU-MIT-9 12/7/2010 100 45 210 85 330 170 160 290 140 1.7 U 100 320 13 87 310 190 31 33 28 2.2 2.5 1.7 U
FLOU-MIT-10 12/7/2010 24 11 73 17 76 45 47 73 29 0.94 U 31 100 3.5 24 87 57 9 10 9 0.94 U 0.94 U 0.94 U

Notes:
U = Concentration is below the laboratory's method detection limit.  One half of the method detection limit is utilized in the summation. 
Since 1988, the NOAA Center for Coastal Monitoring and Assessment has calculated total PCB concentations by summing the 18 specific 
NOAA Congeners and multiplying by a of 2.0.  

PCB Congeners (μg/kg)
Estimate of Total PCBs 

(Summation of 18 NOAA 
Congeners Multiplied by a 
the NOAA Correction of 

2.0) (mg/kg) 

8.2

4.6
1.3

2.1
2.6

3.9

2.3
1.7
3.6

4.0



Center for Coastal Monitoring and Assessment
Monitoring Data - Benthic Surveillance

Benthic Surveillance contaminants
Organic Contaminants, and Major and Trace Elements

The Benthic Surveillance Project monitored concentrations of the trace metals and organic compounds 
in fish livers and sediments, listed below. Concentrations of these chemicals can serve as indicators of 
human activity. While the metals have different uses they can be categorized as chemicals whose 
discharge to the environment has been enhanced through industrialization. 

The groups of organic compounds cannot be categorized so generally. Two of those groups, total DDT 
(tDDT) and chlordane, are chlorinated pesticides. Use of DDT in the United States was banned in 1970. 
The use of chlordane on crops and ornamental plants was first restricted in 1974. 

Its major use as a termiticide came under sever restriction in 1988. Polychlorinated biphenyls (tPCB) 
are a mixture of compounds based on the biphenyl molecule, chlorinated to various extents. It began to 
be used in 1929 for a number of industrial purposes. Its high heat capacity and low dielectric constant 
were exploited for its major use in electrical transformers and capacitors. Its use in the United States 
began phasing out in 1971 and was banned in new devices starting in 1976. 

All of these banned compounds, tDDT, Chlordane, and tPCB, still exist in the environment. They are 
still used in other countries. Within the United States, chlordane is still in the ground as a termiticide, 
PCB-containing devices are still in use, and DDT, while no longer serving any purpose, remains in the 
environment because (like chlordane and PCB) of its resistance to degradation. The pesticide DDT is 
metabolized to DDE and DDD in the environment, but the tDDT group of compounds resists further 
degradation. 

Polycyclic aromatic hydrocarbons (PAHs) are like metals in the sense that they are not synthetic but 
occur naturally. They are found in fossil fuels such as coal and oil. Their existence though is also 
attributable to humans because they are produced when organic matter is burned. There are a 
multitude of human activities, from burning coal and wood to incineration of wastes, that create PAH 
compounds in excess of what would otherwise naturally exist. Often the lower molecular weight 
compounds (2- and 3-ring compounds) are classified separately from the higher weight compounds (4- 
and 5-rings) because the lower weight compounds have the higher association with petroleum and the 
higher weight compounds with combustion products. Because fish metabolize PAHs none are reported 
for liver tissues but the suite of PAHs listed below are reported for sediments. In order to determine the 
level of fish exposure to PAHs, PAH metabolites are reported for liver tissues. 

Al Aluminum 

Major 
Elements 

(μg/g dry wt.) 
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Fe Iron

MnManganese

Si Silicon

SbAntimony

AsArsenic

CdCadmium

Cr Chromium

CuCopper

PbLead

HgMercury

Ni Nickel

SeSelenium

AgSilver

SnTin

ZnZinc

TI Thallium

Trace 
elements 

(µg/g dry wt.) 

PCB 8 PCB 101 PCB170

PCB 18 PCB 105 PCB 179

PCB 28 PCB 118 PCB 180

PCB 44 PCB 126 PCB 187

PCB 52 PCB 128 PCB 195

PCB 66 PCB 138 PCB 206

PCB 77/110 PCB 153 PCB 209

Polychlorinated biphenyl 
congeners (IUPAC numbering 

system) (ng/g dry wt.) 
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Non-ortho PCB congeners 77 and 126 reported by the Benthic Surveillance Project were determined 
using the same procedures as for the other PCB congeners, see NOAA NOS ORCA Technical 
Memorandum 71. Prior to 1988 PCBs were measured as concentrations per level of chlorination. Since 
1988 individual congener concentrations have been measured. 

2,4'-DDD 

4,4'-DDD 

2,4'-DDE  

4,4'-DDE Hexachlorobenzene

2,4'-DDT  

4,4'-DDT Mirex

Aldrin  

Dieldrin  

alpha -Chlordane  

  

Heptachlor  

Heptachlor epoxide  

  

trans-Nonachlor  

Lindane (gamma-Hexachlorocyclohexane) 

Chlorinated pesticides (ng/g dry wt.) 

 

Low molecular weight PAHs High molecular weight PAHs

(2 ring structure) (4 ring structure)

Biphenyl Fluoranthene

Naphthalene Pyrene

1-methylnaphthalene Benz[a]anthracene

2-methylnaphthalene Chrysene

2,6-dimethylnaphthalene  

1,6,7-trimethylnaphthalene (5 ring structure)

Polycyclic Aromatic Hydrocarbons (ng/g dry wt.) 
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 Benzo[a]pyrene

Fluorene Perylene

Phenanthrene Dibenz[a,h]anthracene

1-methylphenanthrene Benzo[b]fluoranthene

Anthracene Benzo[k]fluoranthene

Acenaphthene (6 ring structure)

Acenaphthylene Benzo[ghi]perylene

 Indeno[1,2,3- cd]pyrene

Monobutyltin3+ Monobutyltin

dibutyltin2+ Dibutyltin

tributyltin+ Tributyltin

tetrabutyltin Tetrabutyltin

Organotins (ng of Sn/g dry 
wt.) 

Ancillary measurements:

Sediment grain size■
Total organic carbon■
Salinity■
Temperature■
Conductivity■
Dissolved oxygen■
Androstanol■
Coprostanol■
Fluorescent aromatic compounds-high weight■
Fluorescent aromatic compounds-low weight■
Aryl hydrocarbon hydroxylase■

Aggregated chemicals 
When NS&T data have been aggregated, the aggregations were made as follows: 

Total DDT (tDDT) : The sum of concentrations of DDTs (dichlorodiphenyltrichloroethane) and its 
metabolites, DDEs (dichlorodiphenyltrichloroethylene) and DDDs (dichlorodiphenyldichloroethylene). 

Total chlordane (tCdane) : The sum of concentrations of two major constituents of chlordane 
mixtures, cis-chlordane and trans-nonachlor and two minor components, heptachlor and 
heptachlorepoxide. 
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Total polychlorinated biphenyls (tPCB) : The sum of the concentrations of di-, tri-, tetra-, penta-, 
hexa-, hepta-, octa-, and nonachlorobiphenyls. Since 1988, the equivalent tPCB has been calculated 
from the sum of concentrations of 18 individual PCB congeners (excludes planar PCBs) which is then 
increased by a factor of 2. 

Total polycyclic aromatic hydrocarbons (tPAH) : The sum of concentrations of the 18 PAH 
compounds. 

Low Molecular Weight (LMW) and High Molecular Weight (HMW) PAHs : These are subsets of 
tPAH with LMW being the sum of concentrations of 2-and 3-ring compounds, and HMW being the sum 
of concentrations of compounds with 4 or more rings. 

Total butyl tin (tBT) : The sum of the concentrations of tributyl tin and its breakdown products dibutyl 
tin and monobutyl tin. (as tBT)/g dry wt.) 

Center for Coastal Monitoring and Assessment 
Freedom of Information Act
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APPENDIX 72 



A summary of available literature has found the following information.  It consists of at 
least one study noting the link between PCB contamination and a reduction in Winter 
Flounder larval length and body weight and another study noting that reduced larval 
length and body weight results in significant decreased survival potential.   
 
Summaries of key points are noted below, and the original papers are attached:  
 
 
1.) The Effect of Inherited Contamination on Egg and Larval Winter Flounder 
pseudopleuronectes americanus 
 
Dianne E. Black, Phelps, Donald K. and Lapan, Richard L., Environmental Research 
Laboratory, EPA, South Ferry Road, Narragansett RI – accepted for publication, 
11/15/87 in Marine Environmental Research. 
 
“Eggs from the New Bedford Harbor flounder contained significantly higher levels of 
PCB (39.6 ug/g dry weight), and larvae which which hatched from these eggs, under 
clean laboratory conditions, were significantly smaller in length (2.96 mm) and weight 
(0.018 mg) than those from Fox Island fish (1.08 ug PcB/g dry wt., 3.22 mm, 0.022 mg).  
Linear regression indicated a significant inverse relationship between PCB content of the 
eggs and length or weight at hatch.”  
 
“In the absence of predators and under the good water quality and nutritional conditions 
provided in the laboratory, these larvae were able to compensate for the initial retarded 
growth; however, the fate of larvae in New Bedford Harbor, where contaminant exposure 
would continue throughout development is unknown.” 
 
“For larval fish, the consequence or smaller size at hatch may be severe, since the best 
survival strategy is rapid growth (Ware 1975; Marr 1956; Cushing 1974).  Small larvae 
are inefficient predators and at the same time more vulnerable to predation due to reduced 
visual and swimming ability.  The high metabolic cost of inefficient prey capture reduces 
the energy available for growth and due to rudimentary digestive tract, they have 
inefficient digestion as well.  In addition, small larvae have less yolk reserves to sustain 
them during critical transition to exogenous feeding when prey capture behavior must be 
learned (Lawrence 1977; Baxter and Hemple 1963).” 
 
2.) Winter Flounder pseudopleuronectes americanus reproductive success. I. 
Among-location variability in size and survival of larvae reared in the laboratory 
 
L.J. Buckley, A.S. Smigielski, T.A. Halavik, E.M. Calderone, B.R. Burns, G.C. 
Laurence, National Marine Fisheries Center, Narragansett Laboratory, Narragansett, 
Rhode Island 02882-1199 
 
“Generally, larger eggs produce larger larvae (Miller et al. 1988).  Blaxter (1969) stated 
that ‘larger larvae may be expected to be stronger, better swimmers, less susceptible to 



damage, and less liable to predation.’  It is also expected that larger larvae are better able 
to capture and assimilate food.” 
 
“While positive correlations have been reported between larval size and numerous 
attributes potentially contributing to increased survival, including days to irreversible 
starvation, swimming speed, and mouth gape (Knutsen & Tilseth 1985, Miller et al. 
1988), the relation between larval size at first feeding and survival is not well 
documented, particularly within species.  Our data from the 1987 spawning season are 
among the few published reports showing a direct correlation between larval size and 
survival for the first month of life.”     
 
“Winter Flounder collected at selected locations (Long Island Sound, Narragansett 
Bay…a direct correlation was observed between size of yolk-sac larvae and survival for 
the first month of life…fish from Narragansett Bay produced the smallest larvae with the 
lowest survival rate – 1 in 1400.  Environmental factors known to affect larval size and 
mortality are water temp. during gametogenesis and embryonic development (Baxter and 
Hempel 1963, Bagenal 1071, southward and Demir 1974…), dissolved oxygen levels and 
exposure to environmental contaminants, including PCBs, pesticides and heavy metals 
(Rosenthal and Alderdice 1976, Black et al. 1988).” 
 
“These data suggest that when differences in size among newly hatched larvae are sufficiently 
large, survival potential can be affected.” 
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Abstract


The exposure of adult winter flounder, Pseudopleuronectes amerlcanus,


to contaminated estuarine environments and a possible impact of this


exposure on their progeny was investigated. Polluted study areas included


Gaspee Point in upper Narragansett Bay, RI, New Bedford Harbor in Buzzards


Bay, MA, noted for its PCB contamination, and Apponagansett Bay, MA a


less contaminated site near New Bedford. Fox Island, a relatively clean


area in lower Narragansett Bay, served as a reference area. Although


adult winter flounder disperse offshore during the summer, a tag and


recapture study verified their yearly residence and exposure to contaminants


at Gaspee Point during the spawning season. A similar migratory pattern


was assumed for Buzzards Bay fish. Growth, survival and contaminant


residues were measured in the progeny of fish collected from the study areas.


Eggs from New Bedford Harbor flounder contained significantly higher


levels of PCB (39.6 ug/g dry weight), and larvae which hatched from these


eggs, under clean laboratory conditions, were significantly smaller in


length (2.96 mm) and weight (0.018 mg) than those from Fox Island fish


(1.08 ug PCB/g dry wt., 3.22 mm, 0.022 mg). Linear regression analysis


indicated a significant inverse relationship between PCB content of the


eggs and length or weight at hatch. The adverse ecological consequence


of small size at hatch is discussed.


Key words: Pseudopleuronectes aaericanus, PCB, metals, hydrocarbons,


reproduction, growth, larvae, New Bedford, fish tagging




Introduction


Exposure to pollutants can affect individual fish directly or it


may adversely impact succeeding generations through bioaccumulation in


ovarian eggs. This is particularly true for organic pollutants which


have an affinity for lipids, a major component of fish eggs. These eggs


may exhibit reduced fertilization or increased embryo and larval mortality,


reduced growth and abnormal development may result: all may decrease the


chances for survival of the population (Rosenthal and Alderdice 1976;


Sprague 1971). Our research examines the exoosure of adult winter flounder


to polluted natural environments prior to spawning, and a possible impact


of this exoosure upon their progeny.


Methods and Materials


Study Areas (Fig. 1): Narragansett Bay, Rhode Island is characterized


by a gradient of anthropogenic contamination. To the north the upper


bay receives wastes from the industrialized city of Providence including


effluents from sewage treatment plants, jewelry and plating industries,


chemical manufacturing, and pollution from harbor activities. Scientific


investigations have confirmed elevated levels of heavy metals (Phelps


and Galloway 1980), petroleum hydrocarbons (Farrington and Quinn 1973;


Van Vleet and Quinn 1977 and 1978), and polychlorinated biphenyla (PCB's)


along with other chlorinated organic compounds (Lake et al. 1981; Lake


unpublished) and polycyclic aromatic hydrocarbons (Lake et al. 1979).


Caspee Point lies near the mouth of the Providence River and was selected


as a study site because it typifies the polluted upper bay. The area is




permanently closed to shellflshing and commercial trawling for finfish,


but it supports a population of winter flounder, Pseudopleuronectes


americanus, and is sufficiently free of debris to allow sampling with a


small otter trawl.


To the south, Narragansett Bay boasts high water quality (Phelps


and Galloway 1980) and productive commercial fisheries. Selected as a


"clean" study area, Fox Island lies in the lower bay and waters adjacent


to it support a population of winter flounder.


New Bedford Harbor, located in Buzzards Bay, lies east of Narragansett


Bay along the southern coast of Massachusetts and was selected as a study


area heavily Impacted by man's industrial activities. New Bedford is


noted for its severe PCB pollution problem and the extent of contamination


is sufficient to place it on the U.S. Environmental Protection Agency's


Superfund list of hazardous sites. PCBs were discharged into New Bedford


Harbor via the Acushnet River, as well as into Buzzards Bay, through the


New Bedford wastewater treatment plant at Clarks Point from 1947 to 1978


(Weaver 1984). PCB contamination from the harbor spread to other areas


of the bay and led to closures in 1979 of shellfish, including lobster,


and finfish ing grounds in Buzzards Bay. The harbor is also a source of


heavy metal contamination resulting from an 80 year history of industrial


discharges. Copper, chromium and zinc are the major pollutants, but


silver, cadmium and lead are also present at elevated levels (Stoffers et


al. 1977).


Sediment samples outside of New Bedford harbor in other areas of


Buzzards Bay have high levels of PCB's and metals indicating the gradual


spread of contaminants (Stoffers et al. 1977; Weaver 1984). The mouth




of Apponaganset Bay was chosen as an impacted area of lesser contamination


within Buzzards Bay.


Tag and Recapture Study: A tag and recapture study was conducted to


ascertain the migratory habits of winter flounder. This study was confined


to Narragansett Bay, at Fox Island and Gaspee Point, because we relied


upon commercial and sport fisherman for tag returns, and the Buzzards Bay


study areas are closed to fishing. Approximately 500 fish were captured


by otter trawl, tagged and released at each station during March and April.


The total length and sex of each fish were recorded. Peterson disk tags


were used and a reward was offered for their return. The study was


advertised by poster in local bait shops and commercial fishing operations.


When a tag was returned, information on date, place, method of recapture


and total length was requested.


Egg and Larval Rearing: In March of 1979, mature winter flounder


were collected by otter trawl at Gaspee Point and Fox Island in Narragansett


Bay, and in March 1981 similar collections were made at Fox Island and the


two Buzzards Bay stations, New Bedford Harbor and Apponagansett Bay. Fish


were transported in large polyethylene garbage cans filled with seawater


from the collection site, then held at the laboratory in flowing unfilt


ered Narragansett Bay water at ambient temperature (5-10°C) until they


spawned.


To induce spawning, injections of carp pituitary were administered


following the procedure of Smigielski (1975) and all fish spawned within


one week in 1979 and 17 days in 1981. When ready to spawn, total length


of the female was measured and her eggs were stripped into a Nitex1


1 Mention of trade names or commercial products does not constitute


endorsement or recommendation for use by the U.S. Environmental Protection


Agency.




screen (500 microns) basket, fertilized with a mixture of sperm from


three Fox Island males and coated with diatomaceous earth to prevent


clumping following the procedure of Smigielski and Arnold (1972). The


eggs were rinsed thoroughly and the basket placed in a black polyethylene


rearing tank (34 x 30 x 15 cm) containing six liters of filtered, UV


treated sea water with 25 ppm penicillin and 25 ppm streptomycin added


to retard bacterial growth. An air stone provided water circulation


around the eggs. Each rearing tank contained eggs from only one female


and was considered to be a reolicate. Thus, in 1979, there were eleven


Gaspee Point and four Fox Island replicates. Similarly, in 1981, there


were ten New Bedford Harbor, three Apponagansett Bay and nine Fox Island


replicates.


After hatch, which occurred within 11 days, two hundred larvae


from each replicate were transferred by pipette to clean black polyethylene


rearing tanks containing six liters of sea water treated as previously


Described. Again, each rearing tank contained larvae from only one female.


The larval rearing methods were similar to Klein-MacPhee et al. (1980),


with the exception that in 1981, a diet of laboratory cultured rotifers


(Brachionus plicatilis) was used, instead of a rotifer and wild plankton


mixture, until the larvae were large enough to ingest Artemia nauplii.


Throughout both year's experiments a temperature of 8 _+ 1°C was maintained


by floating the rearing tanks in a chilled water bath. Salinity of the


rearing water ranged from 28-32 ppt and the light regime was 12 hr. light/


12 hr. dark.


Biological Measurements: A suite of biological variables were


measured during egg incubation and larval rearing. Percent fertilization,


indicated by appearance of the perivitelline space, was measured within




30 minutes after spawning. Percent survival of the embryos was measured


one day prior to hatch. At hatch, the total length of 20 individuals from


each group was measured. After eight weeks, survival and percent metamorphosis


were recorded. The total length and dry weight of each survivor was determined


as follows: After length was measured, the larva was rinsed three times with


ammonium formate solution to remove the salt water, placed on a tared


aluminum pan, dried at 90°C for 24 hours, cooled in a desicator, and weighed


on a Perkin-Elmer microbalance. In the 1981 experiments, dry weight of


newly-hatched larvae was determined from five groups of five individuals


using the method described above.


Chemical Analyses: Prior to fertilization, egg samples from individual


females were collected for chemical residue analyses. Samples for metals


analysis were frozen in polyethylene bags. Samples for organic analysis


were frozen in aluminum foil covered glass jars that had been combusted at


450°C for six hours to remove organic contaminants.


For determination of petroleum hydrocarbons in 1979, samples were


thawed, then extracted as outlined In Dimock et al. (1980). The first


fraction (Fl) obtained from this column contained the aliphatic material;


the second fraction (F2) contained aromatic compounds. Naturally occurring


olefinic compounds may be present in both fractions. Each fraction was


volume reduced and analyzed on a 20 m SE-54 glass capillary column with a


Hewlett-Packard 5840A gas chromatograph and flame ionization detection.


Eggs from the 1981 experiments were analyzed for PCBs using routine


procedures described in Lake et al. (1985). The samples were extracted


with a polytron and organic solvents, separated by column chromatography


with silicic acid and analyzed by electron capture detection glass


capillary column chromatography. PCB's were analysed and quantified as




Aroclor 1254.


Trace metal analyses were performed on both 1979 & 1981 fish egg


samples. Routine sample preparation included oven drying and concentrated


nitric acid digestion and yielded 50 ml samples in 5% nitric acid solutions.


Copper, iron, zinc, nickel, chromium, cadmium and lead concentrations


were determined by flame atomization atomic absorption (AA) with a Perkin-


Elmer (model 603) atomic absorption spectrophotometer. The AA instrument


was equipped with D2 arc background correction and was calibrated before,


during and after each set of samples for a given element. The instrument


setup procedures for the flame AA determinations were in accordance with


procedures described in "Methods for Chemical Analysis of Water and


Wastes," (U.S. EPA 1979) and are also found in the manufacturer's reference


manuals.


Statistical Methods: Other research has shown that both the size


of the adult female and the use of pituitary hormone injections to induce


spawning can affect the biological responses and chemical residues that


were measured in our study. For example, positive correlations between


PCB's, as well as other organochlorines, and body weight have been found


in lake trout and gurnards (Bache et al. 1972; Ernst et al. 1976). For


both striped bass and herring, positive correlations have been found


between adult size and egg size, which In turn may increase larval sur


vival (Rogers and West in 1981; Blaxter and Hemple 1963). The literature


citing effects of pituitary hormone injections on progeny viability is


conflicting. Some investigators report production of inferior gametes


after induced spawning, while others report good fertilization, viable


hatch, and normal larvae (Clemens and Sneed 1962; Smigielski 1975).


Because of this evidence, and since the adult size and the number of hor




mone injections administered varied in our study, any relationship that


existed between these adult variables and the embryo-larval variables


should be considered. Therefore, an analysis of covariance, using adult


length and number of hormone injections as covariates, was performed on


the biological and chemical variables to determine if any significant


(a " 0.05) differences existed among the sampling stations. Where one


or both covariates had a significant relation with the dependent vari


able, adjusted means were calculated and differences among the adjusted


means were tested using a Least Square Means pairwise comparison test.


The arcsin /p~ transformation was applied to percentage variables to


stabilize the variances; 1981 PCB data was log transformed. Due to


small changes in experimetal method, each year was considered a separate


data set and no between year comparisons were made. The relationship


between PCB concentration (untransformed) in the eggs and subsequent


larval length and weight at hatch was examined using linear regression


analysis.


Results


Tag and Recapture Study: Of the 997 fish tagged, 196 tags (20%)


were returned. Table 1 and Figures 2,3, and 4 present the tag and


recapture data. The yearly migration pattern for winter flounder tagged


at each study area during March and April 1980 was determined from fish


recaptured in 1980, 1981 and 1982. By summer (June - September) most


fish had moved off the spawning grounds, with Gaspee Point fish concentrating


in the lower bay and Fox Island fish moving offshore, although individuals


from both populations were recaptured in areas offshore of Cape Cod,
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Nantucket and Martha's Vinyard. In the fall and winter (October 


February) the fish migrated back into Narragansett Bay and began to be


recaptured near the spawning areas again. In the spring (March - May) the


majority of fish were recaptured on the spawning grounds where they were


originally tagged and released, although some dispersion of both population


occurred near Prudence Island, between Conanicut Island and Aquidneck


Island, and at the mouth of the bay. It is probable that flounder return


to the spawning areas earlier than March; however, tag returns during the


winter were few, due to declining fishing effort during cold weather.


This is especially true at Gaspee Point, since commercial trawling is


prohibited in the upper bay and recaptures from that area were solely by


sport fisherman.


The migratory pattern revealed by recaptured fish shows that during


the spring spawning season, Gaspee Point and Fox Island support distinct


groups of winter flounder which return to their respective spawning


grounds in subsequent years. It is during this season when body reserves


are low due to harsh winter conditions and stress of spawning that the


Gaspee Point group would be exposed to upper bay contamination. During


the remainder of the year, these fish mix with the Fox Island group and


reside in the relatively clean lower bay and offshore areas. There is no


evidence that Fox Island fish move into the Providence River.


Egg and Larval Rearing: In 1981, significant covariate relations


were found between adult length and percent fertilization, larval survival,


length at hatch, weight at hatch, final weight, copper concentration in


the eggs, and PCB concentration in the eggs. The number of hormone


injections administered prior to spawning was related to embryo survival
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and iron concentration* No covariate relations were found for percent


metamorphosis, final length, and zinc concentration. In 1979, a significant


covariate relation was found between adult length and larval survival,


copper, zinc and iron concentrations.


Tables 2 and 3 present mean values, adjusted for significant covari


ation, and station comparisons of each biological response and chemical


residue. In 1979, significant differences between stations were found


in total hydrocarbon and Fl fraction hydrocarbon residues in the eggs;


however, no inter-station differences were observed in the biological


variables. Due to this lack of response, adult fish were collected in 1981


from two stations, New Bedford Harbor and Apponagansett Bay, in Buzzards


Bay, Massachusetts, which is known to be more contaminated than Narragansett


Bay. At the same time, another collection was made at Fox Island for compar


ison. Significant inter-station differences were observed in the PCB residues


of these eggs, with New Bedford Harbor (39.6 ug/g dry wt.) being the most


contaminated and significantly different from Fox Island (1.08 ug/g),


the least contaminated. Apponagansett Bay eggs (15.7 ug/g) were intermediate


in PCB content, but not significantly different from New Bedford Harbor eggs.


No differences between stations were found for metal residues. Two biological


variables, length and weight at hatch, revealed station differences which


varied inversely with the amount of PCB found in the eggs. Newly-hatched


larvae from New Bedford Harbor females were 0.2 mm (6Z) smaller in length


and 0.004 mg (18Z) smaller in weight than larvae from Fox Island.


Larvae from Apponagansett Bay females were intermediate in size and not


significantly different from either Fox Island or New Bedford Harbor progeny.


Linear regression analysis of data from all sites indicated a significant
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inverse relationship between PCB content of the eggs and length or weight


at hatch (Figure 5 and Table 4). Inter-station differences which did not


correspond to contaminant residue levels were found for percent fertiliza


tion and will be discussed below. Nickel, chromium, cadmium, and lead


were measured in the eggs, but for both years, residues were below the


detection level of the methodology. Approximate detection limits were


2.5, 2.5, 0.8 and 1.7 ug/g, respectively.
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Table 1. Data on winter flounder tagged at two stations in Narragansett


Bay, R.I. 

Gaspee Pt Fox Is 

No. Tagged 498 499 

Male 113 (232) 205 (412) 

Female 383 (772) 292 (592) 

Unknown 2 «1Z) 2 «12) 

No. Recaptured 85 (172) 111 (222) 

Male 17 (202) 52 (472) 

Female 68 (802) 59 (532) 

Recapture Method 

Otter trawl 59 (702) 101 (912) 

Rod and reel 19 (222) 3 ( 12) 

Spear fishing 0 ( 02) 1 ( 12) 

Unknown 7 ( 82) 6 ( 52) 

Length at tagging 

Mean(range) 26.5 (18.8-44.6) cm 28.7 (19.0-45.9) cm 

Length of recaptures 

Mean(range) 29.0 (19.8-44.7) cm 30.3 (18.4-44.0) cm 



Table 2: Adjusted mean values with standard errors and significant station


differences for winter flounder embryo-larval biological responses, based


on results of Analysis of covariance (AOCO").


1979 1981


Biological Station* N Mean AOCOVb Station N Mean AOCOV


Response (Standard (Standard


Error) Error)


Percent FI 3 87.3 (2.9) a FI 9 99.0 (1.1) a

Fertilization GP 11 95.2 (2 .6) a AB 3 80.2 (16.0) b


NB 10 98.5 (1.3) a


Percent FI 4 85.0 (4.8) a FI 9 84.1 (4.3) a

Kmbryo Survival GP 11 82.4 (6.6) a AB 3 72.7 (17.0) a


NB 10 88.8 (9.4) a


Percent FI 4 10.2 (2.9) a FI 9 16.5 (2.6) a

Larval Survival GP 11 8.1 (1 .6) a AB 3 18.3 (4.9)


NB 10 17.6 (5.8)


Percent FI 4 43.3 (8.5) a FI 9 1«.8 (3.7)

Metamorphosis GP 10 32.7 (7.0) a AB 3 41.0 (1.5)


NB 9 21.3 (4.5) a


Length at Hatch FI 4 3.13 (0.13) a FI 9 3.22 (0.05) a

(mm) GP 11 3.17 (".12) a AB 3 3.08 (0.11) ab


NB 10 ?.96 (0.05) b


Weight at Hatch (not measured) FI 9 0.022 (0.001) a

(mg) AB 3 0.020 (0.002) ab


NB 10 0.018 (0.001) b


Final Length FI 4 8.38 (0.31) a FI 9 8.03 (n.14) a

(mm) GP 10 7.92 (0.18) a AB 3 8.57 (0.03) a


NB 9 8.10 (0.10) a


(continued)


a 
a

a 
a
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Table 2. (continued)


Final Weight FI 4 0.728 (0.147) a FI 9 0.573 (0.037) a

(mg) GP 8 0.562 (0.165) a AB 3 0.749 (0.079) a


NB 9 0.536 (0.037) a


a Station code: Fox Island - FI, Gaspee Point - GP, Apponagansett Bay - AB,

New Bedford Harbor - NB.


b Values with different letters are significantly different (a * .05). No

between year comparisons were made.
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Table 3. Adjusted mean values with standard errors and significant


differences for chemical residues in freshly-spawned winter flounder


eggs, based on results of the analysis of covariance.


1979 1981


Chemical8 Stationb N Mean AOCOVC Station N Mean AOCOVC


Residue (Standard (Standard


(ug/g dry wt.) Error) Error)


PCB (not measured) FI 9 1.08 (0.24) a

AB 3 15.7 (7.5) b

NB 8 39.6 (8.6) b


Total FI 4 3.63 (1 .02) a (not measured) _ .

Hydrocarbons GP 11 9.77 (1 .04) b


Fl (Aliphatic) FI 4 2.50 (0.82) a (not measured)

Hydrocarbons GP 11 7.95 (0.90) b


F2 (Aromatic) Fl 4 1.13 (0.22) a (not measured)

Hydrocarbons GP 11 1.83 (0.24) a


Copper GP 4 2. 56 (0 .29) a FI 9 2.20 (0.37) a 
FI 11 2. 43 (0 .17) a AB 3 3.48 (0.78) a 

NB 10 3.20 (0.36) a 

Zinc FI 4 67.4 (5.2) a FI 9 60.6 (2.6) a

GP 11 62.4 (3.1) a AB 3 59.2 (0.9) a


NB 10 64.7 (2.5) a


Iron FI 4 14.2 (1.5) a FI 9 16.9 (1.0) a

GP 11 12.9 (0.9) a AB 3 17.0 (3.0) a


NB 10 17.6 (1.0) a


* Wet weight/dry weight ratio is 5.79.


b Station code: Fox Island - FI; Gas pee Point - GP; Apponagansett Bay 

AB; New Bedford Harbor - NB.


c Values with different letters are significantly different (a 0.05).

No between year comparisons were made.
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Table 4. Results of linear regression analysis of PCB content of eggs


and larval size.


Weight at hatch Length at hatch


PCB content p 0.0089 0.0232

of eggs r -0.57 -0.50
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DISCUSSION


Migratory habits


Fish are mobile and often migratory organisms; therefore, when making


inferences about exposure of wild fish, one must be confident that the


sample population is indeed exposed to the contaminated environment under


study. Fish movement may be restricted by physical barriers such as a


fresh water lake or confinement to cages, or as with winter flounder,


behavioral characteristics may limit movement. Saila (1961) showed by


tag and recapture studies that winter flounder from Green Hill Pond,


Rhode Island are dispersed in cooler offshore waters during the summer


(June to November) but reassemble to spawn in Green Hill Pond during the


winter (November to June). The present study confirmed this homing


behavior for flounder in Narragansett Bay, verifying that exposure to


contamination at Gaspee Point occurs at least during March through May


and possibly earlier. It is assumed that similar migration occurs at the


Buzzards Bay study areas.


The idea that contaminant bioaccumulation in adult fish would adversely


affect their progeny is not new, and a review of this research, including


effects of PCB's, DDT and heavy metals, is given by Westernhagen et al.


(1981). In our study, the PCB content of eggs from the Buzzards Bay


stations was significantly higher than that of Fox Island eggs and corre


sponding station differences were observed in larval size at hatch;


that is, eggs from New Bedford Harbor with high PCB residues produced


newly-hatched larvae that were smaller in length and weight than Fox


Island larvae. Upon further examination of this inverse relation, signif


icant linear correlations were found between PCB content and larval size
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parameters. Whether a cause and effect relationship exists is unknown,


since it is very possible that other contaminants covarying with PCBs


could produce the response. As these larvae grew to metamorphosis, in


clean water free of predators and fed a diet known to support larval


development, the station differences disappeared. Such recovery may be


due to biotransformation and detoxification of contaminants via mixed-


function oxidase (MFO) enzyme systems known to exist in embryos of some


teleost species (Binder and Stegeman 1980).


To the authors' knowledge only one other study has examined the


relationship between PCB content of eggs and larval growth. Westin et al.


(1983) obtained eggs with different PCB residues from Hudson River striped


bass (Morone saxatilis) and fed the hatched larvae diets differing in PCB


content. After comparing the various treatments, they concluded that


inherited and dietary PCB concentrations do not affect larval growth and


survival 20 days after yolk sac absorption. If comparisons of larval


size were made only at metamorphosis, which occurs several weeks after


yolk sac absorption in winter flounder, our data would support a similar


conclusion about inherited PCB residue. Westin et al. (1983) did not


measure size at hatch, but they did observe retarded initial growth, at


10 days after yolk sac absorption, which they attributed to an experimental


design that delayed feeding until yolk sac absorption was complete. Our


data suggest that the influence of inherited PCB residue might also have


contributed to the retarded growth.


For a larval fish, the consequence of smaller size at hatch may be


severe, since the best survival strategy is rapid growth (Ware 1975;


Marr 1956; Gushing 1974). Small larvae are inefficient predators and at
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the sane time more vulnerable to predation due to reduced visual and


swimming ability. The high metabolic cost of inefficient prey capture


reduces the energy available for growth, and due to a rudimentary digestive


tract, they have inefficient digestion as well. In addition, small


larvae have less yolk reserves to sustain them during the critical tran


sition to exogenous feeding when prey capture behavior must be learned


(Lawrence 1977; Blaxter and Hemple 1963). Recently Logan (1985) developed


a size dependent mortality model for young fish which accurately predicted


the numerical decline of the 1975 cohort of Hudson River striped bass.


According to his model, the greatest decrease in population size is


caused by reductions in growth rate, length at hatch, and number of


larvae at hatch, in the order of the magnitude of their effect. Recruit


ment is linearly related to the parental stock or number of eggs or


larvae and exponentially related to growth or size. Logan states that


"environmental factors affecting survival rate through size could more


strongly influence year class strength than initial number, which affects


the subsequent population size directly but has little or no influence


on survival rate." His model may be applicable to other estuarine and


marine species such as winter flounder, although this has not been demon


strated.


In the present stilly, no significant differences were found in


embryo survival, larval survival or percent metamorphosis, and although


Apponagansett Bay eggs had a significantly lower percent fertilization


than the other groups, it was the result of exceptionally low fertilization


(51Z) of eggs from one female, and whether the sample is representative


of the entire Apponagansett Bay population is unknown. The lack of effects
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on survival and fertilization is similar to Hansen et al. (1975) who found


that water column exposure of adult sheepshead minnows (Cyprinodon variegatus)


to PCB (Aroclor 1016) resulted in accumulation of up to 77 ug/g (wet


weight) in the eggs with no apparent effect on fertilization success,


embryo survival, or fry survival to two weeks post hatch. In contrast,


most other research has indicated detrimental influence of PCB's on these


biological variables. For example, sheepshead minnow eggs with Aroclor


1254 levels greater than 7 ug/g exhibited decreased embryo survival to


hatch and decreased fry survival one week post hatch (Hansen et al. 1973).


In a study similar in design to ours, Westernhagen et al. (1981) observed


consistently reduced viable hatch of progeny from Baltic flounder


(Platichthys flesus) whose ovarian PCB content exceeded 120 ng/g (wet


weight). Hogan and Brauhn (1975) found 752 mortality in hatchery-reared


rainbow trout containing 2800 ng/g (wet weight) PCB compared to the


previous years' 10-28% mortality in trout eggs with PCB content ranging


from 310-1300 ng/g. Bengtsson (1980) found significantly reduced and


delayed spawning activity of adult minnows (Phoxinus phoxinus) fed PCB


contaminated diets, as well as reduced and premature hatching of their


progeny.


The only route of exposure examined in this study was inherited


contamination from adult exposure to a polluted natural environment during


oocyte maturation. The resulting progeny were reared under clean labora


tory conditions and the observed response in the most contaminated group,


New Bedford Harbor, was smaller size at hatch. Eight weeks later, at


metamorphosis, compensatory growth had eliminated the significant differ


ences between New Bedford Harbor and Fox Island fish. In the absence of
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predators and under the good water quality and nutritional conditions


provided in the laboratory, these larvae were able to compensate for the


initial retarded growth; however, the fate of larvae in New Bedford


Harbor where contaminant exposure would continue throughout development


is unknown.
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U.S. Environmental Protection Agency. (1979). Methods for Chemical Analysis


of Water and Wastes. U.S. Environmental Monitoring and Support


Laboratory, Office of Research and Development, EPA/600-4-79-020.


Van Vleet, E.S. and Quinn, J.G. (1977). Input and fate of petroleum


hydrocarbons entering the Providence River and upper Narragansett


Bay from wastewater effluents. Environ. Sci. & Technol., 11,


1086-1092.


Van Vleet, E.S. and Quinn, J.G. (1978). Contribution of chronic petroleum


inputs to Narragansett Bay and Rhode Island Sound sediments. J.


Fish. Res. Bd. Can., _35_, 536-543.


von Westernhagen, H., Rosenthal, H., Dethlefsen, V., Ernst, W., Harms, U. and


Hansen, P.O. (1981). Bioaccumulating substances and reproductive


success in Baltic flounder Platichthys flesus. Aqua. Toxicol.,


U1981), 85-99.


Ware, D.M. (1975). Relation between egg size, growth, and natural mortality


of larval fish. J. Fish. Res. Bd. Can., 12, 2503-2512.


Weaver, G. (1984). PCB contamination in and around New Bedford, Mass. Environ.


Sci. & Technol., 18, 22A-27A.




27 

Westin, D.T., Olney, C.E. and Rogers, B.A. (1983). Effects of parental and


dietary PCBs on survival, growth and body burdens of larval striped


bass. Bull. Environ. Contain. Toxicol., 30, 50-57.




28 

Figure legends


Figure 1. Study areas in Narragansett Bay, RI, and Buzzards Bay, MA, 

where mature adult winter flounder were collected. 

Figure 2. March  May recapture locations of winter flounder tagged and 

released at Gaspee Point and Fox Island in Narragansett Bay, 

Rl. Each symbol represents one return unless indicated by an 

inscribed number. 

Figure 3. June - September winter flounder recapture locations. 

Figure 4. October  February winter flounder recapture locations. 

Figure 5. Relationship between PCB concentration in winter flounder 

eggs and the larval length and weight at hatch. 
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ABSTRACT: Winter flounder Pseudoplellronectes americanus collected a t  selected locations in Long 
Island Sound (LIS). New York, and Narragansett Bay (NB). Rhode Island, USA, were spawned in the 
laboratory and the larvae reared for a month after hatching. In 1987 the average size of yolk-sac larvae 
varied widely among locations. Moreover, a direct correlation was observed between size of yolk-sac 
larvae and survival for the first month of life. Fish from NB produced the smallest larvae with the lowest 
survival rate. The Madison site In LIS produced the largest ydlk-sac larvae with the highest survival 
rate. Size and biochemical composition ( ~ t g  larva-') of yolk-sac larvae were correlated. Dry weight and 
RNA content were the best predictors of survival potential among the variables considered (protein, 
DNA, lipid content, and RNA/DNA ratio). In 1988 little difference was observed in viable hatch or 
welght of yolk-sac larvae among locations. While no signlflcant difference in larval survival was 
observed between NB and LIS fish, survival was higher in the Madison group than the Morris Cove 
group from LIS. These data suggest that when differences in size among newly hatched larvae are 
sufficiently large, survival potential can be affected. 

INTRODUCTION 

Temperate marine fishes typically produce large 
numbers (thousands to millions) of small eggs (micro- 
grams to milligrams dry weight). Survival through the 
embryonic and larval periods is low, frequently on the 
order of a few percent or less. Small changes in mortal- 
ity rates during the early life stages can result in large 
and unpredictable changes in fish population abun- 
dance (Cushing 1975, Hunter 1981, Houde 1987). 

Two potential contributors to differences in survival 
potential of individual eggs and larvae are size and 
biochemical composition. The embryos of most o \ - p  11 ar- 
ous fishes are dependent upon material deposited in 
the developing oocyte to supply substrates for energy 
production and growth during the period from ovula- 
tion to initiation of feeding. Since a spawning fish has a 
finite amount of energy and metabolites to devote to 
reproduction, a balance must be  achieved between size 
(mass) of an individual egg and the total number of 

eggs produced (Tanasichuk & Ware 1987). While it is 
generally believed that larger larvae have a survival 
advantage over smaller larvae, direct experimental evi- 
dence supporting this assumption is limited (von West- 
ernhagen 1988). 

The winter flounder Pseudopleuronectes arnericanus 
is a n  important resource species found off the northeast 
coast of North America. The population consists of 
numerous local stocks that spawn demersal, adhesive 
eggs in the different estuaries, bays and offshore banks 
along the coast (Perlmutter 1947, Saila 1961). Spawn- 
ing extends from late winter through early spring. After 
spawning, adults may move offshore to deeper, cooler 
water but return to the spawning estuary in the fall 
with a high degree of consistency. 

This study was undertaken to examine the variability 
in size, composition, and survival potential of winter 
flounder Pseudopleuronectes arnericanus larvae from 
different spawning sites, and the relations among these 
variables. Collection locations were selected to include 
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a wide range of urbanization and anthropogenic con- 
tamination (Nelson et al. 1991). We determined the size 
(standard length and dry weight) and chemical com- 
position of winter flounder larvae just prior to feeding 
initiation and related these data to their survival for the 
first month of life under standard rearing conditions. In 
a companion study (Buckley et al. 1991) we examined 
the factors affecting egg size and fecundity of winter 
flounder spawning at  a single location over the spawn- 
ing season. This work is part of a larger study on the 
effects of environmental and parental factors on the 
size, biochemical composition, and survival potential of 
winter flounder eggs and larvae. 

METHODS 

Adult winter flounder Pseudopleuronectes amen- 
canus from Long Island Sound (LIS), New York, USA, 
were collected with a n  otter trawl in February 1987 and 
again in February 1988, and transported live to the 
NMFS Milford Laboratory, Milford, Connecticut (Nel- 
son et  al. 1991). Collection sites were Hempstead, New 
York; Shoreham, New York; Morris Cove, Connecticut; 
and Madison, Connecticut (Fig. 1). Fish were held for 

- MASS 

KILOMETERS 

Fig. 1. Collection sites in Long Island Sound and Narragansett 
Bay, USA. (1) Hempstead, (2) Shoreham, (3) Morris Cove, (4) 
Madison, (5) lower West Passage Narragansett Bay, (6) upper 

Narragansett Bay 

up to 4 wk in running seawater at  ambient temperature 
(1.0 to 4.7 "C) until ripe. Fish were spawned between 23 
February and 20 March 1987 (ambient temperature 1.7 
to 4.7"C) and between 9 February and 12 March 1988 
(ambient temperature 1.7 to 4.4"C). Eggs were 
stripped, fertilized, and coated with diatomaceous 
earth according to techniques developed by Smigielslu 
& Arnold (1972). Fertilized eggs were transferred to 
Nitex' mesh baskets and incubated in flowing sea- 
water at ambient temperature until transported to the 

' Reference to trade names does not imply endorsement by 
the United States Government 

NMF's Narragansett Laboratory usually within 2 d of 
spawning. Upon arrival at the Narragansett Labora- 
tory, embryos were acclimated to either 7°C (1987) or 
5°C (1988) at the rate of l "C per 6 h. 

Adult Pseudopleuronectes arnericanus, caught in the 
lower West Passage of Narragansett Bay (NB), Rhode 
Island, on 9 March 1987, spawned between 10 and 20 
March 1987. Fish caught at this site on 11 March 1988 
spawned between 12 and 17 March. In 1988 several 
collections of adult winter flounder were made in upper 
NB between January and March (Buckley et al. 1991). 
Only upper NB fish spawning between 13 February 
and 18 March were used for comparison with other 
locations, since these dates encompassed the spawning 
dates for the other areas. Fish were transported to the 
Narragansett Laboratory and held in flowing seawater 
at  ambient temperature (< 8.0°C). Most fish spawned 
within 4 wk of capture. Eggs were stripped and han- 
dled as described for LIS flsh except that embryos were 
incubated in a constant-temperature room at ?'C in 
1987 and 5°C in 1988. During the 1988 spawning 
season fertilization and hatch rates were determined as 
described in Buckley et  al. (1991). 

Within 3 d after hatching, duplicate groups of 100 
larvae each were transferred to 36 1 glass tanks covered 
on 4 sldes with black plastic and set in a constant- 
temperature room maintained at 7 "C. Tanks contained 
filtered seawater to which 1 1 of a dense culture of the 
unicellular alga Tetraselmis sp. had been added. Tanks 
were gently aerated and salinities maintained between 
28 and 30.5%'. When the larvae were first judged 
capable of feeding, generally on Day 3, any dead 
larvae were replaced. 

In 1987 larvae were fed cultured rotifers (Brachionus 
plicatilis) and wild plankton at concentrations of 500 
rotifers and 500 wild plankters 1-'. Rotifers were mass 
cultured on the alga Tetraselmis sp. Zooplankters were 
collected in the Narragansett Bay area using 55 and 
110 pm mesh plankton nets. Only the portion passing 
through a 210 pm mesh was used. This fraction con- 
sisted of copepod nauplii, copepodites, and adults in 
addition to rotifers. Plankton densities were adjusted 
6 d wk-l back up to 500 rotifers and 500 wlld plankters 
1-l. Counts of prey items were made on duplicate 50 m1 
samples concentrated with a 55 ,um Nitex screen prior 
to counting. 

In 1988 larvae were fed cultured rotifers (Brachionus 
plicatilis) at the rate of 2000 rotifers 1-' d-' After estab- 
lishing the density of a rotifer culture, a volume corre- 
sponding to 72 000 rotifers was concentrated on a sieve 
and added to each tank 6 d wk-l No wild plankton 
was added and prey counts were not made on the tanks 
holding the larvae in 1988. 

The feeding regime was changed from the earlier 
protocol in an  attempt to raise overall survival rates and 
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Table 1 Pseudopleuronectes amerjcanus. Dry weight and biochemical composition of yolk-sac winter flounder larvae produced 
by adults collected in Narragansett Bay and Long Island Sound, USA, during the 1987 spawning season. Values are means ? 1 
SD. In each row, values with a letter In common are not s~gn~ficantly different (ANOVA, Tukey test, p 10.05.  SAS Institute Inc. 

1985). See Fig. 1 for site locations 

Site 

Madison Hempstead Shoreham Morris Cove Narrangansett Bay 

n 6 9 5 7 6 
Weight (pg) 31.9 f 2.7 a 29.4 2 3.2 a. b 24.8 + 4.5 b, c 26.7 k 4.1 a,  b 20.2 f 3.5 c 
RNA (yg larva-') 1.46 f 0.15a 1.37 ?0.19a,  b 1.27 +.0.15a, b 1 .35&0.19a,  b 1.11 f 0 . 1 3 b  
DNA (pg larva-') 0.44 0.04 a 0 . 4 2 f  0.04a, b 0 .40+0.04a,  b 0 .42&0.05a,  b 0 . 3 6 f 0 . 0 2 b  
Protein (pg larva-') 17.9 f 2.4 a 18.4 + 2.6 a 14.2 f 2 9 a  16.6 f 3.0a 14 O f  2.0a 
Lip~d (b~g larva-') 4.29 f 0.63 a 4.56 k 0.51 a 3.95 k 0 53 a,  b 4.60 f 0 77 a,  b 3.95 + 0.53 b 
RNA/DNA 3.35 f 0.17 a 3.26 f 0.19a 3.20 k 0.11 a 3.20 k 0.23 a 3.05 f 0.28 a 

to facilitate work with larvae from the large number of 
fish spawned during the 1988 season. In 1987 the wild 
plankton was observed feeding on the rotifers and 
there was some concern that survlval of the youngest 
larvae may have been limited by the availability of 
sufficiently small prey items. Larval survival rates, 
however, were very similar between years. Because of 
the changes in the feeding regime and differences in 
the spawning schedule, no direct comparisons of 
growth and survival rates were made between years. 

After 28 d the tanks were drained and the survivors 
counted, measured, and weighed. Any physical abnor- 
malities were noted at  this time. 

Initial samples for determination of standard length, 
dry weight and chemical analysis were taken 3 d after 
hatching from stock tanks from which the experimental 
larvae were removed. Standard lengths were measured 
on live unpreserved specimens with a filar micrometer 
in a dissecting microscope. Larvae were rinsed in dis- 
tilled water, pipetted onto a plastic petri dish, freeze 
dried and weighed to the nearest 0.1 11g on a Cahn 
automatic electrobalance. During the 1987 spawning 
season, 3 groups of 50 yolk-sac larvae each were 
homogenized in 2.0 m1 of ice-cold distilled water 
using an  STD Tissumizer mechanical high-frequency 
homogenizer. Subsamples of 1.4, 0.075 and 0.4 m1 of 
homogenate were used for analysis of nucleic acids, 
protein and lipid content, respectively. Nucleic acids 
and protein were determined as described in Buckley 
(1979). Total lipid content was determined using the 
sulphophosphovanillin method (Barnes & Blackstone 
1973). Chemical analysis was not performed on larvae 
from the 1988 spawning season. 

Data analysis was done using SAS System software 
for personal computers (SAS Institute Inc. 1985). 
Square root transformation was applied to percent sur- 
vival values [(survival+O.5)'"] and arcsine transforma- 
tion applied to fertilization and viable hatch rates [arc- 
sine(%/100)"] prior to analysis of variance and regres- 
sion analysis (Steel & Torrie 1960). 

RESULTS 

1987 spawning season 

Eggs were obtained from 7 females from lower NB 
(Site 5) and 29 females from 4 locations (Sites 1 to 4) 
in LIS (Fig. 1). Fertilization and hatch rates of eggs 
stripped from LIS fish were variable, ranging from 78 to 
93 '10 and from 45 to 84 '10, respectively (Nelson et  al. 
1991). Similar data are not available for Narragansett 
Bay fish in 1987. Significant differences (ANOVA, 
p 5 0.05) were observed in the size and chemical com- 
position of newly hatched winter flounder larvae pro- 
duced by fish collected at  the different locations (Table 
1). Lower NB fish produced the smallest yolk-sac lar- 
vae, while fish collected at the Madison site in LIS 
produced the largest. 

Survival of Pseudopleuronectes amencan us from all 
locations for the first month was low (mean 3 %, range 
0 to 18%) compared to other species of temperate 
marine fish reared in the laboratoly (Buckley et al. 
1987). Of the 5 locations studied, survival was lowest 
for fish from NB, where only 1 larva in 1400 survived for 
the 28 d duration of the experiment (Table 2). Among 

Table 2. Pseudopleuronectes arnericanus. Survival of winter 
flounder for the first month of llfe during the 1987 spawning 
season. Values indicate number of females spawned (n), mean 
larval survival, and mean rank (Wilcoxon score, SAS Institute 
Inc. 1985) for a given site. Mean ranks with a letter in common 
are not significantly different (p10.05,  Kruskal-Wallis test, 

SAS Institute Inc. 1985). See Fig. 1 for site locations 

Site n Survival Mean rank 

("/.l 

Madison 6 6.00 25.4 a. b 
Hempstead 9 4.83 26 9 a  
Morris Cove 9 2.28 14 5 b, c 
Shoreham 5 1.50 15 2 a ,  b,  c 
Narragansett 7 0.07 9.2 c 
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LIS fish, those from Madison produced the highest 
percentage of surviving larvae (6.0 %), while fish from 
Shoreham produced the lowest (1.5'Yo). Analysis of 
variance of rank scores indicated significant differ- 
ences (p  50.05)  in survival between NB fish and cer- 
tain of the LIS groups and between the Hempstead and 
Morris Cove sites in Long Island Sound (Table 2). Daily 
counts and removal of dead larvae, while not strictly 
quantitative, suggested that most of the mortality 
occurred during the second and third weeks. This cor- 
responds to the time of completion of yolk absorption 
and initiation of feeding at  7°C (Buckley 1982). The 
percentages of surviving larvae that were bent or 
otherwise malformed were: Hempstead 27 O/O, 

Shoreham 20 %, Madison 8 %, and Morris Cove 2 %. 
Surviving larvae from Madison (6.85 mm standard 
length) were the largest after 1 mo of feeding (Table 3), 

Table 3. Pseudopleuronecles americanus. Mean length of 
survivors from the 1987 spawning season. Values indicate 
number of larvae measured (n) and mean standard length + 1 
SD. Mean lengths with a letter in common are not sign~ficantly 
different (ANOVA, Tukey test, pS0.05, SAS Institute Inc. 
1985). Bent or deformed larvae were not included In the 

analysis. See Fig. 1 for site locations 

Site n Standard length 

(mm) 

Madison 66 6.85 + 0.94 a 
Hempstead 63 6 14 k O 9 0 a ,  b 
Shoreham 12 6.06 * 0.75 b 
Morris Cove 40 5.98 f 1.48 b 

significantly 

same site showed a strong positive relation between 
these 2 variables (Fig. 2 ) .  When data from all locations 
were combined, significant correlations were observed 
among percentage survival (S%), dry weight, and 
chemical content of larvae shortly after hatching (Table 
4 ) .  Dry weight of yolk-sac larvae was more highly 

20 25 30 35 

DRY WEIGHT &G) 

Fig. 2. Pseudopleuronectes americanus. Relation between 
mean dry weight of yolk-sac larvae and survival for the 
1987 spawning season. Points are means for collection sites. 
(1) Hempstead, (2) Shoreham, (3)  Morris Cove, (4) Madison, 

(5) lower West Passage Narragansett Bay 

correlated cv~th survival than was any single class of 
biomolecules. The relation between So/" and dry weight 
(1-19) of yolk-sac larvae from ~ndividual females was 
described by the equation: 

(S% + 0.5)'" = (0.116 X weight) - 1.566, n = 31, r = 0.62 

Addition of the content of any single class of biomolecu- 
les to the regression model as a second independent 

larger than larvae from Shoreham and variable removed very little of the unexplained variation 
Morris Cove (ANOVA, p 5 0.05). No evidence of com- in survival. 
pensatory growth was observd, as the rank order of 
larval size among spawning locations remained rela- 1988 spawning season 
tively unchanged between hatching and 1 mo of life. 

A plot of the mean survival of larvae from a given site Embryos from a total of 23 f ~ s h  caught at  2 locations 
against the mean weight of yolk-sac larvae from the in LIS (Madison and Morris Cove) were transported 

Table 4.  Pseudopleuronectes americanus. Correlations among survival for first 4 wk of life, dry weight, and biochemical content 
(ug larva-') of winter flounder withln 3 d of hatchng. Values are correlation coetficients (rJ for the 1987 spawnlng season. n = 3U 

See Fig. 1 for site locations 

Survival Weight RNA DNA Protein Lipid 

Survival 
Weight 
RNA 
DNA 
Protein 
Lipid 
RNA/DNA 
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Table 5 .  Pseudopleuronectes americanus. Size of yolk-sac larvae and viability of winter flounder spawned by fish from 
Narragansett Bay (NB) and Long Island Sound (LIS), USA, In 1988. Values are means k 1 SD. In each column, values with a letter 

in common are not statistically different (ANOVA, p 10 .05)  

Location No. of Female Spawning Initial larval Fertility Viable Survival' 
females length date weight hatch 

(mm) (Julian day) (9) (%l  (Yo) ( "10 1 

Upper NB2 16 319 f 40 51 k 3  29.7 k 3 . 4 a  9 2 5  f 10.6a. b 71.7-+21. la  2 6 f 2 . 8 a ,  b 
Lower NB 9 336 f 41 74 k 1 25.6 2 4.4a 93.1 2 11.8a 84.0+ 7.0a 2.9 f 2.2a,  b 
Madison, LIS 9 288 f 48 68 f 3 27.0 2 4 . 8 a  83.2 2 8 .2b ,  c 7 5 . 8 2  11.9a 4.8 f 4.3a 
Morris Cove, LIS 14 315 -1- 42 5 1 f 3  2 9 . 5 2 4 . 5 a  7 9 . 4 2  1 3 . 0 ~  6 8 . 8 2  17.2a 1 4 f 2 . 2 b  

' Analysis of variance of rank scores 
Only females spawning between Julian Day 44 and 78 were used in this analysis 

from the Milford Laboratory to the Narragansett 
Laboratory within several days of spawning. Embryos 
were obtained from 9 females from lower NB. To 
minimize any effect of spawning time on the results, a 
subset (n = 16) of the fish spawned from upper NB was 
used for purposes of comparison with fish from lower 
NB and LIS. Only fish spawned between Julian Day 44 
and 78 were selected, corresponding to the range of 
spawning dates for the other locations. 

No significant difference (p 5 0.05) among sites was 
observed in viable hatch rates or the weight of yolk-sac 
larvae (Table 5). Fertilization rate was highest in fish 
from NB. While no significant difference (p 2 0.05) in 
larval survival was observed between NB and LIS fish, 
survival was significantly higher in the Madison group 
than the Morris Cove group from LIS (Table 5). No 
significant correlation was observed between size 
(standard length or dry weight) of yolk-sac larvae and 
survival for the first month of life. 

DISCUSSION 

The daily mortality rate for winter flounder Pseudo- 
pleuronectes americanus larvae in our study averaged 
13 % d-l for the first month after hatching. Black et  al. 
(1988) reported a value of 4 % d-' for winter flounder 
larvae reared for a p e ~ l o d  of 2 mo under similar condi- 
tions. Laurence (1977) found that prey density had a 
strong influence on survival of winter flounder to 
metamorphosis in the laboratory. He reported daily 
mortality rates of 9 and 7 % d-' at prey densities of 500 
and 1000 plankters ml-', feeding levels similar to those 
maintained in our study. The higher mortality rate 
observed in the present study may have been due in 
part to the shorter rearing period that was chosen to 
encompass the period of high mortality shortly after 
yolk absorption. Estimates of natural mortality of 
winter flounder larvae in a small Connecticut estuary 
were high for the first month of life (20 % d-l), decreas- 

ing to 9 % d-' during the second month (Pearcy 1962). 
These estimates of natural mortality included mortality 
due to starvation and predation, but were corrected for 
transport of larvae out of the estuary. 

For the 1987 spawning season our data show clear 
differences in size and survival of winter flounder lar- 
vae produced by adults collected in different locations 
in LIS and NB and a correlation between size of yolk- 
sac larvae and survival for the first month of life. The 
range in size of yolk-sac larvae produced during the 
1988 spawning season was smaller, and no significant 
correlation was observed between larval size and survi- 
val for the first month of life. While lower NB produced 
the smallest larvae in both years, the differences in size 
among groups were not significant in 1988. Some lower 
NB fish produced extremely small winter flounder lar- 
vae in 1987 compared to other years and locations. 
Black et al. (1988) found differences in size of newly 
hatched winter flounder between locations in Nar- 
ragansett Bay and Buzzard Bay, but no significant 
difference between locations in survival for the first 
2 mo of larval life. The differences in size of yolk-sac 
larvae from different locations observed in our study in 
1987 were considerably greater than those reported by 
Black et al. (1988) and may explain the difference in 
results. 

Correlations between egg size and larval size have 
been observed in several fishes, including trout (Gray 
1928), herring (Blaxter & Hempel 1963) and winter 
flounder Pseudopleuronectes amencanus (Buckley e t  
al. 1991). Generally, larger eggs produce larger larvae 
(Miller et  al. 1988). Blaxter (1969) stated that 'larger 
larvae may be  expected to be  stronger, better swim- 
mers, less susceptible to damage, and less liable to 
predation'. It is also expected that larger larvae are 
better able to capture and assimilate food. Blaxter & 
Hempel(1966) found that larger Atlantic herring larvae 
survived longer without food than those hatched from 
smaller eggs. Seasonal and regional differences in egg 
size have been reported for many species (Blaxter & 
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Hempel 1963, Cushing 1967, Bagenal 1971, Southward 
& Demir 1974, Ware 1975, Tanasichuk & Ware 1987). 
While positive correlations have been reported 
between larval size and numerous attributes poten- 
tially contributing to increased survival, including days 
to irreversible starvation, swimming speed, and mouth 
gape (Knutsen & Tilseth 1985, Miller et al. 1988), the 
relation between larval size at first feeding and survival 
is not well documented, particularly within species. 
Our data from the 1987 spawning season are among 
the few published reports showing a direct correlation 
between larval size and survival for the first month of 
life. Rosenberg & Haugen (1982) found evidence of 
size-selective mortality of larval turbot Scophthalmus 
maximus during the first month of life in predator-free 
enclosures. Their estimates of the mean size of sur- 
vivors were higher than those for the overall population 
during the first week of life. 

Several factors have been proposed as possible 
causes of intraspecific differences in egg  or larval size. 
Many of these same factors can also contribute to 
differential larval mortality. Biological factors that 
affect larval size and mortality include genetic varlabil- 
ity between and within stocks, and size, age  or nutri- 
tional condition of the spawning female (Brown 1957, 
Hoar 1957). Environmental factors known to affect lar- 
val size and mortality are water temperature during 
gametogenesis and embryonic development (Blaxter & 
Hempel 1963, Bagenal 1971, Southward & Demir 1974, 
Ware 1975, Tanasichuk & Ware 1987, Buckley et al. 
1990), dissolved oxygen levels, and exposure to 
environmental contaminants, including PCBs, pesti- 
cides, and heavy metals (Rosenthal & Alderdice 1976, 
Black et al. 1988). 

The difference in mean dry weight of yolk-sac larvae, 
observed in 1987, between the largest and smallest 
groups (Madison in LIS and lower NB) was large, 
exceeding 50 1;,. Since Pseudopleuronectes ameri- 
canus populations consist of discrete spawning stocks 
(Perlmutter 1947, Saila 1961), genetic factors may have 
contributed to the observed variability in size and sur- 
vival between locations. The much smaller differences 
between locations observed in 1988, however, suggest 
that genetic factors may not be dominant. Winter floun- 
der fed reduced rations in the laboratory showed a 
reduction in fecundity but not egg size compared to 
well-fed fish (Tyler & Dunn 1976). suggestin.g that 
maternal nutrition is not a dominant factor in determin- 
ing egg and larval size in winter flounder. Female age 
has been shown to affect egg size in winter flounder 
(Topp 1968), age 3 females producing smaller eggs 
than age  4 or 5 females. Our work with winter flounder 
spaivning in Narragansett Bay (Buckley et al. 1991) 
suggested that female size can play a significant role in 
determining egg and larval size In the present study 

no large difference in female size was apparent 
between locations. In 1987 lower Narragansett Bay fish 
were the last group collected and spawned, and they 
produced the smallest larvae. Among spring spawning 
fish there is a tendency for egg size to decrease with 
increasing water temperature. The observed 50 % 
difference in size of yolk-sac larvae between locations 
is considerably greater than the differences observed 
among winter flounder larvae produced in the labora- 
tory over a wide range of water temperatures by adults 
collected at a single location (Buckley et  al. 1990). This 
suggests that while water temperature may have been 
a contributing factor, it was not the dominant factor 
affecting larval size in the present study. Our data on 
winter flounder spawning in Narragansett Bay indi- 
cated that spawning time can play a significant role in 
egg and larval size (Buckley et al. 1991). 

Of our 6 collection sites, the Morris Cove, Hemp- 
stead, and upper Narragansett Bay sites are impacted 
by a variety of contaminants, including trace metals 
and organics (Greig et al. 1977, Pruell & Quinn 1985). 
The Madison, Shoreham and lower Narragansett Bay 
sites are considerably less lmpacted by contaminants 
(Greig et  al. 1977, Pruell & Quinn 1985, Black et  al. 
1988, Nelson et al. 1991). The observed trends in size 
and survival of winter flounder with location were not 
entirely consistent with those expected on the basis of 
contaminant loadings. However, among sites in Long 
Island Sound, Madison stood out in 1987 as producing 
the largest larvae at yolk-sac stage and after 1 mo of 
feeding, and as having the highest survival rate and a 
low percentage of abnormal survivors. In both 1987 and 
1988 s u ~ v a l  was higher in larvae from Madison than 
from Morris Cove. T h ~ s  is consistent with observations 
of embryonic development suggesting that reproduc- 
tion of winter flounder at the Morns Cove site has been 
compromised by high contaminant levels (Nelson et  al. 
in press). Black et al. (1988) reported an 18'/0 differ- 
ence in weight of yolk-sac winter flounder larvae pro- 
duced by adults taken from lower Narragansett Bay 
and New Bedford Harbor. Massachusetts. Larvae from 
New Bedford Harbor fish were smaller and their eggs 
contained significantly higher levels of PCBs. k signlfi- 
cant inverse relation was observed between larval size 
and PCB content. 

No single class of biomolecules appared elevated in 
groups of larvae with high dry weight. or high survival. 
Contents of all classes of biomolecules measured were 
highly correlated with each other and with larval dry 
weight (Table 4). In 1987 dry weight of yolk-sac larvae 
was more highly correlated with survival than was any 
single class of biomolecules. The RNA/DNA ratio has 
been used as an index of growth and condition in fish 
(Buckley 1984, Bulow 1987). No significant correlation 
was observed between the RNA/DNA ratio of yolk-sac 
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winter flounder larvae and survival for the first month 
of life (Table 4).  This was apparently due to the high 
correlation between RNA and DNA content, and the 
unique situation of larvae prior to feeding initiation, 
when they rely on endogenous energy reserves of 
maternal origin. The RNA content or simply the dry 
weight of yolk-sac larvae appear to be useful indicators 
of the survival potential of winter flounder through the 
critical first month of life. 

In 1987 survival of Pseudopleuronectes  anler icanus 

for the first month of the larval period was highly 
correlated with both size and chemical composition of 
larvae shortly after hatching. The correlation between 
size and survival of winter flounder larvae may have 
been, in part, due to a wider size spectrum of prey 
items available to larger larvae in our experimental 
systems. Larger larvae, because of their wider mouth 
gape, effectively experience a higher level of available 
food. This factor may be  important for both laboratory- 
reared and wild larvae. It is possible that the lower 
viability of small larvae may be offset by increased 
fecundity (Buckley et al. 1991). 

While both biological and environmental factors may 
have contributed to the observed differences in size 
and survival among larvae produced by Long Island 
Sound and Narragansett Bay winter flounder, we could 
not identify a single dominant factor. Our data on 
winter flounder spawning in Long Island Sound and 
Narragansett Bay (Buckley et al. 1991) suggest that 
female size and spawning time can have important 
effects on egg and larval size, fecundity, and spawning 
survival potential. 
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Table 1A: 
PCBs (26 NOAA Congeners)  Analytical Data 

Stormwater Drainage Swale Mitigation Area - Samples Below Mean High Water
South Terminal CDF

New Bedford, Massachusetts

Sample Name Collection Date
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BZ
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95
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9‐

BZ
#2
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Cl
10

‐B
Z#

20
9

CANAL 1 9/21/2011 58 65 250 96 150 230 110 9.8 74 180 67 210 0.2 u 44 180 110 16 19 5.9 0.2 U 20 0.2 U 0.2 U 4.6
CANAL 2 9/21/2011 64 74 330 110 170 250 190 11 74 200 71 230 4.8 42 170 120 18 19 5.8 0.23 U 17 0.23 U 0.23 U 0.23 U
CANAL 3 9/21/2011 63 100 270 110 160 250 170 12 92 210 70 220 7.6 52 200 110 17 22 8.8 0.19 U 21 0.19 U 0.19 U 0.19 U
CANAL 4 9/21/2011 81 120 310 150 200 290 160 27 99 250 88 290 4.9 60 230 160 24 26 11 0.22 U 22 0.22 U 2.8 5.7
CANAL 5 9/21/2011 76 120 330 150 200 310 220 21 110 250 85 270 9.7 65 250 150 21 23 9.9 0.19 U 24 5.5 3.9 2
CANAL 6 9/21/2011 61 67 220 130 160 260 160 21 60 180 67 220 4.2 45 160 100 17 19 7.1 0.2 U 13 0.89 1.8 2.3
CANAL 7 9/21/2011 62 81 270 130 180 280 200 14 82 230 74 240 6.3 59 220 110 24 26 9.6 1.1 U 20 1.1 U 3.7 4.1
CANAL 8 9/21/2011 121 198 183 184 291 354 195 NA 117 350 124 311 NA 69.7 279 214 28 34.7 8.77 1.56U 24.3 1.56U 4.3 1.85
CANAL 9 9/21/2011 170 210 640 290 420 540 530 33 190 520 220 610 9.4 150 530 310 57 60 22 3U 56 3U 6.6 7.9
CANAL 10 9/21/2011 490 910 2300 970 840 1200 1100 56 610 1100 450 1000 38 220 1000 490 120 100 33 23U 65 23U 23U 23U
CANAL 11T 9/21/2011 120 190 500 220 320 460 330 21 190 450 170 480 13 130 420 250 44 52 20 10U 45 10U 10U 10U
CANAL 11B 9/21/2011 1000 1600 3300 1200 830 1400 1100 57 720 1400 450 1300 41 310 1300 600 150 140 49 18U 120 18U  18U 18U
CANAL 12 9/21/2011 110 150 470 240 300 410 350 28 170 420 140 450 9.3 120 460 210 57 49 14 5U 45 5U 5U 9.2
CANAL 13T 9/21/2011 110 200 440 250 260 420 260 25 140 310 110 360 7.7 81 350 180 47 45 15 5U 35 5U 5U 5U
CANAL 13B 9/21/2011 240 370 410 300 200 370 260 11 160 430 150 370 8U 94 420 210 42 47 16 8U 31 8U 8U 8.3
CANAL 14 9/21/2011 120 210 540 260 320 450 400 31 200 460 190 500 5.7 120 470 270 48 51 18 5U 49 5U 5U 5U
CANAL 15T 9/21/2011 720 1200 3800 1400 910 1400 1100 96 620 1100 520 1000 19.9U 270 1000 470 120 120 43 19.9U 110 19.9U 19.9U 19.9U
CANAL 15B 9/21/2011 27 38 41 48 34 51 40 2.2 32 60 20 55 0.7U 17 63 27 7.1 6.1 4 0.7 5.5 0.7U 0.88 1
CANAL 16 9/21/2011 90 180 610 220 210 300 250 21 130 310 110 330 8U 83 320 180 33 44 15 8U 33 8U 8U 8U
CANAL 17 9/21/2011 17 35 69 56 69 87 65 1.1 24 86 31 100 2.9 20 84 47 8 10 2.5 0.8U 11 0.8U 1.1 0.8U
CANAL 18 9/21/2011 130 230 480 350 310 420 400 9U 210 450 210 540 20 140 490 230 77 71 25 9U 70 9U 9U 9U
CANAL 19 9/21/2011 53 95 120 130 100 150 130 2U 72 160 58 170 1.9 42 140 86 17 21 5.2 2U 16 1.7 2U 2U
CANAL 20 9/22/2011 160 340 670 520 410 420 630 13.7U 320 680 280 710 13.7U 170 670 340 79 87 29 13.7U 72 13.7U 13.7U 39
CANAL 21T 9/22/2011 100 210 670 250 220 340 400 0.4U 0.4U 300 210 500 87 88 280 300 46 36 9.8 0.4U 28 0.4U 0.4U 0.4U
CANAL 21B 9/22/2011 220 360 290 390 350 460 340 16.6U 200 560 170 480 16.6U 110 430 260 51 52 16.6U 16.6U 55 16.6U 16.6U 16.6U
CANAL 22 9/22/2011 94 140 210 200 220 320 260 4U 120 290 130 310 6.2 84 340 170 37 39 14 4U 39 4U 4U 4U
CANAL 23T 9/22/2011 55 86 190 130 160 220 150 5U 100 220 79 230 5U 64 250 130 23 29 8.9 5U 25 5U 5U 8.3
CANAL 23B 9/22/2011 26 53 65 63 44 90 55 1U 54 120 37 95 2 28 120 55 12 15 4.9 1U 12 1U 1.5 1.7
CANAL 24 9/22/2011 160 250 470 320 370 570 430 31 230 550 200 600 20 150 620 320 65 70 15 10U 81 10 10U 10U
CANAL 25 9/22/2011 110 200 290 82 280 420 320 5.3 160 420 150 470 12 97 440 220 46 56 15 5U 47 5U 10 21
CANAL 26 9/22/2011 110 170 400 250 250 350 300 8U 140 360 100 380 19 81 360 190 33 41 16 8U 39 8U 8U 8U
CANAL 27T 9/22/2011 120 210 480 320 350 530 530 10.7U 220 520 180 590 17 150 540 300 53 64 23 10.7U 55 10.7U 13 10.7U
CANAL 27B 9/22/2011 35 65 70 87 64 110 82 2U 91 190 43 150 2U 52 200 99 17 19 6.6 2U 18 2U 36 19
CANAL 28 9/22/2011 260 500 920 540 490 670 610 47 350 670 240 640 17 180 770 300 82 83 24 4U 71 7.1 8.1 9.2

Notes:
U = Concentration is below the laboratory's method detection limit.  One half of the method detection limit is utilized in the summation. 

2). Canal 2 is a same-laboratory duplicate of Canal 1. 
3). Canal 4 is a same-laboratory duplicate of Canal 3.
4). Canal 6 is a same-laboratory duplicate of Canal 5. 
5). Canal 8 is an alternate-laboratory duplicate of Canal 7. 

9.77

4.93

12.13

30.0

5.9

6.1

4.5

40.03

8.33

1.89

3.62

15.29

11.06

4.32

5.0

4.90

2.0

12.76

0.51

8.07

12.68

3.41

11.18

8.26

1.29

1). Total PCB concentation is estimated by summing 18 specific NOAA Congeners and multiplying by a Harbor Specific Correction factor of 2.6.  
This harbor-specific correction is based upon a statistical analysis conducted by USEPA within New Bedford Harbor.

0.85

6.58

6.94

9.77

PCB Congeners ‐ 18 NOAA Congeners Shaded Green (μg/kg)

Estimate of Total PCBs 
(Summation of 18 NOAA 
Congeners Multiplied by a 
Harbor Specific Correction 

of 2.6) (mg/kg) 

9.61

10.78

37.34

10.08

2.7



Table 1B: 
PCBs (Aroclors) -  Analytical Data 

Stormwater Drainage Swale Mitigation Area - Upland Samples
South Terminal CDF

New Bedford, Massachusetts

Sample Name Collection Date
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oc

lo
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16

/1
24

2
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oc
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r 

12
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oc
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12
48
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oc

lo
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12
54
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lo
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12
60

UP 1 9/22/2011 0.022U 0.022U 0.022U 0.022U 0.87 0.022U
UP 2 9/22/2011 0.0059U 0.0059U 0.0059U 0.0059U 0.41 0.07
UP 3 9/22/2011 0.0056U 0.0056U 0.0056U 0.0056U 0.51 0.093
UP 4 9/22/2011 0.0063U 0.0063U 0.0063U 0.0063U 0.19 0.039
UP 5 9/22/2011 0.0064U 0.0064U 0.0064U 0.0064U 0.51 0.18
UP 6 9/22/2011 0.0057U 0.0057U 0.0057U 0.011 0.16 0.017

MCP Upper Concentration Limits (UCL): NP NP NP NP NP NP
MCP S-3/GW-2 NP NP NP NP NP NP
MCP S-3/GW-3 NP NP NP NP NP NP
Reporting Category - RCS-2 NP NP NP NP NP NP

Notes:
U = Concentration is below the laboratory's method detection limit.  One half of the method detection limit is utilized in the summation. 
NP = Not Promulgated
ND = Analyzed Aroclors were non-detected. 
J = Estimated value. 

Exceedance of MCP Reporting Category and/or Standard, which also exceeds EPA's unrestricted use standard of 1 ppm.
Exceedance of EPA's unrestricted use Standard in High Occupancy Use Areas (e.g., residential) of 1 ppm, but not 
its respective MCP Reporting Category and/or Standard. 

NOTE: EPA Standard for Low Occupancy Use Areas (e.g., commercial) is less than or equal to 25 ppm (and greater than 1 ppm). 

Estimate of Total PCBs 
(Summation of reported 

Aroclors) (mg/kg) 

0.48

0.229
0.69

0.87

0.603

0.188

100
3

3
3



Table 1C: 
Total Petroleum Hydrocarbon  Analytical Data 

South Terminal CDF
Stormwater Drainage Swale Mitigation Area

New Bedford, Massachusetts

Total Petroleum Hydrocarbons (mg/kg)

Sample Name Collection Date To
ta

l P
et

ro
le

um
 H

yd
ro

ca
rb

on
s

UP 1 9/22/2011 570
UP 2 9/22/2011 350
UP 3 9/22/2011 250
UP 4 9/22/2011 860
UP 5 9/22/2011 320
UP 6 9/22/2011 200U
CANAL 1 9/21/2011 810
CANAL 2 9/21/2011 1800
CANAL 3 9/21/2011 990
CANAL 4 9/21/2011 1400
CANAL 5 9/21/2011 1200
CANAL 6 9/21/2011 1400
CANAL 7 9/21/2011 3900
CANAL 9 9/21/2011 3000
CANAL 10 9/21/2011 6400
CANAL 11T 9/21/2011 6800
CANAL 11B 9/21/2011 17000
CANAL 12 9/21/2011 6000
CANAL 13T 9/21/2011 4200
CANAL 13B 9/21/2011 6600
CANAL 14 9/21/2011 7100
CANAL 15T 9/21/2011 23000
CANAL 15B 9/21/2011 1700
CANAL 16 9/21/2011 6600
CANAL 17 9/21/2011 620
CANAL 18 9/21/2011 5900
CANAL 19 9/21/2011 2200
CANAL 20 9/22/2011 11000
CANAL 21T 9/22/2011 11000
CANAL 21B 9/22/2011 4800
CANAL 22 9/22/2011 4200
CANAL 23T 9/22/2011 1900
CANAL 23B 9/22/2011 2600
CANAL 24 9/22/2011 8000
CANAL 25 9/22/2011 4200
CANAL 26 9/22/2011 4300
CANAL 27T 9/22/2011 4500
CANAL 27B 9/22/2011 5100
CANAL 28 9/22/2011 8800

Notes: 
U = below quantitation limit
1). Canal 2 is a same-laboratory duplicate of Canal 1. 
2). Canal 4 is a same-laboratory duplicate of Canal 3.
3). Canal 6 is a same-laboratory duplicate of Canal 5. 



Table 1D: 
Semi-Volatile Organics Analytical Data 

South Terminal CDF
Stormwater Drainage Swale Mitigation Area

New Bedford, Massachusetts

Sample Name Collection Date
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UP 1 9/22/2011 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.2U 0.1U 0.1U 0.1U 0.1U 0.2 0.1U 0.1U 0.2U 0.2 0.1U 0.2U 0.1 0.2U 0.1U 0.1U 0.1U 0.1U 0.5U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 2.5 0.5 0.3 0.1U 4.6 1U 4.8 0.1 2.2 2.9 0.5 0.1 0.1U 1.9 2 2 2.3 0.5 2.1
UP 2 9/22/2011 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.5 1U 0.1U 0.1U 0.1U 0.2 0.2U 0.1 0.1U 0.1U 0.1U 0.7 0.1U 0.1U 0.2U 0.8 0.1U 0.2U 0.5 0.2U 0.7 0.1U 0.1U 0.1U 0.6U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 9.4 2.2 1 0.1 17 1U 15 0.2 7.9 8.2 2.2 0.4 0.1U 6.6 7.9 7.9 7.7 2.2 6.8
UP 3 9/22/2011 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.5 1U 0.1U 0.1U 0.1U 0.2 0.2U 0.1 0.1U 0.1U 0.1U 0.3 0.1U 0.1U 0.2U 0.8 0.1U 0.2U 0.5 0.2U 0.7 0.1U 0.1U 0.1U 0.6U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 9.2 2 1.3 0.2 16 1U 15 0.2 7.5 8.7 2 0.8 0.1U 6.5 7.5 7.5 7.5 2.4 6
UP 4 9/22/2011 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.5 1U 0.1U 0.1U 0.1U 0.3 0.3U 0.1 0.1U 0.1U 0.1U 0.3 0.1U 0.1U 0.3U 0.6 0.1U 0.3U 0.5 0.3U 0.5 0.1U 0.1U 0.1U 0.6U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 7.8 0.7 0.9 0.1U 9.7 1U 9.4 0.1 4.4 4.8 0.7 0.2 0.1U 2.5 4.8 4.8 3.5 1.5 3.3
UP 5 9/22/2011 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.3 0.1U 0.1U 0.1U 0.2 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 1.1 1U 0.1U 0.1U 0.1U 0.2 0.3U 0.1 0.1U 0.1U 0.1U 0.3 0.1U 0.1U 0.3U 0.2 0.1U 0.3U 0.2 0.3U 0.2 0.1U 0.1U 0.1U 0.6U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 3.3 0.3 0.3 0.1 6.2 1U 5.5 0.1 3.2 3.5 0.3 0.2 0.1U 2.9 3 3 3.5 1.3 3.2
UP 6 9/22/2011 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 1U U 0.1U 0.1U 0.1U 0.2U 0.1 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.2U 0.1U 0.1U 0.2U 0.1U 0.2U 0.1U 0.1U 0.1U 0.1U 0.6U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 1.2 0.1 0.1U 0.2 1.9 1U 1.9 0.2 1 1.1 0.1 0.3 0.1U 0.6 0.8 0.8 0.8 0.1U 0.1
CANAL 1 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2 2U 0.2U 0.2U 0.2U 0.2U 0.4U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.4U 0.4 0.2U 0.4U 0.2 0.4U 0.4 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 4.1 0.6 0.2U 0.2U 6.2 2U 5.2 0.2U 2.7 2.9 0.6 3.9 0.2 2 2.3 2.3 2 0.2U 2
CANAL 2 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.4 2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.5U 0.2 0.2U 0.5U 0.2U 0.5U 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 3.3 0.7 0.3 0.2U 6.6 2U 6 0.4 3.1 3 0.7 4.8 0.2U 2.4 2.3 2.3 2.5 0.2U 2.6
CANAL 3 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 1 2U 0.4 0.2U 0.2U 0.4 0.4U 0.2U 0.2U 0.2U 0.2U 0.3 0.4 0.2U 0.4U 0.7 0.2U 0.4U 0.3 0.4U 0.8 0.2U 0.2U 0.2U 0.9U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 7.3 1.1 0.8 0.2U 11 2U 9 0.2U 5 5 1.1 4.4 0.2U 3.9 3.9 3.9 4.3 1.6 3
CANAL 4 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 2U 0.2U 0.2U 0.2U 0.2U 0.4U 0.2U 0.2U 0.2U 0.2U 0.2 0.2U 0.2U 0.4U 0.6 0.2U 0.4U 0.2U 0.4U 0.6 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 5.4 0.8 0.6 0.3 9.1 2U 8.3 0.2U 4.1 4.3 0.8 6.2 0.2U 2.3 3.8 3.8 3.5 0.7 3.1
CANAL 5 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.6 2U 0.2U 0.2U 0.2U 0.4 0.4U 0.2U 0.2U 0.2U 0.2U 0.4 0.2U 0.2U 0.4U 1.1 0.2U 0.4U 0.9 0.4U 1.2 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 13 1.6 2.1 0.2 20 2U 23 0.3 9.3 8.8 1.6 4.1 0.2U 7.8 9 9 8.9 2.8 7.2
CANAL 6 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.9 2U 0.2U 0.2U 0.2U 0.2U 0.4U 0.3 0.2U 0.2U 0.2U 0.4 0.2U 0.2U 0.4U 0.9 0.2U 0.4U 0.5 0.4U 0.9 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 9.8 1.5 0.2U 0.2 15 2U 12 0.5 6.5 6.2 1.5 6.3 0.2U 5.6 4.5 4.5 5.1 0.2U 4.5
CANAL 7 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 1 2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.4 0.2U 0.2U 0.5U 1.2 0.2U 0.5U 0.9 0.5U 1.2 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 12 2.9 1.3 0.2U 16 2U 13 0.2U 7.2 6.6 2.9 3.9 0.2U 6.3 5.9 5.9 6 1.7 4.8
CANAL 8 9/21/2011 0.415U 0.571 0.415U0.415U0.415U0.415U0.415U0.415U0.415U0.415U0.415U0.415U0.415U0.415U0.415U0.415U0.415U0.415U0.415U NA 0.415U 0.557 3.11U0.415U0.415U0.415U0.415U0.415U0.415U0.415U0.415U0.415U 0.462 0.415U0.415U0.415U 1.42 0.415U0.415U 1.37 0.83U 1.74 0.415U0.415U0.415U 1.66U 0.415U0.415U0.415U0.415U0.415U 1.66U 24.7 0.44 0.244 0.415U 27.2 1.66U 25.2 0.415U 12 11.6 0.415U 6.84 0.415U 9.51 8.94 9.57 6.44 2.2 6.39
CANAL 9 9/21/2011 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3U 0.3U 0.3U 0.3U 0.3U 0.5U 0.3 0.3U 0.3U 0.3U 0.3 0.3U 0.3U 0.5U 0.4 0.3U 0.5U 0.3U 0.5U 0.3 0.3U 0.3U 0.3U 1U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 4.4 0.5 0.3U 0.7 9.7 3U 10 1.1 4.1 4.9 0.5 28 0.3 4.7 3.5 3.5 4 0.3U 3.8
CANAL 10 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.3 2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.4 0.2U 0.2U 0.5U 0.4 0.2U 0.5U 0.2U 0.5U 0.3 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 4.5 0.7 0.2U 0.3 11 2U 11 0.2U 5.3 5 0.7 23 0.2U 3.7 4.9 4.9 3.7 0.2U 4.4
CANAL 11T 9/21/2011 0.3U 0.3U 0.3U 0.3U 0.3U 0.3 0.3U 0.3U 0.3U 0.3U 0.3U 0.3 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.4 3U 0.3U 0.3U 0.3U 0.3U 0.5U 0.3U 0.3U 0.3U 0.3U 0.5 0.3U 0.3U 0.5U 0.4 0.3U 0.5U 0.3 0.5U 0.4 0.3U 0.3U 0.3U 1U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 4.8 0.7 0.6 0.4 12 3U 11 1.5 5.5 5.5 0.7 32 0.3U 4.7 4.5 4.5 5.1 0.3U 4.3
CANAL 11B 9/21/2011 0.2U 0.3 0.2U 0.3 0.2U 0.3 0.2U 1 0.2U 0.2U 22 0.2U 1 1.5 0.2U 0.2U 0.2U 0.6 0.2U 0.2U 0.2U 7.7 3.5 0.3 0.3U 0.3U 2.3 0.2U 0.2U 0.2U 0.2U 0.2U 1.2 0.2U 0.2U 0.5U 2.4 0.2U 0.5U 1.2 0.5U 2.3 0.2U 0.2U 0.2U 1U 0.2U 0.9 0.2U 0.2U 0.2U 0.2U 17 5.1 2.4 0.2U 43 2U 40 0.2U 20 18 5.1 39 0.2U 12 16 16 14 5.1 16
CANAL 12 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.3 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.5 2U 0.2U 0.2U 0.2U 0.2U 0.5U 0.2U 0.2U 0.2U 0.2U 0.4 0.2U 0.2U 0.5U 0.4 0.2U 0.5U 0.2U 0.6 0.5 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 4.8 0.8 0.8 0.5 12 2U 9.4 0.6 5 4.7 0.8 30 0.2U 6.2 4.2 4.2 3.8 0.2U 4.4
CANAL 13T 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.3 0.2U 0.2U 0.2U 0.2U 0.7 0.4 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.7 2U 0.2U 0.2U 0.2U 0.3 0.5U 0.3 0.2U 0.2U 0.2U 0.5 0.2U 0.2U 0.5U 0.5 0.2U 0.5U 0.3 0.5U 0.6 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 9.1 1.1 1.1 0.4 24 2U 20 1.2 9.1 9.4 1.1 28 0.2U 4.5 5.9 5.9 4.9 0.2U 6.4
CANAL 13B 9/21/2011 0.2U 0.3 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 1.9 1.4 1.2 0.6 0.9 1.2 1.2 0.2U 17 2U 0.2 0.2U 0.3 3.8 0.4U 0.2 0.2U 0.2U 0.2U 0.9 0.2U 0.2 0.4U 1.6 0.2U 2.7 1.2 0.4U 2.2 0.2U 0.2U 0.2U 1U 0.2U 0.3 0.2U 0.2U 0.2U 0.2U 14 2.8 0.8 0.2U 22 2U 20 0.2 9.8 11 2.8 4.9 0.2U 7 7.9 7.9 9.5 2.6 2.2
CANAL 14 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.5 0.2U 0.2U 0.2U 0.2U 0.2U 0.8 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.6 2U 0.2U 0.2U 0.2U 0.2 0.5U 0.2U 0.2U 0.2U 0.2U 0.5 0.2U 0.2U 0.2U 0.6 0.2U 0.5U 0.3 0.5U 0.6 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 6.5 1.1 0.2U 0.2U 12 2U 12 0.7 6 6.4 1.1 30 0.4 5.5 5.1 5.1 5.6 1.9 5.5
CANAL 15T 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.5 0.2U 0.6 0.2U 0.2U 0.2U 0.2U 0.3 0.4 0.9 1.2 0.2U 0.2U 0.7 0.7 0.2U 1.5 2U 0.2U 0.2U 0.2U 0.5 0.5U 0.2U 0.2U 0.2U 0.2U 0.6 0.2U 0.5U 0.2U 0.9 0.2U 0.5U 0.5 1 1 0.2U 0.2U 0.2U 1U 0.2U 0.5 0.2U 0.2U 0.2U 0.2U 7.3 1.6 1.1 0.2 17 2U 14 0.2U 6.6 7.4 1.6 33 0.2U 4.2 5.9 5.9 5.6 0.2 5.6
CANAL 15B 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 1 0.7 0.2U 0.2U 0.2 0.2 0.2U 0.2U 0.2U 0.2U 0.2U 1.7 2U 0.2U 0.2U 0.2U 0.6 0.4U 0.3 0.2U 0.2U 0.2U 0.6 0.2U 0.2U 0.4U 0.4 0.2U 0.4U 0.5 0.4U 0.6 0.2U 0.2U 0.2U 0.9U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 4.9 1.2 0.4 0.2U 11 2U 9.9 0.2U 4.9 5.6 1.2 1.4 0.2U 3.9 3 3 4.8 1.7 5
CANAL 16 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.4 0.2U 0.2U 0.2U 0.2U 0.2U 0.5 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.6 2U 0.2U 0.2U 0.2U 0.2U 0.4U 0.2U 0.2U 0.2U 0.2U 0.9 0.2U 0.2U 0.4U 0.7 0.2U 0.4U 0.4 0.4U 0.6 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 7.2 1.5 0.2U 0.2U 16 2U 13 0.7 6.6 7.4 1.5 45 0.5 4.9 6.5 6.5 5.8 1.1 6.6
CANAL 17 9/21/2011 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 0.2 1U 0.1U 0.1U 0.1U 0.1U 0.3U 0.1U 0.1U 0.1U 0.1U 0.2 0.1U 0.1U 0.3U 0.2 0.1U 0.3U 0.1U 0.3U 0.3 0.1U 0.1U 0.1U 0.7U 0.1U 0.1U 0.1U 0.1U 0.1U 0.1U 7 1.7 0.8 0.1U 16 1U 12 0.1U 8.5 8.6 1.7 3.8 0.1U 5.1 6.5 6.5 5.8 1.7 4.7
CANAL 18 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.6 0.2U 0.2U 0.2U 0.2U 0.2U 0.6 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.8 2U 0.2U 0.2U 0.2U 0.2U 0.4U 0.2U 0.2U 0.2U 0.2U 0.9 0.2U 0.2U 0.4 1.5 0.2U 0.4U 0.7 0.4U 1.7 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 18 2.7 3.1 0.4 28 2U 22 1.1 12 12 2.7 43 0.5 8.3 8.9 8.9 9.6 0.4 8.1
CANAL 19 9/21/2011 0.2U 0.2U 0.2U 0.2U 0.2U 1.4 0.2U 0.2U 0.2U 0.2U 0.2U 0.2 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.8 2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 2.5 0.2U 0.2U 0.3U 1.3 0.2U 0.3U 0.6 0.3U 1.2 0.2U 0.2U 0.2U 0.8U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 14 2.8 2 0.2 26 2U 22 0.7 13 13 2.8 28 0.4 8.1 9.6 9.6 11 2.5 7.4
CANAL 20 9/22/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.5 0.2U 0.2U 0.2U 0.2U 0.2U 0.3 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.9 2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.8 0.2U 0.2U 0.5U 0.8 0.2U 0.5U 0.4 0.5U 0.8 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 8.4 1.2 1.1 0.2U 17 2U 13 1.1 7.1 7.4 1.2 44 0.2U 5.2 6.1 6.1 6.4 1.9 5.6
CANAL 21T 9/22/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.3 0.2U 0.2U 0.2U 0.2U 0.2U 0.3 0.2U 0.3 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.5 2U 0.2U 0.2U 0.2U 0.2U 0.4U 0.2 0.2U 0.2U 0.2U 0.8 0.2U 0.2U 0.4U 1.5 0.2U 0.4U 0.6 0.4U 1.4 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 18 2.5 1.7 0.4 28 2U 22 1.8 11 12 2.5 27 0.5 7.9 8 8 9.3 1.4 6.5
CANAL 21B 9/22/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.5 0.2U 0.2 0.2U 0.2U 4.5 0.2U 0.2U 0.3 0.5 0.6 0.2U 0.2U 0.4 0.4 0.2U 1.6 2U 0.2U 0.2U 0.2U 0.5 0.4U 0.2 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.4U 1 0.2U 0.4U 0.5 0.4U 1.4 0.2U 0.2U 0.2U 1U 0.2U 0.5 0.2U 0.2U 0.2U 0.2U 9.1 1.8 0.2U 0.2U 12 2U 9.4 0.2 4.6 5 1.8 5.5 0.2U 2.3 3.9 3.9 3.5 0.2 2.8
CANAL 22 9/22/2011 0.2U 0.2 0.2U 0.4 0.2U 0.7 0.2U 0.4 0.2U 0.2U 0.2U 0.2U 0.9 0.5 0.7 1.9 0.2U 0.2 0.2U 0.2U 0.2U 3.6 2U 0.3 0.2U 0.2U 1.1 0.4U 0.2U 0.2U 0.2U 0.2U 0.6 0.2U 0.2 0.4U 2.3 0.2U 0.4U 2.3 0.4U 2.2 0.2U 0.2U 0.2U 1U 0.2U 0.2U 1.5 0.2U 0.2U 0.2U 19 2.7 2.2 0.2U 26 2U 21 2U 9.8 10 2.7 34 0.4 7 10 10 8.6 2.2 6.2
CANAL 23T 9/22/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.3 0.2U 0.2U 0.2U 0.2U 0.2U 0.3 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.8 2U 0.2U 0.2U 0.2U 0.2U 0.5U 0.2U 0.2U 0.2U 0.2U 0.8 0.2U 0.2 0.5U 1 0.2U 0.5U 0.5 0.5U 1 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 11 1.8 0.2U 0.6 19 2U 15 1.1 7.9 8.7 1.8 45 0.4 5.8 7.5 7.5 7.3 2 5.5
CANAL 23B 9/22/2011 0.2U 0.2 0.2U 0.2 0.2U 0.4 0.2U 0.5 0.2U 0.2U 5.8 9.6 0.9 0.9 2.4 3.1 0.4 0.3 1.7 1.7 0.2U 1.8 2.5 0.2U 0.2U 0.2U 0.6 0.4U 0.2 0.2U 0.2U 0.2U 0.4 0.2U 0.2 0.4U 1 0.2U 0.4U 0.6 0.4U 1.4 0.2U 0.2U 0.2U 1U 0.2U 0.8 0.2U 0.2U 0.2U 0.2U 8.1 1.6 0.6 0.2U 13 2U 11 0.2U 5 5.9 1.6 14 0.2U 3.5 4.6 4.6 4.2 0.7 3.2
CANAL 24 9/22/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.4 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 2U 0.2U 0.2U 0.2U 0.2U 0.5U 0.3 0.2U 0.2U 0.2U 0.5 0.2U 0.2U 0.5U 0.4 0.2U 0.5U 0.2U 0.5 0.3 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 5.3 1.6 0.2U 0.5 13 2U 12 0.2U 5.6 5.9 1.6 39 0.2U 5.2 4 4 5 0.2U 4.5
CANAL 25 9/22/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.3 0.2U 0.2U 0.2U 0.2U 0.2U 0.4 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.3 2U 0.2U 0.2U 0.2U 0.2U 0.5U 0.2 0.2U 0.2U 0.2U 0.6 0.2U 0.2U 0.5U 0.4 0.2U 0.5U 0.2U 0.5U 0.5 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 5.5 1 0.2U 0.3 11 2U 9.2 0.6 5.2 5.6 1 29 0.5 4.1 5 5 4.5 1.5 3.8
CANAL 26 9/22/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.4 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.7 2U 0.2U 0.2U 0.2U 0.2 0.4U 0.2U 0.2U 0.2U 0.2U 0.2 0.2U 0.2U 0.4U 1.4 0.2U 0.4U 0.5 0.4U 1 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 13 2.9 2.2 0.2U 18 2U 23 0.4 10 9.4 2.9 9.6 0.2U 5.3 8 8 8.8 1.7 5.9
CANAL 27T 9/22/2011 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 0.4 3U 0.3U 0.3U 0.3U 0.3U 0.5U 0.3U 0.6 0.3U 0.2U 0.2U 0.2U 0.2U 0.5U 0.3 0.3U 0.5U 0.3U 0.6 0.3U 0.3U 0.3U 0.3U 1U 0.3U 0.3U 0.3U 0.3U 0.3U 0.3U 3.8 0.5 0.3U 0.3 8.1 3U 12 0.7 4.1 4.8 0.5 39 0.3U 3.9 4 4 3.6 0.3U 2.9
CANAL 27B 9/22/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.4 0.2 0.2U 0.2U 0.2 0.2U 0.2U 0.2U 0.2U 0.2U 3.4 2U 0.2U 0.2U 0.2U 1.2 0.4U 0.2U 0.2U 0.2U 0.2U 0.6 0.2U 0.2U 0.4U 4.7 0.2U 0.4U 2.6 0.4U 4 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 50 11 6.1 0.2U 55 2U 74 0.2U 30 19 11 1.8 0.2U 17 22 22 22 7 14
CANAL 28 9/22/2011 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.5 2U 0.2U 0.2U 0.2U 0.2U 0.4U 0.2U 0.6 0.2U 0.2U 0.2 0.2U 0.2U 0.4U 0.2 0.2U 0.4U 0.2U 0.8 0.2 0.2U 0.2U 0.2U 1U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 3.5 1.1 0.2U 0.2U 6.3 2U 9.7 0.2U 3.7 4.4 1.1 8.7 0.2U 3.1 2.5 2.5 3.1 0.2U 2.9

Notes:
U = below quantitation limit
1). Canal 2 is a same-laboratory duplicate of Canal 1. 
2). Canal 4 is a same-laboratory duplicate of Canal 3.
3). Canal 6 is a same-laboratory duplicate of Canal 5. 
4). Canal 8 is an alternate-laboratory duplicate of Canal 7. 

Semivolatile Organics (mg/kg)



Table 1E: 
13 Priority Pollutant Metals Analytical Data 

South Terminal CDF
Stormwater Drainage Swale Mitigation Area

New Bedford, Massachusetts

Sample Name Collection Date A
nt

im
on

y

A
rs

en
ic

B
er

yl
liu

m

C
ad

m
iu

m

C
hr

om
iu

m
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op

pe
r

Le
ad

 

M
er

cu
ry

N
ic

ke
l
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el

en
iu

m

S
ilv

er

Th
al

liu
m

Zi
nc

1 UP 9/22/2011 0.49 3.5 0.23 0.32 8.8 26 100 0.1 12 0.26 0.05U 0.06U 75
2 UP 9/22/2011 0.58 5.6 0.3 0.31 9.9 25 130 0.42 7.9 0.41 0.068 0.13 65
3 UP 9/22/2011 0.81 4.5 0.2 0.52 17 35 350 0.21 9.6 0.26 0.087 0.077 120
4 UP 9/22/2011 1.1 6.7 0.43 0.56 17 61 210 0.34 10 0.47 0.09 0.12 110
5 UP 9/22/2011 0.81 6.4 0.28 0.26 11 34 180 0.47 8.3 0.46 0.1 0.1 89
6 UP 9/22/2011 0.46 4.5 0.21 0.34 8.8 24 410 0.23 6.8 0.32 0.074 0.068 230
CANAL 1 9/21/2011 0.47 8.1 0.33 1.2 47 110 200 0.33 13 0.63 0.6 0.2 230
CANAL 2 9/21/2011 0.73 11 0.36 1.4 56 130 230 0.15 14 0.75 0.73 0.25 270
CANAL 3 9/21/2011 0.52 7.7 0.41 1.5 63 150 230 0.18 14 0.65 0.9 0.23 260
CANAL 4 9/21/2011 0.47 6.4 0.37 1.3 56 140 230 0.37 14 0.63 0.77 0.2 260
CANAL 5 9/21/2011 0.71 9.2 0.45 1.7 75 160 280 0.46 20 0.67 1 0.21 250
CANAL 6 9/21/2011 0.47 6.7 0.33 1.2 57 130 220 0.32 15 0.53 0.77 0.16 210
CANAL 7 9/21/2011 0.77 7.7 0.39 1.8 72 170 310 0.41 18 0.65 0.98 0.2 290
CANAL 8 9/21/2011 0.324 7.9 0.678 2.09 72.8 213 294 0.691 20.6 1.89 1.08 0.371 387
CANAL 9 9/21/2011 1 10 0.54 3.7 150 250 640 0.77 38 0.87 2.1 0.33 510
CANAL 10 9/21/2011 1.1 10 0.55 10 210 390 830 1 38 0.96 3.2 0.35 560
CANAL 11T 9/21/2011 1.1 9.6 0.52 4 150 260 810 0.26 42 0.84 2.2 0.32 590
CANAL 11B 9/21/2011 3.4 24 0.84 7.5 110 330 710 1.7 36 2.2 0.98 0.47 750
CANAL 12 9/21/2011 1.2 10 0.51 4.5 140 310 720 0.89 39 0.87 2.4 0.32 560
CANAL 13T 9/21/2011 1.3 8.2 0.45 2.9 110 210 640 0.82 30 0.7 1.4 0.25 500
CANAL 13B 9/21/2011 4.3 17 0.84 3.2 87 280 500 1.9 27 2.2 0.48 0.41 350
CANAL 14 9/21/2011 1.3 9.1 0.46 7.3 130 270 1000 0.72 38 0.84 2.6 0.48 610
CANAL 15T 9/21/2011 1.8 8.8 0.46 9 180 380 1500 5.4 39 1 4.3 0.36 720
CANAL 15B 9/21/2011 1.4 14 0.81 1 21 66 260 0.59 15 1.7 0.22 0.41 150
CANAL 16 9/21/2011 1.6 8.2 0.43 4.2 120 210 1100 0.83 41 0.73 1.8 0.28 620
CANAL 17 9/21/2011 0.38 2.6 0.15 0.74 32 59 240 0.13 10 0.19 0.29 0.088 170
CANAL 18 9/21/2011 2.3 9.3 0.47 5 110 230 1300 0.86 37 0.81 2.5 0.25 710
CANAL 19 9/21/2011 1.2 3.8 0.21 1.9 42 95 870 0.11 18 0.31 0.56 0.095 390
CANAL 20 9/22/2011 2 14 0.47 2.9 150 220 760 0.4 35 0.72 1.6 0.27 530
CANAL 21T 9/22/2011 1.2 7.4 0.42 2.8 110 190 780 0.47 34 0.62 1.4 0.22 500
CANAL 21B 9/22/2011 2.4 11 0.5 5.3 90 330 930 0.78 24 1 1.1 0.21 490
CANAL 22 9/22/2011 0.81 6.7 0.37 2.4 94 180 540 0.51 25 0.54 1.3 0.23 420
CANAL 23T 9/22/2011 1.9 7.3 0.41 2.6 100 200 640 0.56 29 0.59 1.3 0.23 490
CANAL 23B 9/22/2011 1.3 6.7 0.43 5.6 110 270 630 1.9 20 0.81 0.71 0.21 340
CANAL 24 9/22/2011 1.4 10 0.54 5 150 280 850 0.74 41 0.9 2.5 0.33 600
CANAL 25 9/22/2011 1.1 8.8 0.47 5.2 140 260 940 0.86 37 0.78 2.2 0.29 580
CANAL 26 9/22/2011 0.86 7.2 0.43 2.7 91 190 430 0.59 21 0.61 1.3 0.2 300
CANAL 27T 9/22/2011 1 10 0.55 4.3 170 290 770 0.64 46 0.89 2.4 0.33 550
CANAL 27B 9/22/2011 5.1 25 0.54 5.9 60 280 750 1.7 45 1.4 0.42 0.23 760
CANAL 28 9/22/2011 1.4 11 0.52 5.6 150 310 610 2.6 36 0.96 2 0.29 520

Notes:
U = below quantitation limit
1). Canal 2 is a same-laboratory duplicate of Canal 1. 
2). Canal 4 is a same-laboratory duplicate of Canal 3.
3). Canal 6 is a same-laboratory duplicate of Canal 5. 
4). Canal 8 is an alternate-laboratory duplicate of Canal 7. 

13 Priority Pollutant Metals (mg/kg)
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L1115454

Apex Companies

6690.010

Not Specified

Client:

Project Name:

Project Number:

10/18/11

320 Forbes Boulevard, Mansfield, MA  02048-1806

Lab Number:

Report Date:

508-822-9300  (Fax) 508-822-3288  800-624-9220 - www.alphalab.com

184 High Street

Suite 502

Chet MyersATTN:

ANALYTICAL REPORT

Boston, MA  02110

Certifications & Approvals:  MA (M-MA030), NY  (11627), CT (PH-0141), NH (2206), NJ (MA015), RI (LAO00299), ME (MA0030),
PA (Registration #68-02089), LA NELAC (03090), FL NELAC (E87814), US Army Corps of Engineers.

(617) 728-0070Phone:

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original.
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L1115454-01

Alpha 
Sample ID

CANAL 8

Client ID

NBH

Sample 
Location

Not Specified

6690.010

Project Name:
Project Number:

Lab Number: 
Report Date:

L1115454
10/18/11

09/21/11 12:30

Collection 
Date/Time

Serial_No:10181113:31
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Not Specified

6690.010

Project Name:

Project Number:

Lab Number:

Report Date:
L1115454

10/18/11

Semi-Volatile Organics by 8270

L1115454-01 was re-analyzed at dilution in order to quantitate the sample within the calibration range. The 

result should be considered estimated, and is qualified with an E flag, for any compound that exceeded the 

calibration on the initial analysis. The re-analysis was performed only for the compound that exceeded the 

calibration range.

The WG492923-1 Method Blank, associated with L1115454-01, has a concentration above the reporting limit 

for Acetophenone. The results of the original analysis are reported and are qualified with a "B" for any 

associated sample concentrations that are less than 5x the blank concentration for this analyte.

The WG492923-2/-3 LCS/LCSD recoveries, associated with L1115454-01, are below the individual 

Case Narrative

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report.

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet all of the requirements of 

NELAC, for all NELAC accredited parameters. The data presented in this report is organized by parameter (i.e. VOC, SVOC, etc.). Sample 

specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list for each individual sample, 

followed by the Laboratory Batch Quality Control at the end of each parameter. If a sample was re-analyzed or re-extracted due to a 

required quality control corrective action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is 

designated with an "R" or "RE", respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the 

associated samples for each element are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific %

recovery or RPD value that is outside the listed Acceptance Criteria is bolded in the report. Definitions of all data qualifiers and acronyms 

used in this report are provided in the Glossary located at the back of the report.

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody.

For additional information, please contact Client Services at 800-624-9220.

Serial_No:10181113:31
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Case Narrative (continued)

Not Specified

6690.010

Project Name:

Project Number:

Lab Number:

Report Date:
L1115454

10/18/11

acceptance criteria for Benzoic acid (8%)/(5%), 4-Chloroaniline (LCS 39%),Hexachlorocyclopentadiene 

(15%)/(19%), 2,4-Dinitrophenol (11%)/(9%), Benzidine (13%)/(25%), but within the overall method allowances. 

The results of the associated samples are reported; however, all results are considered to have a potentially 

low bias for these compounds. In addition the WG492923-3 LCS/LCSD RPD(s), associated with L1115454-01,

are above the acceptance criteria for Aniline (32%), Benzoic acid (42%), 4-Chloroaniline (44%) and Benzidine 

(63%).

PCB Congeners

L1115454-01 was re-analyzed on dilution in order to quantitate the sample within the calibration range. The 

result should be considered estimated, and is qualified with an E flag, for any compound that exceeded the 

calibration on the initial analysis. The re-analysis was performed only for the compound that exceeded the 

calibration range.

Diesel Range Organics

The WG492838-3 Laboratory Duplicate RPD, performed on L1115454-01, is outside the acceptance criteria 

for Diesel Range Organics (78%).

Total Metals

The WG493844-4 MS recovery, performed on L1115454-01, is below the acceptance criteria for Antimony 

(39%); however, the associated LCS recovery was within criteria. No further action was taken.

The WG493845-3 Laboratory Duplicate RPD, performed on L1115454-01, is outside the acceptance criteria 

for Beryllium (21%) and Thallium (66%). The elevated RPD has been attributed to the non-homogeneous 

nature of the sample utilized for the laboratory duplicate.

Serial_No:10181113:31
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Case Narrative (continued)

    
    I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
    belief and based upon my personal inquiry of those responsible for providing the information contained
    in this analytical report, such information is accurate and complete.  This certificate of analysis is not
    complete unless this page accompanies any and all pages of this report.

    
    Authorized Signature:    

    Title:  Technical Director/Representative                                                                          Date:  10/18/11                  

Not Specified

6690.010

Project Name:

Project Number:

Lab Number:

Report Date:
L1115454

10/18/11

The serial dilution test, associated with L1115454-01, had a %D above the acceptance criteria for Zinc.

Serial_No:10181113:31
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ORGANICS

Serial_No:10181113:31
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SEMIVOLATILES
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Page 7 of 51



FF

n-Nitrosodimethylamine

Pyridine

Benzaldehyde

Aniline

Bis(2-chloroethyl)ether

Phenol

2-Chlorophenol

1,3-Dichlorobenzene

1,4-Dichlorobenzene

1,2-Dichlorobenzene

Benzyl Alcohol

Bis(2-chloroisopropyl)ether

2-Methylphenol

Acetophenone

Hexachloroethane

N-Nitroso-di-n-propylamine

4-Methylphenol

Nitrobenzene

Isophorone

2-Nitrophenol

2,4-Dimethylphenol

Benzoic Acid

Bis(2-chloroethoxy)methane

2,4-Dichlorophenol

1,2,4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

Caprolactam

P-Chloro-M-Cresol

2-Methylnaphthalene

Parameter Result Dilution Factor

ND

ND

3540

ND

ND

571

ND

ND

ND

ND

ND

ND

ND

4190

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

557

ND

ND

ND

ND

ND

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Semivolatile Organics by GC/MS - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

Not Specified

6690.010

L1115454

415

415

830

415

415

415

415

415

415

415

415

415

415

415

415

415

415

415

415

415

415

3110

415

415

415

415

415

415

415

415

415

10/18/11

CANAL 8Client ID:
09/21/11 12:30Date Collected:
09/26/11Date Received:

NBHSample Location:

L1115454-01Lab ID:

Field Prep: Not Specified
Matrix: Sediment Extraction Method:

Cleanup Method1:
Analytical Method:
Analytical Date:
Analyst:

1,8270C
10/07/11 18:59
AW

EPA 3570

EPA 3640A
Extraction Date: 09/29/11 13:20

Cleanup Date1: 10/06/11
 45%Percent Solids: 

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Serial_No:10181113:31
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1,2,4,5-Tetrachlorobenzene

Hexachlorocyclopentadiene

2,4,6-Trichlorophenol

2,4,5-Trichlorophenol

Biphenyl

2-Chloronaphthalene

2-Nitroaniline

Acenaphthylene

Dimethylphthalate

2,6-Dinitrotoluene

Acenaphthene

3-Nitroaniline

2,4-Dinitrophenol

Dibenzofuran

2,3,4,6-Tetrachlorophenol

2,4-Dinitrotoluene

4-Nitrophenol

Fluorene

4-Chlorophenyl-phenylether

Diethylphthalate

4-Nitroaniline

4,6-Dinitro-2-Methylphenol

Azobenzene

NitrosoDiPhenylAmine(NDPA)/DPA

4-Bromophenyl-phenylether

Hexachlorobenzene

Atrazine

Pentachlorophenol

Phenanthrene

Anthracene

Carbazole

Di-n-butylphthalate

Fluoranthene

Benzidine

Pyrene

Butylbenzylphthalate

3,3'-Dichlorobenzidine

Benz(a)anthracene

Chrysene

Parameter Result

E

E

E

Dilution Factor

ND

ND

ND

ND

ND

ND

ND

462

ND

ND

1420

ND

ND

1370

ND

ND

ND

1740

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

24400

4410

2440

ND

26300

ND

25200

ND

ND

12000

11600

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Semivolatile Organics by GC/MS - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

Not Specified

6690.010

L1115454

415

415

415

415

415

415

415

415

415

415

415

415

1660

415

415

415

830

415

415

415

415

1660

415

415

415

415

415

1660

415

415

415

415

415

1660

415

415

415

415

415

10/18/11

CANAL 8Client ID:
09/21/11 12:30Date Collected:
09/26/11Date Received:

NBHSample Location:

L1115454-01Lab ID:

Field Prep: Not Specified

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Serial_No:10181113:31
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Bis(2-Ethylhexyl)phthalate

Di-n-octylphthalate

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)Pyrene

Dibenz(a,h)anthracene

Benzo(ghi)perylene

Parameter Result Dilution Factor

6840

ND

9510

8940

9570

6440

2200

6390

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

1

1

1

1

1

1

1

1

Qualifier Units RL

Semivolatile Organics by GC/MS - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

Not Specified

6690.010

L1115454

415

415

415

415

415

415

415

415

2-Fluorobiphenyl

Phenol-d5

Nitrobenzene-d5

2-Fluorophenol

2,4,6-Tribromophenol

Terphenyl-d14

70

57

62

59

74

88

30-130

30-130

30-130

30-130

30-130

30-130

Acceptance 
CriteriaSurrogate % Recovery Qualifier

10/18/11

CANAL 8Client ID:
09/21/11 12:30Date Collected:
09/26/11Date Received:

NBHSample Location:

L1115454-01Lab ID:

Field Prep: Not Specified

MDL

--

--

--

--

--

--

--

--

Serial_No:10181113:31
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Phenanthrene

Fluoranthene

Pyrene

Parameter Result Dilution Factor

24700

27200

25200

ug/kg

ug/kg

ug/kg

2

2

2

Qualifier Units RL

Semivolatile Organics by GC/MS - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

Not Specified

6690.010

L1115454

830

830

830

2-Fluorobiphenyl

Phenol-d5

Nitrobenzene-d5

2-Fluorophenol

2,4,6-Tribromophenol

Terphenyl-d14

71

54

60

60

71

84

30-130

30-130

30-130

30-130

30-130

30-130

Acceptance 
CriteriaSurrogate % Recovery Qualifier

10/18/11

CANAL 8Client ID:
09/21/11 12:30Date Collected:
09/26/11Date Received:

NBHSample Location:

L1115454-01Lab ID:

Field Prep: Not Specified

D

Matrix: Sediment Extraction Method:

Cleanup Method1:
Analytical Method:
Analytical Date:
Analyst:

1,8270C
10/07/11 19:46
AW

EPA 3570

EPA 3640A
Extraction Date: 09/29/11 13:20

Cleanup Date1: 10/06/11
 45%Percent Solids: 

MDL

--

--

--

Serial_No:10181113:31
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

10/07/11 16:34
1,8270CAnalytical Method:

Analytical Date:
Extraction Method:

Cleanup Method1:

EPA 3570

EPA 3640A
Extraction Date: 09/29/11 13:20

10/18/11

Analyst: AW

n-Nitrosodimethylamine

Pyridine

Benzaldehyde

Aniline

Bis(2-chloroethyl)ether

Phenol

2-Chlorophenol

1,3-Dichlorobenzene

1,4-Dichlorobenzene

1,2-Dichlorobenzene

Benzyl Alcohol

Bis(2-chloroisopropyl)ether

2-Methylphenol

Acetophenone

Hexachloroethane

N-Nitroso-di-n-propylamine

4-Methylphenol

Nitrobenzene

Isophorone

2-Nitrophenol

2,4-Dimethylphenol

Benzoic Acid

Bis(2-chloroethoxy)methane

2,4-Dichlorophenol

1,2,4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

Caprolactam

P-Chloro-M-Cresol

2-Methylnaphthalene

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

220

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

200

200

400

200

200

200

200

200

200

200

200

200

200

200

200

200

200

200

200

200

200

1500

200

200

200

200

200

200

200

200

200

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

UnitsQualifier

Semivolatile Organics by GC/MS - Mansfield Lab for sample(s):   01    Batch:   WG492923-1     

Cleanup Date1: 10/06/11

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Serial_No:10181113:31
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

10/07/11 16:34
1,8270CAnalytical Method:

Analytical Date:
Extraction Method:

Cleanup Method1:

EPA 3570

EPA 3640A
Extraction Date: 09/29/11 13:20

10/18/11

Analyst: AW

1,2,4,5-Tetrachlorobenzene

Hexachlorocyclopentadiene

2,4,6-Trichlorophenol

2,4,5-Trichlorophenol

Biphenyl

2-Chloronaphthalene

2-Nitroaniline

Acenaphthylene

Dimethylphthalate

2,6-Dinitrotoluene

Acenaphthene

3-Nitroaniline

2,4-Dinitrophenol

Dibenzofuran

2,3,4,6-Tetrachlorophenol

2,4-Dinitrotoluene

4-Nitrophenol

Fluorene

4-Chlorophenyl-phenylether

Diethylphthalate

4-Nitroaniline

4,6-Dinitro-2-Methylphenol

Azobenzene

NitrosoDiPhenylAmine(NDPA)/DPA

4-Bromophenyl-phenylether

Hexachlorobenzene

Atrazine

Pentachlorophenol

Phenanthrene

Anthracene

Carbazole

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

200

200

200

200

200

200

200

200

200

200

200

200

800

200

200

200

400

200

200

200

200

800

200

200

200

200

200

800

200

200

200

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

UnitsQualifier

Semivolatile Organics by GC/MS - Mansfield Lab for sample(s):   01    Batch:   WG492923-1     

Cleanup Date1: 10/06/11

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Serial_No:10181113:31
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

10/07/11 16:34
1,8270CAnalytical Method:

Analytical Date:
Extraction Method:

Cleanup Method1:

EPA 3570

EPA 3640A
Extraction Date: 09/29/11 13:20

10/18/11

Analyst: AW

Di-n-butylphthalate

Fluoranthene

Benzidine

Pyrene

Butylbenzylphthalate

3,3'-Dichlorobenzidine

Benz(a)anthracene

Chrysene

Bis(2-Ethylhexyl)phthalate

Di-n-octylphthalate

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)Pyrene

Dibenz(a,h)anthracene

Benzo(ghi)perylene

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

200

200

800

200

200

200

200

200

200

200

200

200

200

200

200

200

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

UnitsQualifier

Semivolatile Organics by GC/MS - Mansfield Lab for sample(s):   01    Batch:   WG492923-1     

2-Fluorobiphenyl

Phenol-d5

Nitrobenzene-d5

2-Fluorophenol

2,4,6-Tribromophenol

Terphenyl-d14

62

50

58

57

36

72

30-130

30-130

30-130

30-130

30-130

30-130

Surrogate %Recovery Qualifier
Acceptance 

Criteria

Cleanup Date1: 10/06/11

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Serial_No:10181113:31
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n-Nitrosodimethylamine

Pyridine

Benzaldehyde

Aniline

Bis(2-chloroethyl)ether

Phenol

2-Chlorophenol

1,3-Dichlorobenzene

1,4-Dichlorobenzene

1,2-Dichlorobenzene

Benzyl Alcohol

Bis(2-chloroisopropyl)ether

2-Methylphenol

Acetophenone

Hexachloroethane

N-Nitroso-di-n-propylamine

4-Methylphenol

Nitrobenzene

Isophorone

2-Nitrophenol

2,4-Dimethylphenol

 60

 46

 76

 48

 62

 64

 64

 64

 65

 66

 64

 61

 61

 74

 56

 56

 62

 63

 75

 66

 49

71

59

84

66

76

76

78

78

80

80

73

74

75

85

70

67

76

76

90

81

52

40-140

40-140

40-140

40-140

40-140

30-130

30-130

40-140

40-140

40-140

40-140

40-140

30-130

40-140

40-140

40-140

30-130

40-140

40-140

30-130

30-130

17

25

10

32

20

17

20

20

21

19

13

19

21

14

22

18

20

19

18

20

6

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD RPD Limits

Semivolatile Organics by GC/MS - Mansfield Lab  Associated sample(s):   01    Batch:   WG492923-2   WG492923-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

10/18/11

Qual Qual Qual

Q

Serial_No:10181113:31
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Benzoic Acid

Bis(2-chloroethoxy)methane

2,4-Dichlorophenol

1,2,4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

Caprolactam

P-Chloro-M-Cresol

2-Methylnaphthalene

Hexachlorocyclopentadiene

2,4,6-Trichlorophenol

2,4,5-Trichlorophenol

Biphenyl

2-Chloronaphthalene

2-Nitroaniline

Acenaphthylene

Dimethylphthalate

2,6-Dinitrotoluene

Acenaphthene

3-Nitroaniline

 8

 67

 65

 67

 79

 39

 75

 78

 70

 67

 15

 66

 72

 69

 68

 73

 70

 73

 81

 73

 56

5

81

79

81

96

61

91

83

82

80

19

80

84

84

83

86

84

83

94

87

70

40-140

40-140

30-130

40-140

40-140

40-140

40-140

40-140

30-130

40-140

40-140

30-130

30-130

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

42

19

19

19

19

44

19

6

16

18

24

19

15

20

20

16

18

13

15

18

22

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD RPD Limits

Semivolatile Organics by GC/MS - Mansfield Lab  Associated sample(s):   01    Batch:   WG492923-2   WG492923-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

10/18/11

Qual Qual

Q

Q

Q

Q

Q

Qual

Q

Q

Serial_No:10181113:31
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2,4-Dinitrophenol

Dibenzofuran

2,3,4,6-Tetrachlorophenol

2,4-Dinitrotoluene

4-Nitrophenol

Fluorene

4-Chlorophenyl-phenylether

Diethylphthalate

4-Nitroaniline

4,6-Dinitro-2-Methylphenol

Azobenzene

NitrosoDiPhenylAmine(NDPA)/DPA

4-Bromophenyl-phenylether

Hexachlorobenzene

Atrazine

Pentachlorophenol

Phenanthrene

Anthracene

Carbazole

Di-n-butylphthalate

Fluoranthene

 11

 72

 70

 80

 49

 77

 72

 78

 68

 38

 75

 90

 77

 79

 72

 38

 80

 80

 79

 78

 83

9

86

76

90

54

89

84

88

78

43

85

100

86

88

79

37

88

87

86

85

91

30-130

40-140

30-130

40-140

30-130

40-140

40-140

40-140

40-140

30-130

40-140

40-140

40-140

40-140

40-140

30-130

40-140

40-140

40-140

40-140

40-140

16

18

8

12

10

14

15

12

14

12

13

11

11

11

9

3

10

8

8

9

9

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD RPD Limits

Semivolatile Organics by GC/MS - Mansfield Lab  Associated sample(s):   01    Batch:   WG492923-2   WG492923-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

10/18/11

Qual Qual

Q Q

Qual

Serial_No:10181113:31
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Benzidine

Pyrene

Butylbenzylphthalate

3,3'-Dichlorobenzidine

Benz(a)anthracene

Chrysene

Bis(2-Ethylhexyl)phthalate

Di-n-octylphthalate

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)Pyrene

Dibenz(a,h)anthracene

Benzo(ghi)perylene

 13

 82

 86

 65

 83

 85

 87

 86

 77

 93

 82

 80

 58

 82

25

89

93

79

90

93

94

97

87

99

90

86

64

91

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

63

8

8

19

8

9

8

12

12

6

9

7

10

10

30

30

30

30

30

30

30

30

30

30

30

30

30

30

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD RPD Limits

Semivolatile Organics by GC/MS - Mansfield Lab  Associated sample(s):   01    Batch:   WG492923-2   WG492923-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

10/18/11

Qual Qual

Q Q

Qual

Q

Serial_No:10181113:31
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Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD RPD Limits

Semivolatile Organics by GC/MS - Mansfield Lab  Associated sample(s):   01    Batch:   WG492923-2   WG492923-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

2-Fluorobiphenyl

Phenol-d5

Nitrobenzene-d5

2-Fluorophenol

2,4,6-Tribromophenol

Terphenyl-d14

69

65

67

67

81

84

30-130

30-130

30-130

30-130

30-130

30-130

84

79

80

80

89

91

Surrogate Qual%Recovery Qual%Recovery
LCS LCSD

10/18/11

Acceptance
Criteria

Qual Qual Qual

Serial_No:10181113:31
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PETROLEUM 
HYDROCARBONS

Serial_No:10181113:31
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FF

Diesel Range Organics

Parameter Result Dilution Factor

79000 ug/kg 1

Qualifier Units RL

Diesel Range Organics - Westborough Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

Not Specified

6690.010

L1115454

74000

o-Terphenyl 64 40-140

Acceptance 
CriteriaSurrogate % Recovery Qualifier

10/18/11

CANAL 8Client ID:
09/21/11 12:30Date Collected:
09/26/11Date Received:

NBHSample Location:

L1115454-01Lab ID:

Field Prep: Not Specified
Matrix: Sediment Extraction Method:
Analytical Method:
Analytical Date:
Analyst:

1,8015B(M)
09/29/11 23:46
NH

EPA 3546
Extraction Date: 09/28/11 22:05

 45%Percent Solids: 

MDL

--

Serial_No:10181113:31
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

09/29/11 22:05
1,8015B(M)Analytical Method:

Analytical Date:
Extraction Method: EPA 3546
Extraction Date: 09/28/11 22:05

10/18/11

Analyst: NH

Diesel Range Organics

Parameter Result

ND

RL

32000ug/kg

UnitsQualifier

Diesel Range Organics - Westborough Lab for sample(s):   01    Batch:   WG492838-1     

o-Terphenyl 62 40-140

Surrogate %Recovery Qualifier
Acceptance 

Criteria

MDL

--

Serial_No:10181113:31
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Diesel Range Organics  52 - 40-140 -

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD RPD Limits

Diesel Range Organics - Westborough Lab  Associated sample(s):   01    Batch:   WG492838-2        

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

o-Terphenyl 65 40-140

Surrogate Qual%Recovery Qual%Recovery
LCS LCSD

10/18/11

Acceptance
Criteria

Qual Qual Qual

Serial_No:10181113:31
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Diesel Range Organics 79000 180000 ug/kg 78 40

Units RPDParameter Native Sample Duplicate Sample RPD Limits

Diesel Range Organics - Westborough Lab  Associated sample(s):  01    QC Batch ID:  WG492838-3    QC Sample:  L1115454-01  Client ID:  CANAL 8 

Not Specified

6690.010

Project Name:

Project Number:

L1115454Lab Number:

Report Date:

Lab Duplicate Analysis
Batch Quality Control

o-Terphenyl 64 40-140

Surrogate %Recovery Qualifier
Acceptance

Criteria

10/18/11

64

%Recovery Qualifier

Qual

Q

Serial_No:10181113:31
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PCBS

Serial_No:10181113:31
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FF

Cl2-BZ#8

Cl3-BZ#18

Cl3-BZ#28

Cl4-BZ#44

Cl4-BZ#49

Cl4-BZ#52

Cl4-BZ#66

Cl5-BZ#87

Cl5-BZ#101

Cl5-BZ#105

Cl5-BZ#118

Cl6-BZ#128

Cl6-BZ#138

Cl6-BZ#153

Cl7-BZ#170

Cl7-BZ#180

Cl7-BZ#183

Cl7-BZ#184

Cl7-BZ#187

Cl8-BZ#195

Cl9-BZ#206

Cl10-BZ#209

Parameter Result

E

Dilution Factor

121

198

183

184

291

404

195

117

350

124

311

69.7

279

214

28.0

34.7

8.77

ND

24.3

ND

4.30

1.85

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

PCB Congeners (NOAA List) - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

Not Specified

6690.010

L1115454

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

DBOB

BZ 198

95

93

50-130

50-130

Acceptance 
CriteriaSurrogate % Recovery Qualifier

10/18/11

CANAL 8Client ID:
09/21/11 12:30Date Collected:
09/26/11Date Received:

NBHSample Location:

L1115454-01Lab ID:

Field Prep: Not Specified
Matrix: Sediment Extraction Method:

Cleanup Method1:
Analytical Method:
Analytical Date:
Analyst:

105,680/8270C-SIM(M)
10/07/11 08:46
CM

EPA 3570

EPA 3630
Extraction Date: 09/29/11 13:20

Cleanup Date1: 10/06/11
 45%Percent Solids: 

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Serial_No:10181113:31
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Cl4-BZ#52

Parameter Result Dilution Factor

354 ug/kg 5

Qualifier Units RL

PCB Congeners (NOAA List) - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

Not Specified

6690.010

L1115454

7.80

DBOB

BZ 198

87

89

50-130

50-130

Acceptance 
CriteriaSurrogate % Recovery Qualifier

10/18/11

CANAL 8Client ID:
09/21/11 12:30Date Collected:
09/26/11Date Received:

NBHSample Location:

L1115454-01Lab ID:

Field Prep: Not Specified

D

Matrix: Sediment Extraction Method:

Cleanup Method1:
Analytical Method:
Analytical Date:
Analyst:

105,680/8270C-SIM(M)
10/09/11 19:24
CM

EPA 3570

EPA 3630
Extraction Date: 09/29/11 13:20

Cleanup Date1: 10/06/11
 45%Percent Solids: 

MDL

--

Serial_No:10181113:31
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

10/07/11 07:01
105,680/8270C-SIM(M)Analytical Method:

Analytical Date:
Extraction Method:

Cleanup Method1:

EPA 3570

EPA 3630
Extraction Date: 09/29/11 13:20

10/18/11

Analyst: CM

Cl2-BZ#8

Cl3-BZ#18

Cl3-BZ#28

Cl4-BZ#44

Cl4-BZ#49

Cl4-BZ#52

Cl4-BZ#66

Cl5-BZ#87

Cl5-BZ#101

Cl5-BZ#105

Cl5-BZ#118

Cl6-BZ#128

Cl6-BZ#138

Cl6-BZ#153

Cl7-BZ#170

Cl7-BZ#180

Cl7-BZ#183

Cl7-BZ#184

Cl7-BZ#187

Cl8-BZ#195

Cl9-BZ#206

Cl10-BZ#209

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

UnitsQualifier

PCB Congeners (NOAA List) - Mansfield Lab for sample(s):   01    Batch:   WG492926-1     

DBOB

BZ 198

93

92

50-130

50-130

Surrogate %Recovery Qualifier
Acceptance 

Criteria

Cleanup Date1: 10/06/11

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Serial_No:10181113:31
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Cl2-BZ#8

Cl3-BZ#18

Cl3-BZ#28

Cl4-BZ#44

Cl4-BZ#49

Cl4-BZ#52

Cl4-BZ#66

Cl5-BZ#87

Cl5-BZ#101

Cl5-BZ#105

Cl5-BZ#118

Cl6-BZ#128

Cl6-BZ#138

Cl6-BZ#153

Cl7-BZ#170

Cl7-BZ#180

Cl7-BZ#183

Cl7-BZ#184

Cl7-BZ#187

Cl8-BZ#195

Cl9-BZ#206

 73

 67

 74

 77

 76

 70

 71

 76

 75

 80

 74

 76

 78

 78

 79

 74

 75

 74

 77

 76

 84

70

66

71

73

72

69

67

75

72

74

70

75

75

73

78

72

72

72

74

72

86

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

4

2

4

5

5

1

6

1

4

8

6

1

4

7

1

3

4

3

4

5

2

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD RPD Limits

PCB Congeners (NOAA List) - Mansfield Lab  Associated sample(s):   01    Batch:   WG492926-2   WG492926-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

10/18/11

Qual Qual Qual

Serial_No:10181113:31
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Cl10-BZ#209  81 78 40-140 4 30

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD RPD Limits

PCB Congeners (NOAA List) - Mansfield Lab  Associated sample(s):   01    Batch:   WG492926-2   WG492926-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

DBOB

BZ 198

81

79

50-130

50-130

78

79

Surrogate Qual%Recovery Qual%Recovery
LCS LCSD

10/18/11

Acceptance
Criteria

Qual Qual Qual

Serial_No:10181113:31
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METALS

Serial_No:10181113:31
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FF

Project Name:

Project Number:

Lab Number:

Report Date:

Not Specified

6690.010

L1115454

10/18/11

SAMPLE RESULTS

CANAL 8Client ID:
09/21/11 12:30Date Collected:
09/26/11Date Received:

Matrix: Sediment
NBHSample Location:

L1115454-01Lab ID:

Field Prep: Not Specified

Parameter Result
Dilution 
FactorQualifier Units RL

Date
Analyzed

Analytical
Method Analyst

Date 
Prepared

Total Metals - Mansfield Lab                               

Antimony, Total

Arsenic, Total

Beryllium, Total

Cadmium, Total

Chromium, Total

Copper, Total

Lead, Total

Mercury, Total

Nickel, Total

Selenium, Total

Silver, Total

Thallium, Total

Zinc, Total

0.324

7.90

0.678

2.09

72.8

213

294

0.691

20.6

1.89

1.08

0.371

387

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

2

2

2

2

2

2

2

5

2

2

2

2

10

0.071

0.074

0.074

0.074

0.295

0.148

0.074

0.025

0.148

0.148

0.071

0.074

7.38

10/13/11 11:00

10/12/11 10:19

10/12/11 11:04

10/12/11 10:19

10/12/11 10:19

10/12/11 10:19

10/12/11 11:04

10/14/11 13:00

10/12/11 10:19

10/12/11 10:19

10/13/11 11:00

10/12/11 11:04

10/12/11 12:37

1,6020A

1,6020A

1,6020A

1,6020A

1,6020A

1,6020A

1,6020A

1,7474

1,6020A

1,6020A

1,6020A

1,6020A

1,6020A

EM

EM

EM

EM

EM

EM

EM

LR

EM

EM

EM

EM

EM

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/13/11 12:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

EPA 3050B

EPA 3050B

EPA 3050B

EPA 3050B

EPA 3050B

EPA 3050B

EPA 3050B

EPA 7474

EPA 3050B

EPA 3050B

EPA 3050B

EPA 3050B

EPA 3050B

Prep
Method

Percent Solids:  45%

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

Serial_No:10181113:31
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FF

Parameter

Parameter

Parameter

Result

Result

Result

Dilution 
Factor

Dilution 
Factor

Dilution 
Factor

Qualifier

Qualifier

Qualifier

Units

Units

Units

RL

RL

RL

Method Blank Analysis
Batch Quality Control

Project Name:

Project Number:

Lab Number:

Report Date:

Not Specified

6690.010

L1115454

Date
Analyzed

Date
Analyzed

Date
Analyzed

Analytical
Method

Analytical
Method

Analytical
Method

Analyst

Analyst

Analyst

Date 
Prepared

Date 
Prepared

Date 
Prepared

10/18/11

Antimony, Total

Silver, Total

Arsenic, Total

Beryllium, Total

Cadmium, Total

Chromium, Total

Copper, Total

Lead, Total

Nickel, Total

Selenium, Total

Thallium, Total

Zinc, Total

Mercury, Total

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

2

2

2

2

2

2

2

2

2

2

2

2

5

0.050

0.050

0.050

0.050

0.050

0.200

0.100

0.050

0.100

0.100

0.050

1.00

0.013

10/13/11 11:00

10/13/11 11:00

10/12/11 10:16

10/12/11 11:02

10/12/11 10:16

10/12/11 10:16

10/12/11 10:16

10/12/11 11:02

10/12/11 10:16

10/12/11 10:16

10/12/11 11:02

10/12/11 12:36

10/14/11 12:17

1,6020A

1,6020A

1,6020A

1,6020A

1,6020A

1,6020A

1,6020A

1,6020A

1,6020A

1,6020A

1,6020A

1,6020A

1,7474

EM

EM

EM

EM

EM

EM

EM

EM

EM

EM

EM

EM

LR

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/04/11 17:00

10/13/11 12:00

Total Metals - Mansfield Lab  for sample(s):  01   Batch:  WG493844-1    

Total Metals - Mansfield Lab  for sample(s):  01   Batch:  WG493845-1    

Total Metals - Mansfield Lab  for sample(s):  01   Batch:  WG493858-1    

EPA 3050B

EPA 3050B

EPA 7474

Digestion Method:

Digestion Method:

Digestion Method:

Prep Information

Prep Information

Prep Information

MDL

MDL

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

Serial_No:10181113:31
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Antimony, Total

Silver, Total

Arsenic, Total

Beryllium, Total

Cadmium, Total

Chromium, Total

Copper, Total

Lead, Total

Nickel, Total

Selenium, Total

Thallium, Total

Zinc, Total

Mercury, Total

 109

 102

 107

 101

 104

 99

 100

 106

 100

 106

 104

 82

 90

-

-

-

-

-

-

-

-

-

-

-

-

-

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

-

-

-

-

-

-

-

-

-

-

-

-

-

20

20

20

20

20

20

20

20

20

20

20

20

20

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD RPD Limits

Total Metals - Mansfield Lab  Associated sample(s): 01    Batch: WG493844-2     SRM Lot Number: S3SPIKE   

Total Metals - Mansfield Lab  Associated sample(s): 01    Batch: WG493845-2     SRM Lot Number: S1SPIKE   

Total Metals - Mansfield Lab  Associated sample(s): 01    Batch: WG493858-2     SRM Lot Number: HPHGAF   

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

10/18/11

Qual Qual Qual

Serial_No:10181113:31
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Antimony, Total

Silver, Total

Arsenic, Total

Beryllium, Total

Cadmium, Total

Chromium, Total

Copper, Total

Lead, Total

Nickel, Total

Selenium, Total

Thallium, Total

Zinc, Total

Mercury, Total

0.324

1.08

7.90

0.678

2.09

72.8

213

294

20.6

1.89

0.371

387

ND

1.35

3.65

323

144

147

343

473

520

291

334

235

620

2.30

 39

 97

 114

 104

 105

 98

 94

 82

 98

 120

 85

 84

 106

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

80-120

-

-

-

-

-

-

-

-

-

-

-

-

-

20

20

20

20

20

20

20

20

20

20

20

20

20

Parameter
Native 
Sample

MS 
Found

MS
%Recovery

MSD 
Found

MSD 
%Recovery

Recovery
Limits RPD

RPD 
Limits

Total Metals - Mansfield Lab Associated sample(s): 01    QC Batch ID: WG493844-4     QC Sample: L1115454-01    Client ID:  CANAL 8 

Total Metals - Mansfield Lab Associated sample(s): 01    QC Batch ID: WG493845-4     QC Sample: L1115454-01    Client ID:  CANAL 8 

Total Metals - Mansfield Lab Associated sample(s): 01    QC Batch ID: WG493858-4     QC Sample: L1115554-01    Client ID:  MS Sample 

2.65

2.65

277

138

138

277

277

277

277

277

277

277

2.18

MS 
Added

Matrix Spike Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

Not Specified

6690.010

L1115454

10/18/11

Qual

Q

Qual Qual

Serial_No:10181113:31
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Antimony, Total

Silver, Total

Zinc, Total

Beryllium, Total

Lead, Total

Thallium, Total

Arsenic, Total

Cadmium, Total

Chromium, Total

Copper, Total

Nickel, Total

Selenium, Total

Mercury, Total

0.324

1.08

387

0.678

294

0.371

7.90

2.09

72.8

213

20.6

1.89

ND

0.287

1.03

349

0.548

293

0.186

7.69

1.88

72.2

221

25.2

1.71

0.029

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

12

5

10

21

0

66

3

11

1

4

20

10

NC

20

20

20

20

20

20

20

20

20

20

20

20

20

Units RPDParameter Native Sample Duplicate Sample RPD Limits

Total Metals - Mansfield Lab  Associated sample(s):  01    QC Batch ID:  WG493844-3    QC Sample:  L1115454-01  Client ID:  CANAL 8 

Total Metals - Mansfield Lab  Associated sample(s):  01    QC Batch ID:  WG493845-3    QC Sample:  L1115454-01  Client ID:  CANAL 8 

Total Metals - Mansfield Lab  Associated sample(s):  01    QC Batch ID:  WG493845-3    QC Sample:  L1115454-01  Client ID:  CANAL 8 

Total Metals - Mansfield Lab  Associated sample(s):  01    QC Batch ID:  WG493845-3    QC Sample:  L1115454-01  Client ID:  CANAL 8 

Total Metals - Mansfield Lab  Associated sample(s):  01    QC Batch ID:  WG493858-3    QC Sample:  L1115554-01  Client ID:  DUP Sample 

Not Specified

6690.010

Project Name:

Project Number:

L1115454Lab Number:

Report Date:

Lab Duplicate Analysis
Batch Quality Control

10/18/11

Qual

Q

Q

Serial_No:10181113:31
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Zinc, Total

Lead, Total

Arsenic, Total

Cadmium, Total

Chromium, Total

Copper, Total

Nickel, Total

387

294

7.90

2.09

72.8

213

20.6

430

308

7.08

1.96

66.8

200

19.6

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

11

5

10

6

8

6

5

10

10

10

10

10

10

10

Units % DParameter Native Sample Serial Dilution RPD Limits

Total Metals - Mansfield Lab  Associated sample(s):  01    QC Batch ID:  WG493845-5    QC Sample:  L1115454-01  Client ID:  CANAL 8 

Total Metals - Mansfield Lab  Associated sample(s):  01    QC Batch ID:  WG493845-5    QC Sample:  L1115454-01  Client ID:  CANAL 8 

Total Metals - Mansfield Lab  Associated sample(s):  01    QC Batch ID:  WG493845-5    QC Sample:  L1115454-01  Client ID:  CANAL 8 

Not Specified

6690.010

Project Name:

Project Number:

L1115454Lab Number:

Report Date:

Lab Serial Dilution 
Analysis

Batch Quality Control 10/18/11

Qual

Q

Serial_No:10181113:31
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INORGANICS
&

MISCELLANEOUS

Serial_No:10181113:31
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FF

CANAL 8Client ID:
09/21/11 12:30Date Collected:
09/26/11Date Received:

Parameter Result
Dilution 
Factor

Matrix: Sediment

NBHSample Location:

L1115454-01Lab ID:

Qualifier Units RL

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

Not Specified

6690.010

L1115454

Field Prep:

Date
Analyzed

Analytical
Method Analyst

Not Specified

General Chemistry - Mansfield Lab
Solids, Total 44.6 % 10.100 09/29/11 16:50 30,2540G KB

Date 
Prepared

-

10/18/11

MDL

--

Serial_No:10181113:31
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Solids, Total 73.4 72.8 % 1 20

Units RPDParameter Native Sample Duplicate Sample RPD Limits

General Chemistry - Mansfield Lab  Associated sample(s):  01    QC Batch ID:  WG493057-1    QC Sample:  L1115363-15  Client ID:  DUP Sample 

Not Specified

6690.010

Project Name:

Project Number:

L1115454Lab Number:

Report Date:

Lab Duplicate Analysis
Batch Quality Control

10/18/11

Qual

Serial_No:10181113:31
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*Values in parentheses indicate holding time in days

L1115454-01A

L1115454-01B

Glass 1000ml unpreserved

Glass 100ml unpreserved split

A

A

N/A

N/A

4.4

4.4

Y

Y

Absent

Absent

A Absent
Cooler

Custody SealCooler Information

Not Specified

6690.010

A2-PB-6020T(180),A2-NI-
6020T(180),A2-SB-
6020T(180),A2-SVOC-
8270(14),A2-ZN-
6020T(180),A2-HG-
7474T(28),A2-CR-
6020T(180),A2-TL-
6020T(180),A2-TS(7),A2-AS-
6020T(180),A2-BE-
6020T(180),A2-CD-
6020T(180),A2-HGPREP-
AF(28),A2-PCBCONG-8270-
NOAA(14),A2-PREP-
3050:2T(180),A2-SE-
6020T(180),A2-AG-
6020T(180),A2-CU-
6020T(180),A2-PREP-
3050:1T(180)

TPH-DRO(14)

Project Name:

Project Number:

L1115454Lab Number:

Report Date:

Sample Receipt and Container Information

Container ID Container Type Cooler pH
Temp
deg C Pres Seal

Container Information

Analysis(*)

10/18/11

Were project specific reporting limits specified? YES

Reagent H2O Preserved Vials Frozen on: NA

Serial_No:10181113:31
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Report Format: Data Usability Report

GLOSSARY

Project Name:

Project Number:

Lab Number:

Report Date:

L1115454Not Specified

6690.010 10/18/11

Acronyms

EPA

LCS

LCSD

LFB

MDL

MS

MSD

NA

NC

NI

RL

RPD

SRM

Environmental Protection Agency.

Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes.
Laboratory Control Sample Duplicate: Refer to LCS.

Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of analytes 
or a material containing known and verified amounts of analytes.
Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated values, 
when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any adjustments from 
dilutions, concentrations or moisture content, where applicable.
Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for 
which an independent estimate of target analyte concentration is available. 
Matrix Spike Sample Duplicate: Refer to MS.

Not Applicable.

Not Calculated:  Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit.
Not Ignitable. 

Reporting Limit:  The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable.
Relative Percent Difference:  The results from matrix and/or matrix spike duplicates are primarily designed to assess the precision
of analytical results in a given matrix and are expressed as relative percent difference (RPD).  Values which are less than five 
times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the values; 
although the RPD value will be provided in the report.
Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

Terms

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum.

Data Qualifiers

A

B

C

D

E

G

H

I

M

NJ

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

Spectra identified as "Aldol Condensation Product".

The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than five times (5x) the concentration found in the blank. For MCP-related 
projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. For NJ-
Air-related projects, flag only applies to associated field samples that have detectable concentrations of the analyte above the 
reporting limit.
Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses.
Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte.
Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument.

The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated.
The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection.

The RPD between the results for the two columns exceeds the method-specified criteria; however, the lower value has been reported
due to obvious interference.
Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte.

Presumptive evidence of compound. This represents an estimated concentration for Tentatively Identified Compounds (TICs), where 
the identification is based on a mass spectral library search.

1 The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the original
method.

 -

Footnotes

Serial_No:10181113:31
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Report Format: Data Usability Report

Project Name:

Project Number:

Lab Number:

Report Date:

L1115454Not Specified

6690.010 10/18/11

Data Qualifiers

P

Q

R

RE

 -

 -

 -

 -

The RPD between the results for the two columns exceeds the method-specified criteria.

The quality control sample exceeds the associated acceptance criteria. For DOD-related projects, LCS and/or Continuing Calibration
Standard exceedences are also qualified on all associated sample results.  Note: This flag is not applicable for matrix spike recoveries
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less
than 5x the RL. (Metals only.)
Analytical results are from sample re-analysis.

Analytical results are from sample re-extraction.

J

ND

 -

 -

Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).

Not detected at the reporting limit (RL) for the sample.

Serial_No:10181113:31
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Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing
laboratory industry.  In the event of an error, the sole and exclusive responsibility of Alpha Analytical
shall be to re-perform the work at it's own expense.  In no event shall Alpha Analytical be held liable
for any incidental, consequential or special damages, including but not limited to, damages in any way
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical.

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling,
containers, sampling procedures, holding time and splitting of samples in the field.

LIMITATION OF LIABILITIES

1

30

105

Test Methods for Evaluating Solid Waste:  Physical/Chemical Methods.  EPA SW-846. 
Third Edition. Updates I - IIIA, 1997.

Standard Methods for the Examination of Water and Wastewater. APHA-AWWA-
WPCF. 18th Edition. 1992.

Test Methods for Evaluating Solid Waste:  Physical/Chemical Methods.  EPA SW-846. 
Third Edition. Updates I - IIIA, 1997 in conjunction with Determination of Pesticides and 
PCBs in Water and Oil/Sediment by GC/MS: Method 680. EPA 01A0005295, November 
1985.

Project Name:

Project Number:

Lab Number:

Report Date:

L1115454Not Specified

6690.010

REFERENCES 

10/18/11

Serial_No:10181113:31
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Certificate/Approval Program Summary 
Last revised September 19, 2011 – Mansfield Facility 

 
The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative. 
 
Connecticut Department of Public Health Certificate/Lab ID: PH-0141.  
 
Wastewater/Non-Potable Water (Inorganic Parameters: pH, Turbidity, Conductivity, Alkalinity, Aluminum, 
Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, Cobalt, Copper, Iron, Lead, 
Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Strontium, 
Thallium, Tin, Vanadium, Zinc, Total Residue (Solids), Total Suspended Solids (non-filterable), Total Cyanide.  
Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Acid Extractables, 
Benzidines, Phthalate Esters, Nitrosamines, Nitroaromatics & Isophorone, PAHs, Haloethers, Chlorinated 
Hydrocarbons, Volatile Organics.) 

Solid Waste/Soil  (Inorganic Parameters: pH, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Vanadium, Zinc, Total Organic Carbon, 
Total Cyanide, Corrosivity, TCLP 1311.    Organic Parameters:  PCBs, Organochlorine Pesticides, Technical 
Chlordane, Toxaphene, Volatile Organics, Acid Extractables, Benzidines, Phthalates, Nitrosamines, 
Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated Hydrocarbons.) 

Florida Department of Health Certificate/Lab ID: E87814. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: SM2320B, SM2540D, SM2540G.) 

Solid & Chemical Materials  (Inorganic Parameters: 6020, 7470, 7471, 9045.  Organic Parameters: EPA 8260, 
8270, 8082, 8081.) 

Air & Emissions (EPA TO-15.) 

Louisiana Department of Environmental Quality Certificate/Lab ID: 03090. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: EPA 180.1, 245.7, 1631E, 3020, 6020A, 7470A, 9040, 9050A, 
SM2320B, 2540D, 2540G, 4500H-B,    Organic Parameters: EPA 3510C, 3580A, 3630C, 3640A, 3660B, 3665A, 
5030B, 8015D, 3570, 8081B, 8082A, 8260B, 8270C, 8270D.) 

Solid & Chemical Materials  (Inorganic Parameters: EPA 1311, 3050, 3051A, 3060A, 6020A, 7196A, 7470A, 
7471B, 7474, 9040B, 9045C, 9060.   Organic Parameters: EPA 3540C, 3570B, 3580A, 3630C, 3640A, 3660, 
3665A, 5035, 8015D, 8081B, 8082A, 8260B, 8270C, 8270D.) 

Biological Tissue (Inorganic Parameters: EPA 6020A.  Organic Parameters: EPA 3570, 3510C, 3610B, 3630C, 
3640A, 8270C, 8270D.) 

Air & Emissions (EPA TO-15.) 

New Hampshire Department of Environmental Services Certificate/Lab ID: 2206. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters:  EPA 245.7, 1631E, 6020A, 7470A, 9040B, 9050A, SM2540D, 
2540G, 4500H+B, 2320B. Organic Parameters: EPA 8081B, 8082A, 8260B, 8270C, 8015D.) 

Solid & Chemical Materials  (Inorganic Parameters: SW-846 1311, 1312, 3050B, 3051A, 3060A, 6020A, 7471A, 
9040B, 9045C, 7196A.  Organic Parameters: SW-846 3540C, 3580A, 3630C, 3640A, 3660B, 3665A, 5035, 
8260B, 8270C, 8015D, 8082A, 8081B.) 

 

New Jersey Department of Environmental Protection Certificate/Lab ID: MA015. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters:  SW-846 1312, 3010, 3020A, 3015, SM2320B, SM2540D, 2540G, , 
EPA 180.1, 1631E, SW-846 7470A, 9040B,  6020. Organic Parameters: SW-846 3510C, 3580A, 5030B, 5035L, 
5035H, 3630C, 3640C, 3660B, 3665A, 8015B 8081A, 8082, 8260B, 8270C) 

Serial_No:10181113:31
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Solid & Chemical Materials  (Inorganic Parameters: SW-846 6020, 1311, 1312, 3050B, 3051, 3060A, 7196A, 
7470A, 7471A, 9040B, 9045C, 9050A, 9060.  Organic Parameters: SW-846 3540C, 3570, 3580A, 5030B, 
5035L, 5035H, 3630C, 3640A, 3660B, 3665A, 8081A, 8082, 8260B, 8270C, 8015B.) 

Atmospheric Organic Parameters (EPA TO-15)  

Biological Tissue (Inorganic Parameters: SW-846 6020 Organic Parameters: SW-846 8270C, 3510C, 3570, 
3610C, 3630C, 3640A) 

New York Department of Health Certificate/Lab ID: 11627. NELAP Accredited. 

Non-Potable Water (Inorganic Parameters: SM2320B, SM2540D, EPA 200.8, 6020, 1631E, 245.1, 245.7, 
7470A, 9014, 9040B, 9050, 120.1, 4500CN-E, 4500H-B, EPA 376.2, 180.1, 3020A.  Organic Parameters:  EPA 
8260B, 8270C, 8081A, 8082, 3510C, 5030B.) 

Solid & Hazardous Waste (Inorganic Parameters: EPA 6020, 7196A, 3060A, 7471A, 7474, 9014, 9040B, 9045C, 
9010B.   Organic Parameters: EPA 8260B, 8270C, 8081A, DRO 8015B, 8082, 1311, 1312, 3050B, 3580, 3570, 
3051, 5035, 5030B.) 

Air & Emissions (EPA TO-15.) 

Pennsylvania Certificate/Lab ID: 68-02089        NELAP Accredited 

Solid & Hazardous Waste (Inorganic Parameters: EPA 6020A,7471B, 7474.   Organic Parameters: EPA3050B, 
3540C, 3630C, 8270C, 8081B, 8082A.) 

Rhode Island Department of Health Certificate/Lab ID: LAO00299. NELAP Accredited via LA-DEQ. 

Refer to LA-DEQ Certificate for Non-Potable Water. 

Texas Commission of Environmental Quality Certificate/Lab ID: T104704419-08-TX. NELAP Accredited. 

Solid & Chemical Materials  (Inorganic Parameters:  EPA 6020, 7470, 7471, 1311, 7196, 9040, 9045, 9060.  
Organic Parameters: EPA 8015, 8270, 8260, 8081, 8082.) 

Air (Organic Parameters:  EPA TO-15) 

Washington State Department of Ecology Certificate/Lab ID: C954. Non-Potable Water (Inorganic 
Parameters: SM2540D, 2510B, EPA 120.1, 180.1, 1631E, 245.7.) 

Solid & Chemical Materials  (Inorganic Parameters: EPA 9040, 9060, 6020, 7470, 7471, 7474. Organic 
Parameters: EPA 8081, 8082, 8015 Mod, 8270, 8260.) 

U.S. Army Corps of Engineers 

Department of Defense Certificate/Lab ID: L2217.01. 

Non-Potable Water (Inorganic Parameters: EPA 6020A, SM4500H-B. Organic Parameters: 3020A, 3510C, 
5030B, 8260B, 8270C, 8270C-ALK-PAH, 8082, 8081A, 8015D-SHC.) 
 
Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 3050B, 6020A, 7471A, 9045C, 9060, SM 
2540G,   ASTM D422-63.  Organic Parameters: EPA 3580A, 3570, 3540C, 5035A, 8260B, 8270C, 8270-ALK-
PAH, 8082, 8081A, 8015D-SHC, 8015-DRO. 
 
Air & Emissions (EPA TO-15.) 
 
 
Analytes Not Accredited by NELAP 
Certification is not available by NELAP for the following analytes: 8270C: Biphenyl. TO-15: Halothane, 2,4,4-
Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene, 3-Methylthiophene, 2-
Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 2-
Methylnaphthalene, 1-Methylnaphthalene. 
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Certificate/Approval Program Summary 
Last revised September 19, 2011  - Westboro Facility   

 
The following list includes only those analytes/methods for which certification/approval is currently held. 

For a complete listing of analytes for the referenced methods, please contact your Alpha Customer Service Representative.  
 

Connecticut Department of Public Health Certificate/Lab ID: PH-0574. NELAP Accredited Solid Waste/Soil. 
 
Drinking Water (Inorganic Parameters: Color, pH, Turbidity, Conductivity, Alkalinity, Chloride, Free Residual Chlorine, 
Fluoride, Calcium Hardness, Sulfate, Nitrate, Nitrite, Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, 
Calcium, Chromium, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, Selenium, 
Silver, Sodium, Thallium, Vanadium, Zinc, Total Dissolved Solids, Total Organic Carbon, Total Cyanide, Perchlorate. 
Organic Parameters: Volatile Organics 524.2, Total Trihalomethanes 524.2, 1,2-Dibromo-3-chloropropane (DBCP), 
Ethylene Dibromide (EDB), 1,4-Dioxane (Mod 8270). Microbiology Parameters: Total Coliform-MF mEndo (SM9222B), 
Total Coliform – Colilert (SM9223 P/A), E. Coli. – Colilert (SM9223 P/A), HPC – Pour Plate (SM9215B), Fecal Coliform – 
MF m-FC (SM9222D))  
 
Wastewater/Non-Potable Water (Inorganic Parameters: Color, pH, Conductivity, Acidity, Alkalinity, Chloride, Total 
Residual Chlorine, Fluoride, Total Hardness, Silica, Sulfate, Sulfide, Ammonia, Kjeldahl Nitrogen, Nitrate, Nitrite, O-
Phosphate, Total Phosphorus, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, 
Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nickel, Potassium, 
Selenium, Silver, Sodium, Strontium, Thallium, Tin, Titanium, Vanadium, Zinc, Total Residue (Solids), Total Dissolved 
Solids, Total Suspended Solids (non-filterable), BOD, CBOD, COD, TOC, Total Cyanide, Phenolics, Foaming Agents 
(MBAS), Bromide, Oil and Grease. Organic Parameters: PCBs, Organochlorine Pesticides, Technical Chlordane, 
Toxaphene, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Acid Extractables (Phenols), Benzidines, Phthalate Esters, Nitrosamines, 
Nitroaromatics & Isophorone, Polynuclear Aromatic Hydrocarbons, Haloethers, Chlorinated Hydrocarbons, Volatile 
Organics, TPH (HEM/SGT), Extractable Petroleum Hydrocarbons (ETPH), MA-EPH, MA-VPH. Microbiology Parameters: 
Total Coliform – MF mEndo (SM9222B), Total Coliform – MTF (SM9221B), HPC – Pour Plate (SM9215B), Fecal 
Coliform – MF m-FC (SM9222D), Fecal Coliform – A-1 Broth (SM9221E).)  
 
Solid Waste/Soil (Inorganic Parameters: pH, Sulfide, Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Hexavalent Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, 
Molybdenum, Nickel, Potassium, Selenium, Silver, Sodium, Thallium, Tin, Vanadium, Zinc, Total Cyanide, Ignitability, 
Phenolics, Corrosivity, TCLP Leach (1311), SPLP Leach (1312 metals only), Reactivity. Organic Parameters: PCBs, 
PCBs in Oil, Organochlorine Pesticides, Technical Chlordane, Toxaphene, Extractable Petroleum Hydrocarbons 
(ETPH), MA-EPH, MA-VPH, Dicamba, 2,4-D, 2,4,5-T, 2,4,5-TP(Silvex), Volatile Organics, Acid Extractables (Phenols), 
3.3’-Dichlorobenzidine, Phthalates, Nitrosamines, Nitroaromatics & Cyclic Ketones, PAHs, Haloethers, Chlorinated 
Hydrocarbons. )  
 
Maine Department of Human Services Certificate/Lab ID: 2009024.  
Drinking Water (Inorganic Parameters: SM9215B, 9222D, 9223B, EPA 180.1, 353.2, SM2130B, 2320B, 2540C, 4500Cl-
D, 4500CN-C, 4500CN-E, 4500F-C, 4500H+B, 4500NO3-F, EPA 200.7, EPA 200.8, 245.1, EPA 300.0. Organic 
Parameters: 504.1, 524.2.)  
 
Wastewater/Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664A, 350.1, 351.1, 353.2, 410.4, 420.1, 
SM2320B, 2510B, 2540C, 2540D, 426C, 4500Cl-D, 4500Cl-E, 4500CN-C, 4500CN-E, 4500F-B, 4500F-C, 4500H+B, 
4500Norg-B, 4500Norg-C, 4500NH3-B, 4500NH3-G, 4500NH3-H, 4500NO3-F, 4500P-B, 4500P-E, 5210B, 5220D, 
5310C, 9010B, 9040B, 9030B, 7470A, 7196A, 2340B, EPA 200.7, 6010, 200.8, 6020, 245.1, 1311, 1312, 3005A, 
Enterolert, 9223D, 9222D. Organic Parameters: 608, 8081, 8082, 8330, 8151A, 624, 8260, 3510C, 3630C, 5030B, ME-
DRO, ME-GRO, MA-EPH, MA-VPH.)  
 
Solid Waste/Soil (Inorganic Parameters:  9010B, 9012A, 9014A, 9040B, 9045C, 6010B, 7471A, 7196A, 9050A, 1010, 
1030, 9065, 1311, 1312, 3005A, 3050B. Organic Parameters: ME-DRO, ME-GRO, MA-EPH, MA-VPH, 8260B, 8270C, 
8330, 8151A, 8081A, 8082, 3540C, 3546, 3580A, 3630C, 5030B, 5035.) 
 
Massachusetts Department of Environmental Protection Certificate/Lab ID: M-MA086.  
Drinking Water (Inorganic Parameters: (EPA 200.8 for: Sb,As,Ba,Be,Cd,Cr,Cu,Pb,Ni,Se,Tl) (EPA 200.7 for: 
Ba,Be,Ca,Cd,Cr,Cu,Na,Ni)  245.1, (300.0 for:  Nitrate-N, Fluoride, Sulfate); (EPA 353.2 for:  Nitrate-N, Nitrite-N);   
(SM4500NO3-F for:  Nitrate-N and Nitrite-N); 4500F-C, 4500CN-CE, EPA 180.1, SM2130B, SM4500Cl-D, 2320B, 
SM2540C, SM4500H-B. Organic Parameters: (EPA 524.2 for:  Trihalomethanes, Volatile Organics); (504.1 for:  1,2-
Dibromoethane, 1,2-Dibromo-3-Chloropropane), EPA 332. Microbiology Parameters:  SM9215B; ENZ. SUB. SM9223; 
ColilertQT SM9223B; MF-SM9222D.) 
 
Non-Potable Water (Inorganic Parameters:, (EPA 200.8 for:  Al,Sb,As,Be,Cd,Cr,Cu,Pb,Mn,Ni,Se,Ag,Tl,Zn); (EPA 200.7 
for:  Al,Sb,As,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Mo,Ni,K,Se,Ag,Na,Sr,Ti,Tl, V,Zn); 245.1, SM4500H,B, EPA 120.1, 
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SM2510B, 2540C, 2340B, 2320B, 4500CL-E, 4500F-BC, 426C, SM4500NH3-BH, (EPA 350.1 for:  Ammonia-N), 
LACHAT 10-107-06-1-B for Ammonia-N, SM4500NO3-F, 353.2 for Nitrate-N, SM4500NH3-BC-NES, EPA 351.1, 
SM4500P-E, 4500P-B,E, 5220D, EPA 410.4, SM 5210B, 5310C, 4500CL-D, EPA 1664, SM14 510AC, EPA 420.1, 
SM4500-CN-CE, SM2540D. 
Organic Parameters: (EPA 624 for Volatile Halocarbons, Volatile Aromatics),(608 for:  Chlordane, Aldrin, Dieldrin, DDD, 
DDE, DDT, Heptachlor, Heptachlor Epoxide, PCBs-Water), (EPA 625 for SVOC Acid Extractables and SVOC 
Base/Neutral Extractables), 600/4-81-045-PCB-Oil.  Microbiology Parameters: (ColilertQT SM9223B;Enterolert-QT: 
SM9222D-MF.)  
 
New Hampshire Department of Environmental Services Certificate/Lab ID: 200307. NELAP Accredited. 
Drinking Water (Inorganic Parameters: SM 9222B, 9223B, 9215B, EPA 200.7, 200.8, 245.2, 300.0, SM4500CN-E, 
4500H+B, 4500NO3-F, 2320B, 2510B, 2540C, 4500F-C, 5310C, 2120B, EPA 332.0. Organic Parameters: 504.1, 524.2.)  
 
Non-Potable Water (Inorganic Parameters: SM9222D, 9221B, 9222B, 9221E-EC, EPA 3005A, 200.7, 200.8, 245.1, 
245.2, SW-846 6010B, 6020, 7196A, 7470A, SM3500-CR-D, EPA 120.1, 300.0, 350.1, 350.2, 351.1, 353.2, 410.4, 
420.1, 1664A, SW-846 9010, 9030, 9040B, SM426C, SM2120B, 2310B, 2320B, 2540B, 2540D, 4500H+B, 4500CL-E, 
4500CN-E, 4500NH3-H, 4500NO3-F, 4500NO2-B, 4500P-E, 4500-S2-D, 5210B, 5220D, 2510B, 2540C, 4500F-C, 
5310C, 5540C, LACHAT 10-204-00-1-A, LACHAT 10-107-06-2-D. Organic Parameters: SW-846 3510C, 3630C, 5030B, 
8260B, 8270C, 8330, EPA 624, 625, 608, SW-846 8082, 8081A, 8151A.)  
 
Solid & Chemical Materials (Inorganic Parameters: SW-846 6010B, 7196A, 7471A, 1010, 1030, 9010, 9012A, 9014, 
9030B, 9040B, 9045C, 9050C, 9065,1311, 1312, 3005A, 3050B. Organic Parameters: SW-846 3540C,  3546, 3550B, 
3580A, 3630C, 5030B, 5035, 8260B, 8270C, 8330, 8151A, 8015B, 8082, 8081A.) 
  
New Jersey Department of Environmental Protection Certificate/Lab ID: MA935. NELAP Accredited. 
Drinking Water (Inorganic Parameters: SM9222B, 9221E, 9223B, 9215B, 4500CN-CE, 4500NO3-F, 4500F-C, EPA 
300.0, 200.7, 200.8, 245.2, 2540C, SM2120B, 2320B, 2510B, 5310C, SM4500H-B. Organic Parameters: EPA 332, 
504.1, 524.2.)  
 
Non-Potable Water (Inorganic Parameters: SM5210B, EPA 410.4, SM5220D, 4500Cl-E, EPA 300.0, SM2120B, 
SM4500F-BC, EPA 200.7, 351.1, LACHAT 10-107-06-2-D, EPA 353.2, SM4500NO3-F, 4500NO2-B, EPA 1664A, 
SM5310B, C or D, 4500-PE, EPA 420.1, SM510ABC, SM4500P-B5+E, 2540B, 2540C, 2540D, EPA 120.1, SM2510B, 
SM15 426C, 9222D, 9221B, 9221C, 9221E, 9222B, 9215B, 2310B, 2320B, 4500NH3-H, 4500-S D, EPA 350.1, 350.2, 
SW-846 1312, 6020, 6020A, 7470A, 5540C, 4500H-B, EPA 200.8, SM3500Cr-D, 4500CN-CE, EPA 245.1, 245.2, SW-
846 9040B, 3005A, 3015, EPA 6010B, 6010C, 7196A, 3060A, SW-846 9010B, 9030B. Organic Parameters: SW-846 
8260B, 8270C, 8270D, 8270C-SIM, 8270D-SIM, 3510C, EPA 608, 624, 625, SW-846 3630C, 5030B, 8081A, 8081B, 
8082, 8082A, 8151A, 8330, NJ OQA-QAM-025 Rev.7, NJ EPH.)  
 
Solid & Chemical Materials (Inorganic Parameters: SW-846, 6010B, 6010C, 7196A, 3060A, 9010B, 9030B, 1010, 1030, 
1311, 1312, 3005A, 3050B, 7471A, 7471B, 9014, 9012A, 9040B, 9045C, 9050A, 9065. Organic Parameters: SW-846 
8015B, 8015C, 8081A, 8081B, 8082, 8082A, 8151A, 8330, 8260B, 8270C, 8270D, 8270C-SIM, 8270D-SIM, 3540C, 
3545, 3546, 3550B, 3580A, 3630C, 5030B, 5035L, 5035H, NJ OQA-QAM-025 Rev.7, NJ EPH.) 
  
New York Department of Health Certificate/Lab ID: 11148. NELAP Accredited. 
Drinking Water (Inorganic Parameters: SM9223B, 9222B, 9215B, EPA 200.8, 200.7, 245.2, SM5310C, EPA 332.0, 
SM2320B, EPA 300.0, SM2120B, 4500CN-E, 4500F-C, 4500H-B, 4500NO3-F, 2540C, SM 2510B. Organic Parameters: 
EPA 524.2, 504.1.)  
 
Non-Potable Water (Inorganic Parameters: SM9221E, 9222D, 9221B, 9222B, 9215B, 5210B, 5310C, EPA 410.4, 
SM5220D, 2310B-4a, 2320B, EPA 200.7, 300.0, SM4500CL-E, 4500F-C, SM15 426C, EPA 350.1, SM4500NH3-BH, 
EPA 351.1, LACHAT 10-107-06-2, EPA 353.2, LACHAT 10-107-04-1-C, SM4500-NO3-F, 4500-NO2-B, 4500P-E, 
2540C, 2540B, 2540D, EPA 200.8, EPA 6010B, 6020, EPA 7196A, SM3500Cr-D, EPA 245.1, 245.2, 7470A, SM2120B, 
LACHAT 10-204-00-1-A, EPA 9040B, SM4500-HB, EPA 1664A, EPA 420.1, SM14 510C, EPA 120.1, SM2510B, 
SM4500S-D, SM5540C, EPA 3005A, 9010B, 9030B.. Organic Parameters: EPA 624, 8260B, 8270C, 625, 608, 8081A, 
8151A, 8330, 8082, EPA 3510C, 5030B.)  
 
Solid & Hazardous Waste (Inorganic Parameters: 1010, 1030, EPA 6010B, 7196A, 7471A, 9012A, 9014, 9040B, 9045C, 
9065, 9050, EPA 1311, 1312, 3005A, 3050B, 9010B, 9030B. Organic Parameters: EPA 8260B, 8270C, 8015B, 8081A, 
8151A, 8330, 8082, 3540C, 3545, 3546, 3580, 5030B, 5035.)  
 
North Carolina Department of the Environment and Natural Resources Certificate/Lab ID : 666. Organic 
Parameters: MA-EPH, MA-VPH. 
 
Drinking Water Program Certificate/Lab ID:  25700.   (Inorganic Parameters: Chloride EPA 300.0.  Organic Parameters:  
524.2) 
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Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-03671. NELAP Accredited. 
Drinking Water (Organic Parameters: EPA 524.2, 504.1) 
 
Non-Potable Water (Inorganic Parameters: EPA 1312, 200.7, 410.4, 1664A, SM2540D, 5210B, 5220D, 4500-P,BE.  
Organic Parameters: EPA 3510C, 3005A, 3630C, 5030B, 625, 624, 608, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 
 
Solid & Hazardous Waste (Inorganic Parameters: EPA 350.1, 1010, 1030, 1311, 1312, 3050B, 6010B, 7196A, 7471A, 
9010B, 9012A, 9014, 9040B, 9045C, 9050, 9065, SM 4500NH3-H.  Organic Parameters: 3540C, 3545, 3546, 3550B, 
3580A, 3630C, 5035, 8015B, 8081A, 8082, 8151A, 8260B, 8270C, 8330) 
 
Rhode Island Department of Health Certificate/Lab ID: LAO00065. NELAP Accredited via NY-DOH. 
Refer to MA-DEP Certificate for Potable and Non-Potable Water.  
Refer to NJ-DEP Certificate for Potable and Non-Potable Water.  
 
Texas Commisson on Environmental Quality  Certificate/Lab ID: T104704476-09-1. NELAP Accredited. 
Non-Potable Water (Inorganic Parameters: EPA 120.1, 1664, 200.7, 200.8, 245.1, 245.2, 300.0, 350.1, 351.1, 353.2, 
376.2, 410.4, 420.1, 6010, 6020, 7196, 7470, 9040, SM 2120B, 2310B, 2320B, 2510B, 2540B, 2540C, 2540D, 426C, 
4500CL-E, 4500CN-E, 4500F-C, 4500H+B, 4500NH3-H, 4500NO2B, 4500P-E, 4500 S2¯D, 510C, 5210B, 5220D, 
5310C, 5540C. Organic Parameters: EPA 608, 624, 625, 8081, 8082, 8151, 8260, 8270, 8330.) 
 
Solid & Hazardous Waste (Inorganic Parameters: EPA 1311, 1312, 9012, 9014, 9040, 9045, 9050, 9065.) 
 
Department of Defense Certificate/Lab ID: L2217. 
Drinking Water (Inorganic Parameters: SM 4500H-B. Organic Parameters: EPA 524.2, 504.1.) 
 
Non-Potable Water (Inorganic Parameters: EPA 200.7, 200.8, 6010B, 6020, 245.1, 245.2, 7470A, 9040B, 300.0, 332.0, 
6860, 353.2, 410.4, 9060, 1664A, SM 4500CN-E, 4500H-B, 4500NO3-F, 5220D, 5310C, 2320B, 2540C, 3005A, 3015, 
9010B, 9056. Organic Parameters: EPA 8260B, 8270C, 8330A, 625, 8082, 8081A, 3510C, 5030B, MassDEP EPH, 
MassDEP VPH.) 
 
Solid & Hazardous Waste (Inorganic Parameters: EPA 200.7, 6010B, 7471A, 9010, 9012A, 6860, 1311, 1312, 3050B, 
7196A, 9010B, 3500-CR-D, 4500CN-CE, 2540G, Organic Parameters: EPA 8260B, 8270C, 8330A/B-prep, 8082, 
8081A, 3540C, 3546, 3580A, 5035A, MassDEP EPH, MassDEP VPH.) 
 
The following analytes are not included in our current NELAP/TNI Scope of Accreditation: 
EPA 8260B:  Freon-113, 1,2,4,5-Tetramethylbenzene, 4-Ethyltoluene.  EPA 8330A:  PETN, Picric Acid, Nitroglycerine,  
2,6-DANT,  2,4-DANT.  EPA 8270C:  Methyl naphthalene, Dimethyl naphthalene, Total Methylnapthalenes, Total 
Dimethylnaphthalenes, 1,4-Diphenylhydrazine (Azobenzene). EPA 625:  4-Chloroaniline, 4-Methylphenol.  Total 
Phosphorus in a soil matrix, Chloride in a soil matrix, TKN in a soil matrix, NO2 in a soil matrix, NO3 in a soil matrix, SO4 
in a soil matrix. 
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184 High Street, Suite 502 
Boston, MA  02110 
Telephone 617-728-0070 
Facsimile 617-728-0080 
 
 

 “Where Excellence Meets Value”   
 

 
 
July 26, 2011 
 
 
 
RE: Memo to File 

Sampling Within Drainage Ditch Behind New Bedford Hurricane Barrier  
New Bedford, MA 
 
 
 

On February 27, 2007, Apex personnel collected a total of three samples within the Drainage 
Ditch behind the New Bedford Hurricane Barrier.  The attached figures and photographs 
(contained in Attachment 1 and Attachment 2, respectively) depict the sampling locations RF-
1, RF-2 and RF-3.  The samples were analyzed for PCB Congeners, Conductivity, pH, 
Polycyclic Aromatic Hydrocarbons (PAH), Total Petroleum Hydrocarbons (TPH), RCRA 8 
Metals, Copper and Grain Size Distribution.  The results of the sampling analysis are 
summarized on Tables 1 and 2 (contained in Attachment 3).  The original laboratory results are 
provided as Attachment 4.   
 
The samples were analyzed for 22 PCB congeners via MS/GS.  The total PCB levels for a 
sample collected below Mean High Water (only sample RF-1) was determined using USEPA’s 
established method of summing 18 “NOAA” congeners, and then multiplying by a factor of 2.6 to 
get “Total” PCBs.  The “Total” PCB values for samples collected above Mean High Water (RF-2 
and RF-3) were determined by adding the 18 NOAA Congeners.  The Total PCB values for the 
three samples were 55 mg/kg (RF-1), 1.6 mg/kg (RF-2), and 3.7 mg/kg (RF-3), respectively.   
 
 
Sincerely, 
Apex Companies, LLC 
 
 
 
 
 
 
Chet Myers     
Project Manager 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Attachment 1 

Figures 1 and 2 
 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment 2 
Site Photographs 

 
 
  







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Attachment 3 
Tables 1 and 2 
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Rodney French Boulevard Drainage Ditch Sampling Analysis
PCB Results

Metals (mg/Kg) pH (S.U.) Conductivity (umhos/cm)

Sample Name (ID#)

Semi-Volatile Organics  (µg/Kg)
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s
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pH C
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Sample Name (ID#)

RF-1 450 930 310 1800 5100 4900 5000 3500 3700 5400 950 12000 880 3300 1000 6700 8900 9600 10 110 9.5 200 720 740 1.1 1.9 1.7 7.6 11
 - Laboratory Qualifiers

RF-2 75 27 1500 880 4000 4200 3400 2800 2400 4000 680 5500 18 2500 230 350 5600 190 0.99 5.0 0.15 5.9 17 32 0.11 0.39 0.15 7.9 4400
 - Laboratory Qualifiers U

RF-3 9.6 11 59 67 190 210 200 180 190 260 44 420 17 160 14 250 410 66 1.8 7.2 0.051 5.6 19 41 0.065 0.37 0.28 7.1 3300
 - Laboratory Qualifiers U

MCP Reference Values for S-1 &GW-1 4000 20000 100000 1000000 7000 2000 7000 1000000 70000 7000 700 1000000 400000 7000 4000 700000 1000000 200 20 1,000 2 30 300 20 400 100
Unit ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppm ppm ppm ppm ppm ppm ppm ppm ppm

MCP Reference Values for S-3 &GW-3 1000000 4000000 1000000 5000000 300000 30000 300000 2500000 3000000 40000 30000 5000000 4000000 300000 3000000 100000 5000000 5,000 20 5,000 30 200 300 30 800 200
Unit ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppm ppm ppm ppm ppm ppm ppm ppm ppm

U = Below Minimum Laboratory Detection Limits

E = Estimated Value; Value exceeds Laboratory Detection Limits

* = Value meets or exceeds one or both MCP reference values - please see discussion
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 C
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r

RF-1 2000 2900 6000 1700 2100 1800 1900 1900 700 0.82 600 1400 42 260 1000 760 110 150 77 9.5 12 11 60
 - Laboratory Qualifiers E E E E E E E E E U E E

RF-1 PCB - Re-Analyzed at 1:10 Dilution Factor 1900 2600 5600 1500 2000 1700 1800 1800 620 8.2 540 1300 37 220 900 660 96 130 67 9.2 18 11 55
 - Laboratory Qualifiers

RF-2 46 120 190 85 320 250 100 220 60 0.44 49 160 5.7 31 120 100 12 16 8.6 0.99 1.3 0.94 1.6
 - Laboratory Qualifiers U

RF-3 3.1 8.0 62 110 250 89 130 890 370 0.42 310 760 25 200 800 510 77 95 40 4.7 4.5 0.89 4.3
 - Laboratory Qualifiers E E U E E E

RF-3 PCB - Re-Analyzed at 1:10 Dilution Factor 8.4 9.5 56 92 220 76 120 780 320 4.2 270 660 24 180 710 440 65 82 34 4.4 4.2 4.2 3.7
 - Laboratory Qualifiers U U U U

MCP Reference Values for S-1 & GW-1 Unit 2 mg/kg

MCP Reference Values for S-3 & GW-3 Unit 3 mg/kg

U = Below Minimum Laboratory Detection Limits

E = Estimated Value; Value exceeds Laboratory Detection Limits

* = Value meets or exceeds one or both MCP reference values - please see discussion.

PCB Congeners (µg/Kg)

Sample Name (ID#)
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ANALYTICAL REPORT 

Prepared for: 
Apex Environmental, Inc. 
115 Broad Street 
Boston, MA 02210 

Project: New Bedford Harbor Drain Ditch 
0702102 ETR: 

Report Date: March 07, 2007 

Certifications and Accreditations 
Malisachusetts M-MA030 

Connecticut PH-0141 
New Hampshire 2206 

Rhode Island LA000289 
, New Jersey MA015 
i Maine MA0030 

New York 11627 
Louisiana 03090 
Florida E87814 

Pennsylvania 68-02089 
Army Corps of Engineers 
Department of the Navy 

This report shall not be reproduced except in full, without written approval from the laboratory. 

375 Paramount Drive. SUite 2. Raynham. Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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CASE NARRATIVE 
Alpha Woods Hole Labs 

ETR: 0702102 
Project: New ,Bedford Harbor Drain Ditch 

All analyses were performed according to Alpha Woods Hole Labs quality assurance program and documented Standard 
Operating Procedures (SOPs). The analytical results contained in this report were performed within holding time, and with 
appropriate quality control measures, except where noted. A summary of all state and federal accreditations is provided 
within this report. Blank correction of results is not performed in the laboratory for any parameter. Soil/sediment samples are 
reported on a dry weight basis unless otherwise noted. Air and sediment samples are either not certifiable under the NELAC 
and/or are not currently held as accredited matrices. 

PCB by GCIMS 

I. Samples RF-\ (0702102-01) and RF-3 (0702102-03) had concentration$ detected above the calibration range of the 
instrument. The samples were re-analyzed at a I:! 0 dilution and both analyses were reported. 

Total Metals 

Sample RF-I(0702! 02-0\) was digested using (3050:2T, 3050: 1 T and 7471) and analyzed in duplicate with a matrix spike. 
All QC measures were within acceptance criteria except for the following: 

1. Copper had a recovery on the matrix spike of 36% which is below the 75% QC acceptance limit. The laboratory control 
sample had an acceptable recovery for this analyte. 

2. Mercury had a recovery of 60% on the matrix spike which is below the 75% QC acceptance limit. The laboratory 
control sample had an acceptable recovery in regards to this analyte. 

3. The duplicate had values for Barium and Copper that exceeded the 20%RPD limit at 23% and 25% respectively. This 
may have been due to sample non-homogeneity. 

The enclosed results of analyses are representative of the samples as received by the laboratory. Alpha Woods Hole Labs 
makes no representations or certifications as to the method of sample collection, sample identification, or 
transporting/handling procedures used prior to the receipt of samples by Alpha Woods Hole Labs. To the best of my 
knowledge, the information contained in this report is accurate and complete. 

Approved by; ,-\1 aY/ cy ~ 

0: \ReporllNA RRTEMPI2007\APHNVI07021 02.doc 

Alpha Woods Hole Labs, 375 Paramount Drive, Suite 2, Raynham, MA 02767,508-822-9300 
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Sample ID Cross Reference 

Client: Apex Environmental, Inc. 
Project: New Bedford Harbor Drain Ditch 

Lab Sample ID Client Sample ID 

0702102-01 RF-l 
0702102-02 RF-2 
0702102-03 RF-3 

Lab Code: MA00030 
ETR: 0702102 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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PCB Congeners 
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" ~\:\ Client: " ' '~?I-iA Pr~ject: 
WOOD" II(,!- E L.4JUChent lD: 

PCB by GC/MS ! 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 
RF-1 

Lab Code: MA00030 

ETR: 0702102 

Lab 10: 0702102-01 
"" """"""""", ." ~ Case: N/A 

Matrix: Sediment 
SDG: N/A Associated Blank: SS022807B02 

Concentration Units: Ilg/Kg 

~~~~:~~ 1 ~;~~JA~2~~~tl;~:i l~erc::t:o'±!E~~) I vO~7~:J)-~~~:~:j .. A;f~tj 
Parameter Result 

~g:BZ#5/#81 ' ____ ,__ " 2000 ~_, 
<::;J3-BZ#18 ______ , 290!l~_ 

<:13-~Z#28/#~ ___ " . ____ ' _" 69JlLE 
p4·B]:#44 ___ ' 1700_E 
<;::I4-13~#S2 ____ _ , ____ :UOO E 
<:14-B?:.!4J1#49_1 

_" _____ _ _"_ l~Q!L_E 
CI4·BZ#Ji6 "' _____ ' ____ ,_---.-;-_ ,,1900_ E _____ _ 
QS-B?:_#101/#841 _____ ,, ______ " __ . ~O __ L_ 
Q~_~BZ!Lrr"__ ,_,__ ,___ " 70!L_ E 
CI7:B?:lH84 _____ ' ___ ,", __ " O.8LJl 
G!~-B?1tl05 ___ ",-''", _, _____ ---'" , ___ ,_600 
CI.~~Z#IR__ ____ ,,____ --", _1400 E:______ _ ____ _ 
GI7-B~.183 ___ , __ ,, _____ ' ,,,_"' __ , ___ ; __ , ~ 
CI6~B._?#167/#1281 __ , -l--_260 _ 
CI6_~~?# 1)111# 163_1

__ tOOO _____ _ __ _ 
CI~':.I}?:#I&_ ____ _76(}_ E ______ , 
CI7~_~Z#17Q[j;lJ90~___l!!! ___ , ,,_ 
Cll~BZ_#I~ _____~9 __ , __ , 
~]7-IiZ#J82~#18L , __ " ___ "' __ ' __ __77 __ , __ ' 
p8:BZ#19~ "_ ,_ ___ __ __, __ , 9,~ _______ , 
GI9-~?#206 _____ _ , ____ , ___ , ____ '_" ,_.11 ___ , 
G!19.::BZjf209___ _ ,___ ___ __________ lL___ __ , __ 

I = These two Congeners are reported as a co-eluting pair. 

Surrogilte 
CI3-BZ#19-CI3 
CI8·BZ#202·C 13 

_% Rec~~ry 
80 
83 

Acceptance 
Range(o/<i) 

50-125 
50·\25 

N/A - Not Applicable 
E - Estimated value, exceeds the upper limit of calibration. 
U • The analyte was analyzed for but not detected at the sample specific 
level reported. 

03105107 14:44 
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'. Client: 
. ' ~~A Pr~ject:. 
WOODSHdtE LADsChentID. .............................. , Case: 

Matrix: 

PCB by GCIMS I 

Apex Environmental, Inc . 
New Bedford Harbor Drain Ditch 
RF-l 
N/A 
Sediment 

SDG: N/A 

Lab Code: MA00030 

ErR: 0702102 

Lab ID: 0702102-01E 

Associated Blank: SS022807B02 

Concentration Units: ltg/Kg 

Date--r D~te --1 -D~te -8 D~te--t- 11--sampl~ ~ Final 1 Dil~tj~ -- ---. "'1 
Collected I Rec~i'yed _ Extracted_ A!1alyzed _ Percent S()li_~1 Amo_unt (g) yolum~iml) F~ctor _ _Analy~_ 

02/27/07 __ f 02127107_ 02/~8/~_ 03/05/~ ___ 4~ L_ 5.44 __ 4 __ 10_ __ r.L~ J 
Parameter Result 

~1.7-BZ#5/#~_1 __ . ____ . ___ .__ ._ . __ . _... 190.0.______ _ __ _ 
CI3_~BZ#18 .. _ .. ___ ._ .. ___ ._ ,_ .. _. ___ -.-1.60JL ____ .____ 

CI3-BZ#28/ttlL'. .. -- ._;--- -- - -- ~ .. ~1650000 ' --. -.-- .--
C14-J?Z#44___ I 
CI4-BZ#52----·· - .. - --- ,-- --- i- -2000-' -" -' .. 

.. _" ._--- .... --- --' ._- .-- .• --- .--- --- .. _-----+- _._-- .. - --" -"-

!=14-B_Z#43/#49_~__ ._. __ . _.. __ _______ __~17Q!L __ 
CI4-BZ#66__ ____ ._ . __ .. __ _______. ___ .~o.Q__ _ . ____ . ___ . __ , 
CI5-=13Z~lQJI#8il ________ . __ ._. _ .. _ ... ____ . ____ 1800._ .. _ .. 
q~~BZ!~7 __ ____ _. ~fo._ __ _ __ . . __ 
C1]~BZdH81 ___ . ___ ._8.2_U __ . __ . __ ._ 
C~-BZ~JO~________ _ __ ._ .. _54!L __ ... ___ ... __ 
CI~.:BZl1J18 __ __. . ___ . ___ ~O!L _ ._ .. ___ . 
CI7-!3Z1!l83___ _ ____ . _. _ .. _ ... _~ .. __ 37 ______ _ 
qli:.i3Z!tJ67/# 12~_1 _. _ . __ . _____ . _ __ _ __ 1_ .. _..nO _ .. _ ._ _ __ 
CI6-!3Z#I38/#J631 __ . __ ._ ._ ... ___ . __ . __ .... _9Q!L __ ._ ._ . ___ _ 
Q6-BZ:tL!.53 _____ . __ .. _____ . _ ______ ~6L _ . __ . __ 
~I7=_~#llO/#1901_ .. _ ._ .. _. _ .. ___ . __ . ___ ---.96 ______ _ 
C17-BZ#l~!L _____ ., ___ ._. ,_ .. ____ . ,, ___ 130 ____ . _" 
~17_~Z#182/#lFI _____ . __ . _____ . _______ ._ 67 
CI~:BZ_!t195___ ____ __ , .__ ____ _ _ _.9.4 .-~_~~ -
CJ2:BZ#20§.. _ __ ___ ______ 1.8 
CIl9-B~2Q.2.._ __ __ ____ __ _ .. _____ H 

I '" These two Congeners arc reported as a co-eluting pair. 

Surrogate _ .. 
CI3-BZ#19-CI3 
CIS-BZ#202-C 13 

___ % R~cove_r:r._ 
81 
83 

Acceptance 
~an~('?j>2 

50-125 
50-125 

N/A - Not Applicable 

U - The analyte was analyzed tor but not detected at the sample specific 
level rcpolted, 

03/06101 12:37 
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PCB by GC/MS 

, Client: Apex Environmental, Inc. Lab Code: MA00030 

. ~?I-iA Pr.oject: New Bedford Harbor Drain Ditch ErR: 0702102 

'WOODS HO,LE LA.r.t$CltentID: RF-2 r LabID: 0702102-02 
" .. ' ........ " .. ,.,. Case: N/A SDG: N/A \ Associated Blank: SS022807B02 

Matrix: Sediment Concentration Units: J1g/~g_ 

Date Date --r D~W-t D~t~ -~ - I-sam~~f- Final E-il~tion-
Collected ---I Received I _E~~acted__ Analy~_e9 __ Percent S~!9 Amou~t (~2_ V_olum~J!!1I) __ Jact~ __ ~Ealy~~_ 

02/27/07 : ____ ~2/27/0~ __ J 0~~~~07 _ ~_3/02/07__ _?9.7 ~ S.7~ 4__ _ I ____ TLW 

Parameter 

CI2-BZ#S/#8' . - ._---_. 

CI3-BZ#18 
CI}:~Z#2S/#J I' 
<::14.: BZ#44__ ___ ,. 

Result 

4§ ___ . 
_ 121) 

_____ ~O 
. __ 85 ___ . ___ . __ _ 

q4-BZ.t*S~ _____ . __ . ___ 37_0 _ 
CI4-J}~~43/tf49'_ . 750 .. 
C;;I4-~~~§6 ___ __. __ . ". __ ._ _.___~O .. __ ._ . ____ . 
PS-E\Z#101l#84' ____ ,____.__ _l70 . ___ .. _____ . 
CIS-~Z#~7 .__ --1------ 60 ___ . . ___ . 
CI7_-JiZ#184...._____ _ ___ -+-_ ___ _._ __ 1---OA~_.u _._. 
(:15-~?:#IQl... ____ ._~__ _ __ .. ___ -+-___ 19 ___ _ 
qS-~f.!118 ___ , ____ . __________ +-_l60 ___ . ____ __ 
CI7-BZ#lS3 " 5.7 
GI6-~~#-161!# 12~- ---- --' ----=-~_----:-~3T-=__ 

Cl~-JIZ# 1}8/# 1 ~_I _. . __ . ____ 12!L_ 
CI§_~ElZ#l2J .. '_ _____ 100 
CI}=-ElZ#17jlJ1;I190!_ 12 
CI7_~!!~#IS_O___ _ __ . _.__ 16 
CI7-BZ#lSP# 1871 

_ .... ___ . . __ . • __ ... __ ~ . ___ . __ 

C1S-BZ#J95__ ____ __ . __ ._ ___ _____ M9 ___ . ____ . 
GJ2:I3Ztf20§ _______ . ___ . __ . __ . ______ L3_ , ___ , . ____ . 
CllO-!?Z#20L ___ . __ -. _ . __ .. ___ 0.94 _____ . ___ _ 

I = These two Congeners are reported as a co-eluting pair. 

Surrogate 
CI3-BZ#19-C13 
CIS-BZ#202-C 13 

%..1.\eco~~D' 
84 
102 

Acceptance 
Range __ {1i» 

50-125 
50-125 

N/A - Not Applicable 
U - The analyte was analyzed for but not detected at the sample specitic 
level reported. 

03/05/0714.45 
----_. ..---- -----. --- ---_. ---_. -_. ~. --- -- ------ --' --' ._- ... _-' ----_. ------ -----

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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'PCB by GC/MS i 

, .".\ Client: Apex Environmental, Inc. /UL.?J.;A Pr.oject: New Bedford Harbor Drain Ditch 

Lab Code: MA00030 

ETR: 0702102 

wo 0 D $' H 0 L f LA 11 ,Chent ID: RF -3 Lab ID: 0702102-03 
............. .. Case: N/A SDG: N/A Associated Blank: SS022807B02 

Date----I- D~t~----MI at~iX~ate -sedJimen~at~-H ------ 1-- sa~Ple-~ Final c;:o[nc~~ti~~tii: ~ntits:~g/~g 
Collected. 1 Rec~~~~~ Extr~ted __ Anlllyz~~ Perc~nt Solid I ~mou!lt (~) V.~lumeJml) _£ac~()r__ _ __ Analt~_ 

02/27/07 j ____ ~_2/27/07 _L __ ~2/2~!~~ .. 0~(02/07 . __ 8~2 __ '-_ 5.4~_ _~___ . _ 1___ T~~ 
Parameter Result 

Q:2~BZ.ft.5/#8J__ ____ . __ ".____ _ _____ ._. .. ____ ._~ 
C13-BZ#J~ _________ .. __ . __________ . _~ 

C1:3~Z#1_8/#3 I_I __ . _____ . _____ 62 ____ _ 
P4-~:Z#44 __ ._. ____ ...... __ _ ______ 00 ____ . 
CI4Jl:z#52 _____ . .____ .. 250. ___ _ 
~14-BZt*43/~49'____ __.!L ___ . 
CI4-BZ#66 __ . ________ .. 130_. _._" 
(l5-B2.#1 0 l/#84_1

_._.. ._____ ___~!) ~ 

CI5-BZ#87 37JL~_ 
CI7-BZ#184 OAL.J! 
CI5-BZ#105 3J.Q.. __ 
CI5-BZ#118 760 E ._---_. . ... _--_. --_. --_. ---_. ---_. ._"-- ._--
C\7-B:z#183__ __. ______ .... _______ .. ___ )5 .. __ . __ . 
CI6-BZ#J~7/#q81 __ .. __ " ___ __ _~O _____ . __ 
Cl.§.~BZ#J38/#163_1 __ ___ ____ _ _____ ... __ 800_L_ ._" ._ .. __ 
~1§~B:zjil~} ... _ . __ ..... ___ _ ___ ._ __.. 5'~E ___ . __ 
c::17-I:3Z#!70/~12!t __ " __ . _____ _ .. ___ 77 
~J1~I:3Z#J80__ ____ " . ____ ~ ___ . __ _ 
CI7~~Z#182~#1_~7J .. _._ .. ______ ______ ____ 40 
~lli.:!3Z#191___ 4.7 __ . __ . 
~I9-B:zftZ.Q6_1.5 
~11 0-B:Z11'_:299J!.,.$9 

I = These two Congeners are reported as a co-eluting pair. 

Surrogat~ ... 
C13-BZ# J9-C 13 
CI8-BZ#202-C 13 

Acceptance 
% Rec0':!!1'...__ __ R~) 

70 50·125 
84 50-125 

N/A· Not Applicable 
E -Estimated value, exceeds the upper limit of calibration. 
U - The analyte was analyzed for but not detected at the samplc specific 
level reported. 

03105/07 14:46 
-_. - -+--- --- --- _ .. _-- -----" --- ---- --_ .. 

375 Paramount Drive, Suite 2, Raynham, I Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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PCB by GC/MS 

i .'\ ':" Client: £.U.?l-iA Pr.oject: 

Apex Environmental, Inco 
New Bedford Harbor Drain Ditch 

Lab Code: MA00030 

ETR: 0702102 

WOODS HO L £ LAlJSChent 10: 
. . Case: 

RF-3 
N/A 

Lab ID: 0702102-03E 
SDG: N/A 

Date 
Collected 

02/27/07 

Associated Blank: SS022807B02 

Date Date Datel Sample Final Dilution 
------------ Mj~~rix: __ ~edli~~---. __ 1 ___ ' -T---- '--g---- - _~~once~~rati~I1 u[nits: Jlg/K~l 

~i~~;l- >--%i~~~r ---rt;;ri;I~~ 1P"C~i~OI;d I A~~~ (g) VOl":' (ml)_FaIC~o,~ Afi~t . I 

Parameter Result 

CI2.~.!3.z:Ji)I#81 ___ .. ____ _____ .___ 8.4 LI __ . 
(:13-B?:#18 _ _ _____ . _. _____ . . ___ .___ .. ______ 9.5 
~13_:1?Z#28/#311___ ___ . _._____ _____ 5§ _____________ _ 
CI4-BZ.#44 _ _ ____ . __ . _. ____ ._. . _____ . 92 
CI±~~Z#~_2 _____ . _. .. __ . __ . ____ . ________720 _ 
CI4:_BZ#431#42_1 -_._.- .'--._- .... __ . _. ____ .. _ _ __ 1!l_ 
GJ4:IJZ_#66 ______ ._ _ __ . __ . __ 1~0 

CIS~_~l-...#lOI/#:~~~__ _ _____ . . .. _. _____ . ______ .. . ____ 780 
q~:IJZ:#87 .... ___ . 320 
C1.7~~Z#184 _____ .. _ . _____ .. _ 
CI5-BZ#105 -----_.. . . .... _-_. ~ .. --.--. 

CI5-BZ.ftlL8 ___ . __ .. 
GE:J~?# 181_ .. ____ ._____ 24 
q6-BZ#16Z/#I~__ __ ...... _____ ... ______ ~ _____ 18Q __ . 
CI§·BZ:#13~Lij163' ______ . . ____ . 
gJi:.I3Z~J2L ____ 0 _ ... __ . ______ _ 

q7~J3Z# L70/#J.2Q~__ ____ _ 
C17'~Z#1~ ___ . _____ . 
GF·BZ#182/#18Z1 

q!t·BZ:#19~_ ._ 
CI9·BZ#206 ... _.--_ .. _-- ... ----

CIlO·BZ#209 .... - ... _------ _ .. _ .. _---

__ --.l!Q 
440 __ _ 

_ __ 65 
___ ~2 _. ______ .. 

34 _____ ... ___ . 

.. ___ ".4 
4.2 U 
4.2 U 

I = These two Congeners are reported as a co·eluting pair. 

Surrogate_ 

Cl3-\3Z# 19·C13 
Cl8-I3Z#202-C 13 

% R~~2yery 
67 
90 

Acceptance 
Ran.ge (~) 

50·125 
50·125 

N/A - Not Applicable 

U - The analyte was analyzed for but not detected at the sample specific 
levcl reported. 

03106/07 12: 17 
--- ---- .. --" 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3i8s 
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\ '"'" 

.' . \ Client: 

\ Blank 
. PCB by GC/MS 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 

Lab Code: MA00030 

ETR: 0702102 AL.?l-iA Pr.oject: 
.. \ Client 10' 

WOOD' H(H E LAD' . .. ......... Case: 
Blank 
N/A SDG: N/A 

Lab 10: SS022807B02 

Associated Blank: N/A 
Matrix: Sediment Concentration Units: IK 

co~;:ed I n~~;:~-r~i~;t~~r~~ [p""ln~O~o":t!;~~}~,~::I(m9 .-~~~;nlAi~~tl 
Parameter Result 

GI2-BZ~5/#81 ___ . __ " __ .. __ ._.______ Q~l) 
C13-~_?.!!~__ .___ _ ___ . OAO V ____ . 
GlJ-BZf;l28/#J_P __ .__ .. _. ___ . . .... ____ . .. ____ ._. _ __0,80 _~_ 
GJ4-BZ#44 ____ ... _____ . __ .. ____ ... ____ ," .. __ OAQ.~_ .. ... ____ . 
G!1:~?#52 ____ .. ..____ OAO U ... ___ .... 
<:::14~BZ#431#.4.210.80 u 
CI4-BZ#66---- 1----- OAO U 
CI5~BZ#-1ol/#841---- --r--- .----- .. _ .. _ - 0.80- -U _ ... _-_-. ____ .. 

CI?_:BZti~7 - _---==--:~------==- . __ - _OAO U 

CI7-BZ#!1lL .. _-.. _ ... __ --.-.. __ ------r------+I_ . _'----OAQ...--lL_ 
Cl~-BZ#105 1 _____ . . __ . _ OAO V_ .. 
CI5~B2:i!llL ___ .. .___ _ ___ . __ . _OAO __ V 
C17-BZ#183 _____ . __ ._ .. __ ... .. ____ .. _. __ 0.40_.---lL 
CI6-~Z#1§]11tl281 0.80 U 
q6-~Z#I}8/#J631 0.80 U 
CI6-!!Z~J&__ ____ ._ .. ___ . OAO_U 
C17-BZ#170/#12,QI ___ ._ ____ 0.80 U 
GI7-BZ#IJL____ .____ 9AO .. U 
~17:~Z#182/#18}_I_ -or __ . 0.89 IL.- ___ _ 
CI8-BZ#195 _____ 1 ____ 0.49_1) __ . ____ . 
C19-BZ#206 t-- OAO_U_. ___ . 
cnO-BZ#~.92_.__~ __ --_ - ~4o __ lL ____ _ 

I = These two Congeners are rcported as a co-eluting pair. 

Surrogfl:t_~ __ 
CI3-HZ# 19-C 13 
CIS-BZ#202-C 13 

0/,,-Re~ov~L_ 
92 
94 

Acceptance 
__R:an.g~) 

50-125 
50-125 

N/A - Not Applicable 
U - The analyte was analyzed for but not detected at the sample specific 
level reported. 

03105107 14.42 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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Laboratory Control Su~mary 
PCB by GC/MS : 

'. Client: Apex Environmental, Inc. Lab Code: MA00030 

. M?t;A Pr?ject: New Bedford Harbor Drain Ditch ETR: 0702102 
1 ClIent lD' Laboratory Control Sample Lab lD: See Below 

WOODSH(HE l.ADS . 
......... Case: N/A SDG: N/A Associated Blank: SS022807802 

Matrix: Sediment Concentration Units: Jlgi!~g 

Date ~~~ected_ ~_~at~;e;Ved_l! - Da~2~;8~ri~ed t- pe~ei~OSOI;d +_-~A;~Z:t -
Lab 10: SS022807B02 SS022807LCSO 1 SS022807LCSDO I 

Parameter ____ ~~~ __ --_~. 
CI2·8Z#51#8 1 

CI3-8Z#18 
CI3-8Z#28/#31 1 

CI4-8Z#44 
CI4-8Z#52 
CI4-8Z#43/#491 

_.. . ... '. 

CI4·8Z#66 
CI5-8Z# 101/#84 1 

CI5-8Z#87 
CI5-8Z#105 
CI5-8Z#118 
CI7·8Z#183 
CI6·8Z#167/# 1281 

CI6-8Z#138/#163 1 

CI6-8Z#153 
CI7-8Z# 1701#1901 

C\7-8Z#180 
CI7-8Z# 182/#187 1 

CI8-8Z#195 
CI9-8Z#206 
CI J 0·8Z#209 

Blank 

0.80 U ----
0.40 U .------. . ----

0.80 U 

LCS LCSD 

6.6 83 7.0 88 6 .. -~-.... --. -- ---- --- --' -

6.3 79 6.9 86 8 ---- -------

13 78 13 84 7 --- - ----·1-- .-- ---
6.1 __ 76 ___ _ 6.5____ __8J _ _? ___ _ 

:~--H ~tH -I: 
6.9 86 7~~~~4 --

5.6 
5.7 

70 ------ -----

71 
?~ __ j _]5 _ 
6.3' 79 --.-------

5 -_. ---_.-

8 
9 
9 
7 
11 

I = These two Congeners are reported as a co-eluting pair. 

Acceptance N/A· Not Applicable 

RPD % Recovery 
Limit Limits 

--- ---=,----- ..... ~--.---,--" 

50 40-140 
50 40-140 
50 40-140 
50 40-140 
50 40-140 
50 40-140 
50 40-140 
50 40-140 -

50 40-140 
50 40-140 

Surr()gate __ 
CI3-BZ# 19-C 13 
CI8-BZ#202-C 13 

%_Kec()y~1}' ___ Ral1ge (%) 
74 78 50-125 
88 92 50-125 

U • The analyte was analyzed for but not detected at the sample specific 
level reported. 

Concentrations reported as calculated values, which includes rounding for significant figures. Percent recoveries and RPD values 
are calculated from the unrounded result. 03/05/071447 

.. _---- .. ---- .. --.... _--- ... _" .. -_.- ---- -- --- .--- ..... _- ._- --- ---- .. - - ... _ .. --- -" ---

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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SEMIVOLATILE ORGANICS 
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8emi-vol~tile Organics by sro -81M 

n~ Client: Apex Env!ronmenta., Inc. ! 

/~ I-iA Pr,oject: New Bedford Harbor Drain Ditch 
! woo.o$ H ff LA BSCChent 10: RF-l 
'------ ase: N/A SDO: N/A 

Matrix: Sediment 
.. -----

Date Date Date Date Sample 
Collected Received Extracted Analyzed Percent Solid Amount (g) 

02/27/07 02/27/07 02/28/07 03/02/07 44.6 5.44 
~ ."~ ... ---~-~.- ~- . 

,- .~~--

Final 

Lab Code: MA00030 
ETR: 0702102 
Lab ID: 0702102-01 
Associated Blank: 88022807B02 
Concentration Units' "gIKg 

Dilution 
Volume (ml) Factor Analyst 

4 1 SEQ 

Result Parameter 

Naphthalene _____ ~1~0~0~0 . ______ _ 

Surrogate 
2-Methylnaphthalene-d I 0 
Pyrene-dlO 
Benzo[b ]fluoranthene-d 12 

2-Methylnaphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benz[ a 1 anthracene 
Chrysene 
Benzo[b ]fluoranthene 
Benzo[k lfluoranthene 
Benzo[alpyrene 
Indeno[1,2,3-cd]pyrene 
Dibenz[ a,h lanthracene 
Benzo[g,h,ilperylene 

% Recovery 
83 
72 
72 

Acceptance 
Range(%) 

50-130 
50·130 
50·130 

450 
310 
930 .. ____ _ 
880 

6700 
1800 

12000 
8900 
5100 
5400 
5000 
3700 
4900 
3300 

950 
3500 

N/A - Not Applicable 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 

03/03/07 19:40 
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Semi-Vol~tile Organics by 8270 - SIM 

.. "' 
Date 

Collected 

02/27/07 

Surrogate 

I 

Client: 

I-iA Pr.ojecDt: 
~ LA .s$Chent I : 

Apex Env~ronmental, Inc. 
New Bedf()rd Harbor Drain Ditch 
RF·2 

Case: N/A SDO: N/A 

Matrix: Sediment 

Date Date Date 
Received Extracted Analyzed 

02/27/07 02/28/07 

Parameter 

Naphthalene 
2·Methylnaphthalene 
Acenaphthylene 
Acenaphthene 
fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benz[ a ]anthracene 
Chrysene 
Benzo[b lfluoranthene 
Benzo[k lfluoranthene 
Benzo[a]pyrene 

03/02/07 

Indeno[ 1 ,2,3·cdlpyrene 
Dibenz[ a,h ]anthracene 
Benzo[g,h,i]perylene 

% Recovery 
Acceptance 
Range (%) 

.. 
Sample 

Percent Solid Amount (g) 

79.7 5.75 

N/ A - Not Applicable 

2-Methylnaphthalene-d 1 0 
Pyrene-dlO 

97 
82 
85 

50-130 
50-130 
50-130 Benzo[b )fluoranthene-d 12 

Final 

Lab Code: MA00030 

ETR: 0702102 

Lab ID: 0702102·02 

Associated Blank: SS022807B02 

Concentration Units: Jig/Kg 

Dilution 
Volume (ml) Factor Analyst 

Result 

230 
75 

1500 
27 
18 

350 
880 

5500 
5600 
4000 
4000 
3400 
2400 
4200 
2500 

680 
2800 

4 1 SE~ 
-. 

03103/07 19:40 

------.~----~~-------------------------
375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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\\ 

Semi-Volatile Organics by 8f70 - SIM 

! 

r;~ Client: Apex Environmental, Inc. ; 
// / '~I-iA Pr.oject: New Bedford Harbor Drain Diter 

/
' L _____ , Client 10: RF~3 

, WOODS H E LABS .,---------,---- Case: N/A SDG: N/A 

Matrix: Sediment I 
i 

~~ ....... -., 

Samwle Final 

Lab Code: MA00030 

ETR: 0702102 

Lab 10: 0702102~03 

Associated Blank: SS022807802 

Concentration Units: Jtg/Kg ,--
Dilution Date 

Collected 
Date 

Received 
Date 

Extracted 
Date 

Analyzed P ercent Solid ,",~mount (g) V<:!lume (ml) Factor Analyst 
02/27/07 02/27/07 02/28/07 03/02/(l7 

Surrogate 
2-Methylnaphthalene-d 1 0 
Pyrene-dIO 
Benzo[b )fluoranthene-d 12 

Parameter 

Naphthalene 
2~Methylnaphthalene 

Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benz[ a lanthracene 
Chrysene 
Benzo[b 1 fluoranthene 
Benzo[k lfluoranthene 
Benzo[ a lpyrene 
Indeno[I ,2,3~cdlpyrene 
Dibenz[ a,h 1 anthracene 
Benzo[g,h,ilperylene 

% Recovery 
88 
76 
89 

Acceptance 
Range(%) 

50-130 
50-130 
50-130 

88.2 5.42 
... 

N/A - Not Applicable 

Result 

14 
9.6 
59 
11 
17 

250 
67 

420 
410 
190 
260 
200 
190 
210 
160 
44 

180 

4 1 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822·9300, Fax (508) 822·3288 

SE~ -,.-

03/03/07 )9:40 
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Date Date 

· Blank . 
Semi-Volatile Organics by 82170 - 81M 

Date 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch:. 
Blank 
N/A 
Sediment 

SDO: 

Date 

N/A 

Sample Final 

Lab Code: MA00030 
ETR: 0702102 
Lab ID: SS022807B02 
Associated Blank; N/A 

Concentration Units: J.1g1Kg 
Dilution 

Collected Received Extracted Analyzed Percent Solid Amount (g) Volume (ml) Factor Analyst 
N/A N/A 

--

Surrogate 
2-Methylnaphthalene-d 1 0 
Pyrene-dlO 
Benzo[b ]fluoranthene-d 12 

02/28/07 03/02/07 

Parameter 

Naphthalene 
2-Methylnaphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benz[ a ] anthracene 
Chrysene 
Benzo[b ]fluoranthene 
Benzo[k ]fluoranthene 
Benzo[a)pyrene 
Indeno[ l,2,3-cd]pvrene 
Dibenz[ a,h ] anthracene 
Benzo[g,h,i]perylene 

% Recovery 
89 
86 
89 

Acceptance 
Range (%) 

50-130 
50-130 
50-130 

100 5.00 4 I SEQ 

Result 

8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 

Nt A - Not Applicable 
U - The analyte was analyzed for but not detected at the sample specific 
level reported. 

03/03/07 19:38 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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i"Date Collected t= N/A 

Lab ID: 

Parameter 
Naphthalene 
2-M ethy !naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzr a 1 anthracene 
Chrysene 
Benzo[b ]fluoranthene 
Benzo[k] fluoranthene 
Benzoralpyrene 
Indenof 1 2 3-cdlpyrene 
Dibenz[ a,h ] anthracene 
Benzo[g,h,i]perylene 

Surrogate 
2-Methylnaphthalene-d 1 0 
Pyrene-dlO 
Benzo[b]fluoranthene-d 12 

-, 

... 

Laboratory Control Su~mary 
Semi-Volatile Organics by 8270 - SIM 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 
Laboratory Control Sample 
N/A SDO: N/A 

Sediment 

Lab Code: MA00030 

ETR: 0702102 

Lab ID: See Below 

Associated Blank: SS022807B02 

Concentration Units: flgIKg 
-.----------------,----

Date Received 

NIA 

SS022807B02 

Blank 
Cone. 

8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 
8.0 U 

Date Extracted 

02/28/07 

SS022807LCSO 1 

LCS 
Cone. % Recovery 

710 71 
640 63 
610 61 
680 68 .... -~".,.~-

670 67 
590 59 
650 65 
660 66 .. 
620 61 
600 60 
670 67 

-~., 

620 63 
740 74 
670 67 
700 69 
680 68 
680 68 

Percent Solid 

100 

SS022807LCSDO 1 

LCSD 
Cone. % Recovery %RPD 

820 82 14 -
730 73 14 
720 72 16 
800 79 16 
790 79 16 

~"'.' 

680 68 14 .. 
760 76 15 
770 77 15 
720 72 15 -
700 70 14 
790 79 16 
730 73 15 .-
860 86 15 
780 78 15 
830 83 18 
810 81 18 -
810 81 17 

N/A - Not Applicable 

Analyst 
SEQ 

RPD % Recovery 
Limit Limits 

30 40-140 
30 40-140 
30 40-140 
30 40-140 _ .. 
30 40-140 
30 40-140 -

30 40-140 
~.-. 

30 40-140 
30 40-140 --
30 40-140 -
30 40-140 
30 40-140 
30 40-140 ----
30 40-140 
30 40-140 

-~ 

30 40-140 
30 40-140 

% Recovery 
78 90 
69 80 

Acceptance 
Range (%) 

50-130 
50-130 
50-130 

U - The analyte was analyzed for but not detected at the sample specific 
level reported. 

76 89 

Concentrations reported as calculated values, which includes rounding for significant figures. Percent recoveries and RPD values 
are calculated from the unrounded result. 03103/071937 

-- .. -----------
375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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i 
I 

TOTAL PETROlEUM 
HYDROCARBONIS (TPH) 
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Total Petrol~um Hydrocarbons by EPH 

Matrix: 

Parameter 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 
RF-l 
N/A soo: 

I 

N/A 

IQ~al Petroleum Hyqrocarbons _______ _ 

Qualitative Identification Results: 

Result 

~~OO _____ _ 

This sample has GCIFID characteristics which are similar to a mixture of low 
molecular weight components and high molecular weight components in the 
lubricating oil range, indicative of cutting oils. This sample also contains GCIFID 
characteristics similar to polynuclear aromatic hydrocarbons. 

Acceptance 
Surrogate _____ "_ % Recoy~__ _ Rang~ (%) 

N/A - Not Applicable 

5-alpha Androstane 99 40-140 

03/07/07 1l:31 
--------- -------,----""------ --- ------ ---.,,------------.--------

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822·3288 
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Total Petroleum Hydrocarbons by EPH 

r"~\~ Cl" L bed MA00030 I / ~ lent: Apex Environmental, Inc. a 0 e: 
,/ './~~\I\ I-iA Pr.oject:. New Bedford Harbor Drain Ditch ETR: 0702102 

/ ~ Chent 10 RF 2 Lab 10: 0702 I 02-02 
l_. __ .~~Ht:!:Jf LAB$Case: . N/A SDG: N/A Associated Blank: TS022807B03 

_. _____ ' .. ___ Matri~: __ S~diment _ ... ____ .. __ . .. ____ . ____ . _ Con~entration lJnits:_. _mgIKg 

~. £~ I ~~ed E!:oo I ~~ PereentSolid I ~:~;W I VOI~"!~ml) I D~: j AnaJ~t; 
02/27/07 02/27/07 02/28/07 03/02/07 79.7 5.22 2 1 JBS 

- .---~ -- .- ----.. -~,- -, ... _- ----- _. .--".. ----- -- _. ----

Parameter Result 

To~1 Petroleum Hydrocar~9~ ___ ._____ .. ___ ,. . _---.l20 ____ .. _ 

Qualitative Identification Results: 

This sample has GCIFID characteristics which are similar to a mixture of high 
molecular weight components in the lubricating oil range and polynuclear aromatic 
hydrocarbons. 

Acceptance 
Surr~,~ _____ ------,-o/i=o ~ecovery____ Range (%) 

N/A - Not Applicable 

5-alpha Androstane 78 40-140 

03/07/07 1l:32 
-------. __ ._------------"'--_. __ . ----_._-- ---- ----'-- . __ ._--- --

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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Total Petroleum Hydrocarbons by EPH 

\\ 
/7~ \ Client: 

,/~"I-iA P~oject:. 
/ WOODS ~~ If LA InChent ID. 
I..,-".-~~,~~,~ Case: 

Matrix: 
. _. .- , --~ .. ,' 

Date Date Date 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 
RF-3 
N/A SDG: N/A 
Sediment 

-- ... 

Date --I Sample Final 

Lab Code: MA00030 

ETR: 0702102 
Lab 10: 0702102-03 
Associated Blank: TS022807B03 
Concentration Units: m3!Kg 

Dilution 
Collected Received 

---_ .. . , .. ,.~--.--
02/27/07 02/27/07 

-..•. .. _-

Extracted Analyzed 
... ~ •....... 

02128107 03/02/07 
Percent So lid.l. Amoll,?:~~(g~)-+-V_o_l_um_e-,-(m---.!..I)+-_F_a_ctor Analyst 

_l 5.26 2 1 _-----'-__ JB_S_ 88.2 
_ ... _--

Parameter Result 

Total Petroleum H..Y<!r.Q2!!!"J?9..l'!!L _____ .. _________ .....::.66~ 

Qualitative Identification Results: 

This sample has GCiFlO characteristics which are similar to a weathered coal tar. 

~u..'!ogat~ ___ ... ,. ___ , 
Acceptance 

__ ,~'!..~~~9.~e!y' __ . _, , ___ .. _~a..!!8..e,,<!o) 
N/A - Not Applicable 

5-alpha Androstane 74 40·140 

03/07/07 11:33 

375 Paramount Drive. Suite 2. Raynham. Massachusetts 02767. (508) 822-9300. Fax (508) 822-3288 
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ate 
llected 
IA 

~.,. 

Blank 
Total Petroleum Hydrocarbons by EPH 

Client: Apex Environmental, Inc. 
I-iA Pr.oject: New Bedford Harbor Drain Ditch 
iii LA B$ChentID: Blank 

Case: N/A SDG: N/A 

Lab Code: MA00030 

ETR: 0702102 

Lab 10: TS022807B03 

Associated Blank: N/A 
Matrix: Sediment 

~f;~ed Percent Solid A!~~ff~g~- VOl~~2~(m:-C~~~1:; units:'\JnB:S:~ 
3roV07 100 5.00 ~ 

-" . ,~.".- -- .. .•.. ~ . -

Date Date 
Received Extracted A . ~ .. . ~ .. , _ ... 

N/A 02/28/07 0 - .. ----"---

Parameter Result 

TotalPetroleum Hydroc~.::..bo=n=s __ _ ____ .. 4Q------"U"---__ 

Acceptance 
Surr0s.at--'-e ___ _ ___o_Yo_R_e_co_v~ery~ _____ R_M_ge(%) 

N/A - Not Applicable 
U - The analyte was analyzed for but not detected at the sample specific 
level reported. 5-alpha Androstane 65 40-140 

03/07/07 11:29 
--------- .... - . - _ ..... - - .' 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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t;Dme ~~ecred-
Lab 10: 

Parameter 

, 

i 

Laboratory Control Sumrp.ary 
Total Petroleum Hydrocarbonr by EPH 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 
Laboratory Control Sample 
N/A SDO: N/A 

, 

Lab Code: MA00030 

ETR: 0702102 

Lab 10: See Below 

Associated Blank: TS022807B03 
Matrix: Sediment Concentration Units: mgIKg 

Date Re""iV:d~~: EXu.:ed I. Percent SOlid· Analyst .... l 
."~ N/A ~~!~8/07 _ . 100 JB~.- _____ ~ 

TS022807B03 TS022807LCS02 TS022807LCSD02 
... -' . --" --_ . ... _-

Blank LCS LCSD RPD % Recovery 
Cone. Cone. % Recovery Cone. 0/0 Recovery %RPD Limit Limits --

Total Petrgleum Hydrocarbons. __ 40 U 1400 72 1500 77 7 25 40-140 - - ... _--

Surrogate % Recovery 
5-alpha Androstane 85 90 

Acceptance 
Range(%) 

40-140 

---

NI A - Not Applicable 
U - The analyte was analyzed for but not detected at the sample specific 
level reported. 

Concentrations reported as calculated values, which includes rounding for significant figures. Percent recoveries and RPD values 
are calculated from the unrounded result. 0)/07/07 II) I 

.~. "--.. .,.. -".~-. ._.- _ .. _--_ ..... _--_ .... _----

375 Paramount Drive. Suite 2. Raynham. Massachusetts 02767. (508) 822-9300. Fax (508) 822-3288 
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TOTAL METALS 
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i@««;'\('l' 
'~i \ '. ,lent: 

! \ ' 

l .......... \~A pcroject: 
WOODS HO\LIiJ LAD$ ase: 

...• ..."m«M'@'M' Client lD: 

Total Metals 

Apex Environmental, Inc. 
New Bedford Harbor Drain DitcJt 

N/A 
RF-l 

SDG: N/A 

Matrix: Sediment 
Percent Solid: 44.6 

Parameter Result 

Arsenic 10 
Barium 110 
Cadmium 9.5 

Chromium 200 
---"--

COPJl_e.!: _____ 720 
Lead .. ____ . _____ 740 

Reporting 

Qualifier Limit 

0.17 
0.17 

O'()69 

1.7 
0.17 
0.17 

Dilution 

5 
5 
5 
5 
5 
5 

Date 

Analyzed 

03107/07 

03/07107 

03/07!O7 

03/07/07 

03/07/07 

03/07/07 

Lab Code: MA00030 

ETR: 0702102 

Lab lD: 0702102-01 

Concentration Units: mg/Kg 

Date Collected: 02/27/07 

Date Received: 02/27/07 

Date Analytical 

Prepared Method Analyst 
------~----~ 
03/06/07 6020A LMR 

.. 

6020A 
_____ 6=--:.020A 
03106/07 
. _-----
03/06/07 

03/06/07 6020A ._--_ ... 

03/06/07 6020A ----_ ... 

03/06/07 6020A ----_ ....... _---_. __ . 

LMR --_ . 

---

LMR 
LMR 
LMR 
LMR 

~ercury 1.1 0.053 5 03/07107 03106/07 7471 A LMR 
Selenium 1.9 
--------- ------------ ._---_ .. _--- ------
Silver 1.7 

N/A - Not Applicable 

0.69 
0.066 

5 !" -O-3107~--03106107------ 6020/\ 

---s-.-.... -___ l...Q3107 I02 __ ~~Qj)06/07 _____ ..._~~20~ 

----_ .. 

LMR 
LMR 

I 
! 

03/07/07 13:37 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax- (508) 822~3288 --------------
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Parameter 

Arsenic -_ .. _- -------
Barium 

Cadmium 
----

Chromium 

Copper 

Lead 

Total Metals 

I 

Client: 
1IIA, Project: 

Apex Environmental, Inc. I 

New Bedford Harbor Drain Dit~h 
if L.41.t$Case: N/A SDG: N/A I 

Client ID: RF-2 
Matrix: Sediment 
Percent Solid: 79.7 

Reporting Date 

Result Qualifier Limit Dilution Analyzed 

0.99 0.097 5 03/07107 

5.0 0.097 5 03/07/07 
..... _- -.--

0.15 0.039 5 03/07/07 
._._. 

5.9 0.97 5 03/07/07 
.. 

17 0.097 5 03/07107 ....... _-_. __ .. 
32 0.097 5 03/07/07 

------ ".-.. _---_ ....... ------_.-

~_ercurL ____ . 0.11 0.0060 03/07/07 _ .. ... ------- .. -
Selenium 0.39 U 0.39 5 03/07/07 

.... _-- -_ .. --------- _ .... -----
Silver 0.15 0.035 5 03/07/07 

N/A - Not Applicable 
lJ - The analyte was analyzed for but not detected at the sample specific level reported. 

.. "'--------- -----

Lab Code: MA00030 

ETR: 0702102 

Lab ID: 0702102-02 

Concentration Units: mg/Kg 

Date Collected: 02/27/07 

Date Received: 02/27/07 

Date Analytical 

Prepared Method Analyst 

03/06/07 6020A LMR 
._. 

03/06/07 6020A LMR -_ ... .. _-------_.-

03/06/07 6020A LMR 
... _._--

03/06107 6020A LMR 
--------_ .. 

03106/07 6020A LMR 

03/06/07 6020A LMR 
... _-_ .. _-

03/06/07 7471A LMR 

03/06107 6020A LMR -_ .. _-,,-

03/06/07 6020A LMR 

03/07/07 ]):39 
_. --_ ... 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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Total Metals 

" .. '\.. Client: 

i~?hAproject: 
/ 'wo~"D"~".t!d:J. E. LA LuCase: 

Apex Environmental, Inc. 
New Bedford Harbor Drain DiNh 

N/A SDG: N/A 
Client ID: RF-3 
Matrix: Sediment 
Percent Solid: 88.2 

Reporting 

Parameter Result Qualifier Limit Dilution 
.. -. 

Arsenic 0_092 5 

Barium 0.092 5 
.. _----------_.- ...... 

Cadmium 0.051 0.037 5 
--------

Chromium 5.6 0.92 5 
---.---------- --

0.091 5 
--

C_~rper __________ _ 19 
Lead 41 0.092 5 

..... 

0.065 0_0053 1 
---
0.37 5 Selenium 

--- ----- -----------.-
0.3 __ 7 ___ ----=-U ___ ____=__~ 

Silver 0.036 0.2 __ 8 _______ ---'---'--''---'---'--- 5 

NlA - Not Applicable 

U - The analyte was analyzed for but not detected at the sample specific level rcported. 

Date 

Analyzed 
-" 

03/07/07 
03/07/07 
03/07/07 
03/07107 

---
03107/07 

03/07/07 
---

03107/07 

03/07/07 

03/07/07 

Lab Code: MA00030 

ETR: 0702102 

Lab ID: 0702102-03 

Concentration Units: mg/Kg 

Date Collected: 02/27/07 

Date Received: 02/27/07 

Date Analytical 

Prepared Method Analyst 

03/06107 6020A LMR 
03/06/07 6020A LMR 

-----
03/06/07 6020A LMR 
-----_._. 

03/06/07 6020A LMR 
.- ... 

03/06107 6020A LMR 
.... _- _.---

03/06/07 6020A LMR 
03/06/07 7471A LMR ._-- ---" ~---

03/06107 6020A LMR 
_ ... 

03/06/07 6020A LMR 

03107107 13:40 
---------------- ------ _._--------------_. 

375 Paramount Drive, Suite 2, Raynham, Massachusetts ()2767, (508) 822-9300, Fax (508) 822-3288 
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Blank 
Total Metals 

Apex Environmental, Inc. 
New Bedford Harbor Drain Diteh 

, 
/ . . \v.,~~.:~:~.,~~ L£' t.ulSCase: N/A SDO: N/A 

Parameter 

Client ID: Blank 
Matrix: Sediment 
Percent Solid: 100.0 

Result Qualifier 

Reporting 

Limit 

0,J2 

0,12 U 0.12 
---

Cadmium 0,050 U ___ 0.050 

Chromium 1.2 lJ 1.2 
------- ------------

0,12 <;:_~p.Per 0,12 U -----

Dilution 

Date 

Analyzed 

5 03/07107 _._------_ .... 

5 03107/07 
5 03/07/07 

_. ---.-----~-. 

5 03107107 
5 03/07/07 

Lead 0,J2 U 0.12 5 03107107 
. -----------_ ... _- . ... _--------------- . 

Selenium 0.50 U 0.50 5 03/07/07 

Lab Code: MA00030 

ETR: 0702102 

Lab ID: MS030607B02B 

Concentration Units: mg/Kg 

Date Collected: N/ A 

Date Received: N/ A 

Date Analytical 

Prepared Method Analyst 
_ .. 

03/06107 G020A LMR ._-

03/06107 6020A LMR 
---

03/06/07 6020A LMR 
- .. -----_.-

03/06107 6020A LMR _ .. - ---. ----

03/06/07 6020A LMR 
03/06/07 6020A LMR -_ ... _----_._-----

6020A LMR 03/06/07 
------------'--

NfA - Not Applicable 
U - The analyte was analy:t.ed for but not detected at the sample specific level reported, 

03(07(0713:41 

----------- . 375 Para~ount Drive, :~uitej,R~y~ham, Massachusetts 02767, (508j822-9300.--Fax (508T822-3288 
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Parameter 

Silver 

N/A - Not Applicable 

Blank 
Total Metals 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 

N/A 
Blank 

SDG: N/A 

Matrix: Sediment 
Percent Solid: 100.0 

Reporting 
Result Qualifier Limit Dilution 

Date 
Analyzed 

0.050 U 0.050 5 03/07/07 
'---

U - The analyte was analyzed for but not detected at the sample specific level reported. 

Lab Code: MA00030 

ETR: 0702102 

Lab lD: MS030607BOIB 

Concentration Units: mg/Kg 

Date Collected: N/A 

Date Received: N/A 

Date Analytical 
Prepared Method Analyst 

- , 

03/06/07 6020A 

03107/0713:40 

375 Paramount Drive, SUite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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Parameter 

Me~.!:lE_y ______ 

N/A - Not Applicable 

Blank 
Total Metals 

Client: 
· A Project: 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 

tAD$Case: 
Client lD: 

N/A 

Blank 
Matrix: Sediment 
Percent Solid: 100.0 

Result Qualifier 

0.010 U -------_.-

SDG: N/A 

Reporting 

Limit Dilution 

0.010 -----_ .. 

U - The allaiyte was analyzed for but not detected at tile sample specific level reported. 

----------- ---- I -

Date 
Analyzed 

--
03/07/07 
---

Lab Code: MA00030 

EIR: 0702102 

Lab ID: MS030607B03B 

Concentration Units: mg/Kg 

Date Collected: Nt A 

Date Received: Nt A 

Date Analytical 

Prepared Method Analyst 

03/06/07 7471A LMR 
--

03/07/07 13 :47 

375 Paramount Drive, Suite 2, Rayn~am, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 

I 
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Client: 
. ?l-iA Project: 

wo~il~·! .. :"f,~:L E L Ai.a: sCase: 
Client lD: 

Laboratory Control Sample - High 
Total Metals 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 

N/A SDG: N/A 
Lab Control Sample High 

Matrix: Sediment 
Percent Solid: 100.0 

Cone. 

Lab Code: MA00030 

ETR: 0702102 

Lab lD: MS030607SLHOlSLH 

Concentration Units: mg/Kg 

Date Collected: N/A 

Date Received: N/A 

% Recovery 
Parameter 

Arsenic 

% Recovery Limits 
~~~~~~~--~~~~--~ 

Barium 
Cadmium --_ .. _ .. _----_._. 

ChromiulJ1 

g_orp~r 
Lead 
Selenium 

N/A - Not Applicable 

.... _------

210 
210 
100 
210 
200 
210 
220 

106 80-120 
105 
100 
107 
101 
107 

---- 80-120 ---_ .. --

_~80-120 

_-----"8~0- 120 
80-120 
80-120 
80-120 

Concentrations reported as calculated values, which includes rounding for significant figures. Percent recoveries and RPD values 
are calculated from the unrounded results. 

--- j -- -- ------
375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 

03/07/07 13:41 
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,/ Client: 
I-iA Project: 

l.. WOOOS"HC.\UJ tAJ!t4lCase: 
Client ID: 

Laboratory Control Sample - Low 
Total Metals 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 

N/A SDG: N/A 
Lab Control Sample Low 

Lab Code: MA00030 

ETR: 0702102 

Matrix: Sediment 

Lab ID: MS030607SLLOISLL 
Concentration Units: mg/Kg 

Date Collected: N/A 

Percent Solid: 100.0 Date Received: N/A 

.----.-.. -.----.. -----.-~--~ ~~------~-=-~ 
% Recovery 

Parameter Cone. % Recovery Limits 
.---.. -~-.~-.=-.---.-~---.--~-.--- ---~-- -----~------=~-------

2.0 98 80-120 

N/A - Not Applicable 

Concentrations reported as calculated values, which includes rounding for significant figures. Percent recoveries and RPD values 
are calculated from the unround'ed results. 

03/07107 13:40 -. __ .-
--~- ._--_ .... ----

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (.508) 822-9300, Fax (508) 822-3288 
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Laboratory Control Sample 
Total Metals 

Client: Apex Environmental, Inc. Lab Code: MA00030 

ETR: 0702102 \?l-iA Project: New Bedford Harbor Drain Ditch 

'~viiofJf!'~<~:}e tABsCase: N/A SDG: N/A Lab JD: MS030607SLCOISLC 

Concentration Units: mg/Kg 

Date Collected: N/A 

Parameter 

M~rcury 

Client ID: Laboratory Control Sample 
Matrix: Sediment 
Percent Solid: 100.0 Date Received: N/A 

% Recovery 
Cone. % Recovery Limits __ ~ ~ __ ~~~ __ ~ ~~ ____ ~~-_______ ~_--_. ____ ~ ;..,,=-.;..:.~_~~_~_~o~ __ 

0.51 102 80-120 

N/A - Not Applicable 

Concentrations reported as calculated values, which includes rounding for significant figures. Percent recoveries and RPD values 
are calculated from the unrounded results. 

03107107 13:47 
---_._. --.... --- -_. --_._ ....... _-_._-----_._- ---------.~~-~~~-

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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Matrix Spike - High 
Total Metals 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 

N/A SDG: N/A 

RF-l 
Matrix: Sediment 
Percent Solid: 44.6 

Lab Code: MA00030 

ETR: 0702102 

Lab 1]): See Below 

Concentration Units: mg/Kg 

Date Collected: 02/27/07 

Date Received: 02/27/07 

Lab ID: 0702102-01 0702102-01 
~----~~----~-----------~------~~--~ l-~-- Matrix Spike % Recovery 

Parameter 

Arsenic 
Barium 
Cadm i llm .... _-- -----_. 

Chromium ----_ .. _--_. ------

Copper 
Lead 
Selenium ---

N/A - Not Applicable 
N - Spike recovery outside control limits. 

Sample 
Cone. 

.----~ 

10 -_._-.-

110 

I Cone. % Recove~y Limits .. J j!C~n .. -li{;l::~! 
.. ___ .. i ..... ___ AJO ______~__ 75-125 

9.5 _._--_.-
200 

__ I ;~6---__ -- -----~t- -~~ ___ _______ 3~~ ____- ;;~~~~ 
1.9 __ 1_ 310 ____ 1_!_~ ... ___ 75-125 

Concentrations reported as calculated values, which includes rounding for significant figures. Percent recoveries and RPD values 
are calculated from the unrounded results. 

375 Pa;~;';;~nt Drive. Suite 2. Raynham. Ma;~'achusetts 02767. t508) 822-9300. Fax (508) 822-3288 . 

03/07/07 IJ 38 
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\ 

Lab ID: 

Parameter 

Client: 
.. A Project: 

L,4 11 sCase: 
Client lD: 

Matrix Spike - LoJ 
Total Metals I 

Apex Environmental, Inc. . 
New Bedford Harbor Drain Ditqh 

N/A SDG: N/A 

RF-t 
Matrix: Sediment 
Percent Solid: 44.6 

Lab Code: MA00030 

ETR: 0702102 

Lab ID: See Below 

Concentration Units: mg/Kg 

Date Collected: 02/27/07 

Date Received: 02/27/07 

__ ~ ___ ~~~ ___ 0.::...:7---.::.0~21 02-0 1 .~~......::0_7-:02::...:1:....,;02-0~1 __ ~ __ ~ l Matrix Spike % Recovery Sample 
Cone. 

~---~ _=:=-j-~~,~-~ ___ -~---=C4":'O.:::,:C= __ .-_-_~_:=_-.-__ -.....:..%:......:.:R..:.~~:..:~:-....:v=e~_ry~-:~--. _~~_;~_1~; Silver 1.7 

N/A - Not Applicable 

Concentrations reported as calculated values, which includes rounding for significant figures. Percent recoveries and RPD values 
are calculated fi'om the unrounded results. 

OJ/07107IJ:J8 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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\ 
Client: 

"l-iA Project: 
WOO~~w~~<~<;LE tA.tt{JCase: 

Client ID: 

Matrix Spike 
Total Metals 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 

N/A 
RF.) 

SDO: N/A 

Matrix: Sediment 
Percent Solid: 44.6 

Lab ID: 0702102·01 

Parameter 
------~~---------

Me~~_ 
___ ~~k ..• ~..-i_ 

N/A - Not Applicable 
N - Spike recovery outside control limits. 

Lab Code: MA00030 

ETR: 0702102 

Lab ID: See Below 

Concentration Units: mg/Kg 

Date Collected: 02/27/07 

Date Received: 02/27/07 

0702102-01 
Matrix Spike 

Cone. % Recovery 

1.4 60,-=-N'------__ _ 

% Recovery 
Limits 

80-120 

Concentrations reported as calculated values, which includes rounding for significant figures. Percent recoveries and RPD values 
are calculated from the unrounded results. 

0310710713:38 
.... . ....... _ .. _------_. __ ... -_. . .... __ ... _--_ ... . 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (J08) 822-9300, Fax (508) 822-3288 
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Parameter 

Arsenic 

Barium 

Cadmium 

Duplicate 
Total Metals 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 

N/A 
RF-I 

Matrix: Sediment 
Percent Solid: 44.6 

Sample 
Result 

SDG: N/A 

Duplicate 
Result 

10 ... _ ... _ .... _-_ ... _--------_._--_ ..... . 

130 
-"------------------------ -

9.2 

Lab Code: MA00030 

ETR: 0702102 

Lab ID: 0702102-0lD 

Concentration Units: mg/Kg 

Date Collected: 02/27/07 

Date Received: 02/27/07 

Percent 
RPD 

230 

4 

Percent 
Limit 

20 
20 
20 

110 

9.5 
200 

720 

------------------- ------ .. _----------_ .... -

Chromium 
-----------------------

~~oppcr 

Lead 740 
I.1 

190 

560 

790 
0.92 

5 
250 

-~-- ---------------- ---
19 

20 
20 
20 

20 ~ercl,l!l' ________ _ -----
Selenium 

Silver 

N/A - Not Applicable 
o - Duplicate outside control limits. 

1.9 
1.7 

1.8 

1.8 

7 
9 

Concentrations reported as calculated values, whieh includes rounding for significant figures. RPD values arc reported based on the unrounded 
calculated result. 

20 
20 

0310710713:38 ------------ L__________________ _ _ _______ _ __________ _ 
375 Paramount Drive, Suite 2, Raynhdm, Massachusetts 02767, (508) 822-930(), Fax (508) 822-3288 
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WET CHEMISTRY 
, ! 
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Inorganics 

Client: Apex Environmental, Inc. 
I-iA Project: New Bedford Harbor Drain Ditch 

Ii LA BsCase: 
,_,:,:";:~~",-,-,,c.r 

N/A SDG: N/A 

Client ID: RF-1 
Matrix: Sediment 
Percent Solid: 44.6 

Reporting 
Parameter Result Qualifier Limit Dilution 

Conductivity 11 2.0 
pH 7.6 N/A 

NI A - Not Applicable 

Date 
Analyzed 

02/27/07 

02/27/07 

Lab Code: MA00030 

ETR: 0702102 

Lab ID: 0702102-01 

Date Collected: 02/27/07 

Date Received: 02/27/07 

Analytical 
Unit Method Analyst 

umhos/em 9050A JAD 
S.U. 9045C JAD 

03106107 15 :43 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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Parameter 

Conductivity 
pH 

N/A - Not Applicable 

Inorganics 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 

N/A 

RF-2 

SDO: N/A 

Matrix: Sediment 
Percent Solid: 79.7 

Reporting 
Result Qualifier Limit Dilution 

4400 2.0 
7.9 N/A 

Date 
Analyzed 

02/27107 
02/27/07 

Lab Code: MA00030 

ETR: 0702102 

Lab ID: 0702102-02 

Date Collected: 02127107 

Date Received: 02/27/07 

Analytical 
Unit Method Analyst 

umhos/cm 9050A JAD 
s.u. 9045C JAD 

03/06/07 15,43 
-----" - ".~-----------------

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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Inorganics 

Client: Apex Environmental, Inc. 
I-;A Project: New Bedford Harbor Drain Ditch 

~~~I~ e l.A II ,case: N/A SDG: N/A / 
Client ID: RF-3 
Matrix: Sediment 
Percent Solid: 88.2 

Reporting 
Parameter Result Qualifier Limit Dilution 

Conductivity 3300 2.0 
pH 7.1 NIA 

NI A - Not Applicable 

Lab Code: MA00030 

ErR: 0702102 

Lab ID: 0702102-03 
Date Collected: 02/27/07 

Date Received: 02127/07 

Date Analytical 
Analyzed Unit Method Analyst 

02/27/07 umbos/em 9050A lAD 
02/27/07 S.U. 9045C lAD 

03/06/07 15:43 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
, 
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Blank 
Inorganics 

Client: 

~~~'-I\..i!I"'I'-· A Project: 
e LA ,$Case: 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 

N/A SDG: N/A 
'-----.:..:...=....::c..:::....::......:..:.~ 

Parameter 

Conductivity 
pH 

N/ A - Not Applicable 

Client ID: Blank 
~aOix: Sed[ument 
Percent Solid: 100 

Result Qualifier 

2.0 U 
7.1 

Reporting 
Limit Dilution 

2.0 
N/A 

U - The analyte was analyzed for but not detected at the sample specific level reported. 

Date 
Analyzed 

02127/07 
02/27/07 

Lab Code: MA00030 

ETR: 0702102 

Lab ID: WS022807B08 

Date Collected: N/A 

Date Received: N/A 

Unit 

umhos/cm 
s.u. 

Analytical 
Method 

9050A 
9045C 

Analyst 

lAD 
lAD 

03106107 15:43 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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Client: 

~~~.~I-iA Project: 
Ii LA ssCase: 

--'-'--'--'-.......... ---" 

Client ID: 
Matrix: 

Laboratory Control samfle 
Inorganics 

Apex Environmental, Inc. 
New Bedford Harbor Drain Ditch 

N/A SDG: N/A 

Laboratory Control Sample 
Sediment 

I 

Percent Solid: 100 

Parameter Conc. 

Conductivity 440 
pH 7.1 

N/A - Not Applicable 

Lab Code: MA00030 

ETR: 0702102 

Lab ID: WS022807LOI 

Date Collected: Nt A 

Date Received: N/A 

% Recovery 
% Recovery 

Limits 

97 75-125 
100 

Concentrations reported as calculated values, which includes rounding for significant figures. Percent recoveries and RPD values 
are calculated from the unrounded results. 0310610715;43 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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0:: 
UJ 
z 
iJ: 
I
Z 
UJ 
o 
0:: 
UJ 
0.. 

Particle Size Distribution Report 
c .~ 000 

~ ~~~~~~~ ~ ; ~~~ II! ;i~ 
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Material Description USCS AASHTO 
... ~ -- --- .- ... 

0 SP-SM A-J 
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CHAIN OF CUSTOOY RECORDS 
. , 

\' 
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./b. 
WESTBORO, MA 
TEL: 508-898-9220 

CHAtN OF CUSTODY 
RAYNHAM,MA 
TEL: 508-822-9300 

PAGE ___ OF \ 

o R U S H (only "onflrmed if pffI-aDDrovedIJ 

Due: '? I~ f Co t- Time: 

Other Project Specific Requirements/Comments/Detection Limits: 

ALPHALablD 
(Lab U~ Only) SamplelD 

rl '7~ -, ....... 

-2... S 

/..) ~ -~ -S 

PLEASEANSWER QUESTIONS ABOVE! 

Date Rec'd in Lab: ALPHA Job #: 

e.t-> 

c:>,.,l 

D'702.102.. 

Filtration 
o Done 
DNotneeded 
Q Lab 1000-
Preservation 
D Lab to do 

r-~ 

0,;--1 .L.u3 

Pfease 'priOt clearlY; ~Y and 
completely. Samples CfJ1noi be 
logged-in and wmar9Uml,!ime cIocl:: 

IS YOU R P R OJ E CT DalefTime will not start until any ambig~ities are 
resolved: All samples subrrlitted are MAMCP ~CTRCP?I~0~~~~~ ____ ~~~~~~~~~~~~_~ __ ~~~~~~~Io~~~P~~~~ 

17 See reverse side. 
NO:Ol-Ol (rev.W-OCT-OS) 
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I 

Sample Receipt Checkli' t 

Client: Receipt Date: 

Project: Log-in Date: 

ETR#: Inspection by: 

ALL SECTIONS BELOW MUST BE COMPLETED 
Were samples shipped? Yes, FedEx / UPS / Other: 

WHG Courier pick-up / ~el~v;;i) No, 

Is bill of lading retained? Yes, Tracking #: 

No, Unavailable I (N]) 
Number of coolers received for this project delivery: I 
Indicate cooler temperature upon opening (if mUltiple coolers, record all temps): 

~ Ifall coolers are 2-6°C, use one checklist, if NOT, use separate checklists and note 
all samples received above 6°C. 

Cooler 1: 

~a .J-Temperature(s) taken from: IR Gun, Temp. Blank, / NA 

Were samples received on ice? (fd)/ No 

Chain-of-Custody present? T;J;5 / No 

Complete? ~/ No 

Custody seals present on Cooler? Yes ;~ on Bottles? Yes 

Intact? Yes / No' / @ 
Note,' Affix custody seals to back of/his pafl~ 

Were sample containers intact? pe'i) / No If No, list samples: -7 

Did VQANPH waters contain headspace (>5nun)? Yes / No /@)fYes, list samples: -7 

Were 5035 VOA soils, or VPH soils, covered with MeOH? Yes / No / l~ 
, If No, list sample . 

Was a~ent'amount of sample received for each test indicated on the CQC? 
Y / No If No, list samples: -7 

If chemical preservation is appropriate - /~€) Were samples field preserved? Yes 

DC=HCI o M"'MeOH D S=H2S04 

DH=NaOH o N=HNOJ o Other:_~ D U=Unknown 

Preservation (pH) verified at lab for EVERY bottle? (Not: VOA I VPH I Sulfide) 

@ YES: <2 or >12 (CN) or NO 
If No, why?: 

...--.... 
Were samples received within hold time? ~I No If'No, list samples: 

/\\ 
Discrepancy between samples rec'd & COC? Yes /~ If Yes, list samples: 

Was the Project Manager notified of any other problems? Yes / No/ NA 

Project Manager Acknowledgement: 

Alpha Woods Hole Labs 
Raynham, Massachusetts 

l\A1la~ Date: ~ 1~/i)~ 

-7 

-7 

Page 101' 

Login by: ~ 

Comments / Notes 

Sample storage refrigerator #: D3> 

Sample storage freezer #: 

Cooler 2: Cooler 3: 

Cooler 4: Cooler 5: 

Cooler 6: Cooler 7: 

More: 

Chemical preservation OK for ALL 

samples' r;;: 
Yes / 0 / €!J 

If No, list sam12[es below: 

Please use backfor any additional notes! 
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Certificate/Approval Program Summary 

Method numbers assume the most recent EPA r:~isions. For a complete listing of analytes for 
the referenced methods please contact your Alp, Woods Hole Lab Project Manager or the 

~~~,~t-;A Quality Assurance Manager. 

iL---"-':...::...:::._i'__-"-" e L A lUI • 

Connecticut Department of Public Health Certificate/Lab ID : PH-0141 - Wastewater (General Chemistry: EPA 120.1, 
150.1, 160.1, 160.2, 180.1,300.0,310.1,335.2,365.2; Metals: 200.8, 245.1; Organics: 608,624,625, ETPH) 

Solid Waste/Soil (General Chemistry: 1010,9010/9014,9045,9060; Metal$: 6020, 7470, 7471; Organics: 8081, 
8082, 8260, 8270, ETPH). 

Florida Department of Health Certificate/Lab ID : E87814 - Primary NELAP Accreditation Authority for Air & 
Emissions. Secondary NELAP Accreditation for Wastwater and Solid & Hazardous Waste. Wastewater (General 
Chemistry: EPA 120.1/SM251OB, 150.1, 160.1/SM2540C, 160.2/SM2540D, 180.1,300.0,335.2,365.2, SM2320B, 
SM2340B, SM2540G, SM4500NH3; Metals: 245.1; Organics: 608,624,625). Solid and Hazardous Waste (General 
Chemistry: 9010/9014,9045,9050,9056,9065, Reactivity 7.3; Metals: 6020, 7470, 7471; Organics: 8081, 8082, 
8260,8270). Air & Emissions (Organics: EPA TO-IS). 

Louisiana Department of Environmental Quality CertificatelLab ID : 03090 - Primary NELAP Accrediting Authority 
for Wastewater, Solid & Hazardous Waste. Wastewater (General Chemistry: EPA 120.lISM251OB, 150.1, 160.1/SM2540C, 
160.2/SM25400, 180.1,300.0, 310.lISM2320B, 335.2, 365.2, 376.2, 9010(9014, 9056, SM2540G; Metals: 200.8,245.1, 
6020; Organics: 608,624,625, 8015-0RO/GRO, 8081,8082,8260,8270).'1 Solid and Hazardous Waste (General Chemistry: 
1010, 1311,9010/9014,9040,9045,9056,9060, Reactivity 7.3; Metals: 6Q20, 7196, 7470, 7471; Organics: 8015-DRO/GRO, 
8081,8082,8260,8270). 

Maine Department of Human Services CertificatelLab ID : MA0030 - Wastewater (General Chemistry: EPA 120.1/ 
SM251OB, 160.lISM2540C, 160.2/SM25400, 300.0, 310.lISM2320B, 335.2, 365.2; Metals: EPA 245.1; Organics: 608, 624) 

Massachusetts Department of Environmental Protection Certificate/Lap ID: M-MA030 - Wastewater (General 
Chemistry: EPA 120.1/SM25IOB, 150.1, 160.1/SM2540C, 160.2/SM2540D, 300.0, 310.lISM2320B, 335.2, 365.2; Metals: 
EPA 245.1; Organics: EPA 608,624). 

New Hampshire Department of Environmental Services Certificate/Lab ID: 2206 - Secondary NELAP Accreditation. 
Wastewater (General Chemistry: EPA 120.lISM251OB, 150.1, 160.l/SM2540C, 160.2/SM25400, 180.1,300.0, 
31O.lISM2320B, 335.2, 365.2, 376.2, SM2540G; Metals: 200.8, 245.4; Organics: 608, 624, 625). 

New Jersey Department of Environmental Protection Certificate/Lab II1> : MA015 - Secondary NELAP Accreditation. 
Wastewater (General Chemistry: EPA 120.lISM2510B, 150.1, l60.lISM2540C, 160.2/SM2540D, 180.1,300.0, 
310.lISM2320B, 335.2, 376.2, 9010/9014, 9056, SM2540G; Metals: 200.8,245.1 6020; Organics: 608,624,625,8081, 
8082,8260,8270). Solid & Hazardous Waste (General Chemistry: EPA 1010, 1311,9010/9014,9040,9045, 
9056,9060; Metals: 6020, 7196, 7470, 7471; Organics: 8015-0RO/GRO, 8081, 8082, 8260, 8270). Air & Emissions 
(Organics: EPA TO-IS). 

New York Department of Health Certificate/Lab ID : 11627 - Secondary NELAP Accreditation. Wastewater (General 
Chemistry: EPA 120.l/SM251OB, 150.1, 160.lISM2540C, 160.2/SM2540D, 300.0, 310.lISM2320B, 365.2, 376.2; 
Metals: 245.1; Organics: 608, 624, 625). Solid and Hazardous Waste (Gen!pral Chemistry: EPA 1010, 1311; 
: 245.1; 6020, 7041; Organics: 8081, 8082, 8260, 8270). Air & Emissions (Organics: EPA TO-15). 

Rhode Island Department of Health Certificate/Lab ID : LA000289 - Chemistry: Organic and inorganic in Non
Poratable Water, Wastewater/Sewage and Soil (Refer to LADEQ and MADEP certificates for method numbers.) 

Pennsylvania Department of Environmental Protection Certificate/Lab ID : 68-02089 - Registered laboratory 

U.S. Army Corps of Engineers 

Department of tbe Navy 

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288 
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Monitoring Effectiveness of the Winter Flounder Spawning Habitat Mitigation Plan 
School for Marine Science and Technology (SMAST) 

Preliminary Scope of Work 
February 13, 2011 

 
Steven X. Cadrin, Associate Professor 
Gregory R. DeCelles, Research Associate (contact) 

University of Massachusetts Dartmouth, SMAST 
200 Mill Road 
Fairhaven, MA 02719 
Phone: (508) 910-6393 
Fax: (508) 999-6396 
Email: gdecelles@umassd.edu 

 
Summary 
 
In coordination with Apex Companies LLC, SMAST developed a plan to quickly initiate 
baseline sampling and to develop a conceptual design for long-term monitoring, with the 
goal of evaluating the effectiveness of the mitigation plan for winter flounder spawning 
habitat associated with the New Bedford South Terminal extension.  The analytical 
design involves before-after/control-impact sampling and statistical comparisons.  A 
control site was defined that is adjacent to the habitat mitigation site north of Butler Flats, 
with the same area and similar bathymetry as the habitat mitigation site.  Baseline 
sampling (before the mitigation plan begins) of the mitigation and control sites is critical 
for evaluating effectiveness of the plan.  It is imperative that baseline sampling begin as 
soon as possible to provide adequate observations during the winter flounder spawning 
season.  Baseline sampling will involve either bi-weekly or weekly surveys of winter 
flounder eggs in the mitigation and control sites.  A hybrid program is also possible 
(although exact costs for such a program are dependent upon the details of its 
implementation). Long-term monitoring will involve bi-weekly or weekly (or a hybrid of 
the two) surveys of winter flounder eggs during the spawning season. Statistical analysis 
of baseline and long-term monitoring data will test for increased presence of winter 
flounder eggs in the mitigation area.  



2 
 

Background 
 
Winter flounder, Pseudopleuronectes americanus, is a commercially and recreationally 
important flatfish species that is distributed along the east coast of North America from 
North Carolina northward to Newfoundland (Bigelow and Schroeder, 1953; McCracken, 
1963).  Winter flounder commonly spawn in shallow estuarine and nearshore habitats 
(Collette and Klein-MacPhee, 2002) to which they display spawning site fidelity (Saila, 
1961; Phelan, 1992).  Winter flounder form relatively isolated local populations along the 
coast of the United States (Perlmutter, 1947).  These local populations are vulnerable to 
localized depletion due to human alterations of estuarine and near shore habitat, such as 
dredging and filling (Howell et al., 1999).  
 
Following a mandate in the 1996 U.S. Sustainable Fisheries Act, Fishery Management 
Councils were required to identify Essential Fish Habitat (EFH) beginning in 1998.  EFH 
was defined as “those waters and substrate necessary to fish for spawning, breeding, 
feeding or growth to maturity”.  Essential Fish Habitat designations for winter flounder 
were defined by Pereira et al. (1999).  Waters less than five meters are considered to be 
essential spawning habitats for winter flounder in nearshore areas.  Environmental impact 
studies are often required when human activities such as coastal development and 
dredging are proposed in areas that have been designated as EFH for winter flounder. 
 
Proposed Methods 
 
The analytical design involves Before-After/Control-Impact (BACI) sampling and 
statistical comparison.  The BACI design consists of an impact area (i.e., the mitigation 
area) and two unaltered control areas. The BACI design assumes that the control and 
impact areas have similar habitat characteristics, and that these characteristics will change 
over time in the same fashion, except for any effect caused by mitigation plan.  
 
The habitat mitigation site is located in Buzzards Bay, adjacent to the Fort Phoenix 
Channel, and north of Butler Flats (Figure 1).  Two control sites were defined that are 
adjacent to the habitat mitigation site (Figure 2). The control sites area the same size as 
the mitigation site (13.73 acres), and the bathymetry is consistent between the mitigation 
and control sites.  Control site 1 is located to the north of the mitigation site on the same 
side of the channel, and control site 2 is adjacent to the mitigation site on the eastern side 
of the channel. 
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WINTER FLOUNDER
HABITAT CREATION
AREA (13.73 ACRES)

 
Figure 1.  New Bedford outer harbor and location of mitigation site (inset, outlined in pink). 
 

 
Figure 2. Location of the mitigation site and the two control sites north of Butler Flats. 
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Baseline sampling will involve weekly or bi-weekly surveys of winter flounder eggs in 
the mitigation and control sites.   
 
Egg Surveys 
 
Winter flounder spawn adhesive and demersal eggs, which limits dispersion during the 
egg stage (Klein-MacPhee, 1978).  Therefore, egg collections can be used to infer the 
spawning locations used by winter flounder.  Epibenthic sleds have been used 
successfully in prior studies to sample winter flounder eggs in the field (Crawford and 
Carey, 1985; Hughes, 1999; Schultz et al., 2007).  We propose to conduct egg sampling 
using an epibenthic sled to test for the presence of winter flounder eggs in both the 
mitigation site and the control sites (e.g., Figure 3; Schultz et al. 2007).  An epibenthic 
sled will be purchased for long-term monitoring.  The Northeast Fisheries Science Center 
has tentatively agreed to let SMAT use their sled for baseline sampling.     
 

 
Figure 3. Epibenthic sled to be used for egg surveys (from Schultz et al. 2007). 
 
The time required for winter flounder eggs to hatch is strongly dependent upon water 
temperature (Pereira et al., 1999).  Bigelow and Schroeder (1953) reported that winter 
flounder eggs required 12-15 days to hatch at water temperatures ranging from 2.8-3.3oC.  
South of Cape Cod, winter flounder have been observed to spawn between January and 
May, and peak spawning typically occurs in February and March (Pearcy, 1962; Buckley 
et al., 1991; Collette and Klein-MacPhee, 2002).  Therefore, we propose to conduct 
epibenthic sled sampling for winter flounder eggs at least bi-weekly between mid-
February and May, with subsequent analysis and reporting, followed by annual long-term 
monitoring.  Given the unknown density of eggs in the area, an adaptive sampling 
approach will be adopted to sample more frequently and provide an adequate number of 
samples.  Conducting this sampling frequently throughout the spawning season will 
ensure that major spawning events will be sampled adequately.  
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For sampling methodology, SMAST plans to follow the protocols that Scultz et al. (2007) 
used to sample winter flounder eggs in New Haven and Milford Harbors.  The epibenthic 
sled will be towed in a straight line, into the direction of the prevailing current.  The sled 
will be towed on the bottom at a speed of approximately 2 knots, for 4-5 minutes.  
Towing the net in a straight line will ensure that it maintains solid contact with the 
bottom throughout the tow.  During each tow, approximately 800'-1000' of the area will 
be sampled by the sled.  The tow duration is limited, due to the small size of the study 
area.  SMAST plans to conduct 4 standard tows each in the mitigation site and the control 
sites during each sampling event.  Following each tow, the contents of the net will be 
rinsed into the collection jar at the end of the net, and preserved in a labeled 500mL bottle 
with 10% formalin for subsequent analysis. 
 
Baseline egg sampling will be conducted either weekly or bi-weekly between February 
and May, before shallowing of the study site commences in the summer of 2011.  
Baseline egg surveys will be used to assess whether these areas are currently used as 
spawning sites by winter flounder.  Density (eggs/m2) will be used to determine if the 
creation of Essential Fish Habitat in the mitigation site will lead to an increase in 
spawning activity in future years.  Long-term monitoring of eggs will continue in 
subsequent years to assess the efficacy of the spawning habitat that was created for winter 
flounder.  The monitoring program will generate a time-series of density estimates.  
Trends in egg density can be assessed to determine if the habitat created during this 
project has enhanced the spawning activity of winter flounder.   
 
• HØ- There is no difference in the density of winter flounder eggs at the mitigation site 

before and after mitigation. 
• HA- Density of winter flounder eggs at the mitigation site increased after mitigation. 
 
The spawning stock biomass of winter flounder can vary substantially from year to year 
(NEFSC, 2008).  As a result, the number of eggs produced annually by winter flounder 
can be highly variable.  Therefore, an increase in winter flounder eggs at the mitigation 
site may be indicative of a higher spawning stock biomass, rather than a relative increase 
of spawning activity in the area.  By measuring long-term egg production at both the 
mitigation site and the control sites, we can determine whether the spawning habitat 
created during this project enhanced winter flounder spawning activity.  Oceanographic 
data will also be monitored during egg surveys to help interpret inter-annual variation in 
spawning seasons and egg densities.  If the density of eggs at the mitigation site is 
consistently greater than the control sites, it would indicate that the creation of this 
spawning habitat was effective. 

 
• HØ- There is no difference in winter flounder egg density at the mitigation site and the 

control sites. 
• HA- Density of winter flounder eggs is greater at the mitigation site than at the control 

sites. 
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Statistical Analyses 
 
Density of winter flounder eggs will be tested for normality and homogeneity of 
variance; as most of the data sets fail these tests, an appropriate statistical transformation 
will be applied before further analysis (Green 1979, Zar 1996).  Ideally, the BACI design 
uses a two-way analysis of variance (two-way ANOVA) where the interaction between 
site and time is used to statistically detect an impact. However, the two-way ANOVA is 
only reliable if densities and concentrations in the control and impact areas are equal. 
This may not be the case, and the statistics involved to deal with inequality are complex 
and controversial (Black & Miller 1991, 1994; Rangeley 1994). Several researchers have 
suggested using visual inspection to indicate environmental impacts, while others 
recommend one-way ANOVAs (Green 1979, Stewart-Oaten et al. 1986, Underwood 
1994).  If the densities and contaminant concentrations in the among areas are similar but 
not equal, observed densities will be examined to see if there were shifts that suggested 
impacts from mitigation, and one-way ANOVAs will be used to test the significance of 
shifts in mean density or concentration between surveys for each area (Stokesbury & 
Harris 2006).  
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New Bedford Harbor  
Navigational Dredge – Phase III, Part A 

 
State Enhanced Remedy – Performance Standards 

 
 
I MADEP 401 Water Quality Program Standards: 
 

1. Anti-degradation provisions of the Massachusetts Surface Water Quality Standards 
protect all waters, including wetlands.  The Contractor shall take all steps necessary 
to assure that the proposed activities will be conducted in a manner, which will avoid 
violations of said standards. 

 
2. Prior to the start of in-water work, the SER Project Manager (SER PM) shall be 

notified of any proposed change(s) in plans that may affect waters or wetlands.   
 

3. As proposed, silt-curtains and absorbent booms shall be deployed to enclose the area 
being dredged.  The contractor’s plan for deployment of the silt curtains/absorbent 
booms shall be submitted to the SER PM for review prior to the start of in-water 
work.  Should the deployment of silt-curtains prove not feasible or be unsuccessful, 
the SER PM will be notified prior to any dredging without silt curtains. 

 
4. Water Quality Monitoring: 

 
a. When the dredging operation is contained within a silt-curtained area, the 

following water-quality monitoring program shall be carried out daily for the 
first three days of dredging and once a week thereafter: 

i. A reference location shall be established outside of and 
approximately 200-feet from the silt-curtained area and a 
monitoring location shall be established outside of and within 15-
feet of the silt-curtain. 

ii. Turbidity shall be measured, using an optical backscatter sensor, at 
both the reference and monitoring locations, at established depths: 
near the water’s surface, at the mid-point of the water column and 
near the bottom.  The three values obtained shall be averaged, such 
that a single, representative turbidity value is calculated for the 
monitoring site and a single, representative value is calculated for 
the reference site. 

iii. Turbidity shall be measured at both the monitoring and reference 
site prior to the start of dredging, and once every two hours during 
dredging. 

iv. An exceedance of the project turbidity standard shall be attributed 
to project activities when the average turbidity at the monitoring 
site exceeds the average reference site turbidity plus the 
permissible turbidity increase, as outlined in the following table: 



 
 

Reference Site Turbidity (NTUs) Permissible Turbidity Increase 
<10 Reference plus 20 NTUs 

11-20 Reference plus 15 NTUs 
>21 Reference plus 30% of reference 

 
v. If, in two consecutive monitoring events, the average turbidity at 

the monitoring site exceeds the average turbidity at the reference 
site by more than the permissible turbidity increase, then water 
samples, composited over the entire water column, from both the 
monitoring and reference sites shall be collected and submitted for 
analysis of Total Suspended Solids, dissolved PCBs, arsenic, 
cadmium, copper, chromium, lead, mercury, nickel, and zinc.  
When samples are submitted to the laboratory, a 36-hour turn-
round time shall be requested.  Additionally, the Proponent, or 
their contractor, shall take operational action(s) designed to limit 
such exceedences, such as increasing the dredge cycle time, 
inspection and any necessary repair, of the silt curtains, 
deployment of an additional row of silt curtains or other mitigation 
measures.  Turbidity monitoring shall continue on the schedule 
outlined in Section 6.a.iii, until compliance is reestablished. 

vi. If compliance can not be reestablished within 48 hours, dredging 
shall cease and Department and any other interested local, state, or 
federal agency staff, in consultation with the Proponent, their 
contractors and/or consultants shall review the operational actions 
undertaken, the results of the analyses of the water samples and 
evaluate the biological significance of the available data and 
determine the requirements for additional mitigation, if any.   

b. Should the deployment of silt-curtains prove not possible or be 
unsuccessful, the following water-quality monitoring program shall be carried 
out daily for the first three days of dredging and twice a week thereafter: 

i. A reference location shall be established approximately 200-feet 
up-current from the dredge and a monitoring location shall be 
established 200-feet down-current from the dredge.  

ii. Turbidity shall be measured, using an optical backscatter sensor, at 
both the reference location and the monitoring location, at 
established depths: near the water’s surface, at the mid-point of the 
water column and near the bottom.  The three depth values 
obtained shall be averaged, such that a single, representative 
turbidity value is calculated for the reference location and a single, 
representative turbidity value is calculated for the monitoring 
location.  

iii. Turbidity shall be measured at both the reference location and at 
the edge of the mixing zone prior to the start of dredging, and once 
every two hours of dredging. 



iv. An exceedance of the project turbidity standard shall be attributed 
to project activities when the average turbidity at the edge of the 
mixing zone exceeds the reference site turbidity plus the 
permissible turbidity increase, as outlined in the following table: 

 
Reference Site Turbidity (NTUs) Permissible Turbidity Increase 

<10 Reference plus 20 NTUs 
11-20 Reference plus 15 NTUs 
21-30 Reference plus 10 NTUs 
>31 Reference plus 30% of reference 

 
v. If, in two consecutive monitoring events, the average turbidity at 

the edge of the mixing zone exceeds the average turbidity at the 
reference site plus the permissible turbidity increase, then water 
samples, composited over the entire water column, from both the 
reference location and the edge of the mixing zone shall be 
collected and submitted for analysis of Total Suspended Solids, 
dissolved PCBs, arsenic, cadmium, copper, chromium, lead, 
mercury, nickel, and zinc.  When samples are submitted to the 
laboratory, a 36-hour turn-round time shall be requested.  
Additionally, the Proponent, or their contractor, shall take 
operational action(s) designed to limit such exceedences, such as 
increasing the dredge cycle time, inspection and any necessary 
repair, of the silt curtains, deployment of an additional row of silt 
curtains or other mitigation measures.  Turbidity monitoring shall 
continue on the schedule outlined in Section 6.b.iii, until 
compliance is reestablished.   

vi. If compliance cannot be reestablished within 48 hours, dredging 
shall cease and the Department and any other interested local, state 
or federal agency staff, in consultation with the Proponent, their 
contracts and/or consultants shall review the operational actions 
undertaken, the results of the analyses of the water samples and 
evaluate the biological significance of the available data and 
determine the requirements for additional mitigation, if any.   

 
5. As proposed, dredging of contaminated, silty sediment shall be done using a closed, 

environmental, clamshell bucket.  Where pilings or other debris are found to interfere 
with environmental bucket closure or equipment operation, a conventional clamshell 
bucket may be used to extract the pilings/debris.  Sediment removal during such 
activity shall be minimized to the greatest extent practicable.  Should dredging with 
the environmental bucket become unfeasible or unsuccessful, the SER PM must be 
notified prior to any contaminated sediment dredging not using the environmental 
bucket, and the contractor must also continue to meet the project water quality 
standard performance standards. 

 
6. Water discharged from the barge shall be appreciably free of suspended sediment and 

meet the water quality criteria established in Section 4 (above).  Any free liquid 



flowing from the barge in the harbor shall be passed through a sand media filter or 
equivalent filtration system (which must be approved by the project Resident 
Engineer) prior to discharge. 

 
7. Diesel-powered equipment shall be fitted with after-engine emissions controls such as 

oxidation catalysts or particulate filters.   
 
8. Within 30 days of the completion of the initial dredging, a bathymetric, survey of the 

dredge footprint, depicting post-dredge conditions, shall be sent to the MADEP SER 
Project Manager. 

 
9. Disposal of any volume of dredged material at any location in tidal waters is subject 

to approval by the Department and the Massachusetts Coastal Zone Management 
office. 

 
II  MADEP Chapter 91 Waterways Standards: 
 

1. Acceptance of these Waterways Conditions shall constitute an agreement by the 
Proponent to conform to all terms and conditions herein. 

 
2. All subsequent maintenance dredging and transportation and disposal of this dredge 

material, during the term of this Project shall conform to all standards and conditions 
applied to the original dredging operation performed under this Project. 

 
3. After completion of the work authorized, the Proponent shall furnish to the 

Department a suitable plan showing the depths at mean low water over the area 
dredged.  Dredging under this Project shall be conducted so as to cause no 
unnecessary obstruction of the free passage of vessels, and care shall be taken to 
cause no shoaling.  If, however, any shoaling is caused, the Proponent shall at his/her 
expense, remove the shoal areas.  The Proponent shall pay all costs of supervision, 
and if at any time the Department deems necessary a survey or surveys of the area 
dredged, the Proponent shall pay all costs associated with such work. 

 
4. The Proponent shall assume and pay all claims and demands arising in any manner 

from the work authorized herein, and shall save harmless and indemnify the 
Commonwealth of Massachusetts, its officers, employees, and agents from all claims, 
audits, damages, costs, and expenses incurred by reason thereof. 

 
5. The Proponent shall, at least three days prior to the commencement of any dredging 

in tide water, give written notice to the Department of the time, location, and amount 
of the proposed work. 

 
Special Waterways Conditions 

 
1. Dredge material shall be transported to suitable disposal facilities; unregulated 

dumping of dredge materials is not permitted. 



 
2. The Proponent shall develop and implement a Navigation Plan to address and 

mitigate temporary impacts to navigation during dredging activities. 
 
3. The Proponent shall provide and maintain in good working order appropriate United 

States Coast Guard (USCG) approved navigation aids to assist mariners in avoiding 
work areas as required by the USCG. 

 
4. The Proponent shall maintain vehicular access to water-dependent users throughout 

construction activities. 
 
5. The Proponent shall remove and properly dispose of all temporary structures no later 

than three (3) months after completion of the dewatering and amendment of the 
sediments.  Temporary structures are defined as berms and dikes; lime silo; 
dewatering tanks, erosion and sediment control systems, pipes, and siltation curtains. 

 
6. Modification to this Project: the SER PM, may review on an individual basis, 

modifications to construction activities and/or temporary structures which represent 
and insignificant deviation from original specifications, in terms of configuration, 
materials or other relevant design or fabrication parameters as determined by DEP 
within all areas of construction.  Such review shall be in accordance with the 
following procedure: 

a. The Proponent shall submit a written request describing the proposed 
modifications to the work accompanied by plans, for prior review of the DEP.  
The DEP will consider comments submitted within ten (10) days of the DEP’s 
receipt of the request.  The DEP will send any significant modifications to the 
Resource Agencies for review and comment and to identify any future 
Performance Standards, if necessary.  EPA will also have the opportunity to 
make a consistency determination if the change is significant, as necessary.  
The DEP will notify the Resource Agencies of any minor modifications. 

 
7. After completion of the work authorized the Proponent shall furnish the Department a 

suitable plan showing the depths at mean low water over the areas dredged within 90 
days of completion if each phase of the dredging. 
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